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Abstract

The concentrations of Cd, Pb, Ni, Cr, Cu, Co, Fe, Mn, Zn, Mg, Ca, K, and

Na were determined in some traditional alcoholic beverages (oil palm wine,

raphia palm wine, burukutu, pito, ogogoro) consumed in southern Nigeria,

with a view to providing information on the dietary intakes of essential metals

and exposure of humans to toxic metals. The concentrations of these 13 ele-

ments were determined by atomic spectrometry after nitric acid/hydrogen per-

oxide digestion. The mean concentrations of the metals (mg/L) in the samples

ranged from 0.02 to 0.05 for Cd; 0.01 to 0.19 for Pb; nd to 0.11 for Ni, nd to

0.15 for Cr; 0.09 to 0.60 for Cu; 0.01–0.08 for Co; 0.30 to 10.3 for Fe; 0.02 to

3.97 for Mn; 0.12 to 3.84 for Zn; 2.08 to 301.3 for Mg; 2.21 to 49.2 for Ca;

35.05 to 926.1 for K; 6.30–58.1 for Na. The mean concentrations of metals in

these alcoholic beverages were below statutory limits for the metals in alco-

holic beverages and were similar to concentrations found in other alcoholic

beverages in the literature. The estimated daily intakes of metals from the con-

sumption of these alcoholic beverages were less than 2% of the recommended

dietary allowance values except for Cd and Pb. The individual and combined

metals target hazard quotient values were less than 1 except for raphia palm

wine and burukutu. From the estimated target hazard, no long life health con-

cerns of metals are associated with the consumption of these alcoholic bever-

ages.

Introduction

The determination of metals in environmental, biological,

and food samples has attracted significant attention due

to their double-edged roles which range from the nutri-

tional requirements of essential elements to the toxicity

effects associated with the overload of these elements or

their compounds (Hague et al. 2008; Mihaela et al. 2009).

The knowledge of metals in foods is essential for calculat-

ing the dietary intakes of essential metals and evaluation

of human exposure to toxic elements (Iwegbue 2010).

Some metals such as Cu, Fe, Mn, Zn, Ca, Mg, K, and

Na are essential. For instance, Fe and Cu ions are

required for the synthesis of metalloproteins (Naughton

and Petroczi 2008a). However, excess intakes of trace

metal ions have been implicated in pathological events

such as the deposition of iron oxides in Parkinson’s

disease (Power et al. 2003). In addition to aiding the neu-

rological depositions, these redox active metal ions also

enhance premature aging (Naughton and Petroczi 2008a,b)

and cause oxidative damage, a key component of chronic

inflammatory disease and a suggested initiator of cancer

(Valko et al. 2006; Naughton and Petroczi 2008a).

Toxic metals, such as Cd and Hg, are known to impair

kidney functions and reproductive capacity, cause hyper-

tension, tumor, and hepatic dysfunction, whereas Pb can

cause renal failure, liver damage, impaired hearing, or

cause mental retardation, while elevated levels in women

may result to a shortened gestation period (Iwegbue

2010).

Palm wine, burukutu, pito, and local gin (ogogoro or

kai-kai) are traditional alcoholic beverages consumed by

more than 10 million people in West Africa (FAO 1998;

Ukhun et al. 2005). Palm wine is a sweet effervescent
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drink obtained from sap of the oil palm (Elaeis guineense)

