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ABSTRACT

The consumption of locally produced beverages in Nigeria, such as Zobo, Kunu, Soya Milk, and Tiger
nut Drink, is widespread due to their affordability, nutritional value, and cultural relevance. However,
inadequate sanitation during processing and packaging poses significant health risks, particularly due to
the reuse of polyethylene terephthalate (PET) bottles. Many of these bottles are discarded as common
waste, collected by scavengers, and repurposed without proper sterilization. They are often previously
used to store various substances, including kerosene, vegetable oil, and vehicular engine oil, increasing
the risk of chemical contamination. Small-scale beverage producers lack the technology to ensure sterility
and rely only on soap and detergents for cleaning, which are insufficient for removing microbial and
chemical contaminants. Studies have detected harmful pathogens such as Escherichia coli, Salmonella,
and Staphylococcus aureus in these beverages, leading to foodborne illnesses. Additionally, reused PET
bottles degrade over time, releasing harmful chemicals like bisphenol A (BPA) and phthalates, which are
linked to endocrine disruption, reproductive issues, and metabolic disorders. Addressing these risks
requires improved hygiene practices, the adoption of safer packaging materials, and stricter regulatory
oversight. Raising awareness, enforcing hygiene education, and promoting sustainable beverage
production are crucial for ensuring food safety. This review highlights the urgent need for interventions to
protect public health while supporting the traditional beverage industry in Nigeria.
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1. INTRODUCTION

Nigeria boasts a rich variety of locally produced beverages that hold cultural significance and provide
essential nutrients. Popular drinks such as Zobo, Kunu, Soya Milk, and Tiger nut Drink are widely
consumed due to their affordability and perceived health benefits. Zobo, derived from the dried petals of
Hibiscus sabdariffa, is valued for its antioxidant, vitamin C, and polyphenol content (Onoharigho et al.,
2022; Edo et al., 2023). Similarly, Kunu, a fermented cereal-based drink made from millet, sorghum, or
maize, is appreciated for its probiotic properties; however, poor hygiene practices during production
increase the risk of bacterial contamination (Adegboye et al., 2024). Soya Milk, a plant-based dairy
alternative, is high in protein but highly perishable, making it susceptible to microbial spoilage if not
properly stored (John 2023). Tiger nut Drink, also known as Kunu Aya, provides fiber, magnesium, and
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beneficial fats but is often compromised by inadequate sanitation and packaging practices (Musa &
Hamza 2013). Despite these benefits, the traditional processing and packaging methods of these
beverages pose significant health risks due to inadequate sanitation, lack of regulatory oversight, and the
widespread use of reused polyethylene terephthalate (PET) bottles.

A growing concern is the practice of packaging these beverages in reused PET bottles, which raises
multiple health risks. Many vendors, due to economic constraints, repurpose discarded plastic bottles that
were initially designed for single use. This practice exposes consumers to potential hazards, including
microbial contamination and chemical leaching (Seiyaboh et al., 2020a; Seiyaboh et al., 2020b). Studies
have documented the presence of harmful pathogens such as Escherichia coli, Salmonella, and
Staphylococcus aureus in locally produced beverages stored in reused PET bottles, increasing the
likelihood of foodborne illnesses such as diarrhea and typhoid fever (Ire et al., 2020). The inadequate
cleaning and improper handling of these bottles further exacerbate microbial contamination, making them
a significant vector for disease transmission.

Beyond microbial risks, the chemical safety of reused PET bottles is another pressing issue. Over time,
these plastics degrade, especially when exposed to heat, acidic beverages, or repeated washing with harsh
detergents. As a result, harmful compounds such as bisphenol A (BPA) and phthalates may leach into the
beverages (Duefias-Moreno et al., 2023). These chemicals have been linked to endocrine disruption,
reproductive health complications, and metabolic disorders, posing long-term risks to consumers. Given
that many of these beverages are stored under suboptimal conditions in informal markets, the risk of
chemical exposure is heightened, particularly in urban and semi-urban communities where such drinks are
a staple.

