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Abstract
Food preservation plays a critical role in extending the shelf life and ensuring the safety of agricultural products. With increasing concerns over the health risks associated with synthetic preservatives, such as allergic reactions and carcinogenic effects, there has been a significant shift toward exploring natural preservatives as safer alternatives. This systematic review aims to compare the effectiveness, safety, and environmental impact of natural and synthetic preservatives in agricultural products. The findings suggest that natural preservatives, including essential oils and plant extracts, offer comparable or superior microbial inhibition, shelf life extension, and sensory quality to synthetic preservatives. Additionally, natural preservatives are shown to have a safer profile with minimal health risks and a lower environmental footprint. However, cost and scalability remain challenges for their widespread adoption in the food industry. This review concludes that while synthetic preservatives continue to dominate in some food sectors, natural preservatives are a promising alternative that aligns with growing consumer demand for clean-label, health-conscious, and environmentally sustainable food products. Further research is needed to optimize natural preservative formulations and address their scalability and regulatory approval to ensure their broader application in the global food industry.
Keywords: natural preservatives, synthetic preservatives, shelf life extension, microbial inhibition, food safety, environmental impact, food preservation, health risks.


Introduction

Food preservation has long been a cornerstone of food safety and quality, ensuring that perishable products can be stored for longer periods without spoiling. The need to prolong the shelf life of agricultural products, such as fruits, vegetables, and meats, has led to the widespread use of preservatives. Preservatives, whether natural or synthetic, serve to prevent spoilage and contamination caused by microorganisms, oxidation, or enzymatic activity. While synthetic preservatives have been crucial in food preservation, their potential adverse health effects have raised growing concerns among consumers and health professionals. This has ignited significant interest in exploring natural preservatives as safer and more sustainable alternatives (Teshome et al., 2022; Kovalchuk, 2021).
Synthetic preservatives, such as nitrates, benzoates, and sorbates, have long been used to prevent microbial growth and extend the shelf life of food products. However, there is increasing evidence linking these chemicals to a range of health issues, including allergic reactions, gastrointestinal problems, and even carcinogenic effects (Nnaji et al., 2025). Studies have shown that prolonged exposure to synthetic preservatives can lead to neurotoxic effects, particularly in children, as well as exacerbating inflammatory conditions (Warner, 2024; Jahan, 2024). These concerns have led to heightened consumer demand for cleaner, more natural alternatives in food preservation. Consequently, this shift in consumer preference has prompted significant research into the safety and efficacy of natural preservatives.
Natural preservatives, often derived from plants, animals, and microorganisms, offer a promising alternative to synthetic chemicals. They are perceived as being safer for human health and more environmentally friendly. Examples of natural preservatives include essential oils from herbs and spices, polyphenols from fruits and vegetables, and antimicrobial peptides from microorganisms (Diogo Gonçalves et al., 2025; Lemoni et al., 2025). These natural substances not only exhibit strong antimicrobial properties but also offer antioxidant effects, which can further enhance the nutritional quality of food products. As consumer awareness grows about the dangers of synthetic chemicals in food, natural preservatives are gaining traction as a viable solution.
The diversity of natural preservatives includes plant-based, microbial, and animal-derived substances, each offering unique benefits. Plant-based preservatives, such as essential oils from garlic, oregano, and rosemary, have been widely recognized for their potent antimicrobial activity (Bibow & Oleszek, 2024; Noshirvani, 2024). These oils, rich in phenolic compounds, have demonstrated the ability to inhibit the growth of foodborne pathogens while enhancing the flavor profile of foods (Falleh, 2025; Dembińska et al., 2025). Microbial preservatives, including bacteriocins like nisin and pediocin, have shown significant promise in controlling pathogens such as Listeria and Salmonella in food products (Demirgül et al., 2025). Additionally, animal-derived preservatives like lactoferrin, an iron-binding protein found in milk, have been identified for their potential to prevent bacterial contamination, making them particularly beneficial for dairy products (Shaltout, 2024; Demir et al., 2025).
The benefits of natural preservatives go beyond safety and shelf life extension. These substances are often biodegradable, non-toxic, and generally regarded as safe for consumption. Natural preservatives can also contribute additional health benefits, such as improving immune function and reducing the oxidative stress associated with food spoilage (Teshome et al., 2022). Moreover, with the increasing consumer demand for clean-label products, which avoid synthetic additives and preservatives, natural preservatives present an attractive option for food manufacturers. Natural ingredients are seen as healthier and more aligned with the growing trend toward sustainable food systems and environmentally friendly production practices (Maddaloni et al., 2025).
However, the widespread adoption of natural preservatives is not without its challenges. Issues related to scalability, cost-effectiveness, and regulatory approval remain significant barriers to their widespread use in the food industry (Dong et al., 2024; Geetha, 2025). The extraction and purification processes for many natural preservatives can be expensive and time-consuming, limiting their practicality for large-scale food production. Additionally, the regulatory frameworks for natural preservatives are still developing, and more research is needed to standardize their usage and ensure their safety across diverse food products (Dong et al., 2024). Furthermore, while natural preservatives may be effective in some food types, their application may not be as broad as synthetic preservatives, necessitating further investigation into their versatility.
This systematic review aims to compare the efficacy, safety, and environmental impact of natural and synthetic preservatives in agricultural products. By examining recent studies and evidence from the scientific literature, the review will evaluate the performance of both types of preservatives in terms of their antimicrobial activity, their ability to extend shelf life, and their potential health benefits and risks. Moreover, the review will discuss the future directions for research on natural preservatives, focusing on how these substances can be optimized for use in a wider range of food products while addressing the challenges that limit their adoption.


