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ABSTRACT 

The development of animal husbandry in Indonesia has seen positive progress 

through government initiatives to increase productivity and efficiency. The field of 

veterinary medicine plays a vital role in maintaining the health and productivity of 

livestock, which ultimately impacts the productivity and quality of animal 

products. However, areas still require improvement, particularly infrastructure, 

technology, and management. Pharmaceutical science, specifically veterinary 

pharmacy, focuses on treating animals using different drug delivery systems due to 

physiological differences. Significant modification in livestock drug delivery 

involves adjusting medication based on animal needs to improve health and reduce 

the risk of overmedication and antibiotic resistance. Advancements in technology 

and medical developments are continuously being reviewed and studied to 

improve veterinary medicine.
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1. Introduction

 

 The development of animal 

husbandry in Indonesia has seen positive 

progress over the years with various 

government initiatives aimed at 

increasing productivity and efficiency. 

This has increased livestock productivity 

and the quality of the resulting products 

[1]. However, areas still require 

improvement, particularly in 

infrastructure, technology, and 

management [2–4]. The field of 

Veterinary Medicine plays a vital role in 

maintaining the health and productivity of 

livestock, which ultimately impacts the 

productivity and quality of animal 

products [5,6]. The government and 

industry players must invest in these areas 

to ensure long-term sustainability and 

growth in the livestock sector.

 Pharmaceutical science includes 

veterinary pharmacy, which focuses on 

treating animals [7]. Treatment for 

animals is different from humans due to 

physiological differences. Thus, the drug 

delivery systems used differ [8–10]. 

These systems ensure that the drug works 

optimally and produces the desired 

response. Various methods, such as oral, 

topical, injectable, and implantable 

administration, are used in livestock 

animals. These systems are used to 

prevent and treat diseases, improve 

production efficiency, and ensure the 

safety and quality of animal products 

[11].

 An importance modification  in 

livestock drug delivery refers to adjusting 

the amount of animal medication based 

on their needs and health status [12,13]. 

This approach ensures that animals 

receive the appropriate amount of drugs, 

improving their health and reducing the 

risk of overmedication and antibiotic 

resistance [14]. Additionally, it helps 

optimize resources and reduce costs 

associated with drug delivery in livestock 

production. 

 New Drug Delivery Systems 

(NDDS) enhance livestock efficiency and 

sustainability by ensuring targeted, 

controlled drug delivery. They improve 

bioavailability, protect active substances, 

reduce dosages and side effects, and 

minimize drug residues, boosting food 

safety. NDDS increases therapy 

compliance with long-acting systems, 

optimizes vaccine and nutrient delivery, 

reduces antimicrobial resistance, and 

decreases environmental contamination, 

supporting animal health, productivity, 

and sustainability.

 Designing and delivering drugs 

for animals requires different 

considerations and faces more challenges 

than humans. It is essential to not rely 

solely on human data. Reviewing New 

Drug Delivery Systems (NDDS) in 

livestock is vital to evaluate their 

benefits, including improved drug 

efficacy, safety, and productivity, while 

addressing implementation challenges 

like cost and feasibility. This supports 

scientific development, industry adoption, 

and informed policy-making for 

sustainable livestock practices.

Common diseases in livestock

 Livestock animal health is a 

critical factor in the success of a farming 

enterprise. The adage "prevention is 

better than cure" highlights the 

importance of proactively improving 

animal health through actions such as 

sanitation, vaccination, and proper animal 

management. Farmers need to be aware 

of these diseases, as well as the methods 

of prevention and treatment, to maintain 

the health and productivity of their 

livestock [15,16].
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Anthrax 

 Anthrax, caused by Bacillus 

anthracis , is a contagious disease 

affecting livestock and humans in 

Indonesia. It results in significant 

livestock deaths, causing labor loss and 

meat/skin wastage. Transmission occurs 

through contact with infected animals or 

contaminated environments [17,18]. 

 Symptoms include high fever, 

exacerbated by cold weather, food 

scarcity, and fatigue. The disease is not 

directly transmitted between animals but 

is linked to neutral or alkaline limestone 

soil. In hot climates, flies and 

contaminated grass can spread it. 

Awareness among farmers and preventive 

measures are crucial to control anthrax 

spread. Anthrax is a contagious disease 

affecting various livestock animals, 

including cattle, sheep, goats, horses, 

pigs, and wild animals such as deer 

[19,20]. The Bacillus anthracis bacteria 

cause it and has three forms:

1.   Peracute form

 The disease appears suddenly, and 

death occurs quickly due to bleeding in 

the brain,    

      difficulty breathing, trembling, and 

then collapse, with death occurring within 

2-6 

      hours. This form is commonly seen in 

cattle and sheep.

2.   Acute form

 The symptoms in this form include a 

significant increase in body temperature 

(fever),  

      restlessness, rapid heartbeat, 

decreased milk production, yellow or 

reddish milk, and 

      swelling in the throat and tongue. This 

form is commonly seen in cattle, sheep, 

and 

      goats.

3.   Chronic form

      This form, common in pigs, sheep,  

goats, horses and other livestock 

animals, is 

      characterized by limited local sores 

on the tongue and throat. [21,22] .

      It is essential for farmers and those 

who work with livestock to be aware of

Figure 1. Common diseases in livestock
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the symptoms of anthrax and to take 

appropriate measures to prevent and 

control the spread of the disease, such as 

avoiding contact with contaminated soil, 

practicing proper sanitation, and seeking 

veterinary care in case of suspected 

anthrax infection [21,23].

        Anthrax clinical symptoms  presents 

in various forms depending on the route 

of infection and the species affected:

1. Malignant pustular form: Skin  

       transmission, red bump, erythema; 

       seen in sheep and goats.

1. Septic form: Fever, headache, back 

      and epigastric pain, nausea, bloody 

      diarrhea, cyanosis, sudden death; 

       common in cattle and sheep.

