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Abstract

The absence of effective regulatory strategies to curb the production and sale of unhygienically prepared
local herbal alcoholic drinks has contributed to the persistent availability of these potentially hazardous
products in the market. These beverages have been implicated in several cases of poisoning following
consumption. Consequently, this study aimed to evaluate the microbial load of selected locally produced
herbal alcoholic drinks to provide evidence-based insight into the need for improved hygienic standards
in their preparation. A total of thirteen (13) samples of herbal alcoholic drinks (HADs) from different
brands were aseptically collected in sterile, amber-coloured bottles. The samples were transported to the
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laboratory in a cool box maintained at 4°C and processed within six hours of collection. Analysis of the
bacterial morphological characteristics revealed that three samples exhibited circular colonies, while
another three showed both circular and irregular colonies, predominantly flat and wrinkled in
appearance. Morphological examination of fungal isolates predominantly indicated the presence of
Aspergillus niger. Biochemical characterization identified probable bacterial genera including
Micrococcus, Acinetobacter, Staphylococcus, Lysinibacillus sphaericus, and Corynebacterium.
In conclusion, the findings of this study indicate that all herbal alcoholic drink samples collected from
Adamo Market, Ikorodu, Lagos State, were contaminated with both bacterial and fungal, highlighting
significant public health concerns and the urgent need for improved hygiene in the production of these
beverages. It is therefore recommended that producers adopt improved hygienic practices during
preparation, handling, and storage to minimize contamination.
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INTRODUCTION

Herbal alcoholic drinks, commonly derived from plant parts such as leaves, stems, roots, and
fruits, are widely valued for their perceived medicinal properties, primarily due to their rich
phytochemical constituents (Nguyen and Chuyen, 2020). In many cultures, including Nigeria,
these products are not only consumed for therapeutic purposes particularly among the elderly
but are also used recreationally and spiritually, or as remedies for gastrointestinal
disturbances, body aches, and general wellness (Skrajda-Brdark, 2018). Popular variants in
Nigeria include ogogoro, paraga, agbo, Alomo Bitters, and Origin Bitters (Skrajda-Brdark,
2018).

Despite their widespread use across diverse population groups, the production and sale of
these herbal alcoholic drinks are largely informal, often taking place under unhygienic
conditions. Most of these beverages are sold in local markets, such as Adamo Market in
Ikorodu, Lagos State a bustling commercial hub frequented by traders, transport workers,
artisans, and labourers. The informal nature of their production, coupled with limited
regulatory oversight, often results in poor hygienic standards due to inadequate resources,
insufficient knowledge, and lack of sanitary infrastructure. These factors have contributed to
microbial contamination, posing serious health risks including cases of poisoning linked to
the consumption of contaminated products (Sverdlik, 2017).

Regulatory efforts in the informal food and beverage sector in Nigeria have historically relied
on punitive, reactive measures such as fines, product confiscation, and demolition of sales
points (FAO, 2003; Tinker, 1987). However, these strategies have largely been ineffective, as
indicated by the recurring incidence of health complications associated with these products.
A paradigm shift that promotes evidence-based sensitization and the adoption of behavioral
change models to improve hygiene and safety (Glatzel et al., 2017; Neo et al., 2016).

In response to this public health concern, the present study aimed to evaluate the microbial
load of selected locally produced herbal alcoholic drinks obtained from Adamo Market. The
goal was to provide scientific evidence that will inform and strengthen public awareness
campaigns and policy interventions aimed at improving the hygienic standards of herbal
drink production and safeguarding consumer health. Programs that focus on evidence-based
sensitization, incorporating research and data to shape their content and implementation, are
an effective strategy for enhancing hygiene practices. These initiatives leverage education,
social dynamics, and infrastructure to promote behavioral change and cultivate a culture of
hygiene (Neo et al., 2016).
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MATERIALS AND METHOD

Sample Collection

A total of thirteen (13) herbal-based alcoholic beverages sold and mainly consumed within
the market were purchased from Adamo Market in Ikorodu, Lagos State. These beverages are
typically prepared using aqueous decoctions of various plant parts, including leaves, stems,
roots, and barks. Each sample was obtained in its original packaging directly from the
manufacturers. Following collection, the samples were transported under controlled
conditions to the Microbiology Laboratory at Caleb University, Imota, for analyses.