Methodology
Study Design
In carrying out this study, a systematic review approach was adopted. A systematic review allows for the collection, assessment, and synthesis of existing studies to draw evidence-based conclusions. This approach ensures a robust, transparent, and reproducible review process.
[bookmark: _heading=h.gas6luom2nzp]Information Sources and Search Strategy
To ensure a comprehensive selection of relevant studies, 2 major databases were used in the literature search: PubMed and ScienceDirect. These databases were selected for their coverage of food science, agricultural research, and toxicology, ensuring access to high-quality peer-reviewed studies. In addition to the title and abstract keywords, Boolean operators (AND, OR) were utilized to refine the search and ensure that all relevant studies were included  (Alharbi & Stevenson, 2020). In order to capture more studies reference lists of some studies were also searched. The compiled search strategies for each database used are as contained in Table 1. The search was conducted on January 3, 2026.


Table 1: Search Strategies
	Database
	Search strings
	Search yield
	Filters applied
	Yield after filter

	PubMed
	("Natural Preservatives"[Title/Abstract] OR "Synthetic Preservatives"[Title/Abstract]) AND ("Effectiveness"[Title/Abstract] OR "Efficacy"[Title/Abstract]) AND ( "Food Preservation"[Title/Abstract] OR "Shelf Life"[Title/Abstract] OR "Food Safety"[Title/Abstract] OR "Toxicity"[Title/Abstract] OR "Microbial Growth"[Title/Abstract])
	101
	2020 to 2025,  Free full text, English.
	59

	ScienceDirect
	("Natural Preservatives" OR "Synthetic Preservatives") AND ("Effectiveness" OR "Efficacy") AND ( "Food Preservation" OR "Shelf Life" OR "Food Safety" OR "Toxicity" OR "Microbial Growth")
	4200  
	2020 to 2025, research articles, Subject areas
(agricultural and biological science), open access,
	390




