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			Abstract | Ensuring food safety is paramount in the extraction of bioactive compounds, aiming for optimal bioavailability and enhanced stability throughout the processing stages. This review aims to explore the critical relationship between food safety measures and the extraction of bioactive compounds, to ensure optimal bioavailability and enhanced stability throughout processing stages. Ensuring food safety is paramount in the extraction of bioactive compounds, aiming for optimal bioavailability and enhanced stability throughout the processing stages. This abstract delves into the crucial nexus between food safety measures and the extraction process, recognising its pivotal role in delivering bioactive compounds with maximum efficacy. Rigorous adherence to stringent hygiene practices, cutting-edge technologies, and robust quality control mechanisms emerges as a fundamental approach. The personnel involved in the extraction process must undergo comprehensive training to uphold the highest cleanliness and procedural adherence standards. Facility design and adherence to regulatory standards are crucial in minimising risks associated with microbial contamination, chemical residues, and allergens. Continuous monitoring of environmental conditions, documentation, and traceability systems is are essential component of a holistic safety framework. The dynamic relationship between food safety and bioavailability is explored, emphasising the need for a comprehensive approach throughout the supply chain, from raw material cultivation to final processing. The integration of advanced technologies, such as supercritical fluid extraction and innovative filtration methods, is pivotal in elevating safety and efficacy. The pursuit of food safety in bioactive compound extraction is positioned as more than a regulatory requirement; it is an integral aspect of delivering products that align with evolving consumer expectations for safety, efficacy, and overall well-being. The recommendations presented serve as a guide for industry stakeholders, researchers, and policymakers in establishing and maintaining the highest standards of food safety in the quest for optimal bioavailability and improved stability in bioactive compound processing. 
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			Introduction 

			Bioactive compounds are naturally occurring molecules that exert specific physiological effects on living organisms, including humans. Derived from plants, animals, or microorganisms, these compounds contribute to health and well-being. Notable types include phytochemicals, such as flavonoids and alkaloids, found in plants and offering diverse benefits. Antioxidants, like vitamin C and polyphenols, combat oxidative stress (Ye et al., 2025a). With categories like terpenoids, sterols, and saponins, bioactive compounds showcase a rich diversity, each type uniquely supporting various aspects of human health. Bioactive compounds are pivotal in promoting health through their diverse physiological effects. Found in various foods, they contribute to the prevention of chronic diseases, bolster the immune system, and support overall well-being. Incorporating bioactive-rich diets is essential for harnessing the nutritional benefits that positively impact human health. Natural sources like fruits, vegetables, and herbs are rich in bioactive compounds. For instance, citrus fruits contain flavonoids, broccoli provides glucosinolates, and turmeric contains curcumin (Kusmayadi et al., 2021). 

			Bioactive chemicals are extracted from natural sources using a variety of extraction procedures, such as solvent extraction and supercritical fluid extraction. In solvent extraction, the target chemicals are dissolved and separated using organic solvents such as ethanol or hexane. Supercritical fluid extraction, on the other hand, makes use of supercritical fluids, frequently carbon dioxide, which combine the characteristics of both gas and liquid, increasing the extraction efficiency. Efficiency and safety are the two most important factors to compare extraction techniques. Despite its effectiveness, solvent extraction can be dangerous since some solvents are combustible. Supercritical fluid extraction is frequently seen as safer since it is a cleaner and more ecologically friendly procedure (Geada et al., 2021). 

			Various factors influence the bioavailability of extracted compounds, including their chemical form, formulation, and interactions with other components during digestion. The compound’s solubility, stability, and molecular size also play crucial roles in determining its bioavailability. Methods to enhance bioavailability involve optimizing formulations, employing nanotechnology for improved delivery systems, and considering the co-administration of certain compounds to enhance absorption. Emphasizing these strategies ensures that bioactive compounds are effectively absorbed and utilized by the body, maximizing their therapeutic potential (Rai et al., 2019). 

			Challenges in maintaining stability during processing and storage include exposure to factors like heat, light, and oxygen, leading to the degradation of bioactive compounds. Strategies for improving stability involve the use of protective packaging, controlled storage conditions, and the incorporation of stabilizing agents, ensuring the preservation of the bioactive properties throughout the production and shelf life of the product (Bessada et al., 2019).

			The pursuit of optimal bioavailability and improved stability necessitates a thorough understanding of food safety measures throughout the extraction journey. This introduction explores the critical interplay between bioactive compound extraction, ensuring their availability for absorption, and the implementation of measures to guarantee product stability, laying the foundation for a comprehensive exploration of these intricate dynamics (Raza et al., 2024b). By navigating the delicate balance between extraction efficiency and safety, this study aims to unravel the complexities associated with achieving optimal bioavailability and stability in the processing of bioactive compounds. Addressing a crucial nexus in the intersection of nutrition, health, and food science, the study also highlights current challenges in the industry. These challenges include regulatory hurdles that necessitate strict adherence to evolving standards and technological limitations that impact the scalability and efficiency of extraction processes. By addressing these challenges, the study seeks to provide actionable insights for overcoming barriers and advancing the field (Puligundla et al., 2020). 

