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The widespread use of antibiotics in livestock production has raised serious concerns regarding antibiotic residues in animal-derived food products such as milk, meat, eggs, and honey. This study evaluates antibiotic residue management practices and quality control measures implemented during 2021–2025 at Krishi Vigyan Kendra (KVK), Delhi. The research integrates field-level observations, farmer awareness programs, residue monitoring strategies, and regulatory interventions. Findings indicate that irrational antibiotic use, lack of withdrawal period adherence, and inadequate testing infrastructure contribute to residue contamination. However, recent regulatory measures, including stricter bans and farmer training initiatives, have significantly improved quality control. The study highlights the need for integrated surveillance, awareness, and technological interventions to ensure food safety and combat antimicrobial resistance (AMR).
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1. Introduction
Livestock production plays a vital role in India’s agricultural economy, contributing significantly to nutrition and rural livelihoods. However, the extensive use of antibiotics for therapeutic, prophylactic, and growth-promoting purposes has resulted in the accumulation of antibiotic residues in food products.
India is among the top consumers of antibiotics in livestock, and misuse has contributed to antimicrobial resistance (AMR), a major global public health concern . Residues in milk, meat, and eggs can transfer resistant bacteria to humans through the food chain. India today, stands first in the area of milk production at the world level, with an annual growth rate of about 4% (Singh et. al., 2012). The productive improvements among dairying animals can be made through proper management, feeding and handling, etc (Singh et. al., 2013). Goat population of our country increased from 47.14 million in the year 1951 to 124.5 million during 2005 (Singh and Sharma, 2013a). Improvement can be made through proper management, feeding, handling and other environmental conditions which will influence expression of characters but a limit of which is set by heredity of individual (Singh et. al., 2013b). Goats are integer part of livestock production and play a vital role in the socio-economic structure of rural poor (Singh and Sharma, 2014). Various government and non-government organization have also recognized the importance of poultry farming as employment generating enterprise and are engaged in motivating more and more entrepreneurs to take up this enterprise (Singh et. al., 2014a). Goats play a vital socio-economic role in Asian agriculture, particularly for resource poor people living in harsh environment (Singh et. al., 2014b). The global goat population currently stands at 921 million, of which over 90% are found in developing countries (Singh et. al., 2014c). This benefit is often not shown in national statistics because of informal trading and slaughtering (Singh et. al., 2014d). Goat milk contains less lactose than cow’s milk, so is less likely to trigger lactose intolerance. The milk is naturally homogenized since it lacks the protein agglutinin (Singh et. al., 2014e). The goat was domesticated as early as 6-7 BC, as evidenced by archaeological remains collected in western Asia (Singh et. al., 2014f). Major population of India is primarily depends on agricultural based system for their daily life including goat keeping that constitute an important rural business of small marginal farmers and landless labours (Singh et. al., 2014g). Reproductive management of an animal is governed through a number of parameters, viz. age at first conception, age at first calving and first gestation length etc (Singh et. al., 2014h). Goat milk contains less lactose than cow’s milk, so is less likely to trigger lactose intolerance (Singh and Sharma, 2015). 
Krishi Vigyan Kendras (KVKs), including KVK Delhi, play a crucial role in disseminating scientific knowledge, training farmers, and promoting safe livestock practices. Between 2021 and 2025, KVK Delhi implemented several initiatives focusing on livestock health management, disease control, and production of quality animal products.
3. Materials and Methods