Media preparation

The culture media used in this study were Nutrient Agar (NA) and Potato Dextrose Agar
(PDA). Nutrient Agar (14 g) was used for the isolation of bacteria, while Potato Dextrose Agar
(39 g) was employed for the cultivation of fungi. Each medium was dissolved in 250 mL of
distilled water in separate 500 mL conical flasks. The media were then sterilised by
autoclaving at 121 °C and 15 psi for 15 minutes.

Inoculation of Herbal-Based Alcoholic Beverages

While the agar media were undergoing autoclaving, all Petri dishes were properly labelled
according to sample identity and type of culture medium. After sterilization, 1 mL of each
herbal-based alcoholic beverage sample was aseptically measured using a sterile syringe and
transferred into the appropriately labelled Petri dishes. Once the Nutrient Agar (NA) and
Potato Dextrose Agar (PDA) had been autoclaved, they were allowed to cool to approximately
50 °C to prevent thermal shock to the microorganisms. The cooled media were then aseptically
poured into the Petri dishes containing the inoculated samples and left undisturbed to
solidify. After solidification, the Petri dishes were grouped based on the type of culture
medium used (NA or PDA), sealed with sterile paper tape to prevent contamination, and
clearly relabeled to ensure accurate identification. The plates containing Nutrient Agar were
incubated at ambient room temperature (approximately 28 °C) for 24 to 48 hours to allow for
bacterial growth. In contrast, the plates containing Potato Dextrose Agar were incubated at
the same room temperature for 7 days to facilitate fungal growth (Cappuccino and Sherman,
2014).

Colony count

Following the incubation period 48 hours for bacterial cultures on Nutrient Agar and 5 days
for fungal cultures on Potato Dextrose Agar the number of visible colonies on each plate was
carefully counted. Colony-forming units (CFUs) were recorded for each sample. The counts
were then adjusted based on the dilution factor, with calculations standardized to 1 mL of the
original undiluted sample. Each analysis was performed in triplicate to ensure accuracy and
reproducibility. The mean colony count for each sample was calculated and expressed as
colony-forming units per millilitre (CFU/mL) for bacteria and fungi respectively (APHA,
2015).

Sub-culturing of Isolates

To obtain pure cultures from mixed microbial populations, sub-culturing was carried out
under aseptic conditions. For fungal isolation, a sterilized inoculating needle was used to
carefully pick a distinct fungal colony from the mixed culture. The selected colony was then
transferred onto freshly prepared and solidified Potato Dextrose Agar (PDA). In the case of
bacterial isolates, a sterile inoculating loop was used to obtain a portion of the bacterial growth
from the mixed culture, which was then streaked across the surface of freshly prepared
Nutrient Agar (NA) plates using the streak plate technique.
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Each Petri dish was appropriately labelled with the sample code, date, and type of organism
being cultured. The bacterial subcultures were incubated at ambient room temperature
(approximately 28 °C) for 24 to 48 hours, while fungal cultures were incubated for 7 days
under the same temperature conditions. After the incubation period, fungal colonies were
counted, and selected isolates were prepared for microscopic examination. A sterile
inoculating needle was used to transfer a small portion of the fungal growth onto a clean glass
slide containing a drop of lactophenol cotton blue stain. The sample was gently spread within
the stain, covered with a sterile cover slip, and observed under a light microscope at x100
magnification (oil immersion) to examine fungal morphology and structural characteristics.
The materials used during this process included sterilized needles, spirit lamp, ethanol (70%)
for flaming tools, glass slides, cover slips, and the lactophenol cotton blue stain for fungal
visualization (Atlas, 2010).

Identification and Characterization of Isolates

To ensure accurate identification, all bacterial and fungal isolates were first sub-cultured to
obtain pure colonies. Morphological characteristics including colony shape, margin,
elevation, surface texture, pigmentation, and growth pattern were carefully observed and
recorded. Microscopic examinations were also conducted, with bacterial isolates subjected to
Gram staining to determine cell wall characteristics and morphology (cocci, bacilli, etc.), while
fungal isolates were stained with lactophenol cotton blue for the observation of hyphal
structures and spore arrangements.

Subsequently, a series of biochemical tests were performed on bacterial isolates to support
preliminary identification. These included catalase, oxidase, coagulase, indole production,
citrate utilisation, urease, and sugar fermentation tests, among others, depending on the
suspected genus. The identification and characterisation of bacterial isolates were conducted
following standard taxonomic protocols as outlined in Bergey’s Manual of Systematic
Bacteriology. Fungal identification was based on morphological characteristics and
microscopic features compared with descriptions in standard mycological reference texts
(Garrity et al., 2005).