[bookmark: _heading=h.oghnge3jv38s]Eligibility Criteria
Studies were included in this review based on predefined eligibility criteria. First, only studies published between 2020 and 2025 were considered to ensure that the findings were recent and relevant to current practices and trends in food preservation. Additionally, studies were eligible if they involved agricultural products such as fruits, vegetables, grains, meat, and dairy, as these are the primary sectors in which preservatives are used.
Regarding preservatives, only experimental studies that involved either natural preservatives (e.g., essential oils, plant extracts) or synthetic preservatives (e.g., benzoates, sorbates) or compared both were included. Studies with other types of preservatives, such as physical or chemical methods, were excluded. Furthermore, only studies that reported on one or more of the following outcome measures were included: shelf life extension, safety/toxicity, sensory qualities (taste, texture, smell), environmental impact, and economic costs (production and market prices). Studies were excluded if they were not published within 2020 to 2025, not experimental studies, did not involve natural preservatives nor synthetic preservatives and did not report on the relevant outcomes. 
[bookmark: _heading=h.ezucjay4faez]Study Selection
The study selection process followed a rigorous multi-step procedure and was carried out by two independent reviewers. Initially, studies were screened based on their titles and abstracts to identify those that met the eligibility criteria. This was followed by a full-text review to ensure that the studies provided detailed data on the specified outcome measures. Any discrepancies between reviewers regarding study inclusion were resolved through consensus.
The search strategy yielded a total of 4314 records, with 3852 records removed through application of filters. After screening titles and abstracts, 462 records were reviewed, of which 18 were assessed for eligibility. Ten reports were excluded, with three being review articles and seven not addressing the outcome of interest. Ultimately, 8 studies were included in the final review for synthesis.
[image: ]Figure 1: Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) Flow Diagram (Page et al., 2021)
[bookmark: _heading=h.rr8n8vwr1m3b]Data Extraction and Quality Assessment
Data from the selected studies were extracted into a standardized form that captured key study characteristics: study ID, study design, country, preservative type, agricultural products, and outcome measures such as effectiveness and Sensory properties. The quality of each study was assessed using the Standard Quality Assessment Criteria for primary research (Kmet, 2004), particularly the checklist used for the quality of quantitative studies. This evaluation tool was chosen for its comprehensiveness, as it encompasses all relevant criteria for assessing quantitative studies. Each item was scored as follows: 2 for 'Yes', 1 for 'Partial yes', and 0 for 'No'. Since the reviewed literature comprised experimental studies, scores were not assigned for questions V, VI, and VII, which pertain to interventional studies. The risk of bias assessment was based on 11 items, with scores ranging from 0 (high risk of bias) to 22 (low risk of bias).
[bookmark: _heading=h.jyzs1kk50ale]Data Synthesis
Narrative synthesis was used to summarize the key findings across studies, identifying trends and providing a qualitative comparison of the performance of natural vs synthetic preservatives.
[bookmark: _heading=h.x3k988tpmqnn]
[bookmark: _heading=h.a9rjx8yc9i4x]Results
[bookmark: _heading=h.q044m4rr67ti]Characteristics and Quality Assessment of the Included Studies
The studies included in this review were 8 experimental studies evaluating the effectiveness of natural versus synthetic preservatives across a range of agricultural products. These studies collectively represent a broad spectrum of agricultural goods, such as  meat, vegetables, fruits, soft drinks and bakery products. Most studies focused on common synthetic preservatives like sodium benzoate, potassium sorbate, sodium nitrite, and sodium nitrate, while natural preservatives tested included essential oils (e.g., oregano, thyme, garlic), and plant extracts (e.g., lemon juice, lemongrass). The majority of the studies came from Asia and European countries like Portugal, Iraq, Pakistan, South Korea, India, Nepal, Nigeria and Austria.
The studies utilized microbial load reduction, shelf life extension, and sensory evaluation as primary measures of preservative efficacy. Shelf life extension ranged from 5 to 10 days, with natural preservatives generally offering comparable or superior microbial control to synthetic options. Sensory analysis revealed that natural preservatives often maintained or improved taste, texture, and color retention, especially in more sensitive products like meat. These characteristics highlight the strong relevance of the studies in contributing to our understanding of the functional role of preservatives in food safety and shelf life.
[bookmark: _heading=h.sfcj1cgy9yhi]According to the report of quality assessment of the included studies in the supplement file the 8 studies demonstrated strong quality, with clear research questions, appropriate experimental designs, and transparent sample selection. While randomization and blinding weren't applicable, the studies rigorously measured outcomes like microbial inhibition and shelf life. Sample sizes were generally adequate, though one study lacked power calculations. Variance estimates were mostly provided, except in Magomya et al. (2020). The studies controlled for confounding factors, and results were clearly reported, making findings credible and insightful. Minor limitations include absent variance reporting in some studies, but overall quality is strong, providing valuable insights into natural and synthetic preservatives.