The present study was carried out at the Krishi Vigyan Kendra (KVK), Delhi, focusing on peri-urban livestock production systems. The study area encompassed dairy farms, poultry units, and small livestock holders located in the fringe zones of Delhi, where rapid urbanization intersects with agricultural practices. These peri-urban systems are characterized by intensive production, close market linkages, and frequent veterinary interventions, making them highly relevant for studying antimicrobial usage and residue prevalence. The selected farms were actively associated with KVK training and extension programs conducted between 2021 and 2025, ensuring regular interaction with scientific advisory services and improved management practices.
A combination of primary and secondary data sources was utilized to achieve the study objectives. Primary data were collected through structured farmer surveys and personal interviews. The survey instrument was designed to capture information on farm management practices, antimicrobial usage patterns, awareness levels regarding withdrawal periods, and adherence to veterinary guidelines. Farmers were selected using purposive sampling to ensure representation of different livestock categories, including dairy cattle, poultry, and small ruminants. In-depth interviews were conducted with selected respondents to gain qualitative insights into decision-making processes related to antimicrobial use.
Secondary data were obtained from KVK training records, extension reports, and farm advisory documents maintained during the study period. These records provided valuable information on the frequency and content of training programs, farmer participation, and dissemination of best practices related to animal health and food safety.
For laboratory analysis, representative samples of milk, meat, and eggs were collected from the selected farms following standard hygienic procedures. Samples were transported under cold chain conditions to the laboratory for analysis. Residue detection was carried out using advanced chromatographic techniques, including High-Performance Liquid Chromatography (HPLC) and Liquid Chromatography–Mass Spectrometry (LC-MS). These methods were employed due to their high sensitivity, specificity, and reliability in detecting trace levels of antimicrobial residues in animal-derived food products.
In addition to chemical analysis, microbial inhibition assays were performed as a screening tool to detect the presence of antimicrobial residues. These bioassays provided a cost-effective and rapid method for identifying samples with potential contamination, which were then subjected to confirmatory chromatographic analysis.
The collected data were systematically compiled and subjected to statistical analysis for trend evaluation over the study period (2021–2025). Descriptive statistics, including means, frequencies, and percentages, were used to summarize the data, while inferential statistical methods were applied to assess temporal trends and associations between variables. The integration of field survey data, laboratory findings, and statistical analysis enabled a comprehensive assessment of antimicrobial residue occurrence and associated risk factors in peri-urban livestock production systems of Delhi.
4. Results and Discussion
4.1 Antibiotic Usage Patterns
The findings presented in Table 1 reveal a critical issue highlighted by the data is the high percentage (60–70%) of farmers administering antibiotics without veterinary consultation. This suggests a significant gap in access to professional animal healthcare services, or alternatively, a lack of trust or awareness regarding the importance of veterinary guidance. Farmers often depend on prior experience, peer advice, or recommendations from local drug sellers, which can lead to inappropriate drug selection, incorrect dosages, and improper duration of treatment. Such practices not only compromise animal health but also increase the likelihood of antibiotic residues entering the food chain (Singh et. al., 2023). 
The low level of awareness regarding withdrawal periods (only 30–40% of farmers) is another serious concern. Withdrawal periods are essential to ensure that antibiotic residues in milk, meat, and eggs fall below permissible limits before these products are consumed. The lack of knowledge or disregard for these guidelines can result in contaminated animal products reaching consumers, posing potential health risks such as allergic reactions, toxicity, and the development of resistant bacterial strains in humans. This gap underscores the need for targeted extension education and training programs (Singh, G., 2024).
Table 1: Antibiotic Usage Patterns in Livestock Farming
	Parameter
	Observation (%) / Description

