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Abstract: The study was carried out on assessment of metal concentration in three popular local drinks consumed in Benue State,
Nigeria. Burukutu, Kunu and Zobo samples were collected in five local Governments and were analyzed for trace metals(Cu, Zn, Fe,
Mn, Pb,Cr and Ni( except Na, K, Ca and Mg) using atomic absorption spectrophotometer. Na and K were analyzed using Flame
Photometer while Mg and Ca were determined using EDTA titration. The results obtained from the local drink samples in mg/L showed
that Cu ranged from below detectable level to 0.01; Zn(0.47 to 0.5); Fe(0.1 to 1.40); Mn(0.05 to 0.16); Pb(0.03 to 0.08); Cr(0.02 to 0.05);
Ni(below detectable level to 0.01); Ca(25.28 to 36.64); Mg(4.77 to 4.95); Na(3.66 to 4.74) and K(5.26 to 7.66).The results showed that the
concentration range for Pb (0.03 0.08mg/L)were above the WHO recommended guideline of 0.01mg/L for beverages drinks.The average
concentration value for Fe in Burukutu drink (1.40mg/L) and Kunu(0.98mg/L) were higher than the WHO recommended guidelines of
0.3mg/L for beverage drinks, while the Fe concentration for Zobo samples(0.18mg/L) falls below the WHO permissible limit of 0.3mg/L
for beverage drinks. The concentration levels of other metals were either below detectable level or falls within the WHO standard
guideline for beverage drinks . However, the presence of some heavy metals especially lead and iron in these local drinks were localized
pollutional influences, which is a pointer to the contamination source as few of the samples that were affected. The reason for higher
lead levels was as a result of the source of water and iron levels in Burukutu and Kanu drinks was attributed to use of rusting metal
drums and vessels used in processing of the two drinks,unlike Zobo drink which does not require the same processing of method.

Therefore, consumers should be careful of the environment where those drinks are prepared, as well as the vessels used.
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1. Introduction

The knowledge of metals in foods is essential for calculating
the dietary intakes of essential metals and evaluation of
human exposure to toxic elements [I]. Apart from fruits
juices and concentrates, other plant materials are often used
in the preparation of alcoholic and non-alcoholic beverages.
The simplicity of production availability of raw materials in
many rural communities has resulted to an increase in
production and consumption of many local beverages at
cottage levels in Nigeria. The local beverages are also
reported to have various medicinal values.

Determination of trace metals is of interest because while
some are essential nutrient some are toxic. Metals like Zinc,
Manganese, Copper, Chromium, Iron, and Cobalt are
essential trace elements for humans, animals and plants.
Heavy metals such as Lead, Cadmium, Nickel, Arsenic, and
Mercury are toxic even at low level, found to have harmful
effect on human physiology and other biological systems
when they are above the tolerance level. Excessive intake of
these toxic heavy metals can lead to several diseases such as
organ failure, cancers, retardation of mental development in
children in pregnant women [2]. It is important to monitor
the level of such pollutants in the environments especially
the foods and drinks consumed in the rural areas of
developing countries like Nigeria which suffers neglect from
the government.

Burukutu, a popular alcoholic drink among indigenes of the
middle belt region of Nigeria, is a local brew made from
fermented sorghum and other protein enriched grains. The
age long drink, also known as BKT, serves as a source of
alcohol for those who lack the financial means to patronize

refined brew like beer and other foreign or imported drinks.
In Benue State, almost every community have a designated
joint dedicated to the sale and drinking of Burukutu, the
joint opens as early as 6.am and lasts till midnights with
mostly men and women engaged in different kind of games
as the drinks by flow amidst entertainment provided by local
musicians and dancers. The joints also serve as pool for men
willing to donate blood on demands due to the nutritional
value of the drink. Inspite of the sanitary condition in the
various Bukurutu joints, relations of sick people patronize
them to solicit for willing to donate blood for a fee[3].

Kunu is a popular drink consumed throughout Nigeria,
mostly in the North. It is usually made from grains such as
millet or sorghum, although it can be made from maize as
well. The variety of the drink made from sorghum is a milky
light —brown colour, while Kunu made from millet and
maize is whitish in colour[4].

