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Research Paper  
 

Biochemical Studies on Efficiency of Natural Gum in Chronic Kidney Failure and Liver 

Cirrhosis in Rats 

 
Lotfy MM, Abdel-Mobdy E, Abdel-Mobdy YE, Salem HM, and Ali HFM. 

World Vet. J. 14(3): 293-310, 2024; pii:S232245682400036-14 
DOI: https://dx.doi.org/10.54203/scil.2024.wvj36  
 
ABSTRACT: It is well-established that apoptosis, oxidative stress, and 
inflammation are associated with several disorders, including chronic 
renal disease and hepatic disease. Oxidative stress (OS) is a major 
cause of death from end-stage renal disease which also contributes to 
atherosclerosis and cardiac issues. The present study aimed to assess 
the efficacy of Gum Arabic (GA) in mitigating renal damage and 
hepatotoxicity in rats induced by Chloropyrifos-methyl (CPM). A total of 
42 male Wistar rats were divided into seven groups, with four groups 
(group 2 [IC], group 5 [GA1+IC]a, group 6 [GA2+IC], and group 7 
[GA1+IC]b treated with CPM for eight weeks to induce hepatic and renal 
damage. Two models of GA administration, including the standard oral 
model in drinking water (15% w/v) and the oral model by gavage at a dose of 1 g/kg body weight were administered. 
Physiological parameters of kidney and liver functions, including urea, creatinine, AST, and ALT along with anti-oxidant 
factors (Melaodialdehyde, superoxide dismutase, reduced glutathione, and catalase) were measured in plasma, and 
homogenates of renal and hepatic tissues on day 57 of the experiment. In addition, histopathological examination was 
conducted on liver and kidney tissues using hematoxylin and eosin stain to evaluate the efficacy of GA on damaged 
tissues. Gum Arabic was found to significantly reduce CPM toxic effects in the liver and kidney in groups treated with CPM 
as liver and kidney parameters were reduced to normal levels. Furthermore, GA reduced histological indicators of 
inflammation, fibrosis, and apoptosis, as well as renal morphological damage. Additionally, it reduced OS in liver and 
kidney homogenates. In conclusion, GA effectively reduced the damage that CPM inflicted on liver and kidney tissue by 
stabilizing physiological parameters to normal levels and repairing cellular structures damaged by OS. 
Keywords: Antioxidant, Anti-inflammatory, Gum Arabic, Kidney, Liver, Oxidative stress 
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Research Paper 
 

Effect of Aloe vera Gel and Sodium Metabisulphite on Expression of Fibroblast Growth 

Factor in Incision Wound of Rats 

 
Purnamasari YW, Juniarti, Rahmah NA, Ernanda H, and Sari W. 

World Vet. J. 14(3): 311-317, 2024; pii:S232245682400037-14  
DOI: https://dx.doi.org/10.54203/scil.2024.wvj37  
 
ABSTRACT: An incision wound is a wound caused by being sliced. Two 
ingredients that play a key role in the wound-healing process are 
glucomannan and acemannan, which are rich in polysaccharides and 
growth hormones. Growth hormones stimulate fibroblast activity and 
proliferation. The present study involved 35 Sprague Dawley male rats, 
aged 2-3 months old and weighing 200-300 grams. The study comprised 
seven groups including, negative control group (G1), positive control 
(aquades, G2), betadine 10% (G3), gel base (0.5 mg, G4), gel base + 
sodium metabisulfite 0.2 gr (G5), gel base + Aloe vera 5% (G6), and gel 
base + Aloe vera 5% + sodium metabisulfite 0.2 gr (G7). Each group had five replications. Initially, a 4-cm incision was 
made on the dorsal skin of each rat. The study lasted 15 days with observations made on days 3, 7, and 15. After the 
observation period, the rats were anesthetized and then terminated to collect skin tissues for microscopic examination. 
The tissue samples were then stained immunohistochemically to assess fibroblast growth factor (FGF) expressions. The 
results showed that the highest FGF expression was observed in the 5% Aloe vera + 2% metabisulfite group (G7), while 
the lowest FGF expression was in the negative control group (G1). It is concluded that Aloe vera L. extract gel at 5% + 
2% metabisulfite (G7) significantly enhances the expression of FGF. 
Keywords: Aloe vera L, Fibroblast growth factor, Incision wound, Skin, Sodium metabisulfite  
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Research Paper 
 

Determining the Ideal Temperature and Fermentation Duration to Enhance Crude 

Protein Content and Reduce Crude Fiber in Rice Bran Using Solid-State Fermentation 

with Aspergillus niger (USM F4) 
 

Animashahun RA, Akpor OB, Olamide MO, Alabi OO, Oyawoye EO, Okocha RC, Oluwafemi P, 

Animashahun AP, and Idowu A. 
World Vet. J. 14(3): 318-327, 2024; pii:S232245682400038-14  
DOI: https://dx.doi.org/10.54203/scil.2024.wvj38  
 
ABSTRACT: Solid-state fermentation (SSF) offers a sustainable method 
for enhancing the nutritional quality of agricultural residues such as red 
rice bran. This study aimed to determine the optimal temperature and 
duration for SSF of red rice bran, focusing specifically on increasing the 
crude protein (CP) content and reducing the crude fiber (CF) content. SFF 
of rice bran with Aspergillus niger (A. niger) USM F4 was conducted over 
14 consecutive days at three different temperatures (25°C, 35°C, and 
45°C). A total of 63 samples of rice bran were divided into three 
temperature groups, each containing 21 samples. Three samples per 

group were collected at 48-hour intervals over the 14-day fermentation 
period. The fermentation process for the collected samples at 48-hour 
intervals was halted by oven drying at 60°C for 24 hours. The fermented 
products were subjected to proximate analysis for crude protein (CP), 
ash, ether extract (EE), and crude fiber (CF) contents using the methods 
outlined by the Association of Official Analytical Chemists (AOAC). The results revealed a significant effect of temperature 
and fermentation duration on CP, ash, EE, and CF content when compared to the unfermented rice bran kept at room 
temperature (25oC). The peak values of CP and the highest degradation of CF across all temperature levels were observed 
on day 10 while the maximum increase in ash and EE content occurred on day 8. Among the temperature conditions, the 
highest CP values and the lowest CF values were recorded at 35°C. Conversely, the lowest improvements in CP and CF 
degradation were observed at 25°C on day 10. In conclusion, the optimal conditions for SSF of rice bran with A. niger to 
enhance CP content and degrade CF are a temperature of 35°C and a fermentation duration of 10 days. 
Keywords: Alternate feed resource, Animal production, Aspergillus niger, Proximate component, Solid-state 
fermentation, Value- addition 
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Research Paper 
 

The Effects of Acute Oral Toxicity of Jatropha multifida and Hyptis suaveolens on 

Zootechnical Parameters in Local Chickens 
 

Sèdégan EBF, Akpo Y, Boko KC, Azalou M, Adoligbé C, Iwaka Ch, Attakpa E, and Alkoiret TI. 
World Vet. J. 14(3): 328-337, 2024; pii:S232245682400039-14  
DOI: https://dx.doi.org/10.54203/scil.2024.wvj39  
 
ABSTRACT: The substantial use of medicinal plants in traditional poultry 
farming is a well-established practice. The present study aimed to 
determine the median lethal dose (LD50) of ethanolic extracts of Jatropha 
multifida and Hyptis suaveolens in local chickens and to assess the 
effects of these extracts on feed intake, water intake, and average body 
weight. The methodology followed OECD Directive 223, which involves 
administering the highest dose of the extract to the chickens and 
assessing any mortality. Three homogeneous groups of five chickens 
each were formed for the limit dose test. The control group received 
distilled water, while batches 1 and 2 received 700 mg of ethanolic 
extract of J. multifida and H. suaveolens, respectively. The average body 
weight of the chickens was 350g ± 20, and the extracts were 
administered via gavage at a suspension of 2000 mg/kg.bwt of the 
extract dissolved in water. The results of the phytochemical tests indicated the presence of several chemical compounds 
known for their therapeutic effects. The productivity of the extract was 2.75 ± 0.19 for J. multifida and 3.3 ± 0.27 for H. 
suaveolens. After administration of the suspensions, observation for 14 days revealed no mortality. This finding indicated 
that the LD50 of the utilized ethanolic extracts exceeds the limit dose (2000 mg/kg.bwt). However, feed intake (49 ± 3 > 
46±4) and average body weight (436 ± 31 > 388 ± 37) in batch 2 were significantly higher than those in batch 1. Future 
research should explore the subacute toxicity of J. multifida and H. suaveolens across various chicken breeds.  
Keywords: Body weight, Lethal Dose, Local chicken, Medicinal plant, Mortality, Toxicity 
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Research Paper  
 

Effects of Butylated Hydroxytoluene and Sorbitol as Diluent Components on Structural 

and Surface Ultrastructural Changes of Gaga Chicken Sperm During Cryopreservation  
 

Khaeruddin, Ciptadi G, Yusuf M, Suyadi, Natsir MH, Hermadi HA, and Wahjuningsih S. 
World Vet. J. 14(3): 338-348, 2024; pii:S232245682400040-14  
DOI: https://dx.doi.org/10.54203/scil.2024.wvj40  
 
ABSTRACT: The Gaga chicken is an indigenous Indonesian breed that is 
important to preserve using semen cryopreservation technology. The 
study was conducted to determine the effect of adding sorbitol and 
butylated hydroxytoluene (BHT) in the diluent on the structural and 
surface ultrastructure of cryopreserved Gaga chicken sperm during 
cryopreservation /frozen storage. The study aimed to assess how adding 
sorbitol and butylated hydroxytoluene (BHT) to the diluent affects the 
structure and surface ultrastructure of cryopreserved Gaga chicken 
sperm. A completely randomized design was employed with four 
treatments and 10 replications including egg yolk-lactate ringer diluent 
(EYLR) as the control group, EYLR diluent with 3 mM BHT, EYLR diluent 
with 2% sorbitol, and EYLR diluent with both 3 mM BHT and 2% sorbitol. 
Semen was collected using a massage technique from 4 male chickens 
aged approximately 10 months, pooled semen was diluted, packaged in 
0.25 mL straws, equilibrated for 2 hours at 5 °C, pre-freeze for 10 minutes, frozen for 24 hours, and thawed for 30 
seconds at 37 °C. The parameters evaluated were sperm plasma membrane integrity, acrosome integrity, DNA damage, 
mitochondrial functionality, and surface ultrastructure. The results showed that the treatment had a significant effect on 
plasma membrane integrity and post-thawing mitochondrial functionality compared to the control, but no effect was 
observed on acrosome integrity or DNA damage. The results showed that the combination treatment of BHT with sorbitol 
had a significant effect on plasma membrane integrity and post-thawing mitochondrial function, but did not affect 
acrosome integrity or DNA damage when compared to the control group. Ultrastructural observations indicated that 
cryopreservation caused damage to the head, middle, and tail of the sperm in the control groups. However, these 
changes were prevented by the diluent containing a combination of BHT and sorbitol. The addition of both components 
(BHT 3 mM + sorbitol 2%) effectively maintained plasma membrane integrity, mitochondrial functionality, and surface 
ultrastructure of Gaga chicken sperm during cryopreservation. 
Keywords: Butylated hydroxytoluene, Chicken sperm, Cryopreservation, Sorbito, Structure, Sperm ultrastructure 
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Research Paper 
 

The Pharmacokinetics of Ceftazidime Following its Intravenous Administration in Dogs  
 

Al-Jumaili MA, Al-Abbass NN, and Ibrahim OMS. 
World Vet. J. 14(3): 349-354, 2024; pii:S232245682400041-14  
DOI: https://dx.doi.org/10.54203/scil.2024.wvj41  
 
ABSTRACT: Ceftazidime is a beta-lactam that is used in the treatment of 
bacterial infections in humans and companion animals, such as dogs and 
cats. It is prescribed to treat gram-negative infections, especially those 
caused by Pseudomonas aeruginosa. This study aimed to compare the 
pharmacokinetics of ceftazidime using a microbiological assay to evaluate 
the adequacy of the proposed dosage regimens for susceptible gram-
negative bacteria. For this purpose, five healthy mongrel male dogs, with 
a mean age of four years and an average weight of 19.1 kg, were 
administered a single intravenous bolus dose of ceftazidime (20 mg/kg). 
Plasma concentrations were measured using a microbiological assay, and 
dosage regimens were established by integrating pharmacokinetics data 
with pharmacodynamics parameters. The results showed that ceftazidime 
was rapidly distributed to the peripheral tissues (0.189 L/kg), with a half-
life of 1.15 hours and a clearance rate of 0.166 L/hr./kg. The results obtained from the pharmacokinetics-
pharmacodynamic integration suggested 20 mg/kg q8 hours of ceftazidime for susceptible gram-negative bacteria with a 
Minimum Inhibitory Concentration of ≤ 8 µg/ml, and 20 mg /kg q12 hours of ceftazidime for susceptible gram-negative 
bacteria with a Minimum Inhibitory Concentration of ≤ 4 µg/ml. In conclusion, a mild correlation was observed between 
the dogs’ weight and the ceftazidime half-life, which led to an adjustment of the proposed dosage regimen to 20 mg/kg 
q8 hours. 
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ABSTRACT: Canine parvovirus (CPV) infection is still common among 
dogs, leading to severe disease with high mortality. The potential of a 
local isolate of CPV as an effective vaccine to prevent the disease 
warrants investigation. This study aimed to determine the antibody 
response in mice against a Bali isolate of CPV propagated in the Madin-
Darby Canine Kidney (MDCK) cell culture. The virus was purified using 
polyethylene glycol (PEG)-6000 and mixed with an Aluminum hydroxide 
adjuvant. Fifteen 7-week female mice were divided into three treatment 
groups: treatment group 1 (PEG-purified virus and Adjuvant), treatment 
group 2 (crude unpurified virus and adjuvant), and treatment group 3 
(adjuvant without virus), with five replicates per group. The Bali isolate 
of CPV was successfully replicated in MDCK cells, achieving a titer of 210-
211 hemagglutination (HA) units after eight serial passages through the cell culture. The virus was confirmed as CPV by 
immunocytochemistry test using a monoclonal antibody and hemagglutination inhibition (HI) test using chicken anti-CPV 
polyclonal antibody. Following the first immunization, the antibody endpoint titer in mice immunized with PEG-purified 
CPV (5.6) was significantly higher than those immunized with crude unpurified CPV (4.2) and adjuvant without CPV (1.4). 
Similarly, after the second immunization, the antibody endpoint titer in mice immunized with PEG-purified CPV (7.6) also 
remained significantly higher than those immunized with crude unpurified CPV (6.4) and adjuvant without CPV (0.8). 
Significant increases in antibody endpoint titer were observed after the second immunization in mice immunized with 
PEG-purified CPV and crude unpurified CPV, but not in those given adjuvant without CPV. The Bali isolate of CPV 

propagated in MDCK cell culture induced a robust antibody response in mice, suggesting it’s a potential as an alternative 
vaccine candidate for preventing CPV infection in dogs. 
Keywords: Bali, Canine parvovirus, Madin-Darby Canine Kidney, Mice, Vaccines 
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ABSTRACT: The manipulation of follicular waves through hormonal 
treatments, such as estrogen administration, plays a crucial role in 

optimizing in-vivo oocyte collection for assisted reproductive 
technologies. The present study aimed to evaluate the effect of two 
specific types of estrogen on follicular wave dynamics and their impact on 
in-vivo oocyte collection in Brown Swiss cows. Fourteen cows, in their 
first lactation, weighing approximately 340 kg were randomly assigned to 
one of two treatments including T1 (estradiol cypionate) and T2 
(estradiol benzoate). Both treatments were administered at 1.2 mg of 
estrogen, at day 0 of the experiment. All Brown Swiss cows were 
provided with a diet entirely consisting of alfalfa grazing. On day 7, 
follicular wave dynamics were assessed using a DP-50 vet ultrasound 
device equipped with a 7.5 MHz transducer for transvaginal follicular 
aspiration guidance. Follicle counts were categorized into three size ranges including 2-4 mm (small), 4-8 mm (medium), 
and greater than 8 mm (large). Additionally, the quantity and quality (viable oocytes) of the collected oocytes were 
evaluated by the Ovum Pick Up (OPU) team for oocyte viability on day 7. The study assessed the follicular dynamics 
(number of follicles) and efficiency of oocyte collection (viable oocytes) in cows treated with Estradiol Cypionate (T1) and 
Estradiol Benzoate (T2). The average number of small, medium-sized, and large follicles size were 6.048 ± 6.037, 3.16 ± 
2.01, and 0.53 ± 0.67 respectively. The total number of follicles was 9.59 ± 3.56. The mean number of viable oocytes 
recovered was 3.024 ± 1.66, while the mean number of non-viable oocytes was 1.47 ± 1.01. The results indicated no 
significant differences between treatments in the size of small, medium, and large follicles, nor in the total number of 
follicles and viable oocytes recovered. However, a significant difference was observed in the number of non-viable oocytes 
recovered, with a higher mean in T2 (1.86) compared to T1 (1.09). The results indicated an adequate follicular response 
and viable oocyte recovery in both treatment groups (estradiol cypionate and estradiol benzoate). However, variations in 
oocyte viability were observed, with estradiol cypionate showing a slight advantage. 
Keywords: Follicle count, Follicular wave dynamic, Oocyte collection, Transvaginal follicular aspiration 
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ABSTRACT: Stray cats survive by getting food or drink that is available 
in the environment, correspondingly, stray cats have relatively high 
exposure to antibiotic resistance obtained from resistant bacteria found 
in the environment. The present study was conducted to determine 
patterns of multidrug resistance and Escherichia coli resistance in stray 
cats. A total of 50 stray cat anal swab samples were taken randomly 
from the previously recorded stray cat population in the Surabaya area, 
East Java, Indonesia. Samples were brought using buffered peptone 
water. They were cultured on MacConkay Agar differential selective 
media, and all suspicious colonies of Escherichia coli were examined by 
biochemical tests. Isolates were then identified, and susceptibility testing was performed according to the Clinical and 
Laboratory Standards Institute. The results of the resistance test indicated that the multidrug resistance in Escherichia 
coli bacteria taken from cats was 14.6% (7/48). The high antibiotic resistance of Escherichia coli bacteria in stray cats, 
which were resistant to many drugs, provides an early warning of environmental health. Environmental health is closely 
related to animal and human health, especially antibiotic resistance. 
Keywords: Antibiotic, Antimicrobial resistance, Escherichia coli, Multidrug resistance, Stray cat 
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ABSTRACT: The wound healing process goes through a series of 
complex stages that are mutually continuous, namely inflammation, 
proliferation, and maturation. Following wound formation and the release 
of proinflammatory cytokines and growth factors, inflammation occurs 
immediately after the hemostasis phase. Proliferation occurs when 
products processed by the growth factors are present. The final stage, 
maturation, is portrayed by the plan of the extracellular network. This 
study utilized oil from avocado fruit (Persea americana), which contains 
linoleic and oleic acid content that supports skin tissue repair. The study 
aimed to explore the effects of using avocado oil cream on the area of 
wound healing, the number of inflammatory cells, and the collagen 

density. Twenty-four female mice, aged eight weeks, were used as 
experimental animals by making excision wounds using a 4 mm biopsy punch on the dorsal skin on the left and right 
sides. The mice were divided into four groups based on the percentage of avocado oil in the topical cream included Group 
K (control, topical cream without avocado oil), Group P1 (5% topical avocado oil cream), Group P2 (10% topical avocado 
oil cream), and Group P3 (15% topical avocado oil cream). Macroscopic examination of the wounds was conducted daily 
on days 3, 6, and 9 after topical cream treatment using a digital caliper. A total of 48 skin tissue samples were collected 
from days 3, 6, and 9 after cream application, which were then processed for histopathology evaluations using 
hematoxylin-eosin staining and Masson’s Trichrome staining. Hematoxylin-eosin staining was used to count the 
inflammatory cells, and Masson's Trichrome staining was employed to assess collagen density. The results revealed that 
avocado oil had a great impact on wound closure after 9 days of 15% avocado oil cream treatment, reducing the 
inflammatory cells after 3-6 days of 10% avocado oil cream therapy, and increasing collagen density after 9 days of 15% 
avocado oil cream application, as compared to the control, non-avocado oil cream group. Avocado oil can help close 
wounds, reduced the number of inflammatory cells, and increased collagen density when used in topical pharmaceutical 
formulations. Avocado oil cream may, therefore, be considered a viable option for wound repair treatment. 
 
Keywords: Avocado oil, Collagen, Inflammatory cell, Wound repair  
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ABSTRACT: Successful sheep farming requires hands-on management 
and a thorough understanding of the factors that influence it. This 
necessitates a practical, well-organized approach to ensure the flock's 
health, productivity, and profitability. Various factors, such as climate, 
available resources, and management strategies, play a crucial role in 
determining the success of sheep farming. This study, conducted in the 
Batna region of Algeria, aimed to assess sheep breeding practices and 
production performance through a questionnaire distributed to farmers 
and veterinarians. The study encompassed 14,124 sheep, including 
9,435 ewes, from 33 Batna region farms to evaluate production and 
reproduction performance. The findings revealed that the Ouled Djellal 
breed is the most prevalent, comprising 61.02% of the sheep 
population. The results indicated that sheep farming in the region largely 
relies on traditional extensive grazing systems. It is worth noting that 
breeding practices have not consistently followed recommended guidelines, as evidenced by a suboptimal sex ratio of 
36.28. Additionally, only 21.94% of breeders had employed heat synchronization methods, and artificial insemination was 
not utilized. The low adoption of artificial insemination is primarily attributed to factors, including a lack of knowledge 
regarding reproductive management, along with challenges related to illiteracy and limited access to essential resources. 
The analysis further demonstrated that all categories of sheep were profitable; however, profitability was influenced by 
factors, such as environmental conditions, feed availability, and the age of the animals. The study underscored significant 

findings, including the prevalence of the Ouled Djellal breed and the limited use of advanced breeding practices, such as 
artificial insemination, in the Batna region. The value of the current study lies in its comprehensive examination of 
traditional sheep farming practices and its recommendations for enhancing productivity. These include improving 
management practices, increasing access to resources, and promoting genetic improvement by adopting advanced 
breeding technologies. 
Keywords: Ewe, Livestock management, Nutrition, Ouled Djellal, Performance 
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ABSTRACT: Feed was crucial for achieving optimal productivity in broiler 
chickens, which required ongoing monitoring of its quantity and quality. 
The present study aimed to evaluate the effects of nanoliquid extracts 
from Andrographis paniculata and Moringa oleifera used as photobiotic on 
the performance and carcass quality of broiler chickens. The research 
involved 128 broiler chickens, which were divided into four treatment 
groups, each with four replications of eight broiler chickens. The 
treatments included a control group (T0), a 0.25% nano liquid extract 
mixture of Andrographis paniculata and Moringa oleifera (T1), a 0.50% 
nanoliquid extract mixture (T2), and a 0.75% nanoliquid extract mixture 
(T3). The study utilized an in vivo method and analysed the data using a 
completely randomized design. The optimal level of nano liquid extract 
was determined based on chicken performance (feed consumption, body weight, feed conversion ratio (FCR), income-
over-feed cost (IOFC)) and carcass quality (carcass percentage, cooking loss, meat color, water-holding capacity, and 
texture). The findings indicated that the addition of combined Andrographis paniculata and Moringa oleifera (1:1, w/w) 
nano-liquid extract in the chickens’ feed significantly influenced body weight, FCR, and IOFC. However, there was no 
significant effect on feed consumption. Furthermore, the use of Andrographis paniculata and Moringa oleifera combination 
had a significant impact on all carcass quality parameters beyond *b carcass color. It was concluded that the addition of 
0.25% of combined Andrographis paniculata and Moringa oleifera nano liquid extract yielded the most favorable outcomes 
for the performance and carcass quality of broiler chickens.  
Keywords: Andrographis paniculata, Broiler chicken, Carcass quality, Moringa oleifera, Nano liquid, Performance  
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ABSTRACT: While physicians describe drugs to treat diseases, these 
medications may have cytotoxic effects on certain organs, necessitating 
the use of some drugs to ameliorate such adverse effects. The study was 
conducted to investigate the protective behavior of nanoemulsified 
sodium salicylate on uninephrectomized rats injected with cisplatin to 
induce nephrotoxicity. Fifty adult male albino rats, aged five weeks and 
weighing approximately 100-120 g, were divided into five groups. The 
first group received 200 mg/kg/day i.p normal saline for 30 days. The 
second group was administrated 200 mg/kg/day of nanoemulsified salt of 
salicylic acid for 30 days. The third group, comprising uninephrectomized 
rats, was injected with two doses of cisplatin (20 mg/kg body weight) on 
alternate days from the start of the experiment to induce nephrotoxicity. 
The fourth group, also uninephrectomized, received 200 mg/kg/day i.p of 
nanoemulsified sodium salicylate for 30 days. The fifth group, uninephrectomized and treated with 200 mg/kg/day sodium 
salicylate nanoemlusion for 21 days, was subsequently injected with two doses of cisplatin, followed by continued 
nanoemulsified sodium salicylate treatment until day 30 from the start of the study. The results showed a significant 
increase in tissue inhibitor metalloproteinase 1 (TIMP-1), Hyaluronic acid (HA), malondialdehyde, kidney injury molecule -
1(KIM-1), and nitric oxide in the nephrotoxic group injected with cisplatin compared to the control group. Additionally, 
there was an elevation in the mRNA expression of nephrotoxic group with uninephrectomy. However, nephrotoxic rats 
treated with nanoemulsified sodium salicylate exhibited only a modest increase in TIMP-1, HA, and KIM-1 levels, along 
with elevated expressions of podocin and nephrin compared to the healthy control group. These findings suggest that 
nanoemulsified sodium salicylate exerts a protective effect against cisplatin-induced nephrotoxicity in uninephrectomized. 
Keywords: Cisplatin, Lateral nephrectomy, Nanoemlusion, Podocyte, Rat, Surgery  
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ABSTRACT: Taro white cattle have a small population found in Taro 
Village, Tegalalang, and Gianyar, Bali, which must be protected as one of 
the most valuable biological resources for the Hindu community in Bali. 
White cattle require conservation efforts, with morphometric 
characterization and genetics providing the first phases of an animal 
conservation program. The purpose of this study was to identify the 
genetic diversity of Taro white cattle based on allele frequency, 
heterozygosity, and fixation index (FIT) using different microsatellite DNA 
loci so that it can be used as a study and reference in determining 
policies for the conservation of Taro white cattle in Indonesia, particularly 
in Bali. This cross-sectional observational study utilized ETH 185, INRA 
035, and INRA 037 microsatellite DNA markers. Polymerase chain 
reaction amplified a total of 22 Taro white cattle blood samples with an average of 4.33 alleles; the average observed 
heterozygosity and expected heterozygosity were 0.288 and 0.637, respectively, with an average fixation index value of 
0.55. In conclusion, there is a significant deviation from the Hardy-Weinberg equilibrium with the likelihood of inbreeding, 
as indicated by the Hardy-Weinberg balance. The microsatellite loci used in this study can be further used to evaluate the 
genetic diversity of Taro white cattle. 

Keywords: Conservation, Genetic diversity, Microsatellite DNA, Taro white cattle  
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ABSTRACT: Meat processing enterprises are currently seeking ways to 
improve the efficiency of their operations. This study aimed to assess 
the presence of harmful microorganisms in poultry meat treated with a 
probiotic complex of Bacillus spp. bacteria during storage. Of the 2,516 
meat samples collected from broiler chickens across six poultry 
processing enterprises in the Dnipropetrovsk region over three years, 
1,845 samples tested positive for pathogens. Listeria spp. were isolated 
in 52.7% of meat samples, S. aureus in 28.7%, P. aeruginosa – in 
6.9%, E. coli in 4.2%, and Salmonella spp. in 7.5%. The next stage of 
the study was the infection of 10 samples of poultry meat with 
pathogens of test cultures (Escherichia coli UNCSM - 007, Pseudomonas 
aeruginosa UNCSM - 012, Staphylococcus aureus UNCSM - 017, Listeria 
ivanovii UNCSM - 042, Salmonella Enteritidis UNCSM - 081), followed by 
aerosol treatment with a probiotic complex of Bacillus spp. (1.5×108 in ml (0.5 Mac Farland) administered at a dose of 1 
ml per sample with daily registration of colony growth. Following pathogen contamination and a single aerosol treatment 
with the probiotic complex of Bacillus spp., the growth of E. coli and S. aureus was already suppressed on the second day 
of meat storage. The probiotic complex of Bacillus spp. was able to displace Salmonella Enteritidis on the third day and P. 
aeruginosa on day 4, but the growth of L. ivanovii could be observed only on day 5. The probiotic complex of Bacillus spp. 
formed visible biofilms from the five strains of microorganisms and remained viable for five days, forming a dense biofilm 
with a high accumulation rate of 4.73 D620. A distinctly noticeable ability to form microbial biofilms within three days was 
observed in planktonic forms of L. ivanovii up to 2.88 D620, followed by P. aeruginosa at 2.28 D620. Low biofilm density 
was observed for Salmonella Enteritidis (1.77 D620) and S. aureus (1.76 D620). The probiotic complex of bacteria of the 
genus Bacillus spp. shows potential for use in meat processing plants to prevent the growth of harmful microbial biofilms 
on meat products stored under refrigeration.  
Keywords: Antagonistic activity, Biofilm formation, Microbial biofilm, Pathogen, Probiotic complex of Bacillus spp.  
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ABSTRACT: Brucellosis, a contagious bacterial disease affecting animals 
globally presents a substantial zoonotic risk that is frequently 
underestimated, hinders animal trade, and endangers livestock and 
human health. The present study was conducted from November 2023 to 
June 2024 in Central and North Gondar Zone, Ethiopia. The current 
cross-sectional study aimed to evaluate the prevalence of brucellosis and 
to explore the related knowledge, attitudes, and practices within the 
specified region. A total of 384 serum samples were collected via random 
sampling from 20 dairy farms located in Ethiopia. Both local and cross-
breed samples screened using the Rose Bengal Plate test and confirmed 
through an enzyme-linked immunosorbent assay. The seroprevalence of 
bovine brucellosis for both tests was 17.71% overall, with 9.62% for 
Central Gondar and 27.27% for North Gondar. Extensive farms exhibited 
notably higher odds of brucellosis compared to intensive farms, with 
unadjusted crude odds ratios of 3.01 and adjusted odds ratios of 2.37, 
respectively. Medium-sized herds also demonstrated increased odds in 
the multivariate analysis compared with small herds. Young respondents displayed the highest awareness levels, followed 
by adults and older individuals, with statistically significant differences observed across all categories. Regarding a semi-
structured survey from 150 farmers on the association between sociodemographic data and knowledge, females exhibited 
higher awareness levels, with 117 (80.14%) responding positively. Young respondents showed a higher positive response 
rate of 58% compared to adults (52.7%) and the elderly (36.54%). In conclusion, these results emphasize the need for 
comprehensive strategies to address the factors influencing bovine brucellosis prevalence and respondent awareness. 
Keywords: Brucellosis, Central Gondar, Dairy Farm, North Gondar, Seroprevalence 
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Survey on Dermatological Disorders of Dogs during 2020-2022 in Rabat, Morocco  
 

Zahri A, Bouslikhane M, El Mazini S, Lemrani M, El Berbri I, Abouelkaram MA, Balenghien T, and 

Bourquia M. 
World Vet. J. 14(3): 449-460, 2024; pii:S232245682400052-14  
DOI: https://dx.doi.org/10.54203/scil.2024.wvj52  
 
ABSTRACT: Dermatology is an important specialty in veterinary 
medicine, focusing on the skin and its appendages. Therefore, the 
present study highlighted the percentage of skin disorders, as well as 
their associated risk factors, from cases received at the Parasitology-
Dermatology clinic of the Hassan II Institute of Agronomy and Veterinary 
Medicine (IAV Hassan II), Rabat, Morocco for two years. A total of 1561 
dogs (1450 dogs were in 28 different pure breeds and 111 dogs were 
mongrels, 805 males, and 756 females, with an average age of 6.5 years 
old) were presented at the University Veterinary Teaching Hospital 
(UVTH) of the IAV Hassan II from the end of October 2020 to the end of 
May 2022 (including vaccinations) and 125 dogs were assessed and 161 
skin diseases were found (a few dogs had more than one skin disease). 
Dermatological examinations represented an average of 8.00% (125/1561) of all canine cases received at the University 
Veterinary Teaching Hospital. The most common clinical signs were pruritus, alopecia, erythema, onychogryphosis, and 
visible ectoparasites. Parasitic dermatoses were the most frequent, representing 44.10% of all dermatological cases, 
followed by allergic dermatoses (25.47%) and fungal skin infections (19.25%). Bacterial skin infections and 
dermatological manifestations of endocrine disorders were infrequent, representing 8.70% and 2.48%, respectively of all 
observed cases. Risk factors contributing to the occurrence of canine skin disorders included age and lifestyle for sarcoptic 
mange. An apparent predilection for the living environment was observed in the case of canine leishmaniosis, and an 
apparent predilection for sex regarding otodectic mange was also demonstrated. Similar results were found for the living 
environment and lifestyle concerning canine atopic dermatitis. Data reported herein fill gaps in knowledge of skin 
disorders and their associated risk factors in dogs in Morocco, demonstrating the dominance of skin diseases of zoonotic 
interest, including flea bite allergy dermatitis (FBAD), dermatophytosis, and canine leishmaniosis.  
Keywords: Dog, Morocco, Rabat, Skin disease, Survey 
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How to Design a Biomonitoring Study – A Practical Guide for Veterinary Professionals 

under a One Health approach  
 

Jota Baptista C, Seixas F, Gonzalo-Orden JM, and Oliveira PA. 
World Vet. J. 14(3): 461-463, 2024; pii:S232245682400053-14  
DOI: https://dx.doi.org/10.54203/scil.2024.wvj53  
 
ABSTRACT: Currently, veterinarians can see their daily practice and 
medical tasks as constant opportunities for passive surveillance of One 
Health threats, such as infectious zoonotic diseases and chemical 
pollution effects on living beings. The present study aimed to provide a 

practical guide to designing a biomonitoring study during veterinary 
clinical practice without time-consuming procedures or significant costs. 
The constant access to several species' specimens provides the necessary 
samples to perform a biomonitoring study of environmental pollutants at 
the regional or national level. Generally, most health professionals know 
what to do (or where to find information) to report a disease outbreak. 
However, a summarized background to perform a biomonitoring study of 
a chemical hazard is missing. The authors of the current study provided a 
flow chart with the main steps to conduct a biomonitoring study in 
different fields of veterinary medicine. Thus, a biomonitoring study might 
give veterinarians (as other health professionals) a positive contribution to the clinical cases’ resolution, while improving 
the general knowledge about the impact of environmental contamination on animals and human health. 
Keywords: Contamination, Guideline, Monitoring, One Health, Pollution  
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Atrial Natriuretic Peptide and Cardiovascular Diseases in Dogs and Cats 
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World Vet. J. 14(3): 467-475, 2024; pii:S232245682400054-14  
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ABSTRACT: The term biomarker encompasses various biological 
indicators that objectively reflect a patient's medical status with precision 
and reproducibility. These indicators range from basic measurements like 
pulse and blood pressure to more intricate laboratory tests. Cardiac 
markers are crucial for accurate and prompt diagnosis of heart diseases 
in animals. Given the challenge of diagnosing cardiac diseases in small 
animals due to nonspecific clinical signs, cardiac markers provide 
quantitative indicators of biological processes. These markers include 
cardiac troponins for myocardial injury, natriuretic peptides for 
myocardial function, lipoproteins for serum homeostasis, and markers for 
inflammation of the cardiovascular system. Among natriuretic peptides, atrial natriuretic peptide (ANP) has emerged as a 
significant tool in diagnosing and monitoring cardiac diseases. ANP, primarily synthesized in cardiac atria, regulates salt 
and fluid excretion, counteracts vasoconstriction, and inhibits the renin-angiotensin-aldosterone system, contributing to 
the maintenance of cardiovascular homeostasis. Additionally, it functions as a biomarker for ventricular hypertrophy and 
congestive heart failure (CHF) in animals. Furthermore, it protects against hypertension and cardiac remodeling by 
demonstrating antagonism to the same system. This review addresses the definition of biomarkers within the context of 
molecular biology, elucidates their multifaceted functions in the animal organism in light of integrative physiology, and 
explores the pathologies correlated with ANP, with an emphasis on its etiopathogenesis and clinical manifestations. 
Keywords: Biomarker, Canine, Feline, Heart physiology  
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ABSTRACT 

It is well-established that apoptosis, oxidative stress, and inflammation are associated with several disorders, 

including chronic renal disease and hepatic disease. Oxidative stress (OS) is a major cause of death from end-stage 

renal disease which also contributes to atherosclerosis and cardiac issues. The present study aimed to assess the 

efficacy of Gum Arabic (GA) in mitigating renal damage and hepatotoxicity in rats induced by Chloropyrifos-

methyl (CPM). A total of 42 male Wistar rats were divided into seven groups, with four groups (group 2 [IC], group 

5 [GA1+IC]a, group 6 [GA2+IC], and group 7 [GA1+IC]b treated with CPM for eight weeks to induce hepatic and 

renal damage. Two models of GA administration, including the standard oral model in drinking water (15% w/v) 

and the oral model by gavage at a dose of 1 g/kg body weight were administered. Physiological parameters of 

kidney and liver functions, including urea, creatinine, AST, and ALT along with anti-oxidant factors 

(Melaodialdehyde, superoxide dismutase, reduced glutathione, and catalase) were measured in plasma, and 

homogenates of renal and hepatic tissues on day 57 of the experiment. In addition, histopathological examination 

was conducted on liver and kidney tissues using hematoxylin and eosin stain to evaluate the efficacy of GA on 

damaged tissues. Gum Arabic was found to significantly reduce CPM toxic effects in the liver and kidney in groups 

treated with CPM as liver and kidney parameters were reduced to normal levels. Furthermore, GA reduced 

histological indicators of inflammation, fibrosis, and apoptosis, as well as renal morphological damage. 

Additionally, it reduced OS in liver and kidney homogenates. In conclusion, GA effectively reduced the damage that 

CPM inflicted on liver and kidney tissue by stabilizing physiological parameters to normal levels and repairing 

cellular structures damaged by OS. 
 

Keywords: Antioxidant, Anti-inflammatory, Gum Arabic, Kidney, Liver, Oxidative stress 
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INTRODUCTION  

  

In many organisms, oxidative stress (OS) induced by oxygen radicals is a typical response and a crucial biological 

mechanism in the production of energy (Hajam et al., 2022). Nonetheless, a substantial body of research indicates that 

the aging process and several diseases including cataracts, cancer, rheumatoid arthritis, the Alzheimer's disease, and 

atherosclerosis are caused by the unchecked production of free radicals derived from oxygen (Finkel and Holbrook, 

2000; Zhu et al., 2004; Luo et al., 2008). Furthermore, individuals with end-stage renal disease (ESRD) may have an 

accelerated oxidative process (Ali et al., 2020). Chronic kidney disease (CKD), also known as chronic renal failure 

(CRF), is a serious and expanding public health concern in both industrialized and developing countries (Hussien et al., 

2021). Poor health outcomes associated with major non-communicable diseases are thought to be largely caused by CKD 

(Ayodele and Alebiosu, 2010). The high mortality and distress rates in CKD patients are primarily caused by 

cardiovascular disease.  Inflammation, oxidative stress, and apoptosis are the pathophysiological causes of CKD and its 

effects (Okamura and Pennathur, 2015). These pathophysiological causes are common in both animals and humans and 

are important in mediating disease processes (Hajam et al., 2022). The liver is a vital organ that is frequently the target of 

many toxicants and is actively involved in metabolic processes. One of the main functions of the liver is the 

detoxification of toxins and xenobiotics (Fan et al., 2021. The chronic liver condition known as hepatic cirrhosis, or 

cirrhosis, leads to the gradual decline of liver function and the formation of scar tissue rather than healthy liver tissue 

(David and Hamilton, 2010). 

Chlorpyrifos-methyl (CPM; O, O-Dimethyl 0-3, 5, 6-trichloro-2-pyridyl) is an organophosphate (OP) pesticide 

widely used in agricultural and public health (Hites, 2021). Among agricultural workers and individuals close to 

application sites, exposure often occurs by accidental ingestion, inhalation, and skin absorption (Ferrer, 2003). 
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Through oxidative desulfuration, chloropyrifos is physiologically activated to its potentially hazardous form, i.e., 

chloropyrifos-oxon, by specific cytochrome P450 oxidases found mostly in liver tissue. This may lead to the inhibition 

of acetylcholinesterase, which is one of the main causes of poisoning from chloropyrifos (Eaton et al., 2008). According 

to a study, one of the molecular reasons for CPM poisoning is the generation of damaging reactive oxygen species 

(ROS), which is demonstrated by elevated levels of thiobarbituric acid reactive substances (TBARS) and the oxidative 

stress that follows in their target organs (Uchendu, et al., 2012).  A few examples of ROS are superoxide, hydroxyl 

radicals, and hydrogen peroxide which are produced during metabolic reactions and interact with lipids, proteins, and 

DNA in cells to alter their operation (Uzun et al., 2010). Moreover, CPM exhibits lipophilicity and broad binding to 

biological membranes, specifically to phospholipid bilayers (Morita et al., 2023). It has the potential to cause membrane 

damage by inducing peroxidation of lipid (LPO; Kalender et al., 2012). Free radical generation is known to cause organ 

damage, especially hepatotoxicity, prompting research into antioxidant supplementation as a potential substitute for 

chelating therapy (Heikal, 2012). Consequently, there is a pressing need for natural chemicals that are safe and efficient 

at scavenging free radicals as an additional tool in the fight against oxidative damage (Patel et al., 2010). The kidneys are 

extremely fragile and susceptible to damage, as both the renal parenchyma and vasculature can be adversely affected, 

leading to the loss of some or all renal functions (Russo et al., 2023). Antioxidant research, particularly the discovery of 

effective natural molecules with low cytotoxicity from plants, has become a significant focus in biomedicine (Tejchman 

et al., 2021). 

The mature sap of Acacia Senegal or Acacia seyal trees, mostly found in the Sahel region of Sudan, is used to make 

gum Arabic (GA), a consumable biopolymer. This exudate, which is a thick liquid with a high soluble fiber content, is 

released by the stems and branches in response to stress factors such as drought, low soil fertility, or damage (Williams 

and Phillips, 2000). Branching chains of β-d-galactopyranosyl units make up the polysaccharide GA (branches: 21, 22, 

and 23). Gum Arabic is one of the safest dietary fibers and a valuable food supplement because intestinal bacteria convert 

it to short-chain fatty acids (SCFAs). Additionally, it contains a lot of calcium, potassium, and magnesium (Ali et al., 

2022). Dietary supplementation with GA has been shown to improve high nitrogen discharge and lower serum urea 

nitrogen levels in patients with chronic renal failure (Hussein et al., 2022). Dietary supplementation with GA also resuts 

in low serum butyrate, which supports the generation of profibrotic cytokines in the kidneys (Al-Baadani et al., 2021). 

GA is a combination of macromolecules, mostly proteins, and carbohydrates (Mohammed, 2015). It is utilized as a 

medication carrier and in pharmaceutical preparations since it is a food supplement that is safe for the body. 

Additionally, many studies have demonstrated the antioxidant capabilities of GA (Hinson et al., 2004; Trommer and 

Neubert, 2005; Ali and Al Moundhri, 2006), as well as its involvement in the metabolism of lipids (Evans et al., 1992; 

Tiss et al., 2001).  

The results of treatment for some degenerative diseases, like renal failure, have been positive (Matsumoto et al., 

2006; Ali et al., 2008). This is also true for heart implications (Glover et al., 2009) and digestive disorders (Rehman et 

al., 2003; Wapnir et al., 2008). Thus, there is compelling evidence that in addition to its well-known emulsifying 

properties, GA can have beneficial health effects as well (Montenegro et al., 2012). In studies assessing the risk 

associated with the liver, heart, and kidneys, research has indicated that GA decreases blood pressure and plasma 

cholesterol in rats, promotes tooth demineralization, inhibits microbial development, and enhances intestinal absorption, 

all of which contribute to a decrease in diarrhea (Kamal et al., 2021).  

The administration of GA in mice has been found to decrease intestinal sodium expression, leading to delayed 

glucose transport, hyperglycemia, hyperinsulinemia, and increased body weight (Dashtdar and Kardi, 2018). 

Additionally, GA has shown promise in the treatment of colorectal carcinogenesis, a condition marked by the 

progressive accumulation of several genetic changes. Tumor suppressor genes become inactive due to mutations in the 

p53 and Kras genes, while oncogenes (antagonists) become active, directly contributing to the occurrence of colorectal 

cancer (Melo et al., 2023). 

The present study aims to assess the antioxidant capacity of GA against oxidative stress in hepatic and renal tissues 

in Wistar lab rats. 

 

MATERIALS AND METHODS 

 

Ethical approval 

The World Organization for Animal Health (WOAH), Cairo University's Institutional Animal Care and Use 

Committee (CU-IACUC) guidelines at Cairo University, Cairo, Egypt, official Ministry of Agriculture Decree No. 27, 

1967, and the Guide for the Care and Use of Laboratory Animals, 8th Edition 2011 (the Guide) were all consulted in the 

preparation of this report.  
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Animals 

A total of 42 male Wistar albino rats (n = 42), approximately 200 ± 10 g, 9–10 weeks old, were obtained from the 

Animal House of the Agricultural Research Center in Dokki, Giza Governorate, Egypt. The rats were maintained under a 

12-hour light-dark cycle, at a temperature of 24 ± 2°C, and a relative humidity of 60%. They were provided with regular 

mouse food and had unrestricted access to water.  

 

 

Experimental design 

The acclimatization period was two weeks to stabilize all metabolic conditions. A total of 42 rats were treated for 

eight weeks using the following protocol after being assigned to seven equal groups (6 rats per group). Group 1 (Normal 

control; NC) was fed a normal diet until the end of the study (8 weeks). Group 2 (Injury control; IC) received a normal 

diet plus an oral dose of CPM (O, O-Dimethyl 0-3, 5, 6-trichloro-2-pyridyl phosphorothioate; Reldan® 22.5% 

Emulsifiable Concentrate “EC”), at 1/50 of LD50 (3129 mg/kg) daily for eight weeks. Group 3 (gum Arabic1; GA1) was 

fed a regular diet plus oral GA at a rate of 1 g/kg body weight daily for eight weeks. Group 4 (gum Arabic2; GA2) was 

given normal rat feed and 15% weight/volume of GA in drinking water daily for eight weeks. Group 

5 (GA1+IC)a received the same daily amount of CPM as Group 2 (IC), a normal feed, and GA as Group 3 (GA1) for the 

same period of time. Group 6 (GA2+IC) received normal feed and CPM as in Group 2 (IC), plus GA as in Group 4 

(GA2) for eight weeks. Group 7 (GA1+IC)b was given normal feed plus CPM as in Group 2 (IC) for four weeks, 

followed by the GA dose used in Group 3 (GA1) for an additional four weeks. Throughout the treatment phase, rats 

underwent weekly weighting. 

 

Blood sampling and tissue retrieval 

On day 57, 3 ml blood samples were collected from overnight-fasted rats using capillary glass tubes from the retro-

orbital plexus. Plain tubes were kept dry and clean for 30 minutes to allow blood clotting before being centrifuged at 

3000 rpm. The resulting serum was then utilized to measure the lipid profile, liver function, and kidney function by 

assaying the physiological parameters using a Cobas C11 blood chemistry analyzer. Liver and kidney tissue samples 

were retrieved from all animals in the seven groups of the experiment after anesthetizing them with ketamine (Ketalar 10 

mg/ml injection by Pfizer Limited) at a dose of 100 mg/kg body weight, and then all 42 animals were dissected.  

 

Evaluation of kidney and liver antioxidant enzymes 

Malondialdehyde (MDA), superoxide dismutase (SOD), reduced glutathione (GSH), and catalase (CAT) levels in 

renal and hepatic tissues were determined using Total Antioxidant Capacity (TAC) Assay Kit by Abbexa, United 

Kingdom. 

 

Histopathological examination 

Small portions of kidney and liver tissue were cut, quickly fixed with 10% neutral buffered formalin, and then 

embedded in paraffin wax. Subsequently, paraffin blocks from the kidney and liver were sectioned using a microtome to 

create 4-μm thin slices. These slices were placed on slides and stained with hematoxylin-eosin. Then slides were then 

examined using a Leica DM 2500 with a mounted Leica DFC 290HD digital camera, Germany. 

 

Statistical analysis 

Data are presented as the mean ± standard error. Statistical comparisons between different groups were conducted 

using one-way analysis of variance (ANOVA). Statistical analyses were performed using the Statistical Package for the 

Social Science (SPSS) software, version 22.0 (SPSS Inc., Chicago, IL, USA). Significant differences were determined 

using T-test at a significance level of p < 0.05. Values are expressed as the mean ± standard error of the mean (Levesque, 

2007). 

 

RESULTS 

 

Physiological data 

The results in Figure 1 show that the injury control (IC) rats treated with CPM and the rats treated with GA 

separately or in combination with other groups experienced a significant decrease in weight gain (p < 0.05). In contrast 

to group 1 (NC), the organ weights of the rats administered with CPM alone increased significantly compared to Group 1 

(NC) and the other groups that received GA alone or CPM (p < 0.05, Table 1). 
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Figure 1. The affected rats’ weight by administrating chlorpyrifos-methyl to induce oxidative stress and treatment by different groups. 
GA: Group 1 (NC): Control group, Group 2 (IC): Rats which administered CPM (3129 mg/kg) daily for 8 weeks, Group 3 (GA1): Rats which received 

normal GA feed 1 gm/kg body weight daily for 8 weeks, Group 4 (GA2): Rats which administered GA 15% w/v in drinking water daily for 8 weeks, 
Group 5 (GA1+IC)a: Rats which received normal feed and CPM (3129 mg/kg) plus GA (1 gm/kg body weight) daily for 8 weeks, Group 6 (GA2+IC): 

Rats which received normal feed and CPM (3129 mg/kg) plus GA 15% w/v in drinking water daily for 8 weeks, Group 7 (GA1+IC)b: Rats which 

received normal feed plus CPM for 4 weeks, then treated with GA (1 gm/kg body weight) for 4 weeks. 

 

 

Table 1. Administration effect of chlorpyrifos-methyl and gum Arabic on weight gained of rats aged 4 months in the experimental 

groups  

                         Treatments  

Parameters 
Group 1 (NC) Group 2 (IC) 

Group 3 

(GA1) 

Group 4 

(GA2) 

Group 5 

(GA1+IC)a 

Group 6 

(GA2+IC) 

Group 7 

(GA1+IC)b 

Week 0 weight (g) 207.2 198.5 205.8 204.8 199.7 202.8 205.7 

Week 8 weight (g) 303.2 261.8 275.5 279 274.3 248 276.8 

Gain weight (g) 96 63.33 69.67 74.17 74.67 45.17 71.17 

Group 1 (NC): Control group, Group 2 (IC): Rats which administered CPM (3129 mg/kg) daily for 8 weeks, Group 3 (GA1): Rats which received 

normal GA feed 1 gm/kg body weight daily for 8 weeks, Group 4 (GA2): Rats which administered GA 15% w/v in drinking water daily for 8 weeks, 
Group 5 (GA1+IC)a: Rats which received normal feed and CPM (3129 mg/kg) plus GA (1 gm/kg body weight) daily for 8 weeks, Group 6 (GA2+IC): 

Rats which received normal feed and CPM (3129 mg/kg) plus GA 15% w/v in drinking water daily for 8 weeks, Group 7 (GA1+IC)b: Rats which 

received normal feed plus CPM for 4 weeks, then treated with GA (1 gm/kg body weight) for 4 weeks. 

 

Liver biochemical parameters 

The results in Figures 2A and 2B show that CPM administration in Group 2 (IC) significantly increased the 

activities of liver function parameters such as ALT, AST, and Total Bilirubin compared to control Group 1 (NC; Figure 

3A, p < 0.05). However, the CPM Group 2 (IC) revealed a significant decrease in Total Protein in comparison with 

Group 1 (NC), indicating hepatocellular damage (p < 0.05). This negative effect was mitigated in the groups that 

received CPM combined with GA (Figure 3B). A slight increase was observed in ALT activity in Group 3 (GA1) which 

received GA (Figure 2A, p > 0.05). In summary, the results indicate a positive effect of GA on liver functions in groups 

that received GA treatment either alone or in combination with CPM, compared to Group 2 (IC), which received only 

CPM and exhibited liver toxicity (Table 2). 

Renal biochemical parameters 

Given that Group 2 (IC) has significantly higher serum creatinine and urea values than the other groups, data in 

Figure 4 shows that CPM significantly increased these parameters (p < 0.05). This increase is indicative of renal damage 

and kidney dysfunction caused by toxicity from CPM. The renal parameters significantly improved in all groups that 

drank water containing GA compared to Group 2 (IC) (p < 0.05, Table 2). 

Lipids profile in serum of the experimental groups 

In comparison to Group 1 (NC), the CPM Group 2 (IC) data showed a significant decrease in HDL but a notable 

increase in triglycerides (TG), LDL, and VLDL (p < 0.05). However, the groups that received GA treatment had a 
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significant improvement in lipid profile characteristics, indicating that GA has a promising potential for treating elevated 

lipid profile parameters (Figure 5, p < 0.05, Table 2).  

Antioxidant parameters in liver and kidney tissues 

The results represented in figures 6 and 7 show a notable decrease in GSH, SOD and Catalase levels in the liver 

and kidney tissues of the CPM Group 2 (IC) compared to Group 1 (NC).  This decrease provides clear evidence of 

improvement as a result of the GA administration in other groups (p < 0.05). Administration of GA showed insignificant 

changes compared to the NC Group 1 (p > 0.05), with a slight increase in Catalase (Figure 6A) and GSH (Figure 6B) 

compared to the NC Group (p > 0.05). On the other hand, the CPM Group showed increased levels of MDA and SOD in 

the liver and kidney tissues, indicating heightened oxidative stress via the administration of GA in other groups (GA1; 

GA2; (GA1+IC)a; (GA2+IC): (GA1+IC)b) as represented in Figure 7 (p < 0.05). 

 

 

  
Figure 2. The rats’ liver enzymes as a result of administrating chlorpyrifos-methyl to induce oxidative stress, and gum Arabic 

treatment. A: ALT level difference in serum, B: AST level difference in serum, Group 1 (NC): Control group, Group 2 (IC): Rats which administered 

CPM (3129 mg/kg) daily for 8 weeks, Group 3 (GA1): Rats which received normal GA feed 1 gm/kg body weight daily for 8 weeks, Group 4 (GA2): 

Rats which administered GA 15% w/v in drinking water daily for 8 weeks, Group 5 (GA1+IC)a: Rats which received normal feed and CPM (3129 

mg/kg) plus GA (1 gm/kg body weight) daily for 8 weeks, Group 6 (GA2+IC): Rats which received normal feed and CPM (3129 mg/kg) plus GA 15% 

w/v in drinking water daily for 8 weeks, Group 7 (GA1+IC)b: Rats which received normal feed plus CPM for 4 weeks, then treated with GA (1 gm/kg 

body weight) for 4 weeks. 
 

 

Table 2. Physiological parameters of the experimental groups as a result of chlorpyrifos-methyl administration and gum Arabic 

treatment in rats aged 4 months 

                       Treatments  

Parameters 

Group 1 

(NC) 

Group 2 

(IC) 

Group 3 

(GA1) 

Group 4 

(GA2) 

Group 5 

(GA1+IC)a 

Group 6 

(GA2+IC) 

Group 7 

(GA1+IC)b 

Urea (mmol/L) 58 + 1b 76 + 3a 42 + 7c 43 + 5c 57 + 3b 56 + 3b 59 + 1b 

Creatinine (mg/dL) 0.56 + 0.11c 1.71 + 0.12a 0.50 + 0.09c 0.47 + 0.12c 0.47 + 0.03c 0.5 + 0.04c 0.68 + 0.02b 

Cholesterol (Chol) (mg/dl) 56.90 ±1.5d 99.35 ±1.4a 47.52 ± 0.94f 52.22 ±0.82e 69.81 ± 1.0b 58.27 ± 0.96d 64.43 ± 0.68c 

Triglycerides (TG) (mg/dl) 45.82 ± 0.4d 79.88 ± 2.5a 37.45 ± 2.8e 47.37 ± 2.8d 56.04 ± 2.7bc 50.65 ± 2.7cd 62.00 ± 2.6b 

Total protein (TP) (g/dl) 5.56 ± 0.17a 4.29 ± 0.11d 5.44 ± 0.15ab 5.24 ± 0.33ab 4.65 ± 0.47cd 5.53 ± 0.34a 4.96 ± 0.32bc 

Albumin (Alb) (g/dl) 2.86 ±0.07a 2.53 ±0.04c 2.79 ±0.02b 2.75 ±0.02b 2.73 ±0.04b 2.72 ±0.07b 2.58 ±0.05c 

Total Bilirubin 0.19 ± 0.02d 0.61 ± 0.02a 0.23 ± 0.01c 0.26 ± 0.00b 0.16 ± 0.02e 
0.16 ±  

0.00de 
0.23 ± 0.00bc 

Alanine transaminase (ALT) 

(U/L) 
48.48 ±1.1c 98.27 ± 3.7a 57.12 ± 5.9b 50.70 ± 5.5bc 50.70 ± 5.5bc 51.80 ± 3.2bc 50.60 ± 2.6bc 

Aspartate aminotransferase 

(AST) (U/L) 
98.33 ± 3.1b 135.69 ± 4.9a 87.30 ± 3.1c 78.67 ± 3.4d 101.74 ±1.6b 81.06 ± 3.0d 80.57 ± 3.1d 

a, b, c, d, e, f: Indicate that different letters in the same row differ at (p < 0.05). Group 1 (NC): Control group, Group 2 (IC): Rats which administered CPM 

(3129 mg/kg) daily for 8 weeks, Group 3 (GA1): Rats which received normal GA feed 1 gm/kg body weight daily for 8 weeks, Group 4 (GA2): Rats 

which administered GA 15% w/v in drinking water daily for 8 weeks, Group 5 (GA1+IC)a: Rats which received normal feed and CPM (3129 mg/kg) 

plus GA (1 gm/kg body weight) daily for 8 weeks, Group 6 (GA2+IC): Rats which received normal feed and CPM (3129 mg/kg) plus GA 15% w/v in 

drinking water daily for 8 weeks, Group 7 (GA1+IC)b: Rats which received normal feed plus CPM for 4 weeks, then treated with GA (1 gm/kg body 

weight) for 4 weeks. 
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Figure 3. The rats’ liver parameters were affected by chlorpyrifos-methyl administration as oxidative stress and gum Arabic 

treatment. A: Total protein level in serum, B: Total bilirubin level in serum, Group 1 (NC): Control group, Group 2 (IC): Rats which administered 

CPM (3129 mg/kg) daily for 8 weeks, Group 3 (GA1): Rats which received normal GA feed 1 gm/kg body weight daily for 8 weeks, Group 4 (GA2): 

Rats which administered GA 15% w/v in drinking water daily for 8 weeks, Group 5 (GA1+IC)a: Rats which received normal feed and CPM (3129 

mg/kg) plus GA (1 gm/kg body weight) daily for 8 weeks, Group 6 (GA2+IC): Rats which received normal feed and CPM (3129 mg/kg) plus GA 15% 

w/v in drinking water daily for 8 weeks, Group 7 (GA1+IC)b: Rats which received normal feed plus CPM for 4 weeks, then treated with GA (1 gm/kg 

body weight) for 4 weeks. 

 

 

 

 

 

 

 

   
Figure 4. Renal function of rats administered chlorpyrifos-methyl to induce oxidative stress in the kidney, and its effects were 

countered by gum Arabic treatment. A: Serum creatinine level, B: Blood urea level, Group 1 (NC): Control group, Group 2 (IC): Rats which 

administered CPM (3129 mg/kg) daily for 8 weeks, Group 3 (GA1): Rats which received normal GA feed 1 gm/kg body weight daily for 8 weeks, 

Group 4 (GA2): Rats which administered GA 15% w/v in drinking water daily for 8 weeks, Group 5 (GA1+IC)a: Rats which received normal feed and 

CPM (3129 mg/kg) plus GA (1 gm/kg body weight) daily for 8 weeks, Group 6 (GA2+IC): Rats which received normal feed and CPM (3129 mg/kg) 

plus GA 15% w/v in drinking water daily for 8 weeks, Group 7 (GA1+IC)b: Rats which received normal feed plus CPM for 4 weeks, then treated with 

GA (1 gm/kg body weight) for 4 weeks. 
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Figure 5. The effects on lipid profile of rats affected by chlorpyrifos-methyl administration countered by gum Arabic treatment. A: 

Total cholesterol in serum, B: Triglycerides in serum, Group 1 (NC): Control group, Group 2 (IC): Rats which administered CPM (3129 mg/kg) daily 

for 8 weeks, Group 3 (GA1): Rats which received normal GA feed 1 gm/kg body weight daily for 8 weeks, Group 4 (GA2): Rats which administered 

GA 15% w/v in drinking water daily for 8 weeks, Group 5 (GA1+IC)a: Rats which received normal feed and CPM (3129 mg/kg) plus GA (1 gm/kg 

body weight) daily for 8 weeks, Group 6 (GA2+IC): Rats which received normal feed and CPM (3129 mg/kg) plus GA 15% w/v in drinking water 

daily for 8 weeks, Group 7 (GA1+IC)b: Rats which received normal feed plus CPM for 4 weeks, then treated with GA (1 gm/kg body weight) for 4 

weeks. 

 

 

 

 

 

 

 
Figure 6. Reduced glutathione and catalase level differences in liver and kidney homogenates of rats in rats treated with chlorpyrifos-

methyl in comparison with rats treated with gum Arabic. A: Reduced glutathione (GSH) level difference, B: Catalase (CAT) level difference, 

Group 1 (NC): Control group, Group 2 (IC): Rats which administered CPM (3129 mg/kg) daily for 8 weeks, Group 3 (GA1): Rats which received 

normal GA feed 1 gm/kg body weight daily for 8 weeks, Group 4 (GA2): Rats which administered GA 15% w/v in drinking water daily for 8 weeks, 

Group 5 (GA1+IC)a: Rats which received normal feed and CPM (3129 mg/kg) plus GA (1 gm/kg body weight) daily for 8 weeks, Group 6 (GA2+IC): 

Rats which received normal feed and CPM (3129 mg/kg) plus GA 15% w/v in drinking water daily for 8 weeks, Group 7 (GA1+IC)b: Rats which 

received normal feed plus CPM for 4 weeks, then treated with GA (1 gm/kg body weight) for 4 weeks. 
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Figure 7. Superoxide dismutase and Melondialdehyde level in liver and kidney homogenates of rats treated with chlorpyrifos-methyl 

in comparison with rats treated with gum Arabic. A: Superoxide dismutase (SOD) level difference, B: Melondialdehyde (MDA) level difference, 

Group 1 (NC): Control group, Group 2 (IC): Rats which administered CPM (3129 mg/kg) daily for 8 weeks, Group 3 (GA1): Rats which received 

normal GA feed 1 gm/kg body weight daily for 8 weeks, Group 4 (GA2): Rats which administered GA 15% w/v in drinking water daily for 8 weeks, 
Group 5 (GA1+IC)a: Rats which received normal feed and CPM (3129 mg/kg) plus GA (1 gm/kg body weight) daily for 8 weeks, Group 6 (GA2+IC): 

Rats which received normal feed and CPM (3129 mg/kg) plus GA 15% w/v in drinking water daily for 8 weeks, Group 7 (GA1+IC)b: Rats which 

received normal feed plus CPM for 4 weeks, then treated with GA (1 gm/kg body weight) for 4 weeks. 

 

Histopathological examination of liver tissue 

The histopathological analysis of liver tissues in Group 1 (NC) revealed a normal hepatic lobule structure (Figure 

8A). In contrast, the liver tissue in Group 2 (IC) displayed significant alterations, including fibroplasia in the portal triad 

(Figure 8D), mononuclear cell infiltration associated with focal hepatocellular necrosis (Figure 8C), and portal 

infiltration with mononuclear cells (Figure 8E). These findings indicate that CPM administration in Group 2 (IC) has 

severely damaged the tissue by increasing toxicity levels.  However, no histological changes were observed in the liver 

tissues in Group 3 (GA1) and Group 4 (GA2) (Figures 8F and 9A). Yet, examining certain sections from Group 5 

(GA1+IC)a demonstrated improvement as they showed only slight activation of Kupffer cells (Figure 9D). These 

sections also showed small focal hepatocellular necrosis associated with mononuclear cells infiltration (Figure 9B) and 

apoptosis of hepatocytes associated with infiltration of mononuclear cells (Figure 9C). Furthermore, the liver tissue in 

Group 6 (GA2+IC) showed improved histological features in comparison with Group 2 (IC). Liver tissues did not exhibit 

any histological changes (as depicted in Figure 10A) except a minor Kupffer cell activation and hepatoportal blood 

channel congestion shown in Figure 10C. The liver tissue in Group 7 (GA1+IC)b exhibited a regression of histological 

abnormalities, similar to Group 6 (GA2+IC), except for a minor activation of Kupffer cells in the evaluated sections 

(Figures 10D, E, and F). In this histological examination, the groups that received GA treatment showed repairing effects 

in their liver tissue, suggesting that the antioxidant effect imposed by GA elevates antioxidant levels, thereby reducing 

the oxidative stress caused by CPM administration. Consequently, liver function parameters such as ALT, AST, Total 

Bilirubin, and ALP were improved. 

 

Histopathological examination of kidney tissue 

The normal histological structure of the renal parenchyma was revealed by the histopathological examination of 

kidney tissue in Group 1 (NC) (Figures 11A and B). However, the kidney tissue in Group 2 (IC) displayed severe 

damage, as evidenced by periglomerular fibroblast proliferation (Figure 11D), thickening of the glomerular basement 

membrane (Figure 11E), and interstitial inflammatory cell infiltration, and vacuolization of the renal tubular epithelium 

(Figure 11F). Additionally, localized necrosis of the renal tubules linked to inflammatory cell infiltration was 

observed (Figure 11C). On the other hand, no histological changes were seen in kidney tissue in Group 3 (GA1) and 

Group 4 (GA2) (Figures 12A, B, C, and D). However, the kidney tissue in Group 5 (GA1+IC)a showed improvement in 

comparison with Group 2 (IC), with sections displaying renal tubular epithelium with granular or vacuolar degeneration, 

congested glomerular tufts, and congested renal blood vessels (Figures 11E and F). Sections in Group 6 (GA2+IC) 

similarly showed renal tubular epithelial vacuolar degeneration and glomerular tuft congestion (Figures 13A, and B). 

Similarly, the kidney tissue in Group 7 (GA1+IC)b showed notable regressive lesions with no other significant 

histological changes observed in the evaluated sections (Figures 13C and D). The kidney tissues in this examination 

showed repairing effects as a result of GA administration. The oxidative stress induced by CPM administration was 

countered by elevating antioxidant levels which, in turn, improved kidney tissue cells and reduced urea and creatinine 

levels.  
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Figure 8. The histopathological changes in liver tissue of rats from group 1, group 2, and group 3 (H&E X 400). 

A: Group 1 (NC) showing the normal histological structure of hepatic lobule, B: Group 2 (IC) showing cytoplasmic vacuolation of hepatocytes and 

focal hepatocellular necrosis associated with mononuclear cells infiltration (arrow indicated), C: Group 2 (IC) showing focal hepatocellular necrosis 

associated with mononuclear cells infiltration in a different area of the tissue (arrow indicated), D: Group 2 (IC) showing fibroplasia in the portal triad, 
E: Group 2 (IC) showing cytoplasmic vacuolation of hepatocytes and portal infiltration with mononuclear cells infiltration caused by CPM 

administration (arrow indicated), F: Group 3 (GA1) showing no histopathological alterations, Group 1 (NC): Control group, Group 2 (IC): Rats which 

administered CPM (3129 mg/kg) daily for 8 weeks, Group 3 (GA1): Rats which received normal GA feed 1 gm/kg body weight daily for 8 weeks. 
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Figure 9. The histopathological changes in rat’s liver tissue from group 4, and group 5 (H&E X 400). 

A: Group 4 (GA2) showing no histopathological alterations, B: Group 5 (GA1+IC)a showing apoptosis of hepatocytes associated with mononuclear 

cells infiltration (arrow indicated), C: Group 5 (GA1+IC)a showing small focal hepatocellular necrosis associated with mononuclear cells infiltration 

(arrow indicated), D: Group 5 (GA1+IC)a showing slight Kupffer cells activation (arrow indicated), Group 4 (GA2): Rats which administered GA 15% 

w/v in drinking water daily for 8 weeks, Group 5 (GA1+IC)a: Rats which received normal feed and CPM (3129 mg/kg) plus GA (1 gm/kg body 

weight) daily for 8 weeks. 
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Figure 10. The histopathological changes in rats’ liver tissue from group 6, and group 7 (H&E X 400). 

A: Group 6 (GA2+IC) showing no histopathological alterations, B: Group 6 (GA2+IC) showing slight Kupffer cells activation (arrow indicated), C: 

Group 6 (GA2+IC) showing congestion of hepatoportal blood vessels (arrow indicated), D: Group 7 (GA1+IC)b showing no histopathological 

alterations, E: Group 7 (GA1+IC)b showing no tissue damage, F: Group 7 (GA1+IC)b showing slight Kupffer cells activation (arrow indicated), Group 

6 (GA2+IC): Rats which received normal feed and CPM (3129 mg/kg) plus GA 15% w/v in drinking water daily for 8 weeks, Group 7 (GA1+IC)b: 

Rats which received normal feed plus CPM for 4 weeks, then treated with GA (1 gm/kg body weight) for 4 weeks. 
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Figure 11. The histopathological changes in rats’ kidney tissue from group 1, and group 2 (H&E X 400). 

A: Group 1 (NC) showing the normal histological structure of renal parenchyma, B: Group 1 (NC) showing the normal histological structure of renal 

tissue, C: Group 2 (IC) showing focal necrosis of renal tubules associated with inflammatory cells infiltration (arrow indicated), D: Group 2 (IC) 

showing vacuolation of renal tubular epithelium and periglomerular fibroblasts proliferation (arrow indicated), E: Group 2 (IC) showing focal necrosis 

of renal tubules associated with inflammatory cells infiltration and thickening of the glomerular basement membrane (arrow indicated), F: Group 2 (IC) 

showing vacuolization of renal tubular epithelium and interstitial inflammatory cells infiltration (arrow indicated), Group 1 (NC): Control group, 

Group 2 (IC): Rats which administered CPM (3129 mg/kg) daily for 8 weeks. 
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Figure 12. The histopathological changes in rats’ kidney tissue from group 3, group 4, and group 5 (H&E X 400). 

A: Group 3 (GA1) showing no histopathological alterations, B: Group 3 (GA1) showing also with no tissue damage, C: Group 4 (GA2) showing no 

histopathological alterations, D: Group 4 (GA2) showing no histopathological alterations in different area in the tissue, E: Group 5 (GA1+IC)a showing 

granular degeneration of renal tubular epithelium with congestion of glomerular tufts and renal blood vessels (arrow indicated), F: Group 5 (GA1+IC)a 

showing granular degeneration of renal tubular epithelium and congestion of renal blood vessels indicating damage done by CPM treatment (arrow 

indicated), Group 3 (GA1): Rats which received normal GA feed 1 gm/kg body weight daily for 8 weeks, Group 4 (GA2): Rats which administered 

GA 15% w/v in drinking water daily for 8 weeks, Group 5 (GA1+IC)a: Rats which received normal feed and CPM (3129 mg/kg) plus GA (1 gm/kg 

body weight) daily for 8 weeks. 
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Figure 13. The histopathological changes in rats’ kidney tissue from group 6, and group 7 (H&E X 400).  

A: Group 6 (GA2+IC) showing vacuolar degeneration of renal tubular epithelium and congestion of glomerular tufts (arrow indicated), B: Group 6 

(GA2+IC) showing congestion of glomerular tufts, C and D: Group 7 (GA1+IC)b showing no histopathological alterations (arrow indicated), Group 6 

(GA2+IC): Rats which received normal feed and CPM (3129 mg/kg) plus GA 15% w/v in drinking water daily for 8 weeks, Group 7 (GA1+IC)b: Rats 

which received normal feed plus CPM for 4 weeks, then treated with GA (1 gm/kg body weight) for 4 weeks. 

 

DISCUSSION 

 

As more zones with high CKD risk are identified among agricultural, the focus on environmental exposures as causes of 

kidney disease is expanding. Since agricultural laborers are more likely to develop CKD, research on agriculture with 

special attention on herbicides and insecticides has increased (Tejchman et al., 2021). Acute kidney damage has been 

associated with specific agents; nevertheless, chronic exposure to industrial pollutants and agrichemicals can cause CKD 

(Prudente et al., 2021). Another possible cause of kidney illness is occupational exposure to infectious agents such as 

insecticides (Twombley et al., 2011). Hepatic damage, which can eventually result in liver cirrhosis, and renal 

dysfunction, which can progress to CKD, end-stage renal disease, or cardiovascular disease, can be avoided by using 

natural products such as GA for nephron and hepatic protection (Kamal et al., 2021). GA contains antioxidant 

macromolecules, including lysine, tyrosine, and histidine, which enhance its antioxidant activity (Naiel et al., 2021).  It 

has been shown to lower urea nitrogen and creatinine levels, thus improving renal function in patients with diabetic 

nephropathy (Alshelleh et al., 2023). Additionally, GA significantly reduces fasting blood glucose, HbAc1 levels, blood 
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uric acid, and total protein levels. Moreover, it facilitates the passage of minerals and water from the intestinal lumen 

into the circulation (Salama et al., 2021).                                                                                                                                                      

One of the several health benefits of GA is its renal protection; it is believed that the main mechanism is GA’s 

ability to increase nitrogen excretion, which lowers serum urea nitrogen levels (Alshelleh et al., 2023). GA is also 

recognized as a rich source of K
+
, Mg

2+
, and Ca

2+
 dietary fiber (Prasad et al., 2022). Furthermore, GA enhances creatinine 

clearance in healthy mice and promotes the excretion of antidiuretic hormone (ADH) and Ca2+ in the kidneys and 

intestines (Farman et al., 2020). One of the key advantages of GA is its role in increasing nitrogen excretion in stool, 

thereby reducing serum urea nitrogen levels. This occurs because the bacterial flora in the large intestine slowly ferments 

GA to form short-chain fatty acids (Salama et al., 2021). Additionally, GA can raise the quantity of lactic acid bacteria 

and Bifidus in healthy individuals (Yousefi et al., 2023). A previous study found that rats consuming 25–30 g of GA daily 

for 21-30 days experienced a reduction in total cholesterol by 6% and 10.4%, respectively. There was no impact on HDL 

or triglycerides; the reduction was restricted to LDL and VLDL, which aligns with the present results (Sharma, 1985).  

