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Microorganisms are known to be one of the cosmopolitan organisms mostly found in
nature. Their presence in all forms of biotic and abiotic ecosystem showcase their
immense potential in contaminating virtually most things found in nature. This review
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diseases and digestive health effects. The contamination of herbal products in Nigeria
by microbes occurs at different stages from the collection of plant extracts, processing,
storage, up to distribution. Also, their formulations under non-sterile conditions,
utilizing of contaminated water and improper handling by vendors also contributed to
their contamination. The consumption of microbial contaminated herbs can cause
health implications which can range from mild infections to life-threatening diseases.
Also, the toxic metabolic byproducts produced by microbes in the herbs are highly
pathogenic, which can lead to liver and kidney failure. To avoid these contaminations,
proper hygiene and quality control measures should be implemented at all stages of
herbal drug production. Also, Good Manufacturing Practices (GMP) including proper
worker hygiene, and the usage of sterilized packaging tools should be employed during
herbal formulations.

DOI: https://doi.org/10.54660/1JBBR.2026.2.1.10-19

Keywords: Nigeria, Microorganisms, Herbal Formulation, Contamination, Human Health

1. Introduction

Traditional herbal formulations have been an integral part of healthcare in Nigeria for centuries, with millions of people relying
on them for the treatment of various ailments (lyiola and Adegoke, 2024) %31, These herbal remedies are often prepared using
plant materials, roots, barks, seeds, and other natural substances. They are sold in markets, on the streets, and even in some
licensed herbal shops (Kloos, 2024) 31, However, due to poor handling, unhygienic processing, and inadequate quality control,
these herbal products are frequently contaminated with harmful microorganisms. The presence of bacteria, fungi, and other
pathogenic microbes in these herbal formulations raises significant public health concerns (Ovuru et al., 2024) 52, Despite their
widespread use and cultural significance, microbial contamination in herbal products can pose serious risks to human health,
particularly for immunocompromised individuals and those with pre-existing medical conditions.
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Microbial contamination of herbal products in Nigeria occurs
at various stages of production, including collection,
processing, storage, and distribution. Many herbal
formulations are prepared under non-sterile conditions, often
exposed to dust, contaminated water, and improper handling
by vendors (Ovuru et al., 2024) 52, Additionally, the lack of
stringent regulatory oversight allows for the sale of herbal
remedies that do not meet basic hygiene standards (Kosoe et
al., 2024) B3, Studies have shown that herbal products in
Nigeria frequently contain pathogenic microorganisms such
as Escherichia coli, Salmonella spp., Staphylococcus aureus
and Aspergillus spp. which are known to cause
gastrointestinal infections, food poisoning, and other
illnesses (Odo et al., 2021) 11, Furthermore, the packaging
and storage of these products in open containers or unsealed
plastic bags further increase the likelihood of microbial
contamination (Safakas et al., 2025) %],

One major source of microbial contamination in herbal
formulations is the use of contaminated water during
preparation (Ahiabor et al., 2024) 2, Many herbalists and
vendors rely on untreated water from wells, streams, or
boreholes, which may harbor harmful bacteria and parasites
(Ogwu et al., 2024) B9, Additionally, the drying and grinding
of herbal ingredients are often done in unhygienic
environments where airborne contaminants, insects, and
rodents can introduce pathogenic microbes (Ovuru et al.,
2024) B2 Some herbal formulations are also mixed with
other substances, including honey and palm wine, which, if
not properly handled, can serve as a medium for microbial
growth. The absence of sterilization techniques, such as
pasteurization or proper heat treatment, further exacerbates
the risk of microbial contamination in these traditional
medicines (Ovuru et al., 2024) B2,

The health implications of consuming microbial
contaminated herbal formulations are severe and can range
from mild infections to life-threatening diseases (Ahiabor et
al., 2024) @, Another critical issue associated with microbial
contamination of herbal medicines is the potential for toxic
metabolic byproducts produced by fungi and bacteria. Some
fungal species produce mycotoxins, such as aflatoxins and
ochratoxins, which are highly carcinogenic and can
accumulate in the liver and kidneys, leading to organ failure
(Patil et al., 2025) 31, Bacterial endotoxins can also trigger
inflammatory responses in the human body, leading to
symptoms such as fever, shock, and multi-organ dysfunction.
Bacterial contamination particularly from fecal coliforms like
E. coli and Salmonella, can lead to severe diarrhea, typhoid
fever, and foodborne illnesses (Yussuf et al., 2025) [,
Fungal contamination, especially from Aspergillus species,
presents another serious concern, as it can lead to aflatoxin
poisoning, a condition linked to liver damage and cancer
(Bisrat et al., 2024) 23],

In some cases, chronic exposure to microbial toxins from
herbal medicines can lead to long-term health complications,
including immunosuppression, respiratory issues, and
neurological disorders (Kadiri et al., 2025) B, Moreover,
some microbial strains found in herbal products are resistant
to common antibiotics, posing an additional challenge in the
treatment of infections caused by these contaminants.
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Immunocompromised individuals, such as pregnant women,
the elderly, and people living with chronic diseases like
HIV/AIDS or diabetes, are at a higher risk of developing
severe complications from these microbial infections (Khan
et al., 2024) B2, These dangers highlight the urgent need for
improved regulatory control and safety measures in the
herbal medicine industry.