2. Gastroenteritis form: Oral 

       transmission, lower fever, stomach 

       pain, shivering, rapid death; seen in 

       cattle and sheep.

3. Pulmonary form: Inhalation 

       transmission, mild upper respiratory 

       symptoms; common in cattle and 

       sheep.

Mastitis 

Mastitis is a common and costly disease 

of lactating animals, characterized by 

inflammation of the mammary gland, 

leading to a reduction in milk production, 

changes in milk composition, and 

increased risk of antibiotic residue in 

milk. The causes of mastitis include 

multiple factors, such as bacterial 

infection, physical or chemical injury, and 

the cow's immune response [24,25].

Recent research has identified new 

potential causes of mastitis, such as 

environmental factors and genetics. 

Environmental factors such as poor 

hygiene, overcrowding, and high-stress 

levels have been found to increase the 

risk of mastitis. In contrast, genetic 

factors such as variations in mammary 

gland structure, genetics of the cow's 

immune system, and genetic variants of 

the bacteria involved in the infection are 

important in susceptibility to the disease 

[25,26].

Recent research has also highlighted the 

importance of understanding the 

dynamics of bacterial communities 

(microbiota) within the mammary gland 

and the interactions between the host, the 

environment, and the microbiota, which 

can impact the development of mastitis. 

Studies have shown that the diversity and 

composition of the mammary gland 

microbiota can affect the host’s 

susceptibility to infection and that certain 

bacteria can act as protective or risk 

factors for developing the disease.

It is important to note that the most 

common bacterial causes of mastitis are 

Staphylococcus aureus, Streptococcus 

agalactiae, and Escherichia coli. 

However, other bacteria, yeast and fungi 

also can cause the disease [24].

 Clinical symptoms of mastitis in 

livestock animals can be divided into 

three categories: acute, subacute, and 

chronic.

1.Acute mastitis is characterized by a 

sudden inflammation in the mammary 

gland, leading to swelling, warmth, pain, 

redness, and changes in the milk 

produced, such as broken and mixed with 

sediment or fibrin clots.

2.Subacute mastitis is a less severe form 

of the disease, where the animal may not 

show any clinical signs of inflammation 

during examination. However, there are 

still changes in the milk produced.

3.Chronic mastitis is a long-term 

infection in the mammary gland, often 

recurring from one lactation period to the 

next, and can eventually lead to the 

atrophy of the mammary gland.

Mastitis can be diagnosed by several 

methods, such as observation of clinical 

signs of inflammation and changes in the 

color of the milk produced and field 

testing using the California Mastitis Test
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or the Whiteside Test. Additionally, 

laboratory tests such as bacterial culture, 

PCR, and milk somatic cell count are 

commonly used to confirm the diagnosis 

and identify the cause of the infection 

[27,28].

Septicemia Epizootica 

In Indonesia, regular vaccination 

programs have led to a decrease in the 

occurrence of septicemia epizootica (SE). 

However, outbreaks of SE still occur, 

particularly in the Nusa Tenggara regions, 

such as Sumba, Timor, and Sumbawa. 

The disease typically occurs at the 

beginning of the rainy season. The cause 

of SE is a bacterium called Pasteurella 

multocida, which is a small, bipolar 

coccobacillus that has several types. 

Transmission of SE can occur through 

various factors, such as fatigue, cold 

temperatures, transportation, and 

unvaccinated animals. The disease 

primarily affects cattle aged 6-24 months 

and is characterized by symptoms such as 

high fever, trembling, dull and watery 

eyes, loss of appetite, and digestive 

disorders [29,30].

Recent research on SE in livestock has 

focused on developing new diagnostic 

methods, using precision farming 

technology to detect early signs of the 

disease, and exploring new treatment 

options, such as using bacteriophages and 

natural compounds. Additionally, 

researchers are investigating new 

vaccination strategies and identifying 

genetic factors that make animals more 

resistant to SE. Studies also examine the 

relationship between SE outbreaks and 

environmental factors such as 

temperature and humidity, and 

management practices that may 

contribute to the spread of the disease 

[30,31].

Pink Eye

Pink Eye, also known as infectious 

bovine keratoconjunctivitis (IBK), is a 

contagious disease that affects cattle, 

sheep, and goats. The leading cause is a 

bacterium called Moraxella bovis. 

Symptoms include redness and swelling 

of the eyes, squinting to avoid bright 

light, cloudy corneas, and the formation 

of ulcers or holes in the cornea. These 

ulcers can cause blindness. Recovery 

typically takes 1-4 weeks. To prevent the 

spread of the disease, it's essential to 

diagnose and treat it quickly and to 

practice proper hygiene and biosecurity 

measures [32,33].

Recent research on Pink Eye has focused 

on developing new diagnostic methods 

and treatments and identifying risk 

factors for the disease. For example, new 

diagnostic tools such as PCR-based 

methods and metagenomic sequencing 

have been used to determine the causative 

agents of Pink Eye and to monitor the 

spread of the disease within a herd 

[34,35].

In addition, new treatment options such as   

long-acting antibiotics,  topical 

antimicrobial ointments, environmental 

and vector control. Furthermore, research 

has also been conducted on using 

vaccines and other preventive measures 

to reduce the risk of Pink Eye in cattle, 

sheep, and goats. It's also essential to 

implement good management practices, 

including good hygiene, proper 

sanitation, and biosecurity measures, as 

well as providing adequate nutrition and 

housing to animals to prevent the 

outbreak of Pink Eye [32,34].

Helminthiasis 

Helminthiasis, a parasitic infection 

commonly seen in young cattle, is often 

caused by inadequate husbandry practices 

and is more prevalent during the rainy 

season or in damp or humid conditions. 

This infection can lead to severe
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consequences and high mortality rates. 

The clinical signs of parasitic infection 

may include profuse diarrhea, soft to 

watery feces containing mucus and 

segments of worms passed through the 

anus, anorexia, weight loss, and rough, 

dull, stiff, and standing hair. Furthermore, 

the infection can decrease feed intake, 

reduce growth rate, and decrease milk 

production and reproductive performance 

[36].