GA has been used as a dental hygiene agent; after GA therapy, the gingival and plaque index scores were 

dramatically reduced when an herbal mixture containing GA was applied directly to the teeth and gums (Al-Jubori et al., 

2023). The present study found that GA treatment at different doses in drinking water had beneficial hepatic and renal 

effects. After four weeks of treatment, improvements in kidney and liver function parameters were observed, along with 

enhanced measurements of antioxidant enzymes. GA treatment effectively mitigated the negative effects of CMP 

administration on most of kidney and liver parameters.                                                                                                              

In terms of kidney tests, the study found that administering GA at doses of 1 g/kg body weight and a 15% 

weight/volume solution in drinking water for eight weeks resulted in a considerable reduction in urea and 

creatinine levels, consistent with Tichati et al. (2020). The increase in ALT level by GA administration in Group 3 

(GA1) at 1g/kg body weight rate is in accordance with Fareed et al. (2022). However, unlike the present findings, 

another study reported that 0.5 g/kg b.wt/rat/day GA for 45 days increased AST and alkaline phosphatase levels (Kamal 

et al., 2021). A study employing a 3% GA solution for six days at a 100 mg/kg body weight dose indicated that low 

dosages (100 and 500 mg/day) were associated with high levels of AST and ALP, while higher doses (10 grams, 10%, 

and 15% daily) led to lower levels of these parameters (Babiker et al., 2017). These findings suggest that the efficacy of 

GA on liver function is dosage-dependent concerning alterations in lipid profile (Al-Jubori et al., 2023). Similar to the 

findings of El-Deeb et al. (2007), the present data demonstrated significant increases in total cholesterol, triglycerides, 

LDL, and VLDL, along with a significant reduction in HDL with CPM administration (3129 mg/kg) compared to the NC 

Group 1. In terms of antioxidant parameters, Group 2 (IC) showed a considerable decrease in antioxidant enzymes (free 

radical scavengers) and a significant increase in lipid peroxidation. However, the current study discovered that catalase, 

reduced glutathione (GSH), and superoxide dismutase (SOD) had a strong antioxidant activity, which GA markedly 

increased, while it decreased malondialdehyde (MDA) levels. These findings are similar to those reported by Ahmed et 

al. (2022).   

Colon cancer results from oxidative stress caused by 1, 2-dimethylhydrazine (DMH), which damages DNA in 

animals' colon cells, liver, kidneys, heart, stomach, and lungs (Jelic et al., 2021). This will, in turn, result in an 

insufficient immune response, increased oxidative damage to lipids and proteins, lung metastasis, and the formation of 

alkylated DNA adducts in kidneys. Gum Arabic (GA) and Eugenol (EUG), administered either alone or combined, 

effectively prevent and cure rat kidney tissue and spleen geno-toxicity (Dutra et al., 2022). According to a study, rats 

with colorectal carcinogenesis exhibited a synergistic effect of GA and EUG on genotoxicity in the spleen and kidney 

tissues (Melo et al., 2023). 

Histopathological results in the present study showed the anti-inflammatory and antioxidant effects of GA by 

reversing histopathological changes such as inflammatory cell infiltration, necrosis, apoptosis, and fibroplasia caused by 

oxidative stress in liver and kidney tissues. These findings align with the results of Ayaz et al. (2017).  

 

CONCLUSION 

 

The cytotoxic effects of chlorpyrifos-methyl, which cause oxidative stress and inflammation in liver and kidney tissues, 

were found to be significantly reduced by GA's strong antioxidant ability. The histological analysis of GA revealed 

enhanced efficacy on both liver and kidney tissues, as well as improvements in antioxidants such as Catalase, GSH, SOD, 

and MDA in the treated groups. Ultimately, GA (1 g/kg) demonstrated its ability to protect renal and hepatic organs 

against oxidative stress induced by chlorpyrifos-methyl (3129 mg/kg) administration. Future studies should evaluate the 

targeted genes affected by oxidative stress due to chlopyrifos-methyl administration, assess the reparative effects of GA as 

an antioxidant on those genes. and show how its antioxidant properties contribute to physiological mechanisms in liver and 

kidney tissues. 
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ABSTRACT 

An incision wound is a wound caused by being sliced. Two ingredients that play a key role in the wound-healing 

process are glucomannan and acemannan, which are rich in polysaccharides and growth hormones. Growth 

hormones stimulate fibroblast activity and proliferation. The present study involved 35 Sprague Dawley male rats, 

aged 2-3 months old and weighing 200-300 grams. The study comprised seven groups including, negative control 

group (G1), positive control (aquades, G2), betadine 10% (G3), gel base (0.5 mg, G4), gel base + sodium 

metabisulfite 0.2 gr (G5), gel base + Aloe vera 5% (G6), and gel base + Aloe vera 5% + sodium metabisulfite 0.2 gr 

(G7). Each group had five replications. Initially, a 4-cm incision was made on the dorsal skin of each rat. The study 

lasted 15 days with observations made on days 3, 7, and 15. After the observation period, the rats were anesthetized 

and then terminated to collect skin tissues for microscopic examination. The tissue samples were then stained 

immunohistochemically to assess fibroblast growth factor (FGF) expressions. The results showed that the highest 

FGF expression was observed in the 5% Aloe vera + 2% metabisulfite group (G7), while the lowest FGF expression 

was in the negative control group (G1). It is concluded that Aloe vera L. extract gel at 5% + 2% metabisulfite (G7) 

significantly enhances the expression of FGF. 
 

Keywords: Aloe vera L, Fibroblast growth factor, Incision wound, Skin, Sodium metabisulfite 

O
R

IG
IN

A
L

 A
R

T
IC

L
E

  

R
eceiv

ed
: Ju

n
e 2

4
, 2

0
2
4
 

R
ev

ised
: Ju

ly
 2

0
, 2

0
2

4
 

A
ccep

ted
: A

u
g
u

st 2
6

, 2
0
2

4
 

P
u

b
lish

ed
: S

ep
tem

b
er 2

5
, 2

0
2
4
 

   

 

INTRODUCTION  

  

An incision wound is an injury caused by a sharp object slicing the skin. The wound healing process consists of four 

different phases including homeostasis, inflammation, proliferation, and maturation (LaiCheong and McGrath, 2017). 

The migration and proliferation of fibroblasts in the wound area play a crucial role in this process. An increase in 

fibroblast cells affects the amount of collagen fibers, which can be linked to the edges of wounds, form connective tissue, 

and provide strength and integrity to the wound. 

Conventional Treatments for incision wounds typically include povidone-iodine and topical antibiotics (Wilantari, 

2020). However, povidone Iodine 10% has several side effects such as bacterial resistance and hypersensitivity, 

inhibiting the wound granulation process (Amiruddin et al., 2015). To mitigate these drawbacks, herbal remedies such as 

Aloe vera can be recommended as an alternative and complementary treatment. 

Aloe vera L. is a plant that contains materials for wound healing. According to Nurhidayanti (2022), Aloe vera has 

several vitamins, minerals, enzymes, polysaccharides, glucomannans, acemannans, polypakaride compounds, and 

organic acids that are water-soluble and fat-soluble. Glucomannans and acemannas plays an important role in the wound 

healing phase, as they activate macrophages, which play a key role in regulating tissue repair. Macrophages release 

cytokines and growth factors (PDGF, TGF-a, TGF-b, EGF VEGF) that facilitate tissue repair. Additionally, 

glucomannas and acemannas activate and proliferate fibroblasts, accelerating the expression of vascular endothelial 

growth factor (VEGF), which stimulates the formation of new capillaries in the wound-healing process. Aloe vera gel 

also contains lignin, which can penetrate and absorb into the skin, playing a significant role in the proliferation phase by 

promoting new cells and preventing excess fluid loss from the skin surface (Hekmatpou et al., 2019). Mustaqim et al. 

(2018) reported that the administration of Aloe vera gel on mouse wounds improved wound healing, as evidenced by the 

parameters of epithelial thickness and the average number of fibroblasts. 

Sodium metabisulfite is a preservative substance. It is used as an antioxidant and antimicrobial agent which 

functions as a preservative in foodstuff, syrup medicines, cosmetic preparations, and hair nourishers (Ilie-mihai et al., 
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2022). In the process of healing incisional wounds, sodium metabisulfite functions as an antimicrobial that inhibits 

bacterial contamination of skin tissue. As a preservative, it also helps maintain the stability of the Aloe vera content in 

the preparation. The present study aimed to evaluate the effect of the formulation of Aloe vera extract gel with the 

addition of sodium metabisulfite preservatives on the expression of FGF in wound healing. 

 

MATERIALS AND METHODS 

 

Ethical approval 

The animal experimentation was approved by the Ethical Clearance Committee of YARSI University Research 

Institute, Jakarta, with registration number 135/KEP-UY/EA.10/VI/2023. This study was conducted from July to 

December 2023 at the Animal Research Facility, Jakarta, Indonesia. 

 

Study design 

The manufacture of the gel base was carried out at the Pharmacy Laboratory of PT., Derma Beauty Indonesia, 

Tangerang. The Aloe vera samples were washed, and the skin of the leaf gel was separated, cut into small pieces, and 

macerated overnight in ethanol solvent. The filtrate was separated from the residue and then evaporated using a rotary 

evaporator (Japan) under vacuum pressure at a temperature of ± 40°C to obtain an ethanol extract (Baldi et al., 2021).  

 

Gel base production 

The tools used included a homogenizer, a beaker, a gel placement container, and a digital scale. There was a 5% 

extract of Aloe vera L in 100-gram preparations. The gel base was prepared using Aloe vera extract, where 5% of the 

extract was calculated to be added. This means that after adding 5 g of extract to 100 grams of the gel base, the resulting 

amount of the gel base was 95 grams. This mixture was homogenized using a Thinky mixer (USA), at a speed of 2000 

rpm for 3 minutes until homogeneous. Sodium metabisulfite (Indonesia) was added at a rate of 0.2 grams and mixed at 

the final stage. Next, the gel base was mixed with Aloe vera L extract and sodium metabisulfite at a predetermined 

dose using a mixer at a speed of 2000 rpm for 3 minutes. The gel base was then evaluated organoleptically for its 

physical stability, acidity, viscosity, and total plate and yeast mold counts for 8 weeks (Retnowati et al., 2021).  

The study used male Sprague Dawley rats, 2-3 months old, weighing 200-300 grams. The rats were divided into 

seven groups with five repetition rats in each group including, Group 1 (negative control), Group 2 (positive control 

given aquades 0.5 ml), Group 3 (positive control given betadine 10 %, 0.5 ml, Indonesia), Group 4 group (given the gel 

base), Group 5 (given the gel base and sodium metabisulfite 0.2 gr), Group 6 (given the gel base and Aloe vera 5%), and 

Group 7 (given Aloe vera 5%, and sodium metabisulfite 0.2 gr). Treatment for all groups was conducted over 15 days.  

To begin, the rats were given anesthesia with ketamine (10 mg/kg BW) and xylazine (2 mg/kg BW, Sotoudeh and 

Namavar, 2022) intraperitoneally. After anesthesia, the fur on the rats' backs was shaved to a size of 5 x 3 cm. The rats 

were then placed on the operating table and fixed according to the procedure (Kartika et al., 2013). The skin was 

disinfected with betadin, rubbed with 70% alcohol, and then a 4cm long incision was made on the back. Observations 

were made on days 3, 7, and 15. At the end of the observation period, the rats were anesthetized and terminated using 

cervical dislocation. Finally, the skin tissue was taken for microscopic examination. 

  

Sample collection 

The rats were maintained for 15 days. On day 15, the skin samples were collected and fixed in 10% neutral buffer 

formalin. 

 

Laboratory test 

The skin samples were dehydrated using graded alcohol and xylene and then blocked using liquid paraffin 

(Alturkistani et al., 2015). The samples were cut using a microtome. The skin sections were then stained by 

immunohistochemia (IHC) antibody for fibroblast growth factor (Haid et al., 2020). The slides were then dehydrated and 

treated with endogenous peroxidase and protein block. Next, they were incubated using antibody primer FGF2 (Vantec 

bio) for several minutes. Following this, the slides were incubated with a post-primary antibody and 

diethylaminobenzidine (DAB). They were finally photographed using an Olympus microscope (CX33, Japan) at 400 × 

magnification and analyzed using ImageJ software (NIH, USA).  

 

Data analysis 

Data were analyzed quantitatively using SPSS version 25. The analysis was conducted using the Kruskal Wallis 

non-parametric test followed by the Mann-Whitney post hoc test. Correlation analysis was performed using the 

Spearman test with a confidence level of 95% (p < 0.05). 
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RESULTS AND DISCUSSION 

 

 The results of the observation of organoleptic tests on the formulation of gel preparations on day 1 did not show 

any changes in color, odor, or texture. Organoleptic tests (Table 1 and Figure 1a) on the formulation of gel preparations 

for 8 weeks indicated no changes in the texture, color, and odor of the preparations. This stability is because of the 

presence of sodium metabisulfite. The addition of sodium metabisulfite was proven to increase the shelf life of the gel-

based Aloe vera L. extraction formulation. This is due to the role of sodium metabisulfite as a preservative when added 

to drug formulations because sodium metabisulfite has the function of preventing the growth of microbes (Yusuf et al., 

2020). The acidity test in the gel formulation of Aloe vera extract shown a pH of 5.1 (Table 1 and Figure 1b). This 

indicates that preparations have the same pH value of 4.5-6.5 as human skin (Yusuf et al., 2020). The viscosity test on 

the formulation of gel preparations showed a viscosity value of 5420 centipoise (cps) (Table 1 and Figure 1c). This value 

indicates that preparations had a low viscosity (5640 cps). Mixing sodium metabisulfite may dilute the formulation, as 

the small molecular weights of sodium metabisulfite and Aloe vera cause a decrease in the overall consistency of the 

preparation. However, the viscosity results for the preparations remain within the normal range because they are still in 

the range of 2000‒50000 cps (Yusuf et al., 2020). The test of the total plate count and yeast mold count showed that the 

formulations had low microbial counts (Table 1 and Figure 1d). This finding proves that the addition of sodium 

metabisulfite to formulations can prevent the development of microbes in the preparations. This is in accordance with 

research by Kristantri et al. (2022), who reported that microbial agents developed more quickly in preparations without 

sodium metabisulfite. The reason is that sodium metabisulfite, apart from being an antioxidant, also acts as an inhibitor 

of microbial agents in preparations (Table 1).  

In this study, the results indicated a significant increase in FGF expression after treatment with Aloe vera L extract 

gel and sodium metabisulfite (p < 0.05). The increase in FGF expression on day 7 was higher than on day 3. The highest 

FGF expression intensity was observed on days third and seventh, in the Aloe vera + sodium metabisulfite group 

compared to other groups. In this study, FGF expression increased on days 3 and 7 but decreased on day 15 (Figure 2). 

 

Table 1. Gel stability test (pH, viscosity, total plate count, and yeast mold count) 

Test Results 

Acidity degree (pH) 5.1 

Viscosity 5420 cps 

Total plate count 

Yeast mold count 

< 10^1 cfu/g 

1×< 10^cfu/g 

Description: Stability test results of 5% Aloe vera gel + 0.2 gr of sodium metabisulfite 

 

 

 
Figure 1. Stability test results of gel preparations. a: Organoleptic test, b: pH test, c: Viscosity test, and d: Total plate test and 

yeast mold test    

a b 

d c 
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Figure 2. Histopathological description of fibroblast growth factor (FGF) expression using immunohistochemical staining of skin tissue on the backs of Sprague Dawley rats in various 

groups on days 3,7 and 15 with 400x magnification. G1: Negative control; G2: Distilled water; G3: Betadine 10 %; G4: Gel base; G5: Gel base + sodium metabisulfite 0.2 gr; G6: Gel base + Aloe vera 

5%; and G7: Gel base + Aloe vera 5% + sodium metabisulfite 0.2 gr 
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Figure 3. Comparison of fibroblast growth factor (FGF) expressions. G1: Negative control; G2: Distilled water; G3: Betadine 

10 %; G4: Gel base; G5: Gel base + sodium metabisulfite 0.2 gr; G6: Gel base + Aloe vera 5%; and G7: Gel base + Aloe vera 5% + 

sodium metabisulfite 0.2 gr 

 
The image shows a comparison of FGF expressions among different treatment groups on days 3, 7, and 15. Data 

are presented as median values, with minimum and maximum ranges. On day 3, G7 exhibited the highest FGF 

expression compared to other groups, while G1 had the lowest expression (p < 0.05). G2 did not differ significantly from 

G3 (p > 0.05), and there was no significant difference between G4 and G5 (p > 0.05). By day 7, the highest FGF 

expression remained in G7, followed by G6, while G5 had a lower FGF expression compared to G4 (p < 0.05). G3 

showed a higher expression compared to G2 and G1. On day 15, FGF expression in G7 was still the highest, with G1 

maintaining the lowest expression. G2 did not show a significant difference compared to G3 (p > 0.05). Also, there was 

no significant difference between G4 and G5. These results indicate that the addition of Aloe vera and sodium 

metabisulfite (AVM) significantly increases FGF expression compared to other treatments (Figure 3).  

 Fibroblast growth factor-2 (FGF-2) plays a crucial role in angiogenesis in wounds, the formation of granulation 

tissue, and the regulation of re-epithelialization (Takaya et al., 2022). Besides activating fibroblasts, FGF-2 activates 

other cells originating from the mesoderm, including vascular endothelium and smooth muscle cells, osteoblasts, and 

chondrocytes. FGF-2 can also accelerate the healing of acute and chronic wounds (Cowin, 2019). In this study, FGF 

expressions increased in all groups on days 3 and 7 but decreased on day 15. FGF-2 increases in the acute phase of 

wounds because it plays a role in the formation of granulation tissue, re-epithelialization, and tissue remodeling. FGF-2 

also regulates the synthesis and deposition of extracellular matrix components, increasing keratinocyte movement, 

accelerating fibroblast migration, and stimulating collagen production. FGF-2 levels decreased in the chronic wound 

phase. This is characterized by an increase in FGF and fibroblasts on day 3 and reaching a peak on day 7 (Wei et al., 

2022). Other studies have shown that local administration of FGF-2 can have anti-fibrotic effects in wounds, fighting 

myofibroblast differentiation and reducing fibrosis in wound tissue (Koike et al., 2020). 

 The results of this study are in line with several previous studies. In the study by Koike et al. (2020), local 

administration of FGF-2 also had anti-fibrotic effects showing the same functions in fighting myofibroblast 

differentiation and reducing fibrosis in wound tissue. They also reported that FGF-2 stimulates re-epitheliation in 

epidermal defect wound models. The results of the study by Takzaree et al. (2016) pointed to a significant increase in 

fibroblast formation and accelerated wound healing in the group that received Aloe vera gel, accompanied by an increase 

in TGF-β and FGF gene expression. Moreover, Atiba et al. (2022) found that topical application of Aloe vera gel not 

only accelerated wound healing but also increased the expression of vascular endothelial growth factor, basic fibroblast 

growth factor, and antioxidants. Additionally, Hormozi et al. (2017) reported that the administration of Aloe vera 

increased the expression of TGFβ1 and FGF in vitro. 
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CONCLUSION  

 

The combination of Aloe vera L. extract gel at 5% concentration and sodium metabisulfite (0.2 gr) was more effective in 

increasing FGF expression than Aloe vera or sodium metabisulfite alone in the treatment of incision wounds on rat 

backs. Future research should consider comparing optimal treatment durations, examining different concentrations of 

Aloe vera extract, exploring the long-term effects of Aloe vera gel and sodium metabisulfite, and testing different wound 

models. 
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ABSTRACT 

Solid-state fermentation (SSF) offers a sustainable method for enhancing the nutritional quality of agricultural 

residues such as red rice bran. This study aimed to determine the optimal temperature and duration for SSF of red 

rice bran, focusing specifically on increasing the crude protein (CP) content and reducing the crude fiber (CF) 

content. SFF of rice bran with Aspergillus niger (A. niger) USM F4 was conducted over 14 consecutive days at three 

different temperatures (25°C, 35°C, and 45°C). A total of 63 samples of rice bran were divided into three 

temperature groups, each containing 21 samples. Three samples per group were collected at 48-hour intervals over 

the 14-day fermentation period. The fermentation process for the collected samples at 48-hour intervals was halted 

by oven drying at 60°C for 24 hours. The fermented products were subjected to proximate analysis for crude protein 

(CP), ash, ether extract (EE), and crude fiber (CF) contents using the methods outlined by the Association of Official 

Analytical Chemists (AOAC). The results revealed a significant effect of temperature and fermentation duration on 

CP, ash, EE, and CF content when compared to the unfermented rice bran kept at room temperature (25oC). The 

peak values of CP and the highest degradation of CF across all temperature levels were observed on day 10 while 

the maximum increase in ash and EE content occurred on day 8. Among the temperature conditions, the highest CP 

values and the lowest CF values were recorded at 35°C. Conversely, the lowest improvements in CP and CF 

degradation were observed at 25°C on day 10. In conclusion, the optimal conditions for SSF of rice bran with A. 

niger to enhance CP content and degrade CF are a temperature of 35°C and a fermentation duration of 10 days. 
 

Keywords: Alternate feed resource, Animal production, Aspergillus niger, Proximate component, Solid-state 

fermentation, Value- addition 
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INTRODUCTION  

  

Food insecurity in Africa poses a significant threat to the continent's sustainability. Boosting livestock production levels 

is imperative for augmenting the supply of animal protein for human consumption, thereby contributing to global efforts 

to address food scarcity, hunger, and food security challenges. The high cost and scarcity of conventional feed 

ingredients pose a significant challenge to the sustainability of animal production. Consequently, the industry has 

increasingly focused on identifying alternative feed resources (Akintan et al., 2024; Dou et al., 2024). 

Along the same line, agro-industrial by-products have turned into a primary focus of animal scientists seeking 

potential alternatives to conventional feed resources (Ayojimi et al., 2023). Many of these by-products, including rice 

bran (RB), are characterized by low crude protein content, high crude fiber levels, and the presence of anti-nutritive 

factors such as low digestibility and nutrient lock-up, which limit their suitability for livestock production (Obaniyi et 

al., 2019; Yang et al., 2021). 

Fermentation has long served as a method for preserving and enhancing the quality attributes of foods (Siddiqui et 

al., 2023). Solid-state fermentation (SSF) occurs without free water and presents a technological solution for processing 

various foods, enhancing their nutritional value, and creating edible products with favorable sensory traits (Senanayake 

et al., 2023). During SSF, microorganisms metabolize the substrate, producing various metabolites such as organic acids, 

enzymes, vitamins, antibiotics, and bioactive compounds. These metabolites have potential applications in the food, 

pharmaceutical, and cosmetics industries, to name a few. The liberated enzymes also help increase the nutritional value 

of the substrate by increasing the crude protein content and reducing the crude fiber level, thereby transforming the agro-

industrial waste into value-added products (Sadh et al., 2018; Senanayake et al., 2023). Yang et al. (2021) assert that the 
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SSF of feed represents a promising strategy for bridging the gap between feed supply and demand, enhancing food 

safety, conserving energy, and lowering emissions. 

Fermentation, as proposed by Osemwegie et al. (2020), can enhance the nutritional value of ingredients before they 

are consumed by animals. Solid-state fermented feed production yields various beneficial components, such as organic 

acids, enzymes (amylase, cellulase, etc.), vitamins, β-Carotene, γ-linolenic acid, citric acid, peptides, and growth factors, 

all of which can positively impact animal performance (Yang et al., 2021). 

The nutritional characteristics of fermented feed are influenced by several factors, including the fermentation 

starter (the culture initiating fermentation), the substrate type, the initial moisture content, and the fermentation 

conditions,  such as temperature and duration (Mengesha et al., 2022). Recent research has consistently shown that 

adjusting the moisture content of fermentation substrates is crucial and should be tailored to the specific properties of the 

substrates (Sun et al., 2022; Wang et al., 2023), microbial attributes, duration, and temperature (Park et al., 2018). 

Optimal temperature is crucial for promoting microorganism growth and metabolism, which in turn reduces the 

fermentation time and improves the product quality (Yang et al., 2021). Elevated temperatures can accelerate reactions 

and microbial growth (Li et al., 2024). However, they may also deactivate enzymes and cause excessive heat due to the 

rapid proliferation of microorganisms (Yang et al., 2021). Moisture content is another key factor that significantly 

impacts the quality of solid-state fermented feed. Low moisture in solid-state fermentation hampers the movement of 

nutrients, reduces enzyme activity, and consequently limits the growth of microorganisms, thereby affecting the 

efficiency of the fermentation process (He et al., 2019). Inadequate water availability within the system can prevent 

nutrients from spreading effectively throughout the substrate, limiting their availability to microorganisms. The enzymes 

require water to function optimally, and their activity may be hindered when water is scarce.  Also, low moisture 

conditions impede nutrient diffusion and enzyme activity, creating an unfavorable environment for microbial growth 

(Yang et al., 2021). As a result, the growth of microorganisms is restricted or slowed down, impacting the overall 

fermentation process (Cruz-Parede et al., 2021; Gonzalez and Aranda, 2023). Conversely, excessive moisture can reduce 

substrate porosity, impair oxygen transfer, and increase mycotoxin risk. Improper moisture levels disrupt microbial 

growth, destabilize pH, and reduce dry matter recovery. Laure et al. (2021) opted that incubation duration is another 

critical factor in the SSF process, as it influences the quality of the end products. In the early stages of SSF, an ample 

supply of food supports the growth of microorganisms and the production of the desired end product. However, in case 

the fermentation process is terminated too soon, the organisms may not have completed the conversion of all available 

nutrients into an end product, leading to incomplete fermentation and potentially lower concentrations of the desired end 

products (Yang et al., 2021). Extended fermentation periods, on the contrary, diminish nutrient availability, leading to a 

decline in bacterial population and the triggering of autophagy (Zhang et al., 2015). 

Different microorganisms can be used to valorize various substrates for the production of specific products (Pranay 

et al., 2019; de Oliveira et al., 2020; Melnichuk et al., 2020; Putri et al., 2020). Filamentous fungi from genera such as 

Aspergillus, Fusarium, Penicillium, Rhizopus, and Trichoderma are particularly favored for solid-state fermentation, as 

highlighted by Munishamanna et al. (2017). This preference stems from their hyphal structure, which enables them to 

penetrate solid matrices effectively. Additionally, these fungi exhibit efficient digestion of solid organic substrates even 

under low moisture conditions, rendering them particularly suitable for solid-state fermentation, as emphasized by Abu 

Yazid et al. (2017). The selection of microorganisms is influenced by several critical factors, including their growth 

traits, the yield of the intended product, their ability to metabolize particular substrates, their resilience to temperature 

and pH fluctuations, their susceptibility to genetic alterations, and the safety of the resulting fermented product for 

human and animal consumption (Upadhyaya et al., 2016). 

 Yafetto et al. (2020), for instance, showcased that the protein levels in cassava and yam substrates could be 

enhanced through the application of mono- and co-cultures involving Aspergillus niger and Trichoderma viride. 

Similarly, Aruna et al. (2018) utilized a mono-culture approach using the yeast Saccharomyces cerevisiae to increase the 

protein content of yam peels. 

Maximizing the potential of solid-state fermentation in enhancing agro-industrial by-products in the livestock 

industry requires the determination of optimal conditions. Hence, this study aimed to identify the ideal temperature and 

duration for solid-state fermentation of rice bran (RB) using Aspergillus niger (USM F4). 

 
MATERIALS AND METHODS 

 

Study location 

The research was conducted at the Animal Science and Microbiology Laboratories of Landmark University, Omu-

Aran, Kwara State, Nigeria. 
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Source of rice bran  

The rice bran was purchased from a feed mill in Omu Aran town, Kwara State, Nigeria.  

 

Source of candidate organism for solid-state fermentation  

The fully typed strain of filamentous Aspergillus niger (USM F4) was obtained from the stock culture at the 

Microbiology Laboratory of Landmark University, Omu Aran, Kwara State, Nigeria. The organism was sub-cultured on 

Potato Dextrose Agar slants and maintained at 4°C for a week (Ogbonna et al., 2015; Ajibo and Said, 2023). To inhibit 

bacterial growth, the agar was supplemented with 0.5 ml of gentamycin (40 mg/ml) After 7 days, the mycelia had 

completely covered the surface of the petri dish. Spores of Aspergillus niger were harvested by gently tapping and 

inverting the plate. Subsequently, the spores were washed with sterile saline solution, and their quantification was 

performed using a hemocytometer (Model No: 8100110, AS ONE Japan) following the Fuchs-Rosenthal technique 

(Wolk et al., 2000), resulting in an estimated concentration of approximately 2.0 × 10
7
 spore-forming units (sfu) per 

milliliter 

 

Substrate preparation and inoculation for solid-state fermentation  

Thirty grams of rice bran (RB) were weighed and added to each of the sixty-three 250 ml Erlenmeyer flasks. 

Subsequently, the moisture content was adjusted to 80%, and the pH was set to 5.0, as described by Teixeira da Silva et 

al. (2016). The mouths of the flasks were sealed with water-resistant cotton wool and covered with aluminum foil. All 

the samples were then autoclaved for 15 minutes at a pressure of 103.421 KPa and a temperature of 121°C. After 

autoclaving, the samples were cooled at 25°C before inoculation with the fungus. In each flask, 0.1 g of urea 

[CO(NH2)/2], serving as a nitrogen supplement, was added per gram of the sample. After sterilization, rice bran samples 

in each flask were aseptically inoculated with 4 ml of the prepared A. niger (USM F4), containing 2.0 x 10
7 

spore-

forming units per milliliter, within a laminar flow chamber. The incubation temperature varied at 25°C, 35°C, and 45°C, 

with 24 inoculated samples incubated at each temperature.  

Triplicate samples were collected at 2-day intervals over 14 days (specifically on days 2, 4, 6, 8, 10, 12, and 14) at 

each temperature to determine the optimal fermentation period. The fermentation process was terminated by oven drying 

the samples at 60°C for 24 hours, following the method outlined by Lasekan and Shittu (2019). 

 

Determination of proximate values 

The unfermented RB and the fermented samples were analyzed for crude protein (CP), ether extract (EE), ash, and 

crude fiber (CF) using standard procedures outlined by the Association of Official Analytical Chemists (AOAC, 2012). 

Crude protein content was analyzed by the Kjeldahl Method (AOAC Method 968.06). It was then calculated by 

multiplying the value of nitrogen by a conversion factor of 6.25. 

Crude protein (%) = N X 6.25                                                                               (Formula 1) 

Ether extract (EE) analysis was performed using Soxhlet Extraction (AOAC Method 920.39). Lipids in the samples 

were extracted utilizing petroleum ether as the solvent. The samples were placed in an extraction thimble and introduced 

into the Soxhlet apparatus. As the ether was heated to its boiling point, it passed through the samples, dissolving the 

lipids, which were then transported into a collection flask. The extraction continued until all fat was thoroughly removed. 

Following this, the lipid residue underwent drying to eliminate any lingering traces of ether. The weight of the dried 

residue was measured to determine the quantity of lipids extracted from the samples using Formula 2. 

Ether extract (%) = (initial weight – final weight) ÷ initial weight X 100        (Formula 2) 

 

Ash analysis was conducted using the Dry Ashing method (AOAC Method 942.05), where the organic material 

underwent complete combustion, leaving behind inorganic residue (ash). One gram of the sample was heated in a muffle 

furnace at 550°C until thorough combustion occurred. After cooling, the ash was weighed using a sensitive scale (Chaux 

Corp. Pine Brook, NJ USA. Model PAS 12). 

The analysis of crude fiber (CF) was conducted using AOAC method 978.10. It involved sequential acid and alkali 

extractions to eliminate protein, sugar, starch, lipids, and portions of structural carbohydrates and lignin. Initially, the 

sample underwent digestion with sulfuric acid to extract sugar and starch. Subsequently, secondary digestion in sodium 

hydroxide was aimed at removing proteins, hemicellulose, and lignin. The determination of crude fiber was achieved 

gravimetrically by examining the residue remaining after the completion of acid and alkaline digestions. 

 

Statistical analysis 

All experiments were conducted in triplicate, with the proximate parameters expressed as the mean ± standard 

deviation of three measurements. Statistical analysis was performed using SPSS version 18, employing analysis of 
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variance (ANOVA) to compare the data. Mean values were compared using the Duncan multiple range test, with 

significance set at p < 0.05. The optimization of temperature and fermentation period was performed using a one-factor-

at-a-time design. This approach is straightforward to implement, making it suitable for preliminary or exploratory studies 

where simplicity is prioritized over complexity. 

 
RESULTS AND DISCUSSION 

 

Table 1 presents the proximate analysis of the unfermented rice bran. The values obtained are similar to those in previous 

studies on the proximate composition of rice-bran meal (Mishra, 2017; Devi et al., 2021). 

 

Table 1.  Proximate components of unfermented rice bran 

Parameters Percentage 

Moisture 9.45 

Crude protein 13.48 

Ether extract 12.35 

Ash 10.50 

Crude fiber 27.50 

Nitrogen free extract 29.72 

 
Effect of temperature and fermentation period on proximate components of rice bran 

The findings of this study indicated that the proximate components of rice bran were significantly influenced (p < 

0.05) by varying solid-state fermentation temperatures and durations, as compared to unfermented rice bran. 

 

Effect of temperature and fermentation period on crude protein 

   The crude protein (CP) content is a crucial parameter affecting the overall quality of animal feed products. The 

CP level can vary depending on factors such as the microorganism used, their access to carbon and nutrients, and 

cultivation conditions (Shi et al., 2021). Figure 1 illustrates the changes in the CP content of RB following SSF at three 

temperature levels and with different durations. In this study, the CP content exhibited a progressive increase with 

fermentation duration across all temperature levels, albeit at varying rates. Various authors have reported comparable 

results using rice bran as a substrate with different fungal species. Specifically, Omarini et al. (2019) utilized Pleurotus 

sapidus, Wolayan and Mandey (2019) employed A. niger, Sukma et al. (2021) utilized Rhizopus oryzae, and Huervana 

et al. (2024) employed Tichoderma harzianum. 

    In SSF, the fungus releases a range of extracellular enzymes, enabling it to acquire nutrients while altering the 

chemical composition of the substrate and producing various metabolites (El-Gendi et al., 2021). The rise in protein 

levels may stem from the proliferation of fungus mycelium driven by microbial growth and reproduction throughout 

fermentation (Shi et al., 2021). The increased CP content of the RB suggests that the treated substrate may serve as a 

valuable protein source for livestock (Huervana et al., 2024). The greatest enhancements in CP content occurred on the 

10th day across all temperature levels, followed by a decline. Specifically, CP values reached 18.23%, 25.34%, and 

22.35% at 25°C, 35°C, and 45°C, respectively, representing respective improvements of 35.23%, 87.98%, and 65.80% 

compared to the 13.48% CP content in unfermented RB. The notable 87.98% improvement observed at 35°C suggests 

that A. niger USM F4 thrives best at this temperature. During fermentation, the fungus may release proteins from the 

substrate to utilize it as a carbon source, thereby increasing the CP of the fermented product. Variations in CP among 

different temperatures may be attributed to A. niger USM F4 releasing a higher number of enzymes during fermentation 

at 35°C. 

Huervana et al. (2024) had earlier reported a 169.2% enhancement of CP in rice bran fermented with Tichoderma 

harzianum at 30
o
C for 4 days under solid-state fermentation. Wolayan and Mandey (2019) conducted a similar study, 

fermenting RB with A. niger at 30
o
C for 10 days, and reported a crude protein enhancement of 41.24%. This 

enhancement is notably lower than the values observed at 35°C on the 10th day in the current study. Similarly, Sukma et 

al. (2021) conducted an SSF experiment using the fungus Rhizopus oryzae (R. oryzae) at varying incubation 

temperatures (28°C, 30°C, and 32°C) for 5 days and achieved the highest percentage increase in CP content of 62.51% 

at 30°C. Also, Oliveira et al. (2010) reported a 40% enhancement in CP using the same fungus (R. oryzae) at 30°C. 

Omarini et al. (2019) reported a 72.97% increment in crude protein when RB underwent 10 days of solid-state 

fermentation assisted by Pleurotus sapidus at 25°C for 5 days. 

The choice of variables, such as the fermentation temperature, the duration, and the microorganism used for the 

fermentation process significantly influenced the crude protein enrichment in RB in this study (Sukma et al., 2021). 
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Furthermore, differences between the values obtained in this study and those in the previous studies may be attributed to 

various factors, including the origin of A. niger, its enzyme production capacity, the amount of inoculum, the duration 

and conditions of fermentation, the pretreatment method, the origin of the substrate, etc. (Altop et al., 2018). 

 

 
Figure 1. Influence of temperature and fermentation period on the crude protein of rice bran .A: 25oC, B: 35oC, C: 45oC. 

 

 
Figure 2. Effect of temperature and fermentation period on the ash content of rice bran .A: 25oC; B: 35oC; C: 45oC 

 

Effect of temperature and fermentation period on ash component of rice bran 

It was noted that the solid-state fermentation process led to an increase in the ash value of rice bran. As illustrated 

in Figure 2, both temperature and fermentation duration exerted significant effects on the ash content of RB (p < 0.05). 

Across all temperature levels (25°C, 35°C, and 45°C), the ash content exhibited a consistent rise from 10.50% in 

unfermented rice bran until day 8, followed by a gradual decline. The maximum ash contents recorded were 20.00% 

(25°C), 17.65% (35°C), and 15.00% (45°C), representing enhancements of 90.48%, 68.10%, and 42.10% of the ash 

value in unfermented RB, respectively. 

The rise in ash content indicates the potential release of enzymes such as phytase by the organism during 

fermentation, contributing to the breakdown of antinutrients present in the unfermented substrate. This release may have 

liberated minerals previously bound or chelated by these antinutrients (Altop et al., 2018). A. niger USM F4 may induce 

the production of enzymes such as hydrolase, hemicellulase, lipase, and pectinase during SSF, potentially altering the 

structure of anti-nutritional factors (Kaur et al., 2020). Simultaneously, SSF led to an augmentation in substrate ash 

content, likely attributed to microbial metabolic activity or dry matter loss. Similar results have been reported in 
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previous studies, where SSF led to increased ash content in various substrates. Instances of such studies include a 

43.90% increase in ash content of RB after 4 days of SSF with A. niger (Ribeiro et al., 2017), a 50.34% rise in ash 

content of olive leaves following 2 days of SSF with A. niger (Altop et al., 2018), and a 51.31% increment in ash content 

of rice bran after 10 days of SSF with Pleurotus sapidus (Omarini et al., 2019).  

The percentages of enhancement in ash content observed in this study at both 25°C and 35°C surpass the 51.31% 

reported by Omarini (2019) after 10 days of SSF of RB at 25°C with Pleurotus sapidus Dk3174. Likewise, the ash 

improvement in this study exceeds the findings of Oliveira et al. (2010), who observed an enhancement in ash content 

when RB was fermented for 5 days using Rhizopus oryzae at 30°C. However, Bonilla Loaiza et al. (2022) documented a 

reduction in ash content during solid-state fermentation, noting that fermentation at 25°C yielded the highest ash 

improvement.  

 

 
Figure 3. Effect of temperature and fermentation period on the ether extract content of rice bran. A: 25oC, B: 35oC, C: 

45oC. 

 

Effect of temperature and fermentation duration on the ether extract of rice bran 

Figure 3 depicts how temperature and fermentation duration influence the EE component of RB during SSF. 

Significant enhancements in the EE component of RB were observed under various temperatures and fermentation 

durations (p < 0.05), as compared to the unfermented RB (Table 1). The highest enhancement occurred on day 8, with 

EE peaking at 15.25% and a 63.10% increase recorded at 35°C. 

The rise in EE content is influenced by various factors, such as the production of lipolytic enzymes by A. niger in 

the RB matrix, microbial growth utilizing nutrients, and enzymatic breakdown of cell walls releasing trapped lipids. 

Moreover, the SSF process can modify RB's physicochemical properties, making lipids more soluble (Christ-Ribeiro et 

al., 2021; Spaggiari et al., 2021). A. niger demonstrates a remarkable ability to transform substrates into value-added 

compounds, thereby significantly augmenting the lipid content in fermented rice bran.  

Previous studies have reported varying effects of SSF on EE content. Ribeiro et al. (2017) conducted a study where 

rice bran was fermented with A. niger at 30°C for 4 days, while Altop et al. (2018) investigated the fermentation of olive 

leaves with A. niger at the same temperature for 2 days. Both studies reported an increase in EE. Conversely, Oliveira et 

al. (2010) and Omarini et al. (2019) observed a reduction in EE during SSF. In Omarini et al.'s (2019) study, a 

substantial 74.45% decrease in the EE content was observed when rice bran underwent solid-state fermentation for 10 

days using Pleurotus sapidus at 25°C. Similarly, Shi et al. (2021) documented a 30% reduction in EE when Moringa 

oleifera leaves were subjected to solid-state fermentation by A. niger at 32°C for 7 days. 

 

Effect of temperature and fermentation period on crude fiber degradation  

In the present study, the crude fiber content of the unfermented RB (27.50%) significantly decreased by solid-state 

fermentation (SSF) using A. niger USM F4 (p < 0.05) (Figure 4). The lowest CF values were observed on the 10th day 
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across all temperature levels. Specifically, CF values were 12.45 (25°C), 8.36 (35°C), and 10.33 (45°C), indicating CF 

degradation by 54.73%, 69.60%, and 62.44% respectively. The highest degradation of CF (69.60%) occurred at 35°C on 

the 10th day. 

A. niger, known for its cellulase production (Altop et al., 2018), shows promising prospects for single-cell protein 

production. The breakdown of crude fiber (CF) during fermentation by A. niger USM F4 is believed to entail the 

secretion of enzymes like cellulases, hemicellulases, and ligninases. The degradation of crude fiber (CF) during 

fermentation by A. niger USM F4 likely involves the secretion of enzymes such as cellulases, hemicellulases, and 

ligninases. These enzymes break down the complex polysaccharides in CF into simpler sugars for fungal growth. 

Additionally, the metabolic activities and by-products of A. niger may directly or indirectly degrade CF (Cui et al., 2021; 

El-Gendi et al., 2021). Fermentation alters substrate pH, moisture, and other parameters, making CF more susceptible to 

enzymatic breakdown (Siddiqui et al., 2023; Kasprowicz-Potocka et al., 2024). Physical disruption of rice bran during 

fermentation enhances CF degradation by increasing enzyme accessibility (Dilaga et al., 2022; Ibrahim et al., 2023). 

Moreover, A. niger has the potential to selectively utilize various components of rice bran, such as CF, for its growth (Yu 

et al., 2021). This preference often leads to the breakdown of more fermentable CF components into degradation 

products. In a similar study, Shi et al. (2021) conducted SSF of Moringa oleifera leaf using A. niger GIM 3.576 at 32°C 

for 7 days and reported a 70% degradation of CF. Oliveira et al. (2010) fermented RB with Rhizopus oryzae in a solid-

state setting at 30°C over 5 days, noting a 50% reduction in CF. Similarly, Wolayan and Mandey (2019) fermented RB 

with A. niger for 10 days at 30°C, yielding a 47.81% reduction in CF. 

 

 
Figure 4. Effect of temperature and fermentation period on the crude fiber of rice bran. A: 25oC, B: 35oC, C: 45oC. 

 
 

CONCLUSION  

 

The current study demonstrated that solid-state fermentation can enhance the bioavailability of nutrients in rice bran, 

potentially improving its digestibility in animals. The optimal media temperature and duration for solid-state 

fermentation using A. niger USM F4 to boost crude protein levels and degrade crude fiber in rice bran are determined to 

be 35°C and 10 days, respectively. Moreover, the utilization of SSF assisted with A. niger USM F4 can elevate the 

quality of agro-industrial by-products by enhancing crude protein content and degrading crude fiber. This, in turn, 

facilitates increased utilization of rice bran in livestock feed, particularly in monogastric animals. Further research is 

recommended to explore optimal fermentation conditions for A. niger USM F4 in rice bran, enzyme characterization for 

industrial applications, nutritional evaluations for livestock feed, confirmation of antinutrient reduction, and pilot-scale 

trials for industrial feasibility. 
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ABSTRACT 

The substantial use of medicinal plants in traditional poultry farming is a well-established practice. The present 

study aimed to determine the median lethal dose (LD50) of ethanolic extracts of Jatropha multifida and Hyptis 

suaveolens in local chickens and to assess the effects of these extracts on feed intake, water intake, and average body 

weight. The methodology followed OECD Directive 223, which involves administering the highest dose of the 

extract to the chickens and assessing any mortality. Three homogeneous groups of five chickens each were formed 

for the limit dose test. The control group received distilled water, while batches 1 and 2 received 700 mg of 

ethanolic extract of J. multifida and H. suaveolens, respectively. The average body weight of the chickens was 350g 

± 20, and the extracts were administered via gavage at a suspension of 2000 mg/kg.bwt of the extract dissolved in 

water. The results of the phytochemical tests indicated the presence of several chemical compounds known for their 

therapeutic effects. The productivity of the extract was 2.75 ± 0.19 for J. multifida and 3.3 ± 0.27 for H. suaveolens. 

After administration of the suspensions, observation for 14 days revealed no mortality. This finding indicated that 

the LD50 of the utilized ethanolic extracts exceeds the limit dose (2000 mg/kg.bwt). However, feed intake (49 ± 3 > 

46±4) and average body weight (436 ± 31 > 388 ± 37) in batch 2 were significantly higher than those in batch 1. 

Future research should explore the subacute toxicity of J. multifida and H. suaveolens across various chicken breeds. 
 

Keywords: Body weight, Lethal Dose, Local chicken, Medicinal plant, Mortality, Toxicity 
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INTRODUCTION  

  

Jatropha multifida of the Euphorbiaceae family and Hyptis suaveolens of the Lamiaceae family are medicinal plants in 

Benin's traditional pharmacopoeia, which are widely used by traditional therapists (Agban et al., 2012; Koudokpon et al., 

2015) as traditional recipes in the treatment of several animal diseases. In southern Benin, Sèdégan et al. (2023a) 

reported that traditional poultry farmers use the leaves and stems of J. multifida and H. suaveolens in the treatment of 

fowl pox with inconclusive results, although they have been cited as one of the plants with proven veterinary uses 

(Adjanohoun et al., 1989; Dassou et al., 2015). The use of the phytotherapeutic heritage cannot, therefore, remain static 

and be limited solely to the collection of traditional recipes (Fokunang et al., 2011). Enhancing the value of medicinal 

flora requires phytochemical, pharmacological, and clinical studies (Kouchadé et al., 2017), as well as pharmaco-

toxicological studies to rationalise administration doses (Sèdégan et al., 2023b; 2024), with a view to developing 

improved traditional medicines (Agban et al., 2020). Previous studies have demonstrated the biological effects and 

pharmacological activities of these medicinal plants in in vitro tests on germs responsible for common diseases. For 

instance, ethanolic and hydroethanolic extracts of J. multifida are thought to have very strong inhibitory activity against 

C. albicans (Agban et al., 2012), which justifies the use of the plant in the management of candidiasis in certain African 

countries such as Nigeria (Adesola and Adetunji, 2007). The bark and leaves are used to treat itchy skin and eczema 

(Hamza et al., 2006), while the sap has been shown to have strong healing properties (Philippe et al., 2012; Klotoe et al., 

2014). However, the fruits can cause severe diarrhoea, dehydration and liver failure (Levin et al., 2000). The sap and 

aqueous extract of J. multifida organs have been studied for their toxicity in Wistar rats (Dougnon et al., 2012; Falodun 

et al., 2014; Senou et al., 2022). In contrast, no toxicity has been reported in humans or animals from the use of H. 

suaveolens organs (Santos et al., 2007; Sèdégan et al., 2024), whose efficiency in the treatment of candidiasis is proven 

with its leaves used in food and feed (Kouchadé et al., 2017). 
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In southern Benin, 29.1% of traditional poultry farmers use medicinal plants to treat diseases in their flocks 

(Sèdégan et al., 2023a), often without guidance on safe doses of administration and the potential toxicity risks induced 

by the used plants. Furthermore, the toxicity of medicinal plants (J. multifida and H. suaveolens) in both traditional and 

modern poultry farming is poorly documented despite their growing use in traditional pharmacopoeia in general, and in 

traditional poultry farmers in particular (Sèdégan et al., 2023b). As a result, this study aimed to address this gap by 

determining the median lethal dose (LD50) of ethanolic extracts from J. multifida and H. suaveolens in local chickens. 

Specifically, it evaluated the impact of these extracts on feed and water consumption as well as the body weight of the 

chickens. 

 

MATERIALS AND METHODS 

 

Ethical approval 

All authors declare that the experiments were examined and approved by the Ethics Committee of the 

Communicable Diseases Research Unit at the Applied Biology Research Laboratory of the University of Abomey-Calavi 

under approval number 002 2023/EPAC/LARBA/URMAT/CE/R. The experiments were carried out in accordance with 

the ethical standards defined in the 1964 Declaration of Helsinki. 

 

Study setting 

The study was conducted at Lumière Agropastorale, a farm breeding site in the locality of Massi, commune of 

Zogbodomey, department of Zou, Republic of Benin. Figure 1 showed the geolocation of the clinical trial sites and the 

collection sites for the used plants. 

 

 
Figure 1. Clinical trial and medicinal plant harvesting sites for evaluating acute oral toxicity of Jatropha multifida and 

Hyptis suaveolens in Benin local chickens  

 

Material 

Plant materials consisted of the leaves and stems of J. multifida and H. suaveolens, collected in April 2022 in the 

Toffo region following an ethnobotanical survey of local traditional practitioners. The plants were identified at the 

national herbarium of the University of Abomey-Calavi under the identification number YH 775/HNB for J. multifida 

and YH 774/HNB for H. suaveolens. 

 

Preparation of extracts and identification of the main chemical groups 

Fresh leaves and stems were weighed, washed, disinfected with VIRUNET
@

, rinsed with running water and then air-

dried in a dark room at ambient temperature (25°C on average) (Agban et al., 2020). The dried plants were ground using 
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a RETSCH mill (type SK 100, Verder Scientific, Germany). The two powders obtained were used to prepare the 

extracts. The dry matter content was determined by weighing the powders using an electronic balance, applying the the 

following formula. 

  T(MS) =
Masse de feuille sèche

Masse de feuille fraîche
× 100                  (Formula 1) 

To identify the main chemical groups, present in the plants, five grams of dry powder from each plant was boiled in 

fifty milliliters of water for 15 minutes. The resulting decoctate was filtered to obtain an aqueous extract. Qualitative 

phytochemical screening was conducted on aqueous extracts using the standard method based on colorimetric and 

precipitation reactions by different reagents (Adjatin et al., 2013). The phytochemical analyses were carried out at the 

Laboratoire d'Etude et de Recherche en Chimie Appliquée (LERCA) of the Ecole Polytechnique d'Abomey-Calavi 

(EPAC/UAC). The presence or absence of these secondary metabolites was indicated by the presence of legend (+) or its 

absence (-). To prepare the ethanolic extract, 200 grams of each powder was placed in 500 milliliters of 95% ethanol 

supplied by the Biochemistry Laboratory of the Faculty of Health Sciences (FSS) at the University of Abomey-Calavi 

(UAC). The mixture was stirred for 15 to 20 minutes and then allowed to stand for 24 hours to facilitate the extraction 

the chlorophyll and its derivatives (Agban et al., 2012). The mixture was filtered and the extraction process was repeated 

on the residue for three more consecutive times at 24-hour intervals. Each obtained extract was evaporated using a 

rotavapor at the Pharmacology and Essential Oils Laboratory of the Institute of Advanced Bio-Medical Sciences (ISBA-

FAST/UAC) in order to obtain dry extracts. The productivity of each extract was determined by the following formula. 

R =
Dry extract mass 

Dry sheet mass
× 100                                    (Formula 2) 

 

Experimental design  

Young local breed chickens (Gallus gallus domesticus), aged between 8 and 10 weeks and weighing 350±70 g, were 

used. The chickens were obtained after the natural hatching of chicks reared in a building specially fitted out for the 

purpose and complying with chick hygiene standards. They were fed ad libitum, with a commercial feed, produced and 

certified in Benin by Groupe Veto Services (GVS). The feed consisted of 2830 Kcal/kg metabolizable energy, 4.9% 

crude fat, and 19% crude protein. The chickens were given distilled water to drink. Prevention against New Castle 

disease was carried out by subcutaneous injection with the inactivated ITA NEW ND
@

 vaccine in oily emulsion, 

manufactured and marketed by LAPROVET, under Marketing Authorization N°UEMOA/V/00021/2014/04/30. For the 

acute toxicity test, three batches of five chickens were formed and housed in three different cages, each with a surface 

area of 1m
2
 laced. The groups were treated as follows: 

 Control Group: consisting of five chickens given distilled water 

 Treatment 1: consisting of five chickens, each administered 700 mg of ethanolic extract of J. multifida 

 Treatment 2: consisting of five chickens, each given 700 mg of ethanolic extract of H. suaveolens 

The trial which lasted 14 days was conducted at room temperature (24°C to 26°C) with sufficient ventilation 

allowing at least ten air changes per hour. The chickens were exposed to 12-hour light cycles daily. 

 

Acute oral toxicity test (Lethal Dose 50) and limit dose test 

The acute oral toxicity test was conducted in accordance with OECD (2016), Guideline 223, for the testing of 

chemicals. This in vivo test evaluated the toxicity of ethanolic extracts from the leaves and stems of J. multifida and H. 

suaveolens in chickens. The extracts were weighed, suspended, and administered via gavage. The chickens were fasted, 

with no access to feed or water, for 12 to 15 hours during overnight prior to the administration of the suspensions (Zann, 

1996). Feed and water were reintroduced two hours post-administration. The trial involved administering a single, high 

dose of ethanolic extract (2000 mg/kg.bwt) to each chicken in the respective treatment groups of J. multifida and H. 

suaveolens. The administered volume remained constant in relation to the body weight of the chickens, not exceeding 10 

ml/kg body weight (Zann, 1996). The control group received 2 ml of distilled water. The test was conducted at ambient 

temperature and humidity, with sufficient ventilation to allow at least ten air changes per hour. Administration of 

medications was avoided for 14 days before and after the test (OECD 223, 2016). Average weight of the chickens and 

average feed consumption were calculated over a period of 14 days as indices for assessing the acute toxicity of the 

extracts (Pissang et al., 2018). 

 

Observation of test chicks and measurement of study parameters 

Chickens were observed continuously for the first two hours following the administration of the extracts. 

Observations focused on signs such as aggression, mobility, vigilance, droppings, regurgitation, abnormal behavior, and 

time to death. Three more observations were made at intervals during the daylight hours on the first day. From the 

second day onwards, two observations during the day were required. The body weight of the chickens was recorded 
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using a precision electronic balance before the administration of each extract on days 3, 7, and 14 to track weight 

variations. Daily feed and water consumptions were also measured throughout the 14-day trial period. 

 

Statistical analysis 

Data were compiled into an Excel database, and statistical analyses were performed using R software version 3.6.2, 

2019. Means were calculated using the Summary procedure, and relative frequencies were assessed using the t-test 

procedure. Confidence intervals (CI) for the percentages were calculated using the following formula. 

  CI= 1,96√
[p(1−p)]

N
                                            (Formula 3) 

where p was the observed percentage and N was the total number of participants. The results from the experimental 

groups were compared with the control group treated with distilled water, as well as between each experimental group. 

In order to determine the presence of significant differences among the groups, p values less than 0.05 were considered 

significant. 

 

RESULTS 

 

Ethanolic extraction yield and phytochemical compositions 

The obtained dry matter content (TMS) was 16±1.3% for J. multifida and 20±2.3% for H. suaveolens. The 

productivity of ethanolic extract was 2.75 ± 0.19 % for J. multifida and 3.3 ± 0.27 % for H. suaveolens. Table 1 

presented; the results of phytochemical screening carried out on the aqueous extracts of these plants. As was seen, the 

harvested leaves and stems were rich in secondary metabolites, including alkaloids, catechic tannins, flavonoids, 

anthocyanins, mucilages, and coumarin quinones. Only J. multifida contained leuco-anthocyanins. Neither plant 

contained gall tannins, reducing compounds, saponosides, cyanogenic derivatives, and anthraquinones. 

 
Table1. Effects of phytochemical test results of Jatropha multifida and Hyptis suaveolens on zootechnical parameters of 

local chickens 

Chemical groups J. multifida H. suaveolens 

Alkaloids 

Gall tannins 

Catechin tannins 

Flavonoids 

Anthocyanins 

Leuco-anthocyanins 

Reducing compounds 

Mucilages 

Saponosides 

Cyanogenic derivatives 

Anthraquinones 

Coumarin quinones 

+ 

- 

+ 

+ 

+ 

+ 

- 

+ 

- 

- 

- 

+ 

+ 

- 

+ 

+ 

+ 

- 

- 

+ 

- 

- 

- 

+ 
+ Present; - Absent 

 

Toxicological study 

Administering a single limit dose of 2000 mg/kg.bwt of the ethanolic extract from J. multifida and H. suaveolens did 

not cause any mortality in the treated chickens (treatment group 1 and treatment group 2) during the fourteen-day 

observation period. Except for some signs of distress observed in chickens from batch 1 on the first day, no signs of 

aggression, regurgitation, or abnormal behavior were observed in either treatment group during the experiment. 

Effect of ethanolic extract of Jatropha multifida on feed consumption, water consumption, and body weight 

Figure 2 illustrated the variations in feed consumption, water consumption, and average body weight of chickens fed 

with J. multifida ethanolic extract. The average feed (54 ± 6.43 g) and water (88.5 ± 9.69 ml) consumption in the control 

treatment was higher than the average feed (46.3 ± 4.04 g) and water (76.7 ± 8.12 ml) consumption in Treatment 1. 

There was a remarkable drop in feed and water consumption in treatment 1 over the 14 days of observation. The average 

body weight of the control group (422 ± 55.5 g) was higher than that of Treatment 1 (388 ± 37 g) from the third day of 

observation onwards. In addition, the mean difference in feed consumption (FC) between the control group and 

Treatment 1 was 7.78 g with a 95% confidence interval of [4.52 g; 11 g]. Also, the t-test confirmed a significant 

difference (p = 0.001) in feed consumption between the control group and Treatment 1. Similarly, the mean difference in 

water consumption between the control group and Treatment 1 was 11.7 ml with a 95% confidence interval of [3.89 ml; 
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19.6 ml], indicating a significant difference in water consumption of the two compared groups (p = 0.001). While the 

average body weights of the chickens increased during the observation period, the mean difference in body weight 

between the control group and Treatment 1 was 33.7 g with a 95% confidence interval of [-20.7 g ; 87.7 g]. However, no 

significant difference in average weight (p = 0.14) was found in treatment 1 compared to the control group on the 

fourteenth day. 

 

 
Figure 2. Effects of ethanolic extract of J.multifida on feed and water consumption and average weight in treatment 1 of 

local chicken 
 

 

 

 
Figure 3.  Effects of ethanolic extract of H. suaveolens on feed and water consumption and average weight in treatment 

2 of local chicken 

0

20

40

60

80

d
0

d
1

d
2

d
3

d
4

d
5

d
6

d
7

d
8

d
9

d
1

0

d
1

1

d
1

2

d
1

3

d
1

4

Feed Consumption (FC) 

Control treatment Treatment 1

Significant (p < 0.05) 

0

20

40

60

80

100

120

d
0

d
1

d
2

d
3

d
4

d
5

d
6

d
7

d
8

d
9

d
1

0

d
1

1

d
1

2

d
1

3

d
1

4

Water Consumption (WC) 

Control treatment Treatment 1

Significant (p < 0.05) 

0

200

400

600

d0 d1 d2 d3 d4 d5 d6 d7 d8 d9 d10 d11 d12 d13 d14

Everage Weight (EW) 

Control treatment Treatment 1

Non-Significant (p > 0.05) 

0

20

40

60

80

d
0

d
1

d
2

d
3

d
4

d
5

d
6

d
7

d
8

d
9

d
1

0

d
1

1

d
1

2

d
1

3

d
1

4

Feed Consumption (FC) 

Control treatment Treatment 2

Significant (p < 0.05) 

0

50

100

150

d
0

d
1

d
2

d
3

d
4

d
5

d
6

d
7

d
8

d
9

d
1

0

d
1

1

d
1

2

d
1

3

d
1

4
Water Consumption (WC) 

Control treatment Treatment 2

Significant (p < 0.05) 

0

500

1000

d0 d1 d2 d3 d4 d5 d6 d7 d8 d9 d10 d11 d12 d13 d14

Everage Weight (EW) 

Control treatment Treatment 2

Non Significant (p > 0.05) 



World Vet. J., 14(3): 328-338, 2024 

 

333 

 

Effect of ethanolic extract of Hyptis suaveolens on feed consumption, water consumption and body weight 

Figure 3 illustrated the variations in feed consumption, water consumption and average body weight of the chickens 

administered the ethanolic extract of H. suaveolens. The control group exhibited higher average feed consumption (54 ± 

6.43 g) and water intake (88.5 ± 9.7 ml) compared to Treatment 2, which recorded 49.5 ± 3.5 g for feed and 78.8 ± 6.8 g 

for water consumption of. In Treatment 2, there was a drop in feed consumption from the tenth day, while a slight 

decrease in water consumption began in this group from the seventh day. The mean difference in feed consumption 

between Treatment 2 and the control group was 4.6 g with a 95% confidence interval of [0.9 g; 8.2 g]. Thus, the t-test 

established a significant difference (p = 0,002) in feed consumption between the two groups. Similarly, the mean 

difference in water consumption was 9.7 ml, with a 95% confidence interval of [2.3 ml; 17.1 ml], also showing a 

significant difference (p = 0.001) between Treatment 2 and the control group on the fourteenth day. Whereas the average 

weights on the third and seventh days were approximately equal, the average weight of Treatment 2 (436 ± 31.6 g) 

surpassed that of the control group (422 ± 55.5 g) on the fourteenth day. 

The average weight difference between Treatment 2 and the control group was -14.6 g with a 95% confidence 

interval of [-78.9 g; 49.7 g]. Despite these variations, no significant difference in average weight was detected between 

the treatment groups (p = 0.012). 

 

Comparison of parameters studied between experimental batches 

Table 2 presented the average values for feed and water consumption, average weights, confidence intervals, and p-

values comparing treatment groups 1 and 2. The data indicated that chickens in Treatment 2 performed better than those 

in Treatment 1 in terms of feed consumption, water consumption, and average weight. However, a significant difference 

was observed in feed consumption and average weight between Treatment groups 1 and 2, suggesting that the ethanolic 

extract of J. multifida may have reduced the appetite of chickens in Treatment 1, leading to decreased feed intake and, 

consequently, lower body weight. In contrast, the ethanolic extract of H. suaveolens may have enhanced the appetite of 

chickens in Treatment 2, resulting in increased feed and water consumption and subsequent weight gain. 

 

Table 2.  Effects of Jatropha multifida and Hyptis suaveolens on feeding and body weight of local chickens aged 14 days 

 Treatment 1 Treatment 2 Dif moy CI1 CI2 p-value Décision 

FC (g) 46.3 ± 4.04 49.5 ± 3.46 -3.2 -5 -1.39 0.001 S 

WC (ml) 76.7 ± 8.12 78.8 ± 6.77 -2.06 -4.41 0.27 0.079 NS 

AW(g) 388 ± 37.1 436 ± 31.6 -48.3 -61.7 -34.8 0.001 S 

FC: Feed consumption; WC: Water consumption; AW: Average weight; Dif moy: Average difference between treatment 1 and treatment 2; CI: 

Confidence interval; S: Significant; NS: Not significant. Treatment 1 : 700 mg of ethanolic extract of J. multifida, Treatment 2 : 700 mg of ethanolic 

extract of H. suaveolens 

 
DISCUSSION 

 

This study represented a pioneering evaluation of the acute oral toxicity of the ethanolic extracts from Jatropha multifida 

and Hyptis suaveolens in local breed chickens. The plant materials selected for the present study were chosen due to their 

common traditional use in treating infectious diseases such as candidiasis and enteritis (Dougnon et al., 2012; Klotoe et 

al., 2014; Kouchadé et al., 2017; Agban et al., 2020), Additionally, the two plants were the most commonly mentioned 

plants by traditional poultry farmers for treating fowl pox (Sèdégan et al., 2023a). Given the increasing use of medicinal 

plants for managing certain infectious diseases (candidiases and enteritis) and parasitic diseases (Intestinal parasitosis 

and ectoparasitosis) (Iwaka et al., 2022a; 2022b; Sèdégan et al., 2023b), ongoing evaluation of therapeutic doses and 

potential side effects induced by these plants remains crucial. 

Phytochemical screening of the powdered leaves and stems of J. multifida and H. suaveolens revealed the presence 

of several secondary metabolites known for their therapeutic and toxic effects. For J. multifida, the results corroborated 

those of Aiyelaagbe et al. (2008), Biswanath et al. (2008), Bruneton (2009), Agban et al. (2012; 2020), and Senou et al. 

(2022), which confirmed the presence of alkaloids, tannins, and flavonoids in J. multifida leaves and stems. In contrast to 

present findings, Senou et al. (2022) confirmed the presence of gall tannins and saponosides in J. multifida leaves, but 

rejected the presence of quinone derivatives (coumarin quinones), which were toxic compounds (Kollin and Uziel 2006). 

For H. suaveolens, the results were similar to those of Koné (2009), Traoré (2016), and corroborated those reported by 

Kouchadé et al. (2017) and Soumahoro et al. (2020), who confirmed the presence of chemical compounds such as gall 

tannins, leuco-anthocyanins, and anthraquinones in H suaveolens. In addition, these secondary metabolites contribute to 

a range of beneficial properties, including antiplasmodic, antioxidant, antibacterial, antifungal, antidiabetic, 
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antirheumatic, antisuporific, antiinflammatory, and antiseptic effects helping in burns and multiple skin complications 

(Grassi et al., 2006). However, the absence or non-existence of secondary metabolites in a plant could be due to factors 

such as the place and season of harvest, the handling conditions (quality of reagents used) and the professionalism of the 

operator, the variation in genetic make-up, the weather conditions, the part of the plant studied, its good preservation 

(water content in the dry state), its purity (ash content), and the employed extraction method (Koné 2009; Akhtar and 

Ihsan-ul-Haq, 2018). 

The absence of mortality after the administration of ethanolic extracts suggests that the Lethal Dose 50 (LD50) for 

ethanolic extracts of J. multifida and H. suaveolens exceeds the limit dose of 2,000 mg/Kg.bwt. This finding was in line 

with those of earlier studies on J. multifida extract (Agban et al., 2020; Senou et al., 2022) and H. suaveolens extract 

(Attawish et al., 2005; Santos et al., 2007). However, Jatropha multifida extract could be considered toxic in that it 

caused a reduction in feed consumption and consequently in average weight in chickens, in contrast to an increase in 

feed consumption associated with a loss of average weight (Agban et al., 2020). These results indicated that J. multifida 

extract was a cause of the drop in body weight of chickens in Treatment 1. This supported the claim that J. multifida 

intoxication was similar to organophosphate intoxication, which caused muscle paralysis in animal species (Kollin and 

Uziel, 2006). However, the use of H. suaveolens as an aperitif in traditional medicine (Moreira et al., 2010) justified the 

significant increase in feed consumption and average weight of chickens in Treatment 2 compared with chickens in 

Treatment 1.  It was therefore certain that the toxicity of H. suaveolens extract has never been proved (Attawish et al., 

2005; Santos et al., 2007; Traoré, 2009; Ansm, 2021; Sèdégan et al., 2024). Overall, this study indicated that, at a dose of 

2,000 mg/Kg.bwt, the ethanolic extract of H. suaveolens was preferable to that of J. multifida for in vivo use in local 

chickens for all purposes. 

 
CONCLUSION 

 

The results of this study demonstrated the use of ethanolic extracts of Jatropha multifida and Hyptis suaveolens at a dose 

limit of 2,000 mg/kg.bwt would not result in mortality among chickens. This indicated that the Lethal Dose 50 (LD50) for 

both of these plant extracts taken from Benin's traditional pharmacopoeia was higher than the limited dose. 

Notwithstanding, whereas the J. multifida extract had a negative impact on feed consumption and the average body 

weight of the chickens, thereby reflecting its toxicity, the H. suaveolens extract improved feed consumption and the 

average body weight of the chickens. These findings highlight the need for further research to explore the subacute 

toxicity as well as potential hematological and biochemical disturbances induced by these plant extracts in both local and 

commercial breeds of chickens. 
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ABSTRACT 

The Gaga chicken is an indigenous Indonesian breed that is important to preserve using semen cryopreservation 

technology. The study was conducted to determine the effect of adding sorbitol and butylated hydroxytoluene (BHT) 

in the diluent on the structural and surface ultrastructure of cryopreserved Gaga chicken sperm during 

cryopreservation /frozen storage. The study aimed to assess how adding sorbitol and butylated hydroxytoluene 

(BHT) to the diluent affects the structure and surface ultrastructure of cryopreserved Gaga chicken sperm. A 

completely randomized design was employed with four treatments and 10 replications including egg yolk-lactate 

ringer diluent (EYLR) as the control group, EYLR diluent with 3 mM BHT, EYLR diluent with 2% sorbitol, and 

EYLR diluent with both 3 mM BHT and 2% sorbitol. Semen was collected using a massage technique from 4 male 

chickens aged approximately 10 months, pooled semen was diluted, packaged in 0.25 mL straws, equilibrated for 2 

hours at 5 °C, pre-freeze for 10 minutes, frozen for 24 hours, and thawed for 30 seconds at 37 °C. The parameters 

evaluated were sperm plasma membrane integrity, acrosome integrity, DNA damage, mitochondrial functionality, 

and surface ultrastructure. The results showed that the treatment had a significant effect on plasma membrane 

integrity and post-thawing mitochondrial functionality compared to the control, but no effect was observed on 

acrosome integrity or DNA damage. The results showed that the combination treatment of BHT with sorbitol had a 

significant effect on plasma membrane integrity and post-thawing mitochondrial function, but did not affect 

acrosome integrity or DNA damage when compared to the control group. Ultrastructural observations indicated that 

cryopreservation caused damage to the head, middle, and tail of the sperm in the control groups. However, these 

changes were prevented by the diluent containing a combination of BHT and sorbitol. The addition of both 

components (BHT 3 mM + sorbitol 2%) effectively maintained plasma membrane integrity, mitochondrial 

functionality, and surface ultrastructure of Gaga chicken sperm during cryopreservation. 
 

Keywords: Butylated hydroxytoluene, Chicken sperm, Cryopreservation, Sorbito, Structure, Sperm ultrastructure 
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INTRODUCTION  

  

Gaga chicken, an original Indonesian breed, is renowned for a relatively long sound resembling human laughter, leading 

to the preference by hobbyists for competitions. In this context, longer-duration vocalizations often fetch higher prices 

(Khaeruddin et al., 2024a). Gaga chicken mating system in society occurs uncontrollably, allowing the decline in purity 

due to natural mating with other local chicken species (Bugiwati and Ashari, 2013). The Decree of the Minister of 

Agriculture number 2920/Kpts/OT.140/6/2011, Indonesia has mandated the protection and preservation of Gaga chicken 

as a rich livestock genetic resource (Khaeruddin et al., 2022). 

Cryopreservation is a method to preserve germplasm in various fields including endangered animal conservation, 

through freezing spermatozoa (Sharafi et al., 2022). Storing chicken sperm by freezing (-196 °C) for 18 years does not 

reduce the ability to fertilize egg cells (Thélie et al., 2019). However, several reports indicated low sperm quality in 

chickens after freeze-thawing (Kumar et al., 2019; Masoudi et al., 2021; Ratchamak et al., 2023).  

Cell damage during the cryopreservation process is caused by the formation of ice crystals as well as chemical and 

physical processes, including the denaturation of proteins and lipids in membranes, which trigger the formation of 

reactive oxygen species (ROS, Pini et al., 2018). Cryopreservation causes low plasma membrane and acrosome integrity 

as well as post-thawing mitochondrial activity in chicken sperm (Partyka et al., 2012). Ultrastructural analysis by Zong et 

al. (2023) found that cryopreservation also caused structural damage, particularly in the mitochondria, midpiece, and 

perforatorium. 
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Damage to spermatozoa during the cryopreservation process can be prevented by adding special ingredients to the 

semen diluent. Cryoprotectants in retailers are needed to protect spermatozoa cells both extracellularly and 

intracellularly. Examples of extracellular cryoprotectants are dimethyl sulfoxide and glycerol, while extracellular 

cryoprotectants include several types of sugar, such as trehalose (Murray and Gibson, 2022), sucrose, lactose, glucose or 

fructose (Gómez-Fernández et al., 2012). The addition of sugar has proven effective as a cryoprotectant agent on chicken 

spermatozoa (Thananurak et al., 2019; Stanishevskaya et al., 2021). Apart from being a cryoprotectant, sugar also acts as 

an energy source (Zhang et al., 2023; Gholami et al., 2023). Previous reports showed that sugar alcohols such as sorbitol 

were more effective in maintaining mammalian sperm quality during cryoprotection (Pojprasath et al., 2011; Wu et al., 

2016), but this finding has not been reported for avian sperm. 

Poultry sperm cell membranes, rich in polyunsaturated fatty acids (PUFA, Mussa et al., 2021), are susceptible to 

damage from ROS (Collodel et al., 2022). Additional antioxidants can reduce the impact of sperm damage due to ROS 

and cold shock, improving post-thawing semen quality (Amidi et al., 2016). Butylated hydroxytoluene (BHT), an 

antioxidant, effectively reduces ROS levels (Zhao et al., 2018), as evidenced by the ability to maintain the quality of 

mammalian sperm during the cryopreservation process (Merino et al., 2015; Seifi-Jamadi et al., 2016; Jara et al. 2019; 

Sun et al., 2020). Previous studies reported the effectiveness in maintaining the quality of Gaga chicken sperm during 

liquid storage (Khaeruddin et al., 2024a). Despite the widespread usage, the effect of sorbitol and combination with BHT 

on the quality of chicken sperm during the cryopreservation process has not been reported. Therefore, the current study 

aimed to assess how adding sorbitol and butylated hydroxytoluene (BHT) to the diluent affects the structure and 

ultrastructure of Gaga chicken sperm during freeze-thawing. 

 

MATERIALS AND METHODS 

  

Ethical approval  

The University of Brawijaya Research Ethics Committee, Indonesia, granted Approval No: 020-KEP-UB-2023 for 

the procedures and animals used in this study. 

 

Diluent preparation 

The primary diluent utilized was egg yolk-Ringer's lactate (EYRL), consisting of 90% Ringer's lactate and 10% 

chicken egg yolk, which was homogenized and centrifuged at 3000 rpm for 15 minutes. The Ringer's lactate solution 

(PT. Widatra Bakti, Indonesia) contained 3 g sodium chloride, 1.55 g sodium lactate, 0.1 g calcium chloride, and 0.155 g 

potassium chloride dissolved in 500 ml of sterile water. After centrifugation, the supernatant was collected, and 1000 IU 

penicillin (PT Meiji, Indonesia), 1 mg/ml streptomycin (PT Meiji, Indonesia), and 7% dimethyl sulfoxide (Merck KGaA, 

Germany) were added. Subsequently, the diluent was divided into 4 tubes with 3 mM BHT (Sigma, US) and 2% sorbitol 

(Merck KGaA, Germany) added. The treatment composition was EYRL (control, osmolality 1586 mOsm/kg), EYRL + 

BHT (osmolality 1605 mOsm/kg), EYRL + sorbitol (osmolality 1615 mOsm/kg), and EYRL + BHT + sorbitol 

(osmolality 1682 mOsm/kg). 