and raphia palm (Raphia hookeri). Palm wine is a rich

medium containing sugar, protein, amino acids, alcohol,

and mineral (Ezeagu et al. 2003). Burukutu is a vinegar-

like flavored alcoholic beverage prepared from steeping

sorghum grains in water overnight, following which

excessive water is drained. The grains are then spread out

onto a mat or tray, covered with banana leaves and

allowed to germinate. During germination process, the

grains are watered on alternate days and turned over at

intervals. Germination continues for 4–5 days, following

which the dried malt is ground into a powder. Gari (a

farinaceous fermented cassava product) is added to a

mixture of ground malt and water in a ratio of one part

gari to two parts malt and six parts water. The resulting

mixture is allowed to ferment for 2 days, boiled for

approximately 4 h and allowed to mature for 2 days. The

resulted product is a cloudy alcoholic beverage. The alco-

hol contents of burukutu range from 3% to 6%. Pito is

prepared by shaking cereal grain (maize, sorghum, or a

combination of both) in water for 2 days, followed by

malting, and allowing them to sit for 5 days in baskets

lined with moistened banana leaves. The malted grains

are ground, mixed with water, and boiled. The filtrate

thus retained is allowed overnight or until it assumes a

slightly sour flavor. This is further boiled to a concen-

trate. A starter from the previous brew is added to the

cooled concentrate and allowed to ferment overnight. The

product obtained is a dark brown liquid which varies in

taste from sweet to bitter. It has an alcohol content of

3%. The local gin (ogogoro) is produced from the

distillation of fermented oil palm wine or raphia palm

wine, and its percentage alcohol by volume varies from

40% to 60% depending on the source.

The presence of metals in foods and beverages, except

for accidental or criminal action reflects the environment.

Water is the main component of beverages; as a conse-

quence, the concentrations of metals in beverages may be

related to the purity of the water of used in the produc-

tion processes. The processing of these traditional alco-

holic beverages is carried out as a small-scale enterprise

involving the possible use of low water quality, there is a

distinct possibility of contamination of the products with

undesirable elements. These alcoholic beverages (palm

wine, burukutu, pito, and local gin) are locally produced,

readily available, cheap, and are mostly consumed by

low-income earners in preference to the more expensive

brewed beer, spirit, and rums, etc. However, the con-

sumption of these drink types is not restricted to

low-income earners alone, higher income earners also

consume these drinks. These drink types are the favorite

drinks for traditional occasions in most West African

countries. Despite the large consumption of palm wine,

burukutu, pito, and ogogoro, their inorganic profile

remained undefined. The processing of palm wine essen-

tially involves the filtration of fresh palm wine, dilution

with water, bottling, and pasteurization (Ukhun et al.

2005). Palm wine is essentially stored in plastic kegs, glass

jars and calabash. One of the most frequent complaints of

palm wine consumers is adulteration of the product by

using water and artificial sweetness, which sometimes

result in diarrhea, abdominal pains, and other stomach

problems (Ukhun et al. 2005).

A survey of the literature revealed that there are few

studies on metal contents of these alcoholic drinks and

these studies are limited in the scope of the elements and

drink types surveyed. However, no study has been

reported on the daily intakes of metals and the combined

effects of frequent ingestion of multiple metal ions, which

can be addressed as a function of the quantified level of

concerns in the form of Target Hazard Quotient (THQ)

values arising from the consumption of these alcoholic

drinks. The objective of the present study was to evaluate

the concentrations of metals in these traditional alcoholic

beverages with a view to providing information on the

lifelong effects of these metals on humans arising from

consumption of these drinks.

Materials and Methods

Sample collection

Samples of oil palm and raffia palm wine were collected

from different wine tappers in widely spread locations in

southern Nigeria, while local gin (ogogoro) was collected

from local distilleries in Delta and Bayelsa States of

Nigeria. Burukutu and Pito samples were obtained from

the producers from the southwestern Nigeria. The sam-

ples were conveyed to the laboratory in a clean, nitric

acid-treated plastic cans and are freezed until required for

analysis. All collected samples were freshly produced.

Reagents

All reagents used were of analytical grade. Working stan-

dards of Cd, Pb, Ni, Cr, Cu, Co, Fe, Mn, Zn, Ca, Mg, K,

and Na were prepared by diluting concentrated stock

solution (Merck, Darmstadt, Germany) of 1000 mg/L

with 0.25 mol/L nitric acid.

Sample preparation

Prior to analysis, palm wine samples are degassed using

ultrasonic bath for 5 min. A 20 mL of aliquot of the

sample was mixed with 2 mL of nitric acid and 2 mL of

hydrogen peroxide in a digestion tube. The mixture was
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heated for 1 h (100°C) until complete clarification. The

sample was allowed to cool to room temperature, filtered,

and diluted to 25 mL with 0.25 mol/L nitric acid.