	Common antibiotics used
	Tetracycline, Ciprofloxacin, Sulfonamides

	Use without veterinary advice
	60–70% farmers

	Awareness of withdrawal period
	Only 30–40% farmers aware

	Use in non-bacterial diseases
	Frequently observed

	Source of antibiotics
	Local veterinary stores, informal supply



4.2 Antibiotic Residues in Livestock Products
The results presented in Table 2 provide important insights into milk samples exhibited the highest residue detection rate (18–25%), with contamination levels categorized as moderate. This finding is particularly significant because milk is a staple food consumed daily across all age groups. The presence of residues in milk strongly suggests the routine administration of antibiotics in dairy cattle without strict adherence to recommended withdrawal periods. In many cases, lactating animals continue to be milked and their produce marketed even during treatment. Additionally, the use of antibiotics for conditions such as mastitis—often treated empirically without laboratory confirmation—may contribute to repeated exposure and residue persistence. These practices not only compromise milk quality but also pose public health risks, including allergic reactions and the gradual development of antimicrobial resistance in consumers (Singh et. al., 2024a).
Poultry products showed residue detection levels ranging from 12–20%, also classified as moderate. This pattern reflects the intensive nature of broiler production systems, where antibiotics are frequently used for growth promotion, disease prevention, and treatment under high-density rearing conditions. The relatively short production cycle of broilers often leads to insufficient withdrawal periods before slaughter, increasing the likelihood of residues in meat. Furthermore, the integration of medicated feed and water systems can result in uniform but uncontrolled drug exposure across flocks. These findings highlight the need for stricter monitoring of antibiotic use in poultry farming and greater emphasis on alternative health management strategies such as biosecurity and vaccination (Singh et. al., 2024a).
Environmental samples, though showing comparatively lower residue levels, are equally important from a long-term sustainability perspective. Soil samples recorded residue detection rates of 10–15%, with contamination levels ranging from low to moderate. This can largely be attributed to the application of livestock manure as fertilizer in agricultural fields. Since a significant proportion of administered antibiotics is excreted unmetabolized, these compounds enter the soil ecosystem, where they may persist and affect microbial communities. Over time, this can lead to the selection of resistant bacteria in the soil, which may transfer resistance genes to other organisms, thereby amplifying the antimicrobial resistance problem beyond farm boundaries (Singh, G., 2019a).
Water samples showed the lowest residue detection rates (8–12%), categorized as low contamination. However, even low levels of antibiotics in water bodies are concerning due to their continuous input and cumulative effects. Runoff from farms, improper disposal of animal waste, and leaching from manure-treated fields are likely sources of contamination. Water acts as a key medium for the dissemination of antibiotic residues and resistant microorganisms, potentially affecting not only livestock but also human populations relying on these water sources. The presence of residues in water also indicates gaps in waste management practices and highlights the need for improved infrastructure to handle farm effluents (Singh et. al., 2024b). 
Table 2: Detection of Antibiotic Residues in Samples
	Sample Type
	Residue Detection (%)
	Level of Contamination
	Source of Contamination

	Milk
	18–25%
	Moderate
	Direct antibiotic use in dairy cattle

	Poultry products
	12–20%
	Moderate
	Broiler production practices

	Soil
	10–15%
	Low to Moderate
	Manure application

	Water
	8–12%
	Low
	Runoff and waste disposal



4.3 Quality Control Measures at KVK Delhi
The interventions summarized in Table 3 highlight the proactive and multifaceted role played by Krishi Vigyan Kendra (KVK), Delhi, in addressing the challenges of antibiotic residue management and improving quality control in livestock production systems. The varying levels of impact observed across different intervention areas reflect both the effectiveness of extension strategies and the complexity of behavioral change among farming communities (Singh and Somvanshi, 2020a).
Farmer training programs, which included workshops and field visits, demonstrated a high level of impact, underscoring the importance of direct, experiential learning in influencing farmer behavior. These training sessions likely provided practical, context-specific knowledge on judicious antibiotic use, disease management, and safe livestock practices. Field visits, in particular, offer farmers the opportunity to observe successful models and interact with experts, thereby enhancing their confidence in adopting recommended practices. The high impact suggests that when farmers are actively engaged and provided with hands-on exposure, they are more likely to internalize and implement improved management strategies (Singh and Singh, 2020).
The promotion of withdrawal periods through awareness sessions and printed guidelines showed a moderate to high level of impact. This indicates that while knowledge dissemination has been partially successful, challenges remain in translating awareness into consistent practice. Farmers may understand the concept of withdrawal periods but still face economic pressures that compel them to sell milk or meat before the recommended time has elapsed. Additionally, literacy levels and the accessibility of information materials may influence the effectiveness of printed guidelines. This finding suggests the need for more innovative communication strategies, such as visual aids, mobile-based reminders, or incentive-based compliance systems, to reinforce adherence (Singh, G. 2019). 
AMR (antimicrobial resistance) awareness campaigns, conducted through seminars and extension programs, achieved a high impact, reflecting the growing recognition of AMR as a serious issue among livestock farmers. These campaigns likely emphasized the long-term consequences of indiscriminate antibiotic use, not only for animal health but also for human well-being. The high impact indicates that farmers are receptive to messages that connect their practices with broader public health outcomes. However, sustained engagement and periodic reinforcement are essential to ensure that this awareness translates into long-term behavioral change (Singh and Sharma, 2017d).
Interventions promoting hygienic dairy practices, including demonstrations and the establishment of model farms, also showed a high level of impact. These efforts likely contributed to reducing the incidence of infections such as mastitis, thereby decreasing the need for antibiotic use in the first place. By focusing on preventive measures, KVK has effectively addressed the root cause of antibiotic dependency. Demonstrations of clean milking techniques, proper sanitation, and animal housing management provide tangible benefits to farmers, including improved productivity and product quality, which further motivate adoption (Singh et. al., 2024d).
In contrast, the promotion of alternative approaches such as probiotics and herbal remedies yielded a moderate level of impact. While these alternatives offer promising avenues for reducing antibiotic use, their adoption may be limited by factors such as lack of familiarity, perceived efficacy, availability, and cost. Farmers may be hesitant to replace conventional antibiotics with less well-known options, especially in cases of severe disease. This highlights the need for more rigorous field demonstrations, scientific validation, and extension support to build trust in these alternatives. Additionally, integrating traditional knowledge with modern scientific approaches could enhance acceptance among local communities (Singh et. al., 2017c).
Table 3: Quality Control Interventions by KVK Delhi
	Intervention Area
	Activities Conducted
	Impact Level