Zobo is a healthy Nigeria drink from the dried red calyces
and sepals of the Roselle plant (Hibiscus Sabdariffa) known
as Zobo leaves in Nigeria. Zobo is usually served as a
chilled refreshing drink but can also be enjoyed as a relaxing
hot tea and leaves used in production of jam/jelly, food
colouring , syrups and soup/sauces. According to several
scientific investigations, weather in form of teajams or
sauces is said to help reduce high blood pressure, aid
digestion, promote the health of the urinary tract and also
great for overall health.

According to several scientific investigations, millet and
other grains use in the production of these local drinks
contains a poly-nutrient called ligman, which has cancer
fighting properties and is beneficial in the treatment of heart
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disease. It is also known to reduce the risks associated with
diabetes. Burukutu, Kunu and Zobo are good for woman that
have reached the stages of menopause as to helps them relax
their muscles. These drinks are recommended for nursing
mothers as they help increase the flow of their milk. These
drinks contain fibre thus helping to promote a healthy
digestive system and also help in the prevention of chronic
inflammatory diseases such as rheumatoid arthritis. Water is
the main component of these drinks, the concentrations of
metals of these popular local drinks may be related to the
purity of the water used in the production processes. The
processing of these local drinks is carried out in a small
scale enterprise involving the possible use of low water
quality, there is a distinct possibility of contamination of
these products with understand able elements[5].The
availability of metals in our local drinks may be as result of
the bioaccumulated metals in the plants which are used for
the production processes.

2. Materials and Methods

Study area: Benue State is one of 36 states in the Federal
Republic of Nigeria. It is located North-Central of Nigeria.
The state is made of twenty three Local Government Areas.
Benue State lies within the lower river Benue trough in the
middle belt region of Nigeria. Its geographic coordinates are
longitude 7° 47 and 10 0" East. Latitude 6° 25° and 8° 8 North
and shares boundaries with five other States namely:
Nasarawa State to the North, Taraba State to the east, Cross-
River State to the south, Enugu State to the south-west and
Kogi State to the west. The state also shares a common
boundary with the Republic of Cameroon on the south-east.
Benue occupies a landmass of 34,059 square
kilometers(Figl). According to 2006 census,the state has a
population of about 4,253,641. It is inhabited predominately
by Tiv and Idoma peoples, who speak the Tiv language and
Idoma language respectively. There are other ethnic groups,
including the Igede ,Etulo and Abakwa, Jukun, Hausa,
Akweya and Nyifon. With its capital at Makurdi, Benue is a
rich agricultural region; some of the crops grown there are
potatoes, cassava, soyabean, guinea corn, sorghum, flax,
yams, sesame, rice and grand nuts[6].

Key:
W Sampling Site
Figure 1: Map of Benue State showing the sampling site

The physical features of the area are generally low lying
(averaging 100m-250m) and gently undulating with
occasional inselbergs,knoll laterite etc. It has a typical
climate of the tropical zone because of its location. Its
climate is quite pleasant with an average maximum and
minimum temperatures of 35°¢ and 21 °c in summer and 37
°¢c and 16 °c in winter respectively. The climate is
characterized by two distinct seasons, wet and dry. The dry
season spans from October to March while the wet season is
from April to September. The month of December, January
and February are cold due to harmattern wind blowing
across the Local Government areas from the North-East of
Nigeria. The sediments are generally sandy-loam shelf
basement complex and alluvial plain. The vegetation of the
state consists of rain forests which have tall trees, tall
grasses and oil palm trees. More than 80 percent of the
inhabitants are predominately farmers [6].

Sample Collection

A total of fifteen freshly prepared samples of Burukutu,
Kunu, and Zobo drinks were randomly bought from five
different producers each in Makurdi, Gboko, Otukpo, Oju
and Katsina-Ala towns of Benue State, Nigeria. All the
samples were collected in a clean plastic bottles on the 16"
and 17" October,2015 and were kept in deep freezer prior to
analysis.