 

Chicken maintenance and semen collection 

Four Gaga chickens aged 12 months obtained from breeders in Malang Regency, East Java, Indonesia were used as 

a source of semen for cryopreservation. The chickens were kept in individual cages measuring 55 x 60 x 60 cm3 and 

were given commercial feed (PT New Hope, East Java, Indonesia, 17% crude protein, 2800-2900 kcal/kg energy 

metabolism, 3% crude fat, and 14% ash) at 100 gr/day alongside drinking water ad libitum. Semen was collected using 

tuberculin spoid by massaging each individual (Kucera and Heidinger, 2018). The Semen collected from each individual 

was evaluated macroscopically and microscopically, and semen that met the requirements (motility > 70%, viability > 

90%, and abnormalities < 20%) were used for the next stage. The semen collected from each individual ranged from 0.1 

to 0.2 ml, which was mixed (pooled) was processed further to the dilution and cryopreservation stages. 

 

Cryopreservation stages 

Semen was divided into 4 microtubes and diluted based on treatment followed by packaging with a minimum 

concentration of 200 million per straw (IMV, France). The straw was equilibrated at a temperature of 5 °C for 2 hours 

(Wahjuningsih et al., 2024), then pre-freezing was carried out in a styrofoam box by placing the straw 3 cm above the 

surface of liquid nitrogen (Madeddu et al., 2016) for 10 minutes (Mosca et al., 2016). The straw was equilibrated at 5°C 

for 2 hours (Wahjuningsih et al., 2024). Following this, pre-freezing was performed by placing the straw 3 cm above the 

surface of liquid nitrogen in a styrofoam box (Madeddu et al., 2016) for 10 minutes (Mosca et al., 2016). Subsequently, 

the straw was stored in a tank filled with liquid nitrogen (-196 °C) for 24 hours and thawed in a water bath for 30 

seconds in water at 37°C (Shah et al., 2016; Wahjuningsih et al., 2024). 
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Semen evaluation 

Plasma membrane integrity 

Plasma membrane integrity was assessed using a hypoosmotic swelling test (HOST) solution, which contained 0.9 

g of fructose and 0.49 g of sodium citrate in 100 μl of distilled water. Approximately 10 μl of liquid semen was mixed 

with 100 μl of HOST solution and incubated at 37°C for 30 minutes (Mehdipour et al., 2016; Najafi et al., 2019). The 

solution was then fixed onto a glass slide using eosin-nigrosin solution, dried, and observed under a light microscope 

(Olympus CX23, Japan) at 400x magnification (Figure 1). Sperm with intact plasma membranes were identified 

according to the criteria outlined by Santiago-Moreno et al. (2009), including bent tail, knotted tail tip, bent midpiece, as 

well as shortened and thickened tail. 

 

 
Figure 1. Gaga chicken sperm structure using a light microscope (with 1000x magnification). Mitochondrial 

functionality (a: DAB I, b: DAB II, c: DAB III), acrosome integrity (d: Intact, e: Damaged), plasma membrane integrity 

(f: intact membrane, g: damaged membrane) and DNA damage (h: Intact, i: Damaged) 

 

Acrosome integrity 

A drop of semen was placed on a glass slide, mixed with 5% formalin, and then thinly smeared on the slide. The 

samples were re-fixed in a 5% formalin solution for 30 minutes at 37°C, then rinsed and air-dried (Khaeruddin et al., 

2024a). Following this, the samples were stained using Coomassie Brilliant Blue solution [0.25% Coomassie Brilliant 

Blue R 250 (BBI Life Sciences, Canada) in a solution of 25% methanol and 10% glacial acetic acid] for 5 minutes, 

followed by rinsing and air-drying. The observation was conducted under a light microscope at 1000x magnification 

(dropped with immersion oil) (Figure 1), with intact acrosomes appearing blue and thick while incomplete acrosomes 

were less colored or thin (Silyukova et al., 2022). 

 

Mitochondrial functionality 

Mitochondrial functionality was observed using 3,3'-diaminobenzidine (DAB) dye (Sigma-Aldrich, US). Semen 

was diluted in a DAB solution (1 mg/mL phosphate-buffered saline), covered with aluminum foil, and incubated for 1 

hour at 37°C. Approximately 10 μl of the solution was then smeared on a glass slide and air-dried. Subsequently, 
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observation was conducted using a light microscope with 1000x magnification (dropped with immersion oil) on 200 

sperm cells (Figure 1). Mitochondrial activity was divided into 4 categories, namely DAB I (100% active), DAB II (> 

50% active), DAB III (< 50% active), and DAB IV (inactive) (Rui et al., 2017). 

 

DNA damage 

DNA damage was observed using toluidine blue O dye (Merck KGaA, Germany), in this process, semen was 

spread thinly on a glass object and air-dried. The preparation was fixed for 30 minutes in a solution of 96% ethanol-

acetone (1:1) at 4 °C and air-dried. Subsequently, hydrolysis was carried out for 5 minutes in 0.1 N HCl solution at a 

temperature of 4 °C, followed by rinsing three times with an interval of 2 minutes and air drying. The preparation was 

dripped with toluidine blue O and left at room temperature for 20 minutes, then rinsed and air dried. Observations were 

carried out under a light microscope at 400x magnification (Figure 1). Sperm heads with damaged DNA were marked in 

dark blue while intact DNA was colored bright blue (Rui et al., 2017; Khaeruddin et al., 2024a). 

 

Sperm ultrastructural analysis 

Sperm ultrastructural analysis was performed using field-emission scanning electron microscopy (FE-SEM) (FEI 

Quanta 600, US). The sample preparation involved washing the semen with physiological NaCl, and then fixing it with 

2.5% glutaraldehyde for 3-4 hours. This was followed by washing with pH 8 phosphate buffer saline (PBS) three times 

for 5 minutes each, dehydrating with graded alcohol, and then attaching to a stub. Subsequently, the stub was attached 

and coated with gold. The sample was analyzed by FE-SEM (FEI Quanta 600, US) at 20,000x magnification with an 

acceleration voltage of 10 kV. 

 

Statistical analysis 

This study used a completely randomized design with 4 treatments and 10 replications. Sperm quality data was 

analyzed for variance (ANOVA), and Duncan's multiple range test was performed when a significant effect (p < 0.05) 

was found. Ultrastructural data was analyzed descriptively and all analyses were conducted using IBM SPSS Statistics 

25 software. 

 

RESULTS  
 

Plasma membrane integrity 

The results indicated that adding sorbitol and BHT to EYLR did not significantly impact (p > 0.05) the plasma 

membrane integrity of Gaga chicken sperm before freezing, but a significant effect was observed after thawing (p < 0.05, 

Graph 1). The addition of BHT and sorbitol in the diluent effectively maintained post-thawing plasma membrane 

integrity (65.47-70.02%) compared to control groups (58.43%). Before freezing, the plasma membrane integrity was in 

the range of 97.22-98.35%, but a decrease was found post-thawing with a range of 58.43-70.02%. 

 

Acrosome integrity 

The addition of BHT and sorbitol in the diluent did not affect the acrosome integrity of Gaga chicken sperm before 

freezing and post-thawing (p > 0.05, Table 1). The range of acrosome integrity before freezing was 97.23-97.9% which 

decreased to 40.95-42.57% post-thawing. 

 

DNA damage 

The results showed that the addition of BHT and sorbitol in EYLR diluent did not affect sperm DNA damage 

before freezing and post-thawing (p > 0.05, Table 2). The range of DNA damage before freezing was relatively low, 

namely 1.49-1.86, which increased slightly post-thawing to 2.59-3.14%. 

 

Mitochondria functionality 

The addition of BHT and sorbitol in the diluent did not affect the mitochondrial functionality of sperm (p > 0.05) 

before freezing but had a significant effect on post-thawing (p < 0.05, DAB I and DAB II, Graph 2). The range of DAB I 

(100% active mitochondria) before freezing decreased post-thawing, where the addition of sorbitol and combination with 

BHT in the diluent produced a higher percentage, namely 58.9-63.59%. 

 

Sperm surface ultrastructure 

The ultrastructural analysis results of spermatozoa using FE-SEM (Figure 2 a-i) showed that chicken sperm 

before freezing (fresh semen) had an intact head and acrosome (Figure 2a), as well as sperm post thawing with the 

addition of BHT + sorbitol (Figure 2b), while post-thawing sperm without BHT and sorbitol experienced damage to the 

head (Figure 2c). The midpiece of the sperm before freezing looked intact (Figure 2d), as did the post thawing sperm 

with the addition of BHT + sorbitol (Figure 2e), while the midpiece of the sperm post thawing without BHT and sorbitol 
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was damaged (Figure 2f). The sperm tail before freezing looked intact (Figure 2g), as did the sperm post thawing with 

the addition of BHT + sorbitol (Figure 2h), while the sperm tail post thawing without BHT and sorbitol tended to 

experience damage (Figure 2i). 

 

 
Graph 1. Plasma membrane integrity percentage of Gaga chicken sperm during cryopreservation with the addition of 

butylated hydroxytoluene (BHT) and sorbitol in the diluent 

 
Table 1. Acrosome integrity percentage of Gaga chicken sperm before freezing and post-thawing with the addition of butylated 

hydroxytoluene (BHT) and sorbitol to the diluent 
Treatments Before freezing Post thawing 

Control 

BHT 

Sorbitol 

BHT + Sorbitol 

97.23 ± 0.69 

97.53 ± 0.50 

97.78 ± 0.48 

97.90 ± 0.52 

40.95 ± 2.68 

42.22 ± 3.29 

42.57 ± 3.33 

42.55 ± 2.54 
Control: EYLR diluent, BHT: EYLR diluent + 3 mM BHT, sorbitol: EYLR diluent + 2% sorbitol, and BHT + sorbitol: EYLR diluent + 3 mM BHT + 

2% sorbitol. 

 
Table 2. DNA damage percentage of Gaga chicken sperm before freezing and post-thawing with the addition of butylated 

hydroxytoluene (BHT) and sorbitol to the diluent 

Treatments Before freezing Post thawing 

Control 

BHT 

Sorbitol 

BHT + Sorbitol 

1.86 ± 0.20 

1.49 ± 0.11 

1.74 ± 0.22 

1.61 ± 0.23 

3.14 ± 0.38 

3.01 ± 0.39 

2.67 ± 0.35 

2.59 ± 0.36 

Control: EYLR diluent, BHT: EYLR diluent + 3 mM BHT, sorbitol: EYLR diluent + 2% sorbitol, and BHT + sorbitol: EYLR diluent + 3 mM BHT + 
2% sorbitol. 

 

 

     
Graph 2. Mitochondrial functionality percentage of Gaga chicken sperm during cryopreservation with the addition of 

butylated hydroxytoluene (BHT) and sorbitol in the diluent. DAB I: 100% mitochondria active, DAB II: > 50% 

mitochondria active, DAB III: < 50% mitochondria active, and DAB IV: Mitochondria inactive 
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Figure 2. Surface ultrastructural observations of the Gaga sperm surface using the FE-SEM instrument with 20000x 

magnification. a: Sperm heads (fresh semen), b: Post-thawing sperm heads (butylated hydroxytoluene  + sorbitol), c: 

Post-thawing sperm heads (control), d: Sperm midpiece (fresh semen), e: Sperm midpiece post thawing (butylated 

hydroxytoluene + sorbitol), f: Sperm midpiece post thawing (control), g: Sperm tail (fresh semen), h: Post thawing 

sperm tail (butylated hydroxytoluene + sorbitol), i: Post thawing sperm tail (control) 
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DISCUSSION 

 

Analyzing the structure and ultrastructure of sperm after freezing is crucial as intact sperm are vital for successful 

fertilization in artificial insemination. This study was one of the first to examine the effects of sorbitol and BHT 

combination as a diluent on the structure and surface ultrastructure of Gaga chicken sperm in the cryopreservation 

process. Based on the results, the addition of sorbitol and combination with BHT effectively maintained the integrity of 

the plasma membrane post-thawing. Sorbitol acts as an antioxidant by donating hydrogen to free radicals, thereby 

preventing lipid peroxidation in the membrane. 
According to Peshev et al. (2013), sugar can act as a hydroxyl (OH) scavenger through the transfer of hydrogen 

atoms. Sugar alcohol acts as an antioxidant by scavenging oxy-radicals thereby preventing oxidative stress in cells (Kang 

et al., 2007). More specifically, sorbitol functions by scavenging OHl radicals (Faraji and Linsay, 2004) and superoxide 

radicals up to 28% (Truffin et al., 2021). As cryoprotectants, sugar alcohols protect proteins from aggregation by 

inhibiting denaturation caused by ice crystal growth and preventing intermolecular hydrophobic interactions as 

cryoprotectants, sugar alcohols safeguard proteins from aggregation by preventing denaturation due to ice crystal 

formation and blocking intermolecular hydrophobic interactions (Zhu et al., 2023). Santivarangkna et al. (2010) suggest 

that sorbitol protects cells by suppressing the membrane phase transition temperature through interactions with 

phosphate groups. Takahashi and Hatta (2001) also stated that the compound reduced the interface area between the lipid 

and water phases. According to Hincha and Hageman (2004), sorbitol showed better protection against membrane 

leakage than disaccharides. It was proven more effective than other types of sugar in maintaining the integrity of sperm 

membranes after freezing (Wu et al., 2016). Sorbitol may play an important role in bacterial cell protection, by 

stabilizing the membrane bilayer or fluidity, and cell recovery from stress (Sootsuwan et al., 2013). Meanwhile, BHT, a 

phenolic compound is a synthetic antioxidant that eliminates or deactivates free radicals formed during initiation or 

propagation reactions, inhibiting chain reactions (Fasihnia et al., 2020). 

The freezing process in this study caused a decrease in sperm membrane integrity post-thawing. The formation of 

ice crystals is one of the main sources of physical damage to sperm membranes (Upadhyay et al., 2021; Lee et al., 2023). 

Another cause of membrane damage in the cryopreservation process is excessive ROS production which triggers 

changes in membrane proteins, lipids, and carbohydrates due to reduced disulfide bonds between proteins, peroxidation 

of membrane phospholipids, and modification of the sperm glycocalyx. These changes cause sperm to become brittle and 

lose their semipermeable properties (Peris-Frau et al., 2020). The average post-thawing plasma membrane integrity value 

was higher than previous studies, which used Beltsville Poultry Semen Extender (BPSE) diluent added with lycopene-

loaded nanoliposomes (42.46-62.71%, Najafi et al., 2018), and Lake diluent added with MitoQ (55-64%, Alipour-

Jenaghard et al., 2023). However, the result was almost the same as Stanishevskaya et al. (2021) which obtained a value 

of 67.2-69.3% using Leningrad Cryoprotective Medium diluent added with disaccharides. 

Based on the results, the addition of sorbitol and BHT to the diluent had no significant effect on acrosome integrity 

and DNA damage. Freezing caused a decrease in acrosome integrity and slightly increased DNA damage. 

Cryopreservation harms acrosome morphology, motility, and enzyme activity in sperm (Sun et al., 2021b). Freezing 

affects the acrosomal membrane and induces pre-acrosomal reactions (Khan et al., 2021). Acrosome integrity in this 

study was higher compared to values obtained in previous studies including 22.8-30.46% using Sasaki diluent (Ruiz et 

al., 2024) and 35.16-53.16% with Lake diluent (Sun et al., 2021a). Freezing caused a slight increase in DNA damage as 

reported by Gliozzi et al. (2011) which recorded low sensitivity of chicken sperm to DNA fragmentation during the 

freezing process. Post-thawing sperm DNA damage in this study was lower than the results of previous studies using 

Lake diluent, namely 8-13.6% (Masoudi et al., 2021) and 19.82% (Gliozzi et al., 2011). 

The cryopreservation process caused a decrease in mitochondrial functionality in this study. Post-thawing sperm 

ROS accumulation causes damage to the mitochondrial structure, changes in membrane potential difference and 

respiratory function, as well as decreased adenosine triphosphate (ATP) production and sperm motility (Fang et al., 

2014; Słowińska et al., 2018; Zhang et al., 2021; Song et al., 2024). Abnormal ROS concentrations can disrupt the 

relationship between electron transport and oxidative phosphorylation leading to loss of mitochondrial function 

(Marcantonini et al., 2022). Continuous accumulation of ROS in cells damages mt-DNA and causes mitochondrial 

dysfunction (Song et al., 2024).  

The addition of sorbitol and combination with BHT effectively maintained post-thawing spermatozoa 

mitochondrial functionality. This may be due to the ability of the treatment to maintain plasma membrane integrity 

thereby limiting the entry of excessive amounts of calcium into cells. Mitochondria actively contribute to cellular 

calcium buffering, but excess accumulation beyond physiological requirements leads to the opening of the mitochondrial 

permeability transition pore (mPTP), triggering apoptotic or necrotic cell death (Matuz-Mares et al., 2022). Calcium 
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accumulation can disrupt mitochondrial function, causing a decrease in ATP production as well as an increase in the 

release of ROS (Santulli et al., 2015). Defects in spermatozoa mitochondrial function greatly disrupt energy production 

required for motility. This explains the low sperm motility in the treatment without sorbitol and BHT observed 

(Khaeruddin et al., 2024b). 

Ultrastructural observations offer clearer insights into the condition of the sperm surface. The freezing process 

damaged the sperm at the head, midpiece, and tail region but the addition of sorbitol and BHT in the diluent mitigated 

this damage. The results are in line with several ultrastructural analyses of cryopreserved chicken sperm in previous 

studies which found acrosome disruption, neck damage, loss of plasma membrane in the head (Heng et al., 2022), 

reduced mitochondrial matrix density (Zong et al., 2023), as well as uneven distribution of plasma and mitochondrial 

sheaths (Chen et al., 2024). Severe damage occurred in the middle part after cryoprepression in the control treatment. 

The midpiece contains mitochondria which contribute to energy metabolism (Blesbois, 2018), crucial for the progressive 

movement of spermatozoa (Sangani et al., 2017). The ROS can attack the plasma membrane and sperm mitochondria 

leading to dysfunction, release of cytochrome C into the cytoplasm, and initiation of cell apoptosis (Zhang et al., 2021). 

Damage to sperm structure after freezing may be caused by ice crystallization, oxidative stress, heat shock, and 

osmotic shock (O'Neill et al., 2019). Poultry sperm have a higher amount of polyunsaturated fatty acids in the plasma 

membrane than several mammalian species (Najafi et al., 2020), increasing susceptibility to damage during the freezing 

process (Zong et al., 2023). An imbalance between the cellular antioxidant defense system and the production of ROS 

during freezing triggers oxidative stress which is the main cause of damage to sperm (Peña et al., 2019). 

The combination of sorbitol and BHT prevents damage to sperm structure by maintaining membrane integrity due 

to their properties as an extracellular cryoprotectant and antioxidant respectively. The plasma membrane is a 

semipermeable barrier that protects the extracellular environment (Ray et al., 2016). Therefore, an intact plasma 

membrane is crucial to protect cell organelles such as mitochondria, nucleus, and acrosome from damage by external 

factors. The ability of cryoprotectant materials to maintain the ultrastructure of chicken sperm during freezing was also 

reported by Heng et al. (2022). 

 
CONCLUSION  

 
In conclusion, the addition of sorbitol 2% and combination with butylated hydroxytoluene (BHT) 3 mM effectively 

maintained plasma membrane integrity, mitochondrial functionality, and surface ultrastructure of Gaga chicken sperm 

during cryopreservation. Further studies are needed to evaluate the effects of sorbitol and BHT in diluents on sperm 

fertility after artificial insemination. 
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ABSTRACT 

Ceftazidime is a beta-lactam that is used in the treatment of bacterial infections in humans and companion animals, 

such as dogs and cats. It is prescribed to treat gram-negative infections, especially those caused by Pseudomonas 

aeruginosa. This study aimed to compare the pharmacokinetics of ceftazidime using a microbiological assay to 

evaluate the adequacy of the proposed dosage regimens for susceptible gram-negative bacteria. For this purpose, five 

healthy mongrel male dogs, with a mean age of four years and an average weight of 19.1 kg, were administered a 

single intravenous bolus dose of ceftazidime (20 mg/kg). Plasma concentrations were measured using a 

microbiological assay, and dosage regimens were established by integrating pharmacokinetics data with 

pharmacodynamics parameters. The results showed that ceftazidime was rapidly distributed to the peripheral tissues 

(0.189 L/kg), with a half-life of 1.15 hours and a clearance rate of 0.166 L/hr./kg. The results obtained from the 

pharmacokinetics-pharmacodynamic integration suggested 20 mg/kg q8 hours of ceftazidime for susceptible gram-

negative bacteria with a Minimum Inhibitory Concentration of ≤ 8 µg/ml, and 20 mg /kg q12 hours of ceftazidime 

for susceptible gram-negative bacteria with a Minimum Inhibitory Concentration of ≤ 4 µg/ml. In conclusion, a mild 

correlation was observed between the dogs’ weight and the ceftazidime half-life, which led to an adjustment of the 

proposed dosage regimen to 20 mg/kg q8 hours.  
 

Keywords: Ceftazidime, Dog, Dosage regimen, Gram-negative microbe, Pharmacokinetic 
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INTRODUCTION  

  

Dogs are the most common companion animals to humans because of their positive impacts on their owner's physical 

and mental status (Overgaauw et al., 2020). However, many bacterial diseases can affect the dogs’ health and lead to a 

potentially unfavorable prognosis (Marks et al., 2011; De Sousa et al., 2023). Rational antibiotic therapy seems a 

solution to avoid undesirable complications (Wayne et al., 2011).  

Ceftazidime belongs to the third generation of cephalosporins with a broad-spectrum bactericidal effect and high 

accessibility to most tissues, including hard and CNS tissues with unchanged excretion through the kidney (Budde and 

McCluskey, 2023). Ceftazidime is used to manage bacterial infections in dogs having bactericidal spectrum, including 

the susceptible pathogenic gram-negative bacteria, with additional activity against Pseudomonas aeruginosa (Papich, 

2020). 

Previous studies on the pharmacokinetics of ceftazidime in dogs, involving intravenous administration at doses 

ranging from 20 to 25 mg/kg in animals weighing 10.5-15.6 kg, have demonstrated that ceftazidime has rapid 

distribution, short half-life, and rapid elimination (Matsui et al., 1984; Kita et al., 1992; Sakamoto et al., 1993; 

Monfrinotti et al., 2010; Papich et al., 2022).  

Pharmacokinetics plays a crucial role in establishing rational dosage regimens for antibiotics through integration 

with pharmacodynamics (PK/PD integration), which is considered a suitable solution to obtain the desired therapeutic 

response, minimizing adverse reactions, decreasing the risk of bacterial resistance, and reducing treatment costs 

(Guardabassi et al., 2018).  

It is known that the diversity of dog breeds presents a challenge that could lead to a non-standardized 

pharmacokinetic profile of drugs due to potential unmatched digestive physiology, metabolic profile, kidney function, 

and protein binding (Tibbitts, 2003; Toutain et al., 2010). Therefore, this study aims to assess the pharmacokinetics of 

ceftazidime in local Mongrel dogs, compare the results with the previous studies conducted exclusively on Beagles, and 

determine whether adjustments to ceftazidime dosage regimen make any difference in treating susceptible gram-negative 

bacterial infections.   
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MATERIALS AND METHODS 

 

Ethical approval 

The study was approved by the Ethical Committee of the College of Veterinary Medicine, University of Diyala, 

Iraq (Approval No. VM 301; November 2022). 

 

Animals 

Five healthy male Mongrel dogs, provided by the Dogs Kennel of the College of Veterinary Medicine, University 

of Diyala, with an average age of 4 (± 0.5) years and an average weight of 19.1 kg (± 1.3), were utilized in this study. A 

comprehensive physical examination, including assessments of physical appearance, skin and coat integrity, lymph 

nodes, respiration rate and rhythm, pulse, and body temperature as well as general mouth and teeth examination was 

done by a certified veterinarian to ensure the dog was in good health. All dogs were free of antibiotics and other 

medications and were kept in an isolated kennel in the College of Veterinary Medicine, University of Diyala, for a week 

for behavioral adaptation. They were provided with free access to water and a balanced diet. 

 

Drug administration 

Ceftazidime (LDP Laboratories Torlan, Barcelona, Spain) was injected as an intravenous bolus via the right 

cephalic vein at 20 mg/kg dose for each dog (Monfrinotti et al., 2010). 

 

Samples collection and analysis 

One milliliter of blood was obtained from the left cephalic vein on 0.08, 0.16, 0.33, 0.5, 1, 2, 4, 8, 12, and 24 hours 

post-administration. The samples were kept in heparinized tubes, and plasma was separated by centrifugation and stored 

at -20C
o 

for further drug analysis. The microbiological assay was applied to estimate the concentration of ceftazidime 

using spores of  Bacillus subtilis ATCC 6633 provided by the Department of Biology at the College of Science, 

University of Diyala, prepared as previously described by Sabath (1976). A drug-free plasma sample was used to prepare 

the standard curve for further determination of ceftazidime concentrations. additionally, the protein binding of 

ceftazidime was determined by calculating the partitioning ratio of ceftazidime between phosphate-buffered saline and 

plasma (Craig and Suh, 1991).    

 

Pharmacokinetic analysis 
The pharmacokinetic parameters of ceftazidime were calculated using Microsoft Excel

®
, following the equations 

outlined in Rosenbaum (2017). The Aikake Information Criterion (AIC) was applied to identify the most suitable model 

to fit the data points (Yamaoka et al., 1978).  

 

Dosage regimen 

The Minimum Inhibitory Concentration (MIC) breakpoints of ceftazidime against susceptible gram-negative 

bacteria, such as Escherichia coli, Klebsiella pneumoniae, and Pseudomonas aeruginosa were obtained from the Clinical 

and Laboratory Standards Institute (CLSI, 2024). The breakpoints were integrated with the pharmacokinetic parameters 

obtained in this study (PK/PD integration) to establish a dosage regimen for ceftazidime (Fratoni et al., 2021). 

 

Statistical analysis 

Pearson correlation coefficient (r) was applied to determine the relationship between body weight and the half-life 

of ceftazidime across different studies (Matsui et al., 1984; Kita et al., 1992; Sakamoto et al., 1993; Monfrinotti et al., 

2010; Papich et al., 2022). Statistical analyses were performed using GraphPad Prism 8.0 for Windows (GraphPad 

Software, Boston, Massachusetts USA). 

 

RESULTS 

 

Clinical observations indicated no adverse effects from the intravenous administration of ceftazidime in the dogs. The 

microbiological assay employed to construct the ceftazidime standard curve in plasma showed a linear pattern, with an 

acceptable coefficient of determination (R
2
 = 0.973), The limit of detection (LOD) for ceftazidime in plasma was 0.23 

μg/ml, while the accuracy of the assay of ceftazidime analysis qualified by the limit of quantification (LOQ) was 0.78 

μg/ml as listed (Table 1). 

The two-compartment model selected to fit time-concentration points was based on AIC. The data points, depicted 

in Figure 1, show a clear bi-exponential decay of ceftazidime concentration over time. All the calculated primary and 

secondary pharmacokinetic parameters are summarized in Table 2. Briefly, ceftazidime was quickly distributed to 

peripheral tissues (0.189 L/kg), with a half-life of 1.15 hours and a clearance rate of 0.166 L/hour/kg. 

The PK/PD integration results, reported in Table 3, suggested a dosage regimen of 20 mg /kg q8 hours of 

ceftazidime for susceptible Pseudomonas aeruginosa (MIC ≤ 8 µg/ml), while it proposed a dosage regimen of 20 mg /kg 

q12 hours of ceftazidime for susceptible Enterobacterales (MIC ≤ 4 µg/ml). 
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The correlation between the average body weight and the half-life of ceftazidime was established by analyzing data 

from previous works (Table 4) in conjunction with the present study. The analysis revealed a moderate positive 

relationship (r = 0.62) between body weight and ceftazidime half-life, as illustrated in Figure 2. 

 

 
Figure 1. Ceftazidime concentrations in the plasma of 

dogs after a single Intravenous bolus administration (20 

mg/kg). 

 

 
Figure 2. Relationship between dog body weight and 

the half-life of Ceftazidime through different studies. 

t1/2, half-life; Avg. wt.: Average weight 

 

Table 1. Standard curve of Ceftazidime microbiological assay 

Parameter Value 

CV% 3 

Slope 13.87 

Intercept 12.871 

R2 0.97 

LOD (μg/ml) 0.23 

LOQ (μg/ml)  0.78 

CV: Variation coefficient; R2: Determination coefficient; LOD: The limit of detection; LOQ: The limit of quantification 

 

 

Table 2. Pharmacokinetics of Ceftazidime administration in plasma of dogs 

Parameter Unit Mean SD 

A μg/ml 135.75 13.41 

α  1/h 3.83 2.04 

t1/2α h 0.24 0.16 

AUC  (h*μg)/ml 120.01 7.07 

AUMC μg/ml*h
2
 137.61 13.75 

B μg/ml 48.39 26.67 

β  1/h 0.61 0.11 

t1/2β  h 1.15 0.21 

ClT L/hr./kg 0.166 0.009 

Cp
0 
 μg/ml 184.14 39.75 

K12  1/h 1.37 1.05 

K21  1/h 1.56 0.84 

MRT h 1.13 0.05 

VC  L/kg 0.113 0.026 

Vdss  L/kg 0.189 0.004 

Protein binding % 12.3 1.02 

A: Distribution intercept; α: Distribution rate constant; t1/2α: Distribution half-life; AUC: Area under the curve; AUMC: Area under the moment curve; 

B: Elimination intercept; β: Elimination rate constant; t1/2β: Elimination half-life; ClT: Total body clearance; Cp0: Zero-time concentration; K12 and K21: 
Micro-distribution rate constants; MRT: Mean residence time; Vc: Volume of distribution of central compartment; Vd: Volume of distribution at 

steady state 

 



Al-Jumaili et al., 2024 

 

352 

Table 3. Dosage regimens of Ceftazidime in dogs 

τ (h.) 
%T>MIC 

(1 µg/ml) 

%T>MIC 

(2 µg/ml) 

%T>MIC 

(4 µg/ml) 

%T>MIC 

(8 µg/ml) 
No. doses/day 

8 96.68 82.30 67.93 53.55 3 

12 64.45 54.87 45.29 35.70
 N.A.

 2 

τ: Time interval; %T > MIC: Percentage of time over the minimum inhibitory concentration; N.A.: Not applicable (T > MIC is below 45 %). No: 

Number 

 
Table 4. Comparison across different studies of Ceftazidime pharmacokinetics in dogs (IV Bolus) 

Study Avg. Wt. (Kg) VDss (L/kg) t1/2 (h) AUC (μg.h/ml) CL (L/kg/h) 

Matsui et al. (1984) 12.4 0.218 0.81 93 0.215 

Kita et al. (1992) 10.5 0.210 0.86 105 0.192 

Sakamoto et al. (1993) 11.0 0.353 1.09 89 0.228 

Monfrinotti et al. (2010) 15.6 0.206 1.02 126 0.159 

Papich et al. (2022) 11.2 0.171 0.95 142.4 0.176 

Average  12.14 0.232 0.95 111.08 0.194 

Present study 19.1 0.189 1.15 120.01 0.166 

Avg. wt.: Average weight; Vdss, Volume of distribution at steady state; t1/2: Elimination half-life; AUC: Area under the curve; Cl: Total body 

clearance 

 
DISCUSSION 

 

The accuracy of the assay of drug analysis, determined by the limit of quantification (LOQ), was higher than what the 

was quantified in the current study. This issue, known as data below the limit of quantification (BLOQ),  is typically 

managed by discarding values below LOQ (Barnett et al., 2021).  

The current study found that the volume of distribution at steady state (VDss), the area under the curve (AUC), and 

the drug clearance (Cl) values of ceftazidime were within the range as reported in previous studies. However, the half-

life observed in this study was slightly longer than that reported in most previous research (Matsui et al., 1984; Kita et 

al., 1992; Sakamoto et al., 1993; Monfrinotti et al., 2010; Papich et al., 2022). 

The half-life correlates proportionally to the volume of distribution and inversely to the clearance (Smith et al., 

2018). In the current study, the clearance was lower than the average reported in previous studies (Matsui et al., 1984; 

Kita et al., 1992; Sakamoto et al., 1993; Monfrinotti et al., 2010; Papich et al., 2022), which may explain the moderately 

long half-life of ceftazidime (Lieberman and Murti Vemuri, 2015). According to the obtained data, the observed 

difference could be attributed to the marginally greater body weight of the dogs in the current study in comparison to 

those in earlier research (Table 4). The increment in the body weight linearly increases the volume of the distribution and 

extends the half-life as denoted previously in other beta-lactams such as aminopenicillins (Lashev and Pashov, 1992), 

and subsequently slow elimination (Zamboni et al., 2023).  

The PK/PD integration results from this study align with most dosage regimens recommended by different texts 

(Grayson et al., 2017; Riviere and Papich, 2018; Papich, 2020). Specifically, the authors of this study suggest a dosage 

regimen of 20 mg /kg q12 hours of ceftazidime for susceptible Enterobacterales (MIC ≤ 4 µg/ml) and a dosage regimen 

of 20 mg /kg q8 hours of ceftazidime for susceptible Pseudomonas aeruginosa (MIC ≤ 8 µg/ml). This suggestion is 

based on the conclusion of Muller et. al. (2013) who recommend a 45 % time over MIC ratio for ceftazidime to achieve a 

favorable bactericidal effect against gram-negative microbes (Muller et al., 2013). 

 

CONCLUSION 

 

The pharmacokinetics of ceftazidime in the local Mongrel dogs used as a model in this study were comparable to the 

mean of those observed in Beagle dogs in similar studies, except for a slightly longer half-life. This finding may be 

attributed to the larger average body weight of the dogs in the current study, which could impact the recommended 

dosage regimen of 25 mg/kg q8 hours for ceftazidime in dogs as suggested by veterinary texts. However, the dosage 
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regimen suggested in the current study still requires further validation due to the small sample size used, which was 

limited by ethical considerations, and the lack of multiple statistical simulations.  
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ABSTRACT 

Canine parvovirus (CPV) infection is still common among dogs, leading to severe disease with high mortality. The 

potential of a local isolate of CPV as an effective vaccine to prevent the disease warrants investigation. This study 

aimed to determine the antibody response in mice against a Bali isolate of CPV propagated in the Madin-Darby 

Canine Kidney (MDCK) cell culture. The virus was purified using polyethylene glycol (PEG)-6000 and mixed with 

an Aluminum hydroxide adjuvant. Fifteen 7-week female mice were divided into three treatment groups: treatment 

group 1 (PEG-purified virus and Adjuvant), treatment group 2 (crude unpurified virus and adjuvant), and treatment 

group 3 (adjuvant without virus), with five replicates per group. The Bali isolate of CPV was successfully replicated 

in MDCK cells, achieving a titer of 210-211 hemagglutination (HA) units after eight serial passages through the cell 

culture. The virus was confirmed as CPV by immunocytochemistry test using a monoclonal antibody and 

hemagglutination inhibition (HI) test using chicken anti-CPV polyclonal antibody. Following the first immunization, 

the antibody endpoint titer in mice immunized with PEG-purified CPV (5.6) was significantly higher than those 

immunized with crude unpurified CPV (4.2) and adjuvant without CPV (1.4). Similarly, after the second 

immunization, the antibody endpoint titer in mice immunized with PEG-purified CPV (7.6) also remained 

significantly higher than those immunized with crude unpurified CPV (6.4) and adjuvant without CPV (0.8). 

Significant increases in antibody endpoint titer were observed after the second immunization in mice immunized 

with PEG-purified CPV and crude unpurified CPV, but not in those given adjuvant without CPV. The Bali isolate of 

CPV propagated in MDCK cell culture induced a robust antibody response in mice, suggesting it’s a potential as an 

alternative vaccine candidate for preventing CPV infection in dogs. 

Keywords: Bali, Canine parvovirus, Madin-Darby Canine Kidney, Mice, Vaccine 

O
R

IG
IN

A
L

 A
R

T
IC

L
E

  

R
eceiv

ed
: Ju

n
e 2

6
, 2

0
2
4
 

R
ev

ised
: Ju

ly
 1

7
, 2

0
2

4
 

A
ccep

ted
: A

u
g
u

st 1
9

, 2
0
2

4
 

P
u

b
lish

ed
: S

ep
tem

b
er 2

5
, 2

0
2
4
 

   

 

INTRODUCTION 

 

Canine parvovirus (CPV) infection in dogs is characterized by severe gastroenteritis with a high mortality rate (Voorhees 

et al., 2019). Persistent vomiting and diarrhea, which can lead to dehydration and damage to intestinal mucosa, are the 

main causes of death in infected dogs (Nandi and Kumar, 2010). Although dogs of all ages can be affected, the disease 

tends to be more serious in puppies compared to adult dogs. In addition, myocarditis, commonly found in young dogs, 

contributes to the fatality of CPV infection (Decaro et al., 2020). The case fatality rate of CPV infection can reach 91% 

in untreated dogs. However, if the disease is treated properly and in the early stage of the disease, its survival rates can 

reach 80-95% (Prittie, 2004: Ling et al., 2012). Effective biosecurity measures, such as disinfection of kennel equipment 

and environments, along with proper vaccination, are essential to prevent CPV infection in dogs (Mazzaferro, 2020). 

Despite the availability of various vaccines, cases of CPV infection remain prevalent among dogs indicating that current 

vaccines do not provide complete prevention (Harelas et al., 2022). 

Vaccination failure appears to be the main factor contributing to the prevalence of CPV infection among dogs in 

Indonesia (Harelas et al., 2022). Such failure can be due to different variants of CPV field isolate with virus strain used 

for preparation of vaccine, high titer of maternal antibody at the time of vaccination, and the low potency of available 

vaccines, which fail to induce protective immunity in dogs. The presence of antigenic variants among CPV isolates has 

been widely reported (Alexis et al., 2021; Maganga et al., 2023). The antigenic disparity between field isolates and CPV 

vaccine has long been under investigation, with combo vaccines consisting of both local isolates and classical CPV 

strains showing improved protection rates against field CPV isolates (Mittal et al., 2014; Woolford et al., 2017). Previous 

studies have also demonstrated that anti-CPV antibodies neutralize the homologous type of CPV in a much higher titer 

than the heterologous type of the virus (Cavalli et al., 2008; Kour et al., 2023), indicating that vaccines prepared using 

local isolates are likely to induce better protection against local wild-type CPV. 

Two main CPV types (CPV-1 and CPV-2) have been identified, each comprising several subtypes based on their 

genetic, antigenic, and pathogenic characteristics in dogs (Decaro and Buonavoglia, 2012). However, CPV-2 is more 
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heterogenous and includes many variants, such as CPV2a, CPV2b, and CPV2c (Decaro et al., 2020; Maganga et al., 

2023). Mutation in the gene encoding for its major viral protein 2 (VP2) has contributed to the presence of new CPV 

variants in the fields (Alexis et al., 2021). The CPV vaccines available for vaccination of dogs are generally prepared 

using original CPV-2. It is possible then that the vaccine is not capable of inducing a fully protective immune response 

against CPV infection when new CPV variants are present in the field (Decaro et al., 2020).  

Exploration of novel CPV strains in Indonesia has not yet been conducted. However, several CPV variants have 

been identified in Asia, such as CPV-2a in China (Zhao et al., 2013) and CPV-2b in India (Nandi et al., 2010). An isolate 

of CPV from an infected dog in Bali was confirmed as CPV by polymerase chain reaction (PCR). This Bali isolate of 

CPV replicates effectively in Madin-Darby Canine Kidney (MDCK) cell culture and yields a high titer after eight serial 

passages. The present study was therefore conducted to evaluate this virus isolate for its potential use as a vaccine 

candidate to control CPV infection in dogs.  

 

MATERIALS AND METHODS 

 

Ethical approval 

The current study was approved by the Animal Ethics Committees of the Faculty of Veterinary Medicine, Udayana 

University, Indonesia with the Animal Ethics Approval Certificate number: B/282/UN14.2.9/PT.01.04/20023.  

 

Virus and cells 

The virus used in the present study was isolated from a deceased Bali dog exhibiting signs of gastroenteritis. The 

dog was submitted for necropsy to the Veterinary Pathology Laboratory by a co-assistant student during his co-

assistantship in the Veterinary Pathobiology Department (registration number: Koas/409/2021). Following necropsy, 

specimens, such as feces, organs, and blood were collected and sent to the Veterinary Virology Laboratory, Faculty of 

Veterinary Medicine, Udayana University, Indonesia for confirmatory PCR testing. The dog was recorded in the student 

report as a positive case of CPV infection. Organ samples, including the intestine, liver, and spleen were processed and 

used as inoculum for MDCK cells. The MDCK cells were obtained from Veterinary Investigation Center Regional II, 

Bukittinggi, West Sumatera, Indonesia. 

 

Adaptation and propagation of canine parvovirus in Madin-Darby canine kidney cell culture 

The propagation of the Bali isolate of CPV in MDCK cell culture was carried out as explained in the following 

steps. Organs such as the intestines, spleen, and liver were collected from the infected dog and homogenized in a mortar 

to prepare 20% organ suspension in serum-free cell culture media. After centrifugation at 3000 x g for 10 minutes, the 

supernatant fluid was collected, filtered through 0.2 µm syringe filter, and used as inoculum for MDCK cells. The 

MDCK cell cultures, grown in minimum essential medium (MEM) with 5% fetal bovine serum (FBS) (Thermo-Fisher 

Scientific, Waltham, Massachusetts, USA) at approximately 70% confluency, were prepared in 25 cm
2
 tissue culture 

flasks. The medium was discarded and the cells were inoculated with 1 ml of the prepared inoculum. After incubation for 

90 minutes at 37
o
C, the inoculum was discarded and replaced with MEM containing 3% FBS. The cells were incubated 

at 37
o
C for 7-8 days until clear cytopathic effects were observed. The infected cells underwent three freezing and 

thawing steps (Parthiban et al., 2011). The cells and the medium were collected in a 15 ml centrifuge tube and 

centrifuged at 5000 x for 10 minutes.   

 

Titration and identification of canine parvovirus by hemagglutination and hemagglutination inhibition test 

The titer of CPV in the infected MDCK cells was determined by hemagglutination (HA) test. Following the 

processing of CPV-infected MDCK cells, the CPV titer was assessed using the HA test, and the virus was subsequently 

identified using hemagglutination inhibition (HI) test (Cavalli et al., 2008). For the titration of CPV, 50 µl supernatant 

fluid was subjected to serial two-fold dilution with phosphate buffered saline (PBS: pH 6.8) in 96-well V-bottomed 

microtitration plates. Fifty µl of 0.5% porcine red blood cells in PBS was added to each well and incubated overnight at 

4
o
C. Normal uninfected MDCK cell culture medium was used as a negative control. A well-characterized CPV isolate 

published by Suartini et al. (2014) was used as a positive control. The HA titer of CPV was expressed as the antilog of 

the highest virus dilution capable of completely hemagglutinating 0.5% porcine red blood cells. To identify CPV, the HI 

test was performed. A serial two-fold dilution of chicken anti-CPV antibody in PBS (pH 6.8) was performed in 96-well 

V-bottomed microtitration plates (Suartini et al., 2014). Twenty-five µl of each antibody dilution was mixed with 25 µl 

CPV containing 8 HA units in each well and incubated for one hour at room temperature. Fifty µl of 0.5% porcine red 

blood cells in PBS was then added to each well and incubated at 4
o
C overnight. The virus isolate was confirmed as CPV 

if the antibody inhibited the hemagglutination of porcine red blood cells by the virus. 
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Detection of canine parvovirus replication in Madin-Darby canine kidney cells 

Replication of CPV in MDCK cell culture was detected by immunocytochemistry (ICC) following a similar but 

modified procedure based on Astawa et al. (2018). The MDCK cells grown in 24-well plates at approximately 70% 

confluency were inoculated with CPV at 1 MOI (multiplicity of infection). Normal uninfected MDCK cells were used as 

a negative control. After three days of incubation at 37
o
C, the supernatant medium was removed and the cells were fixed 

with cold 80% acetone in PBS for 30 minutes at -20
o
C. The acetone was then removed and the cells were treated with 

3% H2O2 for 20 minutes. Subsequently, 200 µl of anti-CPV monoclonal antibody (Santa Cruz, sc-57961, Texas, USA) 

diluted 1:100 in Da Vinci Green antibody diluent (Biocare Medical, Pacheco, USA) was added to each well. Following 

incubation for 1 hour at room temperature, the cells were washed twice with Phosphate-buffered Saline-Tween (PBS-T: 

PBS with 0.5% tween 20. pH 7.4) and 200 µl of Histofine Simple Max PO (multi) (Nichirei Biosciences INC, Tokyo, 

Japan) was added. Following another hour of incubation at room temperature, the cells were washed five times as 

described above and 200 µl of 4-chloro-1-naphthol substrate solution (Thermo-Fisher Scientific, Waltham, 

Massachusetts, USA) was added. CPV-infected cells were identified by the presence of dark blue-purple precipitate, 

mainly in the nuclei of the infected cells (Ulyashova et al., 2011). 

 

Preparation of virus for immunization of mice 

Several flasks of MDCK cells at approximately 80% confluency were infected with CPV. Seven days after 

infection, the infected cells underwent four freeze-thaw cycles. The infected cell culture was then centrifuged at 5000 x g 

for 5 minutes. The supernatant was collected and used as a virus stock for the immunization of mice. The virus titer was 

then determined by the HA test and confirmed again by the HI test. For the preparation of PEG-purified CPV, the same 

method described below for ELISA antigens was used. The virus was inactivated with binary ethylenimine (BEI) and 

mixed with Alum Alhydrogel adjuvant (Thermo-Fisher Scientific, Waltham, Massachusetts, USA) in a 50:50 ratio of 

virus to adjuvant. 

 

Inactivation of virus 

The virus was inactivated using binary ethylenimine (BEI) according to the methods described by Mondal et al. 

(2005) and Elbagory et al. (2021). The BEI solution was prepared by dissolving 0.6 M of 2-bromoethylamine 

hydrobromide (BEA) in 0.5 M of sodium hydroxide (NaOH) and incubation at 37
o
C for 1 hour to convert BEA into BEI. 

The resulting BEI was mixed with the virus stock at a final BEI concentration of 0.03 M. After incubation for 30 hours at 

room temperature, 2% sodium thiosulfate (Na2S2O3) was added to neutralize the BEI in the virus stock. 

 

Immunization of mice 

A total of 15 female mice, aged seven weeks with an average body weight of 20 grams, were used in the present 

study. They were divided into three treatment groups included treatment group 1 (PEG-purified CPV + adjuvant), 

treatment group 2 (crude CPV + adjuvant), and treatment group 3 (adjuvant without virus), five 5 mice in each group. 

Each mouse was immunized twice with 0.2 ml of vaccine at two-week intervals. Approximately 200 µl blood was 

collected from the orbital vein 10 days after each vaccination and incubated for 2 hours at room temperature. After 

centrifugation at 1000 x g for 5 minutes, serum was collected in 1.5 ml Eppendorf tubes and stored at -20
o
C until use. 

The titer of anti-CPV antibody in mouse serum was determined by enzyme-linked immunosorbent assay (ELISA) test. 

 

Titration of antibody by enzyme-linked immunosorbent assay 

The antigen for the ELISA test was prepared using CPV grown in MDCK cell culture as described above. The 

virus was purified by using polyethylene glycol (PEG) and sodium chloride (NaCl) precipitation method (Boisvert et al., 

2010). On day 8 post-infection, the cells were freeze-thawed 4 times, after which chloroform was added at a ratio of 1 ml 

chloroform to 9 ml infected cell stock. The mixture was vortexed and centrifuged at 10,000 x for 30 minutes. The 

supernatant was collected and the virus in the supernatant was precipitated by adding 7.5% PEG 6000 and 1.5 M NaCl 

(final concentration) for 16 hours at 4°C with shaking. The mixture was then centrifuged at 15,000 x for 45 minutes at 

4°C. The pellet was diluted with 5 ml of 10 mM Tris-HCl (pH 7.5) and dialyzed overnight against the same buffer. 

Checkerboard titration was then conducted to determine the optimal dilution of the PEG-purified CPV for use in the 

ELISA test. The purified virus was then used as an antigen for the ELISA test at the dilution of 1:100 in the coating 

buffer. 

Each well of 96-well ELISA microplates was coated with 100 ul purified parvovirus antigen diluted 1:100 in 

coating buffer (0.05 M Carbonate-Bicarbonate, pH 9.6) at 4
o
C for 18 hours. After washing twice with PBS, each well 

was blocked with 200 µl of 5% skim milk diluted in PBS and left at 37
o
C for 1 hour. Serial two-fold dilutions of mice 

sera, starting at 1:100, were prepared in PBS-T containing 2% skim milk (Oxoid, Hampshire, UK). Additionally, each 

well received 100 ul of sera samples from each dilution, followed by a 1-hour incubation at 37
o
C. Three normal mouse 
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sera samples were also prepared to calculate the cutoff value. The microplate wells were then washed three times and 

100 ul of anti-mouse IgG-HRP (Thermo-Fisher Scientific, Waltham, Massachusetts, USA) diluted 1:2000 in PBS-T 

containing 3% skim milk was added into each well. The microplate was incubated for one more hour at 37
o
C. Following 

five washes with PBS-T, 100 µl of TMB (3,3’, 5,5’-Tetramethylbenzidine) substrate (Thermo-Fisher Scientific, 

Waltham, Massachusetts, USA) was added to each well.  After incubation for 15 minutes at 37
o
C, 50 µl of stop solution (2 

N H2SO4) was added to each well. 

The absorbance values of the substrate in microplate wells were then determined using an ELISA reader with a 450 

nm filter (BioTek ELX800 Microplate reader, Cole-Palmer, Illinois City, USA). The cutoff point value was calculated 

by adding three standard deviations (SDs) to the average optical density (OD) value of 3 negative samples run on the 

ELISA (Larsen et al., 2021).  This cutoff value was then used to determine the dilution endpoint antibody in each serum 

sample. Given that each serum sample was diluted in a serial two-fold dilution starting at 1:100, the dilution endpoint of 

each serum sample was determined as 1/100 × 2
x
, where x is log2 of serum dilution. The antibody endpoint titer is 

defined as the reciprocal of the highest dilution of a serum that gives a reading above the cutoff value (Makarova et al., 

2011). The antibody endpoint titer was determined by utilizing the dilution endpoint as 100 × 2
x
, where x is log2 of 

antibody dilution. In the current study, the antibody endpoint titer was expressed as the antilog2 of the dilution endpoint 

using 1:100 dilution as the starting point. 

 

Statistical analysis 

Antibody titers were analyzed using one-way ANOVA and Tukey’s multiple comparisons tests to determine the 

significant differences among treatment groups, utilizing SPSS v.23 (Armonk, NY, USA: IBM Corp). A p-value less 

than 0.05 was considered statistically significant. 

 
RESULTS  

 

Growth characteristics of canine parvovirus in Madin-Darby canine kidney cells 

The replication of CPV in MDCK cells was characterized by cytopathic effects (CPEs), observable at day 4 post-

infection and becoming more evident after day 6 post-infection. Optimum CPEs were observed at day 7 post-infection, 

although not all MDCK cells died due to Canine parvovirus infection. The CPEs in MDCK cells induced by Canine 

parvovirus infection were characterized by the detachment of cells from the walls of the flasks (Figure 1). Other forms of 

CPE such as syncytium were not observed in MDCK cells infected with the Bali isolate of CPV. The initial titer of CPV 

grown in MDCK cells was 2
8
 and increased gradually following several passages in MDCK cells. After passage 8, the 

HA titer of the virus reached 2
11 

HA units (Table 1). 

 

 
Figure 1. Cytopathic effects induced by canine parvovirus infection in Madin-Darby Canine Kidney cell culture. A: 

Normal MDCK cells,  B: CPV-infected MDCK cells. Cytopathic effects are characterized by detaching cells from the surface flask where 

the cells were grown (arrow). 
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Table 1. Titers of the Bali isolate of canine parvovirus following passages in Madin-Darby Canine Kidney cell culture 

Passage 1 Passage 2 Passage 4 Passage 6 Passage 8 

2
8
 HA units 2

9
 HA units 2

9
 HA units 2

9.5
 HA units 2

11
 HA units 

HA: Hemagglutination 

 

Evidence for the replication of canine parvovirus in Madin-Darby Canine kidney cells 

The replication of the CPV Bali isolate in MDCK cell culture was further confirmed by an immunocytochemistry 

test using an anti-CPV monoclonal antibody as a detection antibody. CPV-infected MDCK cells were visible as dark 

blue-purple stains, predominantly in the nuclei and, to a lesser extent, in the cytoplasm of the infected cells. In contrast, 

uninfected cells appeared as unstained cells in the nuclei and cytoplasm of the cells (Figure 2). Approximately 40% of 

cells were infected by day 3 post-infection. Further evidence for CPV replication in MDCK cells was obtained using an 

HI test by chicken anti-CPV antibody. As it is shown in Figure 3, the anti-CPV antibody was capable of inhibiting CPV 

to hemagglutinate porcine red blood cells at the antibody titer of titer 2
 2
 HI units (Figure 3). 

 

 
Figure 2.  Madin-Darby Canine Kidney cells Infected with CPV at day 3, detected by immunocytochemistry using a 

monoclonal antibody against CPV. A: Infected cells appear bluish purple mainly in the nuclei and, to a lesser extent, in the 

cytoplasm (arrow), B: Uninfected cells. 

 
Figure 3. Inhibition of porcine red blood cell hemagglutination by chicken anti-CPV antibody. Inhibition of 

hemagglutination is indicated by settling porcine red blood cells at the bottom of a V-shaped microtitration plate (arrow). 

 

Antibody response of mice against inactivated Canine parvovirus antigen 

Sera from mice were analyzed for anti-CPV antibodies following the first (primary) and the second (booster) 

immunizations. The average dilution endpoints of 5 serum samples after the first immunization were 1/100 × 2
5.6

, 1/100 

× 2
4.2

, and 1/100 × 2
1.4

 for PEG-purified CPV, crude unpurified CPV, and adjuvant without CPV, respectively (Figure 4). 
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Following the second immunization, dilution endpoints of those samples were 1/100 × 2
7.6

, 1/100 × 2
6.2

, and 1/100 × 2
0.8

 

for PEG-purified CPV, crude unpurified CPV, and adjuvant without CPV, respectively (Figure 5). The endpoint titers of 

anti-CPV antibody were expressed as the antilog2 of the dilution endpoints (antilog 1/100 × 2
x
). Following the first 

immunization, the antibody endpoint titer of the mice immunized with PEG-purified CPV (5.6) was significantly higher 

than those of the mice immunized with crude-unpurified CPV (4.2) and adjuvant without CPV (1.4) (p < 0.05). After the 

second immunization, the antibody endpoint titer of the mice immunized with PEG-purified CPV (7.6) remained 

significantly higher than those of the mice immunized with crude unpurified CPV (6.4) and adjuvant without CPV (0.8) 

(p < 0.05). A significant increase in antibody endpoint titers was observed after the second immunization compared to 

the first (p < 0.05), with notable enhancement in the mice immunized with PEG-purified CPV and crude unpurified 

CPV, but not in those immunized with adjuvant without CPV (Figure 6). 

 

 
Figure 4. Dilution endpoints of mouse serum samples following the first immunization with CPV antigen determined by 

the ELISA test. PEG: Immunized with PEG-purified CPV antigen, CRUDE: Immunized with crude unpurified CPV-antigen, and 

PLACEBO: Immunized with PBS without CPV antigen 

 

 

 
Figure 5. Dilution endpoint of mice sera samples following second immunization with CPV antigen examined by 

ELISA test.  PEG: Immunized with PEG-purified CPV antigen, CRUDE: Immunized with crude unpurified CPV-antigen, 

PLACEBO: Immunized with PBS without CPV antigen. 
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Figure 6. Antibody endpoint titers of mouse serum samples following the first and second immunizations with CPV 

antigens. PEG: Immunized with PEG-purified CPV antigen, CRUDE: Immunized with crude unpurified CPV-antigen, and 

PLACEBO: Immunized with PBS without CPV antigen 

 
DISCUSSION 

 

Madin-Darby Canine Kidney (MDCK) cells are epithelial mammalian cell lines derived from dog kidneys. They have 

been widely used in various studies including viral infections, cell stress responses, and vaccine production. These cells 

have undergone an immortalization process, allowing them to grow unlimitedly in culture (Capellini et al., 2020). 

MDCK cells were initially designed for the production of influenza virus vaccine (WHO, 1995). They have been widely 

used to propagate many viruses such as influenza virus (Kim et al., 2018; Wu et al., 2020; 2021) and Canine parvovirus 

(Kaur et al., 2015; Sharma et al., 2016).  

In the present study, the Bali isolate of CPV efficiently replicated in MDCK cells, inducing clear cytopathic effects 

characterized by cell rounding and detachment. However, many cells did not detach from the surface of the flasks at day 

7 post-infection, indicating that some cells may have developed insensitivity to CPV infection. This phenomenon is also 

observed in other viruses grown in MDCK cell culture. In the influenza virus, for instance, re-cloning MDCK cells from 

a single cell has shown to enhance their sensitivity to influenza virus infection (Zinnecker et al., 2024). Similarly, 

obtaining cells with heightened sensitivity to CPV infection may necessitate the re-cloning of MDCK cells from a single 

cell. Previous studies have demonstrated that CPV replicates in MDCK cell cultures (Kaur et al., 2015; Sharma et al., 

2016). However, virus replication in MDCK cell cultures is generally less efficient compared to Crandell-Rees Feline 

Kidney (CrFK) cell culture (Jaune et al., 2019). Therefore, the use of MDCK cells to produce CPV vaccine has not been 

reported. Researches by Hyeon et al.  (2023) and Dai et al. (2020) indicated that CPV is more adaptable to replicate in 

CrFK cells as compared to the same in MDCK cells. Consequently, when CPV is replicated in MDCK cells, the 

resulting titer is typically lower than that achieved in CrFK cells.  

The reason is not known why CrFK cells are more sensitive to CPV infection compared to MDCK cells. Whereas 

MDCK cells were initially designed for the propagation and production of the influenza virus vaccine (WHO, 1995), 

CrFK cells were initially used for the isolation and production of the feline virus vaccine (Lappin et al., 2005). CrFK 

cells have been shown to be highly sensitive to CPV infection (Parthiban et al., 2011: Hyeon et al., 2023). This suggests 

that while MDCK cell clones are more suitable for influenza viruses as compared with CPV, CrFK clones are more so 

for both feline and Canine viruses.  

The titer of CPV propagated in MDCK cells was assessed using the HA test. The test is a simple and widely-used 

method to determine the titer of CPV in fecal and tissue samples of infected dogs. However, the test is less reliable when 

there are high levels of non-specific hemagglutinating factors in the samples (Nandi et al., 2019). The results of present 

study showed that the HA titer of the Bali isolate of CPV propagated in MDCK cells was comparable to the titer of CPV 

propagated in CrFK cells. In the previous studies, the HA titers of CPV obtained from infected CrFK cells at passage 

three varied from 2
6
 to 2

11
 HA units (Parthiban et al., 2011: Hyeon et al., 2023). Additionally, the results of the present 

study indicated that serial passages in MDCK cells increased the titer of the virus in MDCK cells. A report detailing the 

methods by which passages can enhance CPV titer in MDCK cells is currently unavailable. However, in the influenza 
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virus, serial passages can increase the titers of the influenza virus adapted to grow in MDCK cells. Generally, after a 

series of passages, a stable titer of the influenza virus was obtained after three passages in MDCK cells, and a high titer 

of the virus was obtained after passage 20 (Genzel et al., 2010). A similar phenomenon appeared in CPV adapted to 

grow in MDCK cells and a higher titer of the Bali isolate of CPV might be obtained after further passages.  

Evidence supporting the replication of the Bali CPV isolates in MDCK cells was shown by the 

immunocytochemistry test. This test, which detects the viral antigen in cells, has widely been used for the detection of 

virus replication in infected cell cultures. The test is simple and very useful to detect the virus in cell cultures when CPEs 

are not present, as seen with rabies virus replication in BHK-21 cells (Astawa et al., 2018). The results of the present 

study showed that CPV replication was characterized by the presence of viral antigens predominantly in the nuclei and, 

to a lesser extent, in the cytoplasm of infected cells (Figure 3). It was clear that by day three, some 40% of cells seemed 

to have been infected. Parvovirus is a small DNA virus that replicates in nuclei of infected cells and the presence of CPV 

antigen in the nuclei of MDCK cells provides further evidence for viral replication in the cells (Mattola et al., 2022). 

However, the process of virus replication and the synthesis of viral proteins takes place in the cytoplasm of cells 

(Mäntylä et al., 2020), matching with the ICC test that the CPV protein was also detected in the cytoplasm of the infected 

cells. 

The replication of the Bali isolate of CPV in MDCK cells was also confirmed by the HI test in which chicken anti-

CPV IgY could inhibit the virus to hemagglutinate porcine red blood cells (Figure 5). The HI test is commonly used to 

detect anti-CPV antibodies in the serum of vaccinated dogs (Cavalli et al., 2020). and can also be employed to detect the 

presence of CPV in the suspected samples, such as feces and tissues from infected dogs (Nandi and Kumar, 2010). It is 

important to note that the HA test may be affected by non-specific hemagglutinating factors, particularly when using 

serum as the antibody source, which can interfere with test results (Cavalli et al., 2021).  

Active attenuated CPV vaccines are generally considered more effective and efficient in inducing a protective 

immune response in dogs. However, inactivated CPV vaccines still remain in use and BEI is a viral inactivating agent 

commonly used for the preparation of inactive vaccines (Hasan et al., 2017; Elbagory et al., 2021). The use of BEI-

inactivated CPV for preparation of vaccine has been reported in previous studies. Previous studies have reported that 

BEI-inactivated CPV can induce antibody response in puppies (Elbagory et al., 2021). Similarly, it was found in this 

study that the BEI-inactivated Bali isolate of CPV induces antibody response in mice. Nevertheless, there is a need to 

further boost the virus concentration to improve the immune response. The current study clearly indicated that the virus 

concentration was elevated by PEG-precipitation of CPV, leading to a higher antibody titer in mice. Instances of using 

PEG as a precipitating agent for concentrating viruses such as infectious bursal disease virus (Leong et al., 2023), and 

SARS-CoV-2 have been widely reported (Lucansky et al., 2023).     

 Vaccines, whether active attenuated or inactivated, are available to prevent CPV infection in dogs (Hedgespeth 

and Fogle, 2021). The present study evaluated a local CPV isolate inactivated with BEI as a potential vaccine candidate. 

Since a local and virulent virus provides a vaccine with better antigenic homology to the field virus, utilizing the 

inactivated virus as a vaccine is preferable. For example, during the foot-and-mouth disease outbreaks in Pakistan, the 

vaccine to control the disease was prepared using inactivated local isolate propagated in adherent BHK-21 cell culture 

(Razak et al., 2023). The ability of local CPV isolate to induce immune response in mice indicates that this isolate holds 

promise as a candidate for developing a vaccine to control CPV infection in dogs.  

 
CONCLUSION 

 

The Bali isolate of CPV was able to grow in MDCK cell culture reaching the HA titer of 2
11

 HA units after 8 passages. 

The virus was confirmed as Canine parvovirus both by immunocytochemistry test using monoclonal antibody against 

CPV and by hemagglutination inhibition test using chicken anti-CPV antibody. The Bali isolate of CPV induced 

antibody response in mice with the highest response observed using PEG-purified CPV antigen compared to crude-

unpurified CPV antigen. However, as this is an initial stage of vaccine development, further research is necessary to 

explore its potential for use as a vaccine, possibly using dogs as experimental animals instead of mice. In addition, it 

appeared that further passages of the virus in MDCK cells are still required to increase the titer of the virus obtained 

from infected MDCK cell cultures. 
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ABSTRACT 

The manipulation of follicular waves through hormonal treatments, such as estrogen administration, plays a crucial 

role in optimizing in-vivo oocyte collection for assisted reproductive technologies. The present study aimed to 

evaluate the effect of two specific types of estrogen on follicular wave dynamics and their impact on in-vivo oocyte 

collection in Brown Swiss cows. Fourteen cows, in their first lactation, weighing approximately 340 kg were 

randomly assigned to one of two treatments including T1 (estradiol cypionate) and T2 (estradiol benzoate). Both 

treatments were administered at 1.2 mg of estrogen, at day 0 of the experiment. All Brown Swiss cows were 

provided with a diet entirely consisting of alfalfa grazing. On day 7, follicular wave dynamics were assessed using a 

DP-50 vet ultrasound device equipped with a 7.5 MHz transducer for transvaginal follicular aspiration guidance. 

Follicle counts were categorized into three size ranges including 2-4 mm (small), 4-8 mm (medium), and greater 

than 8 mm (large). Additionally, the quantity and quality (viable oocytes) of the collected oocytes were evaluated by 

the Ovum Pick Up (OPU) team for oocyte viability on day 7. The study assessed the follicular dynamics (number of 

follicles) and efficiency of oocyte collection (viable oocytes) in cows treated with Estradiol Cypionate (T1) and 

Estradiol Benzoate (T2). The average number of small, medium-sized, and large follicles size were 6.048 ± 6.037, 

3.16 ± 2.01, and 0.53 ± 0.67 respectively. The total number of follicles was 9.59 ± 3.56. The mean number of viable 

oocytes recovered was 3.024 ± 1.66, while the mean number of non-viable oocytes was 1.47 ± 1.01. The results 

indicated no significant differences between treatments in the size of small, medium, and large follicles, nor in the 

total number of follicles and viable oocytes recovered. However, a significant difference was observed in the 

number of non-viable oocytes recovered, with a higher mean in T2 (1.86) compared to T1 (1.09). The results 

indicated an adequate follicular response and viable oocyte recovery in both treatment groups (estradiol cypionate 

and estradiol benzoate). However, variations in oocyte viability were observed, with estradiol cypionate showing a 

slight advantage.  
 

Keywords: Follicle count, Follicular wave dynamic, Oocyte collection, Transvaginal follicular aspiration 
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INTRODUCTION  

  

The efficient and sustainable production of cattle is a key objective in the global agricultural industry. In the central 

region of Peru, dairy farming primarily revolves around the efforts of local producers, who are at the heart of this 

practice (Estremadoyro et al., 2024). Within this framework, reproductive biotechnology emerges as an essential tool to 

enhance herds' productivity and genetic quality (Dahlen et al., 2014). In-vivo oocyte collection followed by in-vitro 

fertilization has facilitated significant advancements in assisted reproduction, optimizing the selection and proliferation 

of desirable genetic traits (Lonergan and Fair, 2014). Specifically, the manipulation of the follicular wave through 

estrogen administration, including the use of different types of estradiol such as Estradiol Cypionate and Estradiol 

Benzoate, has become a common practice to maximize the efficiency of oocyte collection. These types of estradiol differ 

in their effects on follicular development, with variations in dosage, timing, and duration influencing follicle size 

progression, oocyte maturation, and overall follicular dynamics (Lima et al., 2011). Additionally, cloning has made 

significant strides, allowing the creation of uniform herds with high productivity and disease resistance (Gray et al., 

2020). Genomic selection has revolutionized genetic improvement in livestock by enabling the identification and 

selection of animals with superior genetic traits from an early age (Gutierrez-Reinoso et al., 2021). Genetic editing, 

using technologies, such as CRISPR-Cas9, allows precise modifications in animal DNA to enhance specific traits, 

including increased muscle growth, improved milk production, and enhanced fertility. It also targets disease resistance, 

particularly against common bovine ailments like mastitis, bovine respiratory disease (BRD), and foot-and-mouth 

disease, and improves feed efficiency by optimizing nutrient absorption and reducing methane emissions (Perisse et al., 

2021). 
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Brown Swiss cows, known for their high milk production and adaptability to various environmental conditions, 

represent an excellent candidate for studies in reproductive biotechnology (Baykan and Özcan, 2017). However, the 

physiological response of these cows to different types of estrogens concerning follicular dynamics and in-vivo oocyte 

collection efficiency is not yet fully understood (Mikkola et al., 2020). Understanding these aspects will not only provide 

valuable insights into best practices for estrogen administration to improve reproductive efficiency but also contribute to 

the development of more effective and sustainable reproductive management strategies in bovine livestock (Boneya, 

2021). 

Estrogen plays a crucial role in oocyte collection by influencing follicular wave dynamics, Estradiol Cypionate, 

with its longer half-life, provides a sustained release of estrogen, which leads to more prolonged and controlled 

synchronization of follicular waves (Abdulghani, 2022). Estrogen administration improves synchronization and 

stimulates follicular development in the ovary, promoting the selection, and growth of dominant follicles and thereby 

increasing the number of mature oocytes available for collection. Additionally, estrogen can enhance oocyte quality and 

optimize the hormonal environment, which is essential for efficient and effective in-vivo oocyte collection. Therefore, 

the present study aimed to evaluate the effect of two specific types of estrogen on follicular wave dynamics and their 

impact on in-vivo oocyte collection in Brown Swiss cows. 

  
MATERIALS AND METHODS 

 

Ethical approval 

The Animal Ethics Committee of the Dirección Regional de Agricultura Junín, Perú (LETTER N° 008-GRJ-DRA-

AAC-PERÚ-2023) approved all animal handling procedures employed in this study. 

 

Study area 

The study was carried out at the “Estación Experimental el Mantaro”, Mantaro, Jauja, Junin of Peru (Figure 1). 

Positioned at an elevation of 3,320 meters above sea level, the station experiences average temperatures between 4°C 

and 8°C and receives an annual rainfall of approximately 749 mm (Senamhi, 2023). Due to its strategic placement in the 

Junín region, this station is pivotal for research, offering an in-depth understanding of follicular dynamics in local cattle 

populations.  

 

 
Figure 1. The location of study in country of Peru. Junín region (green color), district of El Mantaro (yellow), place of execution 

 

Animal and distribution 

A total of 14 cows (7 for each group) of an approximate weight of 350 kg and a body condition of 3 (Figure 2a), in 

the first third of lactation, were selected and randomly distributed among the treatments (T1: estradiol cypionate and T2 : 

estradiol benzoate). All of the Brown Swiss breeds were fed 100% alfalfa grazing.  
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Data collection 

Follicular wave  

For both experimental groups, an intravaginal DIB (Bovine intravaginal device), was purchased from Argentina 

(Figure 2b). The first group (T1) received 1.2 mg of Estradiol Benzoate (Estrovet, Montana, Peru) and 0.524 mg of 

Cloprostenol Sodium, was implemented on day “0”, intramuscular route. The second group (T2) received 1.2 mg of 

Estradiol Cypionate and 0.524 mg of Cloprostenol Sodium (Figure 2c), which was implemented on day “0”, one month 

after calving. In both groups, intravaginal ultrasonography was performed on days 0 and 7 to evaluate follicular 

dynamics and follicle growth. For imaging, a DP-50 vet ultrasound of Peru device equipped with a 7.5 MHz transducer 

for transvaginal follicular aspiration guidance (WTA) was used (Figure 2d). Follicle counts were categorized into three 

size ranges including 2-4 mm (small), 4-8 mm (medium), and greater than 8 mm (large, Figure 2e) (Haadsma et al., 

2007). Additionally, the quantity and quality of the collected oocytes were evaluated (Figure 2f). 

 

Oocyte collection by ovum pick-up  

Epidural anesthesia with Xylazine (0.05 mg/kg, LIDOCAINA OVER, PERU) was administered to facilitate the 

manipulation of the ovaries (Lima et al., 2011). Subsequently, the rectum was manually emptied, followed by the 

cleaning and disinfection of the vulva and perineal area (Simões et al., 2021). A transducer was introduced into the 

vagina using a sanitary latex cover. The Ovum Pick-Up (OPU) handle was held in the right hand. Visualization was 

achieved using an ultrasound machine fitted with a transvaginal probe and a 60 cm OPU handle (Figure 2e). A 

disposable puncture needle (18 G, 0.9 x 70 mm) attached to a sterile 50 ml collection tube was then inserted through the 

guide. The OPU setup was completed with a foot-pedal-operated vacuum pump, applying a constant aspiration of 75 mm 

Hg. To observe the follicle sizes, the ovaries were positioned rectally in front of the probe. Before starting the puncture 

session, the system was flushed by aspirating a small amount of collection medium. After aspirating 3-4 follicles, the 

follicular fluid in the aspiration (Figure 2e) needle and collection system was thoroughly washed with washing and 

collection medium (PBS supplemented with sodium heparin, 2.2 IU/ml, and fetal bovine serum, 1%) (Landeo et al., 

2022). 

 

 
Figure 2. Oocyte collection procedure for Brown Swiss cows. Sequence of steps; a: Swiss brown cattle, b: Application of the 

synchronization protocol (estradiol cypionate and estradiol benzoate) to the study cows Brown Swiss, c: Application of anesthetic via 

epidural to the cow, d: Oocyte collection using the Ovum Pick Up technique, e: Oocyte aspiration guide and oocyte collection tube, f: 

Oocyte qualities evaluation (viable oocytes) 

 

Oocyte search and sorting  

After collection, the conical tubes were transported to the laboratory, maintaining the appropriate temperature 

throughout (20 °). The process began using a 100 μm diameter filter to separate the oocytes and cumulus cells from other 

cellular debris and blood. The filtered liquid was transferred to a stereoscopic microscope (LSM-B10 Labtron, Peru) at 

20X magnification to visualize the cumulus-oocyte complexes (COCs). The COCs were observed at 40X magnification 

and evaluated based on their morphology to classify them into four categories including A (surrounded by ≥ 3 layers of 
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cumulus cells with homogeneous cytoplasm), B (oocytes partially surrounded by cumulus cells and irregular cytoplasm), 

C (denuded oocytes), and D (oocytes surrounded by fibrin). Oocytes of grades A and B were defined as viable, while 

those of grades C and D were considered non-viable (Figure 2f). 

 

Statistical analysis 

Normality and homogeneity tests (Shapiro-Wilk) were conducted on the data. Variables that followed a normal 

distribution included follicle size of 2-4 mm, total follicles, and total recovered oocytes; for these variables, T-tests (T-

Student) were performed. However, the variables follicle size of 4-8 mm, size greater than 8 mm, viable oocytes, and 

non-viable oocytes did not meet the normality assumptions, so Mann-Whitney tests were applied. All analyses at a 

confidence level of 95% (p < 0.05), were conducted using R-Studio (Team et al., 2018) using version 4.3.0. 

 
RESULTS AND DISCUSSION  

 

According to Table 1, the following data were reported, the follicle size of 2-4 mm (small) showed an average of 6.048 ± 

6.037 units, with a maximum of 13 follicles; the follicle size of 4-8 mm (medium) presented an average of 3.16 ± 2.01 

units, with a maximum of 8 follicles; and the follicle size greater than 8 mm (large) had an average of 0.53 ± 0.67 units, 

with a maximum of 2 follicles. The average total number of follicles was 9.59 ± 3.56 units, with a maximum of 15. For 

viable recovered oocytes, an average of 3.024 ± 1.66 units was observed, with a minimum of 0 and a maximum of 8. 