Addressing these health concerns requires a multi-faceted approach that includes improving hygiene
practices, promoting safer packaging alternatives, and strengthening regulatory frameworks. Increasing
public awareness about the risks associated with reused PET bottles is essential to encourage both
vendors and consumers to prioritize food safety. Additionally, enforcing stricter quality control measures
in the informal beverage sector can mitigate the spread of foodborne diseases and reduce chemical
exposure (Christiana Cudjoe et al., 2022). This study aims to examine the human health risks associated
with locally produced beverages in Nigeria, focusing on the dangers of microbial contamination and
chemical leaching from reused PET bottles. By evaluating current practices, identifying potential health
hazards, and recommending practical solutions, this research contributes to the ongoing discourse on food
safety in Nigeria. Ultimately, the goal is to foster sustainable beverage production practices that ensure
consumer safety while preserving the rich tradition of local beverage consumption.

2. Processing of Locally Produced Beverages

The processing of locally produced beverages in Nigeria varies based on ingredients and traditional
techniques, yet it plays a crucial role in food safety and nutritional value (Uzogara et al, 1990). Many of
these beverages, including Zobo, Kunu, Soya Milk, and Tiger nut Milk, are prepared using minimal
industrial equipment, relying largely on traditional methods (Adeniji, 2017; Seiyaboh et al., 2020a). These
beverages serve as affordable sources of essential nutrients and are widely consumed in both rural and
urban areas. However, challenges such as microbial contamination, inadequate hygiene, and improper
packaging raise significant health concerns (Seiyaboh et al., 2020a; Seiyaboh et al., 2020b). Processing
methods typically include washing, soaking, boiling, fermenting, blending, and sieving, depending on the
beverage type (Ndukwe et al., 2023). While these drinks provide hydration and nutrition, ensuring
hygienic production and proper storage conditions is essential to prevent contamination and preserve their
quality (Aadil et al., 2019).

2.1 Commonly Used Beverages and Their Ingredients

2.1.1 Zobo (Hibiscus Drink)

Zobo is a popular Nigerian beverage made from dried hibiscus (Hibiscus sabdariffa) petals (Ojileh &
Okechukwu, 2023), often infused with ginger, cloves, and sometimes pineapple for added flavor. The
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preparation involves boiling the dried petals in water, allowing the extraction of its deep red pigment and
tart flavor. Ginger and cloves are added for their antimicrobial and antioxidant properties, which also
enhance the drink’s taste and preservation (Bagwai et al., 2022; Shaukat et al., 2023). Some variations
include pineapple or citrus fruits to improve flavor and nutritional benefits. Zobo is rich in vitamin C,
antioxidants, and polyphenols, contributing to its reported health benefits, such as blood pressure
regulation and immune support (Edo et al., 2023). However, improper processing and storage can lead to
microbial contamination, making hygiene a critical factor in its production.

2.1.2 Kunu

Kunu is a fermented, cereal-based beverage traditionally made from millet, sorghum, or maize, commonly
consumed in northern Nigeria (Gaffa et al., 2022). The process begins with soaking the grains for 24 to 48
hours to soften them and activate natural fermentation. The soaked grains are then milled into a paste,
cooked, and allowed to ferment for several hours to develop a mildly tangy taste (Ndukwe et al., 2023).
Ingredients such as ginger, cloves, and sweeteners like sugar or honey are often added to enhance flavor
(Ndukwe et al., 2023). The fermentation process enhances its probiotic properties, making Kunu
beneficial for gut health. However, poor sanitation during processing and inadequate storage conditions
can result in bacterial contamination, posing health risks to consumers (Langley et al., 2015).

2.1.3 Soya Milk

Soya milk is a product of soybeans (Glycine max), a plant-based lactose-free alternative to dairy milk
having low saturated fat and no cholesterol (Haisman, 2010). The preparation process involves soaking
dried soybeans overnight, grinding them with water, and boiling the mixture to eliminate anti-nutritional
factors such as trypsin inhibitors (Shi et al., 2017). The resulting liquid is then filtered and often
sweetened or flavored with vanilla or chocolate for improved taste. Soya milk is rich in essential amino
acids, calcium, and isoflavones, which have been linked to cholesterol reduction and hormonal balance
(Messina et al., 2022). However, its high moisture content makes it susceptible to microbial spoilage,
necessitating proper pasteurization and refrigeration for extended shelf life (Kohli et al., 2017).