Analytical blanks were prepared in a similar manner, but

omitting the test sample.

Chemical analysis

All digested samples were analyzed in triplicate using

flame atomic absorption spectrophotometry (Analyst 200;

Perkin Elmer, Norwalk, CT). Sodium and potassium were

analyzed in the samples using flame photometer. Blanks

and calibration standard solution were analyzed in the

same way as the samples.

Quality control and statistical analysis

Appropriate quality assurance procedure and precautions

were carried out to ensure reliability of the results. Sam-

ples were carefully handled to avoid contamination.

Glassware and sample containers were soaked in

1 mol/L HNO3 for 48 h and rinsed with ultrapure

water. In absence of a certified reference standard, a

recovery test of the total procedure was carried out for

the metals by spiking analyzed samples with aliquots of

the metal standards and then reanalyzing the samples.

The results of the recovery studies for the various metals

were greater than 95%. In addition to spike recovery

studies, interlaboratory comparison of results was carried

out by analyzing 10% of total sample in an independent

analytical laboratory (Dukoria Nig. Ltd., Warri, Nigeria).

The results of interlaboratory studies showed a strong

agreement. Procedural reagent blank test was carried out

over the entire procedure using the same amounts of

reagents (including water) used in analysis, omitting

only the sample. The procedural blank was used to cor-

rect calculated sample concentrations for contamination

from reagents and procedural manipulation. The relative

standard deviation between replicate analyses was less

than 4%. The limit of detection expressed as three times

the standard deviations of blank (mg/L) were Cd (0.01),

Pb (0.005), Ni (0.005), Cr (0.004), Cu (0.003), Co

(0.01), Fe (0.45), Mn (0.02), and Zn (0.10). The limits

of quantification (mg/L) were Cd (0.01), Pb (0.006), Ni

(0.006), Cr (0.005), Cu (0.004), Co (0.01), Fe (0.68),

Mn (0.03), and Zn (0.15).The results are expressed as

mean � standard (SD) and one way analysis of variance

(ANOVA) was carried out using statistical analysis sys-

tem (SPSS version 12, Chicago, IL, USA). Differences in

concentrations within a given group were tested with

ANOVA. Turkey multiple comparison tests were used to

compare the differences in concentrations of elements

from different drink types.

Results and Discussion

The summary of mean concentrations for Cd, Pb, Ni,

Cr, Cu, Co, Fe, Mn, Zn, Mg, Ca, K, and Na in different

types of traditional alcoholic beverages is presented in

Table 1. The concentrations of metal in the various types

showed significant variation at 95% probability level.

However, no significant difference was observed in the

concentrations of Co in raphia wine and Mg in bur-

ukutu. Since relatively few data are currently available on

the concentrations of metals in these traditional alcoholic

beverages, most comparisons in this study shall be made

with metal concentrations found in other alcoholic

beverages.

The mean concentrations of Cd varied from 0.02 mg/L

in oil palm wine and local gin to 0.05 mg/mL in raphia

palm wine. The permissible limit of Cd in wine as speci-

fied by the International Organization for grapes and

wine is set at 0.01 mg/L (OIV 2008). The mean concen-

trations of Cd in these categories of alcoholic beverages

were above the permissible limit. A wide range of Cd

concentrations have been reported in alcoholic beverages

in the literature which are comparable to levels observed

in the present study. For example, Ukhun et al. (2005)

reported Cd concentrations ranging from not detected to

0.31 lg/mL for bottled and fresh palm wines in Nigeria.

Amidzi Klaric et al. (2011) reported Cd concentrations in

the range of 0.55–9.94 lg/L in Croatian blackberry wines.

In 2003, the average concentration of Cd in Brazilian beer

was reported as 0.0016 mg Cd/L (Soares and Moraes

2003). Cadmium concentrations below the limit of detec-

tion have been reported in Ethiopian wines (Woldema-

riam and Chandravanshi 2011).