 Furthermore, research is also 

focused on identifying genetic factors that 

may make certain animals more 

susceptible to parasitic infections, and on 

developing new vaccination strategies to 

prevent the occurrence of helminthiasis. 

Studies are also investigating the 

relationship between helminthiasis 

outbreaks and environmental factors such 

as temperature and humidity, and 

management practices that may 

contribute to the spread of the disease. An 

integrated approach is required to 

effectively control helminths, including 

strategic and tactical use of anthelmintics 

and careful management of grazing lands, 

including control of stocking rates and 

appropriate rotation strategies. 

Vaccinations may also play a role, as in 

the case of lungworms [37,38].

Nail and mouth disease (NMD)

 Nail and mouth disease is an 

infection caused by the herpes simplex 

virus. This virus is spread through direct 

contact with fluids from infected skin, 

such as saliva, saliva, or fluids from 

lesions. The virus can also be spread 

through contact with contaminated items, 

such as towels, spoons, or cutlery used by 

an infected person [39].

 The main symptoms of NMD 

include:

1. into ulcHigh fever

2. Blisters or sores on the tongue, gums, 

and/or inside of the mouth and the 

feet, hooves and/or teats

3. Swelling of the lymph nodes.

4. Loss of appetite.

5. Lameness and reluctance to move.

6. Decreased milk production.

7. In severe cases, the blisters can 

developers, and the animal may have 

difficulty eating or drinking. 

 Nail and mouth disease generally 

doesn't cause serious complications but 

can cause severe aches and pains around 

the mouth and lesions. The lesions can 

spread rapidly and can be spread to other 

people through physical contact or 

contact with contaminated items [40].

Available treatments for nail and mouth 

disease include oral or topical antiviral 

drugs to relieve symptoms and reduce the 

duration of the infection. Good cleaning 

and keeping a distance from infected 

people can help prevent the spread of 

infection. In general, to prevent foot and 

mouth disease, it is recommended to 

maintain good oral hygiene, avoid contact 

with infected people, and avoid touching 

the lesions with hands [41].

Treatment and Drug Delivery System 

Used

The treatment and drug delivery systems 

used for the diseases mentioned above 

vary depending on the disease's severity. 

No Diseases Treatment

1 Anthrax Treatment for anthrax typically involves the use of antibiotics such as 

ciprofloxacin or doxycycline, which are administered orally or 

intravenously. In severe cases, supportive therapy may also be required 

[22].
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New Drug Delivery System

 The rumen, the "first stomach" of 

ruminant animals such as cows, sheep, 

and goats, plays a crucial role in their 

digestion and metabolism. A new drug 

delivery system for the rumen, also 

known as "rumensia," would involve a 

method of administering medication or 

supplements specifically targeted to the 

rumen and its unique environment. There 

are several existing methods of delivering 

drugs to the rumedahn, including oral 

drenches and tubing, as well as rumen 

boluses and implants. However, these 

methods may have limitations, such as 

difficulty in ensuring accurate dosing and 

the potential for decreased drug efficacy 

due to the harsh conditions of the rumen 

[49,50].

 A new drug delivery system for 

rumensia could include the development 

of new formulations such as 

microparticles, nanoparticles, or 

liposomes that can protect the drugs from 

the harsh conditions of the rumen and 

target specific cells or regions of the 

rumen for maximum efficacy. Using 

controlled release systems, such as pH-

sensitive or temperature-sensitive 

polymers, may also help increase the 

drugs' stability and effectiveness in the 

rumen [51,52]. Research and 

development in this field is ongoing. 

Discoveries in drug delivery systems, 

such as probiotics or other microbial-

based systems, may also have potential 

applications in rumensia. Probiotics are 

live microorganisms that confer health 

benefits to their animal host by balancing 

the composition of its gastrointestinal 

microbiota, modulating its immune 

response, and improving production 

performance [53–55].

 To develop a new drug delivery 

system for rumensia, it would be 

necessary first to understand the unique 

characteristics and requirements of the 

rumen environment [51]. This includes 

factors such as pH, microbial population, 

and the physical movement of the rumen 

contents. Additionally, it would be 

essential to consider the specific drug or 

treatment being delivered and its optimal 

conditions for efficacy and stability [49]. 

It would also be essential to conduct 

thorough in-vivo testing to ensure that the 

new drug delivery system effectively 

reaches the target site and has the desired 

therapeutic effect. This would involve 

working closely with veterinarians and 

animal nutritionists to conduct controlled 

trials in live animals [56].

Drug Delivery 

System

Description Advantages Application 

Examples

Studies Conducted

Microparticle

s & 

Nanoparticles

Micro/nanoparticle

s used as drug 

carriers for 

controlled release

Increases 

bioavailability, 

prolongs drug release, 

reduces dosing 

frequency

Livestock 

vaccination, bacterial 

infection treatment

Chitosan nanoparticles 

for oral poultry 

vaccines [57]

Liposomes Lipid-based 

vesicles that 

encapsulate drugs

Enhances drug 

stability, reduces 

toxicity, improves 

delivery efficiency

Antibiotics for 

bovine mastitis, oral 

vaccines

The use of liposomal-

entrapped gentamicin 

in the treatment of 

bovine 

Staphylococcus aureus 

mastitis [58]

Polymeric 

Implants

Polymer-based 

implants that 

gradually release 

drugs

Long-term drug 

release reduces stress 

from repeated 

injections

Growth hormone for 

cattle, antiparasitic 

therapy

Ivermectin controlled 

release implants based 

on poly-D,l-lactide, 

and poly-ε-

caprolactone [59]
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The advancement of New Drug 

Delivery Systems (NDDS) in livestock 

medicine has significantly improved drug 

administration, enhancing efficacy, safety, 

and animal welfare. Traditional drug 

delivery methods, such as oral and 

injectable routes, often present 

challenges, including poor bioavailability, 

rapid drug degradation, and the need for 

frequent dosing. NDDS addresses these 

limitations by offering innovative 

solutions such as nanoparticles, polymer-

based implants, and transdermal patches 

that optimize drug release and improve 

treatment outcomes. These technologies 

increase therapeutic effectiveness, reduce 

animal stress, and minimize labor for 

farmers [63].