2.1.4 Tiger nut Milk

Tiger nut milk, derived from Cyperus esculentus (tiger nuts), is a nutritious, lactose-free drink with natural
sweetness (Guneser et al., 2019). The preparation involves washing and soaking the tiger nuts to soften
them before blending with water. In some variations, dates, coconut, or vanilla are added to enhance taste
and nutritional benefits (Obadesagbo et al., 2023). Tiger nuts are rich in fiber, magnesium, and healthy
fats, making the milk beneficial for digestion and cardiovascular health (Edo et al., 2023). Tiger nut milk
is nutritionally beneficial but highly perishable due to its high sugar content, requiring proper hygiene and
refrigeration to prevent fermentation, spoilage, and microbial growth (Tasiu et al., 2023). By
understanding the ingredients and processing methods of these beverages, producers can implement better
hygiene practices, and consumers can make informed choices about their nutritional benefits and safety.

2.2 Traditional and Modern Processing Techniques

The production of locally made beverages involves both traditional and modern processing techniques,
each with distinct advantages and challenges (Nwaiwu et al., 2020). Traditional methods rely on manual
techniques such as washing, soaking, boiling, fermentation, and filtration, which have been used for
generations to prepare beverages like Zobo, Kunu, Soya Milk, and Tiger nut Milk (Michel et al., 2024).
However, these techniques often lack standardization, leading to inconsistencies in quality and hygiene
(Seiyaboh et al, 2020b). On the other hand, modern processing techniques incorporate advanced methods
such as pasteurization, improved filtration, and the use of preservatives to enhance safety and extend shelf
life (Hertrich & Niemira, 2021). These innovations help reduce microbial contamination and improve the
stability of beverages for commercial distribution. While modern techniques enhance food safety and
quality, they require greater investment in technology and infrastructure, making them less accessible to
small-scale producers (UNCTAD, 2017).
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2.2.1 Traditional Methods

Traditional beverage processing methods have been widely practiced across Nigeria for generations,
relying on manual techniques to extract flavors, enhance fermentation, and improve taste (Uzogara et al.,
1990). The process often begins with manual washing of ingredients, such as hibiscus petals for Zobo or
millet grains for Kunu, to remove dirt and impurities. This is followed by soaking, which softens raw
materials and facilitates fermentation in cereal-based drinks like Kunu (Ndukwe et al., 2023). Boiling is
another key traditional method, particularly for Zobo and Soya Milk, as it helps extract flavors and
eliminate harmful microbes (Adeniji, 2017). Fermentation plays a crucial role in beverages like Kunu,
where naturally occurring bacteria break down sugars to produce a mildly sour taste and probiotic
benefits (Ndukwe et al., 2023). After fermentation, the beverage is filtered to remove solid residues,
resulting in a smooth liquid. Some drinks, such as Kunu and Tiger nut Milk, undergo additional
sweetening using natural ingredients like dates, honey, or sugar to improve taste and consumer appeal.
While traditional methods preserve the authenticity and flavor of these beverages, they pose challenges in
hygiene and consistency. Lack of standardized processing increases the risk of microbial contamination,
especially when water quality and storage conditions are inadequate (Shankar et al., 2021). As a result,
there is a growing need to integrate modern processing techniques to improve safety while retaining
traditional flavors.

2.2.2 Modern Methods

Modern processing techniques aim to enhance the safety, quality, and shelf life of locally produced
beverages by incorporating scientific advancements in food preservation (Lisboa et al., 2024). One of the
most significant improvements is pasteurization, a heat treatment method that eliminates harmful bacteria
while preserving the nutritional and sensory properties of beverages (Vaghela et al., 2024). This method is
particularly beneficial for Soya Milk, Tiger nut Milk, and Zobo, which are prone to microbial
contamination due to their high moisture content. Improved filtration methods, such as microfiltration and
ultrafiltration, have also been introduced to remove impurities and microorganisms more effectively than
traditional cloth straining (Singh et al., 2019). These filtration systems enhance beverage clarity and
stability while reducing the risk of spoilage. In addition, the use of preservatives such as sodium benzoate
or citric acid has been adopted in commercial Zobo production to inhibit bacterial growth and extend shelf
life (Doughari et al., 2007). Another key advancement is aseptic packaging, which ensures that beverages
remain uncontaminated during storage and transportation (Sanjana et al., 2019). This technique is
essential for commercial distribution, as it prevents microbial growth and maintains product quality over
extended periods. While modern methods significantly improve food safety, they often require specialized
equipment and increased production costs, limiting their accessibility to small-scale producers (Chen et
al., 2021). However, integrating these techniques with traditional practices can create a balance between
preserving authentic flavors and enhancing beverage safety.