The highest mean concentration of Pb was observed in

burukutu (0.19 mg/L). The mean concentrations of Pb in

the palm wine, burukutu, pito, and local gin were below

0.2 mg/L, the permissible limit for Pb set by OIV (2008).

Soares and Moraes (2003) reported lead concentrations

ranging from not detected to 0.29 mg Pb/L in Brazilian

Beer. Pb concentrations in the range of <0.001–
0.047 mg/L have been reported for canned beer in Nigeria

(Iwegbue 2010). Donadini et al. (2008) reported that the

average concentration of Pb in beers from the Italian

market as 1.83 � 3.24 lg/L. In 2011, the concentrations

of Pb in Ethiopian wines were reported as 0.14–
0.31 mg/L (Woldemariam and Chandravanshi 2011). The

concentrations of Pb found in this study are comparable

levels found in brewed beers (Soares and Moraes 2003;

Donadini et al. 2008; Iwegbue 2010) However, the Pb

concentrations in our samples were lower than levels

found in red wines, Brazilian cachacas, and spirits (Nasci-

mento et al. 1999; Pohl 2007; Woldemariam and Chandr-

avanshi 2011).
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The concentrations of Ni were below the limit of detec-

tion (0.005 mg/L) in all the palm wine samples, and some

of the pito and local gin samples examined. The highest

mean concentration of Ni was observed in burukutu

(0.11 mg/L). The concentrations of Ni in these alcoholic

beverages followed the order: burukutu > local

gin > pito > palm wine. Nickel has numerous reported

mechanisms of toxicity including redox-cycling and

inhabitation of DNA repair as well as exhibiting

allergenic/sensitizing effects (Hague et al. 2008). The per-

missible limit for nickel in drinking water is 0.02 mg/L

(Standards Organisation of Nigeria (SON) 2007). The

mean concentrations of nickel in these alcoholic beverages

were below the guideline value for nickel in water except

for burukutu and local gin. A wide range of Ni concen-

trations have been reported in the literature for alcoholic

beverages. For example, Anjos et al. (2003) reported Ni

concentrations in the range of not detected to 0.3 mg/L

in red and white wines from Brazil, Portugal, and Chile.

Nascimento et al. (1999) recorded Ni contents of 0.14–
0.12 mg/L in Brazilian cachaca and international spirits.

Nickel concentrations ranging from 0.04 to 0.1 mg/L have

been reported for imported canned beer in Nigeria (Iweg-

bue 2010). The concentrations of Ni found in our sam-

ples are comparable to levels found in alcoholic beverages

in the literature.

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 II

diabetes (Hague et al. 2008). However, the hexavalent

form is carcinogenic. It has been estimated that human

requires nearly 1 lgCr/day. The mean concentrations of

Cr found in these alcoholic beverages ranged from nd to

0.15 mg/L. The highest mean level of Cr was observed in

burukutu while the concentrations of Cr in the raphia

wine samples examined were less than 0.005 mg/mL.

Higher levels of Cr were observed in the fermented pro-

ducts (burukutu and pito) compared with the levels

found in the unprocessed palm wine and distilled local

gin. The possible sources of Cr in burukutu and pito are

due to processing and storage. The permissible limit of

Cr in drinking water in Nigeria is set at 0.05 mg/L (Stan-

dards Organisation of Nigeria (SON) 2007). The mean

concentrations of Cr in these alcoholic drinks were below

the limit except for burukutu. The concentrations of Cr

found in these alcoholic beverages are comparable to lev-

els of Cr reported for alcoholic drinks in the literature.

For example, Nascimento et al. (1999) recorded Cr level

of 0.012–0.060 mg/L in Brazilian Cachacas. Chromium

contents of 12.86–13.30 mg/L have been reported in Cro-

atian blackberry wines (Amidzi Klaric et al. 2011). InT
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Ethiopia, Cr concentrations in the range of not detected

to 0.09 mg/L has been reported for red and white wine

(Woldemariam and Chandravanshi 2011). Chromium

concentrations of 0.01–0.41 mg/L have been reported for

German wines (Pohl 2007). Chromium concentrations in

wines from Brazil, Portugal, and Chile were found to be

in the range of not detected to 0.11 mg/L (Anjos et al.