			Food safety measures in extraction

			Toxicity in extracting bioactive compounds can arise from various sources and poses a significant concern for the safety of the final product. For instance, the use of solvents like hexane in the extraction process has been linked to neurotoxic effects. Hexane, commonly used for its efficiency in extracting lipophilic compounds, can accumulate in the nervous system, leading to symptoms such as numbness, muscle weakness, and impaired coordination if not properly managed. Additionally, improper handling of raw materials can lead to contamination with heavy metals. Contamination with lead, for example, has been observed in herbal extracts, often due to the use of contaminated soil or water during cultivation. Lead contamination can have severe health implications, including neurological damage, particularly in children and pregnant women. Moreover, microbial contamination is another critical hazard. For example, the presence of Salmonella or E. coli in raw materials can lead to foodborne illnesses, which not only pose immediate health risks but can also compromise the bioavailability of bioactive compounds by disrupting the gut microbiota and causing inflammation. These incidents highlight the potential hazards that warrant careful consideration to ensure the safety and efficacy of the final product. Implementing rigorous quality control measures, such as solvent purification, raw material testing, and microbial screening, is essential to mitigate these risks and produce safe, effective bioactive compounds (Figure 1). 
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			Figure 1: Key stages in bioactive compounds processing.

			Potential hazards in extracting bioactive compound

			Toxic solvents

			The use of toxic solvents, such as certain organic solvents (e.g., dichloromethane), can introduce harmful residues into the extracted bioactive compounds, posing health risks if not properly removed. Considering the chronic toxicity, the typical effects of high exposure to solvents are often of a neurobehavioral and cardiotoxicological nature. It should be considered that dichloromethane can potentially be absorbed via the skin in addition to being inhaled. Dichloromethane was categorized as a hazardous chemical with limited industrial use. Additionally, dichloromethane was recently reclassified as probably carcinogenic to humans (classification 2A) from possibly carcinogenic to humans (classification 2B) (Schiavone et al., 2023).

			Contaminant presence

			Contaminants such as pesticides, heavy metals, or microbiological pathogens may be present in raw materials and might concentrate in the extracted molecules, potentially causing toxicity (Raza et al., 2024a). For example, seaweeds may be eaten raw or added to food items as components and are a great source of macronutrients, micronutrients, and bioactive substances (Maqbool et al., 2024). It is heavily polluted with microbial diseases and heavy metals, according to researchers. As a result, seaweeds have the potential to collect and become a source of several chemicals, including arsenic (As), cadmium (Cd), lead (Pb), and mercury (Hg) (Tofalo et al., 2020). Additionally, the authors used the microbiological challenge test to determine if B. cereus might develop in commercial Undaria pinnatifida and Palmaria palmate RTE meals while they were being stored in a refrigerator. The findings demonstrated that the RTE dehydrated seaweed-based food items included coliforms as well as marine bacteria Listeria spp. and B. cereus (Fasolin et al., 2019).

			Formation of by-products 

			The extraction process can generate by-products or degradation products, which may be harmful. Conditions such as high temperature or extended extraction times can contribute to the formation of undesirable compounds. The extracted polyphenols may also be impacted by the creation of new substances known as Maillard reaction products at high extraction temperatures. Maillard and Berset explained how polyphenols behaved at high temperatures using three different processes. First, when the lignin links to phenolic acids are broken, the insoluble phenolic compounds may be liberated. It has been demonstrated that the amount of bound phenolic acids is double that of free phenolic compounds when measured following the hydrolysis of plant tissue (Ishaq et al., 2024). Secondly, lignin itself may be degraded at high temperatures, giving rise to more phenolic acids. This could explain the increase in phenolic yield with increasing temperature in PLE extractions. Lastly, at high temperatures, thermal degradation of the polyphenols may occur. Thermal degradation is the most common mechanism used to explain the fall in polyphenol yield during high-temperature extractions (Amara and El-Baky, 2023). 

			Enzyme

			Plant tissue contains various enzymes that play significant roles in the breakdown of bioactive compounds. For instance, glycosidases, polyphenol oxidases (PPO), and peroxidases are key enzymes that can break down polyphenols. Specifically, anthocyanins can be quickly broken down by glycosidases into chemically unstable anthocyanidins and sugars. Polyphenol oxidase (PPO) can catalyze the conversion of o-dihydrophenols (such as chlorogenic acid) into o-quinones (such as chlorogenoquinone) in the presence of oxygen. Similarly, peroxidase can catalyze the same process when hydrogen peroxide (H₂O₂) is present. In addition to these enzymes, cellulases and proteases are also widely used in the extraction of bioactive compounds. Cellulases, for example, are enzymes that break down cellulose into glucose. They are particularly effective in breaking down plant cell walls, facilitating the release of bioactive compounds. The ideal conditions for cellulase activity typically include a pH range of 4.5 to 5.5 and a temperature of around 50°C. Proteases, on the other hand, are enzymes that break down proteins into smaller peptides and amino acids. They are commonly used to enhance the extraction of bioactive peptides from plant and animal sources. The optimal conditions for protease activity can vary depending on the specific enzyme. For example, pepsin, a protease found in the stomach, operates optimally at a pH of around 2 and a temperature of 37°C, while trypsin, another protease, functions best at a pH of 7.5 to 8.5 and a temperature of 37°C. By understanding and optimizing the conditions for these enzymes, the extraction process can be significantly enhanced, leading to higher yields and improved bioavailability of bioactive compounds (Amin et al., 2021).