	Farmer training
	Workshops, field visits
	High

	Withdrawal period promotion
	Awareness sessions, printed guidelines
	Moderate to High

	AMR awareness campaigns
	Seminars, extension programs
	High

	Hygienic dairy practices
	Demonstrations, model farms
	High

	Alternative approaches
	Promotion of probiotics and herbal remedies
	Moderate



4.4 Regulatory Framework (2021–2025)
The regulatory developments outlined in Table 4 represent a significant shift toward strengthening antibiotic stewardship and ensuring food safety in livestock production systems in India during the period 2021–2025. These policy measures address both the supply side (availability and regulation of drugs) and the demand side (usage practices at the farm level), thereby creating a more structured framework for controlling antibiotic residues and mitigating antimicrobial resistance (AMR). The ban on colistin use in livestock is one of the most critical interventions in this period. Colistin is considered a last-resort antibiotic in human medicine, particularly for treating multidrug-resistant infections. Its previous use in livestock, especially as a growth promoter or prophylactic agent, posed a serious risk of transferring resistance from animals to humans through the food chain and environment. By restricting its use, the regulation aims to preserve the efficacy of this vital drug. The expected outcome of reduced AMR risk is highly significant; however, its success depends on strict enforcement and the availability of safer alternatives for farmers. Without adequate awareness and monitoring, there remains a possibility of continued informal or illegal usage (Singh et. al., 2018).
The restriction on irrational drug combinations is another important regulatory step. In many livestock settings, fixed-dose combinations of antibiotics—often lacking scientific justification—were commonly used due to aggressive marketing and ease of administration. These combinations can lead to inappropriate dosing, increased side effects, and accelerated development of resistance. By prohibiting such combinations, the policy seeks to promote rational drug use and encourage evidence-based veterinary practices. This measure is expected to reduce misuse at the farm level, but its effectiveness will rely on the vigilance of regulatory authorities and the cooperation of pharmaceutical suppliers and veterinarians (Singh and Sharma, 2017b).
The introduction and strengthening of food safety regulations during 2024–25, particularly those setting limits on antibiotic residues in animal-derived food products, mark a critical advancement in consumer protection. These regulations likely align with international standards for maximum residue limits (MRLs) and emphasize the importance of monitoring milk, meat, and eggs before they reach the market. The expected outcome of improved consumer safety is directly linked to public health, as it reduces exposure to harmful residues and helps prevent the development of antibiotic-resistant bacteria in humans. However, implementing these standards uniformly across diverse and often fragmented livestock systems remains a challenge, especially in peri-urban and smallholder contexts (Singh et. al., 2017a).  
The strengthening of monitoring systems, including regular testing and surveillance, is a foundational component that supports all other regulatory measures. Effective monitoring ensures that policies are not merely theoretical but are actively enforced through data-driven mechanisms. Regular sampling of livestock products and environmental matrices, coupled with laboratory analysis, enables early detection of violations and helps identify high-risk areas or practices. This, in turn, facilitates targeted interventions and policy refinement. The expected outcome of better compliance is contingent upon the availability of adequate laboratory infrastructure, trained personnel, and transparent reporting systems. In regions where such resources are limited, the impact of monitoring may be uneven (Singh et. al., 2017).
Taken together, the regulatory developments in Table 4 reflect a comprehensive approach to tackling antibiotic misuse and residue contamination. While each policy has its specific focus, their combined effect is to create a more accountable and scientifically guided livestock production system. However, the transition from policy to practice is influenced by several factors, including farmer awareness, economic constraints, accessibility of veterinary services, and the strength of enforcement mechanisms. For these regulations to achieve their intended outcomes, they must be complemented by continuous education, stakeholder engagement, and incentives for compliance (Singh and Sharma, 2016b). 
Table 4: Key Regulatory Developments (2021–2025)
	Regulation/Policy
	Description
	Expected Outcome