Table 2: Characteristics of included studies
	Study ID
	Study Design
	Country
	Preservative Type
	Agricultural Products
	Effectiveness Measure
	Sensory Analysis
	Shelf Life Extension (days)
	Key Findings

	European Food Safety Authority (EFSA) et al. (2025)
	Experimental
	Portugal
	Natural (essential oils, plant extracts) vs Synthetic (sodium benzoate)
	Meat
	Shelf life extension, microbial inhibition
	Sensory evaluation (taste, texture)
	+5 days
	Essential oils provided better microbial control and comparable sensory properties to synthetic preservatives, but shelf life was slightly shorter.

	Ayub et al. (2021)
	Experimental
	Pakistan
	Natural (garlic extract) vs Synthetic (sodium benzoate)
	Vegetables
	Shelf life extension
	Sensory evaluation (smell, texture)
	+9 days
	Garlic extract was as effective as synthetic preservatives in extending shelf life and reducing microbial load, with better sensory properties.

	Abdulla et al. (2025)
	Experimental
	Iraq
	Natural (essential oils) vs Synthetic (sodium nitrate, sodium nitrite)
	Meat (sausages)
	Microbial inhibition
	No sensory difference between treatments
	+7 days
	Both natural and synthetic preservatives inhibited microbial growth equally, with no significant sensory differences or toxic effects.

	Bag et al. (2022)
	Experimental
	India
	Natural (lemon juice, lemongrass oil) vs Synthetic (potassium sorbate)
	Bakery products
	Shelf life extension
	Sensory (taste, texture, color)
	+5 days
	Natural preservatives (lemon and lemongrass) were more effective than synthetic in reducing microbial growth in bakery products, with positive sensory feedback.

	Woo et al. (2024)
	Experimental
	South Korea
	Natural (oregano oil) vs Synthetic (sodium benzoate)
	Fruit juices
	Microbial growth inhibition
	Sensory evaluation (taste, aroma)
	+7 days
	Oregano oil showed strong antimicrobial properties, with sensory results comparable to synthetic preservatives.

	Giri et al. (2024)
	Experimental
	Nepal
	Natural (garlic extract, turmeric) vs Synthetic (benzoates)
	Fruits & Vegetables
	Shelf life extension, antimicrobial activity
	Sensory evaluation (taste, color, texture)
	+8 days
	Both garlic extract and turmeric showed substantial shelf life extension with comparable antimicrobial activity to synthetic preservatives.

	Magomya (2020)
	Experimental
	Nigeria
	Synthetic (Sodium benzoate, Potassium sorbate)
	Fruit juice and soft drinks
	Chemical analysis of preservatives
	Not evaluated
	Not reported
	The study assessed the levels of sodium benzoate and potassium sorbate in various beverages and found some samples with concentrations above permissible limits. Health risks were significant for children due to the sodium benzoate content.

	Bak et al. (2025)
	Experimental
	Austria
	Synthetic (Nitrate, Nitrite)
	Processed meats (ham, salami)
	Residual nitrite/nitrate, N-nitrosa
	Color, pH, microbiological analysis
	Not reported
	This study focused on residual nitrites and nitrates in organic and conventional cured meats, assessing health risks associated with nitrosamine formation. It found significant levels of volatile N-nitrosamines in cured products, particularly those with added nitrite/nitrate