			Allergen cross-contamination

			Cross-contamination with allergens during the extraction process, especially in facilities handling multiple ingredients, can pose risks to individuals with allergies, affecting the safety of the bioactive compounds (Koukoumaki et al., 2024).

			Inadequate purification

			Incomplete removal of impurities or residual solvents during purification processes can result in a final product with compromised purity, impacting both safety and efficacy. Inadequate purification of bioactive compounds in food can lead to various food safety issues, as impurities may pose health risks or compromise the quality of the final product (Shaheen et al., 2024). Inadequate purification may result in the presence of toxic impurities or contaminants from the plant material, soil, or processing equipment. Some plants, including St. John’s Wort, can accumulate heavy metals, pesticides, or other harmful substances. These contaminants could pose health risks to consumers (Zhang et al., 2024).
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			Figure 2: Key challenges in ensuring food safety during bioactive compound extraction.

			Toxicity in extraction 

			Toxicity concerns in the extraction of bioactive compounds are significant considerations for both the extraction process and the safety of the final product. To protect public health, when a novel food or ingredient is proposed, it is necessary to ensure consumer health, and for that, safety assessments and procedures are proposed in regulations (Kanwal et al., 2024). The toxicological evaluation is fundamental in all safety assessments, whatever the country and the laws that govern them. In EU countries, the toxicological evaluation should be followed by the EFSA guidelines. These guidelines were made to perform the safety assessment of the food additives, vitamins and minerals, novel foods, food supplements, and botanicals and follow the tier toxicity testing approach proposed for food additives in 2012 (Figure 2) (Su et al., 2023). 

			The FDA’s toxicological principles for the safety assessment of direct food additives and color additives used in food, often known as the redbook, should be observed in the United States. The EFSA standards, which are separated into three categories, employ a tiered approach, or sequential testing technique, across EU nations. Tier 1 comprises the bare minimum of information needed for every chemical. At this level, a case-by-case strategy that takes into account all of the relevant data must be developed. So, all compounds must be analyzed for the minimum tests required (Tier 1) and depending on the results they may need further testing. For example, in vitro positive results in genotoxicity tests (Tier 1) obligate a follow-up for in vivo genotoxicity tests (Tier 2) (Saleem et al., 2024). Moreover, the tiered approach is designed to evaluate four core areas: Toxicokinetics, genotoxicity, toxicity, and reproductive and developmental toxicity. Accordingly the guidelines provided by EFSA, there are several general issues that should be considered in the design, conduct, and interpretation of toxicological studies for submission to approval, the most important are: (1) The studies should be performed with the additive according to the proposed specifications and should be produced according to the application; (2) studies with animals and humans should comply the EU standards and regulations for ethical approval and welfare standards; (3) studies in animals should follow the internationally agreed test guidelines (Directive 2010/63/EU); (4) toxicokinetics and toxicity of food additives in animals should be conducted using internationally agreed test guidelines described in OECD test guidelines (OECD TG) or in Council Regulation (EC) No. 440/2008; (5) non-clinical studies should follow the principles of Good Laboratory Practice (GLP) described in Directive 2004/10/EC19; (6) the oral route should be selected for testing substances and the bioactive ingredients should be added to solid food, or to both solid and liquid, and normally via the diet. For substances applied in beverages, administration via drinking water may be the best option; (7) botanical food additives derived from conventional food sources with a long-term history of food use, may benefit from a “presumption of safety” when adequate information exists (Sillman et al., 2019).

			Foodborne pathogen on bioavailability

			Foodborne pathogens can significantly impact the bioavailability of bioactive ingredients in food. Infections caused by these pathogens may trigger inflammatory responses and disrupt the balance of gut microbiota, influencing the absorption and metabolism of bioactive compounds (Shah et al., 2021). Foodborne pathogens such as Salmonella and E. coli can significantly impact the bioavailability of bioactive ingredients in food. These pathogens may trigger inflammatory responses and disrupt the balance of gut microbiota, which in turn influences the absorption and metabolism of bioactive compounds. For example, Salmonella infection can lead to gastrointestinal inflammation, impairing the absorption of essential nutrients and bioactive compounds. Similarly, E. coli can produce toxins that affect gut health, further compromising the bioavailability of these compounds. Addressing these interactions is crucial for ensuring food safety and maximizing the health benefits of bioactive compounds (Langyan et al., 2022). 