	Ban on colistin
	Restricted use in livestock
	Reduced AMR risk

	Drug combination restrictions
	Prohibition of irrational combinations
	Controlled misuse

	Food safety regulations (2024–25)
	Limits on antibiotic residues in food products
	Improved consumer safety

	Strengthened monitoring systems
	Regular testing and surveillance
	Better compliance


4.5 Role of KVK Delhi
The contributions of Krishi Vigyan Kendra (KVK), Delhi, as presented in Table 5, illustrate a comprehensive extension-driven approach toward improving antibiotic residue management and enhancing the quality of livestock-derived products. Unlike isolated interventions, the activities listed here reflect a continuum of capacity development, technology transfer, and on-ground support that collectively influence farmer behavior and production outcomes.
Capacity building through training and skill development programs emerges as a foundational intervention with far-reaching implications. By equipping farmers with scientific knowledge on disease diagnosis, judicious antibiotic use, and residue risks, these programs directly address the knowledge gaps identified in earlier tables. Improved awareness is not merely informational; it fosters a shift in mindset from reactive treatment to preventive health management. Over time, such awareness contributes to more responsible decision-making, reducing the likelihood of indiscriminate antibiotic use and encouraging compliance with recommended practices such as withdrawal periods.
Field demonstrations provide a critical bridge between knowledge and practice. While training sessions introduce concepts, demonstrations allow farmers to observe tangible results under real or simulated farm conditions. The exposure to best practices—such as hygienic milking, proper housing, balanced feeding, and biosecurity measures—enhances farmers’ confidence in adopting these methods. The observed outcome of increased adoption suggests that experiential learning plays a key role in overcoming resistance to change, especially in traditional farming systems where practices are often guided by habit and local norms.
On-farm testing represents a more participatory and adaptive approach to innovation. By evaluating alternative practices directly within farmers’ own production environments, KVK ensures that recommendations are context-specific and practically feasible. This is particularly important in promoting alternatives to antibiotics, such as probiotics, herbal formulations, and improved management practices. The reported reduction in antibiotic dependence indicates that when farmers witness the effectiveness of such alternatives under their own conditions, they are more willing to integrate them into routine management. This approach also generates locally relevant data, which can further refine extension strategies.
Advisory services constitute an ongoing support mechanism that reinforces the impact of training and demonstrations. Access to expert guidance enables farmers to make informed decisions in real time, particularly during disease outbreaks or management challenges. Personalized advice helps in selecting appropriate treatments, determining correct dosages, and avoiding unnecessary antibiotic use. The outcome of better disease management reflects the importance of continuous engagement rather than one-time interventions. It also highlights the role of KVK as a trusted knowledge hub within the farming community.
The promotion of integrated livestock systems adds a broader sustainability dimension to KVK’s contributions. By encouraging holistic farming approaches that combine crop and livestock enterprises, nutrient recycling, and efficient resource use, these systems reduce dependency on external inputs, including antibiotics. Healthier animals, maintained under balanced and stress-free conditions, are less prone to disease, thereby lowering the need for therapeutic interventions. The outcome of sustainable production indicates that addressing antibiotic residue issues is not solely a matter of regulating drug use but also of improving the overall resilience and efficiency of farming systems (Singh and Sharma, 2016a).
Table 5: Contributions of KVK Delhi
	Activity
	Description
	Outcome