Addressing the issue of microbial contamination in
traditional herbal formulations in Nigeria requires a
multifaceted approach (Ovuru et al., 2024) B2, First,
regulatory agencies such as the National Agency for Food
and Drug Administration and Control (NAFDAC) should
enforce stricter hygiene standards in the production and
distribution of herbal medicines. Public awareness
campaigns should also be conducted to educate both herbal
practitioners and consumers about the risks associated with
consuming contaminated herbal products (Rahman et al.,
2025) %1, Additionally, the adoption of modern processing
techniques, such as proper drying, filtration, and sterilization,
can help reduce microbial contamination. Standardized
packaging and proper labeling of herbal medicines can also
play a significant role in ensuring consumer safety.
Collaboration between traditional herbal practitioners and
scientific researchers can help bridge the gap between
traditional medicine and modern safety practices (Sethi et al.,
2025) B8],

While formulations remain a valuable part of Nigeria’s
healthcare system, microbial contamination poses a
significant risk to public health traditional herbal (Atanda et
al., 2025) !4, without proper regulation and quality control,
consumers remain vulnerable to these dangers. There is an
urgent need for improved hygiene practices, regulatory
oversight, and scientific intervention to ensure that herbal
medicines are safe for human consumption (Sethi et al.,
2025) 8, By addressing these challenges, Nigeria can
enhance the safety and effectiveness of its traditional
medicine sector while protecting the health of millions who
depend on these remedies. This review was aimed to outline
the microbial contamination of traditional herbal
formulations sold in Nigeria and its health implications to
human health.

Traditional Herbal Formulations in Nigeria

Traditional herbal formulations have been an essential part of
Nigeria’s healthcare system for centuries (Idowu, 2025) 122,
Long before the introduction of modern medicine, indigenous
communities relied on herbs, roots, and plant extracts for the
treatment of various ailments. These herbal remedies are
often prepared using traditional knowledge passed down
through generations, with each ethnic group in Nigeria
having its unique healing practices (Kalu, 2022) 1. Herbal
medicine remains popular due to its affordability,
accessibility, and cultural acceptance. Many people,
especially in rural areas, turn to traditional herbal remedies as
their first line of treatment for common illnesses, chronic
conditions, and even spisritual healing. Despite
advancements in modern medicine, traditional herbal
formulations continue to play a crucial role in Nigeria’s
healthcare landscape (Akunna et al., 2023) [,
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The preparation of herbal medicines in Nigeria varies
depending on the intended use and the healer’s knowledge
(Ogidi and Emaikwu, 2024) 18, Herbalists, also known as
traditional medicine practitioners, combine different plant
parts such as leaves, roots, barks, seeds, and flowers to create
potent remedies. Some herbal preparations are administered
as decoctions (boiled extracts), infusions (soaked in water),
powders, or topical pastes. Others are mixed with local
drinks, palm wine, or honey to enhance their efficacy.
However, one major challenge with herbal formulations in
Nigeria is the lack of standardization in dosage and
preparation methods. Since many herbal remedies are
prepared using indigenous knowledge without scientific
validation, there are concerns regarding consistency,
efficacy, and possible side effects (Lulesa et al., 2025) [,
One of the significant advantages of traditional herbal
formulations is their natural composition which makes them
appealing to individuals who prefer organic and chemical-
free treatments (El Bourakadi et al., 2024) [*8, Many plants
used in traditional medicine, such as neem (Azadirachta
indica), bitter leaf (Vernonia amygdalina) and scent leaf
(Ocimum gratissimum) have been scientifically proven to
possess antibacterial, antifungal, and anti-inflammatory
properties. Additionally, some herbal remedies have gained
international recognition for their potential in treating
diseases such as malaria, diabetes, and hypertension.
However, despite these benefits, there is a growing concern
about the safety of herbal formulations due to microbial
contamination, improper handling, and lack of regulatory
oversight (Ahiabor et al., 2024) [,

The herbal medicine industry in Nigeria is largely
unregulated, leading to issues such as adulteration,
contamination, and misleading health claims (Ahiabor et al.,
2024) 1, Many herbal medicines are sold in open markets,
streets, and even online without proper quality control
measures. Unlike modern pharmaceutical drugs, which
undergo rigorous testing and approval by regulatory agencies
such as the National Agency for Food and Drug
Administration and Control (NAFDAC), most traditional
herbal formulations do not go through strict clinical trials.
This poses health risks to consumers who may unknowingly
use contaminated or ineffective herbal products. Efforts are
being made by regulatory bodies and research institutions to
improve the quality and safety of herbal medicines, but there
is still a long way to go in ensuring their standardization
(Yadav et al., 2024) [63],

Traditional herbal formulations in Nigeria remain an integral
part of the country’s healthcare system, offering natural
alternatives for treating various health conditions. While they
provide numerous benefits, including affordability and
accessibility, the lack of scientific validation,
standardization, and proper regulation poses significant
challenges (Ogbuagu et al., 2025) 71, For herbal medicine to
gain full acceptance in mainstream healthcare, there is a need
for collaboration between traditional medicine practitioners,
scientists, and regulatory agencies to improve safety,
efficacy, and quality control. Public awareness and education
on the proper use of herbal medicine are also essential in
ensuring that people can reap the benefits of these ancient
remedies without compromising their health (Mbelebele et
al., 2024) 142,
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Common Types of Herbal Remedies

Herbal remedies have been an integral part of traditional
medicine for centuries, offering natural solutions for various
health conditions (Li and Weng, 2017) 8, These remedies
are derived from different parts of plants, including leaves,
roots, flowers, and seeds, and are often used in the form of
teas, tinctures, capsules, or topical applications. While
modern pharmaceuticals have gained prominence, herbal
remedies continue to be widely used due to their perceived
safety, effectiveness, and affordability (Javed et al., 2025)
271 The diversity of herbal medicine means that different
types of remedies cater to specific health needs, ranging from
immune support to digestive health and pain relief (Jamal,
2023) 281,