 Among the most promising NDDS 

approaches are microparticles and 

nanoparticles, which provide controlled 

and targeted drug release. These systems 

protect active pharmaceutical ingredients 

from degradation and enhance their

Smart 

Hydrogels

Polymer gels that 

respond to pH or 

body temperature

Controlled drug 

delivery based on 

body conditions

Anti-inflammatory 

drug delivery in cattle 

and sheep

Thermosensitive 

bovine lactoferricin-

loaded chitosan 

hydrogels for 

sustained antibacterial 

release [60]

Transdermal 

Patches

Patches delivering 

drugs through the 

skin

Reduces stress from 

injections, increases 

farmer compliance

Pain management in 

cattle, antiparasitic 

treatment for sheep

Transdermal flunixin 

patches for pain 

management in cattle 

[61]

Biodegradable 

Injectables

Injectable 

formulations that 

naturally degrade 

in the body

Reduces side effects, 

no need for device 

removal

Livestock vaccines, 

long-acting antibiotic 

therapy

Long-acting injectable 

(LAI) depots of 

polylactide-co-

glycolide (PLGA) or 

polylactic acid (PLA) 

based microspheres 

have been developed 

for controlled drug 

delivery [61]

In-Situ 

Forming Gels

Liquid 

formulations that 

form gels upon 

injection for 

sustained drug 

release

Facilitates high-dose 

administration, 

improves drug 

stability

Reproductive 

hormone delivery for 

cattle, anti-

inflammatory therapy

Control of ovarian 

function using non-

injection technologies 

for GnRH 

administration [62]

Oral 

Nanocarriers

Nanoparticles that 

improve drug 

absorption in the 

digestive tract

Enhances oral drug 

effectiveness, protects 

drugs from digestive 

degradation

Livestock nutritional 

supplements, oral 

vaccines

Chitosan-based 

nanoparticles to 

improve vitamin 

absorption in poultry 

[63]

Floating Drug 

Delivery 

System

A system that 

retains the drug in 

the stomach to 

enhance absorption

Increases drug 

bioavailability with 

slow-release

Antiparasitic drugs 

for ruminants

Solidified floating 

organic droplet for 

anthelmintic drugs in 

cattle [64]

Inhalable 

Drug Delivery

Drug delivery 

through aerosol or 

nebulizer

Fast-acting reduces 

animal stress

Antibiotics for 

respiratory diseases 

in cattle

Nebulized florfenicol 

for pneumonia 

treatment in Bovine 

Respiratory Disease 

Complex [65]
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absorption in the body. For example, 

chitosan nanoparticles have been studied 

for oral vaccine delivery in poultry, 

demonstrating improved immune 

response compared to conventional 

vaccines. Similarly, liposomes, lipid-

based vesicles, have been developed to 

deliver antibiotics more efficiently, 

reducing the required dosage and 

minimizing the risk of antimicrobial 

resistance. One study has shown that 

liposome-encapsulated gentamicin 

effectively treats cattle mastitis, 

highlighting this technology's potential in 

livestock healthcare [35,66].

 Another innovative approach is 

using polymeric implants and 

biodegradable injectables, which provide 

long-term drug release and eliminate the 

need for repeated administration. This is 

particularly beneficial in growth hormone 

therapy and antiparasitic treatments for 

cattle, where maintaining consistent drug 

levels is crucial. Research on 

biodegradable ivermectin implants has 

shown extended efficacy in controlling 

parasites and reducing environmental 

contamination from excessive drug use 

[59,67]. In addition, in-situ forming gels, 

which transform into a gel-like structure 

upon injection, have been explored for 

delivering reproductive hormones such as 

GnRH in cattle, improving estrus 

synchronization programs [68].

 The transdermal patch system is 

another breakthrough that enhances drug 

delivery without requiring injections. 

These patches allow medications to be 

absorbed through the skin, reducing 

animal stress and improving compliance. 

Studies on flunixin transdermal patches 

for pain management in cattle have 

demonstrated effective absorption and 

prolonged analgesic effects. Similarly, 

smart hydrogels, which respond to body 

temperature or pH, have been designed to 

release anti-inflammatory drugs in cattle 

and sheep, ensuring sustained therapeutic 

effects with minimal intervention [69].

 Nanocarriers and floating drug 

delivery systems are gaining traction in 

veterinary medicine for oral drug 

delivery. Chitosan-based nanoparticles 

have been tested to enhance vitamin 

absorption in poultry, ensuring better 

nutritional intake. Meanwhile, floating 

drug delivery systems have been 

developed for ruminants to prolong drug 

retention in the stomach, increasing 

absorption efficiency for antiparasitic 

treatments. These advancements improve 

the effectiveness of orally administered 

drugs, which traditionally suffer from low 

bioavailability due to rapid degradation in 

the digestive system [63].

 Finally, inhalable drug delivery 

systems offer a fast and efficient method 

of treating respiratory diseases in 

livestock. By delivering drugs directly to 

the lungs through nebulization, these 

systems ensure rapid absorption and high 

local drug concentrations, improving 

treatment outcomes for pneumonia and 

other respiratory infections. Studies on 

nebulized florfenicol for bovine 

pneumonia have shown promising results, 

reducing the need for systemic antibiotics 

and lowering the risk of antimicrobial 

resistance. The continuous development 

of NDDS in livestock enhances treatment 

effectiveness and contributes to 

sustainable and responsible veterinary 

medicine [65].

2. Conclusion

 Developing New Drug Delivery 

Systems (NDDS) has revolutionized 

livestock healthcare by improving drug 

efficacy, reducing animal stress, and 

minimizing dosing frequency. 