3. Common Packaging Practices

Packaging plays a crucial role in the safety and shelf life of locally produced beverages, yet many
producers rely on unsanitary and unsafe practices due to cost constraints and lack of regulatory
enforcement. Among the most common packaging materials are used plastic bottles, reused glass bottles,
and containers with little to no sterilization before reuse (Seiyaboh et al., 2020a; Seiyaboh et al., 2020b).
While these practices make beverages more affordable and accessible, they also raise serious health
concerns due to potential microbial contamination and chemical leaching (Benyathiar et al., 2021).

3.1 Use of Previously Used Plastic Water and Beverage Bottles (e.g., PET Bottles)

Many small-scale beverage producers in Nigeria rely on used PET (Polyethylene Terephthalate) bottles
collected from waste streams or purchased from recyclers for packaging (Egun et al., 2020; Seiyaboh et
al., 2020a). These bottles, originally designed for single use, are often cleaned manually and refilled
multiple times without proper sterilization. However, repeated use of PET bottles poses significant health
risks, as plastics degrade over time, especially when exposed to heat or acidic beverages, leading to the
release of harmful chemicals such as bisphenol A (BPA) and phthalates (Palsania et al., 2024). These
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compounds have been linked to endocrine disruption, reproductive health issues, and cancer risks (Hafezi
et al., 2019). Furthermore, residual beverages left in reused PET bottles can promote microbial growth,
increasing the risk of foodborne illnesses (Seiyaboh et al., 2020b). Despite these risks, PET bottle reuse
remains prevalent due to its affordability and accessibility for low-income beverage producers and
consumers.

3.1.1 Some Cases of Glass Bottle Reuse

Glass bottles are another commonly reused packaging material for locally produced beverages,
particularly for drinks like Zobo and Kunu (Nwafor & lkenebomeh, 2009). Unlike PET bottles, glass is
non-porous and less likely to degrade over time, making it a relatively safer option for reuse. However,
many reused glass bottles are sourced from waste collection points, where they may have been previously
used for carbonated drinks, alcohol, or even non-food substances (kerosine), leading to potential cross-
contamination if not thoroughly cleaned. Proper sterilization of glass bottles before reuse is often
neglected, leading to bacterial contamination from residues of previous contents (Seiyaboh et al., 2020b).
While glass has a lower risk of chemical leaching compared to plastics, improper handling and storage
can introduce harmful pathogens such as E. coli and Salmonella, posing serious health risks to consumers.
Therefore, while glass bottle reuse is a more sustainable alternative to PET, its safety depends on strict
cleaning and sterilization practices.

3.1.2 Minimal or No Sterilization Before Reuse

A major issue in local beverage production is the lack of proper sterilization before reusing bottles for
packaging (Seiyaboh et al., 2020a; Seiyaboh et al., 2020b). Many producers rely on manual rinsing with
water or detergent, which is insufficient to eliminate bacteria, fungi, and residual chemical contaminants.
In some cases, used PET and glass bottles are merely swirled with water before being refilled, allowing
harmful microbes to persist. Research has shown that beverages stored in inadequately sterilized
containers often contain high levels of microbial contaminants, including E. coli, Staphylococcus aureus,
and Salmonella, which can lead to serious foodborne illnesses (Todd 2014; Mohd Nawawee et al., 2019).
Additionally, without proper sterilization, fermentation of leftover beverage residues can produce toxins
that compromise the safety and taste of the drinks (Sivamaruthi et al., 2018). To improve beverage safety,
producers must adopt more effective sterilization methods such as boiling, chemical sanitization, or the
use of food-grade disinfectants.