One of the most popular categories of herbal remedies is
immune-boosting herbs, which help strengthen the body's
natural defenses against infections and diseases. Herbs such
as echinacea, elderberry, and astragalus are widely used to
support the immune system, especially during cold and flu
season (Singha et al., 2025) 61, Echinacea, for example, is
believed to stimulate white blood cell production, while
elderberry is rich in antioxidants and has antiviral properties.
Similarly, garlic has been used for centuries for its
antimicrobial effects and its ability to support cardiovascular
health. These herbs are commonly consumed in teas,
tinctures, or supplements to enhance immune function and
reduce the severity of illnesses (Al-Worafi, 2025) [,
Another significant category is herbal remedies for digestive
health, which help improve digestion, alleviate bloating, and
relieve gastrointestinal discomfort (Gupta et al., 2025) [29],
Peppermint, ginger, and fennel are well-known for their
soothing effects on the digestive tract. Ginger, in particular,
is highly effective for nausea and motion sickness, while
peppermint can help with irritable bowel syndrome (IBS) by
relaxing the muscles of the digestive system (Al-Worafi,
2025) [, Chamomile, another widely used herb, aids in
digestion and has anti-inflammatory properties that can
relieve stomach pain and indigestion. These herbs are often
consumed as teas or extracts to promote a healthy digestive
system (Julidn-Flores et al., 2025) 29,

Herbs for stress relief and mental well-being have also gained
popularity due to the increasing prevalence of anxiety, stress,
and sleep disorders (Yurdakul, 2025) ®4, Adaptogenic herbs
like ashwagandha, rhodiola, and holy basil help the body
adapt to stress and improve resilience. Ashwagandha, for
instance, has been shown to lower cortisol levels, which can
reduce stress and anxiety. Valerian root and passionflower
are commonly used for their calming effects and their ability
to promote restful sleep. Lavender, both as an essential oil
and a tea, is also widely used to reduce anxiety and improve
relaxation. These herbal remedies play a crucial role in
supporting mental health without the side effects associated
with pharmaceutical drugs (Henz et al., 2025) 2,

Lastly, pain-relieving and anti-inflammatory herbs are
frequently used as natural alternatives to synthetic painkillers
(Sarsaiya et al., 2025) 571, Turmeric, which contains the
active compound curcumin, is well known for its powerful
anti-inflammatory properties and is often used to manage
arthritis and joint pain. White willow bark, sometimes
referred to as "nature's aspirin," has been used for centuries
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to relieve headaches, muscle pain, and fever. Arnica is
another widely used herbal remedy, particularly in topical
forms, to reduce bruising, swelling, and pain from injuries.
These herbs provide a natural way to manage pain and
inflammation while minimizing the risks associated with
long-term use of conventional painkillers (Kopustinskiene et
al., 2022) B4,

Herbal remedies offer a vast array of health benefits and are
deeply rooted in traditional medicine systems worldwide (
Messaoudi et al., 2025) 3, Whether used for immune
support, digestive health, stress relief, or pain management,
these natural remedies continue to provide effective solutions
for various health concerns (Kumari, 2025) 7. However, it
is important to use them with proper knowledge, as some
herbs can interact with medications or cause side effects
when taken in excessive amounts. Consulting with a
healthcare provider or a trained herbalist can help ensure the
safe and effective use of herbal remedies. As interest in
natural health continues to grow, these traditional treatments
will likely remain an essential part of holistic wellness
(Caballero-Gallardo et al., 2025) 51,

Importance of Herbal Medicine in Nigerian Healthcare
Herbal medicine has been an integral part of Nigerian
healthcare for centuries, providing natural remedies for a
wide range of illnesses. Before the introduction of Western
medicine, indigenous communities relied on plant-based
treatments to manage diseases, injuries, and infections
(Oguntibeju, 2025) 9, Even with the rise of modern medical
practices, herbal medicine continues to play a significant role
in Nigerian healthcare, particularly in rural and underserved
areas where access to hospitals and pharmaceutical drugs is
limited. Many Nigerians trust traditional medicine due to its
deep-rooted cultural acceptance, affordability, and perceived
effectiveness (Joel et al., 2025) 281, With an estimated 80%
of Nigerians using herbal remedies at some point in their
lives, it is evident that traditional medicine remains a crucial
aspect of healthcare in the country.

One of the most significant benefits of herbal medicine is its
accessibility and affordability (Joel et al., 2025) 28, Many
Nigerians, especially those living in remote villages, cannot
afford expensive hospital treatments or imported
pharmaceutical drugs. Herbal remedies, on the other hand,
are often locally sourced, making them a cost-effective
alternative for the treatment of common ailments such as
malaria, cough, digestive disorders, and skin infections
(Odubo et al., 2024) 8. Unlike conventional medicine,
which often relies on synthetic chemicals, herbal medicine
utilizes naturally occurring plants that are readily available in
forests, farms, and local markets. This ease of access allows
people to treat minor health conditions without the financial
burden associated with hospital visits and prescription drugs.
In addition to being affordable, herbal medicine offers several
therapeutic benefits with fewer side effects compared to
synthetic drugs (Singh and Gohil, 2024) 5%, Many medicinal
plants used in Nigeria, such as neem (Azadirachta indica),
moringa (Moringa oleifera), bitter leaf (Vernonia
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amygdalina), and scent leaf (Ocimum gratissimum), have
been scientifically proven to possess anti-inflammatory,
antimicrobial, and antioxidant properties. These natural
compounds help in boosting immunity, managing chronic
diseases like diabetes and hypertension, and preventing
infections. Unlike some pharmaceutical drugs that may cause
severe side effects, herbal medicines are often considered
gentler on the body. However, concerns remain regarding the
correct dosage, preparation methods, and potential
interactions with modern medicine, highlighting the need for
further research and regulation (Ahmed and Tamim, 2025) [,
Herbal medicine remains an essential component of Nigerian
healthcare, offering a natural, accessible, and affordable
alternative to conventional medicine (Idowu, 2025) 22, Its
widespread use, particularly in rural areas, highlights the
importance of integrating traditional medicine into the
country’s healthcare system. While herbal remedies provide
numerous health benefits, addressing the challenges of
standardization, regulation, and scientific validation is crucial
to ensuring their safety and effectiveness. With increased
investment in research, education, and policy development,
herbal medicine can complement modern healthcare and
continue to serve as a valuable resource for disease
prevention and treatment in Nigeria.