2003).

The physiologic roles of Cu include amine oxidases,

caeruloplasmin, dopamine hydrolase, and collagen synthe-

sis (Marais and Blackhurst 2009). The mean concentra-

tions of Cu in examined samples ranged from 0.09 to

0.60 mg/L. The highest mean concentration of Cu was

observed in oil palm wine while the lowest mean concen-

tration of Cu was observed in pito. The permissible limit

of Cu in wine is set at 1 mg/L by the international organi-

zation for grapes and wine (OIV, 2008). The mean con-

centrations of Cu in these alcoholic beverages were below

the permissible limit. Copper concentrations in wine may

come from the residues of copper-based pesticides in

addition to transport from the soil (Sass-Kiss et al. 2008).

In 2010, the concentrations of Cu in Serbian wines were

found to be in the range of 0.07–0.57 mg/L (Kostic et al.

2010). Copper concentrations ranging from 0.058 to

0.767 mg/L were reported for Croatian blackberry wines

(Amidzi Klaric et al. 2011). Iwegbue (2010) reported Cu

concentrations of 0.05–0.10 mg/L in canned beer con-

sumed in Nigeria. Ukhun et al. (2005) reported Cu con-

centrations in bottled and fresh palm wine in Benin City,

Nigeria as 1.07–7.52 mg/L. Copper concentrations ranging

from not detected to 0.4 mg/L have been reported for

wines from Brazil, Chile, and Portugal (Anjos et al. 2003).

The concentrations of Cu reported in this study were sim-

ilar to Cu levels found in wine, brewed beers, and spirits

in the literature but were far lower than the range reported

by Ukhun et al. (2005).

The concentrations of Co in these alcoholic drinks were

in the range of 0.01–0.08 lg/mL. The highest mean con-

centration of Co was observed in burukutu while the low-

est mean concentration of Co was observed in the local

gin. Cobalt is an essential trace element and a component

of the vitamin B12. In 2010, Co concentrations of 0.07–
0.1 mg/L were recorded in canned beer consumed in

Nigeria (Iwegbue 2010). In Ethiopia, Co concentrations

ranging from not detected to 0.09 mg/L were found in

wines (Woldemariam and Chandravanshi 2011). Cobalt

concentrations in Croatian blackberry wines were found

to be in the range of 5.77–7.49 mg/L (Amidzi Klaric et al.

2011). The concentrations of Co recorded in this study

were similar to concentrations of Co reported in wines in

the literature (Galani-Nikolakaki et al. 2002; Sauvage

et al. 2002; Marengo and Aceto 2003; �Alvarez et al. 2007;

Pohl 2007; Sass-Kiss et al. 2008).

The mean concentrations of Fe ranged from 0.3 to

10.3 mg/L. Burukutu contained higher concentrations of

Fe than palm wine, pito, and ogogoro. The permissible

limit of Fe in drinking water in Nigeria is set at 0.3 mg/L

(Standards Organisation of Nigeria (SON) 2007). The

concentrations of Fe in these drinks were higher than the

permissible limits for Fe in drinking water except for the

local gin (ogogoro). A wide concentration range of Fe

have been reported in the literature for wines (Sauvage

et al. 2002; Marengo and Aceto 2003; �Alvarez et al. 2007;

Pohl 2007; La Torre et al. 2008). For example, Kostic

et al. (2010) reported Fe concentrations of Serbian wines

as 2.93–36.2 mg/L. The concentrations of Fe in Ethiopian

wines ranged from 1.42 to 3.16 mg/L (Woldemariam and

Chandravanshi 2011). The concentrations of Fe reported

in the present study were similar to the concentrations of

Fe reported for alcoholic beverages in the literature. Iron

concentrations of wines depend on several factors, mostly

on the soil, dust, and contamination during harvesting,

transportation, and processing. At Fe concentrations

greater than 10 mg/L, Fe (III) creates insoluble suspen-

sion with tannin and phosphates which are known as

hazes or cases (Paleologos et al., 2002). High Fe concen-

trations in the range of 7–10 mg/L in wines may cause

cloudiness or color change.