Sample treatment

Prior to analysis, the samples were degassed using ultrasonic
bath for 5 minutes and the samples were digested according
to the Aqua Regia method. In this method 30cm® of Aqua
solution (mixture of HNO; and HCI in the ratio 3:1) was
added to 3cm’ of the sampes and the mixture was heated on
a hot plate in a fume cupboard until complete clarification
were observed. The samples were allowed to cool at room
temperature, filtered and made up to 100cm’ with deionized
water which were forwarded for metal analysis.

Mineral Analysis

All the digested samples were subjected to elemental
analysis (except Na,K,Ca, and Mg) using Atomic
Absorption spectrophotomer(AAS) for trace metals in
triplicate. Sodium and Potassium were analyzed using flame
phometer while Ca and Mg were analyzed using EDTA
titration. The instrument setting and operational conditions

were done in accordance with the manufacture’ s
specification.
Statistical Analysis

All the data generated were analyzed statistically [7].
Parameters evaluated were means, standard deviation and
coefficient of wvariation percentage. All the data were
determined in triplicate.

3. Results and Discussion

The result of trace metals in Burukutu alcoholic drinks
consumed in Makurdi, Gboko, Otukpo, Oju and katsina-Ala
towns of Benue State is shown in Table 1. Copper was not at
detectable range in all the five towns where these samples
were collected. Also Lead was not detected in
Makurdi,Gboko, Otukpo and Katsina — Ala samples of
Burukutu collected in these towns while Chromium was not
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detected in Burukutu samples collected in Makurdi , Gboko,
Otukpo and Oju towns. Nickel was not at detectable range
inBurukutu samples of Makudi, Gboko, Oju and Katsina —
Ala towns. Among the detectable trace metals in Burukutu
samples collected, Calcium had the highest metal
concentration in Burukutu samples collected followed
magnesium. The concentration of Calcium in Makurdi
Burukutu sample was 37.27 mgL"', Gboko Burukutu sample
was 21.71 mgL”, Otukpo Burukutu 19.43 mgL’, Oju
Burukutu 26.45 mgL' and Katsina —Ala 21.53 mgL"
followed by Magnesium with metal concentration of
Burukutu in Makurdi 5.42 mgL”', Gboko 5.49 mgL”,
Otukpo 4.11 mgL™, Oju 4.51 mgL" and Katsina —Ala 521
mgL™"'. The least concentrated trace metal was Nickel for all
the Burukutu samples collected in the five areas of the State.
The highest variability was found in Lead and Chromium
(170 °/,) while Magneium was the least varied (10.91 °/,) .
The order of abundance was found to be
as:Ca>K>Mg>Na>Fe>Zn>Mn>Pb>Cr>Ni.

The level of trace metals in Kunu drinks comsumed in
Makurdi, Gboko, Otukpo, Oju and Katsina-Ala towns of
Benue State is shown in table 2. Copper and Nickel were not
at detectable range of Atomic Absorption Spectrophometer
in all the five towns where Kunu samples were collected.
Lead was not detected in Kunu samples of Gboko and
Katsina-Ala town. Also Nickel was not at detectable range
for samples collected Makurdi, Oju, Otukpo and Katsina-
Ala towns. Among the detectable trace metals in Kunu
samples collected, Calcium had the highest metal
concentration in Makurdi sample was 34.29 mgL™, 35.12
mgL" in Gboko sample, 27.56 mgL™" in Otukpo sample,
36.57 mgL™" in Oju sample and 36.52 mgL™" in Katsina- Ala
sample , followed by magnesium with metal concentration
of 4.11 mgL" in Makurdi, 4.80 mgL™" in Gboko, 5.47 mgL"
in Otukpo, 4.11 mgL™" in Oju and 5.36mgL" in Katsina-Ala
towns. The least concentrated trace metal was manganese
for all the Kunu samples collected in the five sampling sites
of the State. The highest variability was found in Chromium
(170 °/, ) and the least varied was Calcium(9.82 °/, ). The
order of abundance was found to be as:
Ca>K>Mg>Na>Fe>Zn>Mn>Pb>Cr>Ni.