	Capacity building
	Training and skill development programs
	Improved farmer awareness

	Field demonstrations
	Practical exposure to best practices
	Adoption of improved methods

	On-farm testing
	Evaluation of alternative practices
	Reduced antibiotic dependence

	Advisory services
	Expert guidance to farmers
	Better disease management

	Integrated livestock systems
	Holistic farming approaches
	Sustainable production



4.6 Challenges Identified
The challenges summarized in Table 6 reveal structural and behavioral bottlenecks that continue to undermine effective antibiotic residue management in livestock systems associated with KVK Delhi. These constraints are interconnected, and their cumulative effect limits the impact of otherwise well-designed interventions and regulatory measures.
Limited laboratory infrastructure emerges as one of the most critical barriers, with a high impact on residue monitoring and quality control. The inadequacy of testing facilities restricts the capacity for routine, large-scale screening of milk, meat, eggs, and environmental samples. As a result, residue detection often remains sporadic, delayed, or confined to research settings rather than being integrated into regular surveillance systems. This gap weakens the feedback loop necessary for enforcement and corrective action. Without timely and reliable data, it becomes difficult to identify contamination hotspots, assess compliance with standards, or build accountability among stakeholders. Furthermore, limited access to advanced analytical tools such as HPLC or LC-MS in regional laboratories increases dependence on centralized facilities, leading to logistical delays and higher costs.
Poor farmer awareness is another high-impact challenge that directly influences antibiotic usage patterns. Despite ongoing extension efforts, a substantial proportion of farmers still lack a clear understanding of appropriate drug selection, dosage, duration, and the importance of withdrawal periods. This knowledge gap is often compounded by low literacy levels, limited access to credible information sources, and reliance on informal networks for advice. As a result, antibiotics are frequently used as a first-line response to a wide range of health issues, including non-bacterial conditions. The persistence of such practices indicates that awareness programs need to move beyond general information dissemination toward more targeted, context-specific, and behavior-oriented communication strategies.
The over-the-counter (OTC) availability of antibiotics represents a systemic issue with high impact, as it facilitates easy and often unregulated access to veterinary drugs. In many cases, farmers can purchase antibiotics directly from local veterinary stores or informal suppliers without a valid prescription. This not only encourages self-medication but also bypasses professional oversight, increasing the likelihood of misuse. The commercial incentives of drug sellers may further exacerbate the problem, as sales are prioritized over responsible dispensing. This challenge highlights the need for stricter regulation of drug distribution channels, improved licensing systems, and accountability mechanisms for suppliers.
Weak enforcement of existing regulations, particularly regarding withdrawal periods, is identified as having a moderate impact, though its implications are significant. While policies and guidelines may be in place, their implementation at the field level is often inconsistent. Factors such as limited manpower, inadequate monitoring systems, and lack of penalties for non-compliance contribute to this gap. Additionally, economic pressures on farmers—such as the need for immediate income—can discourage adherence to withdrawal periods, especially in the absence of incentives or compensation mechanisms. This results in the continued entry of residue-contaminated products into the market, undermining consumer safety and public trust (Singh and Sharma, 2015b).
Importantly, these challenges do not operate in isolation but reinforce one another. For instance, poor awareness combined with easy OTC access creates an environment conducive to misuse, while limited laboratory capacity and weak enforcement reduce the likelihood of detection and accountability. Addressing these issues therefore requires an integrated approach that combines infrastructure development, regulatory strengthening, and behavioral change interventions  (Singh and Sharma, 2016).
Table 6: Key Challenges in Antibiotic Residue Management
	Challenge
	Description
	Impact Level