Non-viable oocytes had an average of 1.47 ± 1.01 units, ranging from 0 to 4. Finally, the total average number of 

recovered oocytes was 4.5 ± 1.98, with a minimum of 1 and a maximum of 9 (Viable oocyte refers to the oocyte that is 

suitable, oocyte retrieved refers to the number of oocytes retrieved). 

According to Table 2, there are no significant statistical differences between the treatments (T1 and T2). For 

follicle sizes of 2-4 mm, the averages were 5.67 for T1 (Estradiol Cypionate) and 6.43 for T2 (Estradiol Benzoate), 

showing similar results (p > 0.05). Similarly, for follicles sized 4-8 mm, the averages were 3.52 for T1 and 2.81 for T2, 

with no significant statistical differences (p > 0.05). For follicles larger than 8 mm, no significant differences were 

evident (p > 0.05), with averages of 0.66 for T1 and 0.38 for T2. For the total number of follicles, no significant 

differences were found (p > 0.05), with averages of 9.81 for T1 and 9.38 for T2. Similarly, no significant differences 

were found in viable oocytes recovered or the total oocytes recovered (p > 0.05). However, the variable of non-viable 

oocytes recovered caused statistically significant differences, with averages of 1.09 units for T1 and 1.86 units for T2. 

 
Table 1. The mean of follicle sizes and oocyte recovery in the follicular collection of Brown Swiss cows (estradiol 

cypionate and estradiol benzoate) 

Variable Mean SD min max median 

2-4 mm size 

4-8 mm size 

8 mm (Larger size) 

Total follicles 

Viable oocytes recovered 

Non-viable oocytes recovered 

Total oocytes recovered 

6.048 

3.16 

0.53 

9.59 

3.024 

1.47 

4.5 

6.037 

2.01 

0.67 

3.56 

1.66 

1.01 

1.98 

0 

0 

0 

2 

0 

0 

1 

13 

8 

2 

15 

8 

4 

9 

5.5 

3 

0.0 

10 

3 

1 

4 

SD: Standard deviation, Median: Mean value of the data 

 
Table 2. The comparison of the two treatments means’ in follicle sizes and oocyte recovery of follicular collection in 

Brown Swiss cows (estradiol cypionate and estradiol benzoate). 

Variable T1 T2 P-value 

Size 2-4 mm 

Size 4-8 mm 

Larger size 8 mm 

Total follicles 

Viable Oocytes Recovered 

Non-viable Oocytes Recovered 

Total Oocytes Recovered 

5.67a ± 2.99 

3.52a ± 2.14 

0.66a ± 0.73 

9.81a ± 3.41 

3.47a ± 1.94 

1.09a ± 0.94 

4.57a ± 2.08 

6.43a ± 3.75 

2.81a ± 1.87 

0.38a ± 0.58 

9.38a ± 3.79 

2.57a ± 1.20 

1.86b ± 0.96 

4.43a ± 1.91 

0.471T 

0.302M 

0.184M 

0.702T 

0.132M 

0.008M 

0.818T 

a, b Similar letters in the same row indicate similarity (p > 0.05) and different letters imply statistical differences (p < 0.05). T, implies a T-Student test, 

due to its normal distribution. M, implies a Mann-Whitney test, because it does not meet the assumptions of normality; T1: Estradiol cypionate group, 
T: Estradiol benzoate group 
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The obtained results provide information on follicular dynamics and the efficiency of oocyte collection in cows 

(Brown Swiss) treated with different types of estrogens. The follicle size of 2-4 mm (small) showed an average of 6.048 

± 6.037, with a maximum of 13 follicles. This follicle size range is crucial, as it represents follicles in the initial growth 

phase, this range of follicle sizes is critical because it reflects the early growth phase, during which follicles are most 

responsive to hormonal stimulation (Ferst et al., 2020). For follicles sized 4-8 mm (medium), an average of 3.16 ± 2.01 

was observed, with a maximum of 8 follicles. This size range is important because follicles within these dimensions are 

at a more advanced stage of development. At this point, they are nearing the final stages of maturation and are therefore 

more likely to be selected for ovulation. This makes them crucial targets in reproductive protocols, as they have a higher 

potential for yielding viable oocytes, which are essential for successful fertilization and subsequent embryo development. 

Understanding the development of follicles in this size range helps optimize the timing and efficiency of oocyte 

collection procedures (Richard et al., 2024). The variability in follicle size may be influenced by factors such as estrous 

cycle synchronization and the administration of exogenous hormones (Quirino et al., 2020). For follicles larger than 8 

mm, the average was 0.53 ± 0.67 units, with a maximum of 2 follicles. These results are comparable to those reported by 

Gomez-Leon et al. (2023), who found that dominant follicles are usually few but essential for ovulation and subsequent 

fertilization. The lower number of follicles in this category suggests that most follicles are in earlier stages of 

development during the collection process. The average total number of follicles was 9.59 ± 3.56, with a maximum of 

15, indicating a good response to hormonal treatments in terms of follicular recruitment. This finding is consistent with 

Reineri et al. (2023), who observed a similar follicular response in estrogen synchronization protocols in beef cattle. 

Regarding viable recovered oocytes, an average of 3.024 ± 1.66 was observed, with a range of 0 to 8. This result is 

important as viable oocytes are crucial for the success of in vitro fertilization (IVF). Compared to other studies, this 

average is slightly lower than that reported by Zago et al. (2023), who observed higher viable oocyte recovery in 

superovulation protocols in eight Flemish and eight Holstein females. The observed difference may stem from variations 

in study design, including differences in hormone dosages, timing of oocyte collection, and the specific breed of cattle 

used. For non-viable oocytes, the average was 1.47 ± 1.01, with a range of 0 to 4. The proportion of non-viable oocytes 

could be influenced by factors such as the precision of handling during collection and the hormonal conditions within the 

follicular environment, which can significantly impact oocyte quality and viability (Sartori et al., 2023). Finally, the 

average number of oocytes recovered was 4.5 ± 1.98, with a range from 1 to 9. This result is in line with previous studies 

that have reported similar recovery rates in bovine follicular collection protocols, suggesting that the methods used in 

this study are effective and consistent with established practices. The consistency of these findings with existing 

literature reinforces the reliability of the oocyte collection techniques employed and underscores their applicability in 

routine reproductive procedures (Souza-Fabjan et al., 2023). 

 

CONCLUSION  

 

The obtained results demonstrated a similar follicular response and viable oocyte recovery in both treatment groups 

(estradiol cypionate and estradiol benzoate). However, variations in oocyte viability were observed, with estradiol 

cypionate showing a slight advantage. It is suggested that while both estrogens can be effectively used in follicular wave 

programs, estradiol cypionate may offer a marginal improvement in the recovery of viable oocytes. Although the type of 

estrogen used does not appear to significantly affect follicular dynamics in terms of follicle size and number, but it may 

influence oocyte viability, with the use of estradiol cypionate being slightly superior. The findings underscore the 

importance of carefully selecting hormonal agents, considering the specific objectives of the reproductive protocol and 

the individual characteristics of the cattle. Precise selection of hormonal agents can enhance the quality of recovered 

oocytes, thereby increasing the efficiency and success of oocyte collection programs, further studies are suggested to 

explore the long-term effects of different types of estrogens on subsequent fertility and embryo development after oocyte 

retrieval, as well as possible interactions with other reproductive hormones. 
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ABSTRACT 

Stray cats survive by getting food or drink that is available in the environment, correspondingly, stray cats have 

relatively high exposure to antibiotic resistance obtained from resistant bacteria found in the environment. The 

present study was conducted to determine patterns of multidrug resistance and Escherichia coli resistance in stray 

cats. A total of 50 stray cat anal swab samples were taken randomly from the previously recorded stray cat 

population in the Surabaya area, East Java, Indonesia. Samples were brought using buffered peptone water. They 

were cultured on MacConkay Agar differential selective media, and all suspicious colonies of Escherichia coli were 

examined by biochemical tests. Isolates were then identified, and susceptibility testing was performed according to 

the Clinical and Laboratory Standards Institute. The results of the resistance test indicated that the multidrug 

resistance in Escherichia coli bacteria taken from cats was 14.6% (7/48). The high antibiotic resistance of 

Escherichia coli bacteria in stray cats, which were resistant to many drugs, provides an early warning of 

environmental health. Environmental health is closely related to animal and human health, especially antibiotic 

resistance. 
 

Keywords: Antibiotic, Antimicrobial resistance, Escherichia coli, Multidrug resistance, Stray cat 
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INTRODUCTION  

  

Stray cats which inhabit unregulated and open environments, demonstrate a remarkable adaptability, enabling them to 

thrive in diverse settings despite lacking human ownership (Vasileva and McCulloch, 2023). Cats are potentially 

exposed to pathogen infection from the environment (Agustin and Ningtyas, 2022). Previous research by Mauwalan et 

al. (2022) showed the existence of Escherichia coli resistance in an environment in Indonesia. The level of antibiotic 

resistance in the ampicillin 100%, streptomycin 73.3%-86.7%, gentamicin 100%, and kanamycin 33.3%. Pathogen 

contamination is generally caused by the entry of feces, animal waste, and garbage into water bodies, such as the return 

of wastewater into wells and leaky water pipes in dirty areas. Stray cats have a significant potential to interact with such 

environments, triggering the spread of pathogens such as Escherichia coli bacteria (Gargano et al., 2022). Escherichia 

coli is a gram-negative known as a normal flora found naturally in the digestive tract of humans and animals. 

Escherichia coli is considered pathogenic when its concentration surpasses typical levels (Mueller and Tainter, 2023).  

Antibiotic drug use in the animal sector reached 80% (Hosain et al., 2021). The effectiveness of antibiotics against 

some animals, such as cats has decreased currently, this is indicated by an increase in multidrug resistance observed in 

9% of isolated cats (Li et al., 2021). Improper dosage, indications, and antibiotic use can lead to animal resistance 

(Rahman et al., 2022). Antibiotic resistance occurs when bacteria adapt and thrive in an environment exposed to 

antimicrobials, posing a severe threat to public health globally (Salam et al., 2023). Multidrug resistance refers to 

resistance to three or more different groups of antibiotics (Mandal et al., 2022). High levels of multidrug resistance in 

Escherichia coli were detected in healthy and diseased cats, raising concerns about transmission to humans and 

supporting the need for a one-health approach to address the potential threat of cats as a reservoir for AMR (Fayez et al., 

2023).  

Since cats interact with humans, studying antibiotic resistance is crucial whether domestic or stray, facilitating the 

transfer of genes for resistance to the common bacterium Escherichia coli (Li et al., 2021; Fayez et al., 2023). It is 

crucial to determine the resistance levels of Escherichia coli in stray cats to ampicillin, streptomycin, and tetracycline 

due to the significant antibiotic resistance present in the environment. Stray cats are exposed to the environment, which 
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puts them at risk. The present study aimed to determine multidrug resistance Escherichia coli isolated from anal samples 

of stray cats in the North Surabaya region of Indonesia.  

 

MATERIALS AND METHODS 

 

Ethical approval 

All research methods and procedures, along with the utilization of animals, have been approved by the Research 

Ethics Committee, Faculty of Veterinary Medicine, Wijaya Kusuma Surabaya University, Indonesia, with certificate 

number 123-KKE/III/FKH-UWKS/2023. 

 

Sample collection 

In the present cross-sectional study, 50 stray cats, both male and female, were used randomly. Samples were 

collected from North Surabaya, East Java, Indonesia, from March to May 2023. The sample size was taken 

proportionally based on the stray cat population in that district. The samples were collected from five districts in North 

Surabaya, including Bulak (12 samples), Kenjeran (12 samples), Semampir (9 samples), Pabean (11 samples), and 

Krembangan (6 samples). Samples were collected directly by anal swab and incubated buffered peptone water (BPW) in 

cold conditions (4C) to transport to the laboratory for detecting Escherichia coli at the Faculty of Veterinary Medicine 

Laboratory, Wijaya Kusuma University Surabaya, Indonesia. 

 

Isolation and identification 

 The isolation of Escherichia coli was carried out following the Indonesian National Standard, SNI 7388:2009. 

Anal swab samples were incubated in buffered peptone water broth (BPW, Merck, Germany) to enrich Escherichia coli 

in samples. After incubation at 37C for 24 hours, each loop of enrichment broth samples was cultured on MacConkey 

agar (MCA, HiMedia MH081, India) for further incubation at 37C for 24 hours. Escherichia coli colonies were 

subcultured on nutrient agar (NA, Merck, Germany) for further incubation at 37C for 24 hours to check biochemical 

tests. The confirmed Escherichia coli strains are cultured on Triple Sugar Iron Agar (TSIA, HiMedia M021, India) and 

incubated at 37C for 24 hours.  

 

Antimicrobial susceptibility testing 

After identifying Escherichia coli, the Kirby-Bauer agar plate diffusion method was used to test the sensitivity of 

bacteria to antibiotics on Muller Hinton agar (MHA, HiMedia, India). The sensitivity of bacteria to antibiotics was 

evaluated by comparing the results with the CLSI standard (2022). Escherichia coli ATCC 25922 was utilized as a 

quality control, and the findings were then compared with the CLSI standards (2022). The antibiotic discs used in the 

present study included ampicillin (AMP 10μg, Oxoid™), streptomycin (S 10μg, Oxoid™), and tetracycline (TE 30μg, 

Oxoid™).  

 

Data analysis 

 According to the evaluation's post-incubation results, the presence of inhibition zones, namely susceptible, 

intermediate, and resistant, was interpreted according to CLSI guidelines. Data analysis of the current study was carried 

out descriptively (Effendi et al., 2018). 

 

RESULTS AND DISCUSSION 

 

The results of the present study indicated that 48/50 (96%) of the samples tested positive for Escherichia coli from stray 

cats in North Surabaya. The Escherichia coli was isolated from Bulak, Semampir, and Pabean districts at 100%, 

Kenjeran at 91.7%, and Kembangan at 83.3%. Although Escherichia coli bacteria are not pathogenic, these bacteria are 

opportunistic bacteria that can cause pathogens in cats (Núñez-Samudio et al., 2024). The pathogenicity of Escherichia 

coli can be influenced by several predisposing factors, including feed, environment, and the intensity of the pathogen 

strain (EFSA AHAW Panel, et al., 2022; Damborg et al., 2023). Escherichia coli has several pathogenic strains that 

cause diarrhea, namely diarrheagenic Escherichia coli strains, which can produce toxins (Das et al., 2023). Humans and 

cats can be infected by Escherichia coli (Li et al., 2021). Farizqi et al. (2023) have indicated that cats and their owners 

could be infected with dangerous Escherichia coli strains. Despite the absence of symptoms in the cat, it has the potential 

to act as a reservoir or carrier of enterohemorrhagic Escherichia coli in humans (Gargano et al., 2022).  

Antibiotic sensitivity test on positive Escherichia coli isolates was conducted using three different antibiotic 

groups, including beta-lactam (ampicillin), aminoglycoside (streptomycin), and tetracycline group (Tetracycline; Table 
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1). The percentage of isolates exhibiting multidrug resistance in this test was 14.6% (7/48). Based on the tested isolates, 

resistance was observed in all used antibiotic disks, indicating multidrug resistance, as shown in Figure 1. The high 

results of antibiotic resistance were for ampicillin (35.41%), streptomycin (18.75%), and tetracycline (22.92%), 

respectively in North Surabaya that are following previous research which showed resistance to ampicillin (31%) and 

tetracycline (21%) (Gargano et al., 2022). However, the results of this study are higher than previous studies, which 

show in stray cat ampicillin resistance (19%), tetracycline (15%), and streptomycin (8%) (Wibisono et al., 2024). Stray 

cats can develop antibiotic resistance through the environment. The water contaminated with resistant Escherichia coli 

bacteria can be a bridge for the spread of antibiotic resistance in stray cats (Janke et al., 2023). Resistance genes could be 

exchanged between animals and humans, or environmental bacteria (Saraiva et al., 2022). A previous study by Chen et 

al. (2019), reported a significant risk of the spread of resistant Escherichia coli bacteria from pets to humans, and 

consequently using antibiotic in pets should be strictly regulated. 

 

 
Figure 1. Multidrug resistance of Escherichia coli in stray cats. S: Streptomycin, TE: Tetracycline, AMP: Ampicillin 

 

Ampicillin, a beta-lactam antibiotic, has encountered the most significant resistance. Ampicillin is a versatile 

antibiotic that is utilized in the treatment of various infections, including gastrointestinal infections (Kim et al., 2019), 

and urinary tract infections (Kang et al., 2018) is a crucial antibiotic that has been most widely used in humans and 

animals health (Hardiati et al., 2021). Ampicillin, belonging to the aminopenicillin group, is a semisynthetic antibiotic 

that is widely known for its effectiveness against Escherichia coli, the bacterium commonly associated with resistance 

(Monaghan et al., 2021). The agricultural use or contamination of antibiotics directly or indirectly exposes soil, water, 

livestock, and plant foods to these substances (Skandalis et al., 2021). A recent revealed that 57.1% of Escherichia coli 

strains isolated from the wastewater of a hospital in Banda Aceh, Indonesia, exhibited resistance to ampicillin (Anelia et 

al., 2023). The results of sensitivity testing for antibiotics from the tetracycline group (tetracycline) indicated 22.92% 

(11/48). The obtained result was higher than previous research on stray cats in Poland (53%) (Rzewuska et al., 2015). 

The percentage of resistance to the aminoglycoside group in stray cats in the North Surabaya region showed a resistance 

result of 18.75% (9/48). Cats can encounter resistance to the antibiotic streptomycin, as well as resistance to ampicillin 

and tetracycline, from their environment (Fayez et al., 2023). According to Mandal et al. (2022), beta-lactam, 

tetracycline, and aminoglycoside antibiotics are widely used to treat bacterial infections in humans and the livestock 

industry, therefore, an environment polluted by resistant bacteria can spread resistance genes in stray cats. The resistance 

of stray cats to various antibiotics may be attributed to the food they consume or the environment they inhabit. This is 

evident in the high levels of resistance found in the environment and traditional markets where stray cats reside in the 

Northern Surabaya area (Dewi et al., 2023).  

As can be seen in Table 2, according to the resistance pattern, the percentage of positive isolates of Escherichia coli 

exhibiting the highest resistance at a level of 14.6% (7/48), specifically against the antibiotics ampicillin, tetracycline, 

and streptomycin (AMP–TE-S). The resistance pattern of Escherichia coli indicates multidrug resistance. High dosages 

of antibiotics used in the medical field, particularly in the fisheries, for the treatment of humans and animals might lead 

to the emergence of antibiotic-resistant harmful microorganisms. One of the two pathways mentioned below has the 

potential to result in multidrug resistance. Initially, within a single cell, bacteria can accumulate numerous genes 

responsible for drug resistance. Resistance plasmids are often the site of this buildup. Additionally, increased expression 

of genes producing multidrug efflux pumps, which enable them to secrete a range of medicines, can lead to a second 

S 

AMP 

TE 
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mechanism of multidrug resistance (Das et al., 2023; Fayez et al., 2023). Animals, such as cats, dogs, calves, pigs, 

turkeys, chickens, and rodents have all been found to harbor multidrug-resistant bacteria (Harijani et al., 2020; Wibisono 

et al., 2021; Zhao et al., 2021). A multidrug-resistant Escherichia coli strain with an AMP–TE–S resistance pattern to 

ampicillin, tetracycline, and streptomycin was found in 14.6% (7/48) of the isolates based on the findings of the 

antibiotic sensitivity test. Escherichia coli often exhibits multidrug resistance when exposed to beta-lactam, tetracycline, 

and aminoglycoside antibiotics (Nguyen et al., 2021; Saraiva et al., 2022).  

 

Table 1.  Antibiotic sensitivity test of Escherichia coli in stray cats at North Surabaya, Indonesia 

Sub-district 
Escherichia 

coli (%) 

Antibiotic Sensitivity Test (%) 

Ampicillin Streptomycin Tetracycline MDR 

R I S R I S R I S  

Kenjeran 
11/12 

(91.66 %) 

36.4% 

4/11 

0 

(0/11) 

63.6% 

(7/11) 

18.2% 

(2/11) 

54.5% 

(6/11) 

27.3% 

(3/11) 

9.1% 

(1/11) 

0 

(0/11) 

90.9% 

(10/11) 
0 (0/11) 

Semampir 
(9/9) 

(100 %) 

22.2% 

(2/9) 

0 

(0/9) 

77.8% 

(7/9) 

22.2% 

(2/9) 

22.2% 

(2/9) 

55.6% 

(5/9) 

33.3% 

(3/9) 

0 

(0/9) 

66.7% 

(6/9) 

22.2% 

(2/9) 

Krembangan 
(5/6) 

(83.3 %) 

20% 

(1/5) 

0 

(0/5) 

80% 

(4/5) 

20% 

(1/5) 

0 

(0/5) 

80% 

(4/5) 

20% 

(1/5) 

0 

(0/5) 

80% 

(4/5) 
20 (1/5) 

Bulak 
(12/12) 

(100 %) 

50% 

(6/12) 

0 

(0/12) 

50% 

(6/12) 

25% 

(3/12) 

8.3% 

(1/12) 

66.7% 

(8/12) 

33.3% 

(4/12) 

25 

(3/12) 

41.7% 

(5/12) 

25% 

(3/12) 

Pabean 
(11/11) 

(100 %) 

36.4% 

(4/11) 

0 

(0/11) 

63.6% 

(7/11) 

9.1% 

(1/11) 

9.1% 

(1/11) 

81.8% 

(9/11) 

18.2% 

(2/11) 

9.1% 

(1/11) 

72.7% 

(8/11) 

9.1% 

(1/11) 

Total 
(48/50) 

(96 %) 

35.4% 

(17/48) 

0 

(0/48) 

64.6% 

(31/48) 

18.7% 

(9/48) 

20.8% 

(10/48) 

60.4% 

(29/48) 

22.9% 

(11/48) 

8.3% 

(4/48) 

68.7% 

(33/48) 

14.6% 

(7/48) 

R: Resistant, I: Intermediate, S: Susceptible, MDR: Multidrug resistance 

 
Table 2.  Resistance pattern of Escherichia coli in stray cats at North Surabaya, Indonesia 

Number Resistance pattern Percentage 

1 AMP-TE-S 14.6 (7/48) 

2 AMP-TE 6.2 (3/48) 

3 AMP-S 4.2 (2/48) 

4 TE-S 0 (0/48) 

S: Streptomycin, TE: Tetracycline, AMP: Ampicilline 

 

Antibiotic-resistant bacteria can be transmitted through various means, including feces, food, and animal products (Eltai 

et al., 2020). The livestock environment, the slaughterhouse environment, and the environment during meat processing 

can all be contaminated by resistant bacteria found in the feces of food animals (Indrawati et al., 2019; Osman et al., 

2021). Test obtained results indicate that multidrug resistance can be dangerous and need to be handled. Cats can 

contaminate their surroundings and act as a reservoir for the propagation of resistant genes (Gargano et al., 2022). 

Escherichia coli bacteria can transfer antibiotic-resistance genes between animals and owners through horizontal transfer 

(Fayez et al., 2023). Stray cats can serve as reservoirs by consuming vectors, such as rats and cockroaches, as well as 

consuming raw meat (Koutsoumanis et al., 2021; Rafiq et al., 2022). Proper use of antibiotics and awareness of their side 

effects are essential in preventing antibiotic resistance, as excessive use can lead to the presence of antibiotic residues  

(Handayani et al., 2017). Moreover, the issue of antibiotic resistance can be addressed by educating the public to enhance 

awareness and knowledge about antibiotic resistance, influence public behaviour toward the responsible use of 

antibiotics, and adopt appropriate sanitation and hygiene measures (Suherman et al., 2023). Three distinct antibiotic 

groups were used in this study: ampicillin (penicillin), streptomycin (aminoglycoside), and tetracycline. To determine if 

Escherichia coli is sensitive to antibiotics or resistant, it would be ideal if testing on a variety of drugs could be 

conducted. This would reveal any potential resistance of Escherichia coli germs in stray cats. This can surely help to 

improve the management of antibiotic use. The Kirby-Bauer disk diffusion method, which is employed in this work, is 

the gold standard for confirming bacterial susceptibility. More information would be available if the resistance genes of 

the bacterium were identified.  

 

CONCLUSION  

 

According to the present study, 96% of anal swab samples originate from stray cats in the Northern region of Surabaya, 

Indonesia. Sensitivity testing revealed 14.6% multidrug resistance in Escherichia coli from anal swab samples of stray 

cats in North Surabaya. The most significant antibiotic resistance was observed with ampicillin, then tetracycline, and 
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finally streptomycin. It is crucial to recognize the significance of understanding the utilization of antibiotics in animals 

and humans to effectively combat antibiotic resistance in the environment and prevent it from posing a threat to stray 

cats. 
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ABSTRACT 

The wound healing process goes through a series of complex stages that are mutually continuous, namely 

inflammation, proliferation, and maturation. Following wound formation and the release of proinflammatory 

cytokines and growth factors, inflammation occurs immediately after the hemostasis phase. Proliferation occurs 

when products processed by the growth factors are present. The final stage, maturation, is portrayed by the plan of 

the extracellular network. This study utilized oil from avocado fruit (Persea americana), which contains linoleic and 

oleic acid content that supports skin tissue repair. The study aimed to explore the effects of using avocado oil cream 

on the area of wound healing, the number of inflammatory cells, and the collagen density. Twenty-four female mice, 

aged eight weeks, were used as experimental animals by making excision wounds using a 4 mm biopsy punch on the 

dorsal skin on the left and right sides. The mice were divided into four groups based on the percentage of avocado 

oil in the topical cream included Group K (control, topical cream without avocado oil), Group P1 (5% topical 

avocado oil cream), Group P2 (10% topical avocado oil cream), and Group P3 (15% topical avocado oil cream). 

Macroscopic examination of the wounds was conducted daily on days 3, 6, and 9 after topical cream treatment using 

a digital caliper. A total of 48 skin tissue samples were collected from days 3, 6, and 9 after cream application, 

which were then processed for histopathology evaluations using hematoxylin-eosin staining and Masson’s 

Trichrome staining. Hematoxylin-eosin staining was used to count the inflammatory cells, and Masson's Trichrome 

staining was employed to assess collagen density. The results revealed that avocado oil had a great impact on wound 

closure after 9 days of 15% avocado oil cream treatment, reducing the inflammatory cells after 3-6 days of 10% 

avocado oil cream therapy, and increasing collagen density after 9 days of 15% avocado oil cream application, as 

compared to the control, non-avocado oil cream group. Avocado oil can help close wounds, reduced the number of 

inflammatory cells, and increased collagen density when used in topical pharmaceutical formulations. Avocado oil 

cream may, therefore, be considered a viable option for wound repair treatment.  
 

Keywords: Avocado oil, Collagen, Inflammatory cell, Wound repair 

O
R

IG
IN

A
L

 A
R

T
IC

L
E

  

R
eceiv

ed
: Ju

ly
 2

4
, 2

0
2

4
 

R
ev

ised
: A

u
g

u
st 1

7
, 2

0
2
4
 

A
ccep

ted
: S

ep
tem

b
er 0

8
, 2

0
2

4
 

P
u

b
lish

ed
: S

ep
tem

b
er 2

5
, 2

0
2
4
 

   

 

INTRODUCTION  

  

The skin, as the largest organ in the animal's body, plays an essential role as the first line of defence against external 

threats. Damage to the skin, such as wounds, results in a loss of anatomical and functional integrity (Poljsak et al., 

2019). Closing wounds and repairing damaged tissues are critical for restoring skin function to its original state, with an 

emphasis on minimizing healing time and side effects (Landen et al., 2016). In recent decades, research related to wound 

healing has continued to be carried out both from the molecular systematics of wound healing and the choice of 

therapies that can be used to obtain the best healing conditions. The treatments using natural ingredients to repair 

damaged skin tissue have recently gained popularity. In this line, phytomedicine is a field of science that studies using 

plants as ingredients for therapy or preventing damage to the body (Sichani et al., 2021). In Indonesia, a country rich in 

natural biodiversity and resources, research on herbal therapies has grown significantly, providing opportunities to 

explore alternative wound healing treatments using locally available natural resources. 

Avocado (Persea americana), a fruit native to the Americas, is rich in vitamin B12, calcium, iron, magnesium, 

protein, and fibres. Avocado also acts as an anti-aging agent, prevents stroke, has analgesic and anti-inflammatory 

effects, is anti-diabetic and anti-ulcer, helps wound healing, and contains antioxidants (Ranade and Thiagarajan, 2015; 

Gupta et al., 2018). The study conducted by de Oliveira et al. (2013) was on utilizing avocado oil for wound healing 

therapy in mice. Avocado oil has been used in treating psoriasis, wrinkles, and stretch marks (Ranade and Thiagarajan, 

2015). Moreover, avocado oil is rich in oleic acid and linoleic acid, found also in olives and olive oil, and helpful in skin 

repair (de Oliveira et al., 2013; Li et al., 2013). 

The wound healing process involves a series of complex and continuous stages involved inflammation, 

proliferation, and maturation. Inflammation begins immediately after the hemostasis phase following the formation of 
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the wound and the release of proinflammatory cytokines and growth factors. Proliferation occurs with the presence of 

products processed by the growth factors. The final stage of maturation is characterized by the arrangement of the 

extracellular matrix and scar tissue (Velnar et al., 2009). The overall goal of these wound-healing stages is to achieve 

normal skin conditions regarding anatomical and physiological functions (Landen et al., 2016). The present study aimed 

to determine the effects of topical avocado oil cream therapy on the area of wound healing, the number of inflammatory 

cells, and the collagen density. 

 

MATERIALS AND METHODS 

 

Ethical approval 

The Research Ethics Commissions of the Faculty of Veterinary Medicine, Universitas Gadjah Mada, Indonesia, 

approved this research under document number 128/EC-FKH/Int./2023. 

 

Study period and location  

This research was conducted from November 2023 to February 2024 at the Department of Pathology, Faculty of 

Veterinary Medicine, Faculty of Dentistry, and Faculty of Medicine, Universitas Gadjah Mada, Indonesia.   

 

Cream preparation 

The cream formulation consisted of a mixture of avocado oil and bio-cream. The concentrations of avocado oil 

cream used in this study were 0%, 5%, 10% and 15%. The avocado oil cream was an oil-in-water (o/w) type of cream in 

which water was used as a solvent that can dissolve the dissolved components formulated in the cream. Water which 

was free from toxins, pollutants, and microbes was used in making the cream. The emulsion formed by the water helps 

to stabilize the oil-in-water mixture, classifying it as an oil-in-water emulsion (Rai et al., 2019).  

 

Animal preparation  

The study involved 24 eight-week-old female Deutschland Denken Yoken (DDY) mice, with an average body 

weight of 30 grams. The mice were divided into four treatment groups with three different time points, with two mice 

per group. Each mouse had two excisional wounds, resulting in four wounds in each group. The animals were purchased 

from the Integrated Laboratory for Research and Testing at Universitas Gadjah Mada, Indonesia. The mice were kept 

individually, in 12h light/dark cycle, and at constant temperature (25
0
C). They were given food and water ad libitum 

throughout the experiment.  

 

Wound model and treatments 

The laboratory animals were wounded by making excision wounds using a 4 mm biopsy punch on the dorsal skin 

on the left and right parts (Lin et al., 2003; Masson-Meyers et al., 2020). The excisional wounds were suitable for 

histological assessment (de Oliveira et al., 2013). The 24 mice were divided into Groups K, P1, P2 and P3. Groups P1, 

P2, and P3 were treated topically with avocado oil cream at 5%, 10%, and 15% respectively, once daily on the wound 

sites (Bessera et al., 2020). The control group (Group K) received a topical application of a 0% avocado oil cream. A 

digital caliper measured the wound area on days 3, 6, and 9 after treatment. After the final measurements, the mice were 

euthanized by cervical dislocation and necropsied (Liu et al., 2022).  

 

Histological study 

The 48 wound tissues were collected and fixed in 10% formalin for 24 hours, and subsequently dehydrated in 

ethanol, cleared in xylol, embedded in paraffin wax, and sectioned by a microtome (Bessera et al., 2020). The tissue 

sections (5 µm thickness) were placed on slides and stained with hematoxylin-eosin for inflammatory cell observation 

and Masson's Trichrome for collagen density assessment. A binocular light microscope (Olympus CX-23, Japan) with 

400x magnification was used to observe the number of inflammatory cells and collagen density, with three images 

captured per tissue. Observation of the number of inflammatory cells in histopathological slides was conducted using a 

microscope at 400x magnification across 3 fields of view, followed by counting using Image Raster software. Collagen 

density analysis was performed through microscopic observation (400x) of histopathological slides stained with 

Masson's Trichrome. Three fields of view were used to obtain the average collagen density using ImageJ software. 

 

Macroscopic study 

Measurement of wound areas and wound healing areas were conducted daily from the first day to the ninth day of 

topical administration by a digital caliper. The wound area was calculated using the Formula 1. 

 A = π. rx. ry,                           (Formula 1) 

 

where “A” represented the area (mm
2
) of the wound, “rx” was the x-axis, and “ry” was the y-axis of the wound. 
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The wounds were measured and the data were collected on days 3, 6 and 9. 

 

Statistical analysis 

The data for the wound areas was analysed statistically using SPPS (ver. 27, 2020). Inflammatory cell counts were 

performed in the dermis area from three different fields of view using Image Raster 3 software. The collagen density 

was determined using ImageJ software. The average number of inflammatory cells and collagen density from each group 

were analysed using the One-way ANOVA test or Kruskall-Wallis’s test (SPSS, version 27, 2020, Statistic), with p < 

0.05 as considered statistically significant.  

 

RESULTS  

 

Wound area 

The wound area was measured using a caliper at three time points included 3,6, and 9 days after treatment with 

cream in Groups K, P1, P2, and P3. In general, the average area of wound healing showed a decrease in wound size after 

three days of treatment (Figure 1). Topical therapy after six days revealed a declining trend in wound size (Figure 2). 

Moreover, after nine days of topical medication, the wounds were the most closed in Groups P1, P2, and P3 (Figure 3). 

Topical treatment with 15% avocado oil cream (Group P3) showed a significantly better reduction in wound size 

compared to the group without avocado oil (Group K) after three days of therapy (p < 0.05). The wound area after 6 

days of treatment showed no difference between the groups (p > 0.05). However, after nine days of topical application, 

treatments with 10% (Group P2) and 15% (Group P3) avocado oil cream resulted in significantly better wound healing 

(p < 0.05) compared to the group without avocado oil therapy (Table 1).  

 

Inflammation cells  

Inflammatory cells were counted in three different areas of the dermis layer in histopathological images (Figure 4) 

for all groups. Overall, the average number of inflammatory cells after 3, 6, and 9 days of therapy in the treatment 

groups declined, as compared to Group K (Table 2), indicating an improved condition. Moreover, significant differences 

(p < 0.05) were observed after treatment with avocado oil cream. After three days, Groups P2 and P3 had significantly 

fewer inflammatory cells than Group K (p < 0.05). Similar results were found for the 6-day medication, where Groups 

P2 and P3 showed a significantly better reduction in inflammatory cells (p < 0.05) compared to the group with 0% 

avocado oil. Meanwhile, there were no differences (p < 0.05) between groups after nine days of therapy.  

  

Collagen density 

The density of collagen was assessed from three different regions in Trichrome Masson's histopathological images 

(Figure 5). Briefly, after three days of therapy, collagen density in Groups P1, P2, and P3 showed an increasing trend 

compared to Group K, although there were no significant differences between the groups (p > 0.05). On days 6 and 9, 

collagen density increased significantly in the groups treated with avocado oil cream (p < 0.05). Six days after treatment, 

Group P3 had significantly higher collagen density (p < 0.05) than Group K. Meanwhile, by the ninth day of treatment, 

Group P2 showed significantly greater collagen density (p < 0.05) compared to Group K (Table 3).  

 
Table 1. Means number of wound sizes at 3, 6, and 9 days of treatment (mm

2
) with avocado oil cream  

                                                                              Day of treatment  

Group (Avocado oil cream concentration)  
3 6 9 

K (0%) 11.61 + 1.46a 4.71 + 1.29e 2.55 + 0.32i 

P1 (5%) 10.97 + 2.00ab 4.49 + 1.22e 1.99 + 0.41ij 

P2 (10%) 8.41 + 1.78ab 5.56 + 1.98e 1.41 + 0.50jk 

P3 (15%) 8.06 + 0.81b 4.26 + 2.56e 0.95 + 0.20kl 

P value 0.016 0.339 0.009 

K: Cream with no avocado oil, P1: Cream with 5% avocado oil, P2: Cream with 10% avocado oil, P3: cream with 15% avocado oil. f to e and jk to i: 

Mean within a column with different lowercase superscripts differ significantly (p < 0.05). 

 
Table 2. Means number of inflammatory cell measurements (cell) at 3, 6, and 9 days of treatment with avocado oil 

cream  

Day of treatment 

Group (Avocado oil cream concentration) 
3 6 9 

K (0%) 401.33 + 50.19a 258.75 + 14.98e 119.92 + 13.85i 

P1 (5%) 284.83 + 37.76ab 191.17 + 12.68ef 103.83 + 9.02i 

P2 (10%) 168.08 + 6.19b 155.08 + 15.65f 104.58 + 11.14i 

P3 (15%) 169.50 + 41.42b 152.08 + 22.83f 89.75 + 13.12i 

P value 0 < 0.001 0.003 0.4 

K: Cream with no avocado oil, P1: Cream with 5% avocado oil, P2: Cream with 10% avocado oil, P3: cream with 15% avocado oil. f to e and jk to i: 

Mean within a column with different lowercase superscripts differ significantly (p < 0.05). 
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Table 3. Means number of collagen density measurements (%) at 3, 6, and 9 days of treatment with avocado oil cream  

Day of treatment 

Group (Avocado oil cream concentration) 
3 6 9 

K (0%) 16.97 + 1.26a  23.06 + 4.35e 44.13 + 2.91i 

P1 (5%) 17.67 + 3.75a 25.83 + 3.56ef 46.27 + 3.05ij 

P2 (10%) 18.59 + 5.30a 29.84 + 3.38ef 51.78 + 1.06jk   

P3 (15%) 19.11 + 1.33a 31.55 + 2.66f 49.23 + 3.28ij  

P value 0.81 0.02 0.09 
K: Cream with no avocado oil, P1: Cream with 5% avocado oil, P2: Cream with 10% avocado oil, P3: Cream with 15% avocado oil. f to e and jk to i: 
Mean within a column with different lowercase superscripts differ significantly (p < 0.05). 

 

 
Figure 1.  Wound healing after three days of avocado oil cream treatment in mice. K: Cream with no avocado oil; P1: cream 

with 5% avocado oil; P2: Cream with 10% avocado oil; P3: Cream with 15% avocado oil; A: Day 0, B: Day 3 

 

 
Figure 2.  Wound healing after six days of treatment with avocado oil cream in mice. K: Cream with no avocado oil; P1: 

cream with 5% avocado oil; P2: Cream with 10% avocado oil; P3: Cream with 15% avocado oil; A: Day 0, B: Day 6 

 

 
Figure 3.  Wound healing after nine days of treatment with avocado oil cream in mice. K: Cream with no avocado oil; P1: 

Cream with 5% avocado oil, P2: Cream with 10% avocado oil, P3: Cream with 15% avocado oil; A: Day 0, B: Day 9. 
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Figure 4. Inflammatory cell in wound healing with avocado oil cream in mice on days 3, 6 and 9. Day 3 (A-D), day 6 (E-

H), day 9 (I-L). K: Cream with no avocado oil, P1: Cream with 5% avocado oil, P2: Cream with 10% avocado oil, P3: Cream with 

15% avocado oil, black arrow: Inflammatory cell, magnification 400x. 
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Figure 5. Collagen density (Trichrome Masson) in wound healing with avocado oil cream in mice on days 3, 6, and 9. 
Day 3 (A-D), day 6 (E-H), day 9 (I-L). K: Cream with no avocado oil, P1: Cream with 5% avocado oil, P2: Cream with 10% avocado 

oil, P3: Cream with 15% avocado oil. Black arrow: Collagen, 400x, 2024. 

 
DISCUSSION 

 

The present study provided evidence that avocado oil cream significantly affects wound healing. The wound healing 

process included the three stages of inflammation, proliferation, and maturation. The inflammation stage occured from 

the time of wound formation until three days later (Kaifa et al., 2021). The proliferation stage typically begins on the 

fourth day of wound healing (Wahyuni et al., 2024). The maturation stage was the final stage of wound healing, 

characterized by wound closure and the restoration of tissue strength to 20–80% of its original state (Wahyuni et al., 

2024). The wound area in Groups P1, P2, and P3 throughout the 9 days yielded data that corroborate the macroscopic 

image of a closed wound with a wound size of 1.99 + 0.41 mm
2
, 1.41 + 0,50 mm

2
 and 0.95 + 0.20 mm

2
. These results 

suggested that avocado oil had the potential to be an alternative wound therapy. According to research by de Oliveira et 

al. (2013), avocado oil possesses anti-inflammatory properties. The oil was rich in essential fatty acids, such as linoleic 

acid and oleic acid, which act as anti-inflammatory agents. These two acids prevent the inflammatory process from 

going beyond the standard wound healing time so that chronic wound conditions do not occur. The mechanism inhibited 
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the multiplication of inflammatory cells (Lin et al., 2018; Pegoraro et al., 2021). Linoleic acid enhances wound closure 

by shortening the bleeding time and stabilizing fibrin and fibroblast migration. Another role of linoleic acid was to 

accelerate the inflammatory phase allowing the proliferation phase to commence sooner, thereby shortening the wound 

healing period (Silva et al., 2018). According to Pegoraro et al. (2021), oleic acid can inhibit the occurrence of oedema, 

showing its anti-inflammatory effect. Moreover, topical administration of linoleic and oleic acid in the wound healing 

process in rats had resulted in significant closure in the wound area (Ishak et al., 2019). 

The findings of the current study reveal that avocado oil cream reduced the number of inflammatory cells in the 

process of wound healing. At 3 - 6 days post-treatment, both 10% and 15% avocado oil creams significantly reduced the 

number of inflammatory cells compared to the group without avocado oil (p < 0.05). However, after 9 days of treatment, 

there were no significant differences (p > 0.05) between the groups. Oedema and infiltration of inflammatory cells were 

the main changes in wound healing in the dermis layer (Widyarini et al., 2023). The proliferation stage can begin when 

the number of inflammatory cells decreases (Lin et al., 2003; Velnar et al., 2009). When the inflammatory response was 

working well and the number of inflammatory cells was higher, as observed on days 3 and 6 in comparison with day 9, 

the wound is healing well (Wosgrau et al., 2015). According to the study by Pegoraro et al. (2021), topical oleic acid 

therapy has anti-inflammatory effects; therefore, it can be an alternative to cutaneous inflammation therapy. Linoleic and 

oleic acids were two types of compounds that were involved in the inflammatory process. The wound can receive a 

significant influx of neutrophils from both acids. Linoleic corrosive effect influences aggravation through neutrophil 

movement (Silva et al., 2018; Guidoni et al., 2019). Neutrophils control the beginning of wound healing through cell 

migration to the inflammatory area, phagocytosis of cellular debris and microorganisms, and the release of pro-

inflammatory cytokines (Pereira et al., 2008).  

Collagen was one of the main components in the wound healing process. The results of this study indicated a 

significant difference (p < 0.05) in collagen density after 6 days of treatment with 15% avocado oil cream compared to 

the control group (Group K). Furthermore, after 9 days of therapy with avocado oil cream, a significant increased (p < 

0.05) in collagen density was observed with 10% avocado oil cream compared to the group without avocado oil. 

Collagen was a connective tissue that provides a structural framework for tissue regeneration (Al-Henhena et al., 2011). 

Fibroblasts were cells responsible for synthesizing collagen. Progressive collagen synthesis will support the formation of 

excellent and optimal connective tissue (Sembiring et al., 2021). Collagen production in wound healing will increase 

because it repairs damaged or lost tissue (Gunawan et al., 2019). Collagen induced platelet activation and aggregation, 

resulting in the deposition of fibrin clots at the wound site. The inflammatory phase encourages the proliferation of 

fibroblasts that synthesize collagen and extracellular matrix. Collagen produced a robust inflammatory response, thus 

paving the way for faster wound healing (Mathew-Steiner et al., 2021). The initial process of the proliferation stage was 

assisted by fibroblasts that will produce collagen. Collagen will connect the tissues in the wound to help restore the 

strength of the skin tissue and accelerate wound closure (Sentat and Permatasari, 2015). During the maturation stage, 

young collagen will develop into mature collagen. Young collagen undergoes degradation or restructuring to become 

more prominent, organized, and bundle-shaped, eventually forming dermal tissue (Bodas and Shinde, 2021). 

Previous research by de Oliveira et al. (2013) and Lin et al. (2018) demonstrated that topical application of 

avocado oil on injured rat skin significantly increased collagen levels. Oleic and linoleic acids were active ingredients in 

avocado oil that support wound healing. Oleic acid has been shown to restore and enhance collagen levels in both acute 

and chronic wounds (Ventura et al., 2021). Linoleic acid played a vital role in the expression of fibrinolytic system 

components that regulate collagen production (Ferreira et al., 2011). The release of cytokines was enhanced by linoleic 

acid, which also promotes the growth and differentiation of fibroblasts, keratinocytes, and endothelial cells. These 

processes accelerated the synthesis of collagen, which in turn aids in tissue healing. The composition of these two acids 

promotes the production of new collagen to replace damaged collagen, which aids in the healing process of wounds 

(Ishak et al., 2019). The notable findings of this study included the efficacy of 15% avocado oil cream in achieving 

significant wound closure after 9 days of treatment, 10% avocado oil cream in effectively reducing inflammatory cells 

within 3-6 days, and 15% avocado oil cream in significantly increasing collagen density after 9 days of application.  

 
CONCLUSION  

 

The application of avocado oil has demonstrated a great impact on wound closure after 9 days of treatment with 15% 

avocado oil cream, reducing the inflammatory cells after 3-6 days of 10% avocado oil cream therapy, and increasing 

collagen density at 15% of avocado oil application after 9 days. Future studies should focus on extending treatment 

duration, exploring higher concentrations of avocado oil, and assessing specific cytokine expressions to provide more 

detailed insights into its wound-healing mechanisms.  
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ABSTRACT 

Successful sheep farming requires hands-on management and a thorough understanding of the factors that influence 

it. This necessitates a practical, well-organized approach to ensure the flock's health, productivity, and profitability. 

Various factors, such as climate, available resources, and management strategies, play a crucial role in determining 

the success of sheep farming. This study, conducted in the Batna region of Algeria, aimed to assess sheep breeding 

practices and production performance through a questionnaire distributed to farmers and veterinarians. The study 

encompassed 14,124 sheep, including 9,435 ewes, from 33 Batna region farms to evaluate production and 

reproduction performance. The findings revealed that the Ouled Djellal breed is the most prevalent, comprising 

61.02% of the sheep population. The results indicated that sheep farming in the region largely relies on traditional 

extensive grazing systems. It is worth noting that breeding practices have not consistently followed recommended 

guidelines, as evidenced by a suboptimal sex ratio of 36.28. Additionally, only 21.94% of breeders had employed 

heat synchronization methods, and artificial insemination was not utilized. The low adoption of artificial 

insemination is primarily attributed to factors, including a lack of knowledge regarding reproductive management, 

along with challenges related to illiteracy and limited access to essential resources. The analysis further 

demonstrated that all categories of sheep were profitable; however, profitability was influenced by factors, such as 

environmental conditions, feed availability, and the age of the animals. The study underscored significant findings, 

including the prevalence of the Ouled Djellal breed and the limited use of advanced breeding practices, such as 

artificial insemination, in the Batna region. The value of the current study lies in its comprehensive examination of 

traditional sheep farming practices and its recommendations for enhancing productivity. These include improving 

management practices, increasing access to resources, and promoting genetic improvement by adopting advanced 

breeding technologies. 
 

Keywords: Ewe, Livestock management, Nutrition, Ouled Djellal, Performance 
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INTRODUCTION 

  

Sheep farming is a valuable national asset in Algeria. Historically, it has been vital to the livelihoods of Algerian 

nomadic and semi-nomadic tribes, providing meat, milk, wool, and hides—resources essential for survival in arid and 

semi-arid environments. Today, it remains a primary source of income for populations in regions, such as the Algerian 

steppe (Slimani et al., 2021). It ranks among the most critical sectors of agriculture (Douh et al., 2024), as demonstrated 

by its substantial growth from 22.87 million to over 30.90 million heads between 2010 and 2020 (FAO, 2021). 

Despite the increasing number of sheep, inadequate breeding management practices result in low yields (Saidi et 

al., 2020). Most sheep are concentrated in steppe regions and high semi-arid cereal plains (Aidoud et al., 2006), 

particularly in environments, such as the Saharan Atlas and the High Plateaus (Saidi et al., 2020). The predominant 

farming system is extensive, making it vulnerable to climatic risks and lacking proper healthcare infrastructure. The 

primary breeds raised include "Ouled Djellal," "Hamra," "Rembi", and "D'men" (Moula, 2018). Food availability 

determines the rationing mechanism, which is currently not well-defined. Typically, the ration consists of dry feed and 

concentrate, while transhumant herds benefit from access to green forage (Saidi et al., 2020). Furthermore, the diversity 

of sheep breeds, adapted to harsh environmental conditions, represents a crucial advantage, ensuring a stable and secure 

livestock resource for the country (Dekhili, 2010). 

Despite the challenges posed by climate and food availability, sheep farming remains widely practiced in Batna 

Province. This region accounts for more than 50% of the national red meat production and significantly contributes to 

job creation (MARD, 2021). However, sheep farming is conducted on most farms using traditional methods (Bencherif, 

2011). As a result, there is only limited knowledge of the significant constraints hindering the development of this 

industry (Missoko et al., 2020). 

The success of sheep farming largely depends on effective management, particularly in understanding the key 

factors influencing productivity. However, current practices need to be improved, especially regarding nutrition and 
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reproduction. The present study aimed to characterize sheep farming in the semi-arid region of eastern Algeria (Province 

of Batna) using data collected from farms and livestock monitoring. It also sought to identify the regional strengths and 

challenges of sheep farming and to propose solutions for improving management practices and promoting the sustainable 

development of this sector. 

 

MATERIALS AND METHODES 

 

Ethical approval 

The present study adhered to the ethical guidelines established by the Institutional Animal Care Committee of 

Algeria's National Administration of Higher Education and Scientific Research (Law 98-11, August 22, 1998). The 

welfare of the animals was prioritized throughout the investigation, and all animal rights concerns were appropriately 

addressed. No animals experienced distress during the study. All participating farmers and veterinarians did so 

voluntarily and were informed they could withdraw anytime. Verbal consent was obtained after thoroughly explaining 

the purpose and significance of the study to the participants. 

 

Study design and locations 

The study was conducted across various locations within Batna Province, Algeria, from October 2020 to October 

2021, spanning 12 months. Data on herd structure, feeding practices, reproduction, production, pathologies, and 

treatments were collected daily through documentation and interviews with resource persons, such as farmers and 

veterinarians. The data collection method depended on the participants' availability and ease of providing information. 

The methodology primarily relied on information gathered through investigations conducted over the year. A structured 

survey, incorporating both closed-ended and open-ended questions, was employed. The closed-ended questions gathered 

quantitative data on sheep breeding practices and production performance. In contrast, the open-ended questions 

provided qualitative insights into the experiences and challenges faced by farmers and veterinarians. This mixed-method 

approach facilitated a comprehensive analysis of numerical data alongside in-depth narrative responses. 

 

Study area 

Batna Province, Algeria, is a semi-arid region characterized by cold, humid winters and hot summers (DPSB, 

2021). The region is located at an altitude of approximately 1,050 meters (3,445 feet) above sea level, with an average 

annual temperature of 13.5°C (56.4°F) and annual rainfall of around 496 mm (DPSB, 2021). Agriculture, particularly 

livestock farming, plays a vital role in the local economy, with sheep farming especially prominent. Data were collected 

over 12 months through field visits to communes, including Ain Yagout, Djerma, and El Madher, recognized for their 

dairy production. The region supports a substantial sheep population of 1,137,361 (DSA, 2021). 

 

Animal component 

The selection of farms and livestock numbers was determined by the availability of farmers and accessibility to the 

farms. The study involved 14,124 sheep, including 9,435 ewes of varying ages and healthy breeds, from 33 private, 

traditional farms located across multiple municipalities within the study area. 

 

Questionnaire development and data collection 

To analyze the sheep farms in the study region data was collected during routine farm visits. A structured 

questionnaire comprising closed- and open-ended questions was developed and distributed to farmers and veterinarians. 

The survey aimed to gather essential information regarding sheep farm management, including breeds, diets, breeding 

methods, and production details. 

 

Statistical analysis 

Averages and histograms for each studied parameter were calculated and plotted using Excel 2007. Descriptive 

statistics were employed to assess the quantitative parameters. 

 

RESULTS AND DISCUSSION 

 

Census of farmers 

The analysis of Table 1 indicates that the surveyed farmers were between 40 and 65 years old, and all participants 

were male. Notably, 60% of the farmers were over 60, 33% were between 50 and 60, and only 6% were aged 40 to 50. 

This age distribution reflects a general disinterest among younger generations in sheep farming as they pursue other 

activities outside of animal husbandry. This trend limits the development of the sheep farming sector within the study 
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area. Younger generations may view sheep farming as less profitable than other career options, with urbanization and 

modern lifestyles contributing to a growing detachment from traditional agricultural practices. Additionally, sheep 

farming can be physically demanding, and younger individuals may prefer career paths that are more technology-driven 

or less labor-intensive. These factors collectively explain the declining interest in sheep farming as a viable career choice 

among the younger population. 

Most of the farmers (90%) did not engage in other professional activities and had an average level of education. 

They have practiced sheep farming for over 20 years, motivated by economic reasons and the desire to preserve their 

family heritage passed down from father to son. Only 10% of the surveyed farmers pursued other professions, including 

teaching or commerce. These findings indicate that farmers possess significant experience in sheep farming. However, 

the relatively low level of education among them poses a challenge, as it may hinder the adoption of modern 

technologies and practices that could enhance the efficiency and sustainability of the sector. 

Addressing this issue requires targeted interventions. Ensuring that farmers have access to education and training 

programs is crucial for promoting the adoption of innovative practices. Providing subsidies or incentives to encourage 

biotechnological methods and establishing cooperatives or farmer networks could facilitate the sharing of knowledge 

and resources. Such initiatives empower farmers to learn about new technologies and improve their skills. According to 

Faradji et al. (2023), herding in Algeria's steppe region is predominantly managed by older, illiterate individuals, further 

underscoring the need for education-focused solutions. 

 

Table1. Distribution of sheep farmers in the study area 

Age (years) 40 to 50 50 to 60 More than 60 Total 

Farmers 2 11 20 33 

Percentage 6.06% 33.33% 60.61% 100% 

 

Sheep farming practices 

According to the obtained results, sheep farming practices in the region are extensive and primarily based on 

seasonal nomadism, known locally as Azaba. The sheep graze year-round, returning to the farm only in the evening or 

during the hottest hours of summer and the coldest periods of winter. Flocks typically range in size from 80 to 300 

animals. Lambs are raised and later fattened for sale at the market or slaughtered to supply meat. The results indicate 

that sheep farming in the study region remains traditional and dependent on extensive grazing. Livestock are allowed to 

roam freely on pasturelands and are brought back to the farm only during specific hours of the day. In the Batna region, 

livestock management remains traditional mainly, relying on low-quality rangelands with minimal feed supplementation 

and limited access to veterinary care. This management style is consistent with the extensive practices observed in 

similar regions, as noted by Boujenah (2023). However, such traditional practices and limited resources may negatively 

impact animal productivity (Boujenah, 2023). 

 

Breeds 

Sheep farming in the study area is deeply embedded in local tradition. It is primarily dominated by the Ouled 

Djellal breed, which accounted for 61.02% of the sheep population in the survey. Farmers favor this breed due to its 

superior breeding performance, resilience to harsh conditions (Faradji et al., 2023), excellent meat yield, and exceptional 

fattening capacity. The Ouled Djellal breed is also the most in-demand among Algerian consumers for livestock on the 

hoof (MeftiKorteby, 2017).In addition to the Ouled Djellal, other breeds, such as Hamra (15.32%) and mixed breeds, 

including Rembi and crossbreeds (23.66%), were present. Despite originating from uncontrolled crossings, these breeds 

are known for producing high-quality meat (Figure 1). 

 

 
Figure 1. Distribution of sheep breeds in the study region, Batna Province, Algeria 

61.02% 

15.32% 

23.66% 

Ouled djelal

Hamra

Other breed



Meziane et al., 2024 

 

392 

Housing 

In the Batna region, most sheep flocks were housed in traditional zeriba-style sheep sheds constructed from 

lightweight and cost-effective materials, such as wood, wire mesh, and sheet metal. A zeriba is an open-air animal pen 

traditionally made from tree and shrub branches, date palm leaves, or even stones (Boujenane, 2023). These enclosures 

are typically outside the main dwelling and often lack adequate shade (Boujenane, 2023). A minority of flocks were 

accommodated in modern, semi-covered sheep sheds. In the present study, approximately 72% of farmers housed lambs 

with adult sheep. Additionally, over half (52%) sheltered their sheep alongside other farm animals, consistent with the 

results reported by Boujenane (2023), where the percentages were 78.3% and 55.7%, respectively. 

The hygiene conditions of these buildings were found to be suboptimal. Approximately 35% of the housing 

facilities maintained an average standard of hygiene, while the majority (65%) were below acceptable standards. These 

conditions predispose the flocks to the spread of germs and increase the risk of disease transmission. According to 

Dechicha et al. (2020), there is a correlation between abortion rates and the use of zeriba housing, which is 

predominantly found in steppe areas where herds are typically managed. 

 

Feeding 

Sheep feeding practices in the study region primarily relied on straw as the main roughage feed, supplemented by 

barley provided by the National Animal Feed Office (ONAB: Office National des Aliments de Bétail). Feed resources 

varied seasonally, including grazing, straw, hay, grass silage, and barley. These rations were designed to meet the 

animal's nutritional requirements and promote optimal zootechnical performance (Meradi et al., 2016). Sheep were fed 

twice daily, once in the morning and once in the evening. During the winter months, their diet consisted of grass, hay, 

and cereals, while in summer; it primarily comprised hay, cereals, and occasionally grass silage.Watering was generally 

provided midday, with an average consumption of 2.5 liters per head daily. However, in summer, water access was 

unrestricted. Feed supplements, such as maize and mineral-vitamin concentrates (CMV), were purchased from the 

private market. The average feed allocation was typically 1 kilogram per head per day, depending on the size of the 

flock. 

Feeding management 

A combination of grazing, straw, hay, cereals, and feed supplements characterized sheep feeding management in 

the study region. Approximately 10% of farmers opted for concentrated feed, occasionally incorporating cereals like 

wheat bran due to its cost-effectiveness. Barley was the preferred choice for fattening, with an average of 300 g per head 

per day. This contrasts with the findings of Boussaada and Benabdelli (2021), who reported quantities closer to 0.75–1 

kg per head per day. Small concentrates were typically purchased during spring and summer when pastures were 

available, while more significant amounts were used in preparation for the sacrifice feast, even during high prices. These 

results align with those of Mouhous et al. (2015), who similarly reported seasonal fluctuations in concentrate usage, with 

a notable increase in the lead-up to the sacrifice feast despite elevated costs. 

Feed supplementation was uncommon outside the breeding season, although approximately 5% of farmers 

distributed complementary rations, including 300 g of barley, before breeding (flushing) and during the final third of 

gestation. These practices were consistent with findings by Mebirouk-Boudechiche et al. (2015), who noted that flushing 

positively influenced lamb birth weight and ewe milk production, particularly colostrum. Banchero et al. (2023) also 

reported that supplementing ewes' diets before and during breeding enhanced ovulation and prolificacy rates, with 

improved nutrition, particularly energy intake, significantly boosting ovulation rates. However, it is essential to 

emphasize that feed supplements should be administered judiciously, with farmers consulting veterinarians or 

nutritionists to develop appropriate feeding regimens. 

Feeding practices not only affected flock productivity and health but were also critical to the overall success of 

livestock farming (Deghnouche et al., 2011). High-quality feed during mating significantly improved ewe fertility 

(Abbas et al., 2004; Paquay et al., 2004; Karfel et al., 2005; Deghnouche et al., 2011). Optimal fertility was achieved 

when mating coincided with periods of abundant and nutritious feed resources (Slimani et al., 2021). Data analysis 

highlighted that while farmers adapted their feeding practices, these did not always meet the animals' nutritional needs. 

The region's extensive feeding systems, marked by limited concentrate use, particularly during periods of forage 

scarcity, had a detrimental impact on animal production (Khaldi and Dahane, 2011). This issue was exacerbated by 

degraded pastures, a decline in forage cultivation, severe weather conditions, and recent low rainfall. In such contexts, 

concentrated feed supplements became essential, although their use varied depending on each farmer's resources. 

While some animals could adapt to harsh environments, others struggled to survive, requiring alternative 

strategies, including migrating to more favorable habitats, changing diet preferences, and activity patterns, or seeking 

refuge in protected areas (Alary, 2015). Farmers expressed concern over these challenges, particularly after an arid 

spring. Many sought sustainable solutions to reduce reliance on expensive concentrated feeds due to the scarcity of food 
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resources and the rising cost of raw materials. 

The feeding strategies adopted—barley, barley bran, straw, hay, and supplements—were intended to meet sheep's 

nutritional requirements at different growth stages. However, it is critical that these methods sufficiently address 

nutritional needs during growth, gestation, and lactation. Seasonal fluctuations in feed availability can compromise 

nutrition consistency, affecting overall sheep health and productivity. Therefore, maintaining a balanced diet with 

appropriate energy levels, protein, vitamins, and minerals is essential for optimal results. 

 

Reproduction 
 

Ram selection 

Farmers in the study population primarily prioritized the size of the ram, particularly the length of the tail and 

horns, as well as its breed, overall size, and age (minimum of two years) when selecting rams for slaughter. Their focus 

was mainly on external conformation, often neglecting the animal's performance and sexual function. Notably, 40% of 

farmers did not consider wool color, focusing on meat production. These findings are consistent with those Belaid 

(2017) reported, who emphasized the significant impact that breeding ram selection can have on sheep farm 

productivity. Rams must be 18 to 30 months old to ensure optimal fertility (Ungerfeld and Lacuesta, 2010). However, 

some farmers rely solely on younger rams, thereby limiting the potential benefits of selective breeding. This practice 

poses challenges, as studies by Kridli et al. (2006) and Rege et al. (2000) indicate that ejaculates from young Ouled 

Djellal sheep at puberty often display low motility due to sperm maturation disorders, which can reduce fertility. 
 

Sex ratio and number of rams 

The survey counted 14,124 sheep, including 260 rams and 9,435 ewes. The sex ratio was calculated using the 

following formula, yielding an average of 1 ram per 36 ewes: 

Sex-ratio = Number of ewes / Number of rams (Castonguay, 2018). 

The findings indicate that, on average, one ram was assigned to 36 ewes. However, 5% of farmers sometimes 

consider young antenaise (young female sheep) as breeders, which may need improvement to cover all ewes adequately. 

On extensive farms, the number of breeding males was below the recommended standard, with 260 rams for 9,435 ewes. 

Castonguay (2018) suggested a ratio of 1 RAM for every ten ewes to achieve optimal results, compared to the current 

ratio of 1 for 36 to 37 ewes. Kabbali and Berger (1990) suggest a ratio of 20 ewes per antenaise and 25 to 30 per adult 

ram. Taherti et al. (2024) recommend a sex ratio of 1 ram per 25 to 30 sheep for optimal reproductive efficiency. 
 

Distribution of ewes 

The survey indicated that most ewes in the studied farms were adults between 5 and 6 years of age, representing 

71.02% of the population (Table 2). Younger ewes under four years old made up only 28.98%. This age distribution 

highlights an imbalance, as older ewes should ideally be bred one final time before being replaced by younger sheep to 

improve reproductive performance, as noted by Baa et al. (2020). Maintaining this balance is essential for sustaining 

productivity and ensuring the long-term viability of the flock.Farm sizes varied within the region, with 45% of farms 

having fewer than 100 sheep, 35% holding between 100 and 200 sheep, and 20% managing over 200 sheep. These 

differences in flock size were attributed mainly to the socio-economic status of the farmers. The composition of the flock 

must be adjusted by integrating new reproductive candidates and culling older, sick, or weakened animals to maintain 

productivity (Koycegiz et al., 2009). 

 

Table 2. Age distribution of ewes in Batna region, Algeria during 2020 

Age category Number of Ewes Percentage (%) 

Antenaise 1240 13.14 

Young ewes 1495 15.84 

Adult ewes 6700 71.02 

Total 9435 100% 

 

Age of breeding 

The study revealed that the sheep's breeding age varied between 6 and 10 months, with most ewes being bred at 

approximately nine months. This aligns with findings from Boussena (2016), who noted that the average breeding age 

ranges from 5 to 12 months. Research by Jainudeen et al. (2000) demonstrated that some sheep reach puberty as late as 

12 months or more. Factors influencing the breeding age include the season of birth, exposure to photoperiodism, breed, 

and food availability, as indicated by Deghnouche et al. (2017). In some cases, ewes were bred as early as seven months, 

which can negatively impact their health if sufficient body weight is not achieved before breeding. 
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Mortality of lambs 

Lamb mortality, defined as the ratio of dead lambs to those born (Castonguay, 2018), was recorded at 4.44% in the 

current study, with a higher concentration of deaths occurring within the first seven days of life. This neonatal mortality 

rate falls within acceptable parameters, meeting the recommended target of not exceeding 10% (Bedrane, 2019). This 

rate was primarily attributed to the hardiness and adaptability of the sheep population despite unfavorable hygiene 

conditions during lambing, as documented by Chellig (1992) and Dekhili and Aggoun (2007). 

 

Mode of reproduction 

Reproduction in the surveyed region was predominantly natural, with 64.78% of farmers relying on breeding rams 

and forgoing artificial insemination techniques. Males remained continuously with the flock, and breeding typically 

began in February, extending through spring into early summer, with additional breeding occurring in the fall 

(September to October) to maximize female coverage. Only 21.94% of breeders utilized heat synchronization, and 

artificial insemination was absent (0%) in the region. Artificial insemination is considered "haram" (forbidden) by the 

local population (Figure 2). Additionally, inseminators cited a lack of fresh semen and the considerable distance to 

insemination centers as significant barriers affecting reproductive practices. 

Reproductive control techniques like heat synchronization allow farmers to choose the calving period and optimize 

litter size (Chemineau et al., 1988). Unfortunately, artificial insemination is not employed in the study area due to 

perceived disadvantages associated with the practice and the cultural mentality of breeders towards this technique. 

 

 
Figure 2. Reproduction methods practiced in sheep in Batna region, Algeria during 2020 

 

Mode of birth 

Approximately 65.2% of lambs were born individually, while 33.73% were born in multiple births, with a 

distribution of 54% for lambs and 46% for ewes. These figures align with the findings of Douh et al. (2024). A 

significantly lower incidence of double and triple births in ewes than single births was observed (Table 3). Several 

factors contributed to this variation, including feeding practices, the genetic breed type of the ewes, and the management 

practices employed by farmers throughout the sheep production cycle. Notably, the lack of readily available 

biotechnological methods in the study region may have also influenced these outcomes (Lamrani and Benyounes, 2015). 

Heat synchronization, a biotechnological method, can increase the frequency of multiple births, particularly 

twinning (Castonguay, 2018). Moreover, the Ouled Djellal breed is known for its prolificacy, and proper nutrition during 

the breeding season (flushing) can promote double births (Clément et al., 1997; Douh et al., 2024). Several studies have 

highlighted that intra- and extra-animal factors influence prolificacy variations (Rebai et al., 2023). These studies 

emphasize the roles of genetic markers (Castonguay, 2018), nutritional influences (Clément et al., 1997), and 

environmental management strategies (Douh et al., 2024). 

 

Table 3. Distribution of lambing by mode of birth in sheep in Batna region (Algeria). 

Birth Type Number Percentage 

Single birth   6152 65.2% 

Double birth  3183 33.73% 

Triple birth  100 1.05% 

Total  9435 100% 
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21.94% 
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 Free  natural mating
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Pregnancy diagnosis 

The most common method for diagnosing pregnancy in sheep within the study region was abdominal palpation, 

typically performed in the third month post-mating. While this technique is simple and inexpensive, it has limitations, 

particularly its anatomical applicability to sheep (Ganaie et al., 2009). Although widely used, it does not yield optimal 

results. Alternative methods, such as ultrasound—widely recognized as the most reliable, rapid, and easy-to-perform 

technique for confirming pregnancy—were not utilized due to their high cost (Barbagianni et al., 2017). Laboratory-

based methods were also absent for similar reasons. This limitation may hinder effective monitoring and management of 

reproduction, particularly in cases of early or late embryonic death. Early and accurate pregnancy diagnosis is essential 

for implementing effective management strategies for pregnant ewes (Ganaie et al., 2009). 

 

Production 

According to the breeders surveyed, sheep production in the region primarily focused on meat, with a small portion 

dedicated to family milk consumption. Historically, the region has concentrated on lamb meat production for the past 

three decades. This study revealed that 90% of breeders aimed to produce meat, while only 8% pursued meat and wool 

production. Only 2% of breeders had alternative objectives, such as sheep trading or butchery. These findings are 

consistent with the broader purpose of sheep farming in Algeria, where red meat production is a reliable income source 

for most breeders, as Natorp (2013) noted. 

In the present study, meat production is primarily derived from adult animals. Lambs were born at a healthy 

weight, and typically reach market readiness between 8 and 14 months of age or as early as six months for religious 

celebrations, such as Eid al-Adha. At birth, lambs weigh an average of 2 kg, increasing to 16.1 kg by 90 days and 

reaching 35 kg by one-year-old. During their 100-day fattening period, lambs achieve a carcass weight of 18 kg. The 

dominant breed for meat production in Algeria is the Ouled Djellal population (Taherti et al., 2023). 

The primary criteria for evaluating meat production in sheep breeds include growth rate, meat yield, and carcass 

and meat quality (Gurgeira et al., 2022). In Algeria, meat production generally involves adult animals, but young lambs 

are favored for their rapid growth and efficient feed conversion ratios (MARD, 2021). However, the high feed cost 

negatively impacts sheep meat production's competitiveness. Current breeding practices do not allow for self-sufficiency 

in animal proteins, and the high price of meat makes it less accessible to many consumers. All breeders in the region 

expressed concerns about the sustainability of their sheep flocks and the preservation of the national heritage. 

Although wool production in the region was not considered a significant activity, it remains a constant source of 

income for breeders (DSA, 2021). Shearing is typically performed annually in late spring, between mid-May and mid-

June, either by traditional methods or with shearing machines. The wool is then sold directly to artisans. The average 

wool yield was 2.5 kg per ram and 1.5 kg per ewe, with higher yields observed in young lambs than adult sheep. 

However, these figures remain relatively low compared to other regions of the country, where the average annual 

production per head reaches 1.78 kg (Mohammedi et al., 2022). For instance, the Ouled Djellal breed can produce up to 

3.5 kg of wool per fleece (Khelifi, 1999). 

 

Health management 
 

Prophylaxis, hygiene, and health of sheep 

From a health management perspective, annual sheep mortality in the region was primarily attributed to conditions, 

including dystocia, respiratory disorders, and gastroenteritis, with lambs being the most affected at birth. Fatal neonatal 

viral diarrhea was a leading cause of death in this group. The Province of Batna had 150 private veterinary clinics that 

provided comprehensive veterinary services to address these common pathologies. Vaccination against contagious viral 

diseases, including coxsackie disease, clostridial diseases, peste des petits ruminants (PPR), and foot-and-mouth disease, 

was implemented by private veterinarians on some farms as part of effective awareness campaigns (DSA, 2021). This 

vaccination effort was essential for maintaining animal health.As a result, 77% of breeders in the study region followed 

vaccination programs targeting clostridial diseases, PPR, and foot-and-mouth disease established by regional veterinary 

services. These services required proof of vaccination for breeders to access animal feed (DSA, 2021), a measure 

designed to enhance the success of vaccination campaigns. However, hygiene and sanitation practices in sheep housing 

were found to be inadequate, as breeders did not commonly practice regular cleaning and disinfection. Hygiene in 

managing feeding and drinking systems should have been emphasized more strongly. Some breeders did, however, 

engage in zootechnical practices, such as hoof trimming, dehorning, and animal marking (DSA, 2021). 

 

Treatments and common pathologies 

Analysis of the questionnaire responses revealed that respiratory diseases, particularly pneumonia, were the most 

prevalent health issue in sheep, affecting 60% of the population. Digestive disorders, including acidosis, indigestion, and 
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diarrhea, followed at 30%, while locomotor problems, such as arthritis, affected 10% of the sheep. These diseases were 

typically considered collective health challenges within sheep flocks. Similar patterns of disease prevalence have been 

observed in herds across the Drâa-Tafilalet region of Morocco (Boujenane, 2023). In that region, the year-round 

prevalence of diseases is 40%, with seasonal peaks occurring in winter (25%), summer (20.1%), and spring (12.5%). 

These findings are consistent with the present study, where disease rates during winter, summer, and spring were 22.4%, 

21.3%, and 15.8%, respectively. Although animals of all ages are affected, young animals are particularly vulnerable, 

especially during winter when preventive measures are insufficient. 

Veterinarians commonly prescribe tetracyclines and β-lactams for treating sheep, which is consistent with the 

findings of Boukit (2024). However, 80% of breeders reported relying on self-medication for their sheep, and in 99% of 

these cases, they did not observe the recommended withdrawal periods for antibiotics. Belhaj et al. (2023) have 

identified this practice as a significant contributor to the widespread occurrence of antibiotic resistance. Only 20% of 

breeders sought private veterinarians' assistance in treating their animals. Additionally, traditional remedies were 

commonly employed, with 80% of breeders using substances, such as vinegar, soda drinks, and baking soda for 

indigestion, pomegranate peels for stomatitis, and "Gatrane" for skin conditions, as reported by Boujenane (2023). 

 

CONCLUSION 

 

Despite numerous challenges, sheep farming in the study area plays a significant role in production and preserving local 

traditions. Shepherds rely heavily on ancestral knowledge, yet feed shortages, insufficient technical support, and the lack 

of a comprehensive sheep farming policy hinder the industry. Reproductive management practices still need to be 

improved, with artificial insemination rarely utilized due to illiteracy and limited access to necessary resources. 