			Processing stability of bioactive compounds 

			The processing of bioactive compounds can significantly affect their composition, stability, and bioavailability. Key factors such as temperature and pH play crucial roles in determining the stability of these compounds. High temperatures during processing, such as cooking or pasteurization, can degrade heat-sensitive bioactive compounds, reducing their concentration and potential health benefits. Similarly, extreme pH levels, whether acidic or alkaline, can alter the structure and stability of bioactive compounds, impacting their bioavailability. Recent research highlights the importance of optimizing processing conditions to maintain the integrity of bioactive compounds. For instance, studies have shown that using gentle heating methods and maintaining a neutral pH can help preserve the stability and bioavailability of these compounds. Additionally, innovative techniques like supercritical fluid extraction and cold pasteurization have been found to be effective in minimizing degradation and preserving the health benefits of bioactive compounds (Amin et al., 2021). When exposed to unfavorable circumstances, such as high temperatures and the presence of oxygen and light, the volatile organosulfur compounds found in the produced garlic products are thermally unstable and prone to oxidation, volatilization, and degradation (Ahmed et al., 2021). During manufacturing and storage, bioactive compounds are frequently exposed to light and oxygen, which can oxidize them and reduce their antioxidant capacity and overall effectiveness. Key factors such as temperature and pH significantly impact the stability of bioactive compounds. For instance, high temperatures can accelerate degradation, while changes in pH, such as acidic or alkaline treatments, can alter their structure and bioavailability. Recent studies highlight the importance of optimizing processing conditions to maintain stability. For example, maintaining a neutral pH and using gentle heating methods can help preserve the integrity of bioactive compounds. Additionally, enzymes present in raw materials or added during processing can break down bioactive substances, potentially reducing their beneficial effects. Recent research suggests that enzyme inhibitors or controlled enzyme activity can mitigate this issue, ensuring better retention of bioactive compounds (Fasolin et al., 2019). 

			Food waste bioactive compounds regulatory and legislative issues 

			The food industry is becoming more interested in creating functional and nutraceutical products, and the bioactive substances that are extracted from food can be utilized again in the human food supply chain as functional foods, supplements, additives, fortification, and other small ingredients (Bourassi et al., 2024). 

			The absence of an effective policy and the growing need to enhance the legislative regulations, codes of behavior, and guidelines are two issues about food valorization. Due to a lack of waste utilization regulations, the use of bioactive chemicals recovered from food waste is currently restricted to scientific research and patents (Lv et al., 2022). 

			The State Administration for Market Regulation (SAMR) in China released regulations about the labeling of health foods. The National Health Commission (NHC), which creates food safety standards and registers new food additives, and the State Administration for Market Regulation (SAMR) are the primary authorities responsible for overseeing the production and distribution of food additives as well as inspecting and quarantining import and export food additives (Ahmed et al., Year). Any intention to produce, operate, use, or import a new food additive must first register with the NHC. Any license request must include the following information: name, function category, dose level, application, certificates proving technical necessity and use effect, safety assessment materials, raw materials or sources, chemical structure and physical properties, production methods, toxicology safety assessment documents, and testing reports on quality specifications (Wang et al., 2020). 

			Recommendations for ensuring food safety

			To ensure the highest standards of food safety during the extraction of bioactive compounds for optimal bioavailability and improved stability in processing, the following key recommendations are proposed: Implement thorough training programs for personnel involved in the extraction process, emphasizing the importance of hygiene, adherence to safety protocols, and the proper use of personal protective equipment (PPE) (Ye et al., 2025b). Invest in modern extraction equipment and technology that meet or exceed industry standards for safety and efficiency. Regularly maintain and calibrate equipment to ensure accurate and reliable results (Latif et al., 2019). Establish a HACCP system to systematically identify, evaluate, and control potential hazards at critical points in the extraction process. This proactive approach enhances the overall safety of bioactive compound production (Khalid et al., 2025a). Maintain strict control over environmental factors such as temperature and humidity, creating conditions that discourage microbial growth and ensure the stability of bioactive compounds. Conduct regular testing of raw materials for contaminants, allergens, and other potential hazards. Additionally, implement robust testing protocols for finished products to verify the safety and quality of the extracted bioactive compounds (Latif et al., 2019). Collaborate closely with suppliers and implement stringent quality assurance programs, ensuring that raw materials meet specified safety standards and are sourced from reputable and compliant producers. Document all extraction processes, creating standardized operating procedures that include safety checkpoints. Regularly review and update these documents to reflect the latest safety standards and best practices. Implement traceability systems that allow for the tracking of raw materials from their source through the extraction process (Khalid et al., 2025b). To ensure food safety in the extraction of bioactive compounds, it is crucial to adopt a multifaceted approach. Transparency in the supply chain, as seen in the implementation by major food companies like Nestlé, aids in quickly identifying and addressing any safety concerns. Investing in ongoing research and development, similar to the efforts by Unilever, helps explore and adopt the latest technologies and methodologies that enhance safety. Embracing advanced technologies, such as sensor-based monitoring and real-time data analytics, as demonstrated by the success of companies like PepsiCo, can significantly enhance the precision and efficiency of the extraction process while ensuring safety. Fostering a workplace culture that prioritizes safety at every level, as exemplified by the practices of Danone, encourages employees to actively participate in safety initiatives, report any potential issues promptly, and take ownership of maintaining a safe working environment. Regularly reviewing and assessing safety measures, as seen in the continuous improvement strategies of General Mills, ensures that best practices are maintained and updated (Manzoor et al., 2019). Stay informed about emerging technologies and advancements in food safety to enhance the efficiency and effectiveness of the extraction process. Maintain open lines of communication with relevant regulatory bodies to stay informed about evolving food safety standards and ensure compliance with all applicable regulations. Establish clear communication channels with stakeholders, including consumers, regulatory bodies, and industry partners, to convey a commitment to food safety, share relevant information, and address concerns proactively. Develop and communicate clear emergency response protocols to address any unexpected safety incidents swiftly and effectively, minimizing potential risks and ensuring the well-being of consumers and employees alike (LaFountain and Yuan, 2021). 