Innovations such as nanoparticles, 

liposomes, polymeric implants, 

transdermal patches, and inhalable drug



169

Y. Herdiana et al / Indo J Pharm 6 (2025) 160-174

delivery enhance bioavailability, e nable 

controlled drug release, and 

offer targeted treatment for a r ang of 

conditions, from infections to pain 

management. Research has 

confirmed  the effectiveness of these 

technologies in improving treatment 

outcomes while supporting sustainable 

and responsible veterinary medicine, 

including reducing antimicrobial 

resistance and enhancing animal welfare. 

As NDDS continues to evolve, 

collaboration between scientists, 

veterinarians, and the pharmaceutical 

industry is essential to expand its 

application, ensuring better livestock 

health, increased productivity, and 

improved food safety worldwide.

3. Reference

1. Agus, A.; Widi, T.S.M. Current 

Situation and Future Prospects for 

Beef Cattle Production in 

Indonesia - A Review. Asian-

Australasian J. Anim. Sci. 2018, 

31, 976–983, 

doi:10.5713/ajas.18.0233.

2. Parmawati, R.; Mashudi; Budiarto, 

A.; Suyadi; Kurnianto, A.S. 

Developing Sustainable Livestock 

Production by Feed Adequacy 

Map: A Case Study in Pasuruan, 

Indonesia. Trop. Anim. Sci. J. 

2018, 41, 67–76, 

doi:10.5398/tasj.2018.41.1.67.

3. ADB Policies to Support 

Investment Requirements of 

Indonesia’s Food and Agriculture 

Development During 2020-2045; 

2019; ISBN 9789292617479.

4. Tenrisanna, V.; Kasim, K. 

Livestock Farming Income 

Analysis of Farm Households in 

Indonesia. IOP Conf. Ser. Earth 

Environ. Sci. 2021, 788, 

doi:10.1088/1755 1315/788/1/012218.

5. Gygli, S.; Haelg, F.; Potrafke, N.; 

Sturm, J. The KOF Globalisation 

Index – Revisited Content 

Courtesy of Springer Nature , 

Terms of Use Apply . Rights 

Reserved . Content Courtesy of 

Springer Nature , Terms of Use 

Apply . Rights Reserved . 2019, 

543–574.

6. Cáceres, S.B. The Roles of 

Veterinarians in Meeting the 

Challenges of Health and Welfare 

of Livestock and Global Food 

Security. Vet. Res. forum  an Int. 

Q. J. 2012, 3, 155–157.

7. Ahmed, I.; Kasraian, K. 

Pharmaceutical Challenges in 

Veterinary Product Development. 

Adv. Drug Deliv. Rev. 2002, 54, 

871–882, doi:10.1016/S0169-

409X(02)00074-1.

8. Lavy, E.; Kirmayer, D.; 

Nudelman, Z.; Orenshtein-

Vilensky, L.; Rowan, T.G.; 

Shenderovich-Gefter, J.; 

Friedman, M. Aspects in 

Controlled Drug Delivery for 

Topical Applications in Veterinary 

Medicine. Vet. Anim. Sci. 2022, 

15, 100235, 

doi:10.1016/j.vas.2022.100235.

9. Vidhamaly, V.; Bellingham, K.; 

Newton, P.N.; Caillet, C. The 

Quality of Veterinary Medicines 

and Their Implications for One 

Health. BMJ Glob. Heal. 2022, 7, 

1–13, doi:10.1136/bmjgh-2022-

008564.

10. McDowell, A.; Beard, R.; 

Brightmore, A.; Lu, L.W.; McKay, 

A.; Mistry, M.; Owen, K.; Swan, 

E.; Young, J. Veterinary 

Pharmaceutics: An Opportunity 

for Interprofessional Education in 

New Zealand? Pharmaceutics 

2017, 9, 
doi:10.3390/pharmaceutics9030025.



170

Y. Herdiana et al / Indo J Pharm 6 (2025) 160-174

11. Martinez, M.N. Factors Influencing 

the Use and Interpretation of 

Animal Models in the Development 

of Parenteral Drug Delivery 

Systems. AAPS J. 2011, 13, 632–

 649, doi:10.1208/s12248-011-

9303-8.

12. Carvalho, S.G.; Silvestre, A.L.P.; 

Martins dos Santos, A.; Fonseca-

Santos, B.; Rodrigues, W.D.; 

Palmira Daflon Gremião, M.; 

Chorilli, M.; Villanova, J.C.O. 

Polymeric-Based Drug Delivery 

Systems for Veterinary Use: State 

of the Art. Int. J. Pharm. 2021, 

604, 

doi:10.1016/j.ijpharm.2021.12075

6.

13. Nair, A.; Jacob, S. A Simple 

Practice Guide for Dose 

Conversion between Animals and 

Human. J. Basic Clin. Pharm. 

2016, 7, 27, doi:10.4103/0976-

0105.177703.

14. Dione, M.M.; Amia, W.C.; Ejobi, 

F.; Ouma, E.A.; Wieland, B. 

Supply Chain and Delivery of 

Antimicrobial Drugs in 

Smallholder Livestock Production 

Systems in Uganda. Front. Vet. 

Sci. 2021, 8, 1–13, 

doi:10.3389/fvets.2021.611076.

15. Balzani, A.; Hanlon, A. Factors 

That Influence Farmers’ Views on 

Farm Animal Welfare: A Semi-

Systematic Review and Thematic 

Analysis. Animals 2020, 10, 1–25, 

doi:10.3390/ani10091524.

16. Hernandez-Patlan, D.; Tellez-

Isaias, G.; Hernandez-Velasco, X.; 

Solis-Cruz, B. Editorial: 

Technological Strategies to 

Improve Animal Health and 

Production. Front. Vet. Sci. 2023, 

10, 

doi:10.3389/fvets.2023.1206170.