The levels of trace metals in Zobo drinks collected in
Makurdi, Gboko, Otukpo, Oju and Katsina-Ala towns of
Benue State is shown in Table 3. Copper was not at
detectable range of AAS in Zobo drinks collected in
Makurdi, Gboko, Otukpo, Oju and Katsina-Ala respectively.
Manganese was not detected in Makurdi sample of Zobo
drinks. Lead was not at detectable range in Zobo samples
collected in Makurdi, Gboko, Otukpo, Oju and Katsina-Ala
towns of the State. Chromium was also not at detectable
range in Otukpo, Oju and Katsina-Ala towns respectively.
Also Nickel was not detected in Makurdi, Gboko and
Otukpo towns. Among the detectable trace metals in the
Zobo samples, Calcium had the highest concentration
followed by Magnesium. The concentration of Calcium in
Makurdi Zobo drinks was 29.25 mg L', Oju 39.50 mgL",
and Katsina-Ala 40.00 mgL" ,followed by magnesium with
metal concentration of zobo in Makurdi, Gboko, Otukpo,
and katsina-Ala was 4.36 mgL”, 5.11 mgL" 4.61 mgL" and
5.42mgL'1 respectively. The least concentrated trace metal
was Chromium (0.08 mgL-1) for the Zobo samples collected

in the five sampling sites of the State. The highest variability
was found in Lead(170 °/, )while the least was manganese
(7.61 °/, ). The order of abundance was as follow:
Ca>K>Mg>Na>Fe>Zn>Mn>Pb>Cr>Ni.

Comparison of the average levels of trace metals in
Burukutu, Kunu and Zobo collected in the sampling sites of
the state is displayed in Tab 4. Calcium has the highest
concentration in all the popular local drinks ranging from
2528mgL" in Burukutu, 34.0lmgL”' in Kunu and
36.64mgL™" in Zobo followed by Magnesium ranging from
4.95 mgL", 477 mgL" and 4.86 mgL" in Buruku , Kunu
and Zobo drinks respectively. It is a well known fact that
mineral elements are necessary for life [8]. Calcium leads to
be a kind of coordination among inorganic element, if
excessive amount of potassium, Magnesium or Sodium are
present in the body. Calcium is capable of assuming a
corrective role [9]. Calcium plays an important role in blood
clothing, in muscles contraction and in certain enzymes in
metabolic processes. Magnesium functions as an essential
constituent for bone structure of reproduction and for normal
functioning of the nervous system. It is also a part of the
enzymes system [10]. The Calcium and Magnesium content
of the local drinks fall within the WHO recommended range
and could be said to be desirable for drinking without
adverse effect. Potassium concentrated values ranged from
5.26mgL™" in Burukutu , 6.82 mgL™ in Kunu and 66 mgL"
in Zobo drinks . While the Sodium varied from 4.46mgL™",
3.66mgL" and 4.74 mgL" in Burukutu, Kunu and Zobo
respectively. Potassium is primarily an intracellular cation
found mostly bound to protein in the body along with
Sodium where they influence osmotic pressure and
contribute to normal pH equilibrium [9]. The sodium content
in water is important for health reasons, except when
combined with excessively high concentrations of sulphate
such combination can lead to gastro-intestinal initiation for
persons placed on low sodium diet as a result of heart,
kidney or circulatory ailment or complications pregnancy.
The usual Na diet allowed in local drinks is 20 mgL™" [11].
The values recorded for both K and Na in the present study
fall within the WHO limits. The average concentration of
Nickel was 0.01 mg L in all the three local drinks in the
sampling sites of the State. These values fall within the
WHO limit. From these results prolonged intake of these
drinks can cause decreased body weight, heart and liver
damage and skin irritation. Even though a small amounts of
Nickel are needed by human body to produce red blood
cells[12].

The average concentration of Chromium was below the
WHO standard of 0.05 mgL™" in the local beverage drinks
under study. Chromium toxicity is very dependent on the
species and oxidation states present. It is normally found in
the considerably less toxic trivalent state in foods and is
poorly absorbed in the gastrointestinal tract. Chromium has
been reported to have beneficial effects on type 11 diabetes
[2]. However, the hexavalent form is carcinogenic. It has
been estimated that human requires nearly 1 ugcr/day.