Preparation, Storage, and Distribution Methods of
Herbal Drugs

Herbal drugs have been used for centuries in various
traditional medicine systems, and their effectiveness largely
depends on proper preparation, storage, and distribution
(Herdiana, 2025) 21, Unlike synthetic drugs, which are
manufactured under strict laboratory conditions, herbal
medicines require meticulous handling from harvesting to
consumption to maintain their potency and safety. The
process of preparing herbal drugs involves several key steps,
including collection, drying, extraction, and formulation into
different dosage forms. Proper storage is essential to prevent
microbial contamination, degradation of active compounds,
and loss of medicinal properties. Furthermore, effective
distribution ensures that consumers receive high-quality
herbal products that meet safety standards and regulatory
requirements (Odo et al., 2021) 431,

Role of Technology in Herbal Product Distribution

With advancements in technology, the distribution of herbal
formulations has become more efficient and widespread. E-
commerce platforms and digital marketing have allowed
herbal medicine manufacturers to reach a broader consumer
base, making these products more accessible worldwide
(Mukherjee, 2025). Online sales have also introduced the
need for secure and temperature-controlled packaging to
ensure that products arrive in good condition. Additionally,
modern tracking systems, such as barcoding and RFID
technology, help monitor the movement of herbal products
through the supply chain, reducing the risk of counterfeit
products entering the market (Raj et al., 2025).
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Proper Packaging and Storage Practices

The final strategy for reducing microbial contamination
involves proper packaging and storage of herbal formulations
(Ovuru et al., 2024) B2, Packaging materials should be
sterilized and designed to prevent exposure to air, moisture,
and light, all of which can promote microbial growth (Jahan
et al., 2024). Airtight containers, vacuum-sealed pouches,
and moisture-resistant blister packs are commonly used to
maintain product stability. Herbal products should be stored
in cool, dry environments to prevent fungal and bacterial
proliferation. Temperature and humidity control in storage
areas is essential, as excessive heat and moisture can create
conditions for microbial contamination (Bhatt et al., 2024).
Regular quality checks should be conducted to monitor
microbial levels in stored products, ensuring that they remain
safe for consumption throughout their shelf life. By
implementing these packaging and storage measures,
manufacturers can significantly extend the safety and
efficacy of herbal medicines (Devi and Kumar 2024) 7],

Regulatory Framework and Quality Control Measures of
Herbal Formulations

The regulation and quality control of herbal formulations are
essential to ensuring their safety, efficacy, and consistency
(W.H.0, 2024) ©2, Unlike synthetic drugs, which undergo
rigorous testing and standardization, herbal medicines often
face challenges in regulation due to their natural variability,
diverse sources, and traditional usage. Many countries have
established regulatory frameworks to monitor the production,
distribution, and sale of herbal products to protect consumers
from substandard or contaminated formulations (Devi and
Kumar, 2024) 071, These regulations ensure that herbal
medicines meet acceptable safety standards, contain the
correct active ingredients, and are free from harmful
contaminants such as microbes, heavy metals, and pesticides.
A well-defined regulatory framework helps maintain public
confidence in herbal medicine while promoting scientific
validation of traditional remedies (Paul and Kumar, 2024) 554,

Microbial Contamination in Herbal Formulations: An
Issue of Growing Concerns

Despite its numerous benefits, herbal medicine in Nigeria
faces challenges related to standardization and quality control
(Mponda, 2025) 4. Unlike modern pharmaceutical drugs,
which undergo strict clinical trials and regulatory approval,
many herbal medicines are produced without proper
scientific validation. The lack of standardization in dosage
and preparation increases the risk of ineffective or even
harmful remedies being distributed. Additionally, some
herbal formulations have been found to be contaminated with
harmful microbes, heavy metals, or adulterants due to poor
handling and storage practices (Ovuru et al., 2024; Oke,
2025) [52.511,

Herbal formulations have been used for centuries in
traditional medicine across the world. With the increasing
preference for natural and plant-based remedies, the global
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herbal industry has experienced significant growth
(Bhattacharjee et al., 2024) 12, However, one major concern
that threatens the safety and efficacy of these products is
microbial contamination. The presence of bacteria, fungi, and
other harmful microorganisms in herbal preparations can
pose serious health risks to consumers (Ansari et al., 2024)
81, Contamination can occur at various stages of production,
including harvesting, processing, storage, and packaging.
Since herbal products are often consumed directly or used in
medicinal preparations, ensuring their microbiological safety
is crucial for public health (Ahiabor et al., 2024) @1,

One of the primary sources of microbial contamination in
herbal formulations is the raw plant material itself. Unlike
synthetic  pharmaceuticals, which undergo rigorous
purification and sterilization, herbs are often collected from
the wild or cultivated under conditions that expose them to
soil microbes, animal waste, and environmental pollutants
(Krochmal-Marczak et al., 2025) B¢l Inadequate drying,
improper handling, and unsanitary storage can further
contribute to microbial growth. Fungal contamination,
particularly by species such as Aspergillus and Penicillium,
is a significant concern due to their ability to produce
mycotoxins, which are harmful to human health. Similarly,
bacterial contaminants like Escherichia coli and Salmonella
can lead to gastrointestinal infections and other serious
illnesses (Adhikari, 2025) [,