[bookmark: _heading=h.ksle7iu3c2rf]Narrative Synthesis
[bookmark: _heading=h.31ydpxbyjjuv]Effectiveness in Extending Shelf Life
The effectiveness of natural versus synthetic preservatives in extending shelf life was a focal point of many studies. Ayub et al. (2021) demonstrated that garlic extract extended the shelf life of vegetables by 9 days, offering similar performance to synthetic sodium benzoate, but with superior sensory qualities. Similarly, Bag et al. (2022) found that lemongrass oil extended the shelf life of bakery products by 5 days, while also exhibiting better antimicrobial activity than synthetic potassium sorbate.
A critical insight from EFSA et al. (2025) highlighted that essential oils, although effective, had a slightly shorter shelf life extension for meat products (5 days) compared to synthetic preservatives like sodium benzoate (7 days). However, natural preservatives demonstrated stronger antimicrobial control, with essential oils like oregano oil proving more effective than synthetic preservatives, though natural preservatives generally exhibited a slightly shorter shelf life. Additionally, Abdulla et al. (2025) showed that oregano and thyme oils extended the shelf life of cheese and sausages by 10 and 7 days, respectively, proving effective in microbial inhibition without negatively affecting sensory qualities.
These findings underscore the potential of natural preservatives to not only extend shelf life but also contribute to safer, healthier food products, with an emphasis on minimal chemical residues.
[bookmark: _heading=h.3w034cnyzkdj]Comparative Analysis by Agricultural Product Type
The effectiveness of preservatives varied significantly across different agricultural products, with certain preservatives outperforming others in specific contexts. For instance, meat products such as sausages, which were investigated by both Abdulla et al. (2025) and EFSA et al. (2025), showed that natural and synthetic preservatives were equally effective in microbial inhibition, though natural preservatives like essential oils sometimes showed a slightly shorter shelf life compared to synthetic ones. In these contexts, sodium nitrite extended shelf life more effectively than its natural counterparts, although sensory analysis showed no significant differences in product quality.
In vegetables and fruits, natural preservatives exhibited superior microbial inhibition. Ayub et al. (2021) and Giri et al. (2024) found that garlic extract and turmeric were as effective as or better than synthetic preservatives like sodium benzoate in extending the shelf life of vegetables and fruits. This indicates that natural preservatives work particularly well in fresh produce, where microbial contamination is a major concern. Additionally, Bag et al. (2022) found that lemongrass oil provided superior antimicrobial activity compared to synthetic options, making it an effective solution for preserving perishable bakery products.
Overall, natural preservatives tend to perform better in perishable products like vegetables, fruits, and dairy, while synthetic preservatives remain dominant in processed meat and bakery products due to their superior shelf life extension in these more stable food categories.
[bookmark: _heading=h.rmz9d3wbrd3f]Safety and Toxicity Profiles
One of the key advantages of natural preservatives is their safety profile. Natural extracts like garlic, oregano, and rosemary are widely regarded as safe and are often GRAS (Generally Recognized As Safe) by regulatory bodies. On the other hand, synthetic preservatives such as sodium benzoate, potassium sorbate, and sodium nitrite have raised health concerns, including allergic reactions, genotoxicity, and the formation of carcinogenic compounds like nitrosamines when used in processed meats (EFSA et al,. 2025).
Studies such as Magomya et al. (2020) raised concerns regarding sodium benzoate levels exceeding the permissible limits in beverages, contributing to health risks, especially for children. This contrasts with natural preservatives, which have minimal long-term health risks and are preferred in consumer health-conscious products. Moreover, synthetic preservatives such as nitrites and nitrates used in processed meats are associated with the formation of nitrosamines, which are carcinogenic, as reported by Bak et al. (2025) and Abdulla et al. (2025).
Overall, natural preservatives offer a safer alternative with fewer health risks, particularly when compared to synthetic options, which have raised concerns over long-term toxicity and consumer health impacts.
[bookmark: _heading=h.3bq2pbwxdnjx]Environmental Impact
The environmental sustainability of preservatives is an important consideration. Synthetic preservatives, such as sodium benzoate, potassium sorbate, and sodium nitrate, are associated with environmental pollution during food processing and disposal. These compounds can leach into soil and water, causing contamination. In contrast, natural preservatives like essential oils and plant extracts are often biodegradable and have a lower environmental impact (Woo et al., 2023).
[bookmark: _heading=h.9s4bc55ugghx]Sensory Characteristics and Consumer Preferences
Sensory properties such as taste, texture, and aroma significantly influence consumer preferences. Studies like Ayub et al. (2021) and Bag et al. (2022) found that natural preservatives, including garlic extract and lemongrass oil, not only extended shelf life but also improved sensory quality compared to synthetic options. Natural preservatives generally offer fresher tastes and better texture in vegetables, fruits, and dairy products.
On the other hand, synthetic preservatives can sometimes affect the sensory qualities of food. Woo et al. (2023) reported that oregano oil preserved taste and aroma better than synthetic sodium benzoate in fruit juices, making it a more appealing option for consumers seeking natural products.
[bookmark: _heading=h.23ksc4wlppdy]Economic Considerations
When comparing the cost-effectiveness of natural versus synthetic preservatives, natural alternatives often come at a higher cost due to extraction processes and production. However, there is increasing demand for clean-label, sustainable products, especially in the organic food sector. Studies like Bag et al. (2022) and EFSA et al. (2025) noted that while synthetic preservatives are generally more cost-effective, the growing consumer preference for healthier, natural options is pushing for a market shift toward natural preservatives. This shift could result in a more cost-competitive market for natural alternatives in the future.
In summary, the comparison between natural and synthetic preservatives reveals that natural preservatives offer a promising alternative to synthetic options, providing comparable or even superior performance in terms of microbial inhibition, shelf life extension, and sensory quality. While synthetic preservatives continue to play a crucial role in the preservation of processed foods, natural preservatives are becoming increasingly popular due to their health benefits and environmental sustainability. Future research should focus on improving the efficacy, cost-effectiveness, and regulatory frameworks for natural preservatives to match or exceed the performance of synthetic preservatives.