The average concentration of Lead in this study was above
the WHO recommended standard of 0.01 mgL™" in the three
local beverage drinks. The high content of Lead in the three
samples could be the water source or the production
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materials. Lead is a well known toxicant that has several
deleterious effects even at minute concentration and has no
known function in biochemical processes [13]. An onset of
lead pollution of surface water has been reported [14; 15].
The source being the use of lead gasoline [16]. Lead is
commonly known to inhibit active transport mechanism
involving ATP to depress the activity of the enzyme
cholinesterase, to suppress cellular oxidation-reduction
reaction and to inhibit protein synthesis [17]. Prolonged
consumption of Lead may also increase red cell fragility and
kidney tubular cells and may become necrotic, while chronic
exposure may lead to intestinal nephrites. Prolong
consumption of Lead may result to impairment of the
hearing process (18).

The average concentration of Mn in the local beverage
drinks were below the WHO permissible limits of 0.4 mgL™
. Mn is an essential element and one of moderate toxicities.
Mn has been implicated in neurological problems, especially
when inhaled [7].

The average concentration of Fe in the present study is
above the WHO recommended limit of 0.3 mgL’' in
Burukutu and Kunu drinks. The high metal content of Fe in
Burukutu and Kunu could be from cooking utensil where
high temperature was applied during the production process.
This is not acceptable to the comsumers, as it could give rise
to iron dependent bacteria which in turn cause further
deterioration in the quality of local drinks by prohibition of
slimes, or objectionable colour[19]. The results obtained
may be due to run-offs and geological formations of the
water samples and metal instrument used in the preparation
processes while in Zobo drinks, the mean concentration of
metal was below the WHO permissible limit of 0.3 mgL™'for
beverage drinks. The mean concentration of Zn was found to
be below the WHO limit for local drinks standard of 3.0
mgL'in all the three popular local drinks in this study.
Copper was not detected in Burukutu and Kunu but the
mean concentration of Cu in Zobo was below or fall within
WHO recommended range of 2.0 mgL™" for local beverage
drinks without adverse effect.

4. Conclusion

The study has presented metal concentration (Cu, Zn, Fe,
Mn, Pb, Cr, Ni, Ca, Mg, Na and K) in Burukutu , Kunu and
Zobo drink popularly consumed in Benue State, Nigeria.
The average concentrations level of Pb in the drink samples
were above the WHO recommended guideline values for
beverages drnks. Iron content was also found to be higher
than WHO recommended guideline values for beverages
drinks. The reason for higher lead levels is as a result of the
source of water and iron levels in Burukutu and Kunu drinks
are attributed to the use of rusting metal drums and vessels
in processing of the two drinks,unlike Zobo drink which
does not require the same processing method. Therefore,
consumers should be careful of the environments where
these drinks are prepared as well as the vessels used.
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Table 1: Metal concentrations(mgL’l) in Burukutu Drink Samples from Benue State ,Nigeria.
Metal | MKB | GBB | OTB | OJB KAB | Mean | SD CV°/,
Cu BDL | BDL | BDL | BDL | BDL | NA NA | NA
Zn 0.46 0.53 0.62 0.63 0.66 | 0.58 0.08 | 13.10
Fe 0.43 1.70 1.06 3.12 0.71 1.40 0.96 | 68.50
Mn 0.04 0.06 0.05 0.07 0.07 0.06 0.01 | 23.30
Pb BDL | BDL | BDL | 0.13 BDL | 0.03 0.05 | 170
Cr BDL | BDL | BDL | BDL | 0.08 0.02 0.03 | 170
Ni BDL | BDL | 0.03 BDL | BDL | 0.01 0.01 | 110
Ca 37.27 | 21.71 | 19.43 | 26.45 | 21.53 | 25.28 | 6.43 | 25.44
Mg 542 547 | 4.11 4.51 5.21 4.95 0.54 | 1091
Na 4.10 540 | 3.50 520 | 4.10 | 446 0.72 | 16.14
K 3.90 4.20 5.20 520 | 7.80 5.26 1.37 | 26.05

MKB=Makurdi Burukutu;GBB= Gboko Burukutu; OTB= Otukpo Burukutu;OJB= Oju Burukutu; KAK= Katsina —Ala
Burukutu; BDL= Below Detection Level; NA= Not Applicable; SD= Standard Deviation; CV °/,=Coefficient of Variation
Percent