Another contributing factor to microbial contamination is the
lack of standardized manufacturing practices in the herbal
industry (Carbone et al., 2025) '], While pharmaceutical
drugs are subjected to stringent quality control regulations,
herbal formulations often lack uniform guidelines,
particularly in developing countries. Many small-scale
producers may not have the resources or expertise to
implement proper hygiene, sterilization, and microbial
testing protocols (Asante-poku et al., 2025) [%. Additionally,
the use of contaminated water, outdated processing
equipment, and poor packaging materials can increase the
risk of microbial proliferation. The absence of regulatory
oversight further exacerbates the problem, allowing
substandard and potentially hazardous herbal products to
reach consumers (Sethi et al., 2025) 58],

The implications of microbial contamination in herbal
formulations extend beyond individual health risks.
Infections caused by contaminated products can lead to
outbreaks, particularly among vulnerable populations such as
the elderly, children, and individuals with weakened immune
systems (Butabayev and Yoqubov, 2025) . Moreover,
microbial contamination can compromise the efficacy of
herbal medicines, as bacteria and fungi may degrade active
ingredients or produce harmful metabolites. This not only
reduces the therapeutic potential of the product but also
undermines consumer trust in herbal medicine as a whole.
Addressing this issue is essential to ensuring that herbal
formulations remain a safe and viable option for healthcare
(Jaapar et al., 2025) [?°1,
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Fig 1: Contamination of Herbs by Different Pathogenic Microorganisms

Health Implications of Microbial Contamination in
Herbal Medicines
Microbial contamination in herbal medicines poses

significant health risks to consumers, ranging from mild
infections to life-threatening conditions (Ansari et al., 2024;
Oke, 2025) [ 51, Herbal formulations, often perceived as
natural and safe, can become hazardous when contaminated
with bacteria, fungi, or other microorganisms (Esmaeili et al.,
2025). Since these products are frequently consumed raw,
applied topically, or brewed as teas, they can serve as direct
entry points for harmful microbes into the human body. The
impact of microbial contamination is particularly concerning
for individuals with weakened immune systems, such as the
elderly, pregnant women, and patients with chronic illnesses
(Chedid et al., 2025). The potential health risks associated
with contaminated herbal medicines is essential in promoting
safer production and consumption practices (Ansari et al.,
2024) 81,

1. Gastrointestinal Infections and Food Poisoning

One of the most immediate health risks of microbial
contamination in herbal medicines is gastrointestinal
infections (Alharbi et al., 2024). Pathogenic bacteria such as
Escherichia coli, Salmonella, and Shigella can be introduced
into herbal products through contaminated water, poor
hygiene practices, or unsanitary processing conditions. When
ingested, these bacteria can cause severe food poisoning

symptoms, including nausea, vomiting, diarrhea, abdominal
cramps, and fever. In extreme cases, bacterial infections from
contaminated herbal products can lead to dehydration and
hospitalization, particularly in vulnerable individuals. The
lack of proper sterilization and quality control in the
production of herbal medicines increases the risk of exposure
to these harmful pathogens (Ovuru et al., 2024) 521,

2. Fungal Infections and Mycotoxin Poisoning

Fungal contamination is another major concern in herbal
medicines, particularly when they are stored under humid or
poorly controlled condition (Devi and Kumar, 2024) 7],
Molds such as Aspergillus, Penicillium, and Fusarium can
grow on herbal materials, producing toxic secondary
metabolites known as mycotoxins. These toxins, including
aflatoxins, can cause severe health issues such as liver
damage, immunosuppression, and even cancer. Long-term
consumption of mycotoxin-contaminated herbal medicines
may contribute to chronic illnesses, including liver cirrhosis
and hepatocellular carcinoma (Zhang et al., 2025).
Mycotoxin poisoning is particularly dangerous because these
toxins are heat-stable, meaning they cannot be easily
destroyed through normal cooking or brewing processes.
This makes proper drying, packaging, and storage essential
in preventing fungal contamination in herbal products (Zhang
et al., 2025).
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Fig 2: Detrimental Health Implications Caused by the Consumption of Herbs Contaminated by Microorganisms

Preventive Measures to Reduce Contamination

To minimize contamination during processing and handling,
strict hygiene and quality control measures must be
implemented at every stage of herbal drug production (Wang
et al., 2023). Good Manufacturing Practices (GMP) are
followed, including regular cleaning of equipment, use of
sterilized packaging materials, and proper worker hygiene
(Yetgin, 2024). Herbal materials should be thoroughly dried
before processing to prevent moisture-related contamination,
and grinding equipment must be cleaned between batches to
avoid cross-contamination (Riffat et al., 2024). Workers
involved in handling herbal formulations should wear
protective gear and maintain proper hand hygiene to reduce
the risk of microbial introduction. Additionally,
microbiological testing should be conducted on both raw
materials and finished products to detect and eliminate
contaminants before distribution. By implementing these
preventive measures, manufacturers can ensure that herbal
formulations remain safe, effective, and free from harmful
microorganisms (Ovuru et al., 2024) B2 Herbal
formulations, often perceived as natural and safe, can become
hazardous when contaminated with bacteria, fungi, or other
microorganisms.

Conclusion

Herbal medicine remains a popular source of medication in
Nigeria. These herbs have been known to cure various
ailments in human’s health including gastrointestinal
disorder, microbial diseases and digestive health effects,
among others. Herbal formulations can often become
hazardous when contaminated with pathogenic bacteria,
yeasts, moulds, or other microorganisms. The microbial
contamination of herbal products in Nigeria occurs at
different stages, such as the collection, processing, storage,

and distribution stage. Non-aseptic conditions employed by
vendors also contributes to the microbial contamination
experienced in daily lives. The implications of microbial
contamination in herbal formulations extend just beyond
individual health risks, but can also lead to disease outbreaks
particularly among vulnerable populations. The consumption
of these types of herbal formulation can cause various health
effects including  kidney  dysfunction, hepatitis,
immunosuppression, and liver damage which can be severe
or life-threatening to human health.