Catalase test

The catalase test was performed by aseptically transferring a small portion of a bacterial
colony onto a clean glass slide using a sterile inoculating loop. A drop of 3% hydrogen
peroxide (H20:) was then added directly onto the sample. Immediate effervescence, indicated
by the release of oxygen bubbles, confirmed a positive catalase reaction, suggesting the
presence of the catalase enzyme. The absence of bubbling indicated a negative result,
signifying that the organism does not produce catalase (Holding and Collee, 1971).

Potassium Hydrogen (KOH)

Exactly 0.3 g of potassium hydroxide (KOH) was accurately weighed and dissolved in 10 mL
of distilled water to prepare a 3% KOH solution. A drop of this freshly prepared solution was
placed on a clean glass slide. Using a sterile inoculating loop, a visible portion of the bacterial
colony was transferred and thoroughly mixed into the KOH drop. The mixture was then
observed for viscosity changes. The formation of a mucoid or stringy consistency (indicative
of cell lysis and DNA release) was interpreted as a negative result, suggesting the organism is
Gram-negative. The absence of mucoid formation indicated a positive result, suggesting the
isolate is Gram-positive (Holding and Collee, 1971).
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Gram staining

A thin smear of the bacterial isolate, obtained from an 18hour culture, was prepared on a
clean, grease-free glass slide. The smear was allowed to air-dry completely and then heat-
fixed by gently passing the slide through a flame to adhere the cells to the slide and preserve
their morphology. The fixed smear was flooded with crystal violet stain and allowed to sit for
1 minute before being gently rinsed with distilled water. Next, Gram's iodine solution was
applied for 1 minute to act as a mordant, enhancing the retention of the primary stain. The
slide was again rinsed with water.

Decolorization was carried out by briefly applying 70% ethanol for approximately 5 seconds,
followed by immediate rinsing with water to prevent over-decolorization. Safranin, a
counterstain, was then applied to the smear for 1 minute and subsequently rinsed off. The
stained slide was air-dried and a drop of immersion oil was added. The preparation was
examined microscopically, first under the x40 objective lens for general orientation and then
under the x100 oil immersion objective lens for detailed observation. Bacteria that retained
the crystal violet stain appeared purple and were classified as Gram-positive, while those that
lost the primary stain and retained the safranin counterstain appeared pink, indicating they
were Gram-negative (Beveridge, 2001).

Sugar fermentation test

A total of 1.75 g of peptone was accurately weighed and dissolved in 50 mL of distilled water
to prepare the base peptone water solution. For each sugar tested glucose, fructose, sucrose,
maltose, and lactose 0.5g was separately measured and added to individual beakers
containing 10 mL aliquots of the prepared peptone water. A few drops of phenol red, a pH
indicator, were added to each mixture to enable detection of acid production. The sugar-
peptone-indicator mixtures were then transferred into sterile cryovial tubes and subjected to
autoclaving to ensure sterility. After cooling, the tubes were inoculated with the test bacterial
isolates under aseptic conditions and incubated at 37 °C for 48 hours. A positive result for
sugar fermentation was indicated by a color change from red to yellow, signifying acid
production. A negative result was indicated by retention of the red color, suggesting no
fermentation of the sugar substrate ((Eyre, 2009).

Indole test

Ten milliliters (10 ml) of peptone water were placed in a beaker and transferred to a cryovial
tube, which was then sterilized. Following sterilization, the tubes were inoculated and
incubated for 48 hours. After the incubation period, 5 drops of KOVAC reagent were added
to each cryovial tube for observation. A positive result is indicated by a red color change at
the tip of the tube, whereas a brown color signifies a negative result (Powers and Latt, 1977;
MacWilliams, 2012)

Citrate test

The Citrate test was performed to evaluate the isolates' ability to utilize citrate as their only
carbon source and ammonia as their sole nitrogen source. Simmons citrate medium was
prepared, mixed, and then transferred into cryovial tubes for autoclaving. After sterilization,
the medium was slanted to solidify. The isolates were inoculated into the medium and
incubated at 37°C for 48 hours. A color change from green to deep blue indicated a positive
result, while no color change indicated a negative result (Powers and Latt, 1977).