Table 2: Metal Concentrations(mgL™") in Kunu Drink Samples from Benue State, Nigeria.
Metal | MKK | GBK | OTK | OJK | KAK | Mean | SD | CV°/,
Cu BDL | BDL | BDL | BDL | BDL | NA NA | NA
Zn 0.53 0.45 0.68 0.55 0.57 0.56 0.08 | 13.57
Fe 0.78 3.05 0.43 0.35 0.28 0.98 1.05 | 107.14
Mn 0.05 0.06 0.02 0.06 | 0.07 0.05 0.02 | 32.00
Pb 0.13 BDL | 0.13 0.13 ND 0.08 0.06 | 77.50
Cr BDL | BDL | BDL | BDL | 0.08 0.02 0.03 ] 170
Ni BDL | 0.03 BDL | BDL | BDL | 0.01 0.01 | 110
Ca 34.29 | 35.12 | 27.06 | 36.57 | 36.52 | 34.01 | 3.34 | 9.82
Mg 4.11 4.00 547 | 4.11 536 | 4.77 0.59 | 12.37
Na 3.70 3.20 5.10 | 340 | 3.20 3.66 0.75 ] 20.49
K 4.30 7.80 6.10 | 7.80 8.10 6.82 1.44 | 21.11

MKK=Makurdi Kunu; GBK= Gboko Kunu ;OTK= Otukpo Kunu;OJK= Oju Kunu;KAK= Katsina —Ala Kunu;
BDL= Below Detection Level ; NA= Not Applicable; SD= Standard Deviation; CV °/, =Coefficient of Variation Percent

Table 3: Metal concentrations(mgL™") in Zobo Drink Samples from Benue State, Nigeria.
Metal | MKZ | GBZ | OTZ | OJZ | KAZ | Mean | SD | CV?,
Cu 0.03 BDL | BDL | BDL | BDL | 0.01 0.01 | 110
Zn 0.62 | 045 |045 |0.33 046 | 047 ]0.09 |20

Fe 028 |0.07 |0.07 |028 ]0.21 0.18 0.18 | 52.78
Mn ND 0.13 | 006 |0.14 | 047 |0.16 | 0.16 | 101.25
Pb BDL | 0.13 | BDL | BDL | BDL | 0.03 0.05 | 170
Cr 0.17 0.08 BDL | BDL | BDL | 0.05 0.07 | 136
Ni BDL | BDL | BDL | 0.03 0.03 | 0.01 0.01 | 120
Ca 29.25 | 39.15 | 35.30 | 39.50 | 40.00 | 36.64 | 4.05 | 11.05
Mg 436 | 5.11 4.61 542 | 480 |486 | 037|761
Na 450 | 430 [ 420 |59 |4.80 |474 |0.62 | 13.10
K 5.90 7.20 7.80 3.90 13.50 | 7.66 3.21 | 4191

MKZ=Makurdi Zobo; GBZ= Gboko Zobo;OTZ= Otukpo Zobo;O0JZ= Oju Zobo;KAZ= Katsina —Ala Zobo ;
BDL= Below Detection Level ; NA= Not Applicable; SD= Standard Deviation; CV °/,=Coefficient of Variation Percent

Table 4: Levels of metals concentration(mgL™") in Burukutu, Kunu and Zobo compared with WHO Standard.

Mineral | Burukutu | Kunu | Zobo | WHO value,2011
Cu NA NA 0.01 2.0
7n 0.88 0.56 | 047 | 3.0
Fe 1.40 0.98 0.18 | 0.3
Mn 0.06 0.05 0.16 | 0.4
Pb 0.03 0.08 0.03 0.01
Cr 0.02 0.02 | 0.05 0.05
Ni 0.01 0.01 0.01 0.02
Ca 25.28 34.01 | 36.64 | 75
Mg 4.95 477 | 486 | 50
Na 4.46 3.66 | 474 | 200
K 5.26 6.82 | 7.66 | 65

NA= Not Applicable; WHO- World Health Organization.
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