			Conclusions and Recommendations

			In conclusion, the meticulous implementation of food safety measures in the extraction of bioactive compounds is essential for ensuring optimal bioavailability and enhanced stability during processing. The integration of advanced technologies, such as supercritical fluid extraction and novel filtration techniques, significantly elevates the safety profile and efficacy of bioactive compounds. Key findings highlight the importance of rigorous adherence to stringent hygiene protocols, quality control procedures, and regulatory standards to mitigate risks associated with microbial contamination, chemical residues, and other hazards. Continuous monitoring of environmental conditions, comprehensive training of personnel, and facility design also play crucial roles in maintaining high food safety standards. Future research opportunities include exploring the impact of emerging technologies on the stability and bioavailability of bioactive compounds, as well as investigating the long-term effects of foodborne pathogens on gut health and nutrient absorption. Additionally, there is a need for further studies on the optimisation of extraction conditions, such as temperature and ph, to maximise the retention of bioactive compounds. Research into the development of enzyme inhibitors or controlled enzyme activity could also provide valuable insights into preserving the integrity of bioactive substances during processing. By prioritising food safety measures and pursuing continuous improvement through research and development, we can unlock the full potential of bioactive compounds and contribute to the creation of products that meet consumer expectations for safety and efficacy. The commitment to excellence in food safety not only safeguards public health but also fosters a healthier, more resilient future for the global food industry. 
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			Author’s Contribution

			Md. Shabudden Ahamed contributed to the conceptualization and writing of the original draft, as well as review and editing. Ayesha Asghar, Nimra Hayat, Muqaddas, Lubna Bashir, Sumaira Saif, Rabiya Riaz, Muhammad Atiq Ashraf, Burhan Khalid, Ariba Sadia, and Muhammad Moeid Khan participated in the investigation, data curation, and review and editing of the manuscript. Sha Md. Shahan Shahriar provided supervision and contributed to the review and editing process. Talha Riaz was responsible for conceptualization, writing the original draft, and overall project supervision.

			Conflict of interest

			The authors have declared no conflict of interest.

			References 

			Ahmed Z, Lateef AK, Anam M, Gul M (2021). Identification of lab grown meat and its nutritional impacts on human health halal internship project view project.

			Amara AA, El-Baky NA (2023). Fungi as a source of edible proteins and animal feed. J. Fungi, 9: 73. https://doi.org/10.3390/jof9010073

			Amin SE, Qazi ZA, Karim A, Masood S, Soomro MB, Soomro F, Bakhtawar N, Anam M, Gul M, Ilyas MA, Yousaf U, Riaz T, Shayan M and Haq N (2021). Identification of lab grown meat and its nutritional impacts on human health. Veterinary Research, 14(3), 34-39. Medwell Publications. https://www.researchgate.net/publication/368996336 

			Bessada SMF, Barreira, JCM, Oliveira, MBPP (2019). Pulses and food security: Dietary protein, digestibility, bioactive and functional properties. Trends Food Sci. Technol., 93: 53–68. https://doi.org/10.1016/j.tifs.2019.08.022

			Bourassi L, El-Mrani M, Merzouki M, Abidi R, Bouammali H, Bouammali B, Elfarh L, Touzani R, Challioui A, Siaj M (2024). Study of cellulose dissolution in ZnO/NaOH/water solvent solution and its temperature-dependent effect using molecular dynamics simulation. Polymers (Basel). 16: 1211. https://doi.org/10.3390/polym16091211