17. Sardar, N.; Aziz, M.W.; Mukhtar, 

N.; Yaqub, T.; Anjum, A.A.; Javed, 

M.; Ashraf, M.A.; Tanvir, R.; 

Wolfe, A.J.; Schabacker, D.S.; et 

al. One Health Assessment of 

Bacillus Anthracis Incidence and 

Detection in Anthrax-Endemic 

Areas of Pakistan. 

Microorganisms 2023, 11, 1–14, 

doi:10.3390/microorganisms11102

462.

18. Juwita, S.; Purwanta, P.; 

Muflihanah, M.; Djatmikowati, 

T.F. Identification of Anthrax in 

Endemic Areas in South Sulawesi 

Province. J. Ris. Vet. Indones. 

(Journal Indones. Vet. Res. 2018, 

2, 50–55, 

doi:10.20956/jrvi.v2i2.4423.

19. Finke, E.J.; Beyer, W.; Loderstädt, 

U.; Frickmann, H. Review: The 

Risk of Contracting Anthrax from 

Spore-Contaminated Soil-A 

Military Medical Perspective. Eur. 

J. Microbiol. Immunol. 2020, 10, 

29–63, 

doi:10.1556/1886.2020.00008.

20. Bonville, C.; Domachowske, J. 

Anthrax BT  - Vaccines: A Clinical 

Overview and Practical Guide. In; 

Domachowske, J., Suryadevara, 

M., Eds.; Springer International 

Publishing: Cham, 2021; pp. 99–

109 ISBN 978-3-030-58414-6.

21. Alam, M.E.; Kamal, M.M.; 

Rahman, M.; Kabir, A.; Islam, 

M.S.; Hassan, J. Review of 

Anthrax: A Disease of Farm 

Animals. J. Adv. Vet. Anim. Res. 

2022, 9, 323–334, 

doi:10.5455/javar.2022.i599.

22. WHO Anthrax in Man and 

Animals. Anthrax humans Anim. 

2008, 4th ed., 1–208.



171

Y. Herdiana et al / Indo J Pharm 6 (2025) 160-174

23. Seid, K.; Shiferaw, A.M.; Yesuf, 

N.N.; Derso, T.; Sisay, M. 

Livestock Owners’ Anthrax 

Prevention Practices and Its 

Associated Factors in Sekota Zuria 

District, Northeast Ethiopia. BMC 

Vet. Res. 2020, 16, 1–8, 

doi:10.1186/s12917-020-2267-0.

24. Cheng, W.N.; Han, S.G. Bovine 

Mastitis: Risk Factors, 

Therapeutic Strategies, and 

Alternative Treatments  - A 

Review. Asian-Australasian J. 

Anim. Sci. 2020, 33, 1699–1713, 

doi:10.5713/ajas.20.0156.

25. Stanek, P.; Żółkiewski, P.; Januś, 

E. A Review on Mastitis in Dairy 

Cows Research: Current Status 

and Future Perspectives. Agric. 

2024, 14, 1–28, 

doi:10.3390/agriculture14081292.

26. Miles, A.M.; Huson, H.J. Graduate 

Student Literature Review: 

Understanding the Genetic 

Mechanisms Underlying 

Mastitis*. J. Dairy Sci. 2021, 104, 

1183–1191, 

doi:https://doi.org/10.3168/jds.202

0-18297.

27. Qolbaini, E.N.; Artika, I.M.; 

Safari, D. Detection of Subclinical 

Mastitis in Dairy Cows Using 

California Mastitis Test and Udder 

Pathogen. Curr. Biochem. 2014, 1, 

66–70, doi:10.29244/cb.1.2.66-70.

28. Ramuada, M.; Tyasi, T.L.; 

Gumede, L.; Chitura, T. A 

Practical Guide to Diagnosing 

Bovine Mastitis: A Review. Front. 

Anim. Sci. 2024, 5, 1–16, 

doi:10.3389/fanim.2024.1504873.

29. Asiva Noor Rachmayani The 

Occurrence(s) of Septicaema 

Epizootica in Bali Cattle at 

Kupang Regency in 2005 - 2011. 

J. Sain Vet. 2015, 30, 6.

30. Sulabda, I.N.; . S. Hemorrhagic 

Septicemia Vaccination Induced 

Changed Immunoglobulin G in 

Bali Cattle. Int. J. Vet. Sci. Anim. 

Husb. 2023, 8, 84–86, 

doi:10.22271/veterinary.2023.v8.i

1b.472.

31. Belutowe, Y.S. Diagnosa Penyakit 

Septicaemia Epizootica Pada Sapi 

Ternak. J. Teknol. Terpadu 2015, 

1, 50–54.

32. Seid, A. Review on Infectious 

Bovine Keratoconjunctivitis and 

Its Economic Impacts in Cattle. J. 

Dairy Vet. Sci. 2019, 9, 

doi:10.19080/jdvs.2019.09.555774

.

33. Maggs, D.J. Chapter 7 - 

Conjunctiva. In; Maggs, D.J., 

Miller, P.E., Ofri, R.B.T.-S.F. of 

V.O. (Fourth E., Eds.; W.B. 

Saunders: Saint Louis, 2008; pp. 

135–150 ISBN 978-0-7216-0561-

6.

34. Mahmood, A.; Shama, S.; Zhang, 

W. The Rising Challenge: 

Addressing the Pink Eye (Acute 

Conjunctivitis) Outbreak in  

Pakistan. Arch. Iran. Med. 2024, 

27, 347–349.

35. Kaur, G.; Seitzman, G.D.; 

Lietman, T.M.; McLeod, S.D.; 

Porco, T.C.; Doan, T.; Deiner, 

M.S. Keeping an Eye on Pink Eye: 

A Global Conjunctivitis Outbreak 

Expert Survey. Int. Health 2022, 

14, 542–544, doi:10.1093/in 

health/ihab049.