Additionally, farmers should consult veterinarians more frequently and adhere to the withdrawal periods for prescribed 

antibiotics. Efforts to enhance flock productivity should focus on improving feed quality, housing conditions, disease 

control, and implementing genetic improvement programs. The analysis of the results demonstrated that all categories of 

sheep produced in this region are profitable. However, various factors influence profitability, including the environment, 

feed availability, and the age of the animals. Establishing production objectives tailored to each breed's specific 

characteristics maximizes economic profitability and improves overall production. 
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ABSTRACT 

Feed was crucial for achieving optimal productivity in broiler chickens, which required ongoing monitoring of its 

quantity and quality. The present study aimed to evaluate the effects of nanoliquid extracts from Andrographis 
paniculata and Moringa oleifera used as photobiotic on the performance and carcass quality of broiler chickens. The 
research involved 128 broiler chickens, which were divided into four treatment groups, each with four replications 
of eight broiler chickens. The treatments included a control group (T0), a 0.25% nano liquid extract mixture of 

Andrographis paniculata and Moringa oleifera (T1), a 0.50% nanoliquid extract mixture (T2), and a 0.75% 
nanoliquid extract mixture (T3). The study utilized an in vivo method and analysed the data using a completely 
randomized design. The optimal level of nano liquid extract was determined based on chicken performance (feed 

consumption, body weight, feed conversion ratio (FCR), income-over-feed cost (IOFC)) and carcass quality (carcass 

percentage, cooking loss, meat color, water-holding capacity, and texture). The findings indicated that the addition 
of combined Andrographis paniculata and Moringa oleifera (1:1, w/w) nano-liquid extract in the chickens’ feed 
significantly influenced body weight, FCR, and IOFC. However, there was no significant effect on feed 
consumption. Furthermore, the use of Andrographis paniculata and Moringa oleifera combination had a significant 
impact on all carcass quality parameters beyond *b carcass color. It was concluded that the addition of 0.25% of 

combined Andrographis paniculata and Moringa oleifera nano liquid extract yielded the most favorable outcomes 

for the performance and carcass quality of broiler chickens.  
 

Keywords: Andrographis paniculata, Broiler chicken, Carcass quality, Moringa oleifera, Nano liquid, Performance 
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INTRODUCTION  

  

Feed consumption is the primary cost for broiler chickens in production, and improving feed efficiency is a key strategy 

in broiler chicken management. However, few studies have focused on slow-growing broiler chickens (Wen et al., 2018). 

The use of antibiotic growth promoters (AGPs) as feed additives for livestock has been banned by the Indonesian 

government through Ministerial Regulation No. 14 of 2017 due to concerns about antibiotic resistance. This issue poses 

a significant problem for the poultry industry, leading to increased morbidity and mortality rates in broilers during 

outbreaks (Untari et al., 2021). Consequently, there are side effects, such as residue accumulation on broiler carcasses 

and the emergence of antibiotic-resistant bacteria (Mehdi et al., 2018). The use of AGPs has been reported to increase 

nutrient utilization, reduce intestinal pH, reduce pathogen bacterial populations, and increase nonpathogenic bacterial 

populations (Natsir et al., 2017). Singh et al. (2020) emphasized the need to find alternatives to synthetic antimicrobial 

growth promoters (AGPs) because of their related issues. They highlighted natural growth promoters (NGPs) as 

promising options. These NGPs, which include Andrographis paniculata, Moringa oleifera, and their derivatives, are 

recognized for their beneficial effects on the health of broiler chickens. These benefits include antimicrobial, antioxidant,  

anti-inflammatory (Okhuarobo et al., 2014; Chhikara et al., 2021). 

The chemical compounds found in Moringa oleifera include alkaloids, flavonoids, saponins, terpenoids, tannins, and 

steroids (Bhattacharya et al., 2018). According to phytochemical tests conducted by Oladeji et al. (2020), these 

compounds function as antibacterials, antioxidants, and anti-inflammatory agents. Moringa oleifera is known for its 

natural antioxidant content and is a rich source of dietary fiber and essential macro- and micronutrients (Islam et al., 

2021). Andrographis paniculata contains orthosiphon glucose, essential oils, saponins, polyphenols, flavonoids, 

sapogenins, potassium salts, and myoinositol (Hossain et al., 2014). Flavonoids in Andrographis paniculata are known 

to reduce free radicals, flavonoids, such as chalcones, flavones, flavonols, flavanones, and catechins exhibit antioxidant 

activity (Ahmad et al., 2020), and they have also been reported to be important for antiviral activity (Nithya et al., 2021). 

DOI: https://dx.doi.org/10.54203/scil.2024.wvj47 

PII: S232245682400047-14 

http://www.wvj.science-line.com/
http://www.science-line.com/index/
https://orcid.org/0009-0003-9652-9602
https://orcid.org/0000-0003-2354-4624
https://orcid.org/0000-0002-3095-1515
https://orcid.org/0000-0001-9047-4135
https://orcid.org/0000-0002-6955-3688
https://orcid.org/0009-0000-5744-4751
https://orcid.org/0000-0003-4830-7928


World Vet. J., 14(3): 400-408, 2024 

 

401 

 

Both Andrographis paniculata and Moringa oleifera can be extracted via nanoparticles to improve their poor 

bioavailability.  Nanosized particles not only increase the surface area but also possess better physical and chemical 

characteristics, including enhanced reactivity and solubility (Martínez-Ballesta et al., 2018), which is due to the 

increased stability of the active compounds within the nanoparticles. 

These issues highlight the need for alternatives to AGPs and improvements in carcass quality while exploring the 

potential of Andrographis paniculata and Moringa oleifera as replacements. The objective of this study was to evaluate 

the effects of administering Andrographis paniculata and Moringa oleifera at different concentrations on the 

performance and carcass quality of broiler chickens. This research was crucial for enhancing carcass quality affected by 

parasites through the use of active compounds from herbal plants and for identifying alternatives to antibiotic growth 

promoters (AGPs) in broiler chicken production. 

 

MATERIALS AND METHODS 
 
Ethics approval  
This experiment was carried out in accordance with Brawijaya University regulations, and the Indonesian Animal 

Care and Utilization Committee gave ethical approval for this research with the number 099-KEP-UB-2023. 

 

Experimental design and treatments 
In the current study, day-old chick (DOC) of the Lohmann Japfa Platinum MB 202 strain, aged 1 day with an 

average body weight of 38 grams, was reared for 35 days without sex differentiation. The DOC Platinum strain was used 
to vaccinate against Newcastle disease (ND) and infectious bursal disease (IBD). A total of 128 DOC were allocated into 
four treatment groups, with each group being replicated four times and each replicate consisting of eight chicks. 

Throughout the study, lighting was maintained at a maximum intensity of 20-40 lux, and heating was provided during 
the 10-day incubation period, with six gasolec heaters positioned on the sides of the cage with a temperature range of 25 -
30°C and a humidity level of 50-70%. Tube feeders and drinkers were provided to ensure unlimited access to food and 
water. The feed additive used was a mixture of Andrographis paniculata and Moringa oleifera, which were extracted 
and nanoextracted in liquid form. These feed additives were mixed into the feed at concentrations of 0.25%, 0.50%, and 
0.75% of the total feed given. The composition of the feed ingredients is detailed in Table 1, and the percentage of the 

phytogenic mixture is presented in Table 2. 
 

Table 1. Nutritional contents of the basal feeds of starter and finisher in broiler chickens, after the addition of 

nanolnano-iquid extracts of Andrographis paniculata and Moringa oleifera 

Nutrients of starter   

Crude Protein 21.00-22.00% 

Fat 4.00-8.00% 

Crude Fibre 3.00-5.00% 

Ash 5.00-7.00% 

Calcium 0.90-1.20% 

Phospor 0.70-0.90% 

ME 2950-3050 Kcal/kg 

Nutrients of finisher  

Moisture 12% 

Crude Protein 19% 

Crude Fat 5% 

Crude Fibre 5% 

Calx 7% 

Calsium 0.8-1.1% 

PhosporUS 0.45% 

Enzyme Phytase 400 FTU/kg 

Aflatoxin 50 ppb 

 
 
Table 2. Percentage of phytogenic blend produced by the addition of nanolnano-iquid extracts of Andrographis 

paniculata and Moringa oleifera to broiler chickens’ diet 
Treatment  

T0: Andrographis Paniculata + Moringa Oleifera Basal feed 

T1: Andrographis Paniculata + Moringa Oleifera Use 0.25%   nanoliquid extract mixture 

T2: Andrographis Paniculata + Moringa Oleifera Use 0.50%   nanoliquid extract mixture 

T3: Andrographis Paniculata + Moringa Oleifera Use 0.75%   nanoliquid extract mixture 

T: treatment 
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Moringa oleifera and Andrographis paniculata nano liquid preparation 

The feed additive used was a combination of Andrographis paniculata and Moringa extracted in a nanoliquid form. 

This feed additive was mixed with the feed at concentrations of 0.25%, 0.50%, and 0.75% of the total feed provided to 
the broilers from day 1 to day 35. Andrographis paniculata and Moringa oleifera extracts were prepared in the Nutrition 
Laboratory of the Faculty of Animal Husbandry, Brawijaya University, via a maceration process. The process involved 
soaking Andrographis paniculata and Moringa oleifera in a 1:1 ratio in a container and then adding 70% ethanol at a 
ratio of 1:5 (100 grams of sambiloto powder and 500 ml of ethanol; Prasetyaningrum et al., 2022). This mixture was 
stirred at room temperature for 24 hours. Extraction was then performed via microwave-assisted extraction (MAE) at a 

temperature of 50-60°C for 15 minutes. Once extraction was complete, the mixture was allowed to settle briefly and then 
filtered through filter paper to obtain the filtrate. The filtrate was subsequently distilled via a microwave at a controlled 
temperature for 30 minutes until all the ethanol had evaporated. Finally, nanoparticle-based extraction was conducted via 
ultrasonic assisted extraction (UAE) for 10 minutes, which was repeated three times, for a total of 30 minutes. The 
detailed process of extracting nano-liquid of the feed additive was illustrated in Figure 1. 

 

 
Figure 1. The process of extracting a nano liquid of the feed additive used was a combination of Andrographis paniculata and 
Moringa, and microwave-assisted extraction (MAE) was performed at a temperature of 50-60°C for 15 minutes. Nanoparticle-based 
extraction was conducted via ultrasonic-assisted extraction (UAE) for 10 minutes, which was repeated three times, for a total of 30 

minutes. 

 
Preparation of the cage and equipment 
The first stage of cage preparation involved cleaning the remaining dirt from the previous broiler chicken farm and 

trimming the bushes around the cage. The cage floor was then mopped until it was clean and dry for 1 week. The cage 
used was an open-house type with bamboo slats, partitions made of bamboo, and sacks measuring 100 cm × 100 cm × 70 

cm, creating a total of 28 plots, each containing 8 broiler chickens. A sack was placed as a base, and the rice husks were 
evenly spread to a height of 5-10 cm in the treatment cages. Tarpaulins were placed around the plots to regulate the 
temperature and air conditions in the cage during the starter phase (Zhai et al., 2020). The number of feed and water 
containers provided was in accordance with the number of plots, totaling 28, with sizes adjusted according to the age of 
the livestock. Baby chick feeders were used for DOC (1-14 days), and feed containers with a capacity of 7 kg were used 
for older chickens. Drinking containers with a 2-liter capacity were also provided. The cage of the in vivo experiment can 

be seen in Figure 2. The heater system used 6 gas molecules, which were placed on the sides of the cage. The light was 
provided for 12 hours per day, from 18:00 to 06:00. Once all the equipment was set up, the gas was turned on for 3 hours 
before introducing the DOC to ensure that the cage temperature was adequately warm. A solution of brown sugar was 
prepared to prevent dehydration and minimize stress. During the starter phase, the broiler chickens were arranged in 5 
separate plots, each designated for a different treatment, without any replication. After the brood hens were released, 
they were distributed according to the research cage repetitions for 35 days. 

 

 
Figure 2. The open house type of cage used in the present study. A total of 28 plots, each containing 8 broiler chickens 
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Data collection 

The initial data collection was conducted when the DOC arrived at the poultry house. All DOCs were weighed 

together to obtain the average body weight. Subsequent average body weight measurements were taken weekly. Feed 

consumption was also recorded weekly by subtracting the amount of feed remaining from the amount of feed given 

during weighing. At 35 days of age, two broiler chickens from each experimental unit, whose weight was close to the 

average weight of the unit, were then marked on their legs according to the treatment they received so that a total of 28 

broiler chickens were used as samples. Broiler chickens were first weighed to determine their live weight and then 

slaughtered by hanging them upside down and severing three neck vessels, including the esophagus, carotid artery, and 

jugular vein. After slaughter, the blood was drained as much as possible, and the broiler chickens were immersed in hot 

water for 10 seconds to facilitate manual feather plucking. The head and feet were detached, the internal organs were 

removed, and the weights of the broiler chicken carcasses were recorded. A breast meat sample, measuring 5 cm in 

length, 3 cm in width, and 0.5 cm in thickness, was collected for texture and color analysis. The procedures for assessing 

color, texture, and cooking loss were conducted in the Laboratory of Animal Product Technology at the Faculty of 

Animal Science, Brawijaya University. 

 

Statistical analysis 

The software used was Microsoft Excel, and the data obtained were then analyzed via analysis of variance 

(ANOVA) with respect to the percentage of date pit flour usage. When different results were observed between 

treatments, Duncan's multiple range test was performed. Significantly different results were considered at the level of p < 

0.05, and highly significantly different results were considered at the level of p < 0.01. 

 
RESULTS 

 

Effects of liquid nanoextracts of Andrographis paniculata and Moringa oleifera on broiler chicken 

performance 

The average effects of the treatments on the feed conversion ratio (FCR), income-over-feed cost (IOFC), body 

weight, and feed consumption of broiler chickens are shown in Table 3. Statistical analysis revealed that the liquid 

nanoextracts of Andrographis paniculata and Moringa oleifera had a significant effect (p < 0.05) on the feed conversion 

ratio (FCR), income over feed cost (IOFC), and body weight of broilers. The highest FCR was observed in the T0 

(control) treatment at 1.57%, whereas the lowest FCR was found in the T1 treatment (0 .25% nanoliquid extract mixture 

of Andrographis paniculata and Moringa oleifera) at 1.49%. The highest IOFC was recorded in the T1 treatment 

(9,530/kg), whereas the lowest IOFC was recorded in the T0 treatment (6,036/kg). The highest body weight was 

achieved in the T1 treatment (3,833.33 g/head), whereas the lowest body weight was achieved in the T0 treatment 

(3,553.9 g/head). The effects of nano Andrographis paniculata and Moringa oleifera did not significantly affect (p > 

0.05) the feed consumption of broilers chicken. The highest feed consumption occurred in the T1 treatment (3.57 

kg/broiler), whereas the lowest feed consumption occurred in the T2 treatment (3.45 kg/broiler). 

 

Effects of liquid nanoextracts of Andrographis paniculata and Moringa oleifera on broiler chicken carcass 

quality 

The average impact of the treatments on broiler chicken carcass quality was presented in Table 4. According to the 

statistical analysis, the liquid nanoextracts of Andrographis paniculata and Moringa oleifera did not have a significant 

effect (p > 0.05) on carcass percentage, meat color (L*a*b*), water holding capacity, or meat texture. The highest 

carcass percentage was observed in the T1 treatment (75.52%), whereas the lowest carcass percentage was observed in 

the T0 treatment (67.83%). The highest value for meat color was recorded in the T3 treatment (5.75), whereas the lowest 

a value was recorded in the T0 treatment (3.18). The highest b value for meat color was found in the T3 treatment 

(13.61), whereas the lowest b value was found in the T0 treatment (11.56). The highest WHC was observed in the T2 

treatment (44.85%), whereas the lowest WHC was observed in the T0 treatment (41.44%). The highest meat texture was 

found in the T0 treatment (4.59 N), whereas the lowest meat texture was found in the T3 treatment (3.65 N). The effects 

of the liquid nanoextracts of Andrographis paniculata and Moringa oleifera on broiler chicken carcass quality 

significantly affected (p < 0.05) cooking loss and meat color L. The highest cooking loss was in the T3 treatment 

(36.25%), whereas the lowest cooking loss was in the T0 treatment (33.37%). The highest L value for meat color was 

recorded in the T3 treatment (54.79%), whereas the lowest L value was recorded in the T0 treatment (50.36%). 
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Table 3. Effects of liquid nanoextracts of Andrographis paniculata and Moringa oleifera on the feed conversion ratio, 

income over feed cost, body weight and feed consumption in broiler chickens 

Treatments T0 T1 T2 T3 p-value 

Feed Consumption (g/broiler) 3494 ± 59.32 3579 ± 26.33 3455 ± 83.97 3510 ± 40.04 0.096 

Body Weight (g/broiler) 2221.19 ± 45.33 2351.41 ± 71.12 2283.61 ± 58.65 2215.19 ± 59.59 0.044 

IOFC (IDR/kg) 6036 ± 1046.08
a 

9530 ± 1154.85
b 

6053.13 ± 1430.22
a 

6584.37 ±1360.59
a 

0.009 

FCR 1.57 ± 0.04
b
 1.49 ± 0.04

a
 1.55 ± 0.01

b
 1.55 ± 0.03

b
 0.019 

Superscripts with different letters in the same columns indicate significant differences (p < 0.05). FCR: Feed conversion ratio, IOFC: Income-over-feed 

cost. T0: basal feed, 0% of Andrographis paniculata and Moringa oleifera nanoliquid extract, T1: 0.25% of of Andrographis paniculata and Moringa 

oleifera nanoliquid extract, T2: 0.50% of Andrographis paniculata and Moringa oleifera nanoliquid extract, and T3: 0.75% of Andrographis 

paniculata and Moringa oleifera nanoliquid extract. 

 

Table 4. Effects of liquid nanoextracts of Andrographis paniculata and Moringa oleifera on the carcass quality of 

broiler chickens  

Treatments T0 T1 T2 T3 p-value 

Carcass percentage (%) 67.83 ± 0.46
a
 75.52 ± 1.27

c
 72.57 ± 1.52

b
 72.16 ± 1.37ᵇ 2.81E-06 

Cooking loss (%) 33.37 ± 0.24
a
 34.09 ± 0.83

ab
 35.69 ± 1.91

bc
 36.25 ± 1.30

c
 0.016 

Meat color 

L* 50.36 ± 0.34
a
 52.67 ± 1.34

ab
 53.24 ± 2.44

b
 54.79 ± 2.09

b
 0.020 

a* 3.18 ± 0.28
a
 5.18 ± 1.07

b
 5.66 ± 0.90

b
 5.75 ± 0.29

b
 0.0005 

b* 11.56 ± 0.66 11.95 ± 0.57 12.89 ± 2.55 13.61 ± 0.36 0.181 

Water holding capacity (%) 41.44 ± 0.44
a
 42.77 ± 1.01ᵃᵇ 44.85 ± 0.38

b
 43.4 ± 0.34ᵇ 9.39E-06 

Meat texture. (N) 4.59 ± 0.44
b
 4.6 ± 0.29

b
 4.46±0.24

b
 3.65±0.29

a
 0.002 

Superscripts with different letters in the same columns indicate significant differences (p < 0.05). T0: basal feed, 0% of Andrographis paniculata and 

Moringa oleifera nanoliquid extract, T1: 0.25% of of Andrographis paniculata and Moringa oleifera nanoliquid extract, T2: 0.50% of Andrographis 

paniculata and Moringa oleifera nanoliquid extract, and T3: 0.75% of Andrographis paniculata and Moringa oleifera nanoliquid extract. 

 
DISCUSSION 

 

Performance 

The success of broiler production was evaluated based on performance indicators such as feed consumption, final 

body weight, and the feed conversion ratio (FCR; Shafey et al., 2014). Research findings have shown that a nano mixture 

of Andrographis paniculata and Moringa oleifera contains active compounds with natural antimicrobial and antioxidant 

properties. An evaluation of performance factors against specific livestock parameters, such as FCR, revealed the ratio 

between the feed consumed and the weight gained by broiler chickens (Pierozan et al., 2016). A lower FCR value 

signified greater efficiency, which was evident from the FCR values in the T2 treatment, where T2 had a lower value 

than the control and was similar to T1. Nevertheless, all the treatments achieved a targeted low average feed conversion 

ratio (FCR) because the liquid nano extracts of Andrographis paniculata and Moringa oleifera have pharmacological 

activities as natural antibiotics, antivirals (Udikala et al., 2017), antimicrobials, anti-inflammatory agents, anti-

cholesterol agents, anticancer agents, appetite stimulants, and digestive enhancers for broilers (Bagheri et al., 2020). The 

addition of liquid nano extracts of Andrographis paniculata and Moringa oleifera resulted in relatively high feed 

conversion ratios due to the physical and chemical properties of Moringa oleifera. As mentioned, the concentration of 

antinutritional factors such as tannins and saponins led to reduced feed consumption (Steven et al., 2015), making the 

feed more efficient, as observed in T2. 

The results revealed that the nano mixture of Andrographis paniculata and Moringa oleifera presented the highest 

IOFC in the T1 treatment. The results from the T1 treatment demonstrated that higher levels of herbal mixture usage 

were associated with increased feed costs. According to Utami et al. (2023), factors influencing IOFC include broiler 

chicken body weight, feed intake, feed costs during the rearing period, and the selling price of the broiler chicken at 

harvest. Improved management practices lead to a higher IOFC, which implies more efficient broiler chicken rearing. 

The T2 treatment demonstrated that the average IOFC value was similar to that of T0 and T3, with nearly identical body 

weights, indicating that more efficient conversion of nutrients into meat results in better IOFC values. This result was 

related to the advantages of the liquid nanoextracts of Andrographis paniculata and Moringa oleifera, which include 

greater particle absorption in the form of nanoparticles. Greater surface area for improved interactions, extending their 

time in the intestines, minimizing intestinal cleansing processes, enhancing tissue penetration, and improving penetration 

of the epithelial layer, resulting in more effective cellular absorption (Cao et al., 2019). 

The results of the present study indicated that the T1 treatment, which involved the liquid nano extracts of 

Andrographis paniculata and Moringa oleifera leaves, resulted in the highest body weight. However, this result led to 
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high IOFC. Therefore, the most stable treatment was T2, owing to its efficient feed conversion ratio, which reduced feed 

costs and contributed to body weight formation. Owoade et al. (2021) reported that low feed consumption was 

influenced by the antioxidant compounds present in Andrographis paniculata and Moringa oleifera, which affected 

organ performance and growth promoters in broilers, thus improving nutrient absorption and resulting in better body 

weight (Alwaleed et al., 2020). Compared with the other treatments, the addition of 0.50% nano Andrographis 

paniculata and Moringa oleifera resulted in slightly lower feed consumption but higher body weight again because 

Andrographis paniculata and Moringa oleifera were recognized as excellent sources of nutrients with high protein 

content and many benefits for monogastric livestock (Astuti and Irawati, 2022). 

The results of the present study indicated that the consumption of 0.50% liquid nanoextracts from Andrographis 

paniculata and Moringa oleifera was the most effective, as it resulted in increased body weight gain in broiler chickens 

and decreased feed consumption. This was balanced by a lower feed conversion ratio, lower IOFC, and increased body 

weight. The addition of Andrographis paniculata and Moringa oleifera to the diet could reduce feed consumption. 

Oraibi and Ali (2021) noted that bioactive compounds in nano Andrographis paniculata and Moringa oleifera could 

reduce feed consumption compared with normal levels. Secondary compounds such as tannins and saponins, which have 

a bitter taste, were found to reduce palatability (Kholif et al., 2018). However, from a biological perspective, feed 

consumption, the protein efficiency ratio, and the feed conversion ratio were optimal in the T2 treatment. The bioactive 

compounds present in Andrographis paniculata and Moringa oleifera were present at optimal dosages within the herbal 

mixture. Additionally, the synergistic effects of the combined ingredients positively influenced various performance 

parameters. 

 

Carcass quality 

The average carcass percentage values with the addition of the nanoliquid additive extracts of Andrographis 

paniculata and Moringa oleifera were, in descending order, 75.52% for the 0.25% addition (T1), 72.57% for the 0.50% 

addition (T2), 72.16% for the 0.75% addition (T3), and 67.83% for the control (T0). In the present study, the ideal 

carcass percentage value was achieved with the addition of 0.25% nanoliquid to Andrographis paniculata and Moringa 

oleifera. This result was due to the advantages of nanoparticles, which have an increased surface area (Alkhtib et al., 

2020). According to Abd El-Hack et al. (2018), greater particle absorption in the form of nanoparticles was due to their 

larger surface area, which allows for better interactions, prolongs the residence time in the intestines, reduces intestinal 

cleansing mechanisms, increases tissue penetration, and enhances epithelial layer penetration, leading to more efficient 

cellular absorption. 

The cooking loss values in this study ranged from an average of 33.37% to 36.25%, which was considered normal. 

This aligns with the findings of Sari et al. (2021), who reported that broiler meat with a cooking loss of approximately 

35% was of very good quality because of its relatively low cooking loss. Meat with a cooking loss of less than 35% was 

deemed to have acceptable quality, as it reflects minimal nutrient loss during cooking. The cooking loss values in this 

study were very similar, indicating that the addition of liquid nanoextracts of Andrographis paniculata and Moringa 

oleifera did not result in significant differences. 

Meat color was assessed via a Minolta Chromatometer Color Reader to obtain International Commission on 

Illumination (CIE) laboratory values (L*: Lightness, a*: Redness, b*: Yellowness). The average L* values in this study 

ranged from 50.36-54.79, which was considered to be within the normal range. This finding was consistent with that of 

Hayat et al. (2024), who reported that lightness levels showed significant sensitivity to color measurement fluctuations 

via three-dimensional color values, which were correlated with higher L* values. The use of high dimensions could 

induce the release of stress-related hormones, including adrenaline, noradrenaline, and corticosterone. Downing et al. 

(2017) categorized broiler breast meat with an L* value greater than 53 as pale. This occurred because the additives 

used, Andrographis paniculata and Moringa oleifera, did not significantly differ. However, the addition of liquid 

nanoextracts of Andrographis paniculata and Moringa oleifera, which have much smaller particle sizes, resulted in a 

more stable L* value of 52.67 in the T1 treatment. 

Compared with those of the control treatment, the a* color values of the addition of liquid nanofeed additives to 

Andrographis paniculata and Moringa oleifera were also greater. However, the addition of 0.25%, 0.50%, and 0.75% 

liquid nanoextracts of Andrographis paniculata and Moringa oleifera did not result in significant differences. 

Additionally, the a* color values were related to the L* color values; in this study, both the a* and L* color values 

increased with increasing concentrations of liquid nanoextracts of Andrographis paniculata and Moringa oleifera, 

because Andrographis paniculata can maintain erythrocyte levels in the body, and Moringa oleifera significantly 

increased the number of micronucleated polychromatic erythrocytes originating from the bone marrow of rodents (Bagri 

and Kumar, 2024). Myoglobin oxidation caused a decrease in a* values across all treatments, as iron atoms can oxidize 
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or denature myoglobin molecules during oxidation, resulting in a negative color change in the product and conversion of 

myoglobin to methemoglobin (Çelebi, 2024). 

In this study, the addition of liquid nanoextracts of Andrographis paniculata and Moringa oleifera did not have a 

significant effect on the b* values, because Andrographis paniculata and Moringa oleifera lack xanthophyll, which 

means that they do not affect the b* color of the carcass. Orkusz et al. (2024) reported that some bacteria can produce 

pigments through their metabolic processes, leading to alterations in meat color, such as an increase in yellowness to 

58.59. Additionally, changes in meat color, including heightened yellowness, have been linked to bacterial spoilage, 

myoglobin autoxidation, and protein oxidation. With the addition of liquid nanoextracts of Andrographis paniculata and 

Moringa oleifera, the water-holding capacity values, listed from highest to lowest, were 44.85% for the 0.50% addition 

(T2), 43.4% for the 0.75% addition (T3), 42.77% for the 0.25% addition (T1), and 41.44% for the 0% addition (T0). The 

WHC increased with the addition of nanoliquid extracts of Andrographis paniculata and Moringa oleifera, which was 

attributed to the presence of tannins in both Andrographis paniculata and Moringa oleifera, which can inhibit fat 

absorption. Shahlehi et al. (2024) reported that tannins react with mucosal and epithelial proteins in the intestines, 

thereby inhibiting the absorption of fats from ingested food. 

The addition of liquid nanoextracts of Andrographis paniculata and Moringa oleifera to the feed resulted in texture 

values listed from highest to lowest as follows, including 4.6 for the 0.25% addition (T1), 4.4 for the 0.50% addition 

(T2), 4.5 for the 0% addition (T0), and 3.6 for the 0.75% addition (T3). The texture values of the Andrographis 

paniculata and Moringa oleifera extracts were greater than those of the control treatment, which was attributed to the 

alkaloid and tannin contents of Andrographis paniculata and Moringa oleifera, which inhibited fat absorption, leading to 

an increase in the meat protein content and consequently higher texture values (Ivanova et al., 2024). 

 
CONCLUSION 

 

The administration of 0.25% liquid nano extracts of Andrographis paniculata and Moringa oleifera effectively improved 

performance parameters, such as FCR, IOFC, body weight, and feed consumption and also effectively enhanced the 

carcass quality of broiler chickens. Moreover, additional studies were needed to explore the use of liquid and nanoliquid 

extracts of Andrographis paniculata and Moringa oleifera in feed to assess their potential for improving outcomes. 
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ABSTRACT 

While physicians describe drugs to treat diseases, these medications may have cytotoxic effects on 
certain organs, necessitating the use of some drugs to ameliorate such adverse effects. The study was 
conducted to investigate the protective behavior of nanoemulsified sodium salicylate on 
uninephrectomized rats injected with cisplatin to induce nephrotoxicity. Fifty adult male albino  rats, 

aged five weeks and weighing approximately 100-120 g, were divided into five groups. The first group 
received 200 mg/kg/day i.p normal saline for 30 days. The second group was administrated 200 
mg/kg/day of nanoemulsified salt of salicylic acid for 30 days. The third group, comprising 
uninephrectomized rats, was injected with two doses of cisplatin (20 mg/kg body weight) on alternate 
days from the start of the experiment to induce nephrotoxicity. The fourth group, also 
uninephrectomized, received 200 mg/kg/day i.p of nanoemulsified sodium salicylate for 30 days. The 

fifth group, uninephrectomized and treated with 200 mg/kg/day sodium salicylate nanoemlusion for 21 
days, was subsequently injected with two doses of cisplatin, followed by continued nanoemulsified 
sodium salicylate treatment until day 30 from the start of the study. The results showed a significant 
increase in tissue inhibitor metalloproteinase 1 (TIMP-1), Hyaluronic acid (HA), malondialdehyde, 
kidney injury molecule -1(KIM-1), and nitric oxide in the nephrotoxic group injected with cisplatin 
compared to the control group. Additionally, there was an elevation in the mRNA expression of 

nephrotoxic group with uninephrectomy. However, nephrotoxic rats treated with nanoemulsified sodium 
salicylate exhibited only a modest increase in TIMP-1, HA, and KIM-1 levels, along with elevated 
expressions of podocin and nephrin compared to the healthy control group. These findings suggest that 
nanoemulsified sodium salicylate exerts a protective effect against cisplatin-induced nephrotoxicity in 
uninephrectomized. 
 

Keywords: Cisplatin, Lateral nephrectomy, Nanoemlusion, Podocyte, Rat, Surgery 
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INTRODUCTION  

  

Drug toxicity is a major factor contributing to the withdrawal of medications from market. Between 1953 and 2013, over 

400 medications were withdrawn, with 10% of causes related to neurotoxicity and 16% to cardiotoxicity (Onakpoya et 

al., 2016).  

The considerable cost of drug development and research from 2009 to 2018 amounted to billions of dollars. A 

significant contributor to these costs is the high rate of failure during clinical trials and developmental studies (Wouters 

eta al., 2020; Rennane et al., 2021). Despite a 15.6% decline in sales in the pharmaceutical industry from 2008 to 2019, 

there was an increase in research and development intensity from 11.9% to 17.7%. Development and research spending 

for large pharmaceutical companies rose from 16.6% to 19.3%, while sales increased by 10.0% (from $380.0 to $418.0 

billion) during the same period, even though the cost of drug development remained relatively stable or even decreased 

(Sertkaya et al., 2024). For instance, only about 15% of central nervous system drugs and 25% of cardiovascular drugs 

progress to phase 1 clinical trials (Amanat et al., 2022). 

Antineoplastic drugs, widely used to treat various cancers, including ovarian, head, cervical, testicular carcinoma, 

and neck cancers, have demonstrated significant efficacy (Gómez-Sierra et al., 2018). Although the activity of 

antineoplastic drugs has been reported to be great, their use is often limited by severe side effects, such as hepatotoxicity, 
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neurotoxicity, myelosuppression, ototoxicity, and nephrotoxicity (Pellacani and Eleftheriou, 2020). Several studies have 

revealed that cisplatin, a commonly used antineoplastic agent, accumulates in organs such as the liver and kidney 

(Palipoch and Punsawad, 2013; Apaydin et al., 2018; Aldossary, 2019). 

Drug-induced toxicity, particularly nephrotoxicity, is a significant concern, leading to substantial health and 

economic losses (Frezza et al., 2010). The nephrotoxicity of cisplatin is attributed to its formation of highly active 

platinum complexes that bind to nucleophilic sites on DNA through an inter-strand and intra-strand crosslinking by 

nucleotide guanine. These symptoms result in denaturation and arrest cell cycle dewspite the mechanism of cisplatin 

nephrotoxicity change from its anticancer activity (Hanigan and Devarajan, 2003). 

 Cisplatin through cytochrome P450 mitochondrial dysfunction and microsome lead to the formation of reactive 

oxygen species (ROS) and damage to renal tissues. Elevated ROS levels contribute to acute failure of kidney through the 

induction of inflammatory cytokines, oxidative damage, tubule-interstitial inflammation, and necrosis of kidney tubular 

cells (Saisyo et al., 2016). Various adjuvants, including antioxidants, anti-apoptotic agents, and modulators of nitric 

oxide have been investigated for their potential protective effects against cisplatin-induced kidney injury (Ali and Al 

Moundhri, 2006).  

Nasr (2014) demonstrated that cisplatin-induced hepatotoxicity in male experimental animals at a dose of 7.5 

mg/kg i.p, altering lipid peroxidation and liver biomarkers, along with significant changes in antioxidant enzymes such 

as glutathione peroxidase and catalase. The formulation of nanoemulsified sodium salicylates, which offers a sustained 

effect due to its nanoformulation, has shown promise. Nanoemulsions based on silica nanoparticles are utilized for 

encapsulating sodium salicylates for several reasons, including the ability of nanoemulsified silica to carry bioactive 

ingredients and reduce their degradation.  Encapsulating sodium salicylates move free to target through the bloodstream, 

induce disease targeting, and minimize the side effects on healthy organs.  

This study explores the ameliorative effects of nanoemlusified sodium salicylates against nephrotoxicity induced 

by cisplatin in uninephrectomized experimental animals.  

 

MATERIALS AND METHODS 

 

Ethical approval    

The study protocols and guide were approved by the National Research Centre Ethics Committee (Cairo, Egypt) 

under the registered ethical number 16/370.  

 

Chemical kits 

Sodium salicylate, cisplatin, and TRIzol reagent were obtained from Sigma-Aldrich (St. Louis, MO, USA). 

Ultrapure water was prepared using a Millipore Milli-Q Plus system. 

 

Experimental animal  

Fifty adult male Wister albino rats, five weeks old and weighing about 100-120 g, were procured from the Animal 

Housing Laboratory at the National Research Centre (NRC), Giza, Egypt, and were divided into five groups. The rats 

were housed under standard conditions, with a temperature of 25±2 °C and suitable ventilation. They were kept in 

qualified polypropylene cages with free access to standard diet and water.  

 

Experimental design 

Following a 10-day acclimatization period, the fifty rats were randomly divided into five groups:  The first 

(control) group received 200 mg/kg/day i.p normal saline for 30 days. The second (nanoemulsion) group was 

administrated 200 mg/kg/day of nanoemulsified salt of salicylic acid for 30 days. The third (nephrotoxic) group, 

including the uninephrectomized rats, were injected with two doses of cisplatin (20 mg/kg body weight) on alternate 

days from the start of the experiment to induce nephrotoxicity. The fourth (treatment) group, comprising 

uninephrectomized rats, were injected with 200 mg/kg/day i.p nano emulsion of sodium salicylate for 30 days. Finally, 

the fifth (pre-treatment and cisplatin) group, including uninephrectomized rats, were injected with 200 mg/kg/day 

sodium salicylate nanoemlusion for 21 days, followed by two doses of cisplatin (20 mg/kg, administered on alternate 

days).  The nanoemulsified sodium salicylate treatment continued until the end of the 30-day study period. 

 

Surgical nephrectomy 

Seven days before the experiment, the rats were anesthetized by inhalation of diethyl ether for 5 to 12 minutes, 

depending on their weight, with an ether volume of approximately 6 ml per hour. The surgical site was shaved, washed 

with soap and water, and sterilized with 70% alcohol followed by 4% tincture iodine.  The incision in the muscles and 
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skin was done using a sterile cutter. The wound was widened till the kidney appeared using forceps. Separate ligation of 

the renal vein and renal artery was done with kidney excision. Lamberts sutures were used to close the wound. 

 

Sampling of kidney tissue and blood 

Thirty days after the start of the study, the rats were fasted for 12 hours. Blood samples were collected from the 

venous plexus of the eyes using a capillary tube with heparin. About 3.5 ml of blood was collected in tubes for 

biochemical analysis of the study’s relevant biological parameters. One kidney was quickly removed from each rat, 

perfused, and rinsed with ice-cold saline to remove blood cells (Wu et al.,2017). The renal tissue was preserved in 

TRIzol reagent (Sigma-Aldrich, St. Louis, MO, USA) for gene expression analysis (Saleh et al., 2022).  

 

Investigation of biological markers 

The mRNA expression levels of various genes in renal tissues were quantified using real-time quantitative PCR 

(qRT-PCR). The serum levels of tissue inhibitor of metalloproteinases-1 (TIMP-1), hyaluronic acid (HA), and kidney 

injury molecule-1 (KIM-1) were measured in samples collected 30 days after the start of the experiment. 

 

Preparation of genes  
Expression analysis of nephrotoxicity related genes 

RNA isolation 

Total RNA was isolated from renal tissues of all experimental groups using TRIzol® reagent. The isolated RNA 
was then dissolved in deionized water. To eliminate any contaminating DNA, RNA samples were treated with RNAse -
free DNAse. The purity of the RNA was assessed using spectrophotometry.  

Reverse transcription reaction 

First-strand cDNA synthesis was performed to generate cDNA copies from the isolated RNA. The reverse 
transcription reaction was carried out using the following program: about 600 seconds at room temperature, followed by 

60 minutes at 42 °C, and 300 seconds at 95°C. The resulting cDNA was then collected in tubes and kept in tubes inside 
snow cups (Khalil and Booles, 2011). 

Quantitative Real Time-PCR 

Quantitative Real-Time PCR was conducted in a 0.025 mL reaction volume, which included 0.0125 mL of SYBR® 
Premix Ex TaqTM, 0.005 mL 0.002 mM antisense primer, 0.005 mL 0.002 mM sense primers, 0.0065 mL distilled 
water, and 0.005 mL of cDNA template. The qRT-PCR program consisted of the following steps: Step 1 involved an 

initial denaturation for 180 seconds at 95.0°C. Step 2 included 40 cycles. Step 3 involved generating a melting curve 
profile with about 71 turns, starting at 60°C and increasing by 0.5°C every 0.6 minutes until reaching 95.0°C (Khalil and 
Booles, 2011). 

 

Statistical investigations   

Statistical Analysis was carried out using one-way analysis of variance (ANOVA), followed by Bonferroni post 

hoc analysis. All data were expressed as mean ± standard error. The data were analyzed using SPSS software  (Version 

16). A p-value of less than 0.001 was considered statistically significant.  

 

RESULTS 

 
Cisplatin-induced nephrotoxicity in the experimental animals led to a significant increase in serum levels of HA, TIMP-

1, and KIM-1 (p < 0.05).  However, in uninephrectomized animals treated with ameliorate, there was a significant but 
comparatively smaller elevation in the levels of HA, KIM-1, and TIMP-1 compared to healthy control animals (p < 0.05, 
Table 1).     

 
Table 1. Effect of nano emulsified sodium salicylate on adult male albino rats weighing about 100-120g aged 5 weeks  

Treatments HA (Pg\ml) TIMP-1 (Pg\ml) KIM-1 (Pg\ml) 

Control  40.5 ± 1.07 68 ± 1.04 24 ± 1.18 

Carrier  42.9 ± 2.02 78 ± 1.06 25 ± 1.13 

CisP 90.9
 a,b,d

 ± 3. 5
 

128
a,b,d 

± 2.16 158
 a,b,d

 ± 1.18
 

SiNPs@sod 43.6
 c,,e

 ±1.17 86
c,,e  

± 1.04 99
 c,e

 ±1.19 

SiNPs@sod-CisP 49.4
a,b,c 

± 3.6 77
 a,b,c

 ± 1.07 53
 a,b,c

 ± .99 

*Results are expressed as means ± SD for 10 animals in certain 5 sets. 
a
 all results in comparison with the normal group, 

b
all result in comparison to 

SiNPs group.
   c

 Significant difference compared to the Cisplatin group.
   d

 Significant difference compared to SiNPs@sod group 
e
 Significant difference 

compared to SiNPs@sod- Cisplatin group significant at P < 0.05. The superscript (a,b,c,d) shows a significant difference at p < 0.05. **HA: 

Hyaluronic acid; TIMP -1: Tissue inhibitor metalloproteinase 1; KIM -1: kidney injury molecule -1, First group: Control, second group: 

Nanoemulsion, third (nephrotoxic) group: Injected with two doses of cisplatin. Fourth (treatment) group: Uninephrectomized rats, were injected with 

200 mg/kg/day i.p nanoemulsion of sodium salicylate. Fifth (pre-treatment and cisplatin) group: Uninephrectomized rats, injected with 200 mg/kg/day 

sodium salicylate nanoemlusion, followed by two doses of cisplatin. 
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Oxidative stress markers in kidney homogenate  

Kidney malondialdhyde and nitric oxide levels were significantly elevated by 116% and 128%, respectively, in the 

Cisplatin group compared to the control, indicating increased oxidative stress. However, both renal malondialdhyde and 

nitric oxide levels showed a significant decrease (p < 0.05) in the group treated with nano-emulsified sodium salicylate 

compared to the normal (p < 0.05 ) Conversely, rats treated with sodium salicylate alone or with the nanoemulsified form 

exhibited no significant changes in oxidative stress markers (Table 2). 

 

Nephrin and Podocin genes  

The expression levels of podocin and nephrin showed a significant decrease in the Cisplatin-only group with a 1.2- 

and 1.3-fold reduction, respectively (p < 0.05). However, uni nephrectomized animals treated with nano emulsified 

exhibited only a modest reduction in the expression levels of nephrin and podocin genes with a 0.2 -fold decrease 

compared to healthy animals. In contrast, rats treated with either silicate or the nanoemulsified form of  salicylic acid 

showed no significant variation in gene expression levels compared to the normal control group (p < 0.05)  (Table 3). 

 

Table 2. Effects of nano emulsified sodium salicylate on oxidative stress indicators of adult male albino rats weighing 

about 100-120g aged 5 weeks   

Treatments MD (nmol/l) No(nmol/l) 

Control  90.9 ± 5.2 10 ± 0.45 

Carrier  91.57 ± 2.8 9.1 ± 0.3 

CisP 190.1
a,b,d,e

 ± 12.5 50.2
 a,b,d,e

 ± 0.69 

SiNPs@sod 100.6
c ,e

 ± 5.04 12.02
c ,e

 ± 0.42 

SiNPs@sod-CisP 105.2
a,b

 ± 4.1 19.9 ± 0.79
a,b

 

*Results are revealed as means ± SD for 10 animals in certain 5 sets. The superscript (
a,b,c,d

) shows a significant difference at p < 0.05. ** MD: 

Malondialdehyde; NO: Nitric oxide; CisP: Cisplatin; SiNPs@sod: Sodium salicylate nanoparticles; SiNPs@sod-CisP: Sodium salicylate nanoparticle 

with cisplatin, first group: Control, second group: Nanoemulsion, third (nephrotoxic) group: Injected with two doses of cisplatin. Fourth (treatment) 

group: Uninephrectomized rats, were injected with 200 mg/kg/day i.p nano emulsion of sodium salicylate. Fifth (pre-treatment and cisplatin) group: 

Uninephrectomized rats, injected with 200 mg/kg/day sodium salicylate nanoemlusion, followed by two doses of cisplatin.  

 
Table 3. Effect of nano emulsified sodium salicylate 0n expression of Podocin and Nephrin genes in adult male albino 

rats weighing 100 -120 g aged 5 weeks  

Treatments Nephrin Podocin 

Control  1.74 ± 0.012 2.1 ± 0.03 

Carrier  1.8 ± 0.004 2.2 ± 0.008 

CisP 0.9
 abde

 ± 0.002 0.76
 abde

 ± 0.004
 

SiNPs@sod 1.07 ± 0. 14 1.9 ± 0.012 

SiNPs@sod-CisP 1.16
 ab

 ± 0.017 1.5
 ab 

± 0.016 

*Values are represented as means ± SD for 10 rats in each group and 5 sets. The superscript (
a,b,c,d

) shows a significant difference at p < 0.05. CisP: 

Cisplatin; SiNPs@sod: Sodium salicylate nanoparticles; SiNPs@sod-CisP: Sodium salicylate nanoparticle with cisplatin, first group: Control, second 

group: Nanoemulsion, third (nephrotoxic) group: Injected with two doses of cisplatin. Fourth (treatment) group: Uninephrectomized rats, were injected 

with 200 mg/kg/day i.p nano emulsion of sodium salicylate. Fifth (pre-treatment and cisplatin) group: Uninephrectomized rats, injected with 200 

mg/kg/day sodium salicylate nanoemlusion, followed by two doses of cisplatin. 

 
DISCUSSION 

 

Many systemic approaches with selective protection of normal cells from the toxic effects of chemotherapy also have 

been investigated (Brizel, 1998). The current study investigated the nephro-protective potentials using the technique of 

nanotechnology drug delivery as a cytoprotector. According to the obtained results, cisplatin injection significantly 

increased the serum HA. The nephrotoxic effect of cisplatin on serum HA was previously reported (Akin et al., 2017). 

Extracellular matrix markers undergo both qualitative and quantitative alterations during the process of fibrosis. Potential 

markers of fibrosis include glycosaminoglycans and glycoproteins found in the extracellular matrix, as well as the 

synthesis of matrix and enzymes associated with degradation, along with collagen synthesis and the enzymes involved in 

its breakdown. One of the direct markers of fibrosis is HA, which is found to be elevated in chronic kidney disease. 

Results in the present study revealed that the cisplatin group recorded a significant increase in serum TIMP-1 compared 

to control. Additionally, serum TIMP- 1 mean value was significantly increased in the cisplatin group compared to the 

carrier group. The result is in agreement with Tianhui et al. (2012), who suggested that the activation of TIMP1 is 

responsible for the deposition of extracellular matrix following kidney damage. Protection of nephrotoxic rats with 
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nanoemlusified salt of salicylic acid resulted in a deceased TIMP-1 relative nonprotected group, however, it was still 

higher than its matched value in the control group. The ameloriting effect of encapsulated sodium salycsilate on serum 

TIMP-1 was reported previously (Cheng et al., 2020). In this work increased serum KIM-1 in the cisplatin group was 

noted and agrees with Takaharu et al., (2004). Takaharu et al., (2004) reported that KIM-1 may be a sensitive general 

renal injury or early repair biomarker in animals exposed to nephrotoxicants. Measurement of KIM-1 protein expression 

may be beneficial for the detection of abnormalities of tubular epithelial cells during injury/repair in the kidney. KIM-1 

may be useful in preclinical and clinical studies vital to drug development and evaluation. It may also serve in the 

monitoring of disease states that manifest as injury to the proximal tubule and be useful in guiding interventional 

strategies (Tanase et al., 2019; Chalo and Aydilek, 2022). Administration of nano-emulsified sodium salicylate 

ameliorated Cisplatin-induced changes in multiple blood and urine variance, contributing to a notable recovery. Results 

of the present study revealed no significant change in kidney Malondialdhyde and nitric oxide in the carrier group 

compared to the control. Furthermore, a significant increase in kidney MDA and NO in the cisplatin cisplatin-injected 

group was observed compared to the control and carrier groups. These results are in agreement with Naqshbandi et al., 

(2013). Oxidative stress plays a pivotal role in Cisplatin-induced toxicity, leading to various changes in blood and urine 

parameters. Under normal physiological conditions, the generation and elimination of ROS in tissues are balanced by 

endogenous scavenging systems such as catalases, reduced glutathione, and superoxide dismutase. Nanoemulsified 

sodium salicylate appears to mimic these mechanisms. Elevated ROS levels damage multiple macromolecules, including 

DNA, lipids, and proteins. Oxygen radicals play a role in the nephrotoxicity enhanced by cisplatin lead to damage of 

macromolecules in cells. Elevating oxidative stress causes necrosis and cellular injury in the liver, kidney, and other 

tissues (Naqshbandi et al., 2013). Antioxidant enzymes, such as paraoxinase scavenge free radicals or convert them into 

non-toxic forms (Zheng et al., 2008).  

The results of the present study showed that cisplatin injection elevated the levels of lipid peroxidation markers, 

such as nitric oxide and malondialdhyde (Ognjanović et al., 2012; Koyuncu et al., 2017). In contrast, nano emulsified 

sodium salicylate decreased lipid peroxidation levels in the kidney and helped retain normalized antioxidant enzyme 

levels. Patients with chronic renal failure exhibited multiple changes in amino acid and protein metabolism, including 

increased levels of homocysteine amino acid (Guldener, 2006). Elevated homocysteine levels are frequently observed in 

individuals suffering from renal failure, with multiple studies establishing a correlation between heightened 

homocysteine levels and a significant reduction in glomerular filtration rate (Ninomiya et al., 2004). These observations 

align with the results of the present study, where homocysteine levels increased in the cisplatin toxic group compared to 

the healthy group. Acute kidney damage increases homocystein due to alterations in the disposal of homocystein or 

impaired metabolism (Guldener, 2006).  The enhancement observed with nano-emlusified salt of salicylic acid in the 

present study could reduce the cisplatin-induced elevation of TIMP1 of Cis- c, indicating the significant protective role 

of this nano-formulated medication in preventing renal injury (Al Nahyah, 2021). The TIMP-1 is responsible for the 

precipitation of the extracellular matrix (Cong et al., 2013).  

The filtration of blood components via the formation of urine in the glomerulus capsule is one of the key functions 

of the kidney. The filtration pores between adjacent foot processes are crucial  for maintaining the integrity of the 

glomerular filter (Murray and Paolini, 2023). In experimental animals, several studies have highlighted the direct role of 

the slit diaphragm in the progression of proteinuria, suggesting its importance in preserving the glomerular filtration 

barrier (Kawachi and Shimizu, 2000; Kocylowski et al., 2022).  

The current study indicated that the level of tissue nephrin mRNA and podocin mRNA significantly decreased in 

the cisplatin group compared to the normal control and carrier groups, which was previously reported by Kaveripakam 

and Adikay (2017). Podocin and nephrin are essential proteins located in the podocyte slit diaphragm, significantly 

contributing to the functionality of the glomerular filter (Huber et al., 2003). Researchers indicated the downregulation of 

nephrin mRNA in the cisplatin group, including the characterization of structural alteration in glomerular epithelial cells, 

alteration of foot processes, and subsequent filtration slits, as well as the loss of podocytes. From the current perspective 

and alongside the results of the present study, the loss of podocytes is closely related to progressive glomerular injury or 

both. Protection with carrier recorded upregulation of nephrin mRNA compared to the cisplatin group, indicating an 

improvement in kidney functions (Wang et al., 2002). 

 

CONCLUSION 

 

The use of unsaturated lipid and polar solvents in the formulation of nanoemlusified sodium salicylate as a drug delivery 

system has shown significant potential in improving kidney disorders. These findings suggest that nanoemulsified 

sodium salicylate exerts a protective effect against cisplatin-induced nephrotoxicity in uninephrectomized. Further 

studies are required to evaluate the effects of nano-emulsified sodium salicylate on the toxicity of other internal organs. 
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ABSTRACT 

Taro white cattle have a small population found in Taro Village, Tegalalang, and Gianyar, Bali, which must be 

protected as one of the most valuable biological resources for the Hindu community in Bali. White cattle require 

conservation efforts, with morphometric characterization and genetics providing the first phases of an animal 

conservation program. The purpose of this study was to identify the genetic diversity of Taro white cattle based on 

allele frequency, heterozygosity, and fixation index (FIT) using different microsatellite DNA loci so that it can be 

used as a study and reference in determining policies for the conservation of Taro white cattle in Indonesia, 

particularly in Bali. This cross-sectional observational study utilized ETH 185, INRA 035, and INRA 037 

microsatellite DNA markers. Polymerase chain reaction amplified a total of 22 Taro white cattle blood samples with 

an average of 4.33 alleles; the average observed heterozygosity and expected heterozygosity were 0.288 and 0.637, 

respectively, with an average fixation index value of 0.55. In conclusion, there is a significant deviation from the 

Hardy-Weinberg equilibrium with the likelihood of inbreeding, as indicated by the Hardy-Weinberg balance. The 

microsatellite loci used in this study can be further used to evaluate the genetic diversity of Taro white cattle. 
 

Keywords: Conservation, Genetic diversity, Microsatellite DNA, Taro white cattle 
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INTRODUCTION  

  

In the woodlands of Taro Village, Tegallalang District, Gianyar Regency, a very small cattle population is known as 

white cows native to Taro Village. The uniqueness of these white cattle is that they are holy, sacred, and respected by the 

community. The cattle may only be utilized in holy sites, including Merkur (Ngasti Widana), Tri Buana, and Eka Dasa 

Rudra. The extremely small population of Taro cattle will result in inbreeding. This can result in a loss of genetic 

diversity and a decline in environmental adaptability. Referring to the population risk threshold, white cattle are 

classified as critical (critical breed). According to FAO (2007), a population of less than 100 individuals is thought to be 

in an area critical to extinction. Provided that left uncontrolled, the amount of biological wealth not cared for will 

increase, resulting in the loss of genetic wealth. To prevent biodiversity loss in Indonesia, particularly the white cattle as 

germplasm and since they play a crucial role in religious events for the Hindu community in Bali, it is necessary to 

conserve white cattle. 

This conservation initiative is linked to the Provincial Government of Bali's commitment and program to accelerate 

the achievement of the Millennium Development Goals (MDGs) in accordance with the Bali MDGs Roadmap, one of 

the eight Millennium Development Goals being environmental sustainability (Tanner et al., 2020). Therefore, support for 

the preservation of white cattle is essential. Reduced biological resource loss is one of the actions centered on conserving 

the environment (Allendorf, 2017). In conservation efforts, it is essential to understand the population's features; genetic 

characterization is a crucial stage in animal conservation projects. The genetic features can be used as a guide for 

determining the distinctness of the animal race (Abdelmanova et al., 2020). Microsatellite deoxyribonucleic acid (DNA) 

is now commonly used to determine genetic distances through molecular analysis (Moniruzzaman et al., 2015). Since it 

is not affected by the environment, microsatellites are ideally suited for identifying an order (Abdelkader et al., 2018). 

Microsatellites are valuable for genome mapping due to their very random distribution within the genome (Aguirre-

Liguori et al., 2020). Microsatellites are currently the most prevalent genetic markers utilized in molecular testing (Bora 

et al., 2023).  
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Microsatellites exhibit significant rates of polymorphism and mutation (Glazko et al., 2023). Variation in the 

number of repeat units accounts for the high microsatellite polymorphism (Bhargava and Fuentes, 2010). Primarily due 

to the existence of a slippage replication mechanism, mutations occur (Richard, 2021). The rapid mutation rate of 

microsatellite DNA is mainly attributable to variations in the number of repeating bases added or removed relative to 

variations in the base sequence (Lei et al., 2021). The reported microsatellite mutation rate is roughly 10-3 to 10-6 

(Zhang et al., 2003; Svishcheva et al., 2020). Therefore, the present study aimed to identify the genetic diversity of Taro 

White cattle using microsatellite DNA loci. 

 

MATERIALS AND METHODS 

 

The present study was a cross-sectional observational study that involved collecting primary data and descriptive 

analysis of microsatellite DNA polymorphisms to establish the genetic profile of Taro White cattle to use in conservation 

efforts (Figure 1). A total of 22 adult White Taro cattle (8 males and 14 females) aged 2-8 years and weighing 200-350 

kg were investigated in the present study. Three milliliters of blood samples were taken aseptically through the jugular 

vein and then charged with three distinct microsatellite DNA markers, 

ETH 185, INRA 035, and INRA 037, which are found on chromosome 

17 (ETH 185), chromosome 16 (INRA 035), and chromosome 10 

(INRA 037), respectively. Food and Agriculture Organization-

International Society for Animal Genetics (FAO-ISAG) suggested that 

microsatellite DNA markers successfully extracted from diverse breeds 

of cattle in Indonesia were used to select the primers in the following 

order (FAO, 2011).  

 

a. ETH 185: TGCATGGACAGAGCAGCCTGGC  

          GCACCCCAACGAAAGCTCCCA 

b. INRA 035: TTGTGCTTTATGACACTATCCG  

                                        ATCCTTTGCAGCCTCCACATTG 

c. INRA 037: GATCCTGCTTATATTTAACCAC  

                                        AAAATTCCATGGAGAGAGAAAC 

 

Figure 1. Taro White Cattle in Taro village, Tegalalang district, Gianyar Regency, Bali, Indonesia 

 

The amplification using the applied biosystem thermal cycler was performed for 35 cycles, with the first cycle at 

95
o
C for five minutes, the next 33 cycles (denaturation at 94

o
C for thirty seconds, annealing at 58

o
C for eighty seconds, 

extension at 72
o
C for ninety seconds), and the last cycle was elongation at 72

o
C for five minutes. 

 

Analysis of genetic polymorphism  

Allele frequency 

The frequency of each allele at each microsatellite locus was estimated using the following formula (Chen et al., 

2016). 

 
X1 is the allele frequency of a first locus, N1.1 is the number of individuals that are homozygous for allele 1, N1.2 is 

the number of individuals that are homozygous for allele 1, and N is the total number of individuals. 

Heterozygosity 

The level of heterozygosity was computed via the following formula. 

 
H is locus heterozygosity, X is allele frequency, and N is the number of individuals. 

The microsatellite Toolkit V.3.1 program was used to calculate allele frequencies, allele counts, observed and 

anticipated heterozygosities (Ho and He), and total heterozygosity (Ht) (Meglécz et al., 2014). To determine random 

mating in the local population, Hardy-Weinberg equilibrium analysis used the fixation index (FIT), and to determine the 

deviation of the FIT value from zero (inbreeding occurred), it was evaluated with one degree of freedom, as indicated in 

the following formula. 
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Ethical approval  

The current study has received approval from the Animal Ethics Commission of the Faculty of Veterinary Medicine, 

Udayana University, Indonesia, with Number B/70/UN14.2.9/PT.01.04/2024, and was carried out at the Biomedical 

Laboratory of the same institution from January to March 2024.   

 

Data analysis 

The observed number of alleles (na), allele frequency, observed Ho, expected He, and fixation index value or the 

inbreeding coefficient (F) from each locus of microsatellite DNA were analyzed using GenAlex, version 6.5 (Genetic 

analysis in Excel 6.5 version) (Peakall and Smouse, 2012). The GENEPOP, version 4.7.x was used to generate the P-

value of Hardy-Weinberg equilibrium (HWE) and the P-value of Linkage disequilibrium (LD) (Rousset, 2008). Hardy-

Weinberg disequilibrium is a model for predicting genotype and allele frequencies in a non-evolving population 

(Abramovs et al., 2020). Linkage disequilibrium is a measure of non-random association between segments of DNA 

(alleles) at different positions on the chromosome (loci) in a population (Slatkin, 2008). Loci are considered independent 

or in linkage disequilibrium when the association frequency of different alleles is higher than expected. Loci are said to 

be randomly associated when the association frequency of different alleles is lower than expected and lower than 

expected if the loci were associated randomly (Slatkin, 2008). The p-value significant deviation from the HWE test was 

p < 0.05. The p-value significance associated randomly with the LD test was p < 0.05.  

 
 

RESULTS AND DISCUSSION 

 

The results indicated that the three markers had been amplified successfully at the microsatellite locus of Taro cattle. 

All samples had 13 alleles, with the number of alleles at each location ranging from 3 at the INRA 037 locus to 5 at the 

ETH 185 and INRA 035 loci, with an average allele diversity of 4.33. The average allele frequency was 0.231. The 

range of allele diversity was from 110 bp (INRA 035) to 250 bp (ETH 185, Table 1). 

The INRA 035 locus contained five alleles with the following product sizes: 110 bp, 114 bp, 118 bp, 120 bp, and 

128 bp. The frequency of the most dominant 110 bp allele was 0.364%. The mean observed Ho and anticipated He 

were 0.18 and 0.74, respectively, and the fixation index was 0.755. The INRA 037 locus had three distinct alleles with 

144 bp, 148 bp, and 150 bp product length. The frequency of the most dominant 150-bp allele was 0.614. Mean 

observed Ho and anticipated He were 0.318 and 0.505, respectively, with a fixation index of 0.370.   

The average fixation index (F) or inbreeding coefficient was 0.526, which means close to one. The ETH 185, 

INRA 035, and INRA 037 locus suggested the likelihood of inbreeding in the Taro cattle population (p < 0.05, Table 2). 

The p-value linkage disequilibrium test from three loci ETH 185, INRA 035, and INRA 037 were 0.071, 0.114, 

and 0.194, respectively. These three loci that were analyzed stated that the loci were independent (Table 3, p > 0.05).  

 
Table 1. The number, size, and frequency of alleles of locus ETH 185, INRA 035, and INRA 037 in Taro white cattle 

Breed Locus Number of alleles Allele size (bp) Allele frequency 

Taro White cattle 

ETH 185 5 230 0.523 

  236 0.114 

  240 0.068 

  248 0.159 

  250 0.136 

Taro White cattle 

INRA 035 5 110 0.364 

  114 0.023 

  118 0.182 

  120 0.227 

  128 0.205 

Taro White cattle 

INRA 037 3 144 0.045 

  148 0.341 

  150 0.614 

Total allele  13   

Average Allele diversity  4.33   

Average allele frequency    0.231 



Heryani et al., 2024 

 

420 

Table 2. Observed heterozygosity, expected heterozygosity, fixation index, and Hardy-Weinberg equilibrium analysis 

among three microsatellite loci in adult Taro White Cattle  

Locus 
Number of 

alleles 
Allele size Ho He F p-value* HWE 

ETH 185 5 230-250 0.364 0.665 0.453 0.0000 * 

INRA 035 5 110-128 0.182 0.741 0.755 0.0000 * 

INRA 037 3 144-150 0.318 0.505 0.370 0.0367 * 

Average 4.33  0.288 0.637 0.526   
Ho: Observed heterozygosity, He: Expected heterozygosity, F: Fixation index, HWE: Hardy Weinberg equilibrium. *p less than 0.05 is Significant 

 
Table 3. Linkage disequilibrium test among three microsatellite loci in adult Taro White Cattle  

Pop Loci 1 Loci 2 p-value* LD 

Taro Village ETH 185 INRA 035 0.071 NS 

Taro Village ETH 185 INRA 037 0.114 NS 

Taro Village INRA 035 INRA 037 0.194 NS 

Pop: Population, LD: Linkage disequilibrium, NS: Not significant; *p less than 0.05 is Significant 

 

 

DISCUSSION 

 

The development of several molecular markers (DNA markers) has made it possible to identify the genetic changes in a 

cross and their relationship to changes in cattle's quantitative and qualitative traits (Glazko et al., 2023). In addition, 

molecular markers can be utilized to distinguish between cattle breeds, particularly in connection with attempts to 

conserve and maintain the breed's purity (Yaro et al., 2017). Microsatellite markers can be used to examine the genetic 

diversity of a population and determine the genetic relationship between two populations (Machmoum et al., 2020). 
The average heterozygosity within a breed quantifies its genetic variety (Abdelmanova et al., 2020). 

Heterozygosity is a parameter that can be used to determine a population's genetic diversity (Bora et al., 2023). The 

heterozygosity value runs from zero to one; provided that the value is close to zero, the heterozygosity is low, which 

can threaten the survival of a population or species (Misrianti et al., 2022). In case the value is close to one, the 

heterozygosity is high; the higher the heterozygosity value of a population, the greater the frequency of inbreeding 

(Alvarez et al., 2011). Low genetic variability can result in animal populations with high inbreeding coefficients (White 

et al., 2021). Additionally, a high level of inbreeding in specific animal groups might reduce hybrid vigor (Sharma et 

al., 2020). 

At the INRA 035 gene, five alleles with various sizes ranging from 110 to 128 bp were identified. The allele size 

with the highest frequency was 110 bp, with a frequency of 0.364. In contrast to the research of Kuantan 1 cattle, 

Kuantan 2 cattle, Pesisir cattle, and Madura cattle at Riau province, Indonesia, the number of alleles and allele sizes 

observed in the current study at the INRA 035 locus are 17, 11, 5, and 98-120 bp, respectively (Misrianti et al., 2022). 

Indicative of the genetic variability of a population, the number of alleles is proportional to sample size. Increasing the 

number of populations and samples can increase the number of detectable alleles (Allendorf, 2017). A large number of 

alleles indicates greater genetic diversity (Sheriff and Alemayehu, 2017). 

The Ho, the fraction of Ho in a population, and He, and the proportion of heterozygous loci per individual are the 

parameters most frequently employed to evaluate genetic diversity in a population (Toro et al., 2009; Yaro et al., 2017). 

The current study observed that the Ho was less than the expected He, indicating that the Taro cattle population was 

genetically homogeneous. The Ho values ranged from 0.182 to 0.364 with an average value of 0.288, whereas expected 

He values ranged from 0.505 to 0.741 with an average value of 0.637. Small sample sizes, inbreeding, and a lack of 

migration of new genetic material can all contribute to low genetic diversity (Cañón et al., 2006; Peixoto et al., 2021). 

The ETH 185 and INRA 037 have greater heterozygosity compared to INRA 035. The difference between the observed 

Ho and the predicted He can be utilized as a measure of genotype imbalance in the Taro cattle population, indicating 

that an acceptable selection activity has been carried out and that random mating has not occurred (Tambasco et al., 

2003; Labroo et al., 2021). According to Allendorf (2017), a population is considered to be in equilibrium if the 

genotype and allele frequency remain constant from generation to generation due to random mating in a large 

population. The Hardy-Weinberg equilibrium model is based on many key assumptions that must be met for a 

population to be in genetic equilibrium. These key assumptions include no mutation, no gene flow, a high population 

size, random mating, and no natural selection (Cayuela et al., 2018). Inbreeding is a common cause of non-random 

mating, as it increases homozygosity across all genes (Alvarez et al., 2011; Abramovs et al., 2020).  
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According to the heterozygosity value, the ETH 185 microsatellite locus with a Ho value of 0.364 was the most 

informative in this study. In contrast, the INRA 035 microsatellite locus with a Ho value of 0.182 was the least 

informative locus, following the statement of Sharma et al. (2009), which asserts that a Ho value below 0.5 implies a 

low gene variation in a population. The average Ho of Taro cattle in this study was 0.288, indicating a very low level of 

variation in Taro cattle. A deviation from the Hardy-Weinberg equilibrium is shown by a significant difference between 

the Ho mean (0.288) and expected He (0.637) for the microsatellite loci employed in this study and the low Ho value. 

Tree loci have been analyzed, and the deviation of HWE with significant p-values was shown, indicating that 

inbreeding has occurred. The linkage disequilibrium test from three loci that have been analyzed was not significant, 

stating that the loci are independent. The meaning-independent loci used in this study did not cause deviations in the 

HWE test (Slatkin, 2008). The inbreeding coefficient or the fixation index (F) values also supported the deviation HWE 

results with a fixation index (F) value close to 1, which indicates low heterozygosity.  The homozygosity of Taro cattle 

from the ETH 185, INRA 035, and INRA 037 loci was greater than anticipated. According to (Alvarez et al., 2011), the 

reported genetic effects of inbreeding in a small population of animals can decrease heterozygosity, or gene variety, and 

increase the frequency of recessive disorders. According to Kardos (2021), inbreeding has negative effects on a small 

population, including a decrease in diversity and their ability to evolve or adapt to the environment. The population 

decrease of animals can also be attributed to habitat fragmentation, which disturbs gene flow and increases genetic drift 

and inbreeding (Bora et al., 2023). 

 
CONCLUSION  

 

According to the obtained results of the study, the average number of alleles was 4.33, with allele sizes at loci ETH 185 

(230-250), INRA 035 (110-128), and INRA 037 (144-150). The INRA 037 locus had the highest allele frequency at 150 

bp, while the INRA35 locus had the lowest frequency at 114 bp. ETH 185 was the most informative microsatellite locus, 

whereas INRA 035 was the least informative. In the present study, the Taro cattle population had low heterozygosity, 

confirmed by observed Ho, which was less than He. The loci did not cause low genetic diversity in the study, but it was 

caused by inbreeding. Inbreeding has caused low genetic diversity, as confirmed by the fixation index (F) or the 

inbreeding coefficient value close to one. The significant p-value of the HWE test also indicated that inbreeding 

occurred in this Taro cattle population.  Further research is recommended to develop a breeding program that can avoid 

inbreeding and prevent loss of genetic diversity. 
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ABSTRACT 

Meat processing enterprises are currently seeking ways to improve the efficiency of their operations. This study 
aimed to assess the presence of harmful microorganisms in poultry meat treated with a probiotic complex of Bacillus 

spp. bacteria during storage. Of the 2,516 meat samples collected from broiler chickens across six poultry processing 
enterprises in the Dnipropetrovsk region over three years, 1,845 samples tested positive for pathogens. Listeria spp. 
were isolated in 52.7% of meat samples, S. aureus in 28.7%, P. aeruginosa – in 6.9%, E. coli in 4.2%, and 
Salmonella spp. in 7.5%. The next stage of the study was the infection of 10 samples of poultry meat with pathogens 

of test cultures (Escherichia coli UNCSM - 007, Pseudomonas aeruginosa UNCSM - 012, Staphylococcus aureus 
UNCSM - 017, Listeria ivanovii UNCSM - 042, Salmonella Enteritidis UNCSM - 081), followed by aerosol 
treatment with a probiotic complex of Bacillus spp. (1.5×10

8
 in ml (0.5 Mac Farland) administered at a dose of 1 ml 

per sample with daily registration of colony growth. Following pathogen contamination and a single aerosol 

treatment with the probiotic complex of Bacillus spp., the growth of E. coli and S. aureus was already suppressed on 
the second day of meat storage. The probiotic complex of Bacillus spp. was able to displace Salmonella Enteritidis 
on the third day and P. aeruginosa on day 4, but the growth of L. ivanovii could be observed only on day 5. The 
probiotic complex of Bacillus spp. formed visible biofilms from the five strains of microorganisms and remained 

viable for five days, forming a dense biofilm with a high accumulation rate of 4.73 D620. A distinctly noticeable 
ability to form microbial biofilms within three days was observed in planktonic forms of L. ivanovii up to 2.88 
D620, followed by P. aeruginosa at 2.28 D620. Low biofilm density was observed for Salmonella Enteritidis (1.77 
D620) and S. aureus (1.76 D620). The probiotic complex of bacteria of the genus Bacillus spp. shows potential for 

use in meat processing plants to prevent the growth of harmful microbial biofilms on meat products stored under 
refrigeration. 
 

Keywords: Antagonistic activity, Biofilm formation, Microbial biofilm, Pathogen, Probiotic complex of Bacillus 

spp. 
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INTRODUCTION  

  

Currently, much attention is directed to the safety of food products of animal origin. To meet international quality and 

safety standards, these products must be free from toxic substances, as well as pathogenic and opportunistic 

microorganisms. It is crucial to note that poultry meat may contain harmful microorganisms, which can lead to severe 

food poisoning and even death in humans. Therefore, the initial processing of poultry carcasses (thawing, pinching, 

burning,) plays a significant role in ensuring the quality of the meat. It is especially important to avoid contamination of 

the carcasses with pathogenic and opportunistic microflora. Additionally, cross-contamination of meat products during 

primary processing may result in a higher concentration of harmful microorganisms, which can pose a risk to human 

health (Bridier et al., 2015; Markowiak and Śliżewska, 2018; Zazharskyi et al., 2023) . The microbiota found on the 

surfaces of food processing plants are often diverse and include foodborne pathogens as well as food spoilage bacteria. 

Predominant genera in meat processing plants include Pseudomonas, Acinetobacter, Staphylococcus , and Serratia 

(Fegan and Jenson, 2018). One of the pathogens regularly encountered in such environments is Listeria monocytogenes, 

which causes the life-threatening disease listeriosis. Therefore, it is important to maintain viability at low temperatures. 

Moreover, it should be noted that their pathogenic prevalence is not reduced by chilling the meat. Increased resistance to 

inhibitory agents is associated with the survival of microorganisms, which is often linked to the development of biofuels 

(Wang et al., 2015; Puga et al., 2016). One of the pathogens regularly living in such media is Listeria monocytogenes. 

This means that illness due to listeriosis poses a more serious threat to human health (D’Ostuni et al., 2016; Fan et al., 

2020; Borovuk and Zazharska, 2022). 
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Biofilms of L. monocytogenes on food contact surfaces have been identified as an important pathway for 

pathogenic persistence and subsequent product contamination (Nowak et al., 2017; Pažin et al., 2018; Zazharskyi et al., 

2019). The formation of Listeria biofilms in combination with Pseudomonas, Bacillus cereus, Escherichia coli 

O157:H7, Salmonella spp., Pseudomonas spp. і Staphylococcus aureus bacteria contribute to the preservation and 

maintenance of the bacterial population, thereby showing resistance to antimicrobial drugs, ultraviolet radiation, drying, 

and disinfectants (Akinbobola et al., 2017; Wang et al., 2018; Zazharskyi et al., 2020). Microbial cells are capable of 

detaching from the biofilm and spreading, making the biofilm a potential source of contamination in the production of 

meat products (Flemming and Wingender, 2010; Abdullahi et al., 2016; Lin et al., 2017). Thus, contamination of food 

production environments with biofilms of pathogenic bacteria and the development of effective methods to remove these 

biofilms from meat products, production surfaces, and equipment is a significant challenge. The use of spore-probiotic 

strains of Bacillus, which can reduce microbial contamination during the storage of meat products in processing plants, is 

highly relevant. Previous studies have laid the foundation for this research by identifying the antagonistic properties of 

probiotic preparations in destroying microbial biofilms in animal feed, which is crucial for preventing microbial 

contamination in the human food chain. It was established that the probiotic complex of bacteria of the genus Bacillus 

during continuous exposure to feed samples could displace biofilms of almost all types of isolated feed microflora 

(Kolchyk et al., 2022). To improve the sanitation and hygiene of poultry meat and extend its shelf life while ensuring 

safe consumption, it is imperative to explore new methods that are safe for the environment. Therefore, this study aimed 

to evaluate the presence of harmful microorganisms in poultry meat that had been treated with a probiotic complex of 

Bacillus spp. bacteria during the storage process. 

 

MATERIAL AND METHODS 

 

Ethical approval 

The experiment was approved by the Bioethics Committee of the
 
National Scientific Center, Institute of 

Experimental and Clinical Veterinary Medicine, Kharkiv, Ukraine. During the research on animals, manipulations were 

carried out in accordance with the existing documents regulating the organization of work with the use of animals in 

experiments and adherence to the principles of the European Convention for the Protection of Vertebrate Animals used 

for experimental and other scientific purposes (WorldLII, 1986).  