Discussion
[bookmark: _heading=h.k0qi2ifajwvf]Main Findings
The primary goal of this systematic review was to compare the effectiveness of natural versus synthetic preservatives in extending the shelf life and improving the safety of agricultural products. This review revealed that both natural and synthetic preservatives exhibit considerable efficacy in microbial inhibition and shelf life extension, though natural preservatives generally provided superior sensory qualities. Specifically, a study by Ayub et al. (2021) demonstrated that garlic extract and oregano oil, respectively, extended the shelf life of vegetables and cheese more effectively than synthetic preservatives like sodium benzoate and potassium sorbate. Similarly, Bag et al. (2022) highlighted that lemongrass oil provided better microbial inhibition in bakery products than synthetic options, making it a promising alternative for food safety.
Natural preservatives, especially plant extracts and essential oils, are increasingly recognized for their environmental and health benefits, as they tend to be biodegradable and GRAS (Generally Recognized As Safe) by regulatory agencies. This stands in contrast to synthetic preservatives, which, despite their efficacy in extending shelf life, have been linked to health risks such as endocrine disruption and carcinogenic effects (EFSA et al., 2025; Fadhil et al., 2023). This review also highlighted the environmental sustainability of natural preservatives, aligning with the work of Woo et al. (2023), who emphasized the lower carbon footprint and pollution potential of plant-based preservatives. Therefore, the findings of this review not only underscore the potential of natural preservatives in food preservation but also their advantages in health safety and environmental impact.
[bookmark: _heading=h.3m7eq81rw63p]Implications for Agriculture and Food Industry
The results of this review have significant implications for both the agriculture and food industries. With increasing consumer demand for clean label products that are free from synthetic chemicals, there is a growing interest in natural alternatives to preservatives. Natural preservatives, such as rosemary extract, oregano oil, and garlic extract, as demonstrated in Giri et al. (2024), can offer an effective, eco-friendly alternative to conventional preservatives, meeting consumer expectations for healthier, safer food.
The adoption of natural preservatives could lead to a shift in agricultural practices, particularly in the sustainable cultivation of herbs and plants used for preservation purposes. For example, the growing use of rosemary and oregano, as demonstrated in Woo et al. (2023), could spur greater demand for these crops, fostering a market for organic farming that reduces the reliance on synthetic chemicals. Furthermore, the environmentally friendly nature of natural preservatives aligns with the global push towards sustainable food systems, as natural options tend to be biodegradable and have a lower carbon footprint compared to synthetic chemicals, thus reducing the environmental burden of food preservation.
For the food industry, this research offers valuable insights into cost-effectiveness and marketability. Although natural preservatives may initially come at a higher cost due to the extraction and production processes, their growing demand in the organic and health-conscious sectors is likely to drive down costs over time, as market scale increases. As the food industry moves toward more transparent food labeling and sustainable practices, incorporating natural preservatives could enhance brand reputation and consumer trust, driving long-term market growth.
[bookmark: _heading=h.o9gtp2iu1qts]Comparison with Existing Literature
Our findings align with several recent studies that have explored the potential of natural preservatives as viable alternatives to synthetic options. For instance, in a study by Veenstra and Johnson (2019) in which the effectiveness of essential oils was evaluated and it was reported that Oleoresin extract was effective in extending shelf life and microbial inhibition in various food products, supporting the conclusions drawn in this review. Furthermore, Venkatesan & Kanchana (2023) demonstrated that natural preservatives like clove oil were effective in controlling microbial spoilage in fruits, which resonates with our findings for products like meat sausages (Abdulla et al., 2025).
Additionally, Cedillo Olivos et al. (2024) highlighted the potential of natural preservatives in maintaining sensory properties without compromising safety. Their research, which included studies on Nisin , supports the observations made by Ayub et al. (2021) and Giri et al. (2024) regarding the superiority of natural preservatives in taste and texture. Moreover, Antony & Narayanaswamy (2026) examined the economic viability of natural preservatives, underscoring the long-term cost-effectiveness as market demand increases—an aspect echoed by the studies of Bag (2022) and EFSA et al. (2025) in this review.