36. Rehman, A.; Abidi, S.M.A. 

Chapter 29 - Livestock Health: 

Current Status of Helminth 

Infections and Their Control for 

Sustainable Development. In; 

Sobti, R.C.B.T.-A. in A.E. and M., 

Ed.; Academic Press, 2022; pp. 

365–378 ISBN 978-0-323-90583-

1.



172

Y. Herdiana et al / Indo J Pharm 6 (2025) 160-174

37. Akhtar, M.S.; Iqbal, Z.; Khan, 

M.N.; Lateef, M. Anthelmintic 

Activity of Medicinal Plants with 

Particular Reference to Their Use 

in Animals in the Indo–Pakistan 

Subcontinent. Small Rumin. Res. 

2000, 38, 99–107, 

doi:https://doi.org/10.1016/S0921-

4488(00)00163-2.

38. Charlier, J.; De Waele, V.; 

Ducheyne, E.; van der Voort, M.; 

Vande Velde, F.; Claerebout, E. 

Decision Making on Helminths in 

Cattle: Diagnostics, Economics 

and Human  Behaviour. Ir. Vet. J. 

2015, 69, 14, doi:10.1186/s13620-

016-0073-6.

39. Arzt, J.; Juleff, N.; Zhang, Z.; 

Rodriguez, L.L. The Pathogenesis 

of Foot-and-Mouth Disease I: 

Viral Pathways in Cattle. 

Transbound. Emerg. Dis. 2011, 58, 

291–304, doi:10.1111/j.1865-

1682.2011.01204.x.

40. Corstjens, P.L.A.M.; Abrams, 

W.R.; Malamud, D. Saliva and 

Viral Infections. Periodontol. 

2000 2016, 70, 93–110, 

doi:10.1111/prd.12112.

41. Nandi, S.; Kumar, M.; Manohar, 

M.; Chauhan, R.S. Bovine Herpes 

Virus Infections in Cattle. Anim. 

Heal. Res. Rev. 2009, 10, 85–98, 

doi:10.1017/S1466252309990028.

42. Barlow, J. Mastitis Therapy and 

Antimicrobial Susceptibility: A 

Multispecies Review with a Focus 

on Antibiotic Treatment of 

Mastitis in Dairy Cattle. J. 

Mammary Gland Biol. Neoplasia 

2011, 16, 383–407, 

doi:10.1007/s10911-011-9235-z.

43. Ruegg, P.L. Making Antibiotic 

Treatment Decisions for Clinical 

Mastitis. Vet. Clin. North Am. 

Food Anim. Pract. 2018, 34, 413–

425, 

doi:10.1016/j.cvfa.2018.06.002.

44. Pardon, B.; Deprez, P. Rationele 

Antimicrobiële Therapie Voor 

Sepsis Bij Runderen in Het Licht 

van de Nieuwe Wetgeving over 

Kritisch Belangrijke Antibiotica. 

Vlaams Diergeneeskd. Tijdschr. 

2018, 87, 

doi:10.21825/vdt.v87i1.16094.

45. Deokate, U.A.; Lahane, S.B.; 

Sujeetkumar, A. Review on 

Anthelmintic Drugs. Int. J. Pharm. 

Res. 2014, 6, 1–7.

46. Vercruysse, J.; Claerebout, E. 

Treatment vs Non-Treatment of 

Helminth Infections in Cattle: 

Defining the Threshold. Vet. 

Parasitol. 2001, 98, 195–214, 

doi:https://doi.org/10.1016/S0304-

4017(01)00431-9.

47. Leung, A.K.C.; Lam, J.M.; 

Barankin, B.; Leong, K.F.; Hon, 

K.L. Hand, Foot, and Mouth 

Disease: A Narrative Review. 

Recent Adv. Inflamm. Allergy drug 

Discov. 2022, 16, 77–95, 

doi:10.2174/15701808206662210

24095837.

48. Wang, X.; Wang, Z.; Qi, Z.; Zhu, 

Y. Potential Therapeutic 

Substances for Hand-Foot-and-

Mouth Disease in the Interplay of 

Enteroviruses and Type I 

Interferon. Int. J. Antimicrob. 

Agents 2025, 65, 107464, 

doi:https://doi.org/10.1016/j.ijanti

micag.2025.107464.

49. Unde, J.S.; Ahirwar, K.; Kumar, 

A.; Ali Alshehri, S.; Wahab, S.; 

Kesharwani, P.; Shukla, R. 

Manoeuvring the Innovative Drug 

Delivery Systems for Veterinary 

Therapeutics: Present Day 

Demand. Eur. Polym. J. 2024, 215, 

113244, 

doi:https://doi.org/10.1016/j.eurpo

lymj.2024.113244.



173

Y. Herdiana et al / Indo J Pharm 6 (2025) 160-174

50. Albuquerque, J.; Neves, A.R.; Van 

Dorpe, I.; Fonseca, A.J.M.; 

Cabrita, A.R.J.; Reis, S. 

Production of Rumen- and 

Gastrointestinal-Resistant 

Nanoparticles to Deliver Lysine to 

Dairy Cows. Sci. Rep. 2023, 13, 

1–14, doi:10.1038/s41598-023-

43865-6.

51. Almassri, N.; Trujillo, F.J.; Terefe,  

and N.S. Microencapsulation 

Technology for Delivery of 

Enzymes in Ruminant Feed. 

Front. Vet. Sci. 2024, 10.3389, 1–

16, 

doi:10.3389/fvets.2024.1352375.

52. Schwestka, J.; Stoger, E. 

Microparticles and Nanoparticles 

from Plants-The Benefits of 

Bioencapsulation. Vaccines 2021, 

9, doi:10.3390/vaccines9040369.

53. Rodríguez-González, S.; 

González-Dávalos, L.; Robles-

Rodríguez, C.; Lozano-Flores, C.; 

Varela-Echavarría, A.; Shimada, 

A.; Mora-Izaguirre, O. Isolation of 

Bacterial Consortia with Probiotic 

Potential from the Rumen of  

Tropical Calves. J. Anim. Physiol. 