3.2 Reasons for Reusing PET Containers

The reuse of PET containers for packaging locally produced beverages is a widespread practice driven by
economic, convenience, and environmental factors (Coelho et al., 2020). Many small-scale producers,
particularly in low-income communities, opt for used PET bottles due to their affordability and
availability. Additionally, consumers find these containers convenient, as they are lightweight and easy to
carry (Bradley & Corsini, 2023). Some view bottle reuse as an environmentally friendly practice,
reducing plastic waste and promoting recycling (Benyathiar et al., 2022). However, despite these
advantages, health risks associated with improper sanitation and chemical leaching remain a significant
concern.

3.2.1 Economic Factors: Cost Savings for Small-Scale Producers

The primary reason for reusing PET containers is economic, particularly for small-scale beverage
producers who operate with limited financial resources (Coelho et al., 2020). Purchasing brand-new,
food-grade packaging is often expensive, making the reuse of PET bottles a cost-effective alternative.
Many beverage producers acquire used bottles from waste collection points or purchase them cheaply
from local recyclers, reducing production costs and enabling them to offer affordable products while
staying competitive in the market. However, the financial benefits come with health risks, as many reused
PET bottles are not properly sterilized, leading to bacterial contamination (Hariharan & Sankar, 2024).
Furthermore, prolonged use of PET bottles can result in the release of harmful chemicals, posing potential
health hazards to consumers (Dhaka et al., 2022).
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3.2.2 Consumer Convenience: Readily Available and Easy to Transport

Consumers widely accept the reuse of PET containers due to their convenience and availability (Martinho
et al., 2024). PET bottles are lightweight, making them easy to carry, store, and transport, especially for
people on the go (Benyathiar et al., 2022). Many local beverage vendors sell drinks in used PET bottles
because they are familiar to consumers, who often prefer them over traditional packaging such as glass or
cups. Additionally, PET bottles are resealable, allowing consumers to store leftover beverages for later
consumption. Their durability also makes them a practical choice for street vendors and roadside sellers
who need packaging that can withstand rough handling (Paladhi et al., 2021). However, despite their
convenience, reused PET bottles may harbor harmful bacteria if not properly cleaned, increasing the risk
of foodborne illnesses (Grogan et al., 2021).

3.2.3 Environmental Concerns: Perceived Sustainability Through Recycling

Reusing PET bottles is often seen as an environmentally friendly practice, helping to reduce plastic waste
and promote recycling efforts (Ogunbanwo et al., 2021). Many individuals and small-scale producers
believe that by reusing bottles, they are minimizing pollution and contributing to sustainability (Adeleke
et al., 2021). In regions where formal recycling systems are underdeveloped, informal bottle reuse
provides a means of extending the lifecycle of plastic products (Adeoye et al., 2022). This practice aligns
with the principles of waste reduction and resource conservation, making it a preferred choice for eco-
conscious consumers (Egbebi & Seidu, 2020). However, while reuse may temporarily delay plastic waste
accumulation, improper cleaning and prolonged use of PET bottles can lead to hygiene and health risks
(Adegboye et al., 2022). Additionally, repeated exposure to sunlight and heat can degrade the plastic,
increasing the risk of chemical leaching into beverages (Oladipo & Jadesimi, 2023).

4. Toxicities and Health Implications

The reuse of PET bottles for packaging locally processed drinks poses serious health risks due to
microbial, chemical, and physical contamination (Abrokwah et al., 2019; Seiyaboh et al., 2020a; 2020b).
These bottles, originally designed for single use, degrade over time, releasing harmful substances such as
bisphenol A (BPA) and phthalates into beverages (Seiyaboh et al., 2020a; 2020b). Additionally, improper
washing leaves behind detergent residues and fosters microbial growth, exposing consumers to foodborne
illnesses (Seiyaboh et al., 2020b; Hariharan & Sankar, 2024). Physical contaminants, such as debris from
prior use, further increase health hazards. Long-term effects of exposure to these can induce endocrine
disruption in huaman (Sax, 2010).