Recommendations

It is recommended that;

1. Mitigating the risks associated with microbial
contamination should be ensured in order to implement
quality control measures throughout the herbal
production process

2. Good agricultural and collection practices should be
enforced when dealing with the raw materials used for
the production of herbs

3. Good Hazard Analysis and Critical Control Points
(HACCP) should always be adopted to minimize
microbial contamination at every stage from production
up to the consumption by final consumers

4. Regular microbiological testing should always be
conducted so as to significantly reduce the presence of
harmful microorganisms present in the herbal medicines
produced

5. Enforcement of standards for herbal products by
regulatory bodies (e.g., NAFDAC, WHO) should be
done, so as to ensure that they meet safety criteria before
reaching consumers

6. Prioritizing  microbiological safety should be
emphasized on in order to protect public health and

16|Page


http://www.bioresearchjournal.com/

International Journal of Biological and Biomedical Research

maintain the integrity of traditional and modern herbal
medicine practice in Nigeria.

References

1. Adhikari A. Assessment of heavy metal and microbial
quality of herbal medicinal concoctions sold in India.
Advanced Methods for Multidisciplinary Research.
2025;112.

2. Ahiabor WK, Darkwah S, Donkor ES. Microbial
contamination of herbal medicines in Africa, 2000-2024:
a systematic review. Environ Health Insights.
2024;18:11786302241293345.

3. Ahmed R, Tamim TR. Enhancing medication safety: the
role of community and hospital pharmacists in modern
healthcare systems. Radinka Journal of Health Science.
2025;2(3):328-355.

4. Akinsemolu AA, Onyeaka HN. Microorganisms
associated with food spoilage and foodborne diseases.
In: Food safety and quality in the Global South.
Singapore: Springer Nature Singapore; 2024. p. 489-
531.

5. Akunna GG, Lucyann CA, Saalu LC. Rooted in
tradition, thriving in the present: the future and
sustainability of herbal medicine in Nigeria’s healthcare
landscape. Journal of Innovations in Medical Research.
2023;2(11):28-40.

6. Al-Sharify ZT, Al-Najjar SZ, Naser ZA, Alsherfy ZAl,
Onyeaka H. The impact of fluid flow on microbial
growth and distribution in food processing systems.
Foods. 2025;14(3):401.

7. Al-Worafi YM. Evidence-based complementary,
alternative, and integrated medicine and efficacy and
safety: inflammatory bowel disease. In: Handbook of
complementary, alternative, and integrative medicine.
313-328.

8. Ansari FA, Perazzolli M, Husain FM, Khan AS, Ahmed
NZ, Meena RP. Novel decontamination approaches for
stability and shelf-life improvement of herbal drugs: a
concise review. The Microbe. 2024:100070.

9. Aodu BA, Adejuwon O0O. Compliance with
environmental regulations: insights from small and
medium scale enterprises in the food and beverage sector
in Southwestern Nigeria. 2025.

10. Asante-Poku A, Yamoah JAA, Ahiabor P, Christian B,
Vida A, Salifu S, et al. Microbial safety of milk from
small-scale dairy farms in Northern Ghana. Advances in
Microbiology. 2025;15(4):163-180.

11. Atanda DO, Abolade JA, Olatuyi RO, Olatunbosun EO.
Nigeria's pharmaceutical industry: addressing over-
reliance on importation and proposing sustainable
solutions. INNOVATIONS in pharmacy. 2025;16(1):13.

12. Bhattacharjee B, Sandhanam K, Ghose S, Barman D,
Sahu RK. Market overview of herbal medicines for
lifestyle diseases. In: Role of herbal medicines:
management of lifestyle diseases. Singapore: Springer
Nature Singapore; 2024. p. 597-614.

13. Bisrat A, Alamerew EA, Lakew A. Effect of aflatoxin
exposure in livestock and public health. Research in:
Agricultural and Veterinary Sciences. 2024;8(3).

14. Butabayev Y, Yoqubov D. Prevention of acute intestinal
infections. International Journal of Political Sciences and
Economics. 2025;1(1):76-85.

15. Caballero-Gallardo K, Quintero-Rincon P, Olivero-
Verbel J. Aromatherapy and essential oils: holistic

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

www.bioresearchjournal.com

strategies in complementary and alternative medicine for
integral wellbeing. Plants. 2025;14(3):400.

Carbone R, Caracciolo F, Di Vita G, D’Amico M, Spina
D. Consumer trends in the herbal tea market: a
systematic  literature  review. Food  Reviews
International. 2025:1-19.

Devi P, Kumar P. Challenges in the storage of herbal
medicine products and strategies for sustainable
management. In: Herbal medicine phytochemistry:
applications and trends. Cham: Springer International
Publishing; 2024. p. 1739-1767.

El Bourakadi K, Semlali FZ, Hammi M, EI Achaby M.
A review on natural cellulose fiber applications:
empowering industry with sustainable solutions.
International Journal of Biological Macromolecules.
2024:135773.

Gupta S, Modanwal A, Pandey AK. Herbal drugs used
in gastrointestinal disorders. International Journal of
Innovative  Science and Research  Technology.
2025;10(4):3134-3139.

Heinz SS, O'Brien AJ, Parsons M, Walker C. Physical
health views among individuals experiencing mental
illness: a mixed-methods study of self-reported health
and contributing factors. International Journal of Mental
Health Nursing. 2025;34(1):e13489.