Haemolysis test
Exactly 8 grams of nutrient agar were accurately measured using a scale, along with 300

milliliters of water. These were combined in a conical flask and autoclaved at 121 degrees
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Celsius for 15 minutes. Meanwhile, the petri dishes were labeled appropriately. After
autoclaving, the agar was allowed to cool to room temperature before adding 5 ml of blood.
The agar mixture was then poured into the pre-labeled petri dish and left to solidify. The
organism was inoculated onto the agar and incubated for 24 hours. The outcomes were
classified as gamma positive or negative, alpha positive or negative, and beta positive or
negative (Holding and Collee, 1971).

Hydrogen Sulphide test

Thirteen grams of triple salt iron agar were accurately measured using a balance, and 200
milliliters of distilled water were quantified with a measuring cylinder. Both were combined
in a conical flask and homogenized for one hour before being dispensed into cryovial bottles.
The bottles were then sterilized at 121 degrees Celsius for 15 minutes. After slanting the
contents for several hours, the organism was inoculated into each cryovial using a sterile
syringe and isolated for 48 hours (Holding and Collee, 1971).

RESULTS

The morphological features of bacterial isolates obtained from herbal alcoholic drink samples
are summarized in Table 1. Isolates HADS3, HADS5, and HADSS exhibited circular colony
shapes, while HADS2 and HADS9 displayed both circular and irregular shapes. HADS6 was
irregular, and HADS10 demonstrated a rhizoid colony form. In terms of elevation, colonies of
HADS7, HADSS8, HADS9, and HADS10 were flat, while HADS4 and HADS5 were raised, and
HADS?2 showed a convex elevation. Regarding colony texture, HADS5, HADS6, and HADS?7
were wrinkled, whereas HADS3 and HADS8 exhibited a smooth texture. Interestingly,
HADS9 showed both wrinkled and smooth characteristics within the same colony. None of
the isolates exhibited pigmentation, indicating a lack of visible color production in the
colonies.

Table 1: Morphological Characteristics of Bacterial Isolates from Herbal Alcoholic Drinks

S. Form Size Elevation Texture Colour No. of
code colonies
S2 Circular & convex No 187
irregular pigmentation
S3 Circular small smooth No 23
pigmentation
S4 Round raised No 255
pigmentation
S5 Circular moderate raised wrinkled No 9
pigmentation
S6 irregular large wrinkled No 4
pigmentation
S7 Irregular & moderate flat wrinkled No 10
circular pigmentation
S8 circular small flat smooth No 1
pigmentation
S9 Circular & Small, moderate & flat Wrinkled & No 17
irregular large smooth pigmentation
S10 Rhizoid moderate flat No 11
pigmentation

Table 2 presents the morphological features of fungal isolates obtained from Herbal Alcoholic
Drink Samples (HADS). Isolates HADS1, HADS4, and HADS8 exhibited a powdery surface
texture, while HADS5 and HADSI11 showed a distinctly cottony appearance, characteristic of
filamentous growth. Notably, all fungal isolates displayed even colony margins, indicating
uniform growth at the edges without irregular or lobate projections.
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Table 2: Morphological Characteristics of Fungi Isolates from Herbal Alcoholic Drinks

S. code No. of colonies colony colour surface margin Possible organism

S1 2 st Black (front), Powder- rhizopus
creanishgreen like
(back)
2nd Pale green with Penicillum
white edges (front);
yellow with black
center (back)
S4 11 Black (front) Powder even Aspergillus niger
cream(back) like
S5 11 1st Fluffy grey with Cotton like even Aspergillus niger
white edges(front),
black(back)
2nd Fluffy whitish Cotton like even Aspergillus oryzae
growth with a
creamy dsot(front)
creamy
smooth(back)
3rd Whitish grey( Cotton like even Aspergillus niger
front) whitish
brown (back)
S8 Light green with Powder even Aspergillus flavus
white edges like
(front),cream(back)
S11 Dark brown Cotton like even Aspergillus niger
(front), cream

(back)

Table 3 presents the biochemical characteristics of the isolates. All samples showed positive
results for the catalase test. Only HADS 7 and 11 tested positives for the KOH test, while all
samples exhibited a positive gram reaction. The likely organisms associated with HADS 2, 3,
4,5,6,7 8 10, 11, and 13 are Micrococcus, Micrococcus, Acinetobacter, Staphylococcus,
Staphylococcus, Micrococcus, Lysinibacillus sphaericus, Micrococcus, and Corynebacterium,
respectively.
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Table 3: Biochemical Characteristics of Isolates
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Table 4 presents the frequency of occurrence of microbial isolates from the herbal alcoholic
drink samples. Micrococcus and Aspergillus niger were the most frequently isolated organisms,
each accounting for 23.5% of the total isolates. This was followed by Staphylococcus with a
frequency of 11.7%. The least frequently encountered isolates, each representing 5.9%,
included Aspergillus flavus, Aspergillus oryzae, Penicillium, Rhizopus, Corynebacterium, and
Lysinibacillus sphaericus. These findings highlight Micrococcus and A. niger as the dominant
microbial contaminants in the analyzed samples.