4.1 Potential Contaminants from Reused PET Containers

4.1.1 Microbial Contaminants

Microbial contamination is a significant risk in reused PET bottles due to inadequate sterilization
practices (Seiyaboh et al., 2020b). Studies have found that beverages stored in improperly cleaned bottles
often contain pathogenic bacteria such as Escherichia coli, Salmonella spp., and Staphylococcus aureus,
all of which can cause severe gastrointestinal infections (Tersoo-Abiem & Orinya 2024). The presence of
molds and yeasts is also common, particularly in sugary beverages like Zobo and Kunu, where
fermentation can lead to spoilage and toxin production (Amala et al., 2021). Poor handling, coupled with
exposure to unclean water and surfaces, further increases contamination risks (Seiyaboh et al., 2020b). If
ingested, these microorganisms can lead to foodborne illnesses, including diarrhea, typhoid fever, and
food poisoning. To reduce microbial risks, proper sterilization methods such as boiling or chemical
sanitization should be implemented before reuse.

4.1.2 Chemical Contaminants

Reused PET bottles are prone to chemical leaching, especially when exposed to heat, acidic beverages, or
repeated washing (Gerassimidou et al., 2022). Harmful compounds such as bisphenol A (BPA) and
phthalates, which are used in plastic production, can gradually seep into beverages, posing significant
health risks (Khalili Sadrabad et al., 2023). BPA is known for its endocrine-disrupting properties,
affecting hormonal balance and increasing the risk of metabolic disorders and reproductive issues (Hafezi
et al., 2019; Sax 2010). Additionally, improper washing with harsh detergents can leave behind chemical
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residues, which may react with the beverage and further compromise safety. Frequent exposure to these
contaminants has been linked to increased cancer risks, immune suppression, and developmental issues in
children (Chance 2021; Govind & Nishitha 2023). While new PET bottles are considered safe for single
use, their continuous reuse without proper regulation can lead to severe health complications.

4.1.3 Physical Contaminants

Physical contamination in reused PET bottles occurs due to the accumulation of residual particles from
previous beverages or improper cleaning. Many bottles collected from waste dumps or recycling centers
still contain traces of their original contents, which can degrade and become breeding grounds for bacteria
and fungi (Seiyaboh et al., 2020b). Some PET bottles may also contain dirt, dust, or small plastic
fragments, which can mix with the new beverage, affecting its taste and safety. Over time, scratches and
cracks in the plastic provide hiding spots for contaminants, making thorough cleaning difficult. If
consumed, these physical contaminants may cause irritation, allergic reactions, or gastrointestinal
discomfort (Dhaka et al., 2022). Implementing proper cleaning protocols and using safer packaging
alternatives, such as glass bottles, can help minimize these risks.

4.2 Health Risks Associated with Consumption

4.2.1 Foodborne lllnesses (Diarrhea, Typhoid, Cholera, Food Poisoning)

Reusing PET bottles without adequate sterilization exposes consumers to foodborne illnesses caused by
bacterial contamination (Seiyaboh et al., 2020b). E. coli, Salmonella, and Staphylococcus aureus are
among the most common pathogens found in locally processed beverages packaged in reused bottles
(Tersoo-Abiem et al., 2024). These bacteria can cause diarrhea, abdominal cramps, fever, and vomiting,
with severe cases leading to dehydration and hospitalization (Graves, 2013). Contaminated water sources
used in washing bottles further contribute to the spread of cholera and typhoid fever. Food poisoning can
also result from spoiled beverages due to microbial growth in unclean bottles (Mafe et al., 2024).
Implementing strict hygiene measures and adopting single-use or properly sterilized containers can
significantly reduce these risks.

4.2.2 Long-Term Effects from Chemical Exposure

Chronic exposure to chemicals leached from reused PET bottles can have severe long-term health effects
(Dhaka et al., 2022). BPA and phthalates disrupt endocrine function, leading to hormonal imbalances that
affect reproductive health, fertility, and child development (Hafezi et al., 2019; Sax 2010). Studies have
linked prolonged BPA exposure to an increased risk of breast and prostate cancer due to its estrogen-
mimicking properties (Gao et al., 2015). Additionally, the exposure as low as 10 pg/kg/day has been
shown to reduce insulin sensitivity, and impair glucose tolerance (Martinez-Pinna, 2023). Developmental
and repeated exposure to environmental toxins can lead to long-term health effects, including immune
suppression, cognitive impairment, and chronic diseases like cardiovascular disorders (Winans et al.,
2011). Reducing PET bottle reuse and promoting safer alternatives, such as glass or food-grade plastics,
can help mitigate these risks.