Herdiana Y. Alcohol in daily products: health risks,
cultural considerations, and ecojmnomic impacts. Risk
Management and Healthcare Policy. 2025:217-237.
Idowu OA. Integrating traditional medicine into
Nigeria’s national healthcare system: a literature review.
Science. 2025;13(2):97-105.

lyiola AO, Adegoke Wahab MK. Herbal medicine
methods and practices in Nigeria. In: Herbal medicine
phytochemistry: applications and trends. Cham:
Springer International Publishing; 2024. p. 1395-1428.
Izah SC, Joshua MT, Torru KE, Ngun CT, Ogwu MC,
Hait M. Antimicrobial resistance and the role of herbal
medicine: challenges, opportunities, and future
prospects. In: Herbal medicine phytochemistry:
applications and trends. 2023. p. 1-26.

Jaapar N, Borhan FP, Moidin S, Syed Abdullah SF.
Strengthening safety regulations for e-marketing of
herbaceutical products. Journal of Contempory Islamic
Studies. 2025;11(1):1-12.

Jamal A. Embracing nature's therapeutic potential:
herbal medicine. International ~ Journal  of
Multidisciplinary Sciences and Arts. 2023;2(3):117-126.
Javed R, Faraz M, Farid A, Selim S. Historical
development of herbal medicine. In: Herbal
pharmacopeia. CRC Press; 2025. p. 19-35.

Joel OJ, Bamidele J, Joel AF, Sennuga SO. The role of
traditional medicine in public health systems:
perspectives from practitioners, healthcare professionals
and patients in Abuja, Nigeria. International Journal of
Clinical Case Reports and Reviews. 2025;25(3).
Julian-Flores A, Aguilar-Zarate P, Michel MR,
Sepulveda-Torre L, Torres-Ledn C, Aguilar CN, et al.
Exploring the therapeutic potential of medicinal plants in
the context of gastrointestinal health: a review. Plants.
2025;14(5):642.

Kadiri SK, Tiwari P, Roy SP, Bhowmik S. Herbal
medicine and neurological diseases. In: Herbal
pharmacopeia. CRC Press; 2025. p. 287-304.

Kalu UN. Intergenerational knowledge transfer in

17|Page


http://www.bioresearchjournal.com/

International Journal of Biological and Biomedical Research

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

traditional herbal medicine (THM) practices among the
Igbo tribe in Nigeria: a qualitative study [dissertation].
Regina (Canada): University of Regina; 2022.

Khan MF, Jamil B, Senneville E. Diabetes and
infections. In: BIDE's diabetes desk book. Elsevier;
2024. p. 527-561.

Kloos H. Traditional medicinal plants and plant products
sold in open markets in Africa for COVID-19, their uses,
medicinal properties, trade and sustainability: a review.
J Med Plants Stud. 2024;12:56-62.

Kopustinskiene DM, Bernatonyte U, Maslii Y, Herbina
N, Bernatoniene J. Natural herbal non-opioid topical
pain relievers—comparison with traditional therapy.
Pharmaceutics. 2022;14(12):2648.

Kosoe EA, Achana GT, Ogwu MC. Regulations and
policies for herbal medicine and practitioners. In: Herbal
medicine phytochemistry: applications and trends.
Cham: Springer International Publishing; 2024. p. 1-23.
Krochmal-Marczak B, Sawicka B, Barba§ P,
Pszczotkowski P, Ziarati P. Medicinal plants: uses,
cultivation, and preservation. In: Biotechnology and
phytochemical prospects in drug discovery. Singapore:
Springer; 2025. p. 7-81.

Kumari P. Home remedies: exploring traditional healing
practices for common ailments. Diverse aspects of
Ethnobotany. 2025:31.

Li FS, Weng JK. Demystifying traditional herbal
medicine with modern approach. Nature plants.
2017;3(8):1-7.

Lulesa F, Alemu S, Kassa Z, Awoke A. Ethnobotanical
investigation of medicinal plants utilized by indigenous
communities in the Fofa and Toaba sub-districts of the
Yem Zone, Central Ethiopian Region. Journal of
Ethnobiology and Ethnomedicine. 2025;21(1):1-50.
Mahero MAW. Ethno-epidemiology of febrile illness at
the human livestock interface in Uganda [dissertation].
Minneapolis (MN): University of Minnesota; 2022.
Manca R, Bombillar F, Glomski C, Pica A. Obesity and
immune system impairment: a global problem during the
COVID-19 pandemic. International Journal of Risk and
Safety in Medicine. 2022;33(2):193-208.

Mbelebele Z, Mdoda L, Ntlanga SS, Nontu Y, Gidi LS.
Harmonizing traditional knowledge with environmental
preservation: sustainable strategies for the conservation
of indigenous medicinal plants (IMPs) and their
implications for economic well-being. Sustainability.
2024;16(14):5841.

Chukwukwe EU, Deigh C, Nwaogwugwu CJ, Nwankwo
JC, Chukwuemeka US. Eco-friendly nanocomposites for
the degradation of emerging contaminants in wastewater
systems. Asian J Adv Res Rep. 2025;19(8):256-281.
Messaoudi M, Benchikha N, Zahnit W, Rebiai A.
Mineral profiling of medicinal plants. In: Biotechnology
and phytochemical prospects in drug discovery.
Singapore: Springer Nature Singapore; 2025. p. 205-
239.

Mponda JS, Muula AS, Choko A, Ajuwon AJ, Moody
JO. Traditional medicine regulation status and
challenges in Malawi and Nigeria. BMC
Complementary Medicine and Therapies. 2025;25:53.
Odo SE, Uchechukwu CF, Ezemadu UR. Foodborne
diseases and intoxication in Nigeria: prevalence of
Escherichia coli 0157: H7, Salmonella, Shigella and
Staphylococcus aureus. Journal of Advances in

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

www.bioresearchjournal.com

Microbiology. 2021;20(12):84-94.