 

Study conditions 

The research was carried out at the Laboratory of Swine Diseases at the National Scientific Center, Institute of 

Experimental and Clinical Veterinary Medicine (Kharkiv, Ukraine) and the Dnipropetrovsk Regional State Laboratory of 

the State Service of Ukraine on Food Safety and Consumer Protection (Dnipro, Ukraine). 

 

Sampling for laboratory research 

Microbiological studies were performed on 2516 meat samples from broiler chickens obtained from six poultry 

processing enterprises in the Dnipropetrovsk region over three years. Immediately after slaughter, meat samples (chest 

and thigh muscles) were taken from each carcass, weighing 25g, and examined for the presence of Listeria, 

Pseudomonas, Staphylococcus aureus, Escherichia coli, and Salmonella spp. Pathogen’s detection was carried out 

following current regulatory documents. Specifically, they were tested for Escherichia coli according to ISO/IEC 17025 

(2017), Pseudomonas spp.  – ISO 13720 (2010), Staphylococcus aureus – ISO 11290-1 (2017), Salmonella spp. – ISO 

6579-1 (2017), and -ISO 6888-1 (2021), Listeria spp. The selection of meat samples from broiler chickens was 

conducted in accordance with ISO/TS 17728 (2015). Sample preparation for microbiological studies adhered to ISO 

6887-2 (2014), 6887-3 (2017), and ISO 6887-2 (2017). 

The identification of pathogenic microorganisms involved several main stages: Preliminary enrichment, selective 

enrichment, sowing on selective media, and confirmation of suspicious colonies. For preliminary enrichment of Listeria 

spp., the meat sample was minced and mixed with the Half Fraser broth (HiMedia, India) in a 1:10 ratio and incubated at 

(30.0 ± 0.5) °C for 24 hours. Then, 0.1 ml was transferred to Complete Fraser broth (HiMedia, India.) and incubated at a 

temperature of (37.0 ± 0.5) °C for 48 hours. It was sown on selective agar media (Agar Listeria) according to Ottaviani 

and Agosti (ALOA, HiMedia, India) and Polymyxin Acriflavine Lithium Chloride Ceftazidime Aesculin Mannitol 

(PALCAM, HiMedia, India). Plates were incubated at a temperature of 37.0 ± 0.5 °C for 48 hours. After incubation, 

colonies of Listeria spp., which had typical morphology (blue-green colonies with or without a black center on ALOA or 

gray-green with a black halo on PALCAM) were assessed. 

For the isolation of Salmonella spp, the meat sample was ground and mixed with buffered peptone water (BPW) in 

a ratio of 1:10, and incubated at a temperature of 37.0 ± 0.5 °C for 24 hours. Two selective media were used for 
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additional enrichment: soy peptone broth Rappaport-Vassiliadis (RVS, HiMedia, India), and tetrathionate broth (TT, 

Farmactiv, Ukraine). While the RVS broth was incubated at 41.5 ± 0.5 °C for 24 hours, the TT broth was incubated at 

37.0 ± 0.5 °C for 24 hours. The samples were then plated on selective agar media: Xylose, lysine, and desocholate agar 

(XLD, HiMedia, India), and hexanoate-lysine agar (HE, HiMedia, India). The plates were incubated at a temperature of 

37.0 ± 0.5 °C for 48 hours. After incubation, the plates were examined and suspicious colonies were counted. Typical 

Salmonella colonies on XLD agar displayed black centres with a red border, while on HE agar, blue-green colonies with 

black centres were observed. 

For the isolation of S. aureus, 10 g of meat cut was crushed and homogenized in 90 ml of a phosphate buffer 

solution corresponding to a dilution of 1:10. The sample was sown on the surface of Beard-Parker agar (Ukraine), 

enriched with egg yolk and potassium tellurite, and using a micropipette, it was evenly distributed with a spatula. It was 

then incubated at a temperature of 37.0 ± 0.5 °C for 24 hours. After incubation, colonies with typical appearance of 

coagulase-positive staphylococci were counted. Typical colonies on Beard-Parker agar were black or gray-black with a 

distinct zone of lecithinase activity (opalescent zone). 

The identification of Pseudomonas spp. was carried out using a meat sample weighing 10 g, which was 

homogenized in 90 ml of a phosphate buffer solution diluted 1:10. A 0.1 ml aliquot of the homogenized sample was 

applied to the surface of Cetrimide, Fucidin, and Cephaloridine (CFC, Merck, Germany) agar with a micropipette and 

evenly distributed using a sterile spatula. The plates were incubated at a temperature of 25.0 ± 0.5 °C for 24 hours. After 

incubation, the agar was examined and colonies with a typical appearance of Pseudomonas spp. (round, smooth, 

opalescent colonies) were counted. 

E. coli was isolated from a meat sample weighing 10 g, which was homogenized in 90 ml of a phosphate buffer 

solution with a dilution of 1:10. The sample was plated on Endo and Levin agar (Farmaktiv, Ukraine), and incubated at a 

temperature of 37.0 ± 0.5 °C for 24 hours. After incubation, the agar was examined and the E. coli colonies on Endo had 

a characteristic metallic sheen, while on Levin agar, they appeared black with a metallic sheen. 

According to the results, 1845 samples tested positive for pathogens out of 2516 research samples. Listeria spp. 

was isolated in 52.7% of the samples, S. aureus in 28.7%, P. aeruginosa in 6.9%, E. coli – 4.2%, and Salmonella spp. in 

7.5% of the broiler chicken meat samples. 

The pathogenicity of the isolated microorganisms (Listeria spp., P. aeruginosa, S. aureus, E. coli, Salmonella spp.) 

was determined using the Dosis Certa Lettalis (DCL) on 70 white outbred mice (n=10), weighing 18-20 g and aged 8-9 

weeks, kept in a vivarium for a month. The animals were adapted to the conditions of detention for 15 days. Six 

experimental groups and one control group, each consisting of 10 animals of the same age, were formed. While mice 

from the six experimental groups were injected intraperitoneally with a certain type of bacteria in a dose of 0.5 ml (at a 

concentration of 4.0 MacFarland) isolated from meat samples, mice in the control group were injected with 0.5 ml of 

physiological solution. The behavioural reactions and the physiological state of mice were monitored for 10 days. In five 

experimental groups, 100% mortality of the animals was recorded on the second to third day of observation, indicating 

the pathogenicity of the field isolates. No deaths occurred in the control group (Schlegel, 1987).  

 

Scheme of the experiment 

At a poultry processing enterprise, immediately after the slaughter of broiler chickens, meat samples (muscles of 

the chest and thigh) were taken from 20 broiler chickens: Ten of the samples were stored on moist napkins treated with a 

probiotic complex of Bacillus spp., while the other ten samples were stored on untreated napkins (control) within 5 days. 

Throughout the experiment, the meat samples were kept at a temperature of + 4ºС without being covered with food film. 

Microbial contamination of the napkins was examined when processed and unprocessed meat samples were stored on 

them for five days after storage. Additionally, an organoleptic assessment of broiler chicken meat was carried out on a 9-

point scale with sensorial specifications (9 = like extremely, 8 = like very much, 7 = like moderately, 6 = like slightly, 5 

= neither like nor dislike, 4 = dislike slightly, 3 = dislike moderately, 2 = dislike very much, and 1 = dislike extremely) 

(Moradi et al., 2019). 

The next phase of the study was the contamination of 10 poultry meat samples with the test cultures of pathogens 

(Escherichia coli UNCSM – 007, Pseudomonas aeruginosa UNCSM – 012, Staphylococcus aureus UNCSM – 017, 

Listeria ivanovii UNCSM – 042, Salmonella Enteritidis UNCSM – 081), followed by aerosol treatment with a probiotic 

complex of Bacillus spp. The test cultures Escherichia coli UNCSM – 007, Pseudomonas aeruginosa UNCSM – 012, 

Staphylococcus aureus UNCSM – 017, Listeria ivanovii UNCSM – 042, and Salmonella Enteritidis UNCSM – 081 were 

purchased from the State Scientific Control Institute of Biotechnology and Strains of Microorganisms of Ukraine and 

used to contaminate the 10 poultry meat samples and the polymer base. 

First, a suspension was prepared from five test cultures including Escherichia coli UNCSM – 007, Pseudomonas 

aeruginosa UNCSM – 012, Staphylococcus aureus UNCSM – 017, Listeria ivanovii UNCSM – 042, and Salmonella 
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Enteritidis UNCSM – 081. To create this suspension, 0.1 ml of each of the five reference test cultures was inoculated 

onto a liquid differential nutrient medium and incubated at a temperature of 30.0 to 37.0°C. After cultivation, 1.0 ml of 

each pathogen was added to the test tube and adjusted with phosphate buffer to the density of the suspension according 

to the MacFarland test standard of 0.5 units. Following this, 100 ml of sterile water and 10 ml of a daily test culture were 

added to sterile glass jars with a volume of 500 ml. Next, ten samples of poultry meat, each weighing 100 g, were 

immersed in this solution containing five pathogens, with a microbial body concentration of 1.5 × 10
8
 /cm

3
 (0.5 

MacFarland) for 1 minute, according to its improved methodology. The samples were subsequently dried for 10 minutes 

at room temperature (20.0 ± 2.0) ºС. Following the contamination of the poultry meat samples, a one-time aerosol 

treatment of each sample of meat products was carried out using a probiotic complex of Bacillus spp. bacteria. The 

probiotic complex contained the five strains of Bacillus subtilis UNCSM - 020, Bacillus licheniformis UNCSM - 033, 

Bacillus amyloliquefaciens ALB 65, Bacillus pumilus UNCSM – 026, and Bacillus subtilis variant mesentericus UNCSM 

– 031 all purchased from the State Scientific Control Institute of Biotechnology and Strains of Microorganisms of 

Ukraine. For the aerosol treatment of poultry meat and moisture-retaining napkins, a probiotic complex of bacteria of the 

genus Bacillus with a concentration of microbial bodies of 1.5×10
8 

in each cm
3
 (0.5 MacFarland) was used. Samples of 

treated and untreated meat were stored for five days at a temperature of +4 °C and organoleptic studies were performed 

daily, assessing the appearance of the samples (appearance, texture, smell, and juiciness), total microbial contamination 

levels, and the presence of pathogenic microflora growth using methods specified by ISO 6887-2 (2017). 

The next stage aimed to investigate how the probiotic complex of bacteria belonging to the Bacillus spp. genus 

affects the pathogenic microflora of poultry meat. For this purpose, a comparative analysis of the probiotic complex's 

Bacillus spp. film formation dynamics and the multispecies biofilm of pathogenic microorganisms  (E. coli UNCSM – 

007, P aeruginosa UNCSM – 012, S. aureus UNCSM – 017, L. ivanovii UNCSM – 042, S. Enteritidis UNCSM – 081) on 

poultry meat was conducted. The formation of biofilms of microorganisms was studied by determining the ability of 

isolates of microbial associations and individual types of microorganisms to adhere to the surface of a 24 -well 

polystyrene plates according to the method outlined by O'Toole and Kolter (1998). To obtain biofilms, 24-well plates 

were used, into which the nutrient medium was poured, and 1 ml of each strain (Bacillus subtilis UNCSM - 020, B. 

licheniformis UNCSM - 033, B. amyloliquefaciens ALB 65, B. pumilus UNCSM – 026, B. subtilis variant mesentericus 

UNCSM – 031) and the probiotic complex of the genus Bacillus spp., as well as 10 CFU of a mixture of five pathogenic 

bacteria were added separately. A separate plate was used for each microorganism. Cultivation was carried out at a 

temperature of 37.0 ± 0.5 
0
С for 5 days.  

After culturing the bacteria, the medium with planktonic cells was carefully collected from the wells of the plate. 

To remove the remaining planktonic cells, the wells with biofilms were washed for 2 minutes with sterile phosphate -

buffered saline (pH 7.2-7.4) in a volume of 5 ml, and the buffer was completely removed. Then, 4 ml of filtered 0.1% 

gentian violet solution was added to each well of the 24-well plate. The biofilms were incubated with the dye for 15 

minutes at room temperature (20.0 ± 2.0 ºС). The dye was removed from the well, and unbound dye was thoroughly 

washed off with buffer. The plates were inverted onto filter paper and dried. A 95% ethanol solution (4 ml) was added to 

each well for dye elution. The solvent was collected and placed in clean flat-bottomed plates, and the optical density was 

measured at a wavelength of 620 nm. During the evaluation of the density of biofilms, the film-forming microorganisms 

served as the experimental groups, while a nutrient-differential diagnostic medium for the cultivation of biofilms was 

used as the control. 

The probiotic complex of bacteria of the genus Bacillus spp. has been introduced in veterinary medicine for various 

applications, including aerosol disinfection, cleaning of water supply systems, and the stimulation and regulation of 

digestive processes (Alrubay et al., 2020; Valeris-Chacin et al., 2021). Similar commercial preparations of probiotic 

bacilli are widely used for these purposes in veterinary medicine. Therefore, the probiotic complex of Bacillus bacteria 

was used to treat poultry meat samples and to influence the pathogenic microflora. It has antimicrobial activity 

associated with the ability to synthesize antibiotic-like substances with a wide spectrum of action, thereby suppressing 

pathogenic and opportunistic bacteria, as well as fungal flora, and stimulating the protective functions of animals (Wu et 

al., 2018). The protective functions of the animal body present a promising area for utilizing this probiotic complex in 

extending the long-term storage of poultry carcasses. 

 

Statistical analysis 

The results of the study were statistically analyzed using Microsoft Excel 2016 (for Windows XP). The probability 

of the extracted results was assessed using the Student’s criterion. Differences in data were considered significant at p < 

0.05. 

 

RESULTS  
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In ten meat samples of broiler chickens during the three-day storage period on an untreated napkin, no organoleptic signs 

of meat spoilage were detected and no pathogenic microphores were isolated. They were evaluated for 7 points on the 

3rd day of storage. However, on the 4th and 5th days, the growth of E. coli (7.20 and 12.30 CFU/g), an unpleasant smell, 

the decomposition of tissues, and the appearance of dark spots on the surface were observed in the meat samples, which 

amounted to 2 points (Table 1). When storing meat products on a napkin treated with a probiotic complex of Bacillus 

spp. bacteria, signs of spoilage and pathogenic microorganisms were not detected within 5 days. The meat samples were 

rated at 8 points, which indicated inhibition of microflora growth. 

Twenty-four hours after contamination with pathogens of poultry meat followed by aerosol treatment with a probiotic 

complex of Bacillus spp., the growth of pathogenic agents including L. ivanovii, S. enteritidis, E. coli, P. aeruginosa, and 

S. aureus was noted (Table 2). Complete suppression of the growth of E. coli and S. aureus microorganisms by the 

probiotic complex Bacillus spp. was already observed on the second day of meat storage. While the probiotic complex of 

bacteria of the genus Bacillus spp. displaced S. Enteritidis on the third day by 57.9% and P. aeruginosa on the fourth day 

by 65.4%, the growth of Listeria spp. was observed until the fifth day (6.7 CFU/g). Therefore, L. ivanovii can form a 

biofilm in monoculture, and in a consortium with microorganisms S. enteritidis, E. coli, P. aeruginosa, and S. aureus, 

which also have a species-specific ability to form a film, the biofilm-forming properties are strengthened and form a 

biofilm resistant to the action of disinfectants. 

Bacterial contamination of meat treated with probiotic Bacillus spp. was lower on each day of storage compared to 

untreated control samples (p ˂ 0.05). The probiotic complex of bacteria of the genus Bacillus spp. caused inhibition of 

the growth activity of the studied pathogenic microorganisms, which can form biofilms of different densities due to their 

high intensity of film formation and antagonistic effect. In this case, the antagonistic activity of Bacillus spp. manifested 

itself later in L. ivanovii and P. aeruginosa on days 4 and 5 due to the formation of joint dense biofilms by them. 

The count of mesophilic aerobic and facultatively anaerobic microorganisms in poultry meat treated with a 

probiotic complex of Bacillus spp. was 18.2% lower after a day, 32.7% on the third day, and 27.8% on the fifth day 

compared to the value of pure meat in the control (Figures 1 and 2). 

 

Table 1. Determination of the level of microbial contamination after aerosol treatment with a probiotic complex of 

bacteria of the genus Bacillus spp. in the meat of broiler chickens  

Meat storage period 

(day) 

Meat with  

untreated napkin 

Meat with  
a napkin treated with the probiotic Bacillus spp. 

Contamination (CFU/g) 
Quality 

(points) 
Contamination (CFU/g) 

Quality 

(points) 

1 Growth is absent 9 Growth is absent 9 

2 Growth is absent 7 Growth is absent 8 

3 Growth is absent 7 Growth is absent 8 

4 7.20±0.20* E. coli 3 Growth is absent 8 

5 12.30±0.26* E. coli 2 Growth is absent 8 
*The difference in the values of the indicators is reliable at p < 0.05 relative to the corresponding indicators  

 

Table 2. Experimental infection of poultry meat with test strains of pathogens followed by treatment with a probiotic 

complex of Bacillus spp. 

Meat 

storage 

period, 

(day) 

Bacterial contamination 

Control 

pure meat, 

(CFU/g)
 

Meat, aerosol 

treated with 

probiotic Bacillus 

spp., (CFU/g) 

Meat, treated with probiotic Bacillus spp., isolated pathogenic microorganisms, (CFU/g) 

L. ivanovii 

UNCSM – 042 

S. Enteritidis  

UNCSM – 081 

E. coli 

UNCSM – 007 

P. aeruginosa 

UNCSM – 012 

S. aureus 

UNCSM – 017 

1 111.10 ± 0.59 90.10 ± 0.55*
 33.50 ± 0.58 

L. ivanovii 

27.30 ± 0.26 

S. enteritidis 

17.20 ± 0.20 

E. coli 

26.20 ± 0.36 

P. aeruginosa 

14.10 ± 0.35 

S. aureus 

2 559.60 ± 0.45 322.20 ± 0.70*
 24.60 ± 0.37* 

L. ivanovii 

11.50 ± 0.22* 

S. enteritidis 

solid growth 

Bacillus spp. 

24.20 ± 0.25* 

P. aeruginosa 

solid growth 

Bacillus spp. 

3 981.50 ± 0.60 656.0 ± 2.67*
 16.10 ± 0.53* 

L. ivanovii 

solid growth 

Bacillus spp. 

solid growth 

Bacillus spp. 

9.00 ± 0.26 

P. aeruginosa 

solid growth 

Bacillus spp. 

4 1481.00 ± 0.65 953.00 ± 3.67*
 6.70 ± 0.26* 

L. ivanovii. 

solid growth 

Bacillus spp. 

solid growth 

Bacillus spp. 

solid growth 

Bacillus spp. 

solid growth 

Bacillus spp. 

5 1801.9 ± 0.59 1312,00 ± 4.42*
 solid growth 

Bacillus spp. 

solid growth 

Bacillus spp. 

solid growth 

Bacillus spp. 

solid growth 

Bacillus spp. 

solid growth 

Bacillus spp. 

●  
The difference in the values of the indicators is reliable at p < 0.05 relative to the corresponding indicators  (between the values of columns 2 and 3); 

*- the difference in the values of the indicators is reliable at p < 0.05 relative to the corresponding indicator of first day of storage 
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Figure 1. A swab from poultry meat on the third day after infection. а: Not treated with a probiotic complex of bacteria of the 
genus Bacillus spp., b: Treated with a probiotic complex of bacteria of the genus Bacillus spp. 
 

      
Figure 2. A swab from poultry meat on the fifth day after infection. а: Not treated with a probiotic complex of bacteria of the 

genus Bacillus spp., b: Treated with a probiotic complex of bacteria of the genus Bacillus spp. 

 

According to the studies conducted, it has been established that each strain of the Bacillus spp. probiotic bacteria 

complex exhibits a significant biofilm formation (р < 0.05) intensity during a 5-day cultivation period. Bacillus subtilis 
formed a biofilm in only 24 hours, with an optical density reaching 3.25 ± 0.16 D620, which increased by 19.7% within 5 
days (Figure 3). The growth intensity of biofilms of B. pumilus, B. amyloliquefaciens, B. subtilis variant mesentericus, 
and B. licheniformis also increased by the fifth day, and the density of biofilms was recorded at the level of 3.74 to 3.97 
D620, representing increases of 15.7 and 24.5% compared to the initial values. The difference between the accumulation 
of microbial biofilms among the five strains was noted to be insignificant (р < 0.05). 

On the first day of cultivation, probiotic cells of the genus Bacillus spp. transit from a planktonic to a stationary 
state for the formation of a microbial biofilm. As they develop, stationary cells stick to each other and the surface, 
releasing an extracellular matrix that has properties contributing to the survival of the five strains of bacilli in the biofilm. 
The probiotic complex of bacteria of the genus Bacillus spp. developed visible biofilms from the five strains of 
microorganisms. The concentration of bacteria of the genus Bacillus spp. maintained its viability for 5 days and 
accumulated at a high rate, thereby forming a pronounced dense biofilm at - 4.73 D620. 

After conducting a series of experiments aimed at assessing the intensity of biofilm formation in pathogenic 

microorganisms that contaminate meat products, the following results were obtained (Figure 4). A pronounced ability to 
form microbial biofilms within 3 days was noted in planktonic forms of Listeria spp. (1.78 - 2.88 D620) and 
P. aeruginosa (1.95-2.28-2.28 D620), while low biofilm densities were observed in S. Enteritidis (1.38-1.77), S. aureus 
(1.33-1.76), and E. coli (1.49-1.91 D620). At the same time, in all planktonic forms of bacteria, a decrease in the density 
of biofilms was recorded from day 4 to day 5 by 4.2% in Listeria spp., 6.9% in P. aeruginosa, 6.8% in S. enteritidis, 
14.8% in S. aureus, and 7.3% in E. coli compared to the values on day 3. 

Planktonic forms of the above-mentioned microorganisms join each other within 4 hours to form strong 
microcolonies. During the next 12 hours, the number of planktonic forms decreases and mature colonies of a bacterial 
film with an optical density of 2.96 D620 are formed. The intensity of film formation of a multispecies biofilm reaches a 
maximum moderate density at the level of 3.24 D620 on the third day of cultivation, and then dispersion of planktonic 
forms into the nutrient medium occurred on day 5, resulting in a decrease of biofilm density by 11.5%.  

b a 

a b 
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Figure 3. The intensity of biofilm formation of 5 strains of the probiotics complex Bacillus spp. on polystyrene plates 

during 5 days (n = 9, p < 0.05). Note: The optical density of biofilms up to D620 < 2.0 is low; 2.0 ≤ D620 ≤4.0 – moderate; D620 > 4x 

OD – expressed 

 

 
Figure 4. The intensity of biofilm formation of pathogenic microorganisms on polystyrene plates during 5 days (n = 7, p 
˂ 0.01). Note: The optical density of biofilms up to D620 < 2.0 is low; 2.0 ≤ D620 ≤ 4.0 – moderate; D620 > 4x OD– pronounced 

 

DISCUSSION 

 

The results of the present study indicated that L. ivanovii on poultry meat has the ability to adhere with the subsequent 

formation of biofilms of varying intensity, both in planktonic form and in association with pathogenic microorganisms S. 

enteritidis, E. coli, S. aureus, and P. aeruginosa, which interact as part of a mixed biofilm with one another, 

demonstrating a mutualistic relationship. The formation of a mixed biofilm was accompanied by the formation of an 

exopolysaccharide matrix by L. ivanovii, which holds the entire colony of pathogenic microorganisms capable of 

forming microbial biofilms on the surface of meat products, contributing to their preservation and maintenance. 
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According to the literature, interactions with other bacteria in biofilms explain the persistence of pathogens such as 

L. monocytogenes in food production environments (Gilbert et al., 2002). In multispecies biofilms, L. monocytogenes can 

interact directly with one or more other species in the biofilm (Elias and Banin, 2012; Jamal et al., 2018). 

L. monocytogenes can grow and survive in multispecies biofilms (Psychromonas, Shewanella, Yersinia, and 

Lactobacillus) formed from bacteria belonging to the background microbiota isolated in meat processing plants. In 

addition, it has been shown (Puga et al., 2018) that L. monocytogenes can colonize biofilms formed by P. fluorescens in 

co-culture experiments, which leads to an increase in bacterial cell density in vitro.  

It is known that spore-forming bacteria of the genus Bacillus spp. can secrete bacteriocins and mycotoxins 

(antibiotic-like substances) and exhibit a sufficiently pronounced antibacterial effect against both opportunistic and 

pathogenic microflora including Listeria, Salmonella, Staphylococcus aureus, Pseudomonas aeruginosa,  and 

Escherichia coli (Milyan et al, 2014; AlGburi et al., 2017). 

Рrobiotic bacteria of the genus Bacillus spp. are characterized by their antimicrobial properties, which allow them 

to destroy (lyse) certain bonds in the peptidoglycan structure of the cell walls of a mixed biofilm (Khochamita et al., 

2015; Petrova and Sauer, 2016; Kolchyk et al., 2020). It is known that spore-forming bacteria of the genus Bacillus spp. 

synthesize stable biofilms on various surfaces and show lytic sensitivity even in Listeria spp. and P. aeruginosa, 

suggesting high resistance to antimicrobial drugs due to their ability to form biofilms (Branda et al., 2004; Irkitova et al., 

2018; Kolchyk et al., 2022). 

The mechanism of the antagonistic activity of bacteria Bacillus spp. consists in the synthesis of non- polypeptide 

antibiotics (surfactin, bacillisin, bacitracin) and ribosomal synthesized peptides (subtilin, ericin S, mersacidin), which ar e 

synthesized by a bacterial cell in the stationary phase of growth (Cutting, 2011; Khardziani et al., 2017; Kotowicz et al., 

2019). Different strains of Bacillus bacteria secrete a different set of antimicrobial substances, thereby exerting an 

inhibitory effect on a wide range of gram-positive and gram-negative bacteria (Baruzzi et al., 2011). In the mechanism of 

the selective antagonistic action of bacteria from the genus Bacillus, bacilli play a significant role in reducing the 

antilysozyme and adhesive activity of pathogenic bacteria, which determine the persistent properties of these 

microorganisms and their ability to parasitize intracellularly (Sorokulova, 2013; Rusaleyev et al., 2019; Chechet et al., 

2022). 

The obtained experimental results are consistent with the existing literature on the use of a probiotic complex of 

bacteria of the genus Bacillus spp. consisting of the five strains including B. subtilis UNCSM - 020, B. licheniformis 

UNCSM - 033, B. amyloliquefaciens ALB 65, B. pumilus UNCSM - 026, and B. subtilis variant mesentericus UNCSM - 

031, which complement each other in the spectrum of antagonistic activity, as well as enzyme and amino acid 

production. 

After the action of the probiotic complex of bacteria of the genus Bacillus spp. on the microbial biofilm of 

pathogenic microorganisms, E. coli and S. aureus cells were lysed to a greater extent (on the second day), and S. 

enteritidis, P. aeruginosa, and Listeria spp. (on days 3 and 4). This led to the destruction of the mixed biofilm and the 

dispersal of microorganisms, occurring due to a decrease in the number of essential substances for the body, after which 

they switched to the planktonic state with damage to their cell walls. 

It should be noted that Bacillus spp. bacteria are capable of forming their biofilms, a type of cooperative existence 

in natural conditions. Bacilli form long chains of immobile cells that adhere to each other and the surface, secreting an 

extracellular matrix that provides rigidity and forms a stable biofilm (Wilking et al., 2012; Patel and DuPont, 2015). 

Spore-forming bacteria of the genus Bacillus spp. synthesize stable biofilms on various surfaces and show lytic 

sensitivity even in Listeria spp. and P. aeruginosa, which indicated high resistance to antimicrobial drugs due to the 

ability to form biofilms (Branda et al., 2004; Irkitova et al., 2018; Kolchyk et al., 2022). 

Colonies of each strain of the probiotic complex of bacteria of the genus Bacillus spp. formed biofilms of moderate 

density: B. subtilis at the level of 3.89 D620, B. pumilus at 3.72 D620, B. subtilis var. mesentericus at 3.72 D620, B. 

amyloliquefaciens at 3.81 D620, and B. licheniformis at 3.97 D620. In contrast, a consortium of the five strains synthesized 

a dense biofilm at 4.73 D620, with maximum preservation on day 5 of cultivation or intrageneric coaggregation. 

As the biofilm expanded and matured, the production of the extracellular matrix continued, leading to the 

formation of folds (wrinkles) in the bacilli biofilms. These folds contributed to the formation of a complex network of 

channels in the biofilm, which facilitated the circulation of fluid and the distribution of nutrients. In this context, the 

biofilm of the probiotic complex of bacteria of the genus Bacillus spp. exhibited strong adhesion to the surface of meat 

products and co-aggregated pathogenic bacteria that multiplied and synthesized their biofilm. This process led to the 

dispersion of L. ivanovii, S. enteritidis, E. coli, S. aureus, and P. aeruginosa microorganisms and disrupted the growth 

mechanism of the microbial biofilm. 

The obtained results are consistent with those in the literature in that the expression of B. subtilis biofilm genes is 

induced during co-culture with other members of the Bacillus genus (Shank et al., 2011; Bleich et al., 2015). B. 
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amyloliquefaciens ANT1 and its culture supernatant exhibit antibacterial activity against B. cereus ATCC 17778, P. 

aeruginosa ATCC 15442, Aeromonas hydrophila ATCC 7966 and Aspergillus niger ATCC 9642, all of which can form 

biofilms (Elias and Banin, 2012; Song et al., 2016). 

Furthermore, bacteriocin BaCf3, isolated from Bacillus amyloliquefaciens BTSS3, can reduce biofilms by up to 

80% even at low concentrations against strong food-borne biofilm producers such as S. typhimurium, C. perfringens, E. 

faecalis, and P. aeruginosa (Bindiya et al, 2019). 

 

CONCLUSION 

 

The results of the study showed that the probiotic complex of bacteria of the genus Bacillus spp completely inhibited the 

growth of pathogens E. coli, S. aureus, S. enteritidis, and P. aeruginosa during 2-4 days. However, the growth of L. 

ivanovii, Listeria spp. was observed up to day 5 after treatment, thereby reducing the number of pathogenic bacteria by 

about 11.5%. The probiotic complex containing Bacillus spp. exhibits antagonistic properties against pathogenic 

microflora and is capable of forming a biofilm, which facilitates the elimination of foodborne pathogens existing in the 

mixed biofilm on the surface of meat products. The broad specificity of bactericidal action and the high antagonistic 

activity of the probiotic complex of bacteria of the genus Bacillus spp. (B. subtilis, B. licheniformis, B. 

amyloliquefaciens, B. pumilus, and B. subtilis variant. mesentericus) against a consortium of pathogens (L. ivanovii, S. 

enteritidis, E. coli, S. aureus, and P. aeruginosa) opens prospects for practical application in meat processing and the 

storage of meat products. Based on the obtained results, it is possible to plan the development of spore-forming probiotic 

preparations for the neutralization of pathogenic microflora in meat products at meat processing enterprises in the future. 

 

DECLARATIONS 

 

Funding 

No funding was received for conducting this study. 
 

Availability of data and materials  

The datasets generated during the current study are available from the corresponding author upon reasonable 

request. 
 

Authors’ contribution 

Andriy Buzun and Tetiana Illarionova conceived and designed the experiment, and Olena Kolchyk and Iryna 
Borovuk conducted bacteriological studies and analyzed the obtained results. Olena Kolchyk, Andriy Buzun, and Nadiia 
Zazharska interpreted and wrote the article, edited and reviewed the manuscript. All authors have read and approved the 

final draft of the manuscript for publication in the journal. 
 

Competing interests 
The authors have declared that no competing interests exist. 
 

Ethical consideration  

Ethical issues (including plagiarism, consent to publish, misconduct, data fabrication and/or falsification, double 
publication and/or submission, and redundancy) have been checked by all the authors. 

 
REFERENCES 

 

Abdullahi UF, Igwenagu E, Mu’azu A, Aliyu S, and Umar MI (2016). Intrigues of biofilm: A perspective in veterinary medicine. Veterinary World, 

9(1): 12-18. DOI: https://www.doi.org/10.14202/vetworld.2016.12-18 

Akinbobola AB, Sherrya L, Mckay WG, Ramage G, and Williams C (2017). Tolerance of Pseudomonas aeruginosa in in-vitro biofilms to high-level 

peracetic acid disinfection. Journal of Hospital Infection, 97(2): 162-168. DOI: https://www.doi.org/10.1016/j.jh in.2017.06.024 

Alrubaye AAK, Ekesi NS, Hasan A, Koltes  DA, Wideman RF Jr, and Rhoads DD (2020). Chondronecrosis with osteomyelitis in broilers: further 

defining a bacterial challenge model using standard litter flooring and protection with probiotics. Poultry Science, 99(12): 6474-6480. DOI: 

https://www.doi.org/10.1016/j.psj.2020.08.067 

AlGburi A, Volski A, Cugini C, Walsh EM, Chistyakov VA, Mazanko MS, Bren AB, Dicks LMT, and Chikindas ML (2016). Safety prope rties and 

probiotic potential of Bacillus 68 subtilis KATMIRA1933 and Bacillus amyloliquefaciens B-1895. Advances in Microbiology, 6(6): 432-452. 

DOI: https://www.doi.org/10.4236/aim.2016.66043 

Baruzzi F, Quintieri L, Morea M, and Caputo L (2011). Antimicrobial compounds produced by Bacillus spp. and applications in food.  In: A. Méndez-

Vilas (Editor), Science against microbial pathogens: Communicating current research and technological advances, pp. 1102-1111. Available at: 

https://bdigital.ufp.pt/bitstream/10284/9889/1/Metals_BookChapter_AFVinha_2011.pdf  

Bindiya ES, Tina KJ, Sasidharan RS, and Bhat SG (2019). BaCf3: highly thermostable bacteriocin from Bacillus amyloliquefaciens BTSS3 

antagonistic on food-borne pathogens. 3 Biotech, 9(4): 136. DOI: https://www.doi.org/10.1007/s13205-019-1639-2 

https://www.doi.org/10.14202/vetworld.2016.12-18
https://www.doi.org/10.1016/j.jhin.2017.06.024
https://www.doi.org/10.1016/j.psj.2020.08.067
https://www.doi.org/10.4236/aim.2016.66043
https://bdigital.ufp.pt/bitstream/10284/9889/1/Metals_BookChapter_AFVinha_2011.pdf
https://www.doi.org/10.1007/s13205-019-1639-2


World Vet. J., 14(3): 424-434, 2024 

 

433 

 

Bleich R, Watrous JD, Dorrestein PC, Bowers AA, and Shank EA (2015). Thiopeptide antibiotics stimulate biofilm formation in Bacillus subtilis. 

Proceedings of the National Academy of Sciences, 112(10): 3086-3091. DOI: https://www.doi.org/10.1073/pnas.1414272112 

Borovuk I and Zazharska N (2022). Evaluation of broiler meat in experimental listeriosis. Journal of Advanced Veterinary  and Animal Research, 9(1): 

155. DOI: https://www.doi.org/10.5455/javar.2022.i580  
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ABSTRACT 

Brucellosis, a contagious bacterial disease affecting animals globally presents a substantial zoonotic risk that is 

frequently underestimated, hinders animal trade, and endangers livestock and human health. The present study was 

conducted from November 2023 to June 2024 in Central and North Gondar Zone, Ethiopia. The current cross-

sectional study aimed to evaluate the prevalence of brucellosis and to explore the related knowledge, attitudes, and 

practices within the specified region. A total of 384 serum samples were collected via random sampling from 20 

dairy farms located in Ethiopia. Both local and cross-breed samples screened using the Rose Bengal Plate test and 

confirmed through an enzyme-linked immunosorbent assay. The seroprevalence of bovine brucellosis for both tests 

was 17.71% overall, with 9.62% for Central Gondar and 27.27% for North Gondar. Extensive farms exhibited 

notably higher odds of brucellosis compared to intensive farms, with unadjusted crude odds ratios of 3.01 and 

adjusted odds ratios of 2.37, respectively. Medium-sized herds also demonstrated increased odds in the multivariate 

analysis compared with small herds. Young respondents displayed the highest awareness levels, followed by adults 

and older individuals, with statistically significant differences observed across all categories. Regarding a semi-

structured survey from 150 farmers on the association between sociodemographic data and knowledge, females 

exhibited higher awareness levels, with 117 (80.14%) responding positively. Young respondents showed a higher 

positive response rate of 58% compared to adults (52.7%) and the elderly (36.54%). In conclusion, these results 

emphasize the need for comprehensive strategies to address the factors influencing bovine brucellosis prevalence 

and respondent awareness.  
 

Keywords: Brucellosis, Central Gondar, Dairy Farm, North Gondar, Seroprevalence 
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INTRODUCTION  

  

Ethiopia is known as the residence of Africa's most extensive livestock numbers, due to the hosting of approximately 

60.9 million cattle, 31.3 million sheep, and 32.7 million goats (Dinka and Ababa, 2011). The prevalence of animal 

diseases throughout any country significantly hindered the abundance of livestock and limiting their potential as reliable 

food sources. Despite playing a significant role in the country's economy, the productivity of each animal remained 

notably low, largely attributed to technical limitations and diseases such as brucellosis (Merga Sima et al., 2021). Bovine 

brucellosis, a globally infectious and contagious disease, constituted a significant economic burden on livestock 

industries in developing countries, impacting cattle production worldwide. Well-controlled in developed nations, it 

caused reproductive waste, economic losses, and barriers to international trade in developing countries. In dairy 

production, crossbreeding impeded the import of high-yielding breeds and improvements in milk production (Dahouk 

and Nöckler, 2011). The extensive presence of these factors rendered the disease not only endemic but also one of the 

foremost zoonotic threats to public health in the nation (Gashaw et al., 2022). Although bovine brucellosis significantly 

affected socioeconomic and zoonotic impacts, it received little attention (Bekele et al., 2002). Brucellosis, caused by 

Brucella abortus in sexually mature cattle in Africa, led to reproductive problems, such as abortion and retention of fetal 

membranes in cows and orchitis and epididymitis in bulls (McDermott and O'connor, 2002; Radostits et al., 2007). 

Brucellosis was first reported in the 1970s in Ethiopia and identified as an important livestock disease (Domenech, 

1977). The infection transmitted via direct exposure to miscarried cows and their fetuses or indirectly through tainted 

items. It spread through polluted feed, water, and interactions with infected animals or tissues, endangering livestock 

handlers, vets, and lab staff. Although a dangerous sickness, no vaccine was available for human application, and the 

bacterium's intracellular behavior significantly hampered treatment efficacy (Qureshi et al., 2023). Addressing 
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brucellosis was vital for sustaining Ethiopia's livestock industry and ensuring human well-being (Acha and Szyfres, 

2001). 

Crucial risk factors included the herd size, age, and gender of cattle, management practices, interactions with wild 

animals, environmental influences, and mixing of different species within a herd (Muma et al., 2007; Tsegaye et al., 

2016). Effective management of Brucella in endemic regions involved vaccinating calves or heifers. Additionally, 

brucellosis control strategies encompassed isolating infected cattle and employing test-and-slaughter techniques (OIE, 

2004). 

Effective control measures encompassed surveillance, prevention of transmission, and management of the infection 

source, which involved practices like culling. Accurate diagnosis was pivotal and typically involved isolating and 

identifying Brucella from aborted materials, udder secretions, or tissues, alongside detecting specific antibodies using 

suitable serological techniques. Nevertheless, treating brucellosis was frequently challenging due to the bacterium's 

intracellular nature, often leading to recurrences within 3 to 6 months after halting early therapy (Khurana et al., 2021). 

Brucellosis was transmitted to other cattle through direct or indirect interaction with diseased cattle or their 

discharges such as feeding pooled colostrum to newborn calves, and rarely, through sexual contact during artificial 

insemination. The disease could also spread through ingestion of contaminated feed and drinking water, as well as 

through birth products and uterine discharge. Mucosa/abrasions coming into contact with the fluid or tissues of aborted 

fetuses of diseased cattle could also serve as a source of disease in humans, especially through the ingestion of 

unpasteurized milk or milk products. Abattoir, farm, and laboratory workers, along with veterinarians, were recognized 

as at-risk groups for Brucella infection. Brucellosis could be eradicated through measures such as quarantining infected 

cattle, vaccination, and test-and-slaughter methods (Tulu, 2022). Brucella infection caused huge financial losses and 

community health concerns in many countries including Ethiopia (Tulu, 2022). This study aimed to evaluate the 

seroprevalence of bovine brucellosis, knowledge, attitudes, and practices (KAPs), and identify the risk factors associated 

with it in dairy cattle located in the North and Central Gondar Zones of Northwest Ethiopia. 

 
MATERIALS AND METHODS 

 

Ethical approval 

The research project titled 'Major Zoonotic Reproductive Diseases and Production Problems of Current Dairy 

Cattle in the Milk Shade Area of Amhara Region, Ethiopia,' conducted at the University of Gondar, Ethiopia, on 12-

Nov-2022, has undergone review by the institutional ethical review board of the University of Gondar for its ethical 

soundness. It was deemed ethically acceptable on 11/25/2022 with reference number VP/RTT/05/166/2022. 

 

Study area 

The current study took place in the North and Central Gondar Zone, located in the Amhara regional state of 

Ethiopia. This region is situated around 740 km north of Addis Ababa, the capital city of Ethiopia. The Amhara National 

Regional State falls within the tropical region, with climatic zones ranging from hot dry tropical to subtropical, 

temperate, and alpine (Teshome and Adamu, 2010). It is composed of 13 administrative zones and has an estimated 

population of 21,134,988. The geographical coordinates of the study area are approximately 12°4' North latitude and 

27°2' East longitude, with altitudes ranging from 1800 to 2500 meters above sea level. The region experiences a bimodal 

rainfall pattern, with an average annual precipitation of 1000 mm. The short rainy season occurs in March, April, and 

May, while the long rainy season extends from June to September (Abdulkadir, 2019). The average yearly temperature in 

the location was 19.7°C. Agriculture in this area predominantly focuses on cereal crops and livestock rearing 

(Commission, 2008; CSA, 2011). The livestock count in the North and Central Gondar zones is estimated to comprise 

2,771,701 cattle, 815,716 sheep, 1,251,867 goats, 27,248 horses, 9,695 mules, 376,841 donkeys, 3,628,832 poultry, and 

227,463 beehives (CSA-Ethiopia, 2012, Figure 1). 

 

Study population and source 

A cross-sectional study was conducted on dairy farms in Ethiopia between November 2023 and June 2024. The 

study population consisted of cows of different breeds, encompassing indigenous, cross-breed, and exotic breeds, in the 

context of bovine brucellosis. The participants comprised both breeding females and replacement heifers, reared under 

varied management systems including intensive, semi-intensive, and extensive. To determine the occurrence of 

brucellosis in dairy cows, the first screening involved the Rose Bengal Plate Test, with further confirmation of positive 

cases through the enzyme-linked immunosorbent assay. 
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Figure 1. Map of the location of the study and dairy farms in Ethiopia 

 

Sampling technique and sample size determination 

The total number of animals needed was calculated using the formula by Thursfield (2015). The sample size was 

determined based on a 95% confidence level, an expected prevalence of 50%, and a desired absolute precision of 0.05. 

 

The formula used is following: 

n = ([1.96]^2 * Pexp * [1 - Pexp]) / d^2 = 384. 

To enhance accuracy, the sample size was tripled and selected from various agroecological regions. Here, n 

represents the required sample size, Pexp signifies the expected prevalence, and d indicates the desired absolute 

precision. 

 

Sample collection and processing 

Experienced veterinary professionals collected information on the socio-demographic characteristics and risk 

factors for dairy cattle using a pretested structured questionnaire. To determine whether the language of the questions 

was understandable, the questionnaire was pretested on 150 dairy cattle owners in a pretest study. Pretested 

questionnaires were used, and the instrument's reliability and validity were confirmed in the pretest study. Around 10 mL 

of blood was drawn from the jugular vein of all chosen animal utilizing a standard vacutainer tube and needle. Each 

animal was then identified on the respective vacutainer tubes and left at room temperature overnight to facilitate clotting. 

The following day, the serum was separated from the clot into a different tube. These serum samples were preserved at -

20°C in the Medical Microbiology Laboratory of the Faculty of Health Science at the University of Gondar until 

subjected to testing through the Rose Bengal Plate Agglutination Test (RBPT, Yohannes et al., 2012 a). 

Rose Bengal Plate Agglutination Test and ELISA were employed as preliminary screening tests for serum samples 

to identify the presence of Brucella agglutinins. The OIE-recommended protocol was followed to screen for the presence 

of Brucella antibodies in the sampled sera. This test is generally recognized for its sensitivity, with a reported sensitivity 

of 97.9% (Dohoo et al., 1986). The test was conducted following the manufacturer's instructions. Prior to the test, the 

antigen and sera were equilibrated to room temperature. To initiate the test, 30 µL of serum was extracted from a glass 

slide using a micropipette. The Rose Bengal antigen bottle was adequately agitated to ensure a uniform suspension, and 

then one drop (30 µL) of the antigen was added. The antigen and serum were thoroughly mixed using a spreader, and the 

slide was rotated for 4 minutes. The test result was promptly interpreted immediately after 4 minutes rotation.  

Questionnaire survey 
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A total of 150 semi-structured questionnaires were employed to gather data on the Knowledge, Attitudes, and 

Practices (KAP) concerning bovine brucellosis and the factors that contribute to the disease's prevalence in the research 

locations. The questionnaire consisted of three sections including part-I focused on gathering socio-demographic details 

about the participants; part-II aimed to evaluate factors that predispose to the disease; and part-III was dedicated to 

assessing the Knowledge, Attitudes, and Practices of animal owners regarding bovine brucellosis.  

 

Statistical analysis 

The data collected from field level and laboratory investigation were coded into appropriate variables and entered 

into a Microsoft Office Excel 2019 spreadsheet. The data were checked for errors of entry, coded, and then imported to 

STATA for descriptive and further analyses. All statistical analyses were performed using STATA version 14 software. 

Descriptive statistics involving frequency and percentage were used to determine the seroprevalence of the disease. 

Binary logistic regression analysis was used to identify potential risk factors associated with bovine brucellosis. First, 

univariable logistic regression analysis with the flock as a random effect was performed and potential risk factors 

(explanatory variables) with p values less than 0.25 were screened for the multivariable mixed-effect logistic regression. 

In statistical analysis, a p-value below 0.05 (at a significance level of 5%) was deemed to demonstrate statistical 

significance for both tests. 

 

RESULTS 

 

The prevalence study of bovine brucellosis on dairy farms explored multiple factors linked to the disease by 

analyzing 384 serum samples obtained from 20 farms. Among these samples, 68 (17.71%) tested positive for brucellosis 

based on RBPT and Indirect enzyme-linked immunosorbent assay (i-ELISA) tests. The result presented in Table 1 

indicated that local breeds had a higher seroprevalence rate of 21.29% compared to exotic breeds at 13.74%. A 

difference in the seroprevalence rates was observed between intensive (8.82%) and extensive (22.58%) farm types. Adult 

cattle (>2 years) exhibited a higher seroprevalence rate of 24.85% compared to younger cattle (6 months to 2 years) at 

12.33% (Table 1). 

The result shown in Table 2 revealed that the seroprevalence of bovine brucellosis was higher in North Gondar 

(27.27%) compared to Central Gondar (9.62%). Additionally, dairy farms with poor calf management practices had a 

significantly higher seroprevalence rate (24.14%) compared to those with good management (7.89%). The 

seroprevalence rate of brucellosis for Livestock owners with a primary education level was higher (23.70%) compared to 

those with a secondary education or above (12.80%, Table 2). 

Table 1. Seroprevalence and host risk factors for bovine brucellosis in dairy farms of Ethiopia between November 2023 

and June 2024 

Variables Category 
No. of 

Examined 

No. of  

Positive 

Prevalence  

(%) 
(95% CI) 

Breed type 
Local 202 43 21.29 (0.48-0.58) 

Exotic 182 25 13.74 (0.42-0.52) 

Farm type 
Intensive 136 12 8.82 (0.31-0.40) 

Extensive 248 56 22.58 (0.60-0.69) 

Herd size 

Small  145 25 17.24 (0.33-0.43) 

Medium 142 32 22.54 (0.32-0.42) 

Large 97 11 11.34 (0.21-0.30) 

Age 
Young (6 month – 2 years) 219 27 12.33 (0.52-0.62) 

Adult (> years) 165 41 24.85 (0.38-0.48) 

Vaccination 
Vaccinated 164 18 10.98 (0.38-0.48) 

Non-vaccinated 220 50 22.73 (0.52-0.62) 

Feeding status 
Properly feed 144 16 11.11 (0.33-0.42) 

Non-properly feed 240 52 21.67 (0.58-0.67) 

Breeding method 
Natural mating 253 55 21.74 (0.61-0.71) 

AI 131 13 9.92 (0.30-0.39) 

95% CI: 95% confidence interval. p values less than 0.05 were statistically significant; No. of examined: Number of examined; No.  of positive: 

Number of positive; AI: Artificial Insemination 

 



World Vet. J., 14(3): 435-448, 2024 

 

439 

 

Table 2. Seroprevalence and environmental risk factors of bovine brucellosis in dairy farms of Ethiopia between 

November 2023 and June 2024 

Variables Category 
No.   of 

examined 

No.  of 

positive 

Prevalence 

(%) 
(95% CI) 

Zone 
Central Gondar 208 20 9.62 (0.49-0.59) 

North Gondar 176 48 27.27 (0.41-0.51) 

Ventilation 
Well 184 39 21.20 (0.43-0.53) 

Poor 200 29 14.50 (0.47-0.57) 

Calf Management 
Good 152 12 7.89 (0.35-0.45) 

Poor 232 56 24.14 (0.55-0.65) 

Disposal After Birth 
Yes 86 12 13.95 (0.18-0.27) 

No 298 56 18.79 (0.73-0.82) 

Educational level 
Primary 173 41 23.70 (0.40-0.50) 

Secondary and above 211 27 12.80 (0.50-0.60) 

Space 
Adequate 192 37 19.27 (0.45-0.55) 

Confined 192 31 16.15 (0.45-0.55) 

House sanitation 
Good 126 8 6.35 (0.28-0.38) 

Poor 258 60 23.26 (0.62-0.72) 

No. of examined: Number of examined; No. of positive: Number of positive 

 

In the multivariable analysis, a statistically significant association was observed between the seroprevalence of 

brucellosis with zone and herd size (p < 0.05, Table 3). The findings presented in Table 4 revealed a statistically 

significant association (p < 0.05) between the prevalence of brucellosis and both house sanitation and education level. 

The likelihood of brucellosis was 6.15 times higher (95% CI: 2.77, 13.68) in households with poor sanitation compared 

to those with good sanitation (Table 4). 

Table 3. Univariate and multivariate mixed-effect logistic regression analysis of host factors for bovine brucellosis in 

dairy farms of Ethiopia between November 2023 and June 2024 

Variables Category 
Univariable Multivariable 

COR (95% CI) p value AOR (95%CI) p value 

Zone 
Central Gondar Reference 

   
North Gondar 3.53(2.00-6.22) 0.00* 4.48(2.42-8.27) 0.00* 

Breed type 
Exotic Reference 

   
Local 0.59(0.34-1.01) 0.06 

  

Farm type 
Intensive Reference 

   
Extensive 3.01(1.55-5.85) 0.00* 

  

Herd size 

Small Reference 
   

Medium 1.40(0.78-2.50) 0.26 2.37(1.24-4.51) 0.01* 

Large 0.61(0.29-1.31) 0.21 
  

Ventilation 
Well Reference 

   
Poor 0.63(0.37-1.07) 0.09 

  

Age 
Young Reference 

   
Adult 2.35(1.38-4.02) 0.00* 

  

Vaccination 
Vaccinated Reference 

   
Non-Vaccinated 2.39(1.33-4.27) 0.00* 

  

Feeding status 
Properly Feed Reference 

   
Non-Properly Feed 2.21(1.21-4.05) 0.01* 

  

Breeding method 
AI Reference 

   
Natural 0.40(0.21-0.710 0.01* 

  
COR: Crude odds ratio; AOR: Adjusted odds ratio; 95% CI: 95% confidence interval. p values less than 0.05 were statistically significant; No. of 

examined: Number of examined; No. of positive: Number of Positive; AI: Artificial Insemination 
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Table 4. Univariable and multivariable mixed-effect logistic regression analysis of environmental risk factors for bovine 

brucellosis in dairy farms of Ethiopia between November 2023 and June 2024 

Variables Category 
Univariable Multivariable 

COR (95% CI) p value AOR (95%CI) p value 

Space 

Adequate Reference 
   

Confined 0.81(0.48-1.36) 0.42 
  

House sanitation 

Good Reference 
   

Poor 4.47(2.07-9.67) 0.00* 6.15(2.77-13.68) 0.00* 

Calf Management 
Good Reference 

   

Poor 3.71(1.92-7.20) 0.01 
  

Disposal after birth 
Yes Reference 

   

No 1.43(0.73-2.80) 0.30 
  

Educational level 
Primary Reference 

   

Secondary and above 0.47(0.28-0.81) 0.01* 0.33(0.19-0.58) 0.00* 

COR: Crude odds ratio, AOR: Adjusted odds ratio; Referenence: In the provided result table, the term Reference: Serves as a point of comparison for 

the other categories within each variable. It is the baseline or default category against which the other categories are compared to determine the 

association between those categories and the outcome of interest. 

 

 

An Area Under the Curve (AUC, Figure 2) value of 0.7084 indicated the overall performance of the model in 

distinguishing between the positive and negative classes. This suggested that the model had a moderate level of 

discrimination ability. Raising the probability cutoff beyond 0.5 in Figure 3 generally elevated the bar for categorizing an 

observation as positive. 

The survey depicted in Table 5 revealed a predominance of female respondents (80%) compared to males (20%). 

Among the respondents, the 'adult' age group (35-52 years) constituted the largest segment at 50.67%, followed by the 

'young' category (18-35 years) at 34.67% and the 'old' category (52 and above) at 14.67% (Table 5). In Table 6, the 

majority of respondents (62.67%) disagreed with being concerned about the impact of bovine brucellosis on cattle health 

and productivity. A significant portion (31.33%) neither agreed nor disagreed, while only 6.00% agreed. A considerable 

number of respondents (46.00%) agreed with having awareness regarding the symptoms and transmission of bovine 

brucellosis. 42.00% disagreed, and 12.00% neither agreed nor disagreed. 

In Table 7, a majority of respondents (61.33%) correctly identified that the primary causative agent of bovine 

brucellosis was a bacterium called Brucella, while 38.67% answered incorrectly. A significant portion of respondents 

(68.67%) correctly identified that bovine brucellosis is typically transmitted among cattle through contact with infected 

reproductive fluids or tissues, with 31.33% answering incorrectly. A majority of respondents (61.33%) incorrectly 

identified common symptoms of bovine brucellosis in cattle as fever, abortion, and decreased milk production, while 

38.67% answered correctly. 

Among females, 57.53% acknowledged transmission among cattle, while 42.47% did not. In comparison, males 

exhibited a higher affirmative response rate, with 75% acknowledging transmission. This gender-based divergence, 

although present, did not exhibit significant statistical variance (χ² = 0.49, P = 0.49). When considering age groups, 

distinct patterns in knowledge levels were evident. Among the younger participants, 76% were aware of common 

symptoms, while 84% recognized the impact on cattle productivity. These figures contrasted with the responses from 

adult participants, where 91.67% acknowledged the zoonotic transmission and 93.75% understood its impact on cattle 

productivity. The statistical analysis underscored significant differences between the age groups, particularly concerning 

the common symptoms and impacts of bovine brucellosis (χ² = 20.48, p < 0.05 and χ² = 7.80, P = 0.02, respectively, 

Table 8). 
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Figure 2. The area under the receiver operating characteristic (ROC) curve the performance of diagnostic tests and the 

predictive accuracy of various factors in the context of bovine brucellosis management and control strategies 

 

 
Figure 3. Illustration explaining the relationship between setting a probability cutoff in classification models and its 

impact on model sensitivity 

 
Table 5. Socio-demographic characteristics of respondents  (n = 150) in Ethiopia between November 2023 and June 

2024 

Variables Category Frequency (%) 

Gender 
Male 30(20) 

Female 120(80) 

Age 

Young (18-35) 52(34.67) 

Adult (35-52) 76(50.67) 

Old (52 and above) 22(14.67) 

Education Level 

No formal education 74(49.33) 

Primary school 66(44.00) 

Secondary school and above 10(6.67) 

Occupation 

Farmer 56(37.33) 

Veterinary professional 8(5.33) 

Agricultural worker 27(18.00) 

Student 59(39.33) 

Herd Size 

Small 64(42.67) 

Medium 59(39.33) 

Large 27(18.00) 

Experience with Livestock 

Novice (less than 1 year) 59(39.33) 

Intermediate (1-5 years) 64(42.67) 

Experienced (5+ years) 27(18.00) 

Access to Veterinary Services 

Easily accessible 27(18.00) 

Somewhat accessible 59(39.33) 

Not accessible 64(42.67) 

Body Condition 
Good 33(22) 

Poor 117(78) 
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Table 6. Respondents’ attitude toward bovine brucellosis (n = 150) in Ethiopia between November 2023 and June 2024 

Attitude queries Response Frequency (%) 

Q1. How concerned are you about the impact of bovine brucellosis on 

cattle health and productivity? 

Agree 9(6.00) 

Neither agree nor disagree 47(31.33) 

Disagree 94(62.67) 

Q2. What is your level of awareness regarding the symptoms and 

transmission of bovine brucellosis? 

Agree 69(46.00) 

Neither agree nor disagree 18(12.00) 

Disagree 63(42.00) 

Q3. Do you believe that bovine brucellosis poses a significant threat to 

public health? 

Agree 104(69.33) 

Neither agree nor disagree 36(24.00) 

Disagree 10(6.67) 

Q3. In your opinion, what are the main challenges in preventing and 

controlling bovine brucellosis in cattle populations? 

Agree 112(74.67) 

Neither agree nor disagree 20(13.33) 

Disagree 18(12.00) 

Q4. How likely are you to seek veterinary assistance or report suspected 

cases of bovine brucellosis in your cattle? 

Agree 69(46.00) 

Neither agree nor disagree 18(12.00) 

Disagree 63(42.00) 

Q5. Are you satisfied with the current level of government support and 

policies aimed at preventing and controlling bovine brucellosis? 

Agree 17(11.33) 

Neither agree nor disagree 34(22.67) 

Disagree 99(66.00) 

 

 

 

Table 7. Respondents’ knowledge level on bovine brucellosis (n = 150) in Ethiopia between November 2023 and June 

2024 

Knowledge queries Response 
Frequency 

(%) 

Q1. Is the primary causative agent of bovine brucellosis a bacterium 

called Brucella? 

Yes 92(61.33) 

No 58(38.67) 

Q2. Is bovine brucellosis typically transmitted among cattle through 

contact with infected reproductive fluids or tissues? 

Yes 103(68.67) 

No 47(31.33) 

Q3. Are common symptoms of bovine brucellosis in cattle fever, abortion, 

and decreased milk production? 

Yes 58(38.67) 

No 92(61.33) 

Q4. Can bovine brucellosis be transmitted from cattle to humans, causing 

a zoonotic infection? 

Yes 43(28.67) 

No 107(71.33) 

Q5. If you answered "Yes" to the previous question, which of the 

following are clinical signs of Bovine brucellosis? 

Abortion 23(15.33) 

Decreased milk production 53(35.33) 

Joint swelling 74(49.33) 

Q6. Does bovine brucellosis impact cattle productivity and reproduction 

by causing abortion, reduced fertility, and decreased milk production? 

Yes 116(77.33) 

No 34(22.67) 

Q7. Do potential economic consequences of bovine brucellosis outbreaks 

in a cattle herd include loss of productivity, treatment costs, and trade 

restrictions? 

Yes 114(76.00) 

No 36(24.00) 

Q8. Can biosecurity measures such as quarantine, disinfection, and testing 

help prevent the spread of bovine brucellosis within a cattle herd? 

Yes 143(95.33) 

No 7(4.67) 

Q9. If you answered "Yes" to the previous question, which of the 

following factors were associated with the occurrence of Bovine 

brucellosis in your flock? 

Contact with infected animals 136(90.67) 

Contaminated feed or water sources 3(2.00) 

Poor biosecurity practices 11(7.33) 
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Table 8. Association between demographic variables with knowledge level of participants in bovine brucelosis in Ethiopia between November 2023 and June 2024 

  Response 

Variable Characteristic 

Transmission  

among cattle 
Common symptoms Zoonotic transmission Availability of vaccines 

Impact on  

cattle productivity 

Yes (%) No (%) Yes (%) No (%) Yes (%) No (%) Yes (%) No (%) Yes (%) No (%) 

Gender 

Female 84(57.53) 62(42.47) 117(80.14) 29(19.86) 55(37.67) 91(62.33) 50(34.25) 146(65.75) 127(86.99) 19(13.01) 

Male 3(75) 1(25) 1(25) 3(75) 2(50) 2(50) 1(25) 3(75) 3(75) 1(25) 

Statistics χ²= 0.49 P=0.49 χ²=7.05 P=0.00 χ²=0.25 P=0.61 χ²=0.15 P= 0.70 χ²=0.48 P=0.49 

Age 

Young 29(58) 21(42) 38(76) 12(24) 11(22) 39(78) 8(16) 42(84) 42(84) 8(16) 

Adult 39(52.7) 9(18.75) 44(91.67) 4(8.33) 16(33.33) 32(66.67) 27(43.75) 21(43.75) 45(93.75) 3(6.25) 

Old 19(36.54) 33(63.46) 36(69.23) 16(30.77) 30(57.69) 22(42.31) 16(30.77) 36(69.23) 43(82.69) 9(17.3) 

Statistics χ²=20.48 P=0.000 χ²=7.80 P=0.02 χ²=14.44 P=0.00 χ²=18.05 P=0.00 χ²=3.10 P= 0.21 

Education 

No education 39(52.7) 35(47.3) 61(82.43) 13(17.57) 25(33.78) 49(66.22) 23(31.08) 51(68.92) 64(86.49) 10(13.51) 

Primary school 40(60.61) 26(39.39) 50(75.76) 16(24.24) 26(39.39) 40(60.61) 24(36.36) 42(63.64) 57(86.36) 9(13.64 

2nd and above 8(80) 2(20) 7(70) 3(30) 6(60) 4(40) 4(60) 6(60) 9(90) 1(10) 

Statistics χ²=3.02 P=0.22 χ²=1.41 P=0.49 χ²=2.67 P=0.26 χ²=0.61 P= 0.74 χ²=0.10 P=0.95 

BCS 

Good 24(72.73) 9(27.27) 20(60.61) 13(39.39) 13(39.39) 20(60.61) 11(33.33) 22(66.67) 28(84.85) 5(15.15) 

Poor 63(53.85) 54(46.15) 98(83.76) 19(16.24) 44(37.61) 73(62.39) 44(36.36) 77(63.64) 102(87.18) 15(12.82) 

Statistics χ²=3.77 P=0.05 χ²=8.22 P=0.00 χ²=0.04 P=0.85 χ²=0.01 P=0.93 χ²=0.12 P=0.73 

Season 

Dry 60(60) 40(40) 81(76.42) 25(23.58) 44(41.51) 62(58.49) 34(32.08) 72(67.92) 91(85.85) 15(14.15) 

Wet 27(61.36) 17(38.42) 37(84.07) 7(15.91) 13(29.55) 31(70.45) 17(38.36) 27(61.64) 39(88.64) 5(11.36) 

Statistics χ²=0.29 P=0.59 χ²=1.09 P=0.29 χ²=1.89 P=0.17 χ²=0.59 P=0.44 χ²=0.20 P=0.65 

Access  

Accessible 19(57.58) 14(42.42) 27(81.82) 6(18.18) 7(21.21) 26(78.79) 12(36.36) 21(63.64) 25(75.76) 8(24.24) 

Somewhat  33(58.93) 23(41.07) 46(82.14) 10(17.86) 27(48.21) 29(51.79) 16(28.57) 40(71.43) 52(92.86) 4(7.14) 

Not accessible 35(57.38) 26(42.62) 45(73.77) 16(26.23) 23(37.7) 38(62.3) 23(3770) 38(62.3) 53(86.89) 8(13.11) 

Statistics χ²=0.03 P=0.98 χ²=1.47 P=0.48 χ²=6.42 P=0.04 χ²=1.19 P=0.55 χ²=5.26 P=0.03 

χ²: chi-squared; P: p-value; BCS: Body Condition Score
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DISCUSSION 

 

Brucellosis, a zoonotic disease prevalent in many developing regions, inflicted significant losses on the livestock 

industry and small-scale livestock keepers. This disease, capable of transmission from animals to humans, posed a 

substantial public health risk (Franc et al., 2018). The present research revealed that the combined prevalence of Brucella 

antibodies, as detected through both RBPT and ELISA tests, stood at 27.27% in North Gondar and 9.62% in Central 

Gondar areas within the Amhara region. The overall prevalence of bovine brucellosis in dairy farms across the Central 

and North Gondar zones of the Amhara region was calculated to be 17.71%. 
 

The current investigation unveiled a heightened prevalence compared to certain preceding studies. This overall 

seroprevalence of 17.71% exceeded figures documented in previous research conducted in Ethiopia, such as 0.4% in the 

Oromia Special Zone encircling Addis Ababa by Bifo et al. (2020), 3% in Bishoftu Town, Oromia by Waktole et al. 

(2018), and 0.6% in selected cities of the Central Highlands of Ethiopia by Getahun et al. (2023). Nielsen (2018) 

reported an overall prevalence of 0.14% in the North Gondar Zone, contrasting with the higher prevalence found in the 

current study. 

The detection of Brucella antibodies relied solely on the Complement Fixation Test, revealing a prevalence of 

5.7% in selected districts of the Afar National Regional State, Ethiopia as documented by Negash and Dubie (2021). 

Individual animal-level prevalence of 0.06% and herd-level prevalence of 0.8% were reported through c-ELISA in dairy 

farms within Addis Ababa by Edao et al. (2018). Asmare et al. (2013) reported an overall farm-level prevalence of 

10.6% in Ethiopia. Additionally, Mekonnen et al. (2010) found a prevalence of 4.9% in Western Tigray, while Mussie et 

al. (2007) reported 4.63% in the Bahir Dar milk shed, similar with the current study's results. 

Degefu et al. (2011) reported prevalence of 1.38% in the Jigjiga Zone, which was lower that current study results. 

Alehegn et al. (2017) found 4.9% around Gondar Town, and Yayeh (2003) found 0.14% in North Gondar Zone. Notably, 

the current found prevalence of 17.71% which was higher the previous reports of Molla (1989) at 8.2% in the Arsi area 

and Yohannes et al. (2012b) at 8.1% in and around Addis Ababa. Factors contributing to this increase may include 

geographical location and specific demographics of the studied population. Differences in farming practices, animal 

husbandry methods, and biosecurity measures among regions or populations could contribute to varying levels of 

Brucella infection (Wolff et al., 2017). Utilizing more accurate or sensitive diagnostic techniques in the current study 

may have led to a higher detection rate compared to studies that relied on less sensitive methods. Changes in these herd 

management practices, breeding practices, herd size; presence of wildlife, geographical location, feed and water quality, 

presence of aborted fetuses, human factors, lack of vaccination, climate conditions over time could potentially impact the 

spread and high prevalence of the disease. 
 

Similar to present findings, Bekele et al. (2002) documented a prevalence of 18.4% in selected farms and ranches 

in South Eastern Ethiopia. In the Arsi region, Molla (1989) reported a prevalence of 16.8%, while Taye (1991) identified 

14.2% at Abernosaranch. Surrounding Addis Ababa, Gebremariam (1985) found an 18.4% prevalence in dairy farms. 

Taye (1991) and Yirgu (1991) observed a prevalence of 19.5% in East of Ethiopia. Moreover, urban and peri-urban dairy 

farms displayed a prevalence of 16.9%. Taken together, these results indicate a consistent prevalence pattern across 

different regions and types of dairy farms in Ethiopia. In contrast, the current findings demonstrate a lower prevalence 

compared to earlier studies. For example, Reshid (1993) documented a prevalence of 38.7% in and around Addis Ababa. 

Mekonnen et al. (2010) observed a prevalence of 24.1% in Western Tigray, while Corbel (2006) noted a 33% prevalence 

in commercial and breeding farms, with Asmare et al. (2013) reporting a prevalence of 20.0%. When comparing the 

current research outcomes from Ethiopia with studies primarily conducted in African nations, the present results indicate 

a higher prevalence compared to previous findings across Africa. In South Africa, Kolo et al. (2019) documented a 

prevalence of 5.5% in animals that were tested via RBPT. Subsequent confirmation through I-ELISA revealed an overall 

animal-level prevalence of 1.20% in Bangladesh, as reported by Hassan et al. (2014). In Caquetá state, Motta-Delgado et 

al. (2020) identified a prevalence of 3.23%. Furthermore, Nahar and Ahmed (2009) reported a prevalence of 4.5% in the 

Mymensingh District in Bangladesh. Conversely, the current seroprevalence results in Ethiopia exhibit a lower 

prevalence compared to other African countries. For instance, Angara et al. (2004) found a prevalence of 24.9% in the 

Kuku Dairy Scheme in Sudan, with c-ELISA as a confirmatory test subsequent to RBPT screening. Maiga et al. (1995) 

noted a prevalence of 19.7% in Mal, while Kabagambe et al. (1988) identified a prevalence of 25.7% in Rwanda. 

Understanding these variations can offer valuable insights for developing targeted interventions and control measures to 

effectively manage disease prevalence across diverse geographical regions (Jagapur et al., 2013). 
 

The current findings held significant importance in identifying various associated risk factors. Dairy farms situated 

in North Gondar showed notably higher odds of bovine brucellosis compared to those in Central Gondar. In the 

univariate analysis, the odds ratio (COR) was recorded at 3.53 (95% CI 2.00-6.22), which increased to 4.48 (95% CI 

2.42-8.27) during the multivariate analysis after accounting for other factors. The examination revealed that extensively 

categorized farms demonstrated significantly higher odds of bovine brucellosis compared to intensively managed farms 

in both univariate (COR = 3.01, 95% CI 1.55-5.85) and multivariate (AOR = 2.37, 95% CI 1.24-4.51) analyses, 

emphasizing the impact of farm management practices on disease prevalence.  

Herd size also played a role, with medium-sized herds showing increased odds in the multivariate analysis (AOR = 

2.37, 95% CI 1.24-4.51) compared to small herds. Factors such as age (2.35, 95% CI 1.38-4.02), vaccinations (2.39, 95% 

CI 1.33-4.27), feeding status (2.21, 95% CI 1.21-4.05), and breeding methods (0.40, 95% CI 0.21-0.71) all displayed 
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significant associations with bovine brucellosis in the analyses, highlighting their importance in disease transmission and 

control. Animals in natural mating may exhibit a higher seropositivity for Brucella infection compared to those animals 

contributed in artificial insemination, likely due to close confinement and exposure to diseased animals. 

In the study that examined awareness levels of brucellosis across different demographic factors, several key 

findings emerged. Females displayed higher awareness across all categories compared to males, particularly excelling in 

understanding common symptoms, zoonotic transmission, vaccine availability, and the impact on cattle productivity.  

Age groups were significantly linked to awareness levels regarding transmission among cattle, common symptoms, 

zoonotic transmission, vaccine availability, and the impact on cattle productivity. In terms of education, individuals with 

primary school education demonstrated the highest awareness levels, followed by those with no education and secondary 

education, with no significant associations identified between education levels and awareness levels. Cattle with poor 

body condition scores exhibited higher awareness, with significant associations in understanding common symptoms and 

vaccine availability. Awareness levels remained consistent throughout the year, with no significant differences between 

dry and wet seasons. Access to information did not notably impact awareness levels, except for a marginally significant 

effect on understanding zoonotic transmission and cattle productivity impacts. These findings collectively highlight the 

necessity for targeted educational interventions to enhance brucellosis awareness, particularly among males, older 

individuals, and those with lower educational attainment. 

Furthermore, cattle situated in environments with inadequate house sanitation exhibited significantly higher odds of 

contracting bovine brucellosis compared to those in areas with acceptable house sanitation. After conducting a 

multivariable analysis with adjustments for other factors, the odds ratio increased to 6.15, highlighting a strong and 

significant correlation between the quality of house sanitation and the prevalence of bovine brucellosis. A similar trend 

was observed in calf management practices concerning bovine brucellosis. Cattle under inadequate calf management 

displayed notably higher odds of contracting the disease compared to those under proper management practices. The 

impact of educational attainment on bovine brucellosis prevalence was also examined. In the univariable analysis, it was 

noted that livestock owners with a secondary education or higher exhibited significantly reduced odds of being affected 

by bovine brucellosis compared to those with a primary education level. Following a multivariable analysis considering 

other variables, the odds ratio decreased further to 0.33, indicating a robust inverse relationship between higher 

educational levels and the prevalence of bovine brucellosis. This association was also reflected in the relatively good 

hygienic conditions on the farms and the practices implemented to dispose of aborted materials to prevent animal contact 

(Getahun et al., 2023). 

 

There were no significant differences in transmission rates between females and males. Females displayed 

significantly higher rates of common symptoms compared to males. No significant variance was detected in zoonotic 

transmission between females and males. Vaccine availability remained consistent across genders. Females had a greater 

impact on cattle productivity compared to males. Notably, there was a significant difference in transmission rates among 

different age groups, with younger individuals exhibiting higher rates. Young individuals also displayed more common 

symptoms compared to adults and older individuals. A significant distinction was observed in zoonotic transmission 

among age groups, with younger individuals having a higher potential. Vaccination availability varied significantly 

among age groups, with young individuals having a more substantial impact on cattle productivity compared to adults 

and older individuals. No significant differences were noted based on education levels (χ² = 3.02, P = 0.22). Common 

symptoms did not show significant differences based on education levels. Zoonotic transmission did not present a clear 

pattern based on education levels. Vaccine availability appeared consistent across education levels. The impact on cattle 

productivity varied slightly based on education levels, but these differences were not statistically significant. There was a 

notable difference in transmission rates between individuals with good and poor BCS. Individuals with poor BCS 

exhibited significantly more common symptoms. No significant variation in zoonotic transmission was evident based on 

BCS. Vaccine availability remained consistent across BCS categories. Individuals with poor BCS had a higher impact on 

cattle productivity. There were no significant differences in transmission rates based on the season. However, the dry 

season showed slightly higher common symptoms than rainy season. No clear pattern emerged based on the season for 

zoonotic transmission. Vaccine availability appeared consistent across seasons. The dry season had a slightly higher 

impact on cattle productivity, however these differences were not statistically significant. No significant differences in 

transmission rates were observed based on accessibility. There was no clear pattern based on accessibility levels.  

 

CONCLUSION 

 

The data presented in this study indicated a significant association between gender and knowledge of common 

symptoms related to bovine brucellosis, specifically fever, abortion, and decreased milk production in cattle. The 

questionnaire survey conducted in this study revealed a notable association between gender and awareness of bovine 

brucellosis symptoms. 80.14% of females were informed compared to 25% of males. Concerning age, 58% of young 

respondents, 52.7% of adults, and 36.54% of older individuals were knowledgeable about brucellosis transmission, 
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indicating a strong correlation. In Ethiopia, brucellosis presented a substantial public health concern, notably in Central 

Gondar (9.62%) and North Gondar (27.27%), with an overall seroprevalence of 17.71%, highlighting a high prevalence 

of bovine brucellosis antibodies. Future research on bovine brucellosis could explore genetic susceptibility factors in 

cattle breeds for resistant breeding, develop advanced diagnostic tools, analyze transmission dynamics, adopt a One 

Health approach, assess vaccine efficacy, investigate antimicrobial resistance, evaluate economic impacts, analyze farm 

biosecurity, explore zoonotic risks, and consider the effects of climate change to enhance prevention and management of 

the disease. 