			Fasolin LH, Pereira RN, Pinheiro AC, Martins JT, Andrade CCP, Ramos OL, Vicente AA (2019). Emergent food proteins – Towards sustainability, health and innovation. Food Res. Int., https://doi.org/10.1016/j.foodres.2019.108586

			Geada P, Moreira C, Silva M, Nunes R, Madureira L, Rocha CMR, Pereira RN, Vicente AA, Teixeira JA (2021). Algal proteins: Production strategies and nutritional and functional properties. Bioresour. Technol., https://doi.org/10.1016/j.biortech.2021.125125

			Ishaq H, Nisar K, Riaz R, Murtaza MS, Shahbaz M, Munir T, Raza A, Iqbal D, Ahmad M, Riaz T (2024). A mini-review of medicinal uses and phytochemicals isolated from Himalayan plant Delphinium brunonianum royle. Int. J. Adv. Eng. Manage. 6: 507–516. https://doi.org/10.35629/5252-0610507516

			Kanwal R, Haq MHU, Waseem A, Riaz T, Rehman ZU, Fazal A, Javed J, Ali MA, Ashfaq S, Saleem H (2024). Fungitoxic properties of essential oils to treat tinea. In: (eds. M.A. Zafar, R.Z. Abbas, M. Imran, S. Tahir and W. Qamar), complementary and alternative medicine: Essential oils. Unique Scientific Publishers, Faisalabad,Pakistan, pp. 81–89. https://doi.org/10.47278/book.CAM/2024.192

			Khalid B, Javed MU, Ashraf MA, Saeed HZ, Shaheen M, Riaz T, Riaz R, Nawaz S (2025a). Microbial bio stimulants as sustainable strategies for enhancing plant resistance to viral diseases: Mechanisms and applications. Hosts Viruses, pp. 12. https://doi.org/10.17582/journal.hv/2025/12.93.110

			Khalid B, Javed MU, Riaz T, Ashraf MA, Saeed HZ, Shaheen M, Nawaz S, Korai AK, Riaz R, Asim M (2025b). Refining plant-virus interactions: Deciphering host range evolution and viral emergence dynamics. Hosts Viruses, pp. 12. https://doi.org/10.17582/journal.hv/2025/12.47.61

			Koukoumaki DI, Tsouko E, Papanikolaou S, Ioannou Z, Diamantopoulou P, Sarris D (2024). Recent advances in the production of single cell protein from renewable resources and applications. Carbon Resour. Conver., https://doi.org/10.1016/j.crcon.2023.07.004

			Kusmayadi A, Leong YK, Yen HW, Huang CY, Chang JS (2021). Microalgae as sustainable food and feed sources for animals and humans. Biotechnological and environmental aspects. Chemosphere, pp. 271. https://doi.org/10.1016/j.chemosphere.2021.129800

			LaFountain AM, Yuan Y (2021). Repressors of anthocyanin biosynthesis. New Phytol., 231: 933–949. https://doi.org/10.1111/nph.17397

			Langyan S, Yadava P, Khan FN, Dar ZA, Singh R, Kumar A (2022). Sustaining protein nutrition through plant-based foods. Front. Nutr., 8. https://doi.org/10.3389/fnut.2021.772573

			Latif MF, Naqvi SMT, Shahzadi N, Riaz T, Sohail A (2019). Effect of defatted wheat germ supplemented cookies on the protein quality parameters of rats. Nat. Sci., 17: 110–116.

			Latif MF, Aleem MT, Bakhsh M, Sohail A, Riaz T, Bilal A (2019). Extraction and utilization of pomegranate seed oil in cookies to alleviate hyperlipidemia in rats. Int. J. Biol. Res., 2: 246–256.

			Lv X, Huang X, Ma B, Chen Y, Batool Z, Fu X, Jin Y (2022). Modification methods and applications of egg protein gel properties: A review. Comp. Rev. Food Sci. Food Saf., 21: 2233–2252. https://doi.org/10.1111/1541-4337.12907

			Manzoor E, Ghani A, Khan MR, Sultana M, Ishaque A, Nasir E, Latif MF, Riaz T, Sohail A (2019). Antioxidant potential of guava leaves extracts and their effects on hyperlipidemia. Ann. Plant Sci., 8: 3553–3562.

			Maqbool R, Anwar I, Khalid B, Ashraf MA, Riaz T, Nadeem MA (2024). Allelopathic effects of Lepidium sativum aqueous extract on germination and seedling growth of phalaris minor: A dose-response study. J. Plant Biota, 4: 16–21. https://doi.org/10.51470/JPB.2025.4.1.16

			Puligundla P, Mok C, Park S (2020). Advances in the valorization of spent brewer’s yeast. Innov. Food Sci. Emerg. Technol., https://doi.org/10.1016/j.ifset.2020.102350

			Rai AK, Pandey A, Sahoo D (2019). Biotechnological potential of yeasts in functional food industry. Trends Food Sci. Technol., https://doi.org/10.1016/j.tifs.2018.11.016

			Raza M, Ashraf MA, Ateeq M, Rashid S, Riaz T, Khalid B, Saleem MA, Usman HM, Shafquat I, Sajid M (2024a). Assessing the impact of environmental variables on fruit growth dynamics and developmental physiology. J. Surv. Fish. Sci., 11: 314–321.