Odubo TC, lyiola AO, Adetola BO, Kolawole AS, Izah
SC, Raimi MO, et al. Socioeconomic values of herbal
medicine. In: Herbal medicine phytochemistry:
applications and trends. Cham: Springer International
Publishing; 2024. p. 1109-1139.

Ogbuagu OO, Mbata AO, Balogun OD, Oladapo O, Ojo
00, Muonde M. Traditional medicinal plants as a source
of new antimicrobial agents: opportunities for scalable
drug development. International Research Journal of
Modernization in Engineering Technology and Science.
2025;7(2):1476-1488.

Ogidi OIl, Emaikwu NG. Utilization methods and
practices of herbal medicine in Africa. In: Herbal
medicine phytochemistry: applications and trends.
Cham: Springer International Publishing; 2024. p. 1367-
1393.

Oguntibeju OO. The interrelationship between culture
and the use of medicinal plants in healing: perspective
from selected cultures and countries. 2025.

Ogwu MC, Pamela BO, Dare AF, Ovuru KF, lyiola AO.
Traditional and conventional water treatment methods: a
sustainable approach. In: Water crises and sustainable
management in the Global South. Singapore: Springer
Nature Singapore; 2024. p. 461-486.

Oke OE. Indigenous African systems: a study of
traditional medicine, agriculture and technology.
KENNETH DIKE JOURNAL OF AFRICAN STUDIES
(KDJAS). 2025;4(1).

Ovuru KF, Izah SC, Yasmin H, Enerijiofi KE, Das M,
Ogwu MC. Microbial contaminants of herbal remedies:
health risks and sustainable quality control strategies. In:
Herbal medicine phytochemistry: applications and
trends. Cham: Springer International Publishing; 2024.
p. 1571-1600.

Patil G, Keche A, Madkey M. Mycotoxicoses in humans.
In: Research on mycotoxins-from mycotoxigenic fungi
to innovative strategies of diagnosis, control and
detoxification: from mycotoxigenic fungi to innovative
strategies of diagnosis, control and detoxification. 2025.
p. 89.

Paul T, Kumar KJ. Standardization of herbal medicines
for lifestyle diseases. In: Role of herbal medicines:
management of lifestyle diseases. Singapore: Springer
Nature Singapore; 2024. p. 545-557.

Rahman SU, Shafique E, Tajummal A, Nageen M,
Zahoor A, Ali N, et al. Regulatory considerations for
herbal products. In: Herbal pharmacopeia. CRC Press. p.
440-457.

Chukwukwe E, Palama V, Emmanuel EJ, Ogbonna CU.
Phytoremediation potential of indigenous plants in Abia
State, southeastern Nigeria. Int J Curr Microbiol App
Sci. 2025;14(9):97-112.

Safakas K, Lainioti GC, Tsiamis G, Stathopoulou P,
Ladavos A. Utilizing essential oil components as natural
antifungal preservatives in the active packaging of bread.
Polymers. 2025;17(5):697.

Sarsaiya S, Jain A, Gong Q, Wu Q, Shi J. Analgesic and
anti-inflammatory properties of Dendrobium nobile. In:
Dendrobium  nobile:  research and therapeutic
applications. GB: CABI; 2025. p. 118-142.

Sethi SS, Bhardwaj T, Sethi SK, Kaur S, Baldi A.
Advancing herbal medicine safety: the need for a global
pharmacovigilance approach. Naunyn-Schmiedeberg's

18|Page


http://www.bioresearchjournal.com/

International Journal of Biological and Biomedical Research

Archives of Pharmacology. 2025:1-16.

61. Singh BK, Tiwari S, Maurya A, Kumar S, Dubey NK.
Fungal and mycotoxin contamination of herbal raw
materials and their protection by nanoencapsulated
essential oils: an overview. Biocatalysis and Agricultural
Biotechnology. 2022;39:102257.

62. Singh MP, Gohil KJ. Therapeuticefficacy andcost
effectiveness ofherbal drugs—a reasonable approach.
Pharmacological Research-Natural Products.
2024;2:1000009.

63. Singha A, Minhas B, Minhas N, Kumar N. Recent
updates on antimicrobial, antifungal, and anti-cancerous
agents from natural herbs of Indian Himalaya. 2025.

64. World Health Organization. Quality assurance of
pharmaceuticals: a compendium of guidelines and
related materials, Volume 1. Good practices and related
regulatory guidance. World Health Organization; 2024.

65. Yadav N, Singh Chandel S, Venkatachalam T, Fathima
SN. Herbal medicine formulation, standardization, and
commercialization challenges and sustainable strategies
for improvement. In: Herbal medicine phytochemistry:
applications and trends. Cham: Springer International
Publishing; 2024. p. 1769-1795.

66. Yurdakul S. Natural and herbal solutions for managing
depression and anxiety. International Journal of Sexual
Science. 2025;1(1):40-44.

67. Yussuf YAR, Ali Al, Rabia AR, Mwevura H. The
prevalence of bacterial pathogens in vegetable salads and
juices in Urban West Region of Zanzibar, Tanzania.
European Journal of Agriculture and Food Sciences.
2025;7(2):1-7.

How to Cite This Article

Ahmed SK, Garba FI, Fardami AY. Effects of microbial
contamination associated with traditional herbal formulations
in Nigeria and its health implications to human health: a
review. Int J Biol Biomed Res. 2026;2(1):10-19.
doi:10.54660/1JBBR.2026.2.1.10-19.

Creative Commons (CC) License

This is an open access journal, and articles are distributed
under the terms of the Creative Commons Attribution-
NonCommercial-ShareAlike 4.0 International (CC BY-NC-
SA 4.0) License, which allows others to remix, tweak, and
build upon the work non-commercially, as long as
appropriate credit is given and the new creations are licensed
under the identical terms.

www.bioresearchjournal.com

19|Page


http://www.bioresearchjournal.com/