 

DECLARATIONS 

 

Competing of interests 

There are no conflicts of interest. 

 

Availability of data and materials 

The original contributions presented in the study are included in the article/Supplementary Material, further 

inquiries can be directed to the corresponding author. 

 

Ethical consideration 

The animal study was reviewed and approved by Institutional Review Board of University of Gondar. Written 

informed consent was obtained from the owners for the participation of their animals in this study. 

 

Authors’ contributions 

Mastewal Birhan was responsible for the conception of the study and prepared the initial draft of the manuscript. 

Mastewal Birhan collected the blood samples and questionnaire data, analyzed the data, and supervised the study's 

conduct. Mastewal Birhan has read, revised, improved, and approved the final manuscript. Mastewal Birhan approved 

the submitted version of the manuscript. 

 

Funding 

This work is part of a mega research project funded by the University of Gondar, the office of the vice president for 

research and community service (Budget code: VPRCS 6223, 2019/20- 2020/21) to SI as PI and the co-authors as co-I of 

the project. We declare that the funding body did not contribute to the execution of any part of the study, interpretation 

of the results, and write-up of this article. 

 

Acknowledgments 

We are grateful to laboratory technicians at UoG, CVMAS, and NVI, animal owners, and district veterinarians for 

their invaluable contribution to the success of the study. 

 
REFERENCES 

 

Abdulkadir M (2019). Seroprevalence of brucellosis in livestock and human in Asayita and Mille districts of Afar region, Ethiopia. Journal of Biology, 

Agriculture and Healthcare, pp. 1-22. DOI: https://www.doi.org/10.21203/rs.3.rs-3078324/v1 

Acha PN and Szyfres B (2001). Zoonoses and communicable diseases common to man and animals, 3rd Edition. Bacterioses and mycoses. Scientific 

and Technical Publication., USA, pp. 1-309. Available at: https://www3.paho.org/hq/dmdocuments/2012/Acha-Zoonoses-Eng.pdf 

Al Dahouk S and Nöckler K (2011). Implications of laboratory diagnosis on brucellosis therapy. Expert Review of Anti-Infective Therapy, 9(7): 833-
845. DOI: https://www.doi.org/10.1586/eri.11.55 

Alehegn E, Tesfaye S, and Chane M (2017). Seroprevalence of Bovine Brucellosis and its risk factors in cattle in and around Gondar Town, North 

West Gondar, Ethiopia. Journal of Advanced Dairy Research, 4(4): 1000166. DOI: https://www.doi.org/10.4172/2329-888X.1000166 

Angara T, Ismail A, Agab H, and Saeed N (2004). Sero-prevalence of bovine brucellosis in Kuku Dairy Scheme, Khartoum North, Sudan. Journal of 

Veterinary Science & Animal Husbandry, 48(1): 2.  

Asmare K, Sibhat B, Molla W, Ayelet G, Shiferaw J, Martin AD, Skjerve E, and Godfroid J (2013). The status of bovine brucellosis in Ethiopia with 
special emphasis on exotic and cross bred cattle in dairy and breeding farms. Acta Tropica, 126(3): 186-192. DOI: 

https://www.doi.org/10.1016/j.actatropica.2013.02.015 

Bekele T, Zeleke,M, and Baars RMT (2002). Milk production performance of the one humped camel (Camelus dromedarius) under pastoral 

management in semi-arid eastern Ethiopia. Livestock Production Science, 76(1-2): 37-44. DOI: https://www.doi.org/10.1016/S0301-

6226(01)00333-5 

Bifo H, Gugsa G, Kifleyohannes T, Abebe E, and Ahmed M (2020). Sero-prevalence and associated risk factors of bovine brucellosis in Sendafa, 

Oromia Special Zone surrounding Addis Ababa, Ethiopia. PloS one, 15: e0238212. DOI: https://www.doi.org/10.1371/journal.pone.0238212 

https://www.doi.org/10.21203/rs.3.rs-3078324/v1
https://www3.paho.org/hq/dmdocuments/2012/Acha-Zoonoses-Eng.pdf
https://www.doi.org/10.1586/eri.11.55
https://www.doi.org/10.4172/2329-888X.1000166
https://www.doi.org/10.1016/j.actatropica.2013.02.015
https://www.doi.org/10.1016/S0301-6226(01)00333-5
https://www.doi.org/10.1016/S0301-6226(01)00333-5
https://www.doi.org/10.1371/journal.pone.0238212


World Vet. J., 14(3): 435-448, 2024 

 

447 

 

Corbel MJ (2006). Brucellosis in humans and animals. World Health Organization, pp. 1-89. Available at:  
https://iris.who.int/bitstream/handle/10665/43597/WHO_CDS_EPR_2006.7_eng.pdf?sequence=1 

Central statistical agency (CSA) (2011). Ethiopia demographic and health survey: Preliminary report. Addis Ababa, Ethiopia. Available at: 

https://dhsprogram.com/pubs/pdf/fr255/fr255.pdf 

Central statistical agency (CSA) (2012). International: Ethiopia demographic and health survey 2011. Central statistical agency of Ethiopia and ICF 

international Addis Ababa, Ethiopia and Calverton, Maryland, USA. 

Degefu H, Mohamud M, Hailemelekot M, and Yohannes M (2011). Seroprevalence of bovine brucellosis in agro pastoral areas of Jijjiga zone of 
Somali National Regional State, Eastern Ethiopia. Ethiopian Veterinary Journal, 15(1): 37-47. DOI: 

https://www.doi.org/10.4314/evj.v15i1.67683 

Desta KB (2002). Analyses of dairy cattle breeding practices in selected areas of Ethiopia, Köster Germany. 

Dinka H and Ababa A (2011). A study on school factors that affect girls academic achievement in the general secondary schools of Addis Ababa 

(implications to EFA goals). Available at: https://aacaebc.wordpress.com/wp-content/uploads/2018/02/a-study-on-school-factors-that-affect-girls-
academic.pdf 

Dohoo IR, Wright P, Ruckerbauer G, Samagh B, Robertson F, and Forbes L (1986). A comparison of five serological tests for bovine brucellosis. 

Canadian Journal of Veterinary Research, 50: 485. Available at: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1255253/ 

Domenech J (1977). Enquête sérologique sur la brucellose du dromadaire en Ethiopie [Serological survey on camel brucellosis in Ethiopia]. Revue 

D’élevage et de Médecine Vétérinaire des Pays Tropicaux, 30(2): 141-142. DOI: https://www.doi.org/10.19182/remvt.8090 

Edao BM, Hailegebreal G, Berg S, Zewude A, Zeleke Y, Sori T, Almaw G, Whatmore AM, Ameni G, and Wood JLN (2018). Brucellosis in the Addis 
Ababa dairy cattle: The myths and the realities. BMC Veterinary Research, 14(1): 396. DOI: https://www.doi.org/10.1186/s12917-018-1709-4 

Franc K, Krecek R, Häsler B, and Arenas-Gamboa A (2018). Brucellosis remains a neglected disease in the developing world: A call for 

interdisciplinary action. BMC Public Health, 18: 125. Available at: https://link.springer.com/article/10.1186/s12889-017-5016-y 

Gashaw AE, Fikru RG, and Gezahegne MK (2022). Bovine brucellosis and its public health significance in Ethiopia. Zoonoses, 2(1): 1-10. Available 

at: https://www.scienceopen.com/hosted-document?doi=10.15212/ZOONOSES-2022-0005 

Gebremariam K (1985). Prevalence of brucellosis in four different farms around Addis Ababa. DVM. Thesis, FVM, Addis Ababa University, Ethiopia. 

Getahun T, Urge B, and Mamo G (2023). Seroprevalence of bovine brucellosis in selected sites of central highland of Ethiopia. Vet Med, 14: 11-22. 

Available at: https://www.tandfonline.com/doi/full/10.2147/VMRR.S388970  

Hassan AA, Uddin MB, Islam MR, Cho HS, and Hossain MM (2014). Serological prevalence of brucellosis of cattle in selected dairy farms in 

Bangladesh. Korean Journal of Veterinary Research, 54(4): 239-243. DOI: https://www.doi.org/10.14405/kjvr.2014.54.4.239 

Jagapur RV, Rathore R, Karthik K, and Somavanshi R (2013). Seroprevalence studies of bovine brucellosis using indirectenzyme-linked 
immunosorbent assay (i-ELISA) at organized and unorganized farms in three different states of India. Veterinary World, 6(8): 550-553.  

Available at:  https://www.veterinaryworld.org/Vol.6/August%20-%202013/Seroprevalence%20studies%20of%20bovine%20brucellosis%20using%20indirect-.pdf 

Kabagambe J, Nshimiyimana A, Muberuka J, and Nykligira J (1988). Les maladies enzootiques des bovins au Bugesera [Enzootic diseases of cattle in 

Bugesera]. Bulletin Agricole du Rwanda, 21(3): 159-168. 

Khurana SK, Sehrawat A, Tiwari R, Prasad M, Gulati B, Shabbir MZ, Chhabra R, Karthik K, Patel SK, Pathak M et al. (2021). Bovine brucellosis–A 
comprehensive review. Veterinary Quarterly, 41(1): 61-88. DOI: https://www.doi.org/10.1080/01652176.2020.1868616 

Kolo FB, Adesiyun AA, Fasina FO, Katsande CT, Dogonyaro BB, Potts A, Matle I, Gelaw AK, and Van Heerden H (2019). Seroprevalence and 

characterization of Brucella species in cattle slaughtered at Gauteng abattoirs, South Africa. Veterinary Medicine and Science, 5(4): 545-555. 

DOI: https://www.doi.org/10.1002/vms3.190 

Maiga S, Niang M, and Touré I (1995). Enquête séroépidémiologique sur la brucellose bovine dans la ceinture laitière de Bamako, Mali 
[Seroepidemiological investigation into bovine brucellosis in the dairy belt of Bamako, Mali].  Livestock production and diseases in the tropics, 

livestock production and human welfare. Proceedings of the 8th International Conference of Institutions of Tropical Veterinary Medicine, Berlin, 

pp. 25-29. 

McDermott CM and O'connor GC (2002). Managing radical innovation: An overview of emergent strategy issues. Journal of Product Innovation 
Management, 19(6): 424-438. DOI: https://www.doi.org/10.1111/1540-5885.1960424 

Mekonnen H, Kalayou S, and Kyule M (2010). Serological survey of bovine brucellosis in Barka and Arado breeds (Bos indicus) of Western Tigray, 

Ethiopia. Preventive Veterinary Medicine, 94(1-2): 28-35. DOI: https://www.doi.org/10.1016/j.prevetmed.2009.12.001 

Merga Sima D, Abdeta Ifa D, Merga AL, and Tola EH (2021). Seroprevalence of bovine brucellosis and associated risk factors in Western Ethiopia. 

Veterinary Medicine: Research and Reports, 12: 317-324. DOI: https://www.doi.org/10.2147/VMRR.S338930 

Molla B (1989). Seroepidemiological survey of bovine brucellosis in Arsi region. DVM thesis, Faculty of Veterinary Medicine, Addis Ababa 
University, Debre Zeit, Ethiopia. 

Motta-Delgado PA, Martínez-Tovar RA, Londoño-Giraldo M, Rojas-Vargas EP, and Herrera-Valencia W (2020). Sero-prevalence of brucellosis 

(Brucella abortus) in bovines from Caquetá state, Colombia. Ciencia y Agricultura, 17(1): 19-30. DOI: 

https://www.doi.org/10.19053/01228420.v17.n1.2020.9917 

Muma JB, Samui KL, Oloya J, Munyeme M, and Skjerve E (2007). Risk factors for brucellosis in indigenous cattle reared in livestock–wildlife 
interface areas of Zambia. Preventive Veterinary Medicine, 80: 306-317. DOI: https://www.doi.org/10.1016/j.prevetmed.2007.03.003 

Mussie H, Tesfu K, and Yilkal A (2007). Seroprevalence study of bovine brucellosis in Bahir dar milk shed, northwestern Amhara region. Ethiopian 

Veterinary Journal, 11(1): 42-49. 

Nahar A and Ahmed M (2009). Sero-prevalence study of brucellosis in cattle and contact human in Mymensingh District. Bangladesh Journal of 

Veterinary Medicine, 7(1): 269-274. Available at: https://lamjol.info/index.php/BJVM/article/view/5071/4047 

Negash W and Dubie T (2021). Study on seroprevalence and associated factors of bovine brucellosis in selected districts of Afar National Regional 
State, Afar, Ethiopia. Veterinary Medicine International, 2021: 8829860. DOI: https://www.doi.org/10.1155/2021/8829860  

Nielsen K (2018). Animal brucellosis. CRC Press., Boca Raton. DOI: https://www.doi.org/10.1201/9781351069687  

Office international des epizooties (OIE) (2004). Manual of diagnostic tests and vaccines for terrestrial animals.  

Qureshi KA, Parvez A, Fahmy NA, Abdel Hady BH, Kumar S, Ganguly A, Atiya A, Elhassan GO, Alfadly SO, Parkkila S et al. (2023). Brucellosis: 

Epidemiology, pathogenesis, diagnosis and treatment–A comprehensive review. Annals of Medicine, 55(2): 2295398. DOI 

https://www.doi.org/10.1080/07853890.2023.2295398 

https://iris.who.int/bitstream/handle/10665/43597/WHO_CDS_EPR_2006.7_eng.pdf?sequence=1
https://dhsprogram.com/pubs/pdf/fr255/fr255.pdf
https://www.doi.org/10.4314/evj.v15i1.67683
https://aacaebc.wordpress.com/wp-content/uploads/2018/02/a-study-on-school-factors-that-affect-girls-academic.pdf
https://aacaebc.wordpress.com/wp-content/uploads/2018/02/a-study-on-school-factors-that-affect-girls-academic.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1255253/
https://www.doi.org/10.19182/remvt.8090
https://www.doi.org/10.1186/s12917-018-1709-4
https://link.springer.com/article/10.1186/s12889-017-5016-y
https://www.scienceopen.com/hosted-document?doi=10.15212/ZOONOSES-2022-0005
https://www.tandfonline.com/doi/full/10.2147/VMRR.S388970
https://www.doi.org/10.14405/kjvr.2014.54.4.239
https://www.veterinaryworld.org/Vol.6/August%20-%202013/Seroprevalence%20studies%20of%20bovine%20brucellosis%20using%20indirect-.pdf
https://www.doi.org/10.1080/01652176.2020.1868616
https://www.doi.org/10.1002/vms3.190
https://www.doi.org/10.1111/1540-5885.1960424
https://www.doi.org/10.1016/j.prevetmed.2009.12.001
https://www.doi.org/10.2147/VMRR.S338930
https://www.doi.org/10.19053/01228420.v17.n1.2020.9917
https://www.doi.org/10.1016/j.prevetmed.2007.03.003
https://lamjol.info/index.php/BJVM/article/view/5071/4047
https://www.doi.org/10.1155/2021/8829860
https://www.doi.org/10.1201/9781351069687
https://www.doi.org/10.1080/07853890.2023.2295398


Birhan, 2024 

 

448 

Radostits OM, Gay CC, Hinchcliff KW, Constable PD (2007). Veterinary medicine. A text book of diseases of cattle, sheep, pigs, goats and horses, 
10th Edition. Elsevier Saunders., London, pp. 963-985. 

Reshid M, Fantaye M, Gebreab F, and Moldemeskel M (1993). Ovine helminthiasis at Bako. Available at: 

https://agris.fao.org/search/en/providers/122600/records/6471f4df2a40512c710ee22d 

Taye Y (1991). Sero prevalence of bovine brucellosis at Abernosaranch. Ethiopia DVM. 

Teshome A (2010). Impact of climate change on household water security and sustainable livelihoods in Shebel Berenta Woreda, East Gojjam Zone, 

Amhara Region, Ethiopia. Diss. Addis Ababa University, Ethiopia. Available at: http://repository.hoarec.org/home/handle/123456789/6 

Thursfield S (2015). Medieval tailor's assistant: Common Garments 1100-1480. Crowood, pp. 96-102. Available at: https://www.archers-du-
bailli.be/costume/documents/cos-doublet/patron-doublet-homme-MTA.pdfTsegaye Y, Kyule M, and Fikre lobago F (2016). Seroprevalence and 

risk factors for bovine brucellosis in Arsi Zone, Oromia Regional State, Ethiopia. American Scientific Research Journal for Engineering, 

Technology, and Sciences, 24(1): 16-25. Available at: https://core.ac.uk/download/pdf/235049969.pdf 

Tulu D (2022). Bovine brucellosis: Epidemiology, public health implications, and status of brucellosis in Ethiopia. Veterinary Medicine: Research and 
Reports, 13: 21-30. DOI: https://www.doi.org/10.2147/VMRR.S347337 

Waktole H, Geneti E, Ahmed W, Mammo G, and Abunna F (2018). Sero-prevalence and associated risk factors of bovine brucellosis in selected dairy 

farms in Bishoftu Town, Oromia, Ethiopia. International Journal of Microbiological Research, 9: 45-53. DOI: 

https://www.doi.org/10.5829/idosi.ijmr.2018.45.53 

Wolff C, Boqvist S, Ståhl K, Masembe C, and Sternberg-Lewerin S (2017). Biosecurity aspects of cattle production in Western Uganda, and 

associations with seroprevalence of brucellosis, salmonellosis and bovine viral diarrhoea. BMC Veterinary Research, 13: 382. DOI: 

https://www.doi.org/10.1186/s12917-017-1306-y 

Yayeh T (2003). A survey of bovine brucellosis in selected areas of North Gondar Zone, Ethiopia. DVM Thesis. Faculty of Veterinary Medicine, 

Addis Ababa University, Debre Zeit, Ethiopia. 

Yirgu T (1991). Sero-prevalence study of bovine brucellosis at Abernosa. DVM Thesis. Faculty of Veterinary Medicine, Addis Ababa University, 
Debrezeit, Ethiopia. 

Yohannes M, Gill JPS, Ghatak S, Singh DK, and Tolosa T (2012)a. Comparative evaluation of the Rose Bengal plate test, standard tube agglutination 

test and complement fixation test for the diagnosis of human brucellosis. Revue Scientifique et Technique - Office International des Épizooties, 
31(3): 979-984. DOI: org/10.20506/rst.31.3.2175  

Yohannes M, Mersha T, Degefu H, Tolosa T, and Woyesa M (2012b). Bovine brucellosis: Serological survey in Guto-Gida district, East Wollega 

zone, Ethiopia. Global Veterinaria, 8(2): 139-143. Available at: http://www.idosi.org/gv/GV8(2)12/8.pdf  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Publisher’s note: Scienceline Publication Ltd. remains neutral with regard to jurisdictional claims in published maps and institutional 

affiliations. 

 

Open Access: This article is licensed under a Creative Commons Attribution 4.0 International License, which permits 

use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit 

to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The 

images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in 

a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not 

permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. 

To view a copy of this licence, visit https://creativecommons.org/licenses/by/4.0/. 

 

© The Author(s) 2024 

https://agris.fao.org/search/en/providers/122600/records/6471f4df2a40512c710ee22d
http://repository.hoarec.org/home/handle/123456789/6
https://www.archers-du-bailli.be/costume/documents/cos-doublet/patron-doublet-homme-MTA.pdf
https://www.archers-du-bailli.be/costume/documents/cos-doublet/patron-doublet-homme-MTA.pdf
https://core.ac.uk/download/pdf/235049969.pdf
https://www.doi.org/10.2147/VMRR.S347337
https://www.doi.org/10.5829/idosi.ijmr.2018.45.53
https://www.doi.org/10.1186/s12917-017-1306-y
http://www.idosi.org/gv/GV8(2)12/8.pdf
https://www.science-line.com/
https://creativecommons.org/licenses/by/4.0/


449 
To cite this paper: Zahri A, Bouslikhane M, El Mazini S, Lemrani M, El Berbri I, Abouelkaram MA, Balenghien T, and Bourquia M (2024). Survey on Dermatological 

Disorders of Dogs during 2020-2022 in Rabat, Morocco. World Vet. J., 14(3): 449-460. DOI: https://dx.doi.org/10.54203/scil.2024.wvj52 

2024, Scienceline Publication 

World
’s
 Veterinary Journal  

 

World Vet J, 14(3): 449-460.    ISSN 2322-4568 

  

 

Survey on Dermatological Disorders of Dogs during 

2020-2022 in Rabat, Morocco 
 

Abderrahmane Zahri
1
* , Mohammed Bouslikhane

2
, Sara El Mazini

3,4
, Meryem Lemrani

3
,  

Ikhlass El Berbri
2

, Mohammed Amine Abouelkaram
1

, Thomas Balenghien
5,6

, and Maria Bourquia
1  

 

1Parasitology and Parasitic Diseases Unit, Department of Animal Pathology and Public Health, Hassan II Institute of Agronomy and Veterinary 
Medicine, Rabat, Morocco 
2Microbiology, Immunology and Contagious Diseases Unit, Department of Animal Pathology and Public Health, Hassan II Institute of Agronomy and 

Veterinary Medicine, Rabat, Morocco 
3Laboratory of Parasitology and Vector-Borne-Diseases, Pasteur Institute of Morocco, Casablanca 20360, Morocco 
4Laboratory of Microbial Biotechnology and Bioactive Molecules, Faculty of Sciences and Technologies, Sidi Mohammed Ben Abdellah University, 

Fes 30000, Morocco 
5CIRAD, UMR ASTRE, F-34398 Montpellier, France 
6ASTRE, University of Montpellier, CIRAD, INRAE, Montpellier, France 
 

*Corresponding author's Email: zahriabderrahmane@iav.ac.ma  

 

ABSTRACT 

Dermatology is an important specialty in veterinary medicine, focusing on the skin and its appendages. Therefore, 

the present study highlighted the percentage of skin disorders, as well as their associated risk factors, from cases 

received at the Parasitology-Dermatology clinic of the Hassan II Institute of Agronomy and Veterinary Medicine 

(IAV Hassan II), Rabat, Morocco for two years. A total of 1561 dogs (1450 dogs were in 28 different pure breeds 

and 111 dogs were mongrels, 805 males, and 756 females, with an average age of 6.5 years old) were presented at 

the University Veterinary Teaching Hospital (UVTH) of the IAV Hassan II from the end of October 2020 to the end 

of May 2022 (including vaccinations) and 125 dogs were assessed and 161 skin diseases were found (a few dogs had 

more than one skin disease). Dermatological examinations represented an average of 8.00% (125/1561) of all canine 

cases received at the University Veterinary Teaching Hospital. The most common clinical signs were pruritus, 

alopecia, erythema, onychogryphosis, and visible ectoparasites. Parasitic dermatoses were the most frequent, 

representing 44.10% of all dermatological cases, followed by allergic dermatoses (25.47%) and fungal skin 

infections (19.25%). Bacterial skin infections and dermatological manifestations of endocrine disorders were 

infrequent, representing 8.70% and 2.48%, respectively of all observed cases. Risk factors contributing to the 

occurrence of canine skin disorders included age and lifestyle for sarcoptic mange. An apparent predilection for the 

living environment was observed in the case of canine leishmaniosis, and an apparent predilection for sex regarding 

otodectic mange was also demonstrated. Similar results were found for the living environment and lifestyle 

concerning canine atopic dermatitis.  Data reported herein fill gaps in knowledge of skin disorders and their 

associated risk factors in dogs in Morocco, demonstrating the dominance of skin diseases of zoonotic interest, 

including flea bite allergy dermatitis (FBAD), dermatophytosis, and canine leishmaniosis. 
 

Keywords: Dog, Morocco, Rabat, Skin disease, Survey 
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INTRODUCTION  

  

The skin, is an organ, with a crucial role in safeguarding against physical, chemical, and microbiological aggressions. Its 

sensory components facilitate the perception of heat, cold, pain, touch, and pressure (Hsu and Fuchs, 2022). Veterinary 

dermatology is gaining increasing attention, given its significant representation in routine examinations (Khoshnegah et 

al., 2013; Tawfik et al., 2020; Joshi, 2022; Alizadeh et al., 2024). Canine and feline skin disorders represent an important 

veterinary problem worldwide. A previous comprehensive study indicated that 21.40% of examinations in small animal 

veterinary practices in the United Kingdom (UK) were related to skin issues (Hill et al., 2006). Similarly, a study carried 

out at the Ferdowsi University of Mashhad in Iran reported that dermatological disorders affected 17.00% of diagnosed 

dogs (Khoshnegah et al., 2013). Canine skin disorders are prevalent in India, where the prevalence of infection ranges 

from 12.00% to 27.60% (Khurana et al., 2016; Kumar and Shekhar, 2020; Joshi, 2022). The origin of skin diseases has 

been evaluated in different studies to throw light on the clinical signs and cutaneous lesions in dogs.   The most common 

sign in all dermatological examinations is pruritus (Bensignor et al., 2013; Bruet et al., 2022). Superficial pyoderma, 

canine leishmaniosis, flea infestation, flea bite allergy dermatitis (FBAD), and canine atopic dermatitis (CAD) were the 

most frequent diagnoses in Mashhad, Iran (Khoshnegah et al., 2013).
 
In contrast, the majority of diagnoses in the UK 

were parasitic dermatoses and bacterial skin infections (Hill et al., 2006). Generally, the most known skin problems in 

dogs include sarcoptic mange, demodectic mange, allergic dermatoses, dermatophytosis, and bacterial skin infections 
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(Khoshnegah et al., 2013; Khurana et al., 2016; Tawfik et al., 2020; Kumar and Shekhar, 2022). These skin disorders 

were diagnosed by clinical examination followed by the appropriate complementary tests required to confirm clinical 

suspicions (Curtis, 2012; Beco et al., 2013; Gortel, 2013; Hillier et al., 2014; Moriello et al., 2017; Mueller et al., 2020; 

Miller et al, 2023). 

 The objective of the current study was to determine the percentage of canine skin conditions assessed and the 

associated risk factors at the Parasitology-Dermatology clinic of the Hassan II Institute of Agronomy and Veterinary 

Medicine (IAV Hassan II), Rabat, Morocco. The usefulness of the provided information should be of great interest to 

veterinary students, new veterinary graduates, and practicing veterinarians in the country. 

 

MATERIALS AND METHODS  

 

Ethical approval 

The study protocol was approved by the Hassan II Institute of Agronomy and Veterinary Medicine (IAV Hassan II), 

Rabat, Morocco, and the Moroccan Ministry of Agriculture. The handling of dogs has been conditioned by respect for 

animal welfare, which is in agreement with international ethical guidelines (European Union Directive 2010/63/EU and 

Animal Research, reporting of In Vivo experiments guidelines (ARRIVE)).  

 

Study area 

Rabat is the capital of the Kingdom of Morocco, which is located on the Atlantic side in the region of Rabat Salé - 

Kénitra. Situated precisely at 33° 58' 17.724'' North 6° 50' 59.3268'' West, within the estuarine zone of the Bouregreg 

River, with a Mediterranean climate, characterized by abundant rainfall in winter and a hot summer (Morocco's climate, 

2023). The pet population in Morocco is estimated to be 2.65 million pets (GlobalPETS, 2023).  

 

Case selection 

From the end of October 2020 to the end of May 2022, 1561 dogs were presented to the UVTH of the IAV Hassan 

II in Rabat, Morocco. A total of 125 dogs (105 dogs were in 24 different pure breeds, 20 dogs were mongrels, 74 males, 

and 51 females, with an average age of 4.5 years old) were assessed for skin problems at the Parasitology-Dermatology 

Clinic of the IAV Hassan II (following the sanitary measures taken due to the pandemic of COVID-19, assessments were 

conducted three days a week). The diagnostic approach comprised three sequential steps, including, dermatological 

history, and clinical examination which aims to perform a physical examination, describe clinical signs (pruritus, 

alopecia, erythema, wounds, pustular eruptions, and ulcerative lesions), detect nail disorders (onychogryphosis), and 

identify visible ectoparasites (fleas, lice, and ticks), and complementary examinations. For this purpose, a printed 

dermatological form was meticulously developed and employed for each assessment (Appendix 1). 

 

Dog’s demographic information 

Breed, sex, age, living environment, diet, and lifestyle of dogs with skin disorders were recorded by a vet to find 

statistical and/or epidemiological associations between these risk factors and the dermatoses. 

 

Diagnostic methods 

Based on the hypothesis of diagnosis following the clinical examination, the adequate and appropriate 

complementary examinations were chosen, which are divided into the following sections. Complementary examinations 

with immediate interpretation include combing, trichogram, otoscopic examination, Wood’s lamp examination, ear 

swabbing, skin scraping, impression cytology and swab cytology of ear canal, smear of lymph node aspirates, and 

dermoscopy (Zanna et al., 2017). 

Complementary examinations with deferred interpretation require more time to analyze their results and include, 

fungal culture used to diagnose dermatophytosis and Malasseziosis, blood tests to assess hematological and biochemical 

profiles (hypertriglyceridemia and hypercholesterolemia are related to canine hypothyroidism and Cushing’s syndrome 

(Sieber-Ruckstuh et al., 2022) and thrombocytopenia is a common finding in canine leishmaniosis), and endocrine 

function tests (cortisol and thyroid hormone assays). Canine leishmaniosis was diagnosed using SNAP® Leishmania 

(Canine Leishmania Antibody test, IDEXX Laboratories, Inc. Westbrook, Maine, USA) by detecting antibodies 

produced against Leishmania (L) infantum (de Souza et al., 2019), which was also confirmed by nested PCR conditions 

based on the amplification of the kinetoplast DNA minicircles using two sets of primers including CSB2XF 

(CGAGTAGCAGAAACTCCCGTTCA), CSB1XR (ATTTTTCGCGATTTTCGCAGAACG), LiR 

(TCGCAGAACGCCCCT) and 13Z (ACTGGGGGTTGGTGTAAAATAG) (Noyes et al., 1998). The amplification 

reactions were carried out in the thermal cycler 2720 (Applied Biosystems, USA) following the thermal program, 

including 94°C for 5 minutes, 30 cycles (94°C for 30 seconds, 55°C for 60 seconds, and 72°C for 90 seconds), and 72°C 

for 5 minutes. 
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Statistical analysis 

The descriptive statistical analysis was carried out using the statistical program Epi-Info 7.2.5.0 (CDC’s National 

Center for Public Health Informatics, USA) and it is based on the study of the statistical and/or epidemiological 

associations between the dermatoses affecting dogs and the risk factors taken into consideration (breed, sex, age, living 

environment and lifestyle). Relative risk was quantified by estimating the odds ratio (OR) for the association between the 

selected risk factors and the corresponding outcome for each skin disease. Similarly, the confidence intervals for each 

OR were estimated with the calculation of the Chi-Square (χ²) test. Statistical analysis was considered significant When 

the p-value < 0.05. 

 

RESULTS  

 

Demographic information 

A total of 125 dogs were assessed with 161 dermatoses (dogs can be diagnosed with one or more skin disorders at 

the same time).  Skin disorders represented 8.00% of all assessed dogs, of which 59.20% (74 cases) were males and 

40.80% (51 cases) were females with an age ranging between 1 to 192 months. Most cases were of purebred dogs 

(84.00%) as opposed to mongrel dogs (16.00%). At the same time, the majority of dogs had a group lifestyle (76.00%) 

and lived outdoors (60.00%). Risk factors contributing to the occurrence of canine skin disorders included age (OR = 

3.50; p = 0.02) and lifestyle (OR = 6.23; p = 0.002) for sarcoptic mange. Additionally, an apparent predilection for the 

living environment (OR = 6.50; p = 0.007) was observed in the case of canine leishmaniosis, and an apparent 

predilection for sex regarding otodectic mange (OR = 4.27; p = 0.04). Dogs who lived indoors were 5.26 times more 

likely to have CAD (OR = 5.26; p = 0.02) compared to dogs who lived outdoors. Additionally, dogs living alone were 

10.07 times more likely to have CAD (OR = 10.07; p = 0.009) than those living in a group. Furthermore, there were 

epidemiological associations only in the case of different dermatoses and risk factors taken into consideration including 

mongrel dogs living in groups that were more exposed respectively to canine leishmaniosis (OR for mongrel dogs= 3.32; 

p = 0.08 - OR for lifestyle= 6.02; p = 0.08) and demodicosis (OR = 2.13; p = 0.39 - OR = 2.88; p = 0.06). Males and 

young dogs were more predisposed to dermatophytosis (OR = 2.14; p = 0.16, OR = 2.90; p = 0.25) and CAD was linked 

to young age (OR = 3.62; p = 0.36), while a solitary lifestyle without congeners favors exposure to food allergy (OR = 

5.06; p = 0.21) and FBAD (OR = 2.72; p = 0.06). 

 

Description of dermatological condition 

The dermatoses diagnosed were divided according to their etiologies. Parasitic dermatoses were the most frequent 

conditions, occupying first place with a percentage of 44.10% (71/161), followed by allergic dermatoses (25.47%, 

41/161) and fungal skin infections (19.25%, 31/161). Bacterial skin infections and dermatologic manifestations of 

endocrine disorders were infrequent, representing 8.70% (14/161) and 2.48% (4/161), respectively in all observed dogs 

(Figure 1). The ten most frequent dermatological disorders diagnosed in dogs were, FBAD (20 out of 161, 12.42%), 

dermatophytosis due to Microsporum canis (19 out of 161, 11.80%), canine leishmaniosis caused by Leishmania 

infantum (18 out of 161, 11.18%, Figure 2A), sarcoptic mange caused by Sarcoptes scabiei (15 out of 161, 9.32%, 

Figure 2B), demodicosis caused by Demodex canis (15 out of 161, 9.32%, Figure 2C), otodectic mange caused by 

Otodectes cynotis (13 out of 161, 8.07%, Figure 2D), CAD (12 out of 161, 7.45%), Malasseziosis caused by Malassezia 

pachydermatis (12 out of 161, 7.45%, Figure 2E), flea infestation caused by Ctenocephalides felis (10 out of 161, 6.21%, 

Figure 2F), food allergy (7 out of 161, 4.35%), and canine pyoderma (7 out of 161, 4.35%). In contrast, only one case of 

Cushing's syndrome, eosinophilic furunculosis and pododermatitis was diagnosed in the present study. 

 

Breed-wise distribution  
The percentage of skin disorders was the highest in common breed dogs (16.00%; 20/125), followed by German 

Shepherd (12.00%; 15/125); Maltese (11.20%; 14/125); French Bulldog (7.20%; 9/125); Poodle and Labrador Retriever 

(6.40%; 8/125; each); Rottweiler (5.60%; 7/125); Belgian shepherd (4.80%; 6/125); Chihuahua and Siberian Husky 

(4.00%; 5/125; each); Cane Corso, Chow Chow, Dalmatian, Jacque Russel Terrier and English Pointer (2.40%; 3/125; 

each); Brittany spaniel, Pekingese and Dachshund (1.60%; 2/125; each); Akita Inu, White Swiss Shepherd, Pug, 

Pyrenean Mountain Dog, American Pit Bull Terrier, Great Dane and American Staffordshire Terrier (0.80%; 1/125; 

each). 

 

Sex-wise distribution  

The percentage of skin disorders was higher in males (59.20%; 74/125) compared with females (40.80%; 51/125, 

Figure 3). 

 

Age-wise distribution  
Dermatological disorders were most common in dogs under two years of age (50.40%; 63/125) compared to dogs 

between two and five years of age (26.40%; 33/125) and dogs over five years of age (23.20%; 29/125, Figure 4). 

 

Living environment and lifestyle-wises distribution  

Skin disorders were more common in dogs living outside (60.00%; 75/125) in comparison with those living indoors 

(40.00%; 50/125). In contrast, the majority of cases lived in groups (76.00%; 95/125) compared to those living alone 

(24.00%; 30/125, Figure 5). 
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Figure 1. Percentage of dermatoses diagnosed in dogs located in Rabat, Morocco during 2020-2022 

 

 
Figure 2.  Etiological agents causing skin disorders in dogs located in Rabat, Morocco during 2020-2022. A: Leishmania 

infantum promastigotes isolated in Roswell Park Memorial Institute (RPMI) - 1640 culture medium after in vitro culture in the Novy-

MacNeal-Nicolle (NNN) medium from a naturally infected English pointer and observed under an optical microscope (magnification 

200x). Scale-bar: 10 µm, B: Adult mites of Sarcoptes scabiei (arrows) isolated from a common breed dog and morphologically 

identified under an optical microscope (magnification 400x). Scale-bar: 450 µm, C: Optical microscopy observation (magnification 

400x) of adult mites of Demodex canis (arrows) in a Rottweiler puppy. Scale-bar: 150 µm, D: Adult mites of Otodectes cynotis 

examined in the earwax of a Chow-chow using an optical microscope (magnification 400x). Scale-bar: 250 µm, E: Cytological 

examination of the skin (by impression) in a Siberian Husky: The presence of numerous free yeasts of Malassezia pachydermatis 

(magnification 1000x) adhering to keratinocytes (rapid staining). Scale-bar: 20 µm, and F: Microscopic examination of 

Ctenocephalides felis collected in a German Shepherd after mounting between slide and coverslip through an optical microscope 

(magnification 400x). Scale-bar: 1mm 
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Figure 3. Sex-wise percentage of skin disorders in dogs located in Rabat, Morocco during 2020-2022 

 

 

 

 

 

 

 
Figure 4. Age-wise percentage of dermatological disorders in dogs located in Rabat, Morocco during 2020-2022 
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Figure 5. Living environment and lifestyle-wises percentage of dermatological disorders in dogs located in Rabat, 

Morocco during 2020-2022 

 

 

DISCUSSION  

 

According to the clinical study, 161 dermatoses in 125 dogs were assembled, since several dogs were affected by more 

than one skin disorder at the same time, this is the case for the mongrel dogs that presented simultaneously parasitic 

dermatoses (sarcoptic and otodectic mange) and fungal skin infections (dermatophytosis). Dermatology evaluations 

made up 8.00% of the total examinations conducted at the UVTH of the IAV Hassan II, a figure slightly below the 

12.06% reported in a study by Thapa and Sarkar (2018). In other studies, the prevalence of skin disorders has been 

estimated between 17.00% and 27.26% (Khoshnegah et al., 2013; Khurana et al., 2016; Kumar and Shekhar, 2020). 

These percentage differences were due to the large number of dogs received at the UVTH of the IAV Hassan II for 

vaccination that were taken into account in the present study, which was not the case in previous studies. 

Parasitic dermatoses represent the most frequent dermatological disorders with a percentage of 44.10%, which is in 

agreement with the study of Khurana et al. (2016), with a marked predominance of canine leishmaniosis, sarcoptic 

mange, and demodicosis. In the current study, 18 cases (11.18%) of canine leishmaniosis caused by L. infantum were 

diagnosed, and the same percentage was reported in Iran (Khoshnegah et al., 2013).
 

Veterinarians in Morocco struggle with the accurate diagnosis of canine leishmaniasis, primarily due to the 

expensive supplementary tests required to confirm the presence of the disease. Eight cases were from Rabat (the capital 

of Morocco and Rabat-Salé-Kénitra region) and almost all of them never left the city, four cases were from the rural 

commune of Sidi-Yahya-Zaër (Rabat-Salé-Kénitra region), two cases were from the city of Mehdia (Rabat-Salé-Kénitra 

region), and the remaining four cases were from the cities of Sala Al Jadida (Rabat-Salé-Kénitra region), Ain El-Aouda 

(Rabat-Salé-Kénitra region), Benslimane (Casablanca-Settat region), and Casablanca (Casablanca-Settat region). It can 

be assumed that there has been a change in the epidemiology profile of leishmaniosis by L. infantum, which is generally 

confined to pre-arid, semi-arid, humid, and sub-humid bioclimatic stages (Hakkour et al., 2019). Additionally, the 

possible urbanization of canine leishmaniosis should be seen as a wake-up call, as visceral leishmaniasis caused by L. 

infantum is a major public health problem due to its zoonotic aspect, with dogs as the main reservoir of the disease 

(Saridomichelakis, 2009). In light of the above results, mongrel dogs were more exposed to canine leishmaniosis than 

purebred dogs. Knowing that racial predisposition has been confirmed for some breeds such as German Shepherds and 

Rottweiler (Saridomichelakis, 2009). However, it is generally accepted that mongrel and autochthonous breeds are 

resistant to parasite exposure, even if they live in endemic areas (Solano-Gallego et al., 2000).
 

It should be noted that the age of affected animals varies from one to seven years, and based on the knowledge of 

Briffod (2011), it seems that dogs under three years old with those over eight years old are the most susceptible to 

developing the disease characterized by a long incubation period of up to four years (Müller et al., 2022). In terms of 
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gender, there were nine male cases and nine female cases. However, male dogs are typically favored over females for 

hunting and guarding, which could increase their risk of being bitten by sandflies (Rombolà et al., 2021).
 

Regarding the living environment and lifestyle, there were epidemiological and statistical associations between the 

above-mentioned risk factors and positive cases who lived outside and did not follow a regular program of prevention 

against external parasites, which is an important risk factor making the dogs exposed to sandflies and promoting 

infection (Ribeiro et al., 2018).
 

Regarding scabies, the reported percentage in other studies (2.82% in India and 5.06% in Iran) is lower than that 

found in the present study (9.32%; Khoshnegah et al., 2013; Anikar et al., 2021). In the current study, it was noticed that 

adult dogs are more predisposed to be affected by this dermatosis compared to young dogs although, it is observed in 

dogs of all ages and it is well-known in dogs under one year old (Chen et al., 2014). Only a single owner was impacted 

by sarcoptic mange, displaying scabies pimples on her thigh and feet. These observations are in line with Bandi and 

Saikumar's (2013); observations, which confirm that sarcoptic mange is a pruritic and highly contagious dermatosis in 

animals and humans. 

For demodicosis, the results of the clinical study revealed a percentage of 9.32%, which is in agreement with 

Khurana et al. (2016),
 
where it ranked second after sarcoptic mange. In addition, the study of Hill et al. (2006) identified 

very few cases of canine demodicosis, which presented less than 1% of dermatology examinations. Similarly, cases of 

demodicosis remain very limited (five cases (0.94%)) in the study of Khoshnegah et al. (2013)
 
while the number of cases 

of demodicosis in the study of Shchelkanov et al. (2020)
 
was around 409 cases (15.90%). Common breed dogs showed 

significant susceptibility to this skin disorder, although racial predisposition is not a risk factor to be taken into 

consideration (Shchelkanov et al., 2020).
 

Dogs living in groups were more exposed to demodectic mange than those living alone. In this regard, the 

overpopulation of Demodex canis, may be linked mainly to puppy nursing, along with other stress factors such as estrus, 

parturition, and endoparasites (Gortel, 2006).
 
Juvenile demodicosis was the most common in the present study. It could 

be due to the immune deficiency against D. canis in the assessed cases, which conforms with Hugnet et al. (2001). For 

otodectic mange (8.07%), the most affected cases were young dogs, which is mainly due to their low immunity (Taenzler 

et al., 2017). Males were more exposed to infestation by Otodectes cynotis than females, which is capable of leaving the 

ear canal and spreading to other parts of the body (Sotiraki et al., 2001). However, Rodriguez-vivas et al. (2003), 

reported that both sexes have equal sensitivity to the mites responsible for the disease, and there is no characteristic 

sexual preference. It was also noted that the majority of affected dogs lived with cats who often go outdoors, which may 

be a factor favoring transmission. This agrees with the findings of Souza et al. (2008),
 
which confirmed that dogs living 

outdoors were more exposed to O. cynotis infestation, and direct contact with infected animals remains the most 

common mode of transmission for these mites. 

Finally, flea infestation accompanied or not by FBAD, is classified as the fifth dominant parasitic dermatosis in the 

current clinical study (6.21%), which is in agreement with Khoshnegah et al. (2013),
 
suggesting that owners are not 

sufficiently aware of the need to improve hygiene conditions, particularly environmental conditions as well as the means 

of prevention that can reduce its frequency. It remains to be pointed out that cat fleas are the most identified under 

microscopy, which is reported by a previous study
 
confirming that Ctenocephalides felis is the most widespread flea in 

dogs (Linardi and Santos, 2012).
 
Therefore, it can be inferred that the cohabitation of dogs with cats increases the risk of 

flea exposure, as cats with an external lifestyle are rarely treated. 

Allergic dermatoses occupied the second position (25.47%) in the current study. Flea bite allergy dermatitis (FBAD, 

12.42%) and canine allergy dermatitis (CAD, 7.45%) represent the most common allergic dermatoses encountered in the 

present study also by several studies (Hill et al., 2006; Dávila et al., 2018; Drechsler et al., 2024). In contrast with these 

findings, few cases of these two dermatoses have been diagnosed by Lund et al. (1999). For flea bite allergy dermatitis 

(FBAD), intense pruritus was the most common clinical sign in all cases examined. This agrees with the data reported by 

Bruet et al. (2012), mentioning that this pruritus is essentially located in the dorso-lumbar region, accompanied by 

chewing, and characterized by high intensity and frequency. No breed predispositions or those linked to age, sex, or 

living environment have been statistically or epidemiologically proven in the case of this dermatosis. However, it was 

found that dogs living alone were more exposed to the risk of this skin disorder. For canine allergy dermatitis (CAD), 

despite the absence of an association between this dermatosis and the breeds affected in this study, the risk of exposure 

remains very high in West Highland white terriers (Jaeger et al., 2010). Young dogs were significantly more susceptible 

to this dermatosis than adults. This data agrees with the findings of previous studies (Griffin and DeBoer, 2001; Hensel 

et al, 2015). Similarly, predilections have been observed for the living environment and lifestyle of affected dogs in the 

present survey, which leads us to believe that house dust mites are incriminated in the pathogenesis of CAD in this case, 

especially, Dermatophagoides farina (Bensignor and Carlotti, 2002). Regarding food allergy, the percentage obtained in 

this study (4.35%) was lower than those reported in studies carried out in France (6.00%) and the UK (7.60%) by 
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Carlotti et al. (1990) and Chesney (2002) respectively. At the same time, it was higher compared to other studies, which 

estimated that food hypersensitivity accounted for 1.70% of all diagnosed canine dermatoses (Wilhelm and Favrot, 

2005).
 
In agreement with Carlotti et al. (1990), no breed, sex, age, or living environment predispositions were 

demonstrated for this dermatosis in the present study. On the contrary, young age seems like a risk factor for this skin 

disease (Rosser, 1993). Similarly, Labradors present a non-negligible risk for this dermatosis (Chesney, 2002). 

Furthermore, it was shown in the present study that dogs living alone were more exposed than those living in groups. 

Contact dermatitis remains very rare in this study (2/125; 1.25%), representing 1.89% and 0.86% of all allergic 

dermatoses in previous studies carried out in Iran and UK respectively (Hill et al., 2006; Khoshnegah et al., 2013). No 

risk factor studied could be linked to this dermatosis, due to the absence of a significant number of cases. However, 

Olivry et al. (1990)
 
confirmed that Danish German Shepherd dogs are more likely to be affected than other breeds 

without predisposition to sex and age. The acute onset of lesions is more suggestive of an irritant contact dermatitis, 

which is observed in the first case (scrotal dermatitis representing an irritant reaction). On the other hand, according to 

Olivry et al. (1990), a chronic evolution after a long period of exposure is compatible with contact dermatitis, which is 

noticed in the second case. 

Superficial cutaneous mycoses represented 19.25% of the dermatoses diagnosed during the current clinical survey.  

This finding differs from those of other studies (Hill et al., 2006; Khoshnegah et al., 2013). The percentage of 

dermatophytosis (11.80%) obtained in the present study was lower than that mentioned by other documented studies in 

Italy and Iraq (Cafarchia et al., 2004; Jarjees and Issa, 2022). It may be explained by the climate, which is a predisposing 

factor, and the prevalence of dermatophytes has recently seen a marked increase, especially in warmer regions (Moriello 

et al., 2017). Indeed, Morocco has recently experienced significant climatic changes, which could contribute to the 

creation of favorable conditions for the development of spores, constituting the main infectious form of dermatophytosis. 

It has to be emphasized that dogs and cats are the main reservoirs for zoophilic species such as Microsporum canis, 

ensuring their spread to humans (Cafarchia et al., 2004). The majority of the cases assessed showed a greenish 

fluorescence under the Wood’s lamp, which confirms that the infections concerned are those due to M. canis caused by 

contact with an infected animal, notably cats. However, non-fluorescent lesions could be associated with either, 

infections related to strains of M. canis which do not fluoresce under the Wood’s lamp and Microsporum gypseum that is 

caused by contact with contaminated soil, which can also infect humans (Tobeigei et al., 2023. In the current study, 

young male dogs were more predisposed to dermatophyte infection. These findings are in line with those documented by 

Jarjees and Issa (2022), who have reported that infection is favored by the immune deficiency associated with young age, 

and the particular composition of sebum in males,
 
which increases the risk of exposure. Interestingly, Cafarchia et al. 

(2004) reported a high prevalence of dermatophytosis due to M. canis, statistically proven in Yorkshire terriers compared 

to other breeds, and linked to differences in skin defenses. For Malasseziosis, unlike other studies (Crespo et al., 2002; 

Berlanda et al., 2022), the percentage of Malassezia yeasts was too low (7.45%) in the present study. Malassezia 

pachydermatis is the most frequent species associated with dogs and is responsible for Malassezia dermatitis and otitis 

externa, when there is the proliferation of these commensal organisms acting as opportunistic pathogens (Guillot and 

Bond, 2020). As far as clinical diagnosis, it is well-recognized that it is based on the presence of pruritus accompanied 

by skin lesions (Bond, 2010). The results of this survey, as well as those of another similar study, confirmed the absence 

of any correlation between the sex, and age of animals affected by M. pachydermatis (Crespo et al., 2002).
 
Although, it 

seems that breeds characterized by skin folds are more predisposed to Malassezia overgrowth (Bond et al., 2020). 

Regarding bacterial skin infections, the overall percentage of these dermatoses in the present study was significantly 

lower (8.70%) compared to those reported in Canada, Iran, and the UK (Scott and Paradis, 1990; Hill et al., 2006; 

Khoshnegah et al., 2013). It is also worth noting that no association has been proven in the present study between 

bacterial dermatoses and risk factors likely to cause it. It may be explained by the limited number of cases received 

during the study period. Canine pyoderma was the most common, and the causative agent of this skin condition most 

frequently isolated from dogs is Staphylococcus pseudintermedius. Bacterial otitis externa ranked second after canine 

pyoderma. According to Korbelik et al. (2019) and Nuttal (2023), Otitis externa is a disease characterized by a high 

prevalence (up to 20.00%) and it's a recurrent affection that's harder to manage in dogs, caused by a combination of 

autoimmune, endocrine and parasitic disorders. Only one case of pododermatitis has been encountered in a three-year-

old English pointer dog living outdoors, with a foreign body (spikelet). Breathnach et al. (2005), confirmed that the 

causes of pododermatitis in dogs are multiple, and are mainly due to trauma and reactions to foreign bodies. Similarly, 

only one case of eosinophilic furunculosis was diagnosed in the current study in a one-year-old pit bull who still 

frequents the outpatient setting. This is an uncommon skin disorder that affects young dogs living outdoors and develops 

characteristic lesions (ulcers and pustules) on the face, trunk, and legs (Curtis et al., 1995).
 

Finally, three cases of hypothyroidism were diagnosed, which is the most common endocrinopathy with skin 

manifestations in dogs (Ferguson, 1994). These dogs are aged over six years, which is accurately reported by O’Neill et 
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al. (2022), who confirm that hypothyroidism is an endocrine disorder of adult dogs, and the average age at diagnosis is 

seven years (Scott-Moncrieff, 2007). The cases concerned were two males and one spayed female who has an increased 

risk of developing this endocrinopathy compared to sexually intact animals according to Scott-Moncrieff (2007).
 
In the 

present study, a single case of iatrogenic Cushing’s syndrome was diagnosed in a six-year-old dachshund. The anamnesis 

revealed that this dog has atopic dermatitis, and has been treated with corticosteroid drugs for years. Indeed, long-term 

administration of corticosteroid drugs is one of the main causes of Cushing's syndrome according to Bennaim et al. 

(2019).
 

 

CONCLUSION  

 

In summary, the overall prevalence of skin disorders was 8.00%. The results of the present study highlighted the 

predominance of FBAD (12.42%), followed by dermatophytosis (11.80%), and canine leishmaniosis (11.18%) in dogs 

examined at the Parasitology-Dermatology clinic. There was an apparent breed, sex, age, living environment, and 

lifestyle predilections for skin diseases diagnosed herein. The zoonotic aspect of these dermatoses requires a high level 

of awareness from veterinarians and owners, who are involved in control and prevention strategies. In light of these data, 

it is recommended to conduct further studies over a more extended period, covering various Moroccan regions, to assess 

the prevalence of large-scale skin disorders and identify the associated risk factors. 
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ABSTRACT 

Currently, veterinarians can see their daily practice and medical tasks as constant opportunities for passive 

surveillance of One Health threats, such as infectious zoonotic diseases and chemical pollution effects on living 

beings. The present study aimed to provide a practical guide to designing a biomonitoring study during veterinary 

clinical practice without time-consuming procedures or significant costs. The constant access to several species' 

specimens provides the necessary samples to perform a biomonitoring study of environmental pollutants at the 

regional or national level. Generally, most health professionals know what to do (or where to find information) to 

report a disease outbreak. However, a summarized background to perform a biomonitoring study of a chemical 

hazard is missing. The authors of the current study provided a flow chart with the main steps to conduct a 

biomonitoring study in different fields of veterinary medicine. Thus, a biomonitoring study might give veterinarians 

(as other health professionals) a positive contribution to the clinical cases’ resolution, while improving the general 

knowledge about the impact of environmental contamination on animals and human health. 
 

Keywords: Contamination, Guideline, Monitoring, One Health, Pollution 
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INTRODUCTION  

  

The One Health concept assumes that human health is deeply connected with animal and environmental health, as three 

main branches. Although it is not a new term, One Health principles have become more and more relevant and justified 

during the past few years due to several factors. These include the human population growth, the global movement of 

people, animals, and resources, the emergence and reemergence of new infectious diseases, natural habitat loss, and 

climate change, all affecting the three mentioned branches of One Health (Sleeman et al., 2019; Wilcox and Steele, 

2021; CDC, 2022).  

The One Health approach has continuously grown. Veterinarians can see their daily tasks as constant opportunities 

for passive surveillance of One Health threats, such as infectious diseases, antibiotic resistance, or environmental 

pollution. For instance, the practitioners have been detecting and reporting new disease outbreaks or pathogens in various 

hosts (companion animals, livestock, and wildlife). In the same way, they may verify the resistance of an isolated agent 

to antimicrobial treatment or chronic exposure to an environmental pollutant by pets and their owners (Kelly et al., 2017; 

Collignon and McEwen, 2019; Mackenzie and Jeggo, 2019; Sleeman et al., 2019).  

The application of the One Health principles by veterinary professionals can provide information of considerable 

importance in pollution surveillance and ecotoxicology. Animals and humans often depend on the same environment and 

ecosystem, sharing potential chemical and physical hazards, such as organic and inorganic pollutants or radiation. 

Patterns of bioaccumulation and health effects of several xenobiotics (pesticides, drugs, inorganic compounds) are 

frequently shared by species from different taxa (including humans), just like other aspects of comparative medicine 

(Buttke, 2011). A substance's carcinogenic, hepatotoxic, or nephrotoxic potentials are often known and expected in 

several host species. The constant access to several species' specimens allows each veterinarian to perform a 

biomonitoring study of environmental pollutants in their operating region. Generally, veterinarians are trained to report a 

new outbreak or perform a study of disease prevalence, or at least they can find standardized procedures for these 

purposes (Buttke, 2011; Hryhorczuk et al., 2018). Notwithstanding, they may not have the autonomy to perform a 

biomonitoring study of a chemical hazard. 

Therefore, the current study aimed to provide a practical guide to veterinary professionals from different fields, 

including wildlife) to design a biomonitoring study during their clinical practice without specific material or time-

consuming procedures.  
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DEVELOPING A BIOMONITORING STUDY  

 

Step 1 – Defining a problem/xenobiotic 

At first, as in many other research studies, veterinarians must define priorities for biomonitoring contaminants 

considering their location and the animal species they usually work with them. For instance, if veterinarians have been 

diagnosing and monitoring respiratory clinical cases in companion animals, this group of cases may represent an 

opportunity to assess the effects of indoor air pollution, a problem with repercussions for humans and companion 

animals' health (Lin et al., 2018). Moreover, food-producing animal veterinarians can perform biomonitoring studies to 

evaluate the composition of the pasture in terms of toxic plants (Green et al., 2023), heavy metals (Afzal and Mahreen, 

2024) or mycotoxins (Gallo et al., 2015; Muñoz-Solano and González-Peñas, 2023), if a considerable number of cases in 

a short-time period, and with a compatible clinical presentation, has been registered. These are just some examples. 

 

Step 2 – Choosing a bioindicator 

Some veterinarians may work with more than one species or animal population daily. Before starting to implement 

their research project and data collection, researchers should do some literature review regarding the pathophysiology, 

exposure effects, and metabolism of the chosen xenobiotic because species-specific enzymes or metabolic pathways can 

influence the obtained results and prevent the authors from developing correct and practical conclusions. As an 

illustration, dogs (and other canines) can adequately metabolize and eliminate some persistent organic pollutants (POPs), 

such as organochlorine pesticides and polychlorinated biphenyls, which humans (and other mammals) accumulate 

throughout life (Shore et al. 2001; Ruiz-Suárez et al., 2015). In this case, despite sharing the same environment as the 

owners, dogs are not suitable sentinels of pollution. In contrast, in indoor environments, cats have been pointed out as 

better bioindicators of some POPs, such as polychlorinated biphenyls or polybrominated diphenyl ethers (Ma et al., 

2022). Therefore, a companion animal veterinarian who intends to measure and study the chronic effects of POPs, must 

choose cats as sentinels instead of dogs.  

Some aspects of the species or population may represent advantages for its use as a bioindicator (Talmage and 

Walton, 1991), as what happens in hedgehogs or shrews (Sánchez-Chardi, et al., 2009; Jota Baptista et al., 2023). For 

instance, living in a restricted region, representing local pollution, living long enough to show effects from the exposure, 

and for a comparison between periods or age groups, or presenting an adequate dose-effect relationship (Jota Baptista et 

al. 2022). On the other hand, some xenobiotics (as some POPs or metals) are frequently accumulated through food 

chains, which usually makes carnivores better bioindicators than the herbivores they prey, considering the same 

ecosystem. However, there is no total consensus or a fixed list of species that can or cannot be used as bioindicators. For 

instance, wild boars have been widely used, mainly because they are a game species (and, therefore, a possible source of 

contaminants to consumers). Nevertheless, their broad distribution and frequent migrations in most countries lead to a 

poor definition of the pollution source (Tataruch and Kierdoft, 2003).  

 

Step 3 – Choosing samples 

This step highly depends on what xenobiotic will be analyzed (Step 1), the species involved (Step 2), and also on 

the study's goals. All these aspects should be decided first, before choosing a sample type.  

Furthermore, at this stage, vets may decide if the study will involve the use of invasive samples (such as blood, 

liver, or kidney biopsies, and other internal tissues) or non-invasive samples (such as hair, feathers, feces, or parasites). If 

the study is designed to include only alive individuals (instead of including dead animals), aspects of welfare and 

restraint may conditionate the use of invasive samples (Jota Baptista et al., 2022). Nevertheless, invasive samples are 

crucial to understanding some toxicological aspects, such as tissue bioaccumulation and distribution in the organism. 

One practical use of this information is to evaluate which internal tissues of game species and livestock usually 

accumulate toxic substances or drugs, and which are more frequently consumed, as some muscles compared to bones or 

offal (Jukna et al., 2006; Jota Baptista et al., 2024). Some POPs are often searched in the adipose tissue of marine 

mammals through skin biopsies (Baini et al. 2020); and lead is frequently measured in bones from recently-died animals 

or even specimens preserved in museums (Martiniaková et al., 2011; Lanocha et al., 2013; Baini et al., 2020).  

Moreover, it is necessary to think about the objectives of the study. If the goal is to evaluate long-term exposure to 

a substance, some tissues may be better accumulators than others, such as bones for cadmium or lead (González-Reimers 

et al., 2023), or hair for mercury (Treu et al., 2018). On the other hand, blood is a good option if it is intended to 

clinically monitor patients through recovery time and evaluate their response (Jota Baptista et al., 2022). Finally, authors 

may intend to use biomarkers of effect (evaluate or measure the cellular and molecular consequences of exposure to a 

particular substance). In that case, the liver and kidney are organs that usually suffer changes due to chronic or acute 

exposure to toxic compounds and are usually used for measure catalase, superoxide dismutase, and lipid peroxidation, 

among other biochemical biomarkers of effect (García-Niño and Pedraza-Chaverri, 2014; Hampel et al., 2016). 

Nevertheless, it is crucial to highlight that this depends significantly on the xenobiotic and host, and it is always advised 

to review the literature before starting the work. 

 

Step 4 – Sending the samples to the laboratory 

Since the primary goal of this article is to provide brief guidelines to veterinary professionals to perform a 

biomonitoring study, a detailed explanation of the various methods available for the detection and quantification of 

xenobiotics goes far beyond the scope. It is, however, essential to select a good and experienced laboratory that is 

familiar with preparing the samples and dealing with different organic matrices. Deciding whether you want to detect or 
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quantify a substance is also essential. For instance, detecting the substance may provide enough evidence to make 

practical conclusions if the goal is to study fecal antibiotic residues (Li et al., 2013). In contrast, measuring zinc or other 

elements in cattle to evaluate their actual bioavailability in a pasture may require a quantitative toxicological analysis 

(Rigueiro-Rodríguez et al., 2012). 

Most toxicological analyses do not need special requirements and materials to collect and preserve the samples. 

Dinis-Oliveira et al. (2016) have published detailed guidelines for collecting each biological sample for toxicological 

analysis. In most cases, it is recommended to send frozen samples, collected without external contamination to proper 

sterile containers (such as dry tubes or plastic bags; without preservatives) and correctly identified. Notwithstanding, 

sampling guidelines should be checked for each xenobiotic and biological sample. 

Whatever the method is used (gas chromatography, liquid chromatography, atomic absorption spectrophotometry, 

or induced-coupled plasma mass spectrophotometry), the laboratory must ensure suitable quality-control methods (the 

use of duplicates, blanks, and suitable reference matrices, Caballero-Casero et al. (2021), and enough sample must be 

provided by the clinician.  

 

Step 5 – Results' interpretation 

Interpreting results might be the most challenging part of a biomonitoring study, especially if the authors intend to 

compare exposure levels with effects. There is a lack of scientific literature on the effects of each relevant hazardous 

substance in each animal 

taxa and what to define as 

gold standard biomarkers 

for most relevant 

xenobiotics (Varea et al. 

2020; Desforges et al., 

2022). This may implicate 

an extensive literature 

search (references of similar 

studies in humans) and an 

exercise of presenting a 

hypothesis for further 

research (Jota Baptista et 

al., 2023). Authors should 

be aware that most lesions 

or biomarkers that may be 

associated with hepatotoxic, 

nephrotoxic, carcinogenic, 

and neurotoxic, among 

others, substances are not 

pathognomonic of a specific 

compound. Age, sex, 

chronic diseases, food 

habits, or environmental 

conditions may strongly 

influence the effect of 

xenobiotics in animals and 

provoke distinct individual 

or populational effects 

(Ortiz et al. 2022). 

Notwithstanding, each local 

study will represent 

scientific evidence and help 

build detailed and long-term 

surveys and metanalysis by 

the research institutions. A 

small and practical 

guideline for implementing 

biomonitoring studies for 

veterinarians is provided as 

a summary of this article 

(Figure 1). 

 

 

Figure 1. Guidelines for a quick implementation of a biomonitoring study by veterinarians 
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CONCLUSIONS 

 

Veterinarians should never forget their crucial part in One Health. Therefore, each biomonitoring study should provide a 

concise interpretation of the results under a One Health approach. After all, as mentioned above, environmental 

contamination sensu lato is a global problem with remarkable One Health repercussions. Thus, veterinarians could 

analyse their daily practice, considering the species they work with and the xenobiotics of interest in their geographic 

region, and try to implement a biomonitoring study that might give a positive comprehension of their clinical cases, as 

well as improve the general knowledge about the impact of environmental contamination in animals and humans' health. 

The authors of the present study certainly believe these guidelines may also be applied to environmental researchers, 

biologists, or other health professionals (rather than veterinarians).  
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ABSTRACT 

The term biomarker encompasses various biological indicators that objectively reflect a patient's medical status with 

precision and reproducibility. These indicators range from basic measurements like pulse and blood pressure to more 

intricate laboratory tests. Cardiac markers are crucial for accurate and prompt diagnosis of heart diseases in animals. 

Given the challenge of diagnosing cardiac diseases in small animals due to nonspecific clinical signs, cardiac 

markers provide quantitative indicators of biological processes. These markers include cardiac troponins for 

myocardial injury, natriuretic peptides for myocardial function, lipoproteins for serum homeostasis, and markers for 

inflammation of the cardiovascular system. Among natriuretic peptides, atrial natriuretic peptide (ANP) has emerged 

as a significant tool in diagnosing and monitoring cardiac diseases. ANP, primarily synthesized in cardiac atria, 

regulates salt and fluid excretion, counteracts vasoconstriction, and inhibits the renin-angiotensin-aldosterone 

system, contributing to the maintenance of cardiovascular homeostasis. Additionally, it functions as a biomarker for 

ventricular hypertrophy and congestive heart failure (CHF) in animals. Furthermore, it protects against hypertension 

and cardiac remodeling by demonstrating antagonism to the same system. This review addresses the definition of 

biomarkers within the context of molecular biology, elucidates their multifaceted functions in the animal organism 

in light of integrative physiology, and explores the pathologies correlated with ANP, with an emphasis on its 

etiopathogenesis and clinical manifestations. 
 

Keywords: Biomarker, Canine, Feline, Heart physiology 
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INTRODUCTION  

  

According to Barbosa (2022), biomarkers play a crucial role in both the diagnosis and the prognosis of animal 

pathologies, providing a valuable tool for the clinical evaluation of these conditions. In 1998, the Biomarkers Definitions 

Working Group of the National Institutes of Health established the definition of a biomarker as "a characteristic that is 

objectively measured and evaluated as an indicator of normal biological processes, pathogenic processes, or 

pharmacologic responses to a therapeutic intervention" (Strimbu and Tavel, 2010). 

Cardiac markers are used to enhance the accuracy and speed of diagnosing heart disease in animals, thereby 

allowing for early prognosis and therapeutic interventions (Yonezawa et al., 2010). These cardiac markers are 

quantifiable indices of biological processes executed by a specific organ or system, as noted by Oyama (2015). In the 

medical field, cardiac markers are categorized into four groups, each associated with distinct clinical conditions. The first 

category relates to myocardial injury or necrosis, typically indicated by cardiac troponins. The second category pertains 

to myocardial function represented by natriuretic peptides. The third involves serum lipoprotein homeostasis including 

high-density lipoprotein (HDL) and low-density lipoprotein (LDL). The fourth category, concerns the inflammation of 

the cardiovascular system (Yonezawa, 2010). In the contemporary scientific landscape, natriuretic peptides (NPs) have 

been recognized as pivotal instruments in the diagnostic evaluation and therapeutic monitoring of cardiac pathologies. 

Empirical evidence indicates that the quantification of N-terminal pro-brain natriuretic peptide (NT-proBNP) in the 

serum and plasma of canine and feline species serves as the sole biomarker facilitating the identification and monitoring 

of congestive phenomena as well as indirectly, assessing myocardial function in small animals (Lima and Ferreira, 

2017). ANP has demonstrated clinical utility in various scenarios. For instance, in patients with heart failure, ANP levels 

are often elevated as a compensatory mechanism to counterbalance volume overload and increased cardiac workload 

(Felker et al., 2017). ANP also shows promise in managing acute kidney injury due to its ability to dilate renal 

vasculature and increase renal blood flow, underscoring the importance of biomarkers in identifying subclinical acute 

kidney injury before the onset of renal failure (Pinto, 2023). These examples highlight the clinical relevance and 

potential therapeutic applications of natriuretic peptides in various medical conditions (Felker et al., 2017).  
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When evaluating patients with comorbidities in veterinary medicine using cardiac markers, it is crucial to consider 

species differences, the impact of concurrent medical conditions, and the complexity of interpreting results to ensures an 

accurate and comprehensive assessment of the animal's cardiac health. Baseline values for cardiac markers can vary 

among animal species, implying that normal reference ranges can vary between them (Mendes et al., 2019). The 

presence of comorbidities, such as renal, hepatic, or endocrine diseases, can alter cardiac marker levels, resulting in 

falsely elevated or reduced values, such as kidney failure, which can affect BNP levels in dogs and cats (Mendes et al., 

2019) and heart failure, in which the evaluation of plasma levels of ANP and its molecular precursors has proven 

fundamental for diagnosis in small animals (Freire et al., 2024). 

  In this context, the present review aims to address cardiac markers by analyzing cardiovascular physiology, with a 

particular focus on atrial natriuretic peptide (ANP). It explores ANP's functions in canine and feline organisms, its non-

physiological behavior, and its applications in veterinary medicine.  

 

METHODOLOGY 

 

This study was conducted through a bibliographic review, with emphasis on literature available on the internet relevant 

to ANP. A total of 78 academic articles were examined using databases such as Scopus, Web of Science, Google 

Scholar, SciELO, PubMed, and journals provided by CAPES. The inclusion criteria for articles in the review were the 

presence of specific keywords, the origin of the research sources, and the analysis of the titles and summaries of the 

articles. On the other hand, the exclusion criteria were the irrelevance of the content to the topic of the study, the type of 

publication, and the date of publication. The strategies for finding appropriate articles included the identification of 

keywords related to ANP (Biomarker, Canine, Feline, Heart physiology), applying publication date and type filters, 

analyzing titles and abstracts, and cross-referencing. The research was carried out systematically and comprehensively to 

ensure the consideration of all the relevant literature. 

 

BIOMARKER OF MYOCARDIAL FUNCTION: NATRIURETIC PEPTIDE 

 

Natriuretic peptides have been studied for several decades to understand their role in various physiologically important 

processes (Rao et al., 2021). Initially, they were recognized for regulating salt excretion and blood pressure volume 

(Maack, 2006). Atrial Natriuretic Peptide is a peptide consisting of 28 amino acids with a cysteine-cysteine disulfide 

bridge (Volpe, 2014). Primarily found in the cardiac atria and stored in secretory granules, ANP is a significant marker 

of ventricular hypertrophy and congestive heart failure (Maack, 2006). This peptide, the most important among 

circulating natriuretic peptides, plays a crucial role in the regulation of renal function and plasma volume under normal 

conditions (Maack, 2006; Richards, 2007). The secretion of ANP is directly stimulated by atrial stretch or pressure, as 

occurs during volume expansion and hypertension (Richards, 2007). In the vasculature, ANP counteracts 

vasoconstriction, and in systemic capillaries, it increases permeability, facilitating fluid transfer from the intravascular 

compartment to the interstitial space, a phenomenon known as the “third spacing effect” (Sisson, 2004). Additionally, 

ANP inhibits the renin-angiotensin-aldosterone system, neutralizes sympathetic effects, and interferes with the synthesis 

and effects of other hormones or paracrine/autocrine substances that regulate blood pressure and volume, such as 

endothelin and vasopressin (Gonsalez et al., 2018). This combined action of ANP aims to maintain blood pressure and 

blood volume within normal physiological ranges, contributing to cardiovascular homeostasis (Gonzalez et al., 2018). 

Atrial natriuretic peptide and its N-terminal pro-ANP cleavage product (Figure 1) were the first natriuretic peptides 

to be studied (Srisawasdi et al., 2010). ANP is one of the primary natriuretic hormones produced and secreted by the 

cardiac muscle in response to stress or stretching of cardiomyocytes caused by volume overload, hypoxia, and 

myocardial hypertrophy (Oyama, 2015; Ruaux et al., 2015; Alkhawan et al., 2016; Pelander et al., 2017). It is worth 

noting that all natriuretic peptides (NPs) are synthesized as pre-pro-hormones (Samad et al., 2023) with long peptide 

sequences called proANP and proBNP, and stored in granules attached to the membranes of atrial and ventricular tissues, 

respectively (Del Ry et al., 2014; Cahill et al., 2015; Harris et al., 2017). The physiological effects of the active fractions 

of natriuretic peptides stimulate, through the ANP receptor, diuresis and natriuresis, increasing the glomerular filtration 

rate and inhibiting the tubular transport of sodium through the renal collecting duct. These receptors are present in the 

lungs, heart, kidneys, adrenal glands, blood vessels, and the central nervous system (Cahill et al., 2015; Hezzel et al., 

2015; Harris et al., 2017). Various factors can affect ANP concentrations in dogs and cats. Among these, the age of the 

animal is an important factor, as changes in cardiac function with aging can lead to an increase in ANP levels. 

Additionally, the breed of the animal can influence plasma ANP levels. Furthermore, concomitant diseases, such as 

cardiac lesions and renal insufficiency, can also affect ANP levels (Cruz et al., 2017). There are several testing 

techniques for the measurement of ANP, including immunoassays such as the enzyme-linked immunosorbent assay 
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(ELISA) and the radioimmunoassay (RIA). ELISA is frequently used for its high sensitivity and specificity, while RIA, 

although also highly sensitive, involves the use of radioisotopes (Hezzell et al., 2015). 

 

 
Figure 1. Atrial natriuretic peptide cleavage. (Source: Potter et al., 2009). 

 

Figure 1 illustrates the structure of the pre-prohormone for ANP on the left. The final amino acid sequence and the 

structure of the mature peptide, along with the main degradation product, are shown on the right, with the cleavage site 

indicated by scissors. Initially, the ANP gene, located on chromosome 1 in humans, produces a 151-amino acid hormone 

known as pre-pro-ANP. Then, 25 amino acids are removed from the signal sequence, converting the chain into pro-ANP, 

which is transported to the Golgi complex. Before secretion, pro-ANP is cleaved again, possibly by membrane proteins, 

resulting in a functional chain of ANP with 28 amino acids (Potter et al., 2009). 

Pro-atrial natriuretic peptide (proANP) is primarily produced by atrial myocytes and, to a lesser extent, by 

ventricular myocytes (Potter et al., 2009). When the myocardium is subjected to stress or stretch, (such as in response to 

volume overload, the production of proANP increases, especially in ventricular myocytes (Mahendram et al., 2022). 

Atrial wall distension or pressure stimulates the release of ANP, which acts as a protective mechanism of the body 

against cardiovascular volume overload and helps regulate the renal function (Del Ry et al., 2014; Kanno et al., 2016). 