4.2.3 Antibiotic Resistance Due to Repeated Exposure to Contaminated Beverages

The frequent consumption of beverages stored in contaminated PET bottles contributes to the growing
issue of antibiotic resistance (Dhaka et al., 2022). Bacteria like E. coli and Salmonella in reused bottles
can develop resistance due to low-dose exposure to antibiotics or sanitizers, primarily caused by
inadequate cleaning, improper disinfectant choice, and not following cleaning guidelines (Rutala &
Weber, 2024). When these antibiotic-resistant bacteria enter the human body, they can cause infections
that are difficult to treat, leading to prolonged illness and increased mortality rates (Mancuso et al., 2021).
Additionally, the consumption of contaminated beverages may expose individuals to sublethal doses of
antibiotics, further promoting bacterial adaptation and resistance. This poses a significant public health
concern, as it reduces the effectiveness of antibiotics in treating infections and increases healthcare costs.
Implementing proper sterilization practices and discouraging the reuse of PET bottles can help prevent the
spread of resistant bacteria.
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5. Prospects and Recommendations for Safe Consumption

Ensuring the safe consumption of locally produced beverages requires a combination of improved
processing methods, regulatory policies, and technological innovations. The use of food-grade packaging,
hygienic processing, and affordable sterilization techniques can significantly reduce health risks (Alamiri
et al., 2021). Additionally, enforcing food safety regulations, increasing public awareness, and promoting
sustainable packaging alternatives are essential to mitigating contamination risks (Onyeaka et al., 2023).
Technological advancements such as biodegradable packaging and glass recycling programs can further
enhance beverage safety (Egbebi & Seidu, 2020). These efforts will improve public health while
supporting the sustainability of the beverage industry.

5.1 Improved Processing and Packaging Strategies

Implementing better processing and packaging strategies is critical in reducing the risks associated with
locally produced beverages (Ghoshal, 2019; Coelho et al., 2020). Ensuring that beverage containers are
safe for use, improving hygiene standards, and adopting sterilization techniques can minimize microbial
and chemical contamination (Oyenka et al., 2024).

5.1.1 Use of Food-Grade Packaging

One of the most effective ways to enhance beverage safety is by using food-grade packaging that
minimizes chemical and microbial contamination (Onyeaka & Nwabor, 2022). Innovations are needed to
promote plastic reduction, reuse, recycling, and recovery, alongside eco-friendly alternatives, by
empowering and educating communities (Kumar et al., 2021). Therefore, encouraging the transition from
PET bottle reuse to safer alternatives, such as food-grade plastics, biodegradable materials, and sanitized
reusable glass bottles, can help reduce health risks. Single-use, BPA-free plastic bottles are a safer short-
term solution, while glass bottles provide a sustainable, reusable option when properly sterilized.
Governments and industry stakeholders should promote affordable alternatives to PET packaging while
educating beverage producers and consumers on the risks of unsafe bottle reuse.

5.1.2 Adoption of Hygienic Processing

Adopting Hazard Analysis and Critical Control Points (HACCP) principles can help minimize
contamination risks in local beverage production (Hua et al., 2010). HACCP is a systematic approach that
identifies, evaluates, and controls food safety hazards throughout the production process. Key practices
include maintaining clean workspaces, monitoring raw materials, and ensuring proper handling of
beverages to prevent microbial growth. Training small-scale beverage producers on HACCP
implementation can significantly improve hygiene and safety in informal beverage markets.

5.1.3 Use of Affordable Sterilization Techniques

Cost-effective sterilization techniques are essential for ensuring that beverage containers are free from
contaminants. Ultraviolet (UV) light sterilization is a modern, efficient method that eliminates bacteria
and viruses without altering beverage quality (Rezaie et al., 2020). Traditional methods such as boiling
remain effective and accessible for small-scale producers. Chemical disinfectants, such as diluted food-
grade chlorine solutions, can also be used to sanitize containers, provided they are thoroughly rinsed to
remove residue (Sandle, 2015). Implementing these techniques will reduce microbial contamination risks
and improve beverage safety.

