
Vol.:(0123456789)

 Discover Food           (2024) 4:167  | https://doi.org/10.1007/s44187-024-00242-0

Discover Food

Research

Mycoflora diversity, exposure to mycotoxins, and cancer risk 
characterization associated with the consumption of two traditionally 
fermented alcoholic beverages in the Ho municipality of Ghana

Nii Korley Kortei1,2   · Harrison Nii Odartey Lamptey1 · Benjamin Kingsley Harley3   · Ernest Yeboah Boateng4 · 
Felix Kwashie Madilo5 · Sylvia Baah‑Tuahene6 · Vincent Kyei‑Baffour7 · Leslie Owusu Ansah8 · Seidu A. Richard9 · 
George Tawia Odamtten10

Received: 26 March 2024 / Accepted: 13 November 2024

© The Author(s) 2024    OPEN

Abstract
Traditionally fermented alcoholic drinks are made with locally sourced ingredients and traditional knowledge, and 
they are typically drank in the immediate area of production. The ingredients are sources of microbial contamination 
in these drinks. This study aimed to update the mycoflora and evaluate levels of Ochratoxin A (OTA) and aflatoxins 
contamination of some local beverages (Raffia Sap ‘Palm wine’ and sorghum beer ‘Pito’) in the Ho municipality, Volta 
Region, Ghana. Standard mycological analyses were carried out on the samples and the plates were incubated for 
5–7 days at 28 ± 1 °C. Mycotoxin levels in the samples were quantified using High-Performance Liquid Chromatography 
coupled to a fluorescence detector (HPLC-FLD) was used. Deterministic models recommended by a Joint FAO/WHO Expert 
Committee on Additives were used to assess cancer risk. The fungal counts of palm wine samples in the Ho municipality 
recorded were in a range of 3.29- 4.59 log10 CFU/ml, while pito samples recorded a fungal range between 2.55 and 4.08 
log10 CFU/ml. A total of 13 fungal species, namely; Aspergillus niger, Aspergillus terreus, Aspergillus flavus, Aspergillus 
fumigatus, Fusarium oxysporum, Fusarium oligosporus, Fusarium verticillioides, Trichoderma harzianum, Rhizopus stolonifer, 
Penicillium verrucosum, Rhodotorula mucilaginosa., Mucor racemosus and Yeasts were isolated from both palm wine and 
pito samples. Notably, ochratoxin A (OTA) quantities ranged between 5.50 and 14.93 μg/kg for both samples while Total 
aflatoxins ranged between LOD-10.70 μg/kg for pito. No aflatoxins were detected in palm wine. Consumer risk assessment 
values computed for both moderate and heavy drinkers ranged between 4.08–40.20 ng/kg bw/day, 13.88–50.44, and 
0.314–1.156 cases/10,000 person/year for Total aflatoxins while ochratoxin A contents ranged 4.08–40.20 ng/kg bw/
day, 0.44–4.38, and 0.131–1.286 cases/10,000 person/year correspondingly for Estimated Daily Intake (EDI), Margin of 
Exposure (MOE), and Cancer Risks for the age categories considered. Generally, mean fungal counts in both palm wine 
and pito beverages were high and were found to be unsatisfactory while the fungi species in these beverages showed 
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great diversity. Cancer Risk assessments for the mycotoxins suggested a potential health hazard to the consumers of 
these beverages in the Ho municipality.
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1  Introduction

Traditionally fermented alcoholic beverages are brews that are native to a region and were created by the indigenes 
themselves using time-honored procedures from locally sourced and homegrown raw components [1–3]. Since ancient 
times, traditional drinks have played an important part in African native traditions and customs. Traditional drinks are 
part of our cultural legacy and are particularly employed in our homes as a sign of welcome, in traditional naming and 
conjugal ceremonies, in customary invocations, and in folk medicine [4–7]. These age-old favorites are present in most, 
if not all, of the world’s nations, and Ghana is no exception.

The beer that the Babylonians produced and exported to Egypt circa 3000 B.C. was probably the result of both 
alcoholic and lactic fermentations in antiquity. Modern African beers made from sorghum, maize, and millet all have 
lactic fermentation as a key component, which makes them safe and popular in tropical climates. [8]. Evidence from 
science shows that moderate alcohol use is beneficial since it reduces the risk of kidney stones, diabetes, bone fractures 
in men, and overall mortality in middle-aged and older persons. It also has a good impact on bone mineral density 
(BMD) [9, 10]. The cardiovascular system is undoubtedly harmed by heavy or binge drinking, which raises the risk of total 
and cardiovascular mortality, coronary and peripheral artery disease, heart failure, stroke, hypertension, dyslipidemia, 
and diabetes mellitus [9]. Heavy drinking or binge drinking is also associated with certain health risks, such as ischemic 
heart disease [11, 12]. It is hypothesized that often consuming small amounts of alcohol is healthier than infrequently 
consuming larger amounts.

Sorghum beer (Pito) and raffia sap (Palm wine) are two of Ghana’s most widely consumed drinks at adored traditional 
festivities, representing the Ghanaian culture. Originally manufactured from sorghum and/or millet, pito has a golden 
yellow to dark brown look with a taste that can range from mildly sweet to quite acidic [6, 13]. Pito is widely consumed 
in Ghana and its neighboring countries such as Burkina Faso, Togo, and Nigeria. The majority of recent studies have 
focused on the alcoholic pito. [14]. Traditionally prepared by residents of the country’s northern area (Ghana), pito is now 
produced all over the country as a result of migration. In Ghana, pito comes in four different varieties: Nandom, Kokomba, 
Togo, and Dagarti. Their distinctive qualities are due to variations in the wort extraction and fermenting processes [15].

Palm wine (‘nsafufuo’ in Akan) is widely consumed and is produced from sugary palm saps. Elaeis guineensis, Raphia 
sp., or Cocos nucifera are the most common sources of palm-based beverages, and when they are fermented into a non- 
or low-alcoholic beverage, they are known as palm wine [5]. The most frequently tapped palms are raffia palms and oil 
palms. Within 24 h, fermentation occurs rapidly to bring the alcohol content to a range of 1.5 to 2.1% [16]. More than 10 
million people enjoy palm wine, another prominent alcoholic beverage in West Africa because it is a traditional, sweet, 
fizzy beverage that is popular among people in Black Africa, Latin America, and Asia [17]. Most traditional festivities in 
Africa involve its presentation and widespread consumption. The use of raffia sap is expanding as a result of increased 
humanitarian demands and environmental concerns [5]. It’s interesting to note that the role of palm wine in the region’s 
fight against malnutrition has been acknowledged by both the government and medical specialists. The anti-oxidant 
properties of palm wine are widely recognized, and rat models have demonstrated its health-promoting benefits. It also 
contains a lot of vitamins and trace elements, which are historically thought to be good for nursing mothers’ general 
welfare. [18, 19].

Natural contaminants like fungi and their metabolites, which are present in an array of food commodities and 
significantly vary in species, percentage of occurrence, chemical composition, and symptomatology in humans and 
animals after exposure [6, 20], in addition to the health effects of alcohol mentioned above, also present some challenges 
The majority of food quality and quantity degradation is caused by the existence and proliferation of fungus. Agricultural 
raw materials used as ingredients such as fruits, grains, seeds, etc. have been linked to the introduction of fungi into 
processed foods [20, 21]. Despite numerous reports on the variety and amounts of fungi and their metabolites in raw 
materials used in the preparation and dispensation of traditional beverages, very few studies have looked at the transfer 
of fungal spores from ingredients to beverages, their concentrations in the beverages, and consumer exposure rates [22]. 
Contrarily, according to [23], filamentous molds are renowned for their unusual ability to produce alcoholic beverages 
that have a variety of nutritional benefits as well as organoleptic features like flavor, taste, and color.
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Mycotoxins are poisonous byproducts of certain fungi (toxigenic fungi), primarily from the Aspergillus, Penicillium, and 
Fusarium genera that can have a range of negative consequences on equally people and animals, from hypersensitive 
reactions to fatalities [24]. In 1974, an outbreak of aflatoxin in India claimed 106 lives [25]. In 2014, a different one in 
Kenya caused 317 cases and 125 fatalities [26]. 20 fatalities and 68 cases were reported in Tanzania in 2016 [27]. The 
two most dangerous and prevalent mycotoxins are ochratoxin A (OTA) and aflatoxins (AFs). Ochratoxins are formed by 
a lone strain of Penicillium (P. verucosum) but by several Aspergillus species, A. ochraceus and Aspergilli of the section 
Nigri, especially A. carbonarius. Aflatoxins are primarily produced by two closely related Aspergillus species, A. flavus 
and A. parasiticus, and are thought to be mutagenic and carcinogenic in animals and humans [28]. The International 
Agency for Research on Cancer (IARC) of the WHO has categorized both aflatoxins and ochratoxin A as Group 1 and 
2B (possible human carcinogens), respectively [29, 30]. Both mycotoxins are regarded as being extremely dangerous 
since they may contribute to the development of neurotoxicity, immune-neurotoxity [31], and above all, hepatocellular 
carcinoma (HCC) by causing DNA adducts which alter the genetic makeup of liver cells [32, 33]. The sixth most prevalent 
form of cancer overall is liver cancer [34]. According to current estimates, Ghana records more than 24,000 new cases of 
cancer annually. Approximately 15,802 Ghanaians passed away from cancer in 2020, inclusive. Among the top causes 
in both sexes was liver cancer [29, 30, 34]. and it has been hypothesized that mycotoxins, particularly aflatoxins, may be 
a contributing factor in 4.6%–28.2% of all HCC cases [35]. HCC is more likely to occur in people with chronic hepatitis B 
virus (HBV) infections who have also been exposed to mycotoxins, especially AFB1 [32, 36, 37].

Consumers and governments around the world now recognize food contamination by fungi and mycotoxins as one 
of the most serious threats to food safety. Unfortunately, many countries, including Ghana, do not have strict control 
procedures for traditional brewing, fermentation, and preservation of these traditionally fermented alcoholic beverages. 
As far as we are aware, no research has been done on the mycofloral profile and mycotoxin exposure to people in Ghana’s 
native alcoholic beverages. This study therefore sought to update the fungal species diversity, mycotoxin exposure, and 
cancer risk assessment linked to the consumption of some traditionally fermented alcoholic beverages in Ghana.

2 � Materials and methods

2.1 � Study site and study population

This study was a quantitative experimental study performed in the Ho municipality (6o 31′ 43ʺ N 0° 28′ 13ʺ E), Volta 
Region. The traditionally fermented alcoholic beverages were purchased from 3 vendors per location from the 3 zones 
(upper, middle, and lower), in the Ho municipality. All other procedures were carried out in the University of Health and 
Allied Sciences (UHAS) food microbiology laboratory located on the Dave campus and the Food Laboratory Department, 
Food and Drugs Authority (FDA), Accra.

Ghana’s Volta Region’s administrative center is located at Ho Municipal. It belongs to one of the twenty-five (25) 
Districts in the area. Additionally, this municipality is the most prosperous hub of the area. From the information kept 
by the Ghana Statistical Service, the municipality includes 772 villages and a 2660 square kilometer land area.[38]. The 
study’s sampling locations were divided into 3 regions or zones: upper, middle, and lower regions.

3 � Sampling method

3.1 � Sample collection, and processing

Fresh palm wine and sorghum beer samples were purchased from retailers in the Ho municipality. A convenient sampling 
method was used. Ho municipal was divided into 9 zones/location and 5–6 samples (3 points per location/zone) were 
collected from locations in each region (zone) for both Palm wine and Pito. In total 50 (n = 50) samples were collected 
for both Palm wine and Pito (500 ml or 0.5 L) from locations in the Ho municipality.

Within two hours of collection, each sample was taken and stored in sterile vials with a volume of about 100 ml. It was 
then transported to the UHAS laboratory for microbiological examination in an ice chest freezer (Thermos 7750, China) 
with cold packs at a temperature of 10 °C under aseptic conditions [39].
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3.2 � Fungal plating

One milliliter of each of the samples was diluted into ten milliliters (ml) of distilled water to form the stock solution. 
Each stock solution was serially diluted up to a 10–3 concentration in 9 ml of sterile distilled (0.1%) water. Each serial 
dilution was plated onto Dichloran Rose Bengal Chloramphenicol (DRBC) at a volume of one milliliter and incubated 
at 28 ± 1 °C for 5–7 days. For a second time, the same process was used, and one milliliter of each serial dilution was 
plated onto an Oxytetracycline Glucose Yeast Extract (OGYE) agar base according to the instructions by [40] and [41].

3.3 � Fungal enumeration and identification

A colony counter carried out the enumeration. Standard form counts of fungi were made and then converted to a 
logarithmic scale. Using the formula, the colony-forming unit (CFU) per milliliter was calculated.

Using the formula, the percentage of fungal species was calculated.

*The mean of 6 samples were taken to represent the value of a sample Eg. Palm wine sample 1 (PWS1) = Av. 6 
samples.

3.4 � Identification

Molds that grew were recognized by their morphological and cultural traits (using guides for standard mold 
identification) [42, 43] (Table 2, Figure 7). Both macroscopically (based on the texture and color of the plate) and 
microscopically (using cultural and morphological characteristics under the microscope) the fungi were identified. 
(Figure 8).[43–45].

*The mean of 6 samples were taken to represent the value of a sample (Eg. PWS1 = Av. 6 samples)

3.5 � Determination of pH

Using a tabletop pH meter (Jenway 3510, United Kingdom), the pH of the samples was assessed by calibrating 
with standard buffers of pH values 4.0 and 7.0. The measurements were made when the samples were at room 
temperature, and the average of three results was calculated.

4 � Determination of aflatoxins

4.1 � Abstraction of samples

According to the official European Committee for Standardization (CEN) technique, EN14123 [46] for aflatoxin 
extraction, AFB1, AFB2, AFG1, and AFG2 were removed from the samples. About twenty-five millilitres (25 ml) of the 
material was extracted using methanol in 200 ml of water (8 + 2) and 5 g of NaCl. Hexane (100 ml) was added to more 
than half of the samples. At 3000 and 3500 revolutions per minute, the mixture was homogenized for 3 min. The 
extracts were filtered, and 10 ml of the filtrate was added to 60 ml of phosphate buffer saline (PBS) for solid-phase 
extraction using an immune-affinity column (TC-C18 (2), 170, 5 μm, 4,6 × 250 mm; thus pore size of 170, particle 
size of 5.0 μ, inner diameter of 4.6 mm, length of 250 mm and carbon load of 12%) that was preconditioned and 
was particular for AFB1, AFB2, AFG1, and AFG2. The preconditioned column was loaded with the 70 ml filtrate-PBS 
combination, which was then permitted to elute naturally at a flow rate of 1 ml/min. After that, 15 ml of distilled water 

(1)CFU∕ml =
number of colonies × reciprocal of the dilution factor

culture plate volume

(2)Percentage (%) occurrence of fungal species =
Number of fungal species

Total number of fungi isolated
× 100
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was removed from the area at a flow rate of 5 ml/min. Aflatoxins were separated into 2 phases and then gravity-eluted 
into a 5 ml volumetric flask using 0.5 and 0.75 ml of HPLC-grade methanol, respectively. To bring the eluate volume to 
5 ml, deionized water was utilized. The eluate was vortexed, and 2 ml was pipetted into HPLC vials for measurement.

4.2 � HPLC parameters

Injection volume: 10 μl flow rate: 1 ml/min, column temperature: 35 ℃, excitation wavelength: 360 nm, emission 
wavelength: 440 nm, mobile phase composition: water/acetonitrile/MeOH (65:15:20 v/v/v), post-column derivatization: 
Kobra cells. HPLC Column Specification; TC-C18 (2), 170, 5 μm, 4,6 × 250 mm; thus pore size of 170, particle size of 5.0 
μ, inner diameter of 4.6 mm, length of 250 mm and carbon load of 12%, 5 μm particle size, 250 A pore size, Acetonitrile 
(MeCN), Methanol (MeOH).

Supplier of Column R- Biopharm, Block 10 campus, West Scotland Science Park, Acre Road, Glasgow, Scotland G20 OXA.

4.3 � Limit of detection/quantification (LOD/LOQ)

By creating a calibration curve around the standard used for spiking, 5 µ/kg (the lowest concentration range of the 
calibration curve), the limits of detection and quantification (LOD/LOQ) of the HPLC were estimated. Based on the 
standard deviation (SD) of responses (σ) and the slope (S) of the calibration curves for the aflatoxin STD and the spiked 
extracts, the parameters LoD and LoQ were determined.

The LOD and LOQ were calculated as follows because Blank might not give any signal.;
LOD for Ochratoxins—0.83 µg/kg.
LOQ—2.49 µg/kg.
LOD for AFB1, AFB2- 0.15 µg/kg; AFG1 and AFG2—0.13 µg/kg,
LOQ—0.39 and 0.45 µg/kg.

4.4 � Measurement of accuracy

To ensure the measurement accuracy of the assay, a pure aflatoxin reference solution was spiked. Three levels of spiking 
were carried out at the lower, middle, and upper concentration ranges of the calibration curve concentrations (5 ppb, 
15 ppb, and 30 ppb). The spike volumes for pure standards were calculated as follows:

Aflatoxin-free sample (blank) was spiked with equal amounts, and the % recovery from the spiked sample was 
determined as;

4.5 � Measurement of precision

To guarantee the measurement precision of the procedure, repeatability and intermediate precision studies of an internal 
reference material (IRM) should be used. The same analyst performed 10 parallel IRM extractions using the same HPLC 
at the same time for the repeatability analysis, and the relative standard deviation between the results was computed. 
Ten IRM extractions were performed with intermediate precision on several days by various analyzers, and the relative 
standard deviation of the results was premeditated. The comparative standard deviations were computed as;

CEN official method EN14123 described by [46].

(3)
[

Sample weight (g) ∗ spike concentration (ppb)
]/[

Concentration of standard (ug∕ml)
]

(4)[(Concentration measured in spike − Concentration measured in the blank)∕ (spiked amount)] ∗ 100

(5)
[

Standard deviation∕mean
]

∗ 100
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4.6 � Required performance criteria for accuracy and precision

Repeatability: Less than 15% of reproducible outcomes had a relative standard deviation.
Intermediate Precision: Under conditions of intermediate precision, the relative standard deviation of the results was 

less than 20%.
Recovery: The measurement procedure’s percent recovery ranged from 80 to 120%.
Linearity: Linearity of the regression curve was 0.99 (B1, B2, G1) and 0.98 (G2).[40]

4.7 � Experimental data

Repeatability: Relative standard deviation;
B1 = 5.5%; B2 = 6.7%; G1 = 7.4%; G2 = 12.1% and Total aflatoxins = 5.2%.
Intermediate Precision (Reproducibility): Relative standard deviation;
B1 = 13.2%; B2 = 13.4%; G1 = 13.7%; G2 = 12.2% and Total aflatoxins = 11.9%.
Recovery: Percent recovery of measurement procedure (CEN official method EN14123) [40, 46].

5 � Determination of Ochratoxin A

5.1 � Chemicals and standards

The OTA analytical standard was provided by Sigma-Aldrich (St. Louis, MO, USA). The HPLC grade solvents utilized in the 
creation of the mobile phase were all purchased from Merck in Darmstadt, Germany. Methanol and hexane of analytical 
grade were provided for the extraction by Sigma-Aldrich. Whatman no. 4 filters (Whatman Ltd, Maidstone, UK) were 
used to filter all homogenized mixes and eluates, respectively. De-ionized water was obtained using a Millipore Elix 
Essential filtration system (Bedford, MA, USA). OCHRA PREP immunoaffinity columns from RBiopharm, Rhone Limited. 
These columns had a recovery rate of at least 90% and a concentration capability of 100 ng/ml. PBS (phosphate-buffered 
saline) was made by dissolving PBS tablets in Sigma-Aldrich distilled water. 99.0% sodium chloride was supplied by 
Sigma-Aldrich. A six-time calibration was performed on the pure Ochratoxin A standard at concentrations of 5 g/kg, 10 g/
kg, 15 g/kg, 20 g/kg, 25 g/kg, and 30 g/kg. Linearity for the regression curve was deemed acceptable at 0.99 or 99% [64].

5.2 � Determination of Ochratoxin

The CEN official method EN14123 [47] was used to determine ochratoxin A. By thoroughly mixing the entire batch, 500 ml 
of pito and palm wine were sampled. The beverages were divided into four equal parts using a pipette. The remaining 
two parts was stored, and the process were repeated until a representative 500 ml sample was obtained. In a 4:1 ratio, 
25 ml of samples were extracted with 5 g sodium chloride and 200 ml methanol in distilled water. Hexane (100 ml) was 
added to the pito and palm wine mixture, and the samples were homogenized for 3 min (i.e., 3000 rpm for 2 min and at 
3500 rpm for 1 min). Two organic layers were formed by the beverage mixture (the hexane upper layer and methanol 
lower layer). The pito and palm wine mixtures’ lower methanol layers were filtered through Whatman number 4 filter 
paper. Filtrates in the amount of ten milliliters (10 ml) were employed for a solid-phase extraction and cleanup. To 10 ml 
of filtrates, Phosphate Buffer Saline (PBS) was added, and the mixture was agitated. Immunoaffinity columns specific for 
ochratoxin A were preconditioned and the antibodies in the column were activated by eluting 10 ml of phosphate buffer 
saline through columns at a flow rate of 3 ml min 1. A precise 50 ml portion of the 160 ml filtrate-PBS combination was 
placed onto the pre-conditioned immunoaffinity columns tailored for ochratoxin A, and the columns were then left to 
drain naturally. Before eluting at a rate of 5 ml/min, the columns were washed three times with 5 ml of PBS. A vacuum 
pump was used to blast air through the columns to eliminate any wash solvent molecules. After one minute, ochratoxin 
A was eluted twice into a 5 ml volumetric flask: once with 1 ml of the purest methanol and once more with 1 ml. The 
column was blown with air to collect all of the eluates. The eluates were diluted to a level of 4 ml using aqueous acetic 
acid (1%) and vortexed before being pipetted into HPLC vials for measurement.[64].
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5.3 � HPLC parameters

OTA was measured using an Agilent HPLC 1260 infinite series high-performance liquid chromatography system equipped 
with a quaternary pump and fluorescence detection. Chem Station’s Open Lab Edition was used for data collection and 
quantification. The Agilent HPLC, which had a fluorescence detector, was configured to excite at 333 nm and emit at 
467 nm. The column compartment temperature was set to 30 °C. The mobile phase consisted of a 40:30:30 mixture of 
5 mM sodium acetate, acetic acid (pH 2.4), methanol, and acetonitrile. The administration mode was isocratic, with a flow 
rate of 1 ml/min and an injection volume of 10 µl. The timer was set for ten minutes. [47] and [64] (CEN official method 
EN14123).

6 � Consumer risk assessment of exposure to mycotoxins (ochratoxin A and aflatoxin B1) 
via consumption of pito and palm wine

6.1 � Exposure estimation

The regular body weight, the quantity of samples ingested daily, and the average amount of mycotoxin (ochratoxin A 
and aflatoxin B1) consequent from the pito and palm wine samples were used to compute the estimated daily intake 
(EDI). The EDI for mean OTA and AFB1 was calculated beforehand using the formula shown in Eq. (5) and represented in 
grams per kilogram of body weight per day (g/kg b.w/day). [48, 49].

We categorized our individuals into heavy and moderate drinkers of pito and palm wine beverages and made some 
assumptions on the average daily intake of traditionally fermented alcoholic beverages in Africa (Ghana) as 0.045 
(0.020–0.070 kg/day) for moderate drinkers and > 0.070 kg/day for heavy drinkers according to [50],

The following are the various age groups as defined by the European Food Safety Authority (EFSA) [51], along with the 
estimated average weights for each in Ghana that were used in this study: Adolescents: 46.25 (38.5–54) kg [54], Adults: 
60.7 kg [55], Children: − 26 (24–28) kg [52, 53].

6.2 � Cancer risk characterization for Ochratoxin A and aflatoxin B1

Using the Margin of Exposure (MOEs) procedure, the hazard assessments for genotoxic chemicals such as ochratoxins 
and aflatoxins are correctly computed by dividing the BMDL for ochratoxins, 130 ngkg−1bwweek−1, by the anticipated 
MOEs [56] and 120 ngkg−1bwweek−1 [56, 57] ensuing in an average of 125 ngkg−1bwweek−1 (17.86 ngkg−1bwday−1) and 
400 ngkg−1bwday−1 for Ochratoxin A and aflatoxin exposures correspondingly as expressed in Eq. (6).

An adverse health risk is realized if MOEs are less than 10,000.

6.3 � Probable risk of liver cancer from food sample consumption

Liver cancer can arise as a result of both aflatoxins and ochratoxins [58, 59]. Therefore, the risk of liver cancer in adult 
Ghanaian consumers was estimated using aflatoxins and ochratoxins [60]. The average hepatocellular carcinoma (HCC) 
potency, which is a product of the EDI value and the average HCC potency figure, was determined by summing the 
individual potencies of Hepatitis B surface antigen (HBsAg) (HBsAg-positive and HBsAg-negative groups).

For this computation, the JECFA [61] estimated potency values for OTA, which equated to 0.01 cancers 
year−110,000−1population/ngkg−1bwday−1 (uncertainty range: 0.002–0.03) in HBsAg-negative individuals and 0.3 cancers 
year−1 10,000−1 population/ngkg−1bwday−1 (uncertainty range: 0.05–0.5) in HBsAg-positive individuals [59]. Furthermore, 
92.26% (100—7.74%) was inferred for HBsAg-negative categories, whereas the average HBsAg + prevalence rate for 

(6)EDI =
daily intake (food) ×mean level of my cotoxin

Av.Body weight

(7)MOE =
Benchmark dose lower limit

EDI(Exposure)
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Ghana [62] was 7.74% (adult − 8.36%, 14.3%-adolescents, 0.55%-children). As a result, the following estimate of Ghana’s 
average cancer potency was made using Eq. (7), which was suggested by [59] and [63]:

(0.3 × 0.077) + (0.01 × 0.9226).
 = 0.0323 cancers per year per 10,000 population per ng ochratoxins kg−1bwday−1.
While the average potency of Aflatoxins = 0.0396 kg−1bwday−1 per 10,000 population
Thus, the Cancer Risk was estimated using the following formula in Eq. (8) [59, 63, 64]:

6.4 � Statistical analysis

After performing the pH and fungal count tests in triplicate, the data was subjected to a one-factor analysis of 
variance (ANOVA). The results are shown as means plus standard deviation. The study employed mean counts that 
were converted to logarithmic values using standard forms. Mycotoxin analysis was done using regression analysis.

The Duncan’s multiple range test (DMRT) was employed to identify differences between means using the 
Statistical Package for the Social Sciences (SPSS) software version 22, with a significance level of 5% (p < 0.05) deemed 
appropriate.

(8)

Average potency =
[

0.03 × HBsAg −negative individuals in Ghana
]

+
[

0.01 × HBsAg − positive individuals

∕prevalence rate in Ghana
]

(9)Cancer risk = Exposure (EDI) × Average potency
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Fig. 1   Mean Fungal counts of Palm wine samples enumerated on DRBC and OGYE media incubated for 5–7 days at 28 ± 1 °C



Vol.:(0123456789)

Discover Food           (2024) 4:167  | https://doi.org/10.1007/s44187-024-00242-0	 Research

Fig. 2   Mean Fungal counts of Pito samples enumerated on DRBC and OGYE media incubated for 5–7 days at 28 ± 1 °C
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7 � Results

7.1 � Mean fungal counts of palm wine and pito

The results of the various fungal counts of palm wine and Pito from various locations are represented in Figs. 1 and 
2. Palm wine samples had fungal counts ranging from 3.29  to 4.59 log10 CFU/ml, with the lowest value recorded by 
PWS9 and the highest value by sample PWS2. There were significant differences (p < 0.05) in the mean fungal counts 
of palm wine samples.

7.2 � Mean fungal counts of pito

For DRBC and OGYEA plated Pito samples, fungal counts ranging from 2.55 to 4.08 log10 CFU/ml was recorded, with the 
lowest value recorded by PS1 and highest value by sample PWS2. There were no significant differences (p > 0.05) in the 
mean fungal counts of pito samples recorded on both media. (Fig. 3).

7.3 � Percentage (%) Occurrence of fungi

Approximately, up to 13 fungal species, namely; Aspergillus niger, Aspergillus terreus, Aspergillus flavus, Aspergillus 
fumigatus, Fusarium oxysporum, Fusarium oligosporus, Fusarium verticillioides, Trichoderma harzianum, Rhizopus stolonifer, 
Penicillium verrucosum, Rhodotorula mucilaginosa., Mucor racemosus and Yeast fitting to eight (8) genera with names: 
Aspergillus, Fusarium, Trichoderma, Rhizopus, Penicillium, Rhodotorula, Mucor and Yeast were identified from both palm 
wine and pito samples (Figs. 7 and 8).

In the palm wine samples, a total of 11 fungal species were isolated (Figs. 3 and 4) with the percentage distribution 
as follows from both media; Aspergillus niger (4.85%), Aspergillus flavus (1.41%), Aspergillus terreus (1.70%), Fusarium 
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palm wine



Vol.:(0123456789)

Discover Food           (2024) 4:167  | https://doi.org/10.1007/s44187-024-00242-0	 Research

oxysporum (13.93%), Penicillium verrucosum (3.40%), Rhodotorula mucilaginosa (3.84%), Trichoderma harzianum (1.50%), 
and Yeast (66.29%), Aspergillus fumigatus (0.37%), Fusarium verticillioides (0.75%), Mucor racemosus (1.95%) and yeast 
(66.29%) belonging to eight (8) genera namely: Aspergillus, Fusarium, Trichoderma, Rhizopus, Penicillium, Rhodotorula, 
Mucor and Yeast.

Pito samples recorded a total of 12 isolated (Figs. 5 and 6) fungal species, namely; Aspergillus niger (7.87%), Aspergillus 
terreus (7.03%), Aspergillus flavus (3.15%), Aspergillus fumigatus (0.83%), Fusarium oxysporum (7.18%), Fusarium Oligosporus 
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(1.39%) Trichoderma harzianum (2.8%), Penicillium verrucosum (7.78%), Rhodotorula mucilaginosa (8.09%), Mucor racemosus 
(2.04%), Rhizopus stolonifera (5.41%) and Yeast (46.42%) belonging to eight (8) genera namely: Aspergillus, Fusarium, 
Trichoderma, Rhizopus, Penicillium, Rhodotorula, Mucor and Yeast.

The microscopic and large cultural morphologies of some of the fungi that were found are displayed in Figs. 7 and 8.
Both traditionally fermented alcoholic beverages investigated had microbial counts which were generally between 

2.55 and 4.59 Log10 CFU/ml which is interpreted as being unsatisfactory for ready-to-eat foods according to guidelines 
prescribed by the International Commission for Microbiological Specifications for Foods (ICMSF) [65] (Table 1).

8 � pH

8.1 � Palm wine and pito samples

Palm wine samples recorded a range between 4.35 and 4.50. Statistically, the samples differed significantly (p < 0.05) (Table 2). 
They were acidic in taste according to the pH scale. Pito samples recorded a range of between 4.29 and 4.39. Statistically, the 
samples were significantly different (p < 0.05) (Table 3). They fell in the acidic range of the pH scale.

9 � Ochratoxin content

9.1 � Palm wine

According to the findings, the mean OTA load in the Ho Municipality was at 5.5 µg/kg, which ranged between 0.00 and 
34.00 µg/kg with a variance of 90.01.

Fig. 7   A Macroscopic view 
of (A): A. niger (black) and A. 
fumigatus (grey) isolated from 
palm wine and cultured on 
DRBC. B: F. oxysporum (white 
fluffy), P. verrucosum (bluish 
green) and Yeast (creamy) 
isolated from palm wine and 
pito and cultured on OGYE

A B

Fig. 8   Microscopic views 
of (C) Fusarium oxysporum 
(× 400) and (D) Aspergillus 
niger (× 400)

C D
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9.2 � Pito

The mean OTA load in pito was at 14.933 µg/kg, and was in the range of 0.00–68.57 µg/kg with a variance of 526.96.

9.3 � Aflatoxins B1, B2, G1, and G2 levels of pito

About 48% (24/50) of pito samples from the Ho municipality tested positive and recorded a mean of 10.708 µg/Kg. Values 
ranged between LOD-42.00 µg/Kg of Total aflatoxins. Also, AFB1 ranged between LOD-30.87 µg/Kg. and recorded a mean 
of 7.6102 µg/Kg (Table 3).

No aflatoxins (< LOD) were found in the palm wine samples.

9.4 � Ochratoxins in Pito and palm wine

About 34% (17/50) of the pito samples tested positive which ranged between LOD- 68.57 µg/Kg and a mean of 14.933 µg/
Kg. While 30% (15/50) palm wine samples tested positive and ranged between LOD-34.00 µg/Kg with a mean of 5.5 µg/Kg 
(Table 4).

Table 2   pH results for Palm 
wine and Pito Samples

Means within a column with different superscripts are significantly different (p < 0.05)

Palm wine Mean ± st.dev Pito Mean ± st.dev

PWS1 4.44 ± 0.01b PS1 4.33 ± 0.02a

PWS2 4.50 ± 0.02c PS2 4.39 ± 0.01c

PWS3 4.42 ± 0.02b PS3 4.29 ± 0.03a

PWS4 4.37 ± 0.01a PS4 4.32 ± 0.00ab

PWS5 4.45 ± 0.01b PS5 4.40 ± 0.01c

PWS6 4.43 ± 0.02b PS6 4.33 ± 0.03a

PWS7 4.35 ± 0.03a PS7 4.41 ± 0.01c

PWS8 4.36 ± 0.01a PS8 4.35 ± 0.01a

PWS9 4.35 ± 0.01a PS9 4.29 ± 0.01a

Table 3   Aflatoxins B1, B2, G1 and G2 levels (µg/Kg) in pito 

N Range Mean Std. deviation Variance Skewness Kurtosis

Statistic Statistic Statistic Std. error Statistic Statistic Statistic Std. error Statistic Std. error

B1 50 30.87 7.2062 1.2903 9.123 83.246 0.900 0.337 − 0.466 0.662
B2 50 12.18 2.471 0.535 3.7850 14.326 1.337 0.337 0.505 0.662
G1 50 5.80 0.84 0.2314 1.6368 2.679 1.846 0.337 2.243 0.662
G2 50 1.98 0.195 0.0717 0.5076 0.258 2.438 0.337 4.673 0.662
Total 50 42.00 10.7082 1.9323 13.664 186.696 0.836 0.337 − 0.811 0.662
Valid N (listwise) 50

Table 4   Ochratoxin amounts (µg/Kg) in pito and palm wine samples

N Range Mean Std. Deviation Variance Skewness Kurtosis

Statistic Statistic Statistic Statistic Statistic Statistic Std. Error Statistic Std. Error

OTA Pito 50 68.57 14.933 22.95 526.96 1.175 0.337 − 116 0.662
OTA Palm wine 50 34.00 5.5 9.48 90.01 1.633 0.337 1.834 0.662
Valid N (listwise) 50
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9.5 � Consumer risk assessment

9.5.1 � Ochratoxin A (OTA)

9.5.1.1  Moderate drinkers of palm wine  There were discrepancies in the outcomes of the risk assessments for ochratoxin 
A (OTA) levels brought on by the moderate consumption of the palm wine samples in the various zones of the Ho 
municipality. The documented Estimated Daily Intake (EDI) values for children, adolescents, and adults were 9.52, 5.35, 
and 4.08 ng/Kg bw/day, respectively. For the same age groups, the documented Margin of Exposure (MOE) values were 
1.88, 3.34, and 4.38, respectively. Ochratoxins had an average potency of 17.86 ng/kg bw/day, resulting in cancer risks of 
0.305, 0.171, and 0.131 Cases/10,000 persons/year respectively (Table 5).

Table 5   Evaluation of the 
Ochratoxin A (OTA) cancer risk 
associated with palm wine 
intake in the Ho municipality 
(Moderate Drinkers)

Mean ochratoxin—5500 ng/kg,

Av. Daily intake for Moderate Drinkers = 0.045 (0.020–0.070) kg/day was used for children, adolescents, 
and adults

Av.Potency = 17.86 ng ochratoxins/kg bw/day

Benchmark Dose Lower limit = 17.86 ng ochratoxins/kg bw/day

1000 ng = 1 μg, Margin of Exposure-MOE

District Age category Estimated Daily Intake 
(EDI) (ng/kg bw/day)

MOE Cancer risk 
(cases/10,000 
persons/year)

Ho Children (36mths-10yrs) 9.52 1.88 0.305
Adolescents (11-17yrs) 5.35 3.34 0.171
Adults (18-64yrs) 4.08 4.38 0.131

Table 6   Evaluation of the 
Ochratoxin A (OTA) cancer risk 
associated with palm wine 
intake in the Ho municipality 
(Heavy Drinkers)

Mean ochratoxin A- 5500 ng/kg,

Av. Daily intake for Heavy Drinkers = 0.070 kg/day was used for children, adolescents, and adults

Benchmark Dose Lower limit = 17.86 ng ochratoxins/kg bw/day

1000 ng = 1 μg

Margin of Exposure-MOE

District Age Category Estimated Daily Intake 
(EDI) (ng/kg bw/day)

MOE Cancer 
Risk(Cases/10,000 
persons/year)

Zone A Children (36mths-10yrs) 14.81 1.206 0.474
Adolescents (11-17yrs) 8.32 2.150 0.266
Adults (18-64yrs) 6.34 2.817 0.202

Table 7   Evaluation of the 
Ochratoxin A (OTA) cancer 
risk associated with pito 
intake in the Ho municipality 
(Moderate Drinkers)

Mean ochratoxin A = 14,930 ng/kg,

Av. Daily intake for Moderate Drinkers = 0.045 (0.020–0.070) kg/day was used for children, adolescents, 
and adults

Benchmark Dose Lower limit = 17.86 ng ochratoxins/kg bw/day

1000 ng = 1 μg, Margin of Exposure-MOE

District Age category Estimated daily intake 
(EDI) (ng/kg bw/day)

MOE Cancer 
risk(cases/10,000 
persons/year)

Ho Children (36mths-10yrs) 25.840 0.69 0.826
Adolescents (11-17yrs) 14.53 1.23 0.465
Adults (18-64yrs) 11.06 1.07 0.353



Vol:.(1234567890)

Research	 Discover Food           (2024) 4:167  | https://doi.org/10.1007/s44187-024-00242-0

9.5.1.2  Heavy drinkers of palm wine  Children, teenagers, and adults recorded EDI values of 14.81, 8.32, and 6.34 ng/Kg 
b.w/day, respectively. MOE values of 1.206, 2.150, and 2.817 were noted, respectively. While the cancer risks were 0.474, 
0.266, and 0.202 Cases/10,000 persons/year, respectively, the average potency remained constant (Table 6).

9.5.1.3  Moderate drinkers of  Pito  The EDI values for pito were 25.84, 14.53, and 11.06  ng/Kg b.w/day for children, 
adolescents, and adults, respectively. The MOE measurements that were made were 0.69, 1.23, and 1.07. Cancer Risks 
were 0.826, 0.465, and 0.353 Cases/10,000 persons/year, although the average potency remained constant (Table 7).

9.5.1.4  Heavy drinkers of Pito  Heavy drinkers of pito recorded higher levels (Table 8). Values of 40.20, 22.60, and 17.22 ng/
Kg b.w/day as EDI were noted. MOE values are 0.44, 0.79, and 1.04. Cancer risks are 1.286, 0.723, and 0.551 Cases/10,000 
persons/year.

There were differences in the outcomes of risk assessments for aflatoxins (AFTotal) levels brought on by the 
consumption of palm wine samples in the various zones of the Ho municipality. The established Estimated Daily Intake 

Table 8   Evaluation of the 
Ochratoxin A (OTA) cancer risk 
associated with pito intake in 
the Ho municipality (Heavy 
Drinkers)

Mean Ochratoxin A- 14,930 ng/kg

Av. Daily intake for Heavy Drinkers = 0.070 kg/day was used for children, adolescents, and adults

Benchmark Dose Lower limit = 17.86 ng ochratoxins/kg bw/day

1000 ng = 1 μg, Margin of Exposure-MOE

District Age Category Estimated Daily Intake 
(EDI) (ng/kg bw/day)

MOE Cancer 
Risk(Cases/10,000 
persons/year)

Ho Children (36mths-10yrs) 40.20 0.444 1.286
Adolescents (11-17yrs) 22.60 0.790 0.723
Adults (18-64yrs) 17.22 1.04 0.551

Table 9   Evaluation of the 
Aflatoxins (AFTotal) cancer risk 
associated with palm wine 
intake in the Ho municipality 
(Moderate Drinkers)

Mean Aflatoxin Total = 10,700 ng/kg,

Av. Daily intake for Moderate Drinkers = 0.045 kg/day was used for children, adolescents, and adults

Benchmark Dose Lower limit = 400 ng Aflatoxins/kg bw/day

Average Potency AFB1- 0.0396 ng aflatoxins/kg bw/day

1000 ng = 1 μg, Margin of Exposure-MOE

District Age category Estimated daily intake 
(EDI) (ng/kg bw/day)

MOE Cancer risk 
(cases/10,000 
persons/year)

Ho Children (36mths-10yrs) 18.51 21.61 0.700
Adolescents (11-17yrs) 10.41 38.42 0.412
Adults (18-64yrs) 7.93 50.44 0.314

Table 10   Evaluation of the 
Aflatoxin (AFTotal) cancer risk 
associated with palm wine 
intake in the Ho municipality 
(Heavy Drinkers)

Mean Aflatoxin Total = 10,700 ng/kg,

Av. Daily intake for Heavy Drinkers = 0.070 kg/day was used for children, adolescents, and adults

Benchmark Dose Lower limit = 400 ng Aflatoxins/kg bw/day

Average Potency AFB1- 0.0396 ng aflatoxins/kg bw/day

1000 ng = 1 μg, Margin of Exposure-MOE

District Age category Estimated daily intake 
(EDI) (ng/kg bw/day)

MOE Cancer 
risk(cases/10,000 
persons/year)

Ho Children (36mths-10yrs) 28.81 13.88 1.156
Adolescents (11-17yrs) 16.19 24.71 0.978
Adults (18-64yrs) 12.34 32.41 0.489
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(EDI) values for children, adolescents, and adults in Ho were in the range of 7.93–28.81 ng/Kg bw/day, respectively. For 
the same age groups, the documented Margin of Exposure (MOE) values were in the range of 13.88- 50.44. Aflatoxins 
had an average potency of 0.0396 ng/kg bw/day, resulting in cancer risks of range 0.314–1.156 Cases/10,000 persons/
year (Tables 9 and 10).

10 � Discussion

10.1 � Fungal counts

In developing nations, fungus contamination of seeds, grains, and feed is a persistent issue because most tropical hot and 
humid conditions encourage the growth of these fungi in the field and storage systems. Due to their ability to survive 
in foodstuff and ingredients of many traditionally fermented alcoholic beverages, fungi can proliferate, dominate, and 
contaminate these drinks. There has been evidence of the growth of fungi in some traditionally fermented local alcoholic 
beverages in Ghana [6, 13, 66–68].

In the present work, fungal counts fell in the equivalent range of values of 2.098–4.23 log10 CFU/ml reported by [67]. 
Minamor et al. [68] recorded fungal counts of < 104 CFU/ml in “Pito” a cereal beverage of Sorghum were found to be within 
tolerable limits. Likewise, Akoma et al. [69] reported fungal counts of range 2.00–3.50 log10 CFU/ml in ‘Kununzaki’ samples 
in Nigeria. Recently, Kortei et al. [6] recorded fungal counts which ranged between 1.68 ± 0.8- 4.11 ± 0.9 log10 CFU/ml in 
“Solom” (beverage prepared from millet and sorghum) drinks in Ghana. Lyumugabe et al. [70] also reported counts of 
4.12 × 104 (4.61 log10) CFU/ml in “Ikigage” a Rwandan traditional beer made from sorghum.

Contrarily, Ezekiel et al. [22] described greater fungal counts of range 3.4 × 105 ± 0.10–4.5 × 106 ± 0.10 (5.53–6.65 
log10) CFU/ml from “Otika” a cereal beverage of sorghum from Nigerian. In another interrelated study in India, a mean 
fungal population of 4.9 × 105 (5.69 log10) CFU/g in an amylase and alcohol-producing starters was recorded [71]. From 
Nigeria, in “Akamu” samples taken from dissimilar cereals, Popoola et al. [72] observed a range between 1.30 × 105 and 
1.74 × 105 (5.11–5.23 log10) CFU/ml. Ayirezang et al. [13] also reported a range of fungal counts of 0.2 × 105–3.7 × 105 
(4.30–5.57 log10) CFU/ml in Pito (locally brewed sorghum beer) in Northern Ghana. In Ethiopia, Tigist and Getnet [2] 
reported counts of 5.65 × 106 (6.75 log10) CFU/ml in “Bubugn” (a cereal beverage) samples.

Heavily contaminated traditional alcoholic beverages with mean fungal counts of 2.3 × 1016 (16.37 log10), 3.9 × 1016 
(16.59 log10) and 7.0 × 1010 (10.85 log 10) CFU/ml respectively for “Mbege”, “Mnazi” and “Komoni” were reported by [73] 
in Tanzania. Similarly, Bhardwaj et al. [74] noted a high density of 214. 9 × 106 (8.33 log10) CFU/g of yeasts in the “Balma” 
beverage (an Indian traditionally fermented beverage). The microbiological counts that were recorded in this experiment 
fell within the acceptable (tolerable) and unsatisfactory ranges for ready-to-eat foods. The International Commission for 
Microbiological Specification of Foods (ICMSF)[65, 75] points out that higher colony counts > 104 are an indication of 
degradation caused by either a lack of cleanliness or the use of low-quality water and cereals in the beverage’s production 
(Table 3). There haven’t been many microbiological (mycological) studies on palm wine in Ghana.

10.2 � Fungal species

Mycotoxins like aflatoxins and fumonisins are frequently connected to agricultural goods and are produced by the genera 
Aspergillus, Fusarium, and Penicillium. In corroboration with the findings of our study, Misihairabgwi et al. [4] detected 
certain mycotoxins in “Oshikundu”, a millet-based beverage made in Namibia, which were suggestive of the presence of 
Aspergillus, Fusarium, Penicillium, Alternaria, and Claviceps fungi. In 100% of the sorghum malt samples used to make the 
traditional cloudy drink “Tobwa”, which is used to make the traditional sorghum cloudy beer, researchers from Malawi 
[76] discovered AFs. This indicates that Aspergillus spp. was present in the samples of sorghum. Similarly, in Uganda, 
Byakika et al. [105] reported the fungi species of A. niger, A. flavus, Fusarium spp. as well as Penicillium spp. in “Obushera” 
(a fermented sorghum-millet beverage).

Again, our research’s results on fungal species in pito, agreed favorably with those of [78], who likewise found 
Saccharomyces cerevisiae, Candida krusei, and Aspergillus niger in samples of “Burukutu” and “pito” that had been preserved 
and that had been taken fresh. Sefa-Dedeh et al. [66] identified several species of yeasts in pito samples in Ghana. Likewise, 
palm wine recorded a preponderance of yeasts which agreed with published findings of previous researchers such as 
Amoa-Awua et al. [79], Djeni et al. [5] and Atter et al. [80] who worked on palm wine and “Brukutu” samples.



Vol:.(1234567890)

Research	 Discover Food           (2024) 4:167  | https://doi.org/10.1007/s44187-024-00242-0

Saccharomyces cerevisiae was also discovered by [68] to be the sole fungus connected to the fermentation of pito 
in Accra, Ghana. Despite the fact that there are few studies on the fungi that affect palm wine, some experts believe 
that yeasts, primarily Saccharomyces cerevisiae, are linked to the fermentation of palm wine [79].

Aspergillus, Fusarium, Penicillium, and Rhodotorula spp. were among the eleven additional fungal species from four 
different genera that were recovered from Ghana’s “Asaana” (corn malted drink) in a different study [67]. Furthermore, 
Kortei et al. [6] discovered that there were fourteen (14) fungal species in total in “Solom” samples from Ghana which 
included Aspergillus (A. niger, A. flavus, A. fumigatus, A. parasiticus, A. alutaceaus, and A. terreus), Rhizopus (R. stolonifer), 
Mucor (M. racemosus), Fusarium (F. oxysporum), Penicillium (P. digitatum, P. verucosum), Cladosporium (C. cladosporoides), 
Curvularia (C. lunata), and Rhodotorula sp. Members of the genera Aspergillus, Fusarium, Pennicillium, Macrophomena, 
Cercospora, Phoma, Rhizopus, Alternaria, and Curvularia were discovered in Nigerian local beer samples [81].

The fungus Aspergillus and Penicillium have been connected to “Ogi,” a fermented cereal porridge often made 
from millet, sorghum, or maize, according to reports from Nigeria and some parts of Benin [82]. The Nigerian cereal 
beverage “Kununzaaki” contained the well-known fungal Penicillium digitatum, Aspergillus fumigatus, Rhizopus 
nigricans, and Mucor sitophila, according to Elmahmood and Doughari [83]. According to [84], the prevalence of 
these fungi has been connected to beverage deterioration.

Using amylase and alcohol-producing starters, filamentous molds from seven different taxa—Mucor, Aspergillus, 
Penicillium, Bjerkandera, Rhizopus, Trametes, and Cladosporium—were isolated in India [71]. In contrast, a Burkinabe 
study found that samples of sorghum malt had incredibly high levels of Aspergillus [85]. Furthermore, in several of 
the local and international beverages they examined, [86] discovered signs of Aspergillus flavus, Penicllium spp., and 
Trichoderma viridae. The prevalence of each of these organisms was 2 (2.2%) or below.

Due to the potential for them to contain mycotoxins, the presence of toxicogenic fungus in several cereals and 
drinks poses some public health issues. Mycotoxins are toxic, teratogenic, cancerous, and mutagenic substances 
[64, 87]. Some mycotoxins, particularly aflatoxins, and ochratoxins, have been linked to kidney, liver, and brain 
malignancies globally. If hepatocellular cancer already exists, prolonged exposure to these mycotoxins causes its 
onset or exacerbates its condition [88].

Additionally, a manufacturing plant’s environment might be very unique and different, therefore it may be crucial 
to pinpoint the exact causes of contamination in each situation [97]. Microbiological contamination along the entire 
supply chain is unavoidable. Drinking beverages that contain pathogenic microbes and mycotoxins puts customers’ 
health at risk and costs producers money [6]. Since many of these fungi are considered to be spoilage, there may 
be a chance that mycotoxin contamination will occur [22]. These fermented foods must always be produced under 
hygienic circumstances, including application. The implementation of good manufacturing practices (GMP) and 
good hygiene practices (GHP), which enable the contamination to be minimized to acceptable levels, lessens the 
impact of fungi in the food chain.

10.3 � pH

The following environmental elements encourage the growth of fungi: moisture, pH, temperature, light, and others. 
The pH of a medium determines the kind of fungi present whether acidophilic, basophilic, neutrophilic, etc. Every 
sample that was tested was acidic, with pito having a pH of 4.29 and palm wine having a pH range of 4.35 to 4.5 on 
the pH scale. The range of pH values found in this study was slightly greater than pH values of range 3.2–3.6 in pito 
samples collected and stored for 56 days [13]. Likewise, Ellis et al. [89] and Osseyi et al. [90] also reported pH values 
in the range of 3.4–3.45 in pasteurized local sorghum beer which all disagreed with our results. Some researchers 
have noted the variety of acidity in cereal beverages and have attributed their sourness to the existence of lactic acid 
bacteria and yeasts throughout the fermentation process.

Our results corroborate with those of Frac et al. [91] and Hsu et al. [92], who stated that the ideal range for fungal 
growth was between 4.5 and 7.0. The pH range of 3.91–3.96 was found to be suitable for fungal development in 
samples of “Akamu” made from various grains in Nigeria, according to Popoola et al. [72]. Similarly, Anupma and 
Tamang [71] found that the average pH was 5.3. However, Yamanaka [93] observed a higher pH range of 7–9 for 
optimal fungus growth. These beverages’ acidity tended to grow as the fermentation period increased, directly 
proportional to storage time, leading to deterioration. Furthermore, the various types of isolated microorganisms 
may be related to the low pH values, which may have induced the growth of fungus.
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10.4 � Occurrence of mycotoxins in traditionally fermented alcoholic beverages

Mycotoxins are common pollutants of cereals, and depending on the kind and country of origin of the raw material, 
products made out of these are promising to maintain noteworthy quantities of these venoms. Previous reports of 
mycotoxins in African and European beers have included aflatoxins, deoxynivalenol (DON), fumonisins, ochratoxins, 
and zearalenone (ZEN) [94, 95].

Although the incidence of ochratoxins (OTA) in local beer beverages has not been widely researched regarding 
traditionally fermented alcoholic beverages, pieces of evidence exist in the literature [4, 6, 22]. Odhav and Naicker 
[96] reported OTA levels of 1.5–2340 µg/L in traditional cereal beverages in South Africa. Lulamba et al. [97] reported 
trace levels of 0.07–0.081 µg/L OTA were found in cereal beer beverages. Furthermore, Juan et al. [98] reported a 
range of 1600–67002 µg/L of OTA in beer made from barley in Tunisia. According to Darwish et al. [99], the toxins 
found in cereals most frequently were AFs (43.8%) [69], followed by FBs (21.9%) [69], OTA (12.5%), ZEA (9.4%), and 
DON (6.3%). These poisons were discovered in ingredients used to make pito and other grain beverages, including 
maize, sorghum, barley, wheat, and teff.

Also, the average OTA contamination of palm wine in Ho Municipal was 2.77ug/kg. There aren’t many reports on 
the occurrence of mycotoxin in palm wine, other than the exploratory work done in Ghana and Nigeria. Adbel-Hadi 
et al. [100] emphasized that the amount of mycotoxin produced depends on the microbe species, kind of raw material, 
temperature, water activity (aw), and meteorological spells. For instance, A. flavus grows best at 30–35 °C and 0.99 
aw, although aflatoxin generation is optimal at 25–30 °C and 0.99 aw and 30–35 °C and 0.95 aw, according to [100]. 
This study recorded no amount of aflatoxins in palm wine samples collected from the various zones except for Zone 
C which recorded an amount of 1.468 µg/Kg of aflatoxin B1. In agreement with our findings, It was unanticipated to 
note that, in sorghum beers manufactured in Ouagadougou, Burkina Faso, from AFB1-contaminated malt, Bationo 
et al. [85] did not discover AFB1. Again, no aflatoxins were found in Botswana’s traditional sorghum brews [101]. Lastly, 
Anthony et al. [102] reported no aflatoxin contamination in millet grains used for the production of pito in Nigeria.

Interestingly, there was an observed greater quantity of yeast species in the palm wine and pito samples which 
in turn, resulted in a low occurrence of aflatoxins in both samples. Presumably, the presence of yeasts and their 
unique ability to effectively inhibit the development of Aspergillus flavus and A. parasiticus impeded the formation of 
aflatoxins during the fermentation process [103, 104]. Because fermentation lowers mycotoxin levels, fermented foods 
often have lower mycotoxin levels than their raw counterparts. In corroboration with our findings, Byakika et al. [105] 
reported significantly lower aflatoxin levels in “Obushera” (a fermented sorghum-millet beverage) samples than in the 
raw materials used for its preparation in Uganda. Similar findings have been reported by several researchers [85, 101, 
106, 107] in support of the observation of a significant reduction in mycotoxins (esp. aflatoxins) in fermented foods.

In contrast with our study, Ezekiel et  al. [22] reported appreciable quantities of aflatoxins in the range of 
2.00–3.5 µg/kg in pito samples in Nigeria. There have also been reports of aflatoxins in other fermented cereal 
drinks. Aflatoxin contamination was found in two traditionally made South African beers, “Isiqatha” (12 ppb) and 
“Utshwala” special (200 and 400 ppb), according to Odhav and Naicker [96]. Aflatoxin contamination (3.5–6.8 ppb) 
in opaque sorghum and millet beers was found by Okaru et al. [108] in Kenya. In Nigeria, millet contamination with 
AFB1 was observed by Daniel et al. [81] to be slightly more common but at lower levels (≤ 10 g/kg). In Burkina Faso, 
Bationo et al. [85] detected AFB1 and OTA (< 10 ppb) in local beers and sorghum malts. Warmer temperatures are 
more prone to generate mycotoxin-contaminated grains and, as a result, beers with harmful components, notably 
in Africa, according to research [109, 110]. Accordingly, a school of thought supported by the published results of 
[111–113] suggests that various industrial techniques used in local beer brewing, such as steeping, kilning, mashing, 
fermentation, and clarification that create the traditionally fermented alcoholic beverages, may have a momentous 
bearing on the amounts of toxicogenic fungi as well as mycotoxin content [112]. Additionally, some investigations 
[112, 114, 115] found that a lengthy fermentation process may increase mycotoxin level relocation from grain to malt 
and then to beer due to the superior heat stability.

10.5 � Consumer risk assessment

According to the evidence now available, drinking African beverages contaminated with mycotoxins results 
in significant exposures and co-exposures, particularly to aflatoxins and fumonisins. Due to a lack of crucial and 
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country-specific information, such as consumption frequency, consumption amount, and actual body weight and 
age of users, determining mycotoxin exposure from consumption of traditionally processed beverages in many 
African countries is currently challenging. Even though these figures are only accessible for traditional beverages, 
like non-alcoholic types, they are more thorough in terms of how much alcohol/beer is consumed. As noted by 
Ezekiel et al. [22], few attempts have been made to estimate beverage exposures in South Africa as well as Malawi, 
all within Africa’s southern portion.

Owing to the larger diversity of the toxicogenic fungi linked to these brews, habitual drinkers may be more exposed 
to the lethal properties of these fungal toxins [4, 6, 22]. Since all of the computed EDIs were above the PMTDI of OTA, 
which are 0.0143 and 0.01786 µgkg−1bwday−1 [28], we divided our individuals into heavy and moderate pito and palm 
wine drinkers. All age categories tested were at risk of the commencement or onset of hepatocellular cancer as a 
result. Likewise, all the calculated MOEs were less than 10,000. A similar trend was observed with the Total aflatoxins-
contaminated brew.

Our results agreed favorably well with some risk assessment studies on mycotoxins in similar samples (beers) around 
the globe. According to Czerwiecki et al. [77], OTA was found in 79% of the beer samples they tested in Poland, with a 
mean level of 25.7 g/L, suggesting a negative risk to the local population’s health.

The results of all these experiments supported the conclusion that ingesting these mycotoxins through drinks did 
not pose a toxicological concern as the exposure was far lower than the TDIs established by the Joint FAO/WHO Expert 
Committee on Food Additives (JECFA) [28]. At 1.83 g/L, OTA was found in 80% of the beer with lemonade [97], but some 
studies on beer use and risk analyses found no adverse effects on health. However, some investigations found that 
beer samples had a greater OTA incidence. In Catalonia (Spain), beer samples had an OTA incidence of 89% according 
to Coronel et al. [116], and domestic beer samples had an OTA incidence of 48% according to Lasram et al. [117], with 
an average value of 0.12 g/L. Rubert et al. [118], who found OTA in 10% of their European beer samples at an average 
content of 3.2 g/L, observed modest incidences.

The majority of mycotoxicosis in humans, according to Bennett and Klich [119] is caused by consuming contaminated 
foods. It is worthy of note that both ochratoxin A (OTA) and Aflatoxins (AFs) recorded in this work were below the 
acceptable limits of 5 and 10 µg/kg prescribed by the Ghana Standards Authority (GSA). There is no known safe level 
of mycotoxin in the body of a human or an animal because some mycotoxins have longer-term chronic or cumulative 
effects on health, including the development of malignancies and immunological deterioration, among other things. 
The intensity of the symptoms is influenced by the type of mycotoxin, the amount and length of contact, as well as some 
inborn patient characteristics including age, sex, health, and nutritional status. Additionally, certain mycotoxins have 
immediate effects that might cause serious illness symptoms to appear overnight. It is advised that sorghum or millet 
be used instead of maize when processing beverages that may be prepared from a combination of grains, or that new 
beverages employing fewer mycotoxin-susceptible crops be created. This will encourage dietary variety and could lessen 
mycotoxins. According to research by Bandyopadhyay et al. [120], maize is substantially more likely than sorghum or 
millet to be infected by Aspergillus spp. which produces aflatoxin.

11 � Conclusion

Generally, the mean fungal counts of palm wine samples in the Ho municipality were found to be unsatisfactory according 
to ICMSF guidelines. A total of 13 fungal species belonging to 8 genera namely: Aspergillus, Fusarium, Trichoderma, 
Rhizopus, Penicillium, Rhodotorula, Mucor, and Yeast were isolated from both samples. Again, there were no aflatoxins 
in palm wine while OTA was found in both palm wine and pito. Cancer risk assessments conducted revealed the 
consumption of palm wine and Pito could be threatening to the health of consumers in the Ho Municipality since all 
MOEs were less than 10, 000. Nevertheless, it is important to note that the conditions favorable for fungal growth in 
grains are not always conducive to mycotoxin production. Future research on beverages in Africa must therefore take 
exposure estimations into account.
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