Manganese serves as an active constituent of several

enzymes including antioxidants such as mitochondrial

superoxide dismutase among others (Batista et al. 2011).

The concentrations of Mn in these alcoholic beverages

varied from 0.02 to 3.97 mg/L. Higher concentration

range of Mn were recorded in the burukutu samples

which varied over very small range as compared with

other alcoholic beverages studied. The permissible limit

for Mn in drinking water is 0.2 mg/L (Standards Organi-

sation of Nigeria (SON) 2007). The concentrations of Mn

in these alcoholic beverages were higher than the permis-

sible level of Mn in water except for the ogogoro samples.

The concentrations of Mn found in the present study are

similar to levels reported in the literature for wines (Li

and Hardy 1999; Sauvage et al. 2002; Kment et al. 2005;
�Alvarez et al. 2007; Pohl 2007; Sass-Kiss et al. 2008;

Woldemariam and Chandravanshi 2011).

The concentrations of Zn in these samples varied from

0.12 mg/L in ogogoro to 3.86 mg/L in raphia palm wine.

Burukutu and raphia palm wine generally contained

higher concentrations of Zn than the oil palm wine, pito,

and ogogoro. The permissible limit of Zn in alcohol is

set at 5.0 mg/L (OIV 2008). The concentrations of Zn

recorded in this study were below the permissible limit

for Zn in wines. In 2005, the concentrations of Zn in

fresh and bottled palm wine in Benin City, Nigeria were

found to be in the range of 0.98–8.88 mg/L (Ukhun et al.

2005). The low concentrations of Zn found in the
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samples of ogogoro (local gin) were similar to 0.126–
0.137 mg/L range that was reported for Brazilian cachaca

(sugar-cane spirit). Zinc concentrations in the range of

0.2–1.3 mg/L have been reported in wines from Brazil,

Portugal, and Chile (Anjos et al. 2003). Woldemariam

and Chandravanshi (2011) recorded Zn concentrations in

the range of 1.82–2.70 mg/L in Ethiopian wines. The

concentrations of Zn reported in this study were similar

to concentrations of Zn reported in the literatures for

wines.

Magnesium deficiency in organisms may lead to serious

biochemical and symptomatic changes. This element is

involved in more than 300 essential metabolic reactions

(Batista et al. 2011). The concentrations of Mg varied

considerably according to the type of the alcoholic bever-

age analyzed. The lowest mean concentration of Mn was

observed in ogogoro (2.08 mg/L) while the highest mean

concentration was observed in burukutu (301.33 mg/L).

The mean concentrations of Mg in the oil palm and

raphia palm wines were similar. Magnesium contents in

the range of 11.4–97.5 mg/L have been reported in alco-

holic beverages and by-products from Spain (Navarro

et al. 2007). The concentrations of magnesium recorded

in these alcoholic beverages were similar to those found

in other types of alcoholic beverages in the literature (La-

zos and Alexakis 1989; Li and Hardy 1999; Rebolo et al.

2000; Frias et al. 2002; Sauvage et al. 2002; Marengo and

Aceto 2003; �Alvarez et al. 2007; Galani-Nikolakaki et al.,

2002; Pohl 2007; La Torre et al. 2008; Sass-Kiss et al.

2008). The results of the present study suggest that bur-

ukutu is a good dietary source of magnesium.

The mean concentrations of Ca in these alcoholic bev-

erages ranged from 2.21 to 49.23 mg/L. The highest mean

concentration of Ca was observed in burukutu, while the

lowest mean concentration was observed in the ogogoro.

The concentrations of Ca in these drink types varied con-

siderably (P < 0.05). Navarro et al. (2007) reported Ca

concentrations in the range of 65.7–185.2 mg/L in alco-

holic beverage and by-products from Spain. In Croatia,

Ca contents of 101–188.4 mg/L were reported for black-

berry wines (Amidzi Klaric et al. 2011). Anjos et al.