5.2 Government Regulations and Policies

Government intervention is necessary to establish and enforce food safety standards in informal beverage
markets. Policies that mandate hygienic processing, regulate packaging materials, and educate the public
on beverage safety can help prevent health risks.

5.2.1 Enforcement of Standard Operating Procedures (SOPs)

Regulating beverage production through enforceable Standard Operating Procedures (SOPS) can improve
hygiene and reduce contamination risks (Iro et al., 2020). SOPs should outline best practices for
ingredient sourcing, container sterilization, and beverage storage. Government agencies should provide
training programs for small-scale producers to ensure compliance with food safety standards (Chen et al.,
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2022). Enforcement measures such as routine inspections and penalties for non-compliance can further
enhance food safety.

5.2.2 Public Awareness Campaigns

Public education campaigns are essential to inform consumers and producers about the dangers of reusing
PET bottles for beverage storage. Campaigns should emphasize the risks of chemical leaching, bacterial
contamination, and poor hygiene practices (Thakali & MacRae, 2021). Governments and health agencies
should use media platforms, workshops, and community engagement programs to promote safe beverage
consumption. Raising awareness can encourage the adoption of safer packaging alternatives.

5.2.3 Strengthen Food Safety Laws on Informal Beverage Markets

Strengthening food safety regulations can help address health risks associated with informal beverage
markets (Onyeaka et al., 2021). Governments should introduce stricter laws on packaging, sterilization,
and distribution processes. Policies that require beverage producers to register with regulatory bodies and
adhere to minimum hygiene standards can improve consumer safety. Investing in enforcement
mechanisms, such as inspection teams and food safety monitoring programs, will further ensure
compliance.

5.3 Technological Innovations for Safer Packaging

Technological advancements offer sustainable solutions for beverage packaging, reducing reliance on
PET bottle reuse (Oladipo & Jadesimi, 2023). Innovations such as biodegradable materials, glass
recycling programs, and eco-friendly packaging alternatives can improve safety and environmental
sustainability (Adegboye et al., 2022).

5.3.1 Biodegradable Packaging Alternatives

The development of biodegradable packaging offers an eco-friendly alternative to PET bottles (Shaikh et
al., 2021). Materials such as plant-based plastics, paper-based containers, and compostable biopolymers
reduce plastic waste while ensuring food safety (Cheng et al., 2024). Governments should support
research and investment in biodegradable packaging to make it more affordable for small-scale producers.
5.3.2 Promotion of Glass Recycling Programs for Safe Beverage Packaging

Glass recycling programs can provide a safer alternative to PET bottle reuse while reducing
environmental waste (Oladipo & Jadesimi, 2023). Unlike plastic, glass does not degrade over time and
can be effectively sanitized for reuse (Adeoye et al., 2022). Establishing collection centers and
subsidizing the cost of recycled glass bottles can encourage their widespread use in the beverage industry
(Adeleke et al., 2021).

5.3.3 Encouraging Investment in Eco-Friendly Containers

Investing in innovative, eco-friendly packaging solutions can enhance beverage safety while supporting
sustainability. Governments, private investors, and research institutions should collaborate to develop
cost-effective alternatives to PET bottles. Funding initiatives that promote the production and distribution
of reusable and biodegradable containers can help reduce plastic waste and improve beverage safety
(Moshood et al., 2024). By adopting these strategies, Nigeria’s local beverage industry can improve food
safety, reduce environmental impact, and enhance public health outcomes.

CONCLUSION

This study emphasizes the dangers of reusing plastic beverage containers, including microbial and
chemical contamination, which can lead to foodborne illnesses, long-term health complications, and
antibiotic resistance. It calls for improved packaging solutions, stricter regulatory frameworks, and
enhanced consumer education to ensure the safety of locally produced beverages. Small-scale beverage
producers should adopt safer packaging alternatives, enforce stricter food safety laws, promote hygienic
processing standards, and provide training. Public awareness campaigns should educate consumers on the
dangers of reused plastic bottles.
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