Table 4: Frequency of Occurrence of the Isolates

Isolate (s) Number (s) %
Micrococcus 4 23.5
Aspergillus niger 4 23.5
Aspergillus flavus 1 5.9
Aspergillus oryzea 1 5.9
Penicillum 1 59
Rhizopus 1 59
Acinenobacter 1 59
Staphylococuss 2 11.7
Corynebacterium 1 5.9
lysinibaccilus spharicus 1 59
Total 17 100.0
DISCUSSION

There is a clear inverse relationship between hygiene and microbial contamination, as hygiene
practices improve, microbial contamination decreases, and conversely, poor hygiene leads to
increased microbial presence (Miho et al., 2020). Hygiene encompassing both personal and
environmental cleanliness is essential for preventing the transmission of pathogens, thereby
reducing the risk of infection and disease (Miho et al., 2020). The morphology of bacteria holds
significant biological relevance. Certain bacteria are capable of altering their shape in response
to environmental changes or during the process of pathogenesis. This morphological
plasticity indicates that bacterial form is functionally important and often regulated through
specific biological mechanisms (Justice et al., 2004).

Furthermore, the absence of pigmentation observed in all isolates, as reported in Table 1, may
be attributed to environmental conditions during growth. This observation aligns with the
findings of Linawati et al. (2002), who reported that optimal growth and pigment production
in certain microorganisms were achieved at an incubation temperature of 30°C.
Environmental factors such as temperature, pH, and nutrient availability are known to
influence pigment expression in microbes. Aspergillus niger was the most frequently detected
mold in the majority of the tested samples. The presence of this and other fungal species in
herbal-based alcoholic drinks aligns with previous findings by Okunlola et al. (2007), who
reported that Aspergillus niger, Aspergillus flavus, and Rhizopus are common airborne fungal
contaminants, frequently introduced during the drying, storage, and packaging stages of
production, particularly in settings where environmental controls are lacking (Pitt and
Hocking, 2009).

However, the relatively low counts of these fungi observed in the current study suggest that
their presence is more likely due to post-production contamination rather than active
proliferation within the product. This implies incidental environmental exposure, likely from
air, surfaces, or handling, rather than intrinsic microbial growth in the beverages themselves
(Gnonlonfin et al., 2013). The presence of Rhizopus isolated from the locally made alcoholic
products may be attributed to the use of unpurified water, exposure to open air, and
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unhygienic handling during fermentation or packaging, which create opportunities for fungal
spores to enter the product (Tournas, 2005). This is consistent with the findings of WHO
(2007), which emphasize the risks associated with poor production and harvesting practices,
particularly in low-resource settings where microbial quality control is often inadequate.

Identifying Acinetobacter and Lysinibacillus sphaericus can also be a clear sign of such lapses in
production hygiene (WHO, 2007). The frequent presence of Bacillus species common aerobic
spore-forming bacteria often linked to medicinal plants suggests that plant parts in direct
contact with soil and dust, such as roots and leafy tissues, are being inadequately cleaned or
processed before production (Rajopadhye et al., 2013). Furthermore, the detection of
Micrococcus and Staphylococcus species, organisms commonly found on human skin and
mucous membranes, strongly suggests contamination during manual handling in harvesting,
post-harvest processing, or manufacturing stages (Nunes et al., 2005, WHO, 2007). This is
consistent with the findings of several studies documenting the microbial risks associated
with poor hygiene, inadequate sanitation, and exposure to contaminated surfaces or
equipment throughout traditional production processes.

CONCLUSION AND RECOMMENDATION

This study evaluated the microbial load of locally produced herbal alcoholic drinks obtained
from Adomo Market in Ikorodu, Lagos State, Nigeria. Findings revealed the presence of
various microorganisms in the samples, with Aspergillus niger emerging as the most
predominant fungal isolate. It is therefore recommended that producers adopt improved
hygienic practices during preparation, handling, and storage to minimize contamination. In
addition, routine microbial quality assessment of such drinks by regulatory agencies is
advised to safeguard public health.
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