Anim. Nutr. (Berl). 2023, 107, 62–

76, doi:10.1111/jpn.13699.

54. Arowolo, M.A.; He, J. Use of 

Probiotics and Botanical Extracts 

to Improve Ruminant Production 

in the Tropics: A Review. Anim. 

Nutr. 2018, 4, 241–249, 

doi:https://doi.org/10.1016/j.aninu.

2018.04.010.

55. Wu, R.; Ji, P.; Hua, Y.; Li, H.; 

Zhang, W.; Wei, Y. Research 

Progress in Isolation and 

Identification of Rumen 

Probiotics. Front. Cell. Infect. 

Microbiol. 2024, 14, 1411482, 

doi:10.3389/fcimb.2024.1411482.

56. Estes, K.A.; Yoder, P.S.; Stoffel, 

C.M.; Hanigan, M.D. An 

57. Evaluation of the Validity of an in 

Vitro and an in Situ/in Vitro 

Procedure  for Assessing Protein 

Digestibility of Blood Meal, 

Feather Meal and a Rumen-

Protected Lysine Prototype. 

Transl. Anim. Sci. 2022, 6, 

txac039, doi:10.1093/tas/txac039.

57. Renu, S.; Han, Y.; Dhakal, S.; 

Lakshmanappa, Y.S.; Ghimire, S.; 

Feliciano-Ruiz, N.; Senapati, S.; 

Narasimhan, B.; Selvaraj, R.; 

Renukaradhya, G.J. Chitosan-

Adjuvanted Salmonella Subunit 

Nanoparticle Vaccine for Poultry 

Delivered through Drinking Water 

and Feed. Carbohydr. Polym. 

2020, 243, 116434, 

doi:https://doi.org/10.1016/j.carbp

ol.2020.116434.

58. MacLeod, D.L.; Prescott, J.F. The 

Use of Liposomally-Entrapped 

Gentamicin in the Treatment of 

Bovine  Staphylococcus Aureus 

Mastitis. Can. J. Vet. Res. = Rev. 

Can. Rech.  Vet. 1988, 52, 445–

450.

59. Dorati, R.; Conti, B.; Colzani, B.; 

Dondi, D.; Lazzaroni, S.; Modena, 

T.; Genta, I. Ivermectin Controlled 

Release Implants Based on Poly-

D,l-Lactide and Poly-ε-

Caprolactone. J. Drug Deliv. Sci. 

Technol. 2018, 46, 101–110, 

doi:https://doi.org/10.1016/j.jddst.

2018.04.014.

60. Tong, J.; Liu, Z.; Zhou, K.; Wang, 

K.; Guo, S.; Zhang, H. 

Thermosensitive Bovine 

Lactoferricin-Loaded Chitosan 

Hydrogels for Sustained 

Antibacterial Release: An 

Alternative to Antibiotics for 

Treating Bovine Mastitis. Int. J. 
Biol. Macromol. 2025, 303, 140673, 

doi:https://doi.org/10.1016/j.ijbiomac.

2025.140673.



174

Y. Herdiana et al / Indo J Pharm 6 (2025) 160-174

62. Uddin, A.H.M.M.; Song, Y.; Garg, 

S.; Petrovski, K.R.; Kirkwood, 

R.N. Control of Ovarian Function 

Using Non-Injection Technologies 

for GnRH Administration. J. Drug 

Deliv. Sci. Technol. 2023, 84, 

104502, 

doi:https://doi.org/10.1016/j.jddst.

2023.104502.

63. Herdiana, Y. Polymeric Rumen-

Stable Delivery Systems for 

Delivering Nutricines. 2025, 15, 

565–593, 

doi:10.5455/OVJ.2025.v15.i2.7.

64. Mohamed, D.; ELbalkiny, H.T. 

Application of Solidified Floating 

Organic Droplet Dispersive 

Liquid-Liquid Microextraction for 

Determination of Veterinary 

Antibiotic Residues in Milk 

Samples with Greenness 

Assessment. Microchem. J. 2023, 

193, 109153, 

doi:https://doi.org/10.1016/j.micro

c.2023.109153.

65. Ozcan, U.; Tutuncu, M. The Effect 

of Florfenicol Given by 

Nebulization in the Treatment of 

Naturally Infected Calves With 

Bovine Respiratory Disease 

Complex: Randomized Clinical 

Study. Vet. Med. Sci. 2025, 11, 1–

10, doi:10.1002/vms3.70238.

66. Jia, Y.; Joly, H.; Omri, A. 

Liposomes as a Carrier for 

Gentamicin Delivery: 

Development and Evaluation of 

the Physicochemical Properties. 

Int. J. Pharm. 2008, 359, 254–263, 

doi:https://doi.org/10.1016/j.ijphar

m.2008.03.035.

67. Dorati, R.; Genta, I.; Colzani, B.; 

Modena, T.; Bruni, G.; Tripodo, 

G.; Conti, B. Stability Evaluation 

of Ivermectin-Loaded 

Biodegradable Microspheres. 

AAPS PharmSciTech 2015, 16, 

1129–1139, doi:10.1208/s12249-

015-0305-1.

68. Hassanein, E.M.; Szelényi, Z.; 

Szenci, O. Gonadotropin-

Releasing Hormone (GnRH) and 

Its Agonists in Bovine 

Reproduction I:  Structure, 

Biosynthesis, Physiological 

Effects, and Its Role in Estrous 

Synchronization. Anim.  an open 

access J. from MDPI 2024, 14, 

doi:10.3390/ani14101473.

69. Jahanbekam, S.; Asare-Addo, K.; 

Alipour, S.; Nokhodchi, A. Smart 

Hydrogels and the Promise of 

Multi-Responsive in-Situ Systems. 

J. Drug Deliv. Sci. Technol. 2025, 

107, 106758, 

doi:https://doi.org/10.1016/j.jddst.

2025.106758.


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15