			Raza M, Hussain Z, Abbas F, Ashraf MA, Imene HH, Riaz T (2024b). Advanced strategies for detection and diagnosis of potato viruses: Harnessing molecular innovations and digital tools for precision agriculture. Hosts Viruses, 12. https://doi.org/10.17582/journal.hv/2025/12.39.46

			Saleem H, Naz A, Sandhu AS, Fatima M, Tahir O, Zafar MJ, Rusho MA, Iqbal D, Riaz T, Kanwal R (2024). Pharmacological and therapeutic values of turmeric. In: (eds. A. Khan, M. Mohsin, A.M.A. Khan and S. Aziz), complementary and alternative medicine: Chinese/traditional medicine. Unique Scientific Publishers, Faisalabad, Pakistan, pp. 77–84. https://doi.org/10.47278/book.CAM/2024.383

			Schiavone M, François JM, Zerbib D, Capp JP (2023). Emerging relevance of cell wall components from non-conventional yeasts as functional ingredients for the food and feed industry. Curr. Res. Food Sci., https://doi.org/10.1016/j.crfs.2023.100603

			Shah AA, Mahmood MA, Farooq K, Qayyum Z, Amjad N, Nasib MU, Rizwan B, Asif HS, Saeed S, Riaz T, Khan MM, Khan AS, Hamza M, Aslam MA, Ijaz R, Rafique N, Niazi MK, Zohra B (2021). Clinical practices of herbal antioxidant: A review. J. Food Technol., 19: 32–37.

			Shaheen C, Ahmad IA, Aslam R, Naz S, Mushtaq S, Ahmed S, Nawaz A, Saeed S, Qadir MF, Ashraf MA, Ahamed MS, Iqbal D, Ansar S, Riaz R, Abubakar M, Riaz T (2024). A review of therapeutic and medicinal uses of fenugreek (Trigonella foenum-graceum L.). J. Res. Appl. Sci. Biotechnol., 3: 39–50. https://doi.org/10.55544/jrasb.3.5.8

			Sillman J, Nygren L, Kahiluoto H, Ruuskanen V, Tamminen A, Bajamundi C, Nappa M, Wuokko M, Lindh T, Vainikka P, Pitkänen JP, Ahola J (2019). Bacterial protein for food and feed generated via renewable energy and direct air capture of CO2: Can it reduce land and water use? Glob. Food Sec., https://doi.org/10.1016/j.gfs.2019.09.007

			Su J, Zhu B, Inoue A, Oyama H, Morita I, Dong J, Yasuda T, Sugita-Konishi Y, Kitaguchi T, Kobayashi N, Miyake S, Ueda H (2023). The patrol yeast: A new biosensor armed with antibody-receptor chimera detecting a range of toxic substances associated with food poisoning. Biosens. Bioelectron., pp. 219. https://doi.org/10.1016/j.bios.2022.114793

			Tofalo R, Fusco V, Böhnlein C, Kabisch J, Logrieco AF, Habermann D, Cho GS, Benomar N, Abriouel H, Schmidt-Heydt M, Neve H, Bockelmann W, Franz CMAP (2020). The life and times of yeasts in traditional food fermentations. Crit. Rev. Food Sci. Nutr., https://doi.org/10.1080/10408398.2019.1677553

			Wang C, Chuprom J, Wang Y, Fu L (2020). Beneficial bacteria for aquaculture: Nutrition, bacteriostasis and immunoregulation. J. Appl. Microbiol., https://doi.org/10.1111/jam.14383

			Ye X, Yang R, Riaz T, Chen J (2025a). Stability and antioxidant function of Porphyra haitanensis proteins during simulated gastrointestinal digestion: Effects on stress resistance and lifespan extension in Caenorhabditis elegans. Int. J. Biol. Macromol., 293: 139291. https://doi.org/10.1016/j.ijbiomac.2024.139291

			Ye X, Yang R, Yang Z, Huang B, Riaz T, Zhao C, Chen J (2025b). Novel angiotensin-I-converting enzyme (ACE) inhibitory peptides from Porphyra haitanensis: Screening, digestion stability, and mechanistic insights. Food Biosci., pp. 106460. https://doi.org/10.1016/j.fbio.2025.106460

			Zhang X, Zhang T, Zhao Y, Jiang L, Sui X (2024). Structural, extraction and safety aspects of novel alternative proteins from different sources. Food Chem., 436: 137712. https://doi.org/10.1016/j.foodchem.2023.137712

		

	OEBPS/image/Figure_1_(Updated).png
Koy Stages i Bioactive Compounds Proccssing
7
= mmm o
il ™
I

Ferenioion -_.m-,
=)

Bicaviabity

Erbaneanent

: -riﬁ—i%





OEBPS/image/Image43390757.png
Toxicity in
Extraction

Inadequate
Purification

Microbial
Contamination
Risk

Solvent
Extraction
Safety

Chemical
Residue
Concerns

Enzymatic
Degradation

Allergen
Cross-
Contamination

Formation
of Harmful
By-Products





OEBPS/image/1.png
OPEN 8ACC ESS South Asian Journal of Life Sciences

Review Article )

Gheck for
updates.