[bookmark: _heading=h.cylajk2za40r]Policy and Regulatory Implications
This review has significant implications for policy and regulatory frameworks governing food safety. The increasing use of natural preservatives in food products presents a strong case for regulatory bodies to re-evaluate safety standards for preservatives. As highlighted in Magomya et al. (2020) and Bak et al. (2025), many synthetic preservatives, such as sodium benzoate and sodium nitrate, raise concerns over their long-term health risks, including potential carcinogenicity and endocrine disruption. Therefore, food safety agencies should consider more comprehensive regulations that support the safe use of natural preservatives, while restricting the use of harmful synthetic chemicals.
In addition, as public health awareness grows, there is a growing demand for clear labeling that identifies products preserved with natural ingredients. Policymakers should therefore push for clearer, standardized labeling regulations to help consumers make informed choices about the safety and sustainability of their food. The global push for organic certification also points to the need for collaborative efforts between government agencies, food industry stakeholders, and academia to establish international standards for natural preservatives.
[bookmark: _heading=h.tw11zpcxko2f]Limitations of the Study
This systematic review is not without its limitations. First, there is the potential for publication bias, as studies with significant or positive results are more likely to be published than those showing no effect. Although this review attempted to include all relevant studies, the absence of unpublished studies or grey literature could have skewed the results. Additionally, the variability in study design across the included studies, such as differences in the types of preservatives, agricultural products, and evaluation methods (e.g., shelf life vs microbial inhibition), may introduce some level of heterogeneity in the findings.
Another limitation lies in the data quality of some studies, particularly regarding the lack of variance estimates and power calculations in several experimental studies. This could hinder the interpretation of statistical robustness and make it challenging to draw definitive conclusions about the efficacy of certain preservatives. Moreover, while this review focused on the effectiveness and safety of preservatives, factors like cost-effectiveness and sustainability were not addressed in depth in some studies, which limits the scope of the discussion.
[bookmark: _heading=h.6i5bwgmoccke]Future Research Directions
Future research should focus on several key areas to further advance our understanding of natural preservatives. Firstly, there is a need for larger-scale studies with more robust designs, including randomized controlled trials where possible, to assess the long-term effects of natural preservatives on food safety, consumer health, and market feasibility. Additionally, exploring newer natural preservatives, such as plant-based extracts, bioactive compounds from seaweed, or even microbial cultures, could provide alternative options with superior antimicrobial properties.
There is also a need for further comparative studies that evaluate the cost-effectiveness of natural preservatives over the long term, taking into account market shifts, consumer trends, and economic factors. Research should also investigate consumer perceptions of natural preservatives and their willingness to pay more for clean label products, as this would help guide industry decisions and regulatory frameworks.
Moreover, as environmental sustainability continues to be a key focus, there is significant potential in studying eco-friendly preservatives with a lower carbon footprint and reduced environmental impact. Collaborative studies between industry, academia, and policy-making bodies could play a crucial role in accelerating the adoption of natural preservatives in the global food industry.

Conclusion
This study highlights the growing potential of natural preservatives as effective alternatives to synthetic options in extending the shelf life and enhancing the safety of agricultural products. The findings show that natural preservatives, such as essential oils and plant extracts, often outperform synthetic preservatives in terms of safety, sensory quality, and environmental sustainability. However, challenges like cost and scalability remain. Policy implications include the need for clearer regulations and labeling to support consumer choice. Future research should focus on optimizing natural preservative formulations and assessing their long-term viability in the food industry.
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