	Limited lab infrastructure
	Inadequate testing facilities
	High

	Poor farmer awareness
	Lack of knowledge on antibiotic use
	High

	OTC availability of antibiotics
	Easy purchase without prescription
	High

	Weak enforcement
	Non-compliance with withdrawal periods
	Moderate



4.7 Emerging Technologies for Residue Management
The emerging technologies presented in Table 7 reflect a progressive shift from conventional, reactive approaches to more proactive and technology-driven strategies for antibiotic residue management. These innovations not only enhance the efficiency of detection and mitigation but also address the root causes of antibiotic misuse in livestock production systems. Their integration into extension frameworks such as those of KVK Delhi has the potential to significantly strengthen both quality control and environmental sustainability.
Nanosorbents, highlighted for their application in the removal of antibiotic residues from wastewater, represent a promising advancement in environmental remediation. These materials, often engineered at the nanoscale, possess a high surface area and strong adsorption capacity, enabling them to effectively bind and remove residual antibiotics from effluents generated by livestock farms. The high efficiency and eco-friendly nature of nanosorbents make them particularly suitable for addressing contamination in water and soil systems, as identified in earlier tables. Their use can reduce the environmental load of antibiotics, thereby limiting the spread of antimicrobial resistance through ecological pathways. However, challenges such as cost, scalability, and the safe disposal of used nanosorbents need to be addressed before widespread adoption can be achieved (Belwal, et. al., 2023).
Rapid detection kits offer a practical solution for field-level monitoring of antibiotic residues, bridging the gap created by limited laboratory infrastructure. These kits enable farmers, extension workers, and regulatory personnel to conduct on-site testing of milk, meat, and other samples with minimal technical expertise. The ability to obtain quick and reliable results facilitates timely decision-making, such as withholding contaminated products from the market or identifying non-compliance with withdrawal periods. This technology empowers stakeholders at the grassroots level and enhances the overall responsiveness of the monitoring system. Nevertheless, the accuracy and sensitivity of these kits compared to standard laboratory methods must be continuously validated to ensure reliability.
Precision livestock farming (PLF) introduces a data-driven approach to animal health management, with significant implications for reducing antibiotic misuse. Through the use of sensors, automated monitoring systems, and data analytics, PLF enables real-time tracking of animal behavior, health indicators, and environmental conditions. Early detection of disease symptoms allows for targeted interventions, reducing the need for blanket antibiotic treatments. Additionally, precise monitoring of treatment regimens ensures correct dosing and adherence to recommended protocols, thereby minimizing the risk of residue formation. The adoption of PLF technologies can transform livestock farming from a reactive to a preventive system, improving both productivity and animal welfare. However, barriers such as high initial investment, technical complexity, and limited digital literacy among farmers may hinder its widespread implementation, particularly in smallholder settings.
Collectively, these emerging technologies complement existing regulatory and extension efforts by providing innovative tools for both prevention and control of antibiotic residues. While nanosorbents address environmental contamination, rapid detection kits enhance monitoring capabilities, and precision livestock farming tackles the issue at the source by optimizing animal health management. Their combined application can create a more integrated and efficient residue management system.
In conclusion, the technologies outlined in Table 7 demonstrate significant potential to overcome some of the key challenges identified in earlier analyses, particularly those related to monitoring limitations and misuse of antibiotics. However, their successful adoption will depend on factors such as cost-effectiveness, accessibility, farmer training, and institutional support. Integrating these technologies into existing extension programs, along with policy incentives and capacity-building initiatives, will be essential to fully realize their benefits and ensure sustainable improvements in livestock production and food safety (Singh and Sharma, 2015a).
Table 7: Emerging Technologies in Residue Management
	Technology
	Application
	Benefits

	Nanosorbents
	Removal of residues from wastewater
	High efficiency, eco-friendly

	Rapid detection kits
	Field-level residue testing
	Quick and reliable results

	Precision livestock farming
	Monitoring animal health and treatment
	Reduced antibiotic misuse


6. Conclusion
The study concludes that antibiotic residue contamination remains a significant issue in livestock-derived food products in Delhi. However, interventions by KVK Delhi during 2021–2025 have improved awareness and quality control practices. Strengthening regulatory enforcement, farmer education, and advanced monitoring technologies is essential to ensure safe food production and mitigate AMR risks.
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