ANP is valuable for assessing cardiac function, particularly in volume overload situations (Rao et al., 2021). However, 

its sensitivity and specificity can be influenced by factors such as age, sex, heart rhythm, and renal function. Concurrent 

diseases like heart failure, renal disease, or hypertension can also affect ANP levels (Kanno et al., 2016; Mahendran et 

al., 2022). Monitoring variations in ANP levels over time and comparing them to species-specific reference ranges can 

aid in evaluating cardiovascular health and making therapeutic decisions in dogs and cats (Kanno et al., 2016). Cardiac 

troponins (Tnl and TnT) are highly sensitive and specific for myocardial infarction although their levels can increase in 

various conditions such as heart failure, pulmonary embolism, septicemia, and renal failure (Mahendran et al., 2022). 

Brain natriuretic peptide (BNP) is another biomarker, particularly sensitive and specific for heart failure. Additionally, it 

is useful in distinguishing between cardiac and pulmonary dyspnea (Barbosa, 2022). Each of these three biomarkers has 

its distinctive advantages in clinical practice: Whereas BNP assesses volume overload, cardiac troponins detect 

myocardial muscle damage, and BNP evaluates heart failure and distinguishes dyspnea. Clearly, the choice of a 

biomarker depends on the specific clinical conditions of the patient (Hori et al., 2020).   

 

ANTAGONISM OF ATRIAL NATRIURETIC PEPTIDE HORMONE TO THE RENIN-ANGIOTENSIN-

ALDOSTERONE SYSTEM   

 

ANP plays a crucial role in regulating blood pressure, exerting an antagonistic relationship with the renin-angiotensin-

aldosterone system (RAAS) (Araújo and Ramos, 2022). The RAAS comprises interrelated elements including renin, an 

enzymatically active hormone, angiotensin peptides with various activities, aldosterone, and a mineralocorticoid 

(Martyniak and Tomasik, 2022). ANP, circulating through the system, increases natriuresis and diuresis, acting 

specifically on renal tubules (Araújo and Ramos, 2022). Currently, this hormone is recognized as a potent suppressor of 

the RAAS (Maack, 2006). Juxtaglomerular cells are responsible for renin production, a key component of the RAAS, 

which functions to promote salt reabsorption and elevate blood pressure (Rao et al., 2021). Maack (2006) underscores 

the role of ANP as a physiological equilibrium to salt-retention mechanisms that developed as mammals made the 

transition from aquatic to terrestrial habitats. ANP secretion adds endocrine characteristics to the heart, obtained by 

cardiomyocytes, especially in response to atrial volume distension, resulting in atrial cavity expansion and subsequent 

release of ANP into the systemic circulation (Araújo et al., 2021). Furthermore, it has been observed that ANP presents 
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relevant antagonism to the RAAS, which can attenuate the physiological mechanism triggered by the release of renin in 

the kidneys. This release triggers a series of reactions to control blood pressure (Atlas et al., 1986). Additionally, ANP 

acts as a hypotensive agent, counteracting the effects of angiotensin II and aldosterone, which lead to the increase in 

systemic blood pressure (Atlas et al., 1986; Atlas and Maack, 1992; Maack, 1996). The stimulating role of angiotensin II 

in aldosterone release by the adrenal glands is notable, as it increases sodium and water reabsorption, thereby elevating 

blood pressure and restoring homeostasis (de Oliveira et al., 2019). In molecular terms, ANP inhibits the activity of 

juxtaglomerular cells in the kidneys responsible for producing renin, an enzyme that catalyzes the conversion of 

angiotensinogen to angiotensin I (Schettini et al., 2022). Thus, by inhibiting renin release, ANP reduces the production 

of angiotensin I, which is further converted into angiotensin II by the angiotensin-converting enzyme (ACE), stimulating 

aldosterone release (Simões et al., 2006). Moereover, aldosterone promotes sodium and water reabsorption in the 

kidneys and increases blood volume and blood pressure (Wagner, 2014). ANP inhibits aldosterone release and reduces 

sodium and water reabsorption, leading to decreased blood volume and blood pressure (Freire et al., 2024). These 

molecular mechanisms enable ANP to regulate blood pressure and fluid balance in the body, counteracting the effects of 

the RAAS (Bekele, 2023). From a pharmacological standpoint, the use of mineralocorticoid receptor antagonists 

(MRAs) is a pharmacological intervention that modulates the activity of the RAAS in managing cardiac diseases in 

animals (Spencer et al., 2020). Spironolactone is the only MRA licensed for veterinary use which is utilized in the 

treatment of congestive heart failure caused by valvular regurgitation in dogs. Additionally, the combination of 

spironolactone with benazepril is a therapeutic option for this condition.  

 

CARDIORENAL SYNDROME AND ITS RELATIONSHIP WITH ATRIAL NATRIURETIC PEPTIDE 

 

The cardiorenal syndrome (CRS) in humans is described as ‘conditions involving the heart and kidneys where 

dysfunction, whether acute or chronic, in one of these organs can cause corresponding acute or chronic dysfunction in 

the other’ (Gavazza et al., 2020). This interaction between the two systems involves various mechanisms related to 

volume regulation and dysfunction (Pouchelon et al., 2015; Athwani et al., 2017; Smyth et al., 2017). Martinelli et al. 

(2016) highlighted that there are currently no specific biomarkers for cardiorenal syndrome. Assessment of renal 

function or damage is always performed for the renal part, while atrial natriuretic peptide and troponin I are used for the 

cardiac component (Martinelli et al., 2016). 

 

ARTERIAL HYPERTENSION 

 

Systemic arterial hypertension (SAH) is a pathological condition of significant relevance in the clinical management of 

dogs and cats, given that this condition is defined by the continuous increase in systolic or diastolic blood pressure, 

which can result in harmful effects, primarily affecting the kidneys, heart, eyes, and the central nervous system 

(Pellegrino et al., 2010). According to Ware (2006), conditions associated with SAH may include renal diseases, cardiac 

diseases, hyperadrenocorticism, and hyperthyroidism. Blood pressure (BP) is determined by cardiac output and 

peripheral vascular resistance; therefore, an increase in cardiac output, peripheral vascular resistance, or both will bring 

about elevated levels of BP (Athavale and Lewis, 2009). 

Blood pressure is controlled by nervous, endocrine, cardiovascular, and renal mechanisms. Thus, conditions that 

impact these mechanisms can lead to changes in blood pressure, such as hypotension and hypertension (Nogueira and 

Poggiani, 2013). Hall (2011) and Nogueira and Poggiani (2013) described the function of ANP as inhibiting sodium 

reabsorption, promoting glomerular hyperfiltration, and halting renin release, acting on renal arterioles, venules, and 

tubular epithelium. Natriuretic peptides, particularly ANP and BNP, have emerged as effective biomarkers for left 

ventricular dysfunction and are increasingly utilized as biomarkers in pulmonary arterial hypertension (PAH) and right 

ventricular (RV) dysfunction (Nogueira and Poggiani, 2013). Notably, ANP and BNP are upregulated in response to 

hypoxia and exert cardioprotective effects (McMahon and Bryan, 2017). In recent years, the recognition of the 

importance of systemic hypertension in dogs and cats has led to fundamental changes in understanding the 

pathophysiology and management of various diseases, including chronic kidney disease and arterial hypertension 

(Brown et al., 2022). 

In humans, pulmonary hypertension has been associated with increased levels of cardiac troponin and ANP (Rolph 

& Cavanaugh, 2022). While studies have evaluated cardiac biomarkers in dogs with pulmonary hypertension, reports on 

cats with this condition are, thus far, limited (da Silva et al., 2012; Rolph and Cavanaugh, 2022). Although cardiac 

biomarkers have been rigorously assessed for their use in heart pathologies, many are influenced by various respiratory 

or systemic diseases (Smith et al., 2015). Several cardiac biomarkers show elevated levels in cases of pulmonary 
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hypertension (PH). However, distinguishing between congestive heart failure (CHF), PH, or a combination of both is 

challenging when relying solely on biomarkers (Smith et al., 2015).  

 

CHRONIC KIDNEY DISEASE 

 

Chronic Kidney Disease (CKD) is a metabolic disease characterized by progressive and irreversible loss of renal 

function due to a decrease in the number of functional nephrons (Tavares, 2021). According to De Nicola et al. (1997), 

high concentrations of ANP are observed in patients with CKD, a condition characterized by irreversible kidney lesions 

that progress over months to years. Although more common in elderly dogs, CKD can occur at any age (McGrotty, 

2008; Polzin, 2011; Bartges, 2012). As nephrons are lost, there is a decrease in the glomerular filtration rate (GFR), 

resulting in azotemia due to increased concentration of nitrogenous compounds in the blood. Additionally, substances 

that are typically reabsorbed by the renal tubules, such as proteins, may be excreted, leading to proteinuria. Therefore, 

ANP is recognized as a biomarker of renal injury (Polzin, 2011; Bartges, 2012). 

Cruz et al. (2017) reported elevated levels of natriuretic peptides in hypertensive cats with CKD, indicating that the 

release of ANP by cardiomyocytes may increase in response to arterial hypertension, myocardial hypoxia, and ischemia. 

CKD is a frequently diagnosed condition in dogs and cats. Studies suggest that its prevalence ranges from 0.5% to 7% in 

dogs and from 1.6% to 20% in cats (Lund et al., 1999; Polzin, 2011). These statistics highlight CKD as one of the most 

common pathologies in feline species (Polzin, 2011). The disease, which can arise from various causes, is characterized 

by progressive and irreversible loss of renal function, leading to a range of health complications in affected animals 

(Lund et al., 1999; Polzin, 2011). Although there is no breed or age predilection (Polzin, 2011), it is known that 

morbidity and mortality are more prevalent in older dogs and cats (Polzin, 2011).  

In CKD, there is often an observed increase in plasma levels of natriuretic peptides (Suda et al., 1988). Although 

CKD is commonly associated with changes in cardiac hemodynamics, the mechanisms underlying the rise in plasma 

concentration of natriuretic peptides in patients with renal dysfunction remain undetermined (Tsutamoto et al., 2006). 

According to Polzin (2011) and Courand and Lantelme (2014), several studies have established that CKD is a leading 

cause of death in dogs. 

 

CONGESTIVE HEART FAILURE  

 

Congestive heart failure (CHF) occurs when the heart is no longer able to supply the necessary amount of blood to the 

body (Queiroz et al., 2022). Changes in cardiac muscle or valves result in a chronic decrease in cardiac output and 

activation of compensatory mechanisms, such as the renin-angiotensin system (RAS) and the sympathetic nervous 

system (Knight, 1992). These mechanisms induce tachycardia, peripheral vasoconstriction, and retention of sodium and 

water, leading to an increase in blood pressure and cardiac output, which optimizes tissue perfusion (Awan and Mason, 

1996; Camacho, 1996). However, the prolonged activation of these compensatory mechanisms leads to the evolution of 

the clinical signs observed in CHF, including congestion, ascites, pleural effusion, pulmonary and limb edema, as well as 

symptoms such as fatigue, exercise intolerance, dyspnea, tachycardia, gallop rhythm, murmurs, and arrhythmias 

(Calvert, 1991; Camacho, 1996; De Morais, 2000). 

ANP is an important biomarker for the diagnosis and monitoring of CHF in dogs and other mammals. It is secreted 

by cardiac cells in response to stress and volume overload, leading to an increase in plasma concentration in dogs with 

CHF (Hori et al., 2012). Measurement of ANP levels can be valuable in diagnosing CHF in dogs, especially when 

clinical signs are nonspecific or when there is uncertainty about the presence of the disease (Hori et al., 2012; Oyama, 

2015; Lima and Ferreira, 2017). Kanno et al.’s (2016) study involving 16 healthy dogs and 51 untreated dogs, with some 

having right-sided heart failure (RHF), demonstrated that plasma levels of ANP in dogs with RHF were significantly 

higher than those in both the healthy control group and those without RHF. 

The connection between ANP and CHF in cats has been the subject of a study by Mendes et al. (2019), which 

aimed to understand the role of ANP in cardiac conditions in cats. In cases of CHF in cats, there may be an increase in 

ANP levels, which acts as a compensatory mechanism to regulate fluid balance and blood pressure. Research suggests 

that plasma ANP levels may vary in cats with cardiac conditions, including congestive heart failure (CHF), where ANP 

levels fluctuate depending on the severity of heart failure and the stage of the disease (François et al., 2002).  However, 

Khaki et al. (2022) report that ANP is not an effective parameter for diagnosing the subclinical stages of myxomatous 

mitral valve disease (MMVD). They suggest that serum BNP levels are more accurate across all stages of DMVM. 
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CONCLUSION 

 

The use of biomarkers has become increasingly common in veterinary medicine, as they not only provide an efficient 

means of monitoring animal health and identifying diseases in their early stages but are also particularly useful for the 

diagnosis and monitoring of cardiac, renal, and metabolic diseases. The serum concentration of ANP is useful for 

diagnosing cardiovascular diseases in dogs and cats. Its crucial function in regulating blood volume and blood pressure 

makes it a valuable indicator of the animal's cardiovascular health. In the case of chronic kidney disease, it is believed 

that ANP may play a role in regulating renal function. It is of paramount importance for veterinary medicine to conduct 

further studies on ANP, given that ANP establishes itself as an indispensable tool for the care and treatment of 

cardiovascular diseases in dogs and cats. However, there is still much to be discovered about the role of ANP in different 

animal health conditions and diseases. Thus, additional research in this area can contribute to improving diagnoses and 

treatments in veterinary medicine. 

 

DECLARATIONS 

 

Authors’ contributions 

Formal analysis and investigation were carried out by all authors, and the original draft of the manuscript was 

collectively prepared by them. Additionally, all authors participated in the review and editing process. All authors 

checked and approved the final version of the manuscript for publication in the present journal.  

 

Funding 

No funding was received for conducting this study.  

 

Availability of data and materials  

All data generated during the research are relevant and included in this published article. 

 

Competing interests 

The authors did not indicate any conflicts of interest. 

 

Ethical considerations 

Ethical issues (including plagiarism, consent to publish, misconduct, data fabrication and/or falsification, double 

publication and/or submission, and redundancy) have been checked by all the authors. 

 
REFERENCES 

 

Alkhawan H, El-Hunjul M, Nguyen J, Desai R, Syed U, and Vittorio T (2016). Natriuretic peptide hormones in congestive heart failure: Challenges, 
clinical interpretation and review of studies. Acta Cardiologica, 71(4): 417-424. DOI: https://www.doi.org/10.1080/AC.71.4.3159694 

Araújo FG, Zanzarini TJ, Mendes ECB, Gonçalves JBB, and Ramos RR (2021). Antagonism of atrial natriuretic peptide hormone to the renin-

angiotensin-aldosterone system. Anais do fórum de iniciação científica do Unifunec, 12(12). DOI: https://www.doi.org/10.24980/aficf.v12i12 

Araújo FG and Ramos RR (2022). Atrial natriuretic peptide antagonist to the renin-angiotensin-aldosterone system and effects on systemic blood 

pressure regulation. Jornal de Química Medicinal Moderna, 10: 13-22. DOI: https://www.doi.org/10.12970/2308-8044.2022.10.02 

Athavale D and Lewis MA (2009). Physiology and treatment of hypertension. Paediatrics and Child Health, 19(1): 9-14. DOI: 
http://www.doi.org/10.1016/j.paed.2008.09.015 

Athwani V, Bhargava M, Chanchlani R, and Mehta AJ (2017). Incidence and outcome of acute cardiorenal syndrome in hospitalized children. Indian 

Journal of Pediatrics, 84(6): 420-424. DOI: http://www.doi.org/10.1007/s12098-017-2307-3 

Atlas SA and Maack T (1992). Atrial natriuretic factor. In: E. E. Windhager (Editor), Handbook of physiology: Renal physiology. Oxford University 

Press., New York, pp. 1577-1673. DOI: https://www.doi.org/10.1093/med/9780199592548.003.0034_update_001 

Atlas SA, Volpe M, Sosa RE, Laragh JH, Camargo MJ, and Maack T (1986). Effects of atrial natriuretic factor on blood pressure and the renin-
angiotensin-aldosterone system. Federation Proceedings, 45(7): 2115-21. Available at: https://pubmed.ncbi.nlm.nih.gov/2940120/ 

Awan NA and Mason DT (1996). Direct selective blockade of the vascular angiotensin II receptors in therapy for hypertension and severe congestive 

heart failure. American Heart Journal, 131(1): 177-185. DOI: https://www.doi.org/10.1016/S0002-8703(96)90067-8 

Barbosa GVM (2022). Renal biomarkers in acute kidney injury in small animals. Faculty of Veterinary Medicine and Animal Science, Universidade 

Estadual Paulista, Brazil. Available at: https://repositorio.unesp.br/server/api/core/bitstreams/a19c1ad6-624a-46b7-9614-ef1e9e262ffe/content  

Bartges JW (2012). Chronic kidney disease in dogs and cats. Veterinary Clinics of North America: Small Animal Practice, 42(4): 669-692. 
DOI: https://www.doi.org/10.1016/j.cvsm.2012.04.008 

Bekele AT (2023). Natriuretic peptide receptors (NPRs) as a potential target for the treatment of heart failure. Relatórios Atuais de Insuficiência 

Cardíaca, 20(5): 429-440. DOI: https://www.doi.org/10.1007/s11897-023-00628-8 

Brown SA (2022). Systemic hypertension. IRIS, International Renal Society. Available at: http://www.iris-kidney.com/education/hypertension.html 

Cahill RJ, Pigeon K, Strong-Townsend MI, Drexel JP, Clark GH, and Buch JS (2015). Analytical validation of a second-generation immunoassay for 

https://www.doi.org/10.1080/AC.71.4.3159694
https://www.doi.org/10.24980/aficf.v12i12
https://www.doi.org/10.12970/2308-8044.2022.10.02
http://www.doi.org/10.1016/j.paed.2008.09.015
http://www.doi.org/10.1007/s12098-017-2307-3
https://www.doi.org/10.1093/med/9780199592548.003.0034_update_001
https://pubmed.ncbi.nlm.nih.gov/2940120/
https://www.doi.org/10.1016/S0002-8703(96)90067-8
https://repositorio.unesp.br/server/api/core/bitstreams/a19c1ad6-624a-46b7-9614-ef1e9e262ffe/content
https://doi.org/10.1016/j.cvsm.2012.04.008
https://doi.org/10.1007/s11897-023-00628-8
http://www.iris-kidney.com/education/hypertension.html


Carmo et al., 2024 

 

476 

the quantification of N-terminal pro–B-type natriuretic peptide in canine blood. Journal of Veterinary Diagnostic Investigation, 27(1): 61-67. 
DOI: http://www.doi.org/10.1177/1040638714562826 

Calvert CA (1991). Effect of medical therapy on survival of patients with dilated cardiomyopathy. Veterinary Clinics of North America: Small Animal 

Practice, 21(5): 919-930. DOI: https://www.doi.org/10.1016/S0195-5616(91)50103-0 

Camacho AA (1996). Clinical study, morphometric and quantitative characterization of atrial ganglion neurons in the intercaval band of dogs with 

idiopathic congestive dilated cardiomyopathy. Tese (Livre Docência) - Faculdade de Ciências Agrárias e Veterinárias, Thesis, São Paulo State 
University, Brazil.  

Courand P and Lantelme P (2014). Significance, prognostic value and management of heart rate in hypertension. Archives of Cardiovascular Disease, 

107(1): 48-57. DOI: https://www.doi.org/10.1016/j.acvd.2013.11.003 

Cruz FACS, Torres MM, Poletto D, Mendonça AJ, Guimaraes LD, Almeida ABPF, Silva FG, and Sousa VR (2017). Evaluation of natriuretic peptide 

in chronic kidney disease dogs. Pesquisa Veterinária Brasileira, 37(11): 1322-1326. DOI: https://www.doi.org/10.1590/S0100-
736X2017001100020 

da Silva AC, Oberlender G, Muzzi RAL, Muzzi LAL, and Coelho MR (2012). Pulmonary hypertension in dogs and cats: Literature review. Revista 

Científica Eletrônica de Medicina Veterinária, 10(19): 1-13. Available at: 

https://faef.revista.inf.br/imagens_arquivos/arquivos_destaque/vYNDV5Ck63NFrFd_2013-6-24-15-7-6.pdf 

De Morais HA (2000). Pathophysiology of heart failure and clinical evaluation of cardiac function. In: S. J. Ettinger and E. C. Feldman (Editors), 
Textbook of veterinary internal medicine. W.B. Saunders., Philadelphia. pp. 692-712. Available at: 

https://www.cabidigitallibrary.org/doi/full/10.5555/20002212143 

De Nicola L, Bellizzi V, Cianciaruso B, Minutolo R, Colucci G, Balletta M, Fuiano G, and Conte G (1997). Pathophysiological role and diuretic 

efficacy of atrial natriuretic peptide in renal patients. Journal of the American Society of Nephrology, 8(3): 445-55. 
DOI: https://www.doi.org/10.1681/ASN.V83445 

de Oliveira MM, Furtado LLA, De Abreu CB, Schulien T, Pinto AMBG, De Oliveira LED, Coelho MR, and Lázaro MRA (2019). Cardiorenal 

syndrome in dogs: The search for control measures. Veterinária e Zootecnia, 26: 1-7. DOI: https://www.doi.org/10.35172/rvz.2019.v26.383 

Del Ry S, Cabiati M, and Clerico A (2014). Natriuretic peptide system and the heart. Cardiovascular Issues in Endocrinology, 43: 134-143. DOI: 
https://www.doi.org/10.1159/000360597  

François LMG, Kalil RAK, Pereira JB, Sant'anna JRM, and Nesralla IA (2002). Relationship of atrial pressures with atrial natriuretic peptide and its 

effects on diuresis and natriuresis during cardiac surgery with cardiopulmonary bypass. Brazilian Journal of Cardiovascular Surgery, 17(3): 258-

265. DOI: https://www.doi.org/10.1590/S0102-76382002000300011 

Felker GM, Anstrom KJ, Adams KF, Ezekowitz JA, Fiuzat M, Houston-Miller N, Januzzi JL Jr, Mark DB, Piña IL, Passmore G et al. (2017). Effect of 
natriuretic peptide-guided therapy on hospitalization or cardiovascular mortality in high-risk patients with heart failure and reduced ejection 

fraction: A randomized clinical trial. Journal of American Medical Association, 318(8): 713-720. DOI: 

https://www.doi.org/10.1001/jama.2017.10565 

Freire Neto APL, Barrera CL, Castro GA, Lamella GML, Gama HC, Dragone LG, Martiniano RKG, Xisto RAN, and Oliveira R (2024). Emerging 

insights into the role of cardiac hormones in cardiovascular disease. Epitaya E-Books, 1(78): 699-722. DOI: 

https://www.doi.org/10.47879/ed.ep.2024479p699 

Gavazza A, Fruganti A, Turinelli V, Marchegiani A, Spaterna A, Tesei B, Rossi G, and Cerquetella M (2020). Canine traditional laboratory tests and 

cardiac biomarkers. Frontiers in Veterinary Science, 7: 320. DOI:  https://www.doi.org/10.3389/fvets.2020.00320 

Gonsalez SR, Ferrão FM, Souza AM, Lowe J, and Morcillo LSL (2018) Inappropriate activity of local renin-angiotensin-aldosterone system during 
high salt intake: Impact on the cardio-renal axis. Brazilian Journal of Nephrology, 40(2): 170-178. DOI: https://www.doi.org/10.1590/2175-

8239-JBN-3661 

Hall JE (2011). Textbook of medical physiology. Elsevier Saunders., Rio de Janeiro, pp. 1151. Available at: B2n.ir/p95682 

Harris AN, Estrada AH, Gallagher AE, Winter B, Lamb KE, Bohannon M, Hanscom J, and Mainville CA (2017). Biologic variability of N-terminal 

pro-brain natriuretic peptide in adult healthy cats. Journal of Feline Medicine and Surgery, 19(2): 216-223. DOI: 
https://www.doi.org/10.1177/1098612X15623825 

Hezzell MJ, Boswood A, Lotter N, and Elliott J (2015). The effects of storage conditions on measurements of canine N-terminal pro-B-type natriuretic 

peptide. Journal of Veterinary Cardiology, 17(1): 34-41. DOI: https://www.doi.org/10.1177/1098612X15623825 

Hori Y, Uchide T, Saitoh R, Thoei D, Uchida M, Yoshioka K, Chikazawa S, and Hoshi F (2012). Diagnostic utility of NT-proBNP and ANP in a 

canine model of chronic embolic pulmonary hypertension. Veterinary Journal, 194: 215-221. DOI: 

https://www.doi.org/10.1016/j.tvjl.2012.03.022 

Hori Y, Iguchi M, Hirakawa A, Kamiya Z, Yamano S, Ibaragi T, Isayama N, Yamashita Y, Iwasa N, Inaba H et al. (2020). Evaluation of atrial 

natriuretic peptide and cardiac troponin I concentrations for assessment of disease severity in dogs with naturally occurring mitral valve 

disease. Journal of the American Veterinary Medical Association, 256(3): 340-348. DOI: https://www.doi.org/10.2460/javma.256.3.340 

Kanno N, Hori Y, Hidaka Y, Chikazawa S, Kanai K, Hoshi F, and Itoh N (2016). Plasma atrial natriuretic peptide and N-terminal pro B-type 
natriuretic peptide concentrations in dogs with right-sided congestive heart failure. Journal of Veterinary Medical Science, 78(4): 535-542. DOI: 

http://www.doi.org/10.1292/jvms.15-0435 

Khaki Z, Nooshirvani P, Shirani D, and Masoudifard M (2022). Diagnostic value of atrial natriuretic peptide (ANP), B-type natriuretic peptide (BNP) 

and their correlation with lipoproteins in dogs with myxomatous mitral valve disease. BMC Veterinary Research, 18(1): 448. DOI: 
https://www.doi.org/10.1186/s12917-022-03548-2 

Knight DH (1992). Fisiopatologia da insuficiência cardíaca [Pathophysiology of heart failure]. In: S. J. Ettingr (Editor), Tratado de medicina interna 

veterinária [Textbook of veterinary internal medicine]. Manole., São Paulo, pp. 944-969. Available at: 

https://repository.ufrpe.br/bitstream/123456789/2016/1/tcc_veruskadinardelimasilva.pdf 

Lima GV and Ferreira FS (2017). N-terminal-pro brain natriuretic peptides in dogs and cats: A technical and clinical review. Veterinary World, 10(9): 
1072-1082. DOI: https://www.doi.org/10.14202/vetworld.2017.1072-1082 

Lund E, Armstrong PJ, Kirk CA, Kolar LM, and Klausner JS (1999). Health status and population characteristics of dogs and cats examined at private 

veterinary practices in the United States. Journal of the American Veterinary Medical Association, 214(9): 1336-1341. Available at: 

https://pubmed.ncbi.nlm.nih.gov/10319174/ 

Maack T (2006). The broad homeostatic role of natriuretic peptides. Arquivos Brasileiros de Endocrinologia e Metabologia, 50(2): 198-207. DOI: 
http://www.doi.org/10.1590/S0004-27302006000200006 

http://www.doi.org/10.1177/1040638714562826
https://www.doi.org/10.1016/S0195-5616(91)50103-0
https://www.doi.org/10.1016/j.acvd.2013.11.003
https://www.doi.org/10.1590/S0100-736X2017001100020
https://www.doi.org/10.1590/S0100-736X2017001100020
https://faef.revista.inf.br/imagens_arquivos/arquivos_destaque/vYNDV5Ck63NFrFd_2013-6-24-15-7-6.pdf
https://www.cabidigitallibrary.org/doi/full/10.5555/20002212143
https://www.doi.org/10.1681/ASN.V83445
https://www.doi.org/10.35172/rvz.2019.v26.383
https://www.doi.org/10.1159/000360597
https://www.doi.org/10.1590/S0102-76382002000300011
https://www.doi.org/10.1001/jama.2017.10565
https://www.doi.org/10.47879/ed.ep.2024479p699
https://www.doi.org/10.3389/fvets.2020.00320
https://www.doi.org/10.1590/2175-8239-JBN-3661
https://www.doi.org/10.1590/2175-8239-JBN-3661
http://b2n.ir/p95682
https://www.doi.org/10.1177/1098612X15623825
https://www.doi.org/10.1177/1098612X15623825
https://www.doi.org/10.1016/j.tvjl.2012.03.022
https://www.doi.org/10.2460/javma.256.3.340
http://www.doi.org/10.1292/jvms.15-0435
https://www.doi.org/10.1186/s12917-022-03548-2
https://repository.ufrpe.br/bitstream/123456789/2016/1/tcc_veruskadinardelimasilva.pdf
https://www.doi.org/10.14202/vetworld.2017.1072-1082
https://pubmed.ncbi.nlm.nih.gov/10319174/
http://www.doi.org/10.1590/S0004-27302006000200006


World Vet. J., 14(3): 470-478, 2024 

 

477 

 

Mahendran K, Thakur N, Chethan GE, Choudhary SS, Dey S, Saxena AC, Mahajan S, and Kavitha K (2022). Comparative assessment of troponin t, 
atrial natriuretic peptide, b-type natriuretic peptide and echocardiography in the diagnosis of cardiac and renal disorders in canine. Indian Journal 

of Animal Research, 56(2): 234-238. Available at: 

https://www.indianjournals.com/ijor.aspx?target=ijor:ijar1&volume=56&issue=2&article=017 

 Martyniak A and Tomasik PJ (2022). A new perspective on the renin-angiotensin system. Diagnostics, 13(1): 16. DOI: 
https://www.doi.org/10.3390/diagnostics13010016 

Martinelli E, Locatelli C, Bassis S, Crosara S, Paltrinieri S, Scarpa P, Spalla I, Zanaboni AM, Quintavalla C, and Brambilla P (2016). Preliminary 

investigation of cardiovascular-renal disorders in dogs with chronic mitral valve disease. Journal of Veterinary Internal Medicine, 30(5): 1612-

1618. DOI: http://www.doi.org/10.1111/jvim.14524 

Mcgrotty Y (2008). Diagnosis and management of chronic kidney disease in dogs and cats. Comparative Animal Practice, 30(9): 502-507. 
DOI: https://www.doi.org/10.1136/inpract.30.9.502 

McMahon TJ and Bryan NS (2017). Biomarkers in pulmonary vascular disease: Gauging response to therapy. American Journal of Cardiology, 

120(8S): S89-S95. DOI: https://www.doi.org/10.1016/j.amjcard.2017.06.014 

Mendes T, Sousa PR, Moura R, and Carvalho R (2019). Cardiac biomarkers and their clinical applicability in dogs and cats. Enciclopédia Biosfera, 

16(29): 412-436. Available at: https://conhecer.org.br/ojs/index.php/biosfera/article/view/191 

Nogueira TQ and Poggiani SSC (2013). Systemic hypertension associated with chronic kidney disease, literature review. Pubvet, 7(1): 1484. 
DOI: https://www.doi.org/10.22256/pubvet.v7n1.1484 

Oyama MA (2015). Using cardiac biomarkers in veterinary practice. Clinics in Laboratory Medicine, 35(3): 555-566. DOI: 

http://www.doi.org/10.1016/j.cll.2015.05.005 

Pelander L, Häggström J, Ley CJ, and Ljungvall I (2017). Cardiac troponin I and amino-terminal pro B-Type natriuretic peptide in dogs with stable 

chronic kidney disease. Journal Veterinary Internal Medicine, 31(3): 805-813. DOI: http://www.doi.org/10.1111/jvim.14703 

Pellegrino A, Petrus LC, Yamaki FL, Santos ALF, and Larsson MHMA (2010). Blood pressure values of clinically healthy Golden Retriever dogs. 
Biblioteca Digital da Produção Intelectual-Bdpi, 47(4): 307-314. DOI: https://www.doi.org/10.11606/issn.1678-4456.bjvras.2010.26830 

Pinto KRD (2023). Intensive nephrology from the perspective of translational research: Narrative review at the frontier of knowledge. Práticas e 

Cuidado: Revista De Saúde Coletiva, 4: e16525. Available at: https://www.revistas.uneb.br/index.php/saudecoletiva/article/view/16525 

Polzin DJ (2011). Chronic kidney disease in small animals. Veterinary Clinics of North America: Small Animal Practice, 41(1): 15-30. 
DOI: https://www.doi.org/10.1016/j.cvsm.2010.09.004 

Potter LR, Yoder AR, Flora DR, Antos LK, and Dickey DM (2009). Natriuretic peptides: Their structures, receptors, physiologic functions and 

therapeutic applications. In: H. H. H. W. Schmidt, F. Hofmann, and J. P. Stasch (Editors), cGMP: Generators, effectors and therapeutic 

implications. Handbook of experimental pharmacology. Springer., Berlin, Heidelberg, pp. 341-366. DOI: http://www.doi.org/10.1007/978-3-540-
68964-5_15 

Pouchelon JL, Atkins CE, Bussadori C, Oyama MA, Valden SL, Bonagura JD, Chetbul V, Cowgill LD, Elliot J, Francey T et al. (2015). 

Cardiovascular-renal axis disorders in the domestic dog and cat: A veterinary consensus statement. Journal of Small Animal Practice, 56(9): 537-

552. DOI: http://www.doi.org/10.1111/jsap.12387 

Queiroz SA, Maingué AP, and Luz PE (2022). Congestive heart failure in dogs: Therapeutic update– Literature review. Revista Terra e Cultura: 
Cadernos de Ensino e Pesquisa, 38(75): 139-152. Available at: http://periodicos.unifil.br/index.php/Revistateste/article/view/2490 

Rao S, Pena C, Shurmur S, and Nugent K (2021). Atrial natriuretic peptide: Structure, function, and physiological effects: A narrative review. Current 

Cardiology Reviews, 17(6): e051121191003. DOI: https://www.doi.org/10.2174/1573403X17666210202102210 

Richards AM (2007). Natriuretic peptides. Update on peptide release, bioactivity, and clinical use. Hypertension, 50(1): 25-30. Available at: 

https://hyper.ahajournals.org/cgi/reprint/50/1/25 

Rolph KE and Cavanaugh SM (2022). Feline pulmonary hypertension: Are we overlooking an important comorbidity?. Journal of Feline Medicine and 
Surgery, 24(12): e636-46 DOI: https://www.doi.org/10.1177/1098612X221127233 

Ruaux C, Scollan K, Suchodolski JS, Steiner JM, and Sisson D (2015). Biologic variability in NT‐pro BNP and cardiac troponin‐I in healthy dogs and 

dogs with mitral valve degeneration. Veterinary Clinical Pathology, 44(3): 420-430. DOI: http://www.doi.org/10.1111/vcp.12268 

Samad M, Malempati S, and Restini CBA (2023). Natriuretic peptides as biomarkers: Narrative review and considerations in cardiovascular and 
respiratory dysfunctions. Yale Journal of Biology and Medicine, 96(1): 137-149. DOI: https://www.doi/10.59249/NCST6937 

Schettini IVG, Faria DV, Nogueira LS, Otoni A, Silva ACS, and Rios DRA (2022).  Renin angiotensin system molecules and chemokine (C-C motif) 

ligand 2 (CCL2) in chronic kidney disease patients. Brazilian Journal of Nephrology, 44(1): 19-25. DOI: https://www.doi.org/10.1590/2175-

8239-JBN-2021-0030 

Simões ACS, Pinheiro SV, Pereira RM, Ferreira AJ, and Santos RA (2006). The therapeutic potential of Angiotensin-(1 -7) as a novel renin-

angiotensin system mediator. Mini reviews in medicinal chemistry, 6(5): 603-609. DOI: https://www.doi.org/10.2174/138955706776876203 

Sisson DD (2004). Avaliação neuroendócrina de doença cardíaca [Neuroendocrine assessment of heart disease]. Veterinary Clinics: Small Animal 

Practice, 34(5): 1105-1126. Available at: https://www.vetsmall.theclinics.com/article/S0195-5616(04)00062-2/abstract 

Smith KF, Quinn RL, and Rahilly LJ (2015). Biomarkers for differentiation of causes of respiratory distress in dogs and cats: Part 1–Cardiac diseases 
and pulmonary hypertension. Journal of Veterinary Emergency and Critical Care, 25(3): 311-329. DOI: https://www.doi.org/10.1111/vec.12318 

Smyth A, Ronco C, and Garovic VD (2017). Preeclampsia: A cardiorrenal syndrome in pregnancy. Current Hypertension Reports, 19(2): 15. DOI: 

http://www.doi.org/10.1007/s11906-017-0714-5 

Spencer S, Wheeler-Jones C, and Elliott J (2020). Aldosterone and the mineralocorticoid receptor in renal injury: A potencial therapeutic target in 

feline chronic kidney disease. Journal of Veterinary Pharmacology and Therapeutics, 43(3): 243-267. DOI: 
https://www.doi.org/10.1111/jvp.12848 

Srisawasdi P, Vanavanan S, Charoenpanichkit C, and Kroll MH (2010). The effect of renal dysfunction on BNP, NT-proBNP, and their ratio. 

American Journal of Clinical Pathology, 133(1): 14-23. DOI: https://www.doi.org/10.1309/AJCP60HTPGIGFCNK 

Strimbu K and Tavel JA (2010). What are Biomarkers?. Current Opinion in HIV and AIDS, 5(6): 463-466. 

DOI: https://www.doi.org/10.1097/coh.0b013e32833ed177 

Suda S, Weidmann P, Saxenhofer H, Cottier C, Shaw S, and Ferrier C (1988). Atrial natriuretic factor in mild to moderate chronic renal failure. 
Hypertension, 11: 483-490. DOI: https://www.doi.org/10.1161/01.HYP.11.5.483 

https://www.indianjournals.com/ijor.aspx?target=ijor:ijar1&volume=56&issue=2&article=017
https://www.doi.org/10.3390/diagnostics13010016
http://www.doi.org/10.1111/jvim.14524
https://www.doi.org/10.1136/inpract.30.9.502
https://doi.org/10.1016/j.amjcard.2017.06.014
https://conhecer.org.br/ojs/index.php/biosfera/article/view/191
https://www.doi.org/10.22256/pubvet.v7n1.1484
http://www.doi.org/10.1016/j.cll.2015.05.005
http://www.doi.org/10.1111/jvim.14703
https://www.doi.org/10.11606/issn.1678-4456.bjvras.2010.26830
https://www.revistas.uneb.br/index.php/saudecoletiva/article/view/16525
https://www.doi.org/10.1016/j.cvsm.2010.09.004
http://www.doi.org/10.1007/978-3-540-68964-5_15
http://www.doi.org/10.1007/978-3-540-68964-5_15
http://www.doi.org/10.1111/jsap.12387
http://periodicos.unifil.br/index.php/Revistateste/article/view/2490
https://www.doi.org/10.2174/1573403X17666210202102210
http://hyper.ahajournals.org/cgi/reprint/50/1/25
https://www.doi.org/10.1177/1098612X221127233
http://www.doi.org/10.1111/vcp.12268
https://www.doi/10.59249/NCST6937
https://www.doi.org/10.1590/2175-8239-JBN-2021-0030
https://www.doi.org/10.1590/2175-8239-JBN-2021-0030
https://www.doi.org/10.2174/138955706776876203
https://www.vetsmall.theclinics.com/article/S0195-5616(04)00062-2/abstract
https://www.doi.org/10.1111/vec.12318
http://www.doi.org/10.1007/s11906-017-0714-5
https://doi.org/10.1111/jvp.12848
https://www.doi.org/10.1309/AJCP60HTPGIGFCNK
https://www.doi.org/10.1097/coh.0b013e32833ed177
https://www.doi.org/10.1161/01.HYP.11.5.483


Carmo et al., 2024 

 

478 

Tavares APDS, Santos CGDS, Tzanno-Martins C, Barros Neto J, Silva AMMD, Lotaif, L, and Souza JVL (2021). Kidney supportive care: An update 
of the current state of the art of palliative care in CKD patients. Jornal Brasileiro de Nefrologia, 43(1): 74-87. DOI: 

https://www.doi.org/10.1590/2175-8239-JBN-2020-0017  

Tsutamoto T, Wada A, Sakai H, Ishikawa C, Tanaka T, and Hayashi M (2006). Relationship between renal function and plasma brain natriuretic 

peptide in patients with heart failure. Journal of the American College of Cardiology, 47(3): 582-586. DOI: 
https://www.doi.org/10.1016/j.jacc.2005.10.038 

Volpe M, Rubattu S, and Burnett J Jr (2014). Natriuretic peptides in cardiovascular diseases: Current use and perspectives. European Heart Journal, 

35(7): 419-425. DOI: https://www.doi.org/10.1093/eurheartj/eht466  

Wagner CA (2014). Effect of mineralocorticoids on acid-base balance. Nephron Physiology, 128(1-2): 26-34. DOI: 

https://www.doi.org/10.1159/000368266 

Ware WL (2006). Systemic arterial hypertension. In: R. W. Nelson and C. G. Couto (Editors), Small animal internal medicine. Elsevier., Rio de 
Janeiro, pp. 1360-1363. Available at: https://vetbooks.ir/small-animal-internal-medicine-6th-edition/ 

Yonezawa LA, Silveira VF, Machado LP, and Kohayagawa A (2010). Cardiac markers in veterinary medicine. Ciência Rural, 40(1): 222-230. DOI: 

https://www.doi.org/10.1590/S0103-84782009005000227 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Publisher’s note: Scienceline Publication Ltd. remains neutral with regard to jurisdictional claims in published maps and institutional 

affiliations. 

 

Open Access: This article is licensed under a Creative Commons Attribution 4.0 International License, which permits 

use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit 

to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The 

images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in 

a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not 

permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. 

To view a copy of this licence, visit https://creativecommons.org/licenses/by/4.0/. 

 

© The Author(s) 2024 

https://www.doi.org/10.1590/2175-8239-JBN-2020-0017
https://www.doi.org/10.1016/j.jacc.2005.10.038
https://www.doi.org/10.1093/eurheartj/eht466
https://www.doi.org/10.1159/000368266
https://vetbooks.ir/small-animal-internal-medicine-6th-edition/
https://www.doi.org/10.1590/S0103-84782009005000227
https://www.science-line.com/
https://creativecommons.org/licenses/by/4.0/


g | P a g e 

 
 

 

 

Manuscript as Original Research Paper, Short Communication, Case 

Reports and Review or Mini-Review are invited for rapid peer-review 

publishing in the World's Veterinary Journal (WVJ). Considered subject 

areas include: Behavior; environment and welfare; animal reproduction 

and production; parasitology, endocrinology, microbiology, immunology, 

pathology, pharmacology, epidemiology, molecular biology, 

immunogenetics, surgery, radiology, ophthalmology, dermatology, chronic 

disease, anatomy, and non-surgical pathology issues of small to large 

animals, cardiology and oncology are sub-specialties of veterinary internal 

medicine. ... view full aims and scope 

 
Submission 
The manuscript and other correspondence should be submit online preferentially. Please embed all figures and 
tables in the manuscript to become one single file for submission. Once submission is complete, the system will 
generate a manuscript ID and password sent to author's contact emails: editor@wvj.science-line.com. All 
manuscripts must be checked (by English native speaker) and submitted in English for evaluation (in totally 
confidential and impartial way). 
 
Supplementary information 
The online submission form allows supplementary information to be submitted together with the main manuscript file and covering 
letter. If you have more than one supplementary files, you can submit the extra ones by email after the initial submission. Author 
guidelines are specific for each journal. Our Word template can assist you by modifying your page layout, text formatting, 
headings, title page, image placement, and citations/references such that they agree with the guidelines of journal. If you believe 
your article is fully edited per journal style, please use our Word template before submission. 
Supplementary materials may include figures, tables, methods, videos, and other materials. They are available online linked to the 
original published article. Supplementary tables and figures should be labeled with a "S", e.g. "Table S1" and "Figure S1". 
The maximum file size for supplementary materials is 10MB each. Please keep the files as small possible to avoid the frustrations 
experienced by readers with downloading large files. 
 
Submission to the Journal is on the understanding that 
1.The article has not been previously published in any other form and is not under consideration for publication elsewhere; 
2.All authors have approved the submission and have obtained permission for publish work. 
3.Researchers have proper regard for conservation and animal welfare considerations (see IAVE-Author Guidelines on Animal 
Ethics and Welfare). Attention is drawn to the 'Guidelines for the Treatment of Animals in Research and Teaching'. Any possible 
adverse consequences of the work for populations or individual organisms must be weighed against the possible gains in 
knowledge and its practical applications. If the approval of an ethics committee is required, please provide the name of the 
committee and the approval number obtained. 
 
Ethics Committee Approval  
Experimental research involving human or animals should have been approved by author's institutional review board or ethics 
committee. This information can be mentioned in the manuscript including the name of the board/committee that gave the 
approval. Investigations involving humans will have been performed in accordance with the principles of Declaration of Helsinki. 
And the use of animals in experiments will have observed the Interdisciplinary Principles and Guidelines for the Use of Animals in 
Research, Testing, and Education by the New York Academy of Sciences, Ad Hoc Animal Research Committee. 
If the manuscript contains photos or parts of photos of patients, informed consent from each patient should be obtained. Patient's 
identities and privacy should be carefully protected in the manuscript. 
 
Competing Interests 
Competing interests that might interfere with the objective presentation of the research findings contained in the manuscript 
should be declared in a paragraph heading "Competing interests" (after Acknowledgment section and before References). 
Examples of competing interests are ownership of stock in a company, commercial grants, board membership, etc. If there is no 
competing interest, please use the statement "The authors have declared that no competing interest exists. 
 
Graphical Abstract 
 
Authors should provide a graphical abstract (a beautifully designed feature 
figure) to represent the paper aiming to catch the attention and interest of 
readers. Graphical abstract will be published online in the table of content. 
The graphical abstract should be colored, and kept within an area of 12 cm 
(width) x 6 cm (height) or with similar format. Image should have a 
minimum resolution of 300 dpi and line art 1200dpi. Note: Height of the 

image should be no more than the width. Please avoid putting too much 
information into the graphical abstract as it occupies only a small space. 
Authors can provide the graphical abstract in the format of PDF, Word, 
PowerPoint, jpg, or png, after a manuscript is accepted for publication. If 
you have decided to provide a Professional Graphical Abstract, please click 
here. 

WVJ EndNote Style 

Manuscript Template (.doc) 

Sample Articles 

Declaration form 

Publication Ethics 

Instructions for Authors 

 
 

http://wvj.science-line.com/aims-and-scope.html
https://science-line.com/index/index.php?option=com_content&view=article&id=1&Itemid=13
mailto:editor@wvj.science-line.com
https://wvj.science-line.com/submit-your-manuscript.html
http://wvj.science-line.com/attachments/article/3/WVJ-%20Template,%20Science-line%20.doc
https://static1.squarespace.com/static/53e16b74e4b0528c244ec998/t/543acda6e4b094d04bcacacd/1413139878532/IAVE-AuthorGuidelines.pdf
https://static1.squarespace.com/static/53e16b74e4b0528c244ec998/t/543acda6e4b094d04bcacacd/1413139878532/IAVE-AuthorGuidelines.pdf
http://asab.nottingham.ac.uk/downloads/guidelines2006.pdf
http://www.wma.net/en/30publications/10policies/b3/
http://wvj.science-line.com/graphical-abstract.html
http://www.science-line.com/EndNote/World%20Vet%20J.ens
https://wvj.science-line.com/attachments/article/3/World's%20Vet.%20J.%20X(X)%20-,%202020-Template.doc
http://wvj.science-line.com/archive.html
http://wvj.science-line.com/attachments/article/3/Declaration%20form_%20WVJ.pdf
https://wvj.science-line.com/publication-ethics.html


h | P a g e 

Presentation of the article 
 

Main Format 
First page of the manuscripts must be properly identified by the title and the name(s) of the author(s). It should be 
typed in Times New Roman (font sizes: 17pt in capitalization for the title, 10pt for the section headings in the body 

of the text and the main text, 9pt for References, double spaced, in A4 format with 2cm margins. All pages and lines 
of the main text should be numbered consecutively throughout the manuscript. The manuscript must be saved in a 
.doc format, (not .docx files). Abbreviations in the article title are not allowed. 
  

Manuscripts should be arranged in the following order: 

a. TITLE (brief, attractive and targeted) 

b. Name(s) and Affiliation(s) of author(s) (including post code) and corresponding E-mail 

c. ABSTRACT 

d. Key words (separate by semicolons; or comma,) 

e. Abbreviations (used in the manuscript) 

f. INTRODUCTION 

g. MATERIALS AND METHODS 

h. RESULTS 

i. DISCUSSION 

j. CONCLUSION 

k. DECLARATIONS 

1. REFERENCES 

m. Tables 

n. Figure captions 

o. Figures 
Results and Discussion can be presented jointly if preferred. 
Discussion and Conclusion can be presented jointly if preferred. 
 
Article Sections Format 
 
Title should be a brief phrase describing the contents of the paper. The first letter of each word in title should use upper case. The 
Title Page should include the author(s)'s full names and affiliations, the name of the corresponding author along with phone and e-
mail information. Present address (es) of author(s) should appear as a footnote. 
 
Abstract should be informative and completely self-explanatory, briefly present the topic, state the scope of the experiments, 
indicate significant data, and point out major findings and conclusions. The abstract should be 150 to 300 words in length. 
Complete sentences, active verbs, and the third person should be used, and the abstract should be written in the past tense. 
Standard nomenclature should be used and abbreviations should be avoided. No literature should be cited. 
Following the abstract, about 3 to 10 key words that will provide indexing references should be listed.  
 
Introduction should provide a clear statement of the problem, the relevant literature on the subject, and the proposed approach or 
solution. It should be understandable to colleagues from a broad range of scientific disciplines. 
 
Materials and Methods should be complete enough to allow experiments to be reproduced. However, only truly new procedures 
should be described in detail; previously published procedures should be cited, and important modifications of published 
procedures should be mentioned briefly. Capitalize trade names and include the manufacturer's name and address. Subheadings 
should be used. Methods in general use need not be described in detail. 
 
Results should be presented with clarity and precision. The results should be written in the past tense when describing findings in 
the author(s)'s experiments. Previously published findings should be written in the present tense. Results should be explained, but 
largely without referring to the literature. Discussion, speculation and detailed interpretation of data should not be included in the 
results but should be put into the discussion section. 
 
Discussion should interpret the findings in view of the results obtained in this and in past studies on this topic. State the 
conclusions in a few sentences at the end of the paper. The Results and Discussion sections can include subheadings, and when 
appropriate, both sections can be combined. 
 
Conclusion can be presented jointly if preferred. 
 
Declarations section  
 
Tables should be kept to a minimum and be designed to be as simple as possible. Tables are to be typed double-spaced 
throughout, including headings and footnotes. Each table should be on a separate page, numbered consecutively in Arabic 
numerals and supplied with a heading and a legend. Tables should be self-explanatory without reference to the text. The details of 
the methods used in the experiments should preferably be described in the legend instead of in the text. The same data should not 
be presented in both table and graph forms or repeated in the text. 
 
Figure legends should be typed in numerical order on a separate sheet. Graphics should be prepared using applications capable of 
generating high resolution GIF, TIFF, JPEG or PowerPoint before pasting in the Microsoft Word manuscript file. Use Arabic numerals 
to designate figures and upper case letters for their parts (Figure 1). Begin each legend with a title and include sufficient 
description so that the figure is understandable without reading the text of the manuscript. Information given in legends should 
not be repeated in the text. 



i | P a g e 

Declarations section - Please include declarations heading 
Please ensure that the sections: 
-Ethics (and consent to participate) 
-Authors' contributions 
-Competing interests 
-Availability of data and materials 

are included at the end of your manuscript in a Declarations section. 
 
Authors’ Contributions 
For manuscripts with more than one author, WVJ require an Authors' Contributions section to be placed after the Competing 
Interests section. 

An 'author' is generally considered to be someone who has made substantive intellectual contributions to a published study. To 
qualify as an author one should 1) have made substantial contributions to conception and design, or acquisition of data, or analysis 
and interpretation of data; 2) have been involved in drafting the manuscript or revising it critically for important intellectual 
content; and 3) have given final approval of the version to be published. Each author should have participated sufficiently in the 
work to take public responsibility for appropriate portions of the content. Acquisition of funding, collection of data, or general 
supervision of the research group, alone, does not justify authorship. 
We suggest the following format (please use initials to refer to each author's contribution): AB carried out the molecular genetic 
studies, participated in the sequence alignment and drafted the manuscript. JY carried out the immunoassays. MT participated in 
the sequence alignment. ES participated in the design of the study and performed the statistical analysis. FG conceived of the 
study, and participated in its design and coordination and helped to draft the manuscript. All authors read and approved the final 
manuscript.  
For authors that equally participated in a study please write 'All/Both authors contributed equally to this work.' 
Contributors who do not meet the criteria for authorship should be listed in an acknowledgements section. 
 
Competing Interests 
Competing interests that might interfere with the objective presentation of the research findings contained in the manuscript 
should be declared in a paragraph heading "Competing interests" (after Acknowledgment section and before References). 
Examples of competing interests are ownership of stock in a company, commercial grants, board membership, etc. If there is no 
competing interest, please use the statement "The authors declare that they have no competing interests.". 
World's Veterinary Journal adheres to the definition of authorship set up by The International Committee of Medical Journal Editors 
(ICMJE). According to the ICMJE authorship criteria should be based on 1) substantial contributions to conception and design of, or 
acquisition of data or analysis and interpretation of data, 2) drafting the article or revising it critically for important intellectual 
content and 3) final approval of the version to be published. Authors should meet conditions 1, 2 and 3. 
It is a requirement that all authors have been accredited as appropriate upon submission of the manuscript. Contributors who do 
not qualify as authors should be mentioned under Acknowledgements. 
 
Change in authorship 
We do not allow any change in authorship after provisional acceptance. We cannot allow any addition, deletion or change in 
sequence of author name. We have this policy to prevent the fraud. 
 
Acknowledgements 
We strongly encourage you to include an Acknowledgements section between the Authors’ contributions section and Reference list. 
Please acknowledge anyone who contributed towards the study by making substantial contributions to conception, design, 
acquisition of data, or analysis and interpretation of data, or who was involved in drafting the manuscript or revising it critically for 
important intellectual content, but who does not meet the criteria for authorship. Please also include their source(s) of funding. 
Please also acknowledge anyone who contributed materials essential for the study. 
Authors should obtain permission to acknowledge from all those mentioned in the Acknowledgements. Please list the source(s) of 
funding for the study, for each author, and for the manuscript preparation in the acknowledgements section. Authors must 
describe the role of the funding body, if any, in study design; in the collection, analysis, and interpretation of data; in the writing 
of the manuscript; and in the decision to submit the manuscript for publication. 
 
Data Deposition 
Nucleic acid sequences, protein sequences, and atomic coordinates should be deposited in an appropriate database in time for the 
accession number to be included in the published article. In computational studies where the sequence information is unacceptable 
for inclusion in databases because of lack of experimental validation, the sequences must be published as an additional file with 

the article. 
 
References 
1. A WVJ reference style for EndNote may be found here. 

2. All references to publications made in the text should be presented in a list with their full bibliographical description. 

3. In the text, a reference identified by means of an author‘s name should be followed by the date of the reference in 

parentheses. When there are more than two authors, only the first author‘s surname should be mentioned, followed by ’et al‘. In 
the event that an author cited has had two or more works published during the same year, the reference, both in the text and in 
the reference list, should be identified by a lower case letter like ’a‘ and ’b‘ after the date to distinguish the works. 

4. References in the text should be arranged chronologically (e.g. Kelebeni, 1983; Usman and Smith, 1992 and Agindotan et al., 

2003). The list of references should be arranged alphabetically on author's surnames, and chronologically per author. If an 
author's name in the list is also mentioned with co-authors, the following order should be used: Publications of the single author, 
arranged according to publication dates - publications of the same author with one co-author - publications of the author with 
more than one co-author. Publications by the same author(s) in the same year should be listed as 1992a, l992b, etc. 

5. Names of authors and title of journals, published in non-latin alphabets should be transliterated in English. 

6. A sample of standard reference is "1th Author surname A, 2th Author surname B, 3th Author surname C. 2013. Article title 

should be regular and 7 pt . World Vet. J., Add No. of Volume (Issue No.): 00-00." 

7. The color of references in the text of article is dark blue. Example: (Preziosi et al., 2002; Mills et al., 2015). 

8. At least 35% of the references of any submitted manuscript (for all types of article) should include scientific results published in 

the last five years. 

http://www.science-line.com/EndNote/World%20Vet%20J.ens
http://www.science-line.com/EndNote/World%20Vet%20J.ens


j | P a g e 

-Examples (at the text- blue highlighted) 
Abayomi (2000), Agindotan et al. (2003), (Kelebeni, 1983), (Usman and Smith, 1992), (Chege, 1998; Chukwura, 1987a,b; Tijani, 
1993,1995), (Kumasi et al., 2001). 

 

--Examples (at References section) 
 
a) For journal: 
Lucy MC (2000). Regulation of ovarian follicular growth by somatotropin and insulin- like growth factors in cattle. Journal of Dairy 
Science, 83: 1635-1647. DOI: XXX 
Kareem SK (2001). Response of albino rats to dietary level of mango cake. Journal of Agricultural Research and Development. pp 
31-38. DOI: XXX 
Chikere CB, Omoni VT and Chikere BO (2008). Distribution of potential nosocomial pathogens in a hospital environment. African 
Journal of Biotechnology. 7: 3535-3539. DOI: XX 
 
b) For symposia reports and abstracts: 
Cruz EM, Almatar S, Aludul EK and Al-Yaqout A (2000). Preliminary Studies on the Performance and Feeding Behaviour of Silver 
Pomfret (Pampus argentens euphrasen) Fingerlings fed with Commercial Feed and Reared in Fibreglass Tanks. Asian Fisheries 
Society Manila, Philippine 13: 191-199. Link 
 
c) For edited symposia, special issues, etc., published in a journal: 
Korevaar H (1992). The nitrogen balance on intensive Dutch dairy farms: a review. In: A. A. Jongebreur et al. (Editors), Effects of 
Cattle and Pig Production Systems on the Environment: Livestock Production Science, 31: 17-27. Link 
 
d) For books: 
AOAC (1990). Association of Official Analytical Chemists. Official Methods of Analysis, 15th Edition. Washington D.C. pp. 69-88. 
Link 
Pelczar JR, Harley JP, Klein DA (1993). Microbiology: Concepts and Applications. McGraw-Hill Inc., New York, pp. 591-603. Link 
 
e) Books, containing sections written by different authors: 
Kunev M (1979). Pig Fattening. In: A. Alexiev (Editor), Farm Animal Feeding. Vol. III. Feeding of Different Animal Species, 
Zemizdat, Sofia, p. 233-243 (Bg). Link 
In referring to a personal communication the two words are followed by the year, e.g. (Brown, J. M., personal communication, 
1982). In this case initials are given in the text.  
 

Nomenclature and Abbreviations 
Nomenclature should follow that given in NCBI web page and Chemical Abstracts. Standard abbreviations are 
preferable. If a new abbreviation is used, it should be defined at its first usage. Abbreviations should be presented in 
one paragraph, in the format: "term: definition". Please separate the items by ";".  
E.g. ANN: artificial neural network; CFS: closed form solution... 
 
Abbreviations of units should conform to those shown below:  

Decilitre dl Kilogram kg 

Milligram mg hours h 

Micrometer mm Minutes min 

Molar mol/L Mililitre ml 

Percent %   

 
Other abbreviations and symbols should follow the recommendations on units, symbols and abbreviations: in “A 
guide for Biological and Medical Editors and Authors (The Royal Society of Medicine London 1977).  
Papers that have not been published should be cited as “unpublished”. Papers that have been accepted for 
publication, but not yet specified for an issue should be cited as “to be published”. Papers that have been submitted 
for publication should be cited as “submitted for publication". 
 

 
Formulae, numbers and symbols  
1. Typewritten formulae are preferred. Subscripts and superscripts are important. Check disparities between zero 
(0) and the letter 0, and between one (1) and the letter I. 
2. Describe all symbols immediately after the equation in which they are first used. 
3. For simple fractions, use the solidus (/), e.g. 10 /38. 
4. Equations should be presented into parentheses on the right-hand side, in tandem. 

5. Levels of statistical significance which can be used without further explanations are *P < 0.05, **P < 0.01, and 
***P < 0.001 
6. In the English articles, a decimal point should be used instead of a decimal comma. 
7. In chemical formulae, valence of ions should be given, e.g. Ca2+ and CO32-, not as Ca++ or CO3. 
8. Numbers up to 10 should be written in the text by words. Numbers above 1000 are recommended to be given as 
10 powered x. 

9. Greek letters should be explained in the margins with their names as follows: Αα - alpha, Ββ - beta, Γγ - gamma, 
Δδ - delta, Εε - epsilon, Ζζ - zeta, Ηη - eta, Θθ - theta, Ιι - iota, Κκ - kappa, Λλ - lambda, Μμ - mu, Νν - nu, Ξξ - xi, 
Οο - omicron, Ππ - pi, Ρρ - rho, Σσ - sigma, Ττ - tau, Υυ - ipsilon, Φφ - phi, Χχ - chi, Ψψ - psi, Ωω - omega. 
 

 

 



k | P a g e 

Review/Decisions/Processing 
Firstly, all manuscripts will be checked by one of the plagiarism finding tools (iThenticate, PlagScan and or 
Docol©c). A double-blind reviewing model is used by WVJ for non-plagiarized papers. The manuscript is edited and 
reviewed by the English language editor and at least 2 reviewers (1 external and 1 internal) selected by section 
editor of WVJ respectively. Also, a reviewer result form is filled by reviewer to guide authors. Possible decisions are: 

accept as is, minor revision, major revision, or reject. See sample of evaluation form. The estimated time from 

submission to first decision is 5.4 weeks and the estimated time from submission to final decision is 6.9 weeks. The 
estimated time for final publication of accepted manuscript is 6 weeks 

To submit a revision please sign in here, fill out the form, and mark " Revised" attach the revision (MS word) and 

submit when completed. After review and editing the article, a final formatted proof is sent to the corresponding 
author once again to apply all suggested corrections during the article process. The editor who received the final 
revisions from the corresponding authors shall not be hold responsible for any mistakes shown in the final 
publication. Manuscripts with significant results are typically reviewed and published at the highest priority. 
 
Plagiarism: There is a zero-tolerance policy towards plagiarism (including self-plagiarism) in our journals. 
Manuscripts are screened for plagiarism by one of the plagiarism finding tools (iThenticate, PlagScan and or 

Docol©c), before or during publication, and if found they will be rejected at any stage of processing. See sample of 
Docol©c-Report.  
 
Declaration 
After manuscript accepted for publication, a declaration form will be sent to the corresponding author who that is 
responsible to coauthors' agreements to publication of submitted work in WVJ after any amendments arising from 

the peer review. 
 
Date of issue  
The journal will be issued on 25th of March, June, September and December, each year. 
 
Publication charges 
No peer-reviewing charges are required. However, the publication costs are covered through article processing 

charges (APCs). There is a modest APC of 150 Euro(€) editor fee for the processing of each primary accepted paper 
(1000-4000 words) to encourage high-quality submissions. APCs are only charged for articles that pass the pre-
publication checks and are published. A surcharge will be placed on any article that is over 4000 words in length to 
cover the considerable additional processing costs. Payment can be made by credit card, bank transfer, money 
order or check. Instruction for payment is sent during publication 
process as soon as manuscript is accepted. Meanwhile, this journal 
encourages the academic institutions in low-income countries to publish 

high quality scientific results, free of charges. 
* The prices are valid until 30th December 2024.  

 

The Waiver policy 
The publication fee will be waived for invited authors, authors of hot papers, and corresponding authors who are 
editorial board members of the World's Veterinary Journal (WVJ). The Journal will consider requests to waive the fee 

for cases of financial hardship (for high quality manuscripts and upon acceptance for publication). Requests for 
waiver of the submission fee must be submitted via individual cover letter by the corresponding author and cosigned 
by an appropriate institutional official to verify that no institutional or grant funds are available for the payment of 
the fee. Letters including the manuscript title and manuscript ID number should be sent to: editor.wvj@gmail.com. 
It is expected that waiver requests will be processed and authors will be notified within one business day. 

 
Submission Preparation Checklist  

 Authors are required to check off their submission's compliance with all of the following items, and submissions 
may be returned to authors that do not adhere to the following guidelines.  

 The submission has not been previously published, nor is it before another journal for consideration (or an 

explanation has been provided in Comments to the Editor). 

 The submission file is in Microsoft Word, RTF, or PDF document file format. 

 Where available, URLs for the references have been provided. 

 The text is single-spaced; uses a 12-point font; and all illustrations, figures, and tables are placed within the text 

at the appropriate points, rather than at the end. 

 The text adheres to the stylistic and bibliographic requirements outlined in the Author Guidelines. 

 
  CONTACT US     |        ABOUT US                                     

Scienceline Publication, Ltd. 

Editorial Office: 

Ömer Nasuhi Bilmen Road, Dönmez Apart., G Block, No:1/6, Yakutiye, Erzurum/25100, Turkey 

Homepage: www.science-line.com  ; Email: administrator@science-line.com  

Phone: +90 538-7708824 (Turkey) 

WORD COUNT PRICE* 
1000-4000 words  €150 
over 4000 words  €230 

https://www.ithenticate.com/
https://www.plagscan.com/en/
http://www.docoloc.com/en/plagiat_anleitung.hhtml
https://wvj.science-line.com/attachments/article/3/Reviewer_%20comments-wvj.pdf
http://www.science-line.com/index/index.php?option=com_content&view=article&id=1&Itemid=13
http://www.science-line.com/index/index.php?option=com_content&view=article&id=1&Itemid=13
https://www.ithenticate.com/
https://www.plagscan.com/en/
http://www.docoloc.com/en/plagiat_anleitung.hhtml
http://jwpr.science-line.com/attachments/article/5/Docoloc%20report--JWPR-1001.docx.pdf
http://wvj.science-line.com/attachments/article/3/Declaration%20form_%20WVJ.doc
http://jwpr.science-line.com/images/stories/Paper_Submission_Flow_001.jpg
http://jwpr.science-line.com/images/stories/Paper_Submission_Flow_001.jpg
http://www.science-line.com/index/index.php?option=com_content&view=article&id=10&Itemid=10
http://www.science-line.com/index/


 

Scienceline Publication Ltd is a limited liability non-profit non-stock corporation incorporated in Turkey (Company No. 
0757086921600001). Scienceline journals that concurrently belong to many societies, universities and research institutes, 
publishes internationally peer-reviewed open access articles and believe in sharing of new scientific knowledge and vital 
research in the fields of life and natural sciences, animal sciences, engineering, art, linguistic, management, social and 
economic sciences all over the world. Scienceline journals include: 
. 

Online Journal of Animal and 
Feed Research  

Journal of Civil Engineering and 
Urbanism  

Journal of Life Sciences and 
Biomedicine 

Asian Journal of Medical and 
Pharmaceutical Researches 

 
ISSN 2228-7701; Bi-monthly 
View Journal l  Editorial Board 
Email: editors@ojafr.ir 
Submit Online >> 

 
ISSN 2252-0430; Bi-monthly 
View Journal  I  Editorial Board 
Email: ojceu@ojceu.ir 
Submit Online >> 

 
ISSN: 2251-9939; Bi-monthly 
View Journal  I  Editorial Board 
Email: editors@jlsb.science-line.com 
Submit Online >> 

 
ISSN: 2322-4789; Quarterly 
View Journal  I  Editorial Board 
Email: editor@ajmpr.science-line.com 
Submit Online >> 

. 
   

Journal of World's Poultry 
Research 

World's Veterinary Journal  

Journal of Educational and 
Management Studies  

Journal of World's Electrical 
Engineering and Technology  

 
ISSN: 2322-455X; Quarterly  
View Journal  I  Editorial Board 
Email: editor@jwpr.science-line.com 
Submit Online >> 

 
ISSN: 2322-4568; Quarterly  
View Journal  I  Editorial Board 
Email: editor@wvj.science-line.com  
Submit Online >> 

 
ISSN: 2322-4770; Quarterly  
View Journal  I  Editorial Board 
Email: info@jems.science-line.com  
Submit Online >> 

 
ISSN: 2322-5114; Irregular  
View Journal  I  Editorial Board 
Email: editor@jweet.science-line.com  
Submit Online >> 

. 
   

Journal of Art and Architecture 
Studies 

Asian Journal of Social and 
Economic Sciences  

Journal of Applied Business  
and Finance Researches 

Scientific Journal of Mechanical 
and Industrial Engineering  

 
ISSN: 2383-1553; Irregular  
View Journal  I  Editorial Board  
Email: jaas@science-line.com 
Submit Online >> 

 
ISSN: 2383-0948; Quarterly 
View Journal  I  Editorial Board 
Email: ajses@science-line.com  
Submit Online >> 

 
ISSN: 2382-9907; Quarterly 
View Journal  I  Editorial Board 
Email: jabfr@science-line.com  
Submit Online >> 

 
ISSN: 2383-0980; Quarterly 
View Journal  I  Editorial Board 
Email: sjmie@science-line.com  
Submit Online >> 

. 
   

 

Scienceline is a non-profit organisation inspired by research funders and led by scholars. 
Our mission is to help researchers accelerate discovery and innovation by operating a 
platform for research communication that encourages and recognises the most responsible 
behaviours in science. 
Scienceline Publications, Ltd is a limited liability non-profit non-stock corporation registered 
in the State of Erzurum, Turkey, with company number 0757086921600001, and branch 
number 18677/25379 at the address: Scienceline Publications, Ltd., Ömer Nasuhi Bilmen 
Road, Dönmez Apart., G1/6, Yakutiye, Erzurum 25100, Turkey 

ABOUT 

AIMS AND SCOPE 

LEADERSHIP TEAM 

POLICIES AND PUBLICATION ETHICS 

TERMS AND CONDITIONS 

CONTACT US 

SCIENCELINE PUBLISHING CORPORATION 

 

http://www.ojafr.ir/main/
http://www.ojafr.ir/main/
http://www.ojceu.ir/
http://www.ojceu.ir/
http://jlsb.science-line.com/
http://jlsb.science-line.com/
http://ajmpr.science-line.com/
http://ajmpr.science-line.com/
http://www.ojafr.ir/main/
http://www.ojafr.ir/main/index.php?option=com_content&view=article&id=53&Itemid=59
http://www.science-line.com/index/index.php?option=com_content&view=article&id=1&Itemid=13
http://www.science-line.com/index/index.php?option=com_content&view=article&id=1&Itemid=13
http://www.ojceu.ir/main/
http://www.ojceu.ir/main/index.php?option=com_content&view=article&id=8&Itemid=7
http://www.science-line.com/index/index.php?option=com_content&view=article&id=1&Itemid=13
http://jlsb.science-line.com/
http://jlsb.science-line.com/index.php?option=com_content&view=article&id=5&Itemid=6
http://www.science-line.com/index/index.php?option=com_content&view=article&id=1&Itemid=13
http://ajmpr.science-line.com/
http://ajmpr.science-line.com/index.php?option=com_content&view=article&id=2&Itemid=5
http://www.science-line.com/index/index.php?option=com_content&view=article&id=1&Itemid=13
http://jwpr.science-line.com/
http://jwpr.science-line.com/
http://wvj.science-line.com/
http://jems.science-line.com/
http://jems.science-line.com/
http://www.jweet.science-line.com/
http://www.jweet.science-line.com/
http://jwpr.science-line.com/
http://jwpr.science-line.com/index.php?option=com_content&view=article&id=10&Itemid=6
http://www.science-line.com/index/index.php?option=com_content&view=article&id=1&Itemid=13
http://www.science-line.com/index/index.php?option=com_content&view=article&id=1&Itemid=13
http://www.science-line.com/index/index.php?option=com_content&view=article&id=1&Itemid=13
http://wvj.science-line.com/
http://wvj.science-line.com/index.php?option=com_content&view=article&id=15&Itemid=6
http://www.science-line.com/index/index.php?option=com_content&view=article&id=1&Itemid=13
http://www.science-line.com/index/index.php?option=com_content&view=article&id=1&Itemid=13
http://www.science-line.com/index/index.php?option=com_content&view=article&id=1&Itemid=13
http://jems.science-line.com/
http://jems.science-line.com/index.php?option=com_content&view=article&id=5&Itemid=6&lang=en
http://www.science-line.com/index/index.php?option=com_content&view=article&id=1&Itemid=13
http://www.jweet.science-line.com/
http://www.jweet.science-line.com/index.php?option=com_content&view=article&id=5&Itemid=6
http://www.science-line.com/index/index.php?option=com_content&view=article&id=1&Itemid=13
http://jaas.science-line.com/
http://jaas.science-line.com/
http://ajses.science-line.com/
http://ajses.science-line.com/
http://sjmie.science-line.com/
http://sjmie.science-line.com/
http://jaas.science-line.com/
http://jaas.science-line.com/index.php?option=com_content&view=article&id=5&Itemid=6
http://jaas.science-line.com/index.php?option=com_content&view=article&id=5&Itemid=6
http://www.science-line.com/index/index.php?option=com_content&view=article&id=1&Itemid=13
http://www.science-line.com/index/index.php?option=com_content&view=article&id=1&Itemid=13
http://www.science-line.com/index/index.php?option=com_content&view=article&id=1&Itemid=13
http://ajses.science-line.com/
http://jabfr.science-line.com/
http://jabfr.science-line.com/
http://www.science-line.com/index/index.php?option=com_content&view=article&id=1&Itemid=13
http://www.science-line.com/index/index.php?option=com_content&view=article&id=1&Itemid=13
http://www.science-line.com/index/index.php?option=com_content&view=article&id=1&Itemid=13
http://jabfr.science-line.com/
http://jabfr.science-line.com/index.php/editorial-board
http://jabfr.science-line.com/index.php/editorial-board
http://www.science-line.com/index/index.php?option=com_content&view=article&id=1&Itemid=13
http://www.science-line.com/index/index.php?option=com_content&view=article&id=1&Itemid=13
http://www.science-line.com/index/index.php?option=com_content&view=article&id=1&Itemid=13
http://sjmie.science-line.com/
http://sjmie.science-line.com/index.php?option=com_content&view=article&id=2&Itemid=3
http://sjmie.science-line.com/index.php?option=com_content&view=article&id=2&Itemid=3
http://www.science-line.com/index/index.php?option=com_content&view=article&id=1&Itemid=13
http://www.science-line.com/index/index.php?option=com_content&view=article&id=1&Itemid=13
http://www.science-line.com/index/index.php?option=com_content&view=article&id=1&Itemid=13
http://www.science-line.com/index/index.php?option=com_content&view=article&id=19&Itemid=119
http://www.ojafr.ir/main/
http://www.ojceu.ir/
mailto:http://jlsb.science-line.com/
http://ajmpr.science-line.com/
http://jwpr.science-line.com/
http://wvj.science-line.com/
http://www.jweet.science-line.com/
http://jaas.science-line.com/
http://ajses.science-line.com/
http://jabfr.science-line.com/
http://sjmie.science-line.com/
https://science-line.com/index/index.php?option=com_content&view=article&id=25&Itemid=153
https://science-line.com/index/index.php?option=com_content&view=article&id=26&Itemid=147
https://science-line.com/index/index.php?option=com_content&view=article&id=14&Itemid=150
https://science-line.com/index/index.php?option=com_content&view=article&id=17&Itemid=151
https://science-line.com/index/index.php?option=com_content&view=article&id=24&Itemid=149
https://science-line.com/index/index.php?option=com_content&view=article&id=10&Itemid=10