(2003) reported that the Ca concentrations in wines from

Brazil, Chile, and Portugal ranged from 55.1 to

102.9 mg/L. Calcium concentrations of 58–280 mg/L have

been recorded for German wines (Pohl 2007). The levels

of Ca in French wines were recorded as 65–161 mg/L

while Ca concentrations of contents of 17–94 mg/L were

found in American wines (Li and Hardy, 1999). In 2011,

Ca concentrations ranging from 28 to 37 mg/L were

recorded in Ethiopian wines (Woldemariam and Chandr-

avanshi 2011). The concentrations of Ca reported in this

study were comparable to values reported for American

and Ethiopian wines.

It is clear that potassium was the major mineral in

these alcoholic drinks. Potassium concentrations in these

alcoholic drinks varied over a wide range. The concentra-

tions of K ranged between 21.65 and 926.1 mg/L. The

highest mean concentration of K was observed in oil

palm wine while the lowest mean concentration was

observed in pito. The distribution pattern of K in these

drinks followed the order: oil palm wine > raphia palm

wine > burukutu > ogogoro > Pito. In 2011, K concen-

trations of 924–1507 mg/L have been reported in Cro-

atian blackberry wines (Amidzi Klaric et al. 2011).

Potassium concentrations of 462–1147 mg/L were

reported for American wines (Li and Hardy, 1999). In

Ethiopia, K concentrations of 694–767 mg/L were

recorded for wines (Woldemariam and Chandravanshi

2011). Aside from oil palm and raphia wines, the concen-

tration range of K found in the other drink types was

lower than the ranges reported by these researchers. The

mean concentrations of K in the ogogoro samples were

higher than that of the mean levels reported in Brazilian

cachacas (Nascimento et al. 1999).

The concentrations of Na in these traditional alcoholic

beverages ranged from 4.0 to 7.1 mg/L, 3.5 to

28.75 mg/L, 15.8 to 12.5 mg/L, 13.8 to 36.4 mg/L for oil

palm wine, raphia palm wine, burukutu, and pito, respec-

tively. The highest mean concentration of Na was

observed in oil palm wine. The OIV acceptable limit of

Na in wine is set at 60 mg/L (OIV 2008). The mean con-

centrations of Na found in these alcoholic beverages were

below the permissible limit for Na in wines. However,

only 2 samples of burukutu had Na concentrations above

the OIV limit. In Croatian blackberry wines, Na concen-

trations of 11.80–120.10 mg/L were recorded (Amidzi

Klaric et al. 2011). In Ethiopia, Na concentrations of 24–
25 mg/L were observed in wine (Woldemariam and

Chandravanshi 2011). Sodium concentrations of 18.6–
81.1 mg/L have been reported for Hungarian wines (Pohl

2007; Sass-Kiss et al. 2008). The concentrations of Na in

this study are in conformity with the wine data reported

in the literature (Li and Hardy 1999; Cabera-vique et al.

1997; Frias et al. 2002; Sauvage et al. 2002; Marengo and

Aceto 2003; Kment et al. 2005; �Alvarez et al. 2007; Pohl

2007; Sass-Kiss et al. 2008).

Generally, the concentrations of metals in the distilled

product (ogogoro) were lower than that of fermented

products (burukutu and pito) and freshly consumed

products (palm wine). This is due to the fact that volatili-

zation process favors the transfer of alcohol, other aro-

matics, and lower molecular weight compounds through

the condensation coils and tends to leave behind the

heavier metals. Conversely, for fermentation products,

metal transfer from the raw materials is largely conserved

(Navarro et al. 2007).
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Estimated dietary intake of metals and
target hazard quotients

The estimated daily intakes of the studied metals in lg/
kg bw/day are provided in Table 2. The daily intake of

Cd from the consumption of these alcoholic drinks

spanned between 0.003 and 0.21 lg/kg bw/day. Higher

intakes of Cd were obtained from consumption of raphia

wine and burukutu. The tