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Microbial and physicochemical analysis was performed on randomly sampled Poha Beer manufactured and vended in the
BolgatangaMunicipality, Ghana. Poha Beer as it is referred to in Dagbani, is a Tamarindus indica fruit extract, a local nonalcoholic
beverage originally processed and sold by rural women of the Dagomba ethnic descend. Morphological examination of bacterial
cultures, Gram staining, and biochemical confirmatory tests were used to detect the presence of microbial pathogens in 45 samples
of Poha Beer. A refractometer, a flame photometer and an atomic absorption spectrometer were used for the elemental analysis.
All Poha Beer samples obtained from the Bolgatanga Municipality were positive for yeast, E. coli, Enterobacter sp. and Bacillus
cereus. Pb was not detected in any of the samples. Chemical components detected include Zn2+ (average, 0.154mg/L), Cd2+

(0.056mg/L), Na+ (1.723mg/L), Ca2+ (2.262mg/L) and K+ (3.96mg/L). All samples were acidic with an average pH value of 3.55.
(e Brix value of samples, however, was between 9.0 and 11.4 % per 40mL of Poha Beer.(erefore, Poha Beer processed and sold
in the Bolgatanga Municipality is acidic and contains detrimental amounts of Cd2+ and bacterial pathogens which may render it
unwholesome for human consumption.

1. Introduction

Tamarind fruit drink, commonly known as tankwanbia in
Hausa, Poha Beer in Dagbani and Pusa daam in Waale
(Dagaare), is a local nonalcoholic beverage mostly processed
and sold by people of the Dagomba ethnic descend. Poha
Beer is now sold in all parts of the country particularly in
northern Ghana. In the northern region, a sunny, warm
region predominated by Muslims, for whom alcohol is
forbidden and where poverty is high, Poha Beer is an ideal
refreshing drink in place of more expensive bottled non-
alcoholic beverages, such as Coca-Cola, Sprite and Fanta.
Tamarind (tamar-e-hind literally means “dates from India”)
is a famous tree in India [1, 2]. It is believed to have

originated from tropical Africa [3]. T. indica bears pods
containing about 10 brown seeds surrounded by an abun-
dant acid pulp. Its fruits contain relatively 30% pulp, 40%
seeds and 30% hull by weight [4]. Trees can produce up to 15
tonnes of fruits per hectare on an annual basis [5]. Tamarind
grows wild in the four regions in the north of Ghana.

Among indigenes of northern Ghana, T. indica has
commercial, industrial, domestic and medicinal uses. Its
tender leaves are used for the preparation of soup. Its sour
fruit extract is used in the preparation of “tuo zaafi” (TZ,
their staple food) and as a preservative for storing TZ,
whereas the fruit pulp is used to process the local beverage,
Poha Beer. Poha Beer is brewed in six major steps including
threshing, fermentation, moulding, soaking, mashing and
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sieving, after which the filtrate is bagged and sold to con-
sumers by street vendors (Figures 1 and 2).

In India, tamarind is used as a flavor and stabilizer and
also in the preparation of curries, jam, pickles, sauce,
syrup, and so on [1, 6]. (e phytochemistry, pharmaco-
logical properties, and therapeutic values of different parts
of T. indica have been extensively reported, some of which
are expected to reflect in its fruit extracts [3, 7]. Some
medicinal properties of T. indica include antiviral [8],
analgesic [9], antinociceptive [10], anthelmintic [11],
antiulcer [12], antidiabetic [13], antiemetic [14], anti-
inflammatory [9], antimicrobial [15], hypolipidemic [16],
antiatherosclerosis [17], hepatoprotective [18], fungicidal
[19], antioxidant [20], and immunomodulatory [21]
properties. Tamarind is a rich source of vitamins (for
example carotenes, vitamin C, flavonoids, and B vitamins
including thiamine, riboflavin, and niacin), fibre, and
other nutrients necessary for good health [22, 23]. It is also
a good source of essential minerals, for example, Ca, Fe,
Zn, Cu, Co, and Mn, but may contain potentially toxic
metals, such as Pb, Cd, Ni and Hg [5, 6, 24–26].

In countries where street food vending is prevalent,
there is often lack of information on the incidence of food-
borne diseases related to street vended foods. Microbial
studies on such foods in American, Asian, and African
countries have revealed increased bacterial pathogens in
these foods. (ere have been documented outbreaks of
illnesses in humans associated with the consumption of
unpasteurized fruit and vegetable juices [27, 28]. Con-
sumers have high preference for juices that are unpas-
teurized given that they are crisp in flavor [29]. Fresh fruit
juices are easily made by blending and extraction of the
juice and pulp mash of ripe fruits and vegetables. (e
finished fruit juice is often not fermented with a cloudy
appearance and with no additives. Notably, contamina-
tion may arise as a result of scratches and bruises on fruit
and vegetables that might have occurred at the time of
harvesting. Contamination could emanate in the process
of the production of the fruit juice and it is often advisable
to carry out production under very hygienic conditions.

On the other hand, environmental pollution is the
main cause of heavy metal contamination of the food
chain. Pb and Cd are two potentially harmful metals that
have aroused considerable concern [30–37]. According to
Mehmet [38], atmospheric contamination, excessive use
of fertilizers, pesticides, sewage sludge, and/or irrigation
with residual waters are among the causes of physico-
chemical contamination of raw foodstuffs as these metals
are absorbed by the plants and persist through the food
chain. Owing to their high toxicity at certain concen-
trations, the levels of these heavy metals in food and
beverages require quantification [39]. In view of the threat
posed by chemical pollutants and bacterial pathogens and
the flourishing demands for such locally produced and
street vended juices such as Poha Beer, this investigation
was designed to assess the microbial quality and standard
chemical composition (Na, K, Ca, Cd, Zn, and Pb) of
freshly prepared Poha Beer from street vendors in the
Bolgatanga Municipality.

2. Materials and Methods

2.1. Collection of Samples. Five locations in Bolgatanga
Municipality vending Poha Beer were zoned for picking
samples. Nine street vendors were randomly selected from
each of the five marked zones between February and June,
2016. A total of forty-five (45) sample drinks freshly pro-
cessed by local producers were therefore purchased ran-
domly from Estates, Zongo, Taxi Rank, Dapotindongo, and
Dagweo, chilled in an ice chest and transported to the
laboratories for investigation. Fifteen samples each were
transported to three different laboratories for both microbial
and chemical analysis.

2.2. Bacteriological Analysis of Samples. All media were
prepared essentially as described by Cheesbrough [40] and
sterilized by autoclave. A loopful of each of the fifteen
samples was inoculated in triplicate onMacConkey agar and
blood agar. Inoculated plates were incubated for 24–48 h at
37°C. (ere were mixed morphological growth colonies of
large or small rods or oval cells on all plates when visualized
under the microscope. As such, further investigations on
pure culture and Gram staining techniques were carried out.
With the pure culture technique, a sterile loop was used to
carefully pick each colony and replated in triplicate. Colo-
nies that could not be observed easily nor confirmed by
microscopic examination were further investigated using
biochemical and antibiotic sensitivity tests.

Microscopically, the smaller growth colonies showed
Gram-negative rods (pink) and Gram-positive oval-shaped
structures (dark). (e larger growth colonies showed Gram-
positive rods. (erefore, morphological characterizations of
isolates coupled with microscopic examination were used as
confirmatory tests (Table 1).

2.3. Antibiotic Sensitivity Test on Selected Samples.
Modified Kirby-Bauer sensitivity testing technique was
employed to identify Bacillus cereus [40].

2.4. Total Colony Count. (e total colony count of bacteria
was determined by the pour-plate method using nutrient
agar [41]. Tenml of each sample was taken with a sterilized
pipette and gently lowered into the petri dish. (e drinks
were inoculated in triplicate and swirled gently to mix. (e
plates were then incubated at 37°C for 24–48 h, after which
the total colonies were counted with a colony counter (Servo
Enterprises, India).

2.5. Faecal Coliform Test and Isolation of E. Coli.
Fermentation tubes in rows of five were each inoculated with
10ml of samples using a sterilized pipette. (e samples were
incubated at 37°C for 24 h, after which they were observed
for the presence of faecal coliform. Tubes that were positive
for faecal coliforms were cultured in EC broth and incubated
at 44°C for 24–48 h, after which E. coli was confirmed
(Regional Water Quality Assurance Laboratory, Bolgatanga,
Upper East Region, Ghana).
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2.6. Assessment of the Chemical Composition of Poha Beer.
Following filtration of samples with grade 1 Whatman filter
paper (Voigt Global Distribution Inc., Kansas, USA), each
filtrate was used for elemental analysis. Each sample filtrate was
analysed for Brix value, pH, Na, K, Ca, Zn, Cd, and Pb. (e
portable refractometer (SKU: CBX032, Jiangsu, China) was
used to determine the Brix value of each sample, while the Basic
20 pHmeter (Crison, Barcelona, Spain) was used to determine
the pH. Na, K, and Ca concentrations were determined using

the flame photometer (Jenway,model PFP7 Flame Photometer,
Nicosia, Cyprus), whereas the concentrations of Zn, Cd, and Pb
were determined using the iCE 3000 series atomic absorption
spectrometer ((ermoFisher Scientific, Waltham, USA).

2.7. Carbohydrate Analysis. (ree drops of each sample
drink were placed onto the refractometer prism plate and
lidded. (e instrument was then turned towards the light,

Threshing Fermenting Moulding

Soaking

WashingMashingDecanting
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+

Figure 1: Schematic representation of the preparation of Poha Beer. Poha Beer is brewed in six distinct steps, which include the following.
(reshing: due to its sticky nature, the outer case of the fruit is manually removed with care in order to prevent contact with particles.
Fermentation: the fruits are sprinkled with water and allowed to stand for 24 h for fermentation to occur. Moulding: the fruits are preserved
by moulding into balls and stored until required for use. Moulding reduces the surface area and prevents development of bacterial and
fungal spores. Soaking: the fruits are soaked with either cold or warm water for between ∼4 and 12 h to ensure efficient pulp extraction and
dissolution. Mashing: in order to efficiently extract a high amount of pulp, the soaked fruits are mashed with clean hands, after which the
required spices such as the local spices (“masoro” and “kanaaferi,” with pepper, ginger, and lime) are added. Decanting: the mashed mixture
is then sieved, after which sugar is added to the filtrate, bagged, and sold to consumers by street vendors.

(a) (b)

(c) (d)

Figure 2: Brewing: Poha Beer production process. Moulded tamarind fruits are shown in (a), while the sieving process is shown in (b). Poha
Beer bagging and the bagged and chilled products for sale are, respectively, shown in (c) and (d).
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after which the eye piece was focused until a clear image was
observed. (e position at which the demarcation line be-
tween the light and blue regions crossed the vertical scale
represented the percentage readings and noted to one
decimal place. After each test, the prism plate was cleaned
with deionized water and wiped dry with a soft tissue.

3. Results

Microscopic examination results by virtue of cell mor-
phology are summarized in Table 2. Apparently, two Gram-
negative rod-like species (Enterobacter sp. and E. coli), in-
cluding two Gram-positive oval-shaped fungus (yeast) and
rod-like structures (Bacillus cereus), were observed. Con-
firmatory morphological characterization of isolates coupled
with microscopic examination revealed the presence of the
three species of the bacteria as expected, namely, Enter-
obacter sp., E. coli, and Bacillus cereus (Table 3).

Total bacterial colony count determined with the colony
counter was directly calculated as coliform density (Fig-
ure 3). (is was obtained as the number of coliforms
counted from the formula, CFU/10mL�N× 10/V, where,N
is the number of colonies counted and Vis the sample
volume in mL. In cases where no colonies were observed, the
coliform colonies were reported as 0CFU/10mL. Data
obtained was then entered into a Microsoft Excel spread
sheet and analysed. (e highest coliform density was
recorded in Dapotindongo, while samples obtained from
Estates had the lowest coliform density. (ere was no sig-
nificant difference in the colony densities recorded among
the triplicates conducted in the three laboratories (Figure 3).

(e mean concentration of Zn in Poha Beer samples
obtained from all five zones was generally higher compared
with Cd (Figure 4). Samples obtained from Dagweo
recorded the highest mean Zn concentration of 0.200mg/L,
whereas processed Poha Beer samples obtained from Taxi
Rank contained the least mean Zn concentration of
0.116mg/L. Average concentration of Zn within marked
zones was in decreasing order:
Dagweo>Dapotindongo>Zongo>Estates>Taxi Rank.
Average Cd concentration was also fairly equal in samples
from all zones ranging from Taxi rank (highest, 0.068mg/L)
to Estates (0.041mg/L). Pb was not detected in any of the
samples. No particular correlation between Zn, Cd, and/or
Pb concentrations in samples was observed (Figure 4).

(ere was, however, a trend in the occurrence of elec-
trolytes (K+>Ca2+>Na+) through all five zones (Figure 5).
(e highest average concentration of K (4.64mg/L) was
detected in Dagweo, while the lowest (3.52mg/L) was de-
tected in Estates and Taxi Rank. (e average amount of Ca

present in samples was fairly equal in all five zones (2.19mg/
L in Estates, 2.28 in Zongo, 2.29 in Taxi Rank, 2.27 in
Dapotindongo and 2.27 in Dagweo). Na concentration was
comparatively lower in all zones, ranging from 1.54 to
1.87mg/L, an indication that Na concentration was also
fairly equal in samples (Figure 5). (e pH of all individual
samples determined was within acidic range (pH< 7). (e
highest pH value of 5.53 was recorded in a sample obtained
from Dagweo. Apparently, only samples obtained within
Dagweo had pH> 5.0 but lower than 6.0. (e remaining pH
of individual samples ranged from 2.91 to 3.32. Average pH
value was 3.55. Average zonal pH values are compared in
Figure 6 and in Table 4 with literature. (e Brix values of all
the samples ranged from 9.0 to 11.4% per 40mL with an
overall average Brix value of 10.5%. Zonal averages are
compared in Figure 7. Samples obtained in Zongo (average
per 40ml, 11.1%), Dapotindongo (11.0%), and Dagweo
(11.1%) recorded equal average Brix values. On the other
hand, Estates (9.8%) and Taxi Rank (9.7%) were lower than
the three zones aforementioned and also similar in Brix
values (Figure 7).

4. Discussion

Morphological characterizations of isolates coupled with
microscopic examination and biochemical confirmatory
tests were used to establish the presence of yeast, Enter-
obacter sp., E. coli, and Bacillus cereus (Tables 2 and 3) in
Poha Beer sampled from five zones within the Bolgatanga
Municipality, including Estates, Zongo, Taxi Rank, Dapo-
tindongo, and Dagweo. Pink ring on the indole confirmed
the presence of E. coli, while bright-blue colonies on the
citrate agar confirmed the presence of Enterobacter sp. On
the triple sugar iron agar test however, phenol red indicator
turning yellow indicated the presence of large amount of
acid resulting from fermentation of lactose and release of gas
also confirmed the presence of Enterobacter sp. in samples.

(e MPN index (faecal coliform/E. coli/100mL) for
standard drinking water recommended by WHO is 0. (e
Ghana Standards Authority (GSA) has also specified that
drinking water should contain no E. coli or thermotolerant
bacteria, and total coliform should be 0CFU/100mL.
However, our examination showed high load of bacteria in
the samples and this is corroborative of earlier findings
elsewhere [42–44]. (e presence of these microorganisms at
the reported levels indicates that Poha Beer sold within the
sampled zones may be unwholesome for consumption and
potentially hazardous [45]. (e presence of Bacillus cereus
was confirmed in samples using the antibiotic sensitivity test.
Its morphological characteristics were identified (Table 2).

Table 1: Biochemical sensitivity test on selected samples.

Media Test

Indole
From the pure culture, a sterile loop was used to inoculate each small and large growth colonies and incubated for

24–48 h at 35–37°C
Citrate (e inoculum was stabbed with a sterile loop and incubated at 35–37°C for 24–48 h
Triple sugar iron agar
(TSI)

(e pure inoculum was stabbed into the medium and incubated at 35–37°C for 24–48 h
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Bacillus cereus is a soil-dwelling, Gram-positive, rod-shaped,
β-haemolytic bacterium which is resistant to penicillin and
cephalosporin but susceptible to vancomycin, gentamicin,
erythromycin, and clindamycin (Table 3) [46, 47].

(ere are several routes through which bacteria and
viruses may come into contact with Poha Beer. Processing
units are the primary causes of high bacterial contamination
of the juice (Figure 2). (ese include the use of crude stands
and carts, use of unwholesome water due to unavailability of
running water for dilution and washing, prolonged storage
without refrigeration, and unhygienic surroundings with
swarming flies and airborne dust among others [48]. Im-
proper personal hygiene of producers and vendors may also
result in contamination of products ranging from improper

washing of fruits to the use of unclean hands by vendors,
including contaminated dry ice used for chilling the bagged
juice for sale [49]. Manual bagging of Poha Beer creates more
avenues for microbial contamination of the juice. (e
materials, rubber containers, packaging bags, and equip-
ment used in the processing and bagging are unsterilized.
(e production environment is unsuitable for processing of
juices meant for public consumption, and the water used for
processing is unchecked for contaminations. (e moulded
seeds are sold in the open exposed to dust and pathogenic
microbes (Figure 2).

(e presence of some chemical compounds in drinking
water or juices is a potential hazard [50]. At low concen-
trations, Pb remains a toxic contaminant [51]. (e WHO

Table 2: Colony and cell morphology of isolates on blood agar and MacConkey agar.

Media Colonial morphology Cell morphology Identification

Blood agar
Creamy, tiny, and pin-pointed colonies

Gram-positive oval-
shaped structures

Yeast

Large, flat colonies of about 3–7mm in diameter β-haemolytic with dry-
white colonies surrounded by areas of white precipitate

Gram-positive rods Bacillus cereus

MacConkey
agar

Pink lactose-fermenting round, raised, entire colony of about 2–3mm in
diameter

Gram-negative rods
Enterobacter

sp.
Pink, lactose-fermenting, shiny, round entire convex colony of about 1mm

in diameter
Gram-negative rods

Escherichia
coli

Table 3: Identification of microbial contaminants.

Media Observation Identification

Indole Pink ring surface layer; indole positive Escherichia coli
Citrate Bright-blue Enterobacter sp.
Triple sugar iron agar (TSI) Acid: positive; lactose: positive; gas: present; colour turned yellow Enterobacter sp.
Mueller Resistant to penicillin and cephalosporin Bacillus cereus
Hinton agar Susceptible to clindamycin, erythromycin, gentamicin, and vancomycin Bacillus cereus
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standard for Pb in drinking water is a maximum of 1.5mg/L.
Pb poisoning is associated with a variety of developmental
impairments. Exposure to Pb causes impaired neuro-
behavioral development, lower intelligence, reduced birth
weight and slower nerve conduction velocity among several
others [52, 53]. However, Pb was not detected by AAS
apparatus in any of the samples. (is implies that the fruits

contain insignificant amounts of Pb or that tamarind trees
selectively absorb minerals excluding Pb and that the water
used for preparation of Poha Beer also contains insignif-
icant quantities of Pb. (ese metals are absorbed by plants,
which accumulate within the food chain, ultimately
reaching man [54, 55]. Its absence in samples is therefore
advantageous for consumers. Cd is an extremely toxic
metal commonly found in industrial work places, where Cd
is extensively used in electroplating and in industrial paints
and may represent a health hazard when sprayed [56]. Cd
may also be released from black polyethylene and black
rubber manufacture or contained in drinking water, dust,
fungicides, Ni-Cd batteries, paint pigments, paper, pesti-
cides, rubber tires, sewage sludge and so on into drinking
water used for Poha Beer preparation. Consuming a sig-
nificant amount of Cd may lead to respiratory, kidney and
liver disease [57, 58]. Average amount of Cd determined
from all samples was 0.056mg/L, which is higher than the
required standard and therefore raises concerns (Figure 4)
[59]. Standards set for Cd exposure by the National
Drinking Water Quality Management Framework for
Ghana is 0.003mg/L [60] and 0.005mg/L in the USA [61].

(e toxic effects of Cd are reported to be kept under
control in the human body and brain by Zn, its primary
antagonist [62–64]. Zn is protective against Cd absorption in
the intestines [65].(e average concentration of Zn obtained
in our findings was 0.154mg/L with a Zn: Cd ration of 2.79.
(e toxic metal strongly displaces Zn from its proper sites in
the body. It replaces Zn in the arteries causing stiffness,
inflammation and high blood pressure. High Cd and low Zn
in the arteries can promote aneurysms [66, 67]. Zn2+ is
essential in the biological activity of over 300 enzymatic
reactions involved in several cellular processes in respira-
tion, protein and carbohydrate metabolism, nucleic acids,
and protein biosynthesis where it is an essential component
of RNA and DNA polymerases [68]. Zn content of tamarind
pulp reported globally ranged from 0.1 to 1.5mg/100 gW/W
compared with 0.154mg/L in tamarind extract in our
findings [26]. Our data therefore indicate that Poha Beer will
compensate∼2.0% per L of the recommended dietary al-
lowance (RDA) for Zn in adults 19+ years, which is 8–10mg
[69]. (e major source of Zn in tamarind pulp however may
solely be the soil.
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Table 4: Compared pH values of tamarind and tamarind drinks
obtained in the literature.

pH value

Sample type Min Max Average Reference

Tamarind drink 1.8 3.7 2.8 [27]
Tamarind pulp 2.94 2.96 2.95 [74]
Poha Beer 2.91 5.53 3.55 Current study
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Electrolytes (Na+, K+ and Ca2+) are important mineral
constituents of the human circulatory system. (ey play
important roles in the transduction of signals and hence
modulation of smoothmuscle andmuscle fibre contractions,
gene expression, and so on [70]. (ere were significant
quantities of electrolytes examined in the order
K+>Ca2+>Na+ through the zones, which is in turn re-
flective of the trend examined in tamarind pulp [5, 24–26].
(emajor source of these electrolytes therefore is the pulp of
tamarind (Figure 4). Our results also confirm earlier reports
that tamarind contains high amounts of Ca2+ and K+ as such
Poha Beer is a good source of minerals, especially K and Ca
[27, 71].(e ratio of Na+/K+< 1 was recorded through all the
samples and is highly recommended by WHO due to its
importance in the body for controlling high blood pressure
[72].

Our investigation revealed that Poha Beer drinks sold in
the Bolgatanga Municipality are acidic with an average pH
value of 3.55 (Figure 6) consistent with literature [73].
Tamarind drink examined by Nassereddin and Yamani [27]
had a similar acidity with pH ranging from 1.8 to 3.7 and a
mean value of 2.8, while Hamacek et al. [74] recorded 2.95
(Table 4). (e titratable acidity and soluble solids of tam-
arind pulp are 0.19 g/g W/W tartaric acid and 44.00 Brix
value, an indication that high acidity of Poha Beer may have
originated from the high tartaric acid contained in tamarind
pulp, which also accounts for its sour nature [74]. Higher
average pH� 5.4 is recorded in samples obtained from
Dagweo compared with samples from Estates (pH� 3.2),
Zongo (3.1), Taxi Rank (3.0), and Dapotindongo (3.0), which
were much similar, maybe due to increased dilution of pulp
in the products. As a result, samples from Dagweo were
much lighter in colour and probably compensated with
higher amounts of sugar for taste. Brix values of all samples
examined ranged from 9.0 to 11.4% per 40mL with an
overall average of 10.5% per 40mL of Poha Beer. From our
investigation therefore, a serving volume of tamarind juice
of 310mL will contain a Brix of 48 comparable with a Brix of
44 in tamarind pulp [74]. Intercontinental differences are
attributable to differences in the climate and soil type which
affect composition of a food.

Perhaps, the medicinal properties associated with tam-
arind have not been fully explored. Molecular typing
methods could be used to identify organisms responsible for
spoilage of the fruit juice to enhance shelf-life with a long-
term objective to support bottling of locally produced al-
coholic and nonalcoholic drinks. Possible viral contami-
nants of Poha Beer (for example. rotavirus, norovirus, and
astrovirus) require investigation. Further research will focus
on Poha Beer production to ascertain the source of high
bacteria loads. (ere may be other chemical components of
Poha Beer that may also require attention. Quality control
laboratories should be established specifically for locally
produced drinks because they may pose health threats to
consumers. Local small scale producers of fruit drinks
should be educated and advised to operate within the
standards of the country’s quality governing bodies ((e
Food and Drug Authority and (e Ghana Standards Au-
thority) towards attaining acceptable quality products. Poha

Beer producers in the Bolgatanga Municipality should be
given routine training in basic methods of sterilizing their
equipment before and after the production process and
helped to adopt hygienic practices in order to avoid con-
taminations. Registration and routine medical screening of
food vendors of not only Poha Beer producers but bisup
(sobolobo), iced kenkey, and so on should be enforced by the
Municipal and Metropolitan Health Directorates in Ghana.

5. Conclusion

Colony and cell morphological examination of isolates in-
cluding biochemical confirmatory tests identified the pres-
ence of E. coli, Enterobacter sp., Bacillus cereus, and yeast in
all samples of Poha Beer produced and vended within the
Bolgatanga Municipality. Poha Beer produced and sold
within Dapotindongo contained the highest bacterial load of
30.5 colonies per 100mL. Chemical components detected
include Zn2+, Cd2+, Na+ and K+. Pb2+ was not detected in
any of the samples. (ere was a similar trend in the oc-
currence of K+>Ca2+>Na+ in all the zones, from where
Poha Beer samples were obtained. (e pH of samples de-
termined was in the acidic range (pH� 2.91–5.53). (e Brix
value of samples however, was between 9.0 and 11.4 % per
40mL of Poha Beer. Our study suggests that Poha Beer
processed and sold in the Bolgatanga Municipality is acidic,
contains detrimental amount of Cd2+ and bacterial patho-
gens, and may therefore be unwholesome for human
consumption.
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[22] E. De Caluwé, K. Halamová, and P. Van Damme, “Tamar-
indus indica L. – a review of traditional uses, phytochemistry
and pharmacology,” Afrika Focus, vol. 23, no. 1, pp. 53–83,
2010.

[23] J. Okello, J. B. L. Okullo, G. Eilu, P. Nyeko, and J. Obua,
“Mineral composition ofTamarindus indicaLINN (tamarind)
pulp and seeds from different agro-ecological zones of
Uganda,” Food Science & Nutrition, vol. 5, no. 5, pp. 959–966,
2017.

[24] K. Muzaffar, S. A. Sofi, and P. Kumar, “Comparative study of
ripe tamarind pulp and spray dried tamarind pulp powder for
compositional analysis,” International Journal of Advanced
Science and Technology, vol. 7, no. 4, pp. 756–761, 2018.

[25] P. Kuru, “Tamarindus indica and its health related effects,”
Asian Pacific Journal of Tropical Biomedicine, vol. 4, no. 9,
pp. 676–681, 2014.

[26] A. A. El-Gindy, M. E. Youssif, and M. R. G. Youssif,
“Chemical studies and utilization of tamarindus indica and its
seeds in some technological application,” Egyptian Journal of
Nutrition and Health, vol. 10, no. 1, pp. 95–106, 2015.

[27] R. A. Nassereddin and M. I. Yamani, “Microbiological quality
of sous and tamarind, traditional drinks consumed in Jordan,”
Journal of Food Protection, vol. 68, no. 4, pp. 773–777, 2005.

[28] A. Lateef, J. K. Oloke, and E. B. Gueguim-Kana, “Antimi-
crobial resistance of bacterial strains isolated from orange
juice products,” African Journal of Biotechnology, vol. 3, no. 6,
pp. 334–338, 2004.

[29] P. R. Durgesh, “Microbiological analysis of street vended fruit
juices, Mumbai city, India,” Journal of Food Safety, vol. 10,
pp. 31–34, 2008.

[30] C. Cabrera, M. L. Lorenzo, and M. C. Lopez, “Lead and
cadmium contamination in dairy products and its reper-
cussion on total dietary intake,” Journal of Agricultural and
Food Chemistry, vol. 43, no. 6, pp. 1605–1609, 1995.

[31] Z. A. Alothman, A. H. Bahkali, M. A. Khiyami et al., “Low cost
biosorbents from fungi for heavy metals removal from
wastewater,” Separation Science and Technology, vol. 55,
no. 10, pp. 1766–1775, 2020.

[32] A. ALqadami, M. Abdalla, Z. ALOthman, and K. Omer,
“Application of solid phase extraction on multiwalled carbon

8 International Journal of Microbiology



nanotubes of some heavy metal ions to analysis of skin
whitening cosmetics using ICP-AES,” International Journal of
Environmental Research and Public Health, vol. 10, no. 1,
pp. 361–374, 2013.

[33] S. O. Dahunsi, S. Oranusi, and V. E. Efeovbokhan, “Cleaner
energy for cleaner production: modeling and optimization of
biogas generation from Carica papayas (Pawpaw) fruit peels,”
Journal of Cleaner Production, vol. 156, pp. 19–29, 2017.

[34] M. A. Khan, M. Otero, M. Kazi et al., “Unary and binary
adsorption studies of lead and malachite green onto a
nanomagnetic copper ferrite/drumstick pod biomass com-
posite,” Journal of HazardousMaterials, vol. 365, pp. 759–770,
2019.

[35] M. A. Khan, A. A. Alqadami, S. M. Wabaidur et al., “Oil
industry waste based non-magnetic and magnetic hydrochar
to sequester potentially toxic post-transition metal ions from
water,” Journal of Hazardous Materials, vol. 400, Article ID
123247, 2020.

[36] A. M. El-Toni, M. A. Habila, M. A. Ibrahim, J. P. Labis, and
Z. A. ALOthman, “Simple and facile synthesis of amino
functionalized hollow core-mesoporous shell silica spheres
using anionic surfactant for Pb(II), Cd(II), and Zn(II) ad-
sorption and recovery,” Chemical Engineering Journal,
vol. 251, pp. 441–451, 2014.

[37] M. Naushad and Z. A. ALOthman, “Separation of toxic
Pb2+metal from aqueous solution using strongly acidic cat-
ion-exchange resin: analytical applications for the removal of
metal ions from pharmaceutical formulation,” Desalination
and Water Treatment, vol. 53, no. 8, pp. 2158–2166, 2013.

[38] B. Y. Mehmet, “Determination of some heavy metal levels in
soft drinks, Turkey,” Czech Journal of Food Science, vol. 28,
no. 3, pp. 213–216, 2010.

[39] M. Barbaste, B. Medina, and J. P. Perez-Trujillo, “Analysis of
arsenic, lead and cadmium in wines from the Canary Islands,
Spain, by ICP/MS,” Food Additives & Contaminants, vol. 20,
no. 2, pp. 141–148, 2003.

[40] M. Cheesbrough, District Laboratory Practice in Tropical
Countries, Part 2, Cambridge University Press,
vol. 137–140p. 167, 2nd edition, Cambridge, UK, 2006.

[41] D. B. Fankhauser, “Pour plate technique for bacterial enu-
meration,” 2010, https://fankhauserblog.files.wordpress.com/
2013/01/56_pour_plate-july10.pdf.

[42] GSA (Ghana Standards Authority), Water Quality - Specifi-
cation for Drinking Water (GS 175-1:2009) Accra, Ghana,
p. 23, Ghana Standards Authority, Accra, Ghana, 2009.

[43] IOS (International Organization for Standardization), “Water
quality - enumeration of Escherichia coli and coliform bac-
teria,” ISO, Geneva, Switzerland, 2014.

[44] A. Rompré, P. Servais, J. Baudart, M.-R. de-Roubin, and
P. Laurent, “Detection and enumeration of coliforms in
drinking water: current methods and emerging approaches,”
Journal of Microbiological Methods, vol. 49, no. 1, pp. 31–54,
2002.

[45] PHLS, “Guidelines for the microbiological quality of some
ready-to-eat foods sampled at the point of sale,” Communi-
cable Disease and Public Health, vol. 3, pp. 163–167, 2000.

[46] C. Ash, J. A. E. Farrow, M. Dorsch, E. Stackebrandt, and
M. D. Collins, “Comparative analysis of Bacillus anthracis,
Bacillus cereus, and related species on the basis of reverse
transcriptase sequencing of 16S rRNA,” International Journal
of Systematic Bacteriology, vol. 41, no. 3, pp. 343–346, 1991.

[47] E. J. Bottone, “Bacillus cereus, a volatile human pathogen,”
Clinical Microbiology Reviews, vol. 23, no. 2, pp. 382–398,
2010.

[48] J. T. Lewis, P. (ompson, B. V. V. B. N. Rao, C. Kalavati, and
B. Rajanna, “Human bacteria in street vended fruit juices,”
Journal of Food Safety, vol. 8, pp. 35–38, 2006.

[49] D. F. Splittstosser, Fruits and fruit products. In: Food and
Beverage Mycology, LR. Beuchat, Ed., p. p33, Avi Publishing
Co. Inc, Westport, CT, USA, 1979.

[50] D. Kregiel, “Health Safety of soft drinks: contents, containers
and microorganisms,” BioMedical Research International,
vol. 2015, Article ID 128697, 15 pages, 2015.

[51] M. Zulkali, A. Ahmad, and N. Norulakmal, “L. husk as heavy
metal adsorbent: optimization with lead as model solution,”
Bioresource Technology, vol. 97, no. 1, pp. 21–25, 2006.

[52] J. C. Aub and P. Reznikoff, “Lead studies,” Journal of Ex-
perimental Medicine, vol. 40, no. 2, pp. 189–208, 1924.

[53] M. Lewis, Paleopathology of Children. Identification of Patho-
logical Conditions in the Human Skeletal Remains of Non-adults,
pp. p193–223, Academis Press, Cambridge, MA, USA, 2018.

[54] A. Bernard, “Cadmium and its adverse effects on human
health,” Indian Journal of Medical Research, vol. 128, no. 4,
pp. 557–564, 2008.

[55] A. Mutlu, B.-K. Lee, G.-H. Park, B.-G. Yu, and C.-H. Lee,
“Long-term concentrations of airborne cadmium in metro-
politan cities in Korea and potential health risks,”Atmospheric
Environment, vol. 47, pp. 164–173, 2012.

[56] M. Jaishankar, T. Tseten, N. Anbalagan, B. B. Mathew,
K. N. Beeregowda, and K. N. Beeregowda, “Toxicity, mech-
anism and health effects of some heavy metals,” Interdisci-
plinary Toxicology, vol. 7, no. 2, pp. 60–72, 2014.

[57] N. Johri, G. Jacquillet, and R. Unwin, “Heavy metal poisoning:
the effects of cadmium on the kidney,” Biometals, vol. 23,
no. 5, pp. 783–792, 2010.

[58] W. C. Prozialeck, V. S. Vaidya, J. Liu et al., “Kidney injury
molecule-1 is an early biomarker of cadmium nephrotoxi-
city,” Kidney International, vol. 72, no. 8, pp. 985–993, 2007.

[59] M. R. Rahimzadeh, M. R. Rahimzadeh, S. Kazemi, and
A. A. Moghadamnia, “Cadmium toxicity and treatment: an
update,” Caspian Journal of Internal Medicine, vol. 8, no. 3,
pp. 135–145, 2017.

[60] NDWQMFG, “National drinking water quality management
framework for Ghana,” Ministry of Water Resources, Works
and Housing, Government of Ghana, Accra, Ghana, 2015,
https://www.gwcl.com.gh/national_drinking_water_
quality__management_framework.pdf.

[61] US-EPA (United States Environmental Protection Agency),
“Drinking water requirements for states and public water
systems,” US-EPA, Washington, DC, USA, 2017, https://
www.epa.gov/dwreginfo/drinking-water-regulations#.

[62] C. R. Bunn and G.Matrone, “In vivo interactions of cadmium,
copper, zinc and iron in the mouse and rat,” Ae Journal of
Nutrition, vol. 90, no. 4, pp. 395–399, 1966.

[63] W. J. Miller and M.W. Neathery, “Cadmium absorption,
tissue and product distribution, toxicity effects and influence
on metabolism of certain essential elements,” International
Journal of Dairy Science, vol. 58, no. 12, pp. 1767–178, 1971.

[64] G. W. Powell, W. J. Miller, J. D. Morton, and C. M. Clifton,
“Influence of dietary cadmium level and supplemental zinc on
cadmium toxicity in the bovine,” Ae Journal of Nutrition,
vol. 84, no. 3, pp. 205–214, 1964.

[65] N. Babaknejad, A. A. Moshtaghie, K. Shahanipour, and
S. Bahrami, “(e protective roles of zinc and magnesium in
cadmium-induced renal toxicity in male wistar rats,” Iranian
Journal of Toxicology, vol. 8, pp. 1160–1167, 2015.

[66] K. Socha, M. H. Borawska, Z. Mariak, J. Kochanowicz,
R. Markiewicz, and E. Baclawek, “Dietary habits and the

International Journal of Microbiology 9

https://fankhauserblog.files.wordpress.com/2013/01/56_pour_plate-july10.pdf
https://fankhauserblog.files.wordpress.com/2013/01/56_pour_plate-july10.pdf
https://www.gwcl.com.gh/national_drinking_water_quality__management_framework.pdf
https://www.gwcl.com.gh/national_drinking_water_quality__management_framework.pdf
https://www.epa.gov/dwreginfo/drinking-water-regulations#
https://www.epa.gov/dwreginfo/drinking-water-regulations#


content of lead and cadmium in the blood of patients with
brain aneurysms,” Nutrition, vol. 36, pp. 461–467, 2009.

[67] B. N. R. Yoon, J. B. Lee, G. H. Jin, and W. Y. Kim, “Serum
cadmium level is positively associated with unruptured in-
tracranial aneurysm incidence,” Korean Journal of Family
Medicine, vol. 40, no. 4, pp. 273–277, 2019.

[68] M. L. Zastrow and V. L. Pecoraro, “Designing hydrolytic zinc
metalloenzymes,” Biochemistry, vol. 53, no. 6, pp. 957–978,
2014.

[69] Institute of Medicine, Dietary Reference Intakes: Ae Essential
Guide to Nutrient Requirements, (e Food and Nutrition
Board of the National, Washington, DC, USA, 2006.

[70] J. Tian and Z.-j. Xie, “(e Na-K-ATPase and calcium-sig-
naling microdomains,” Physiology, vol. 23, no. 4, pp. 205–211,
2008.

[71] E. Ebifa-Othieno, A. Mugisha, P. Nyeko, and J. D. Kabasa,
“Knowledge, attitudes and practices in tamarind (Tamarindus
indica L.) use and conservation in Eastern Uganda,” Journal of
Ethnobiology and Ethnomedicine, vol. 13, no. 1, p. 5, 2017.

[72] V. Perez and E. T. Chang, “Sodium-to-Potassium ratio and
blood pressure, hypertension, and related factors,” Advances
in Nutrition, vol. 5, no. 6, pp. 712–741, 2014.

[73] J. Duke, Handbook of Legumes of World Economic Impor-
tance, Plenum Press, New York, NY, USA, 2018.

[74] F. R. Hamacek, P. R. G. Santos, L. d. M. Cardoso, and
H. M. Pinheiro-Sant’Ana, “Nutritional composition of tam-
arind (Tamarindus indicaL.) from the cerrado of minas gerais,
Brazil,” Fruits, vol. 68, no. 5, pp. 381–395, 2013.

10 International Journal of Microbiology