Optimizing Bioactive Compounds Extraction: Advanced Food Safety
Protocols for Enhanced Bioavailability and Processing Stability

Mb. SHABUDDEN AHAMED', AYESHA ASGHAR?, NTMRA HAYAT?, MUQADDAS?, LUBNA BASHIRY, SUMATRA
SAIF®, SHA MD. SHAHAN SHAHRIARS, RaBIYA R1AZ7, MUHAMMAD ATIQ ASHRAFS, BURHAN KHALID?,
ARiBa SADIAY, MUHAMMAD MOEID KHANY, TALHA R1az™*

!College of Food Science and Technology, Huazhong Agricultural University, Wuhan, China; *School of Civil and
Environmental Engincering, Harbin Institute of Technology, Shenzhen, China; 3College of Food Science and
Engineering, Tarim University, Alar, Xinjiang, China; *Department of Biochemistry, University of Agriculture,
Faisalabad, Pakistan; *Department of Chemistry, University of Agriculture, Faisalabad, Pakistan; °Rajshabi
Institute of Biosciences, University of Rajshahi, Bangladesh; 7Department of Chemistry, Government College Women
University, Faisalabad, Pakistan; *College of Horticulture and Forestry Sciences, Huazhong Agricultural University,
Wuban, China; °College of Plant Science and Technology, Huazhong Agricultural University, Wuban, China;
1°National Institute of Food Science and Technology, University of Agriculture, Faisalabad, Pakistan.

Abstract | Ensuring food safetyis paramountin the extraction of bioactive compounds,aiming for optimal bioavailability
and enhanced stability throughout the processing stages. This review aims to explore the critical relationship between
food safety measures and the extraction of bioactive compounds, to ensure optimal bioavailability and enhanced stability
throughout processing stages. Ensuring food safety is paramount in the extraction of bioactive compounds, aiming for
optimal bioavailability and enhanced stability throughout the processing stages. This abstract delves into the crucial
nexus between food safety measures and the extraction process, recognising its pivotal role in delivering bioactive
compounds with maximum efficacy. Rigorous adherence to stringent hygiene practices, cutting-edge technologies, and
robust quality control mechanisms emerges as a fundamental approach. The personnel involved in the extraction process
must undergo comprehensive training to uphold the highest cleanliness and procedural adherence standards. Facility
design and adherence to regulatory standards are crucial in minimising risks associated with microbial contamination,
chemical residues, and allergens. Continuous monitoring of environmental conditions, documentation, and traceability
systems is are essential component of a holistic safety framework. The dynamic relationship between food safety and
bioavailability is explored, emphasising the need for a comprehensive approach throughout the supply chain, from raw
material cultivation to final processing. The integration of advanced technologies, such as supercritical fluid extraction
and innovative filtration methods, is pivotal in elevating safety and efficacy. The pursuit of food safety in bioactive
compound extraction is positioned as more than a regulatory requirement; it is an integral aspect of delivering products
that align with evolving consumer expectations for safety, efficacy, and overall well-being. The recommendations
presented serve as a guide for industry stakeholders, researchers, and policymakers in establishing and maintaining the
highest standards of food safety in the quest for optimal bioavailability and improved stability in bioactive compound
processing.

Keywords | Extraction, Bioavailability, Food safety, Stability, Solvents, Allergens

Editor | Muhammad Nauman Zahid, Quality Operations Laboratory, University of Veterinary and Animal Sciences, Lahore, Pakistan.
Received | March 16,2025; Accepted | April 23,2025; Published | April 30,2025

*Correspondence | Talha Riaz, College of Food Science and Technology, Huazhong Agricultural University, Wahan, China; Email: talhariaz2844@gmail.com
Citation | Ahamed MS, Asghar A, Hayat N, Mugaddas, Bashir L, Saif S, Shahriar SMS, Riaz R, Ashraf MA, Khalid B, Sadia A, Khan MM, Riaz T (2025).
Optimizing bioactive compounds extraction: advanced food safety protocols for enhanced bioavailability and processing stability: S. Asian J. Life Sci. 13: 58-65.
DOI | https://dx.doi.org/10.17582/journal sajls/2025/13.58.65

1SN (Online) | 2307-8316; 1SSN (Print) | 2309-3331

Copyright © 2025 Ahamed ef al. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted use,
distribufion, and reproduction in any medium, provided the original work is properly cited.

Continued Publication 2025 | Volume 13 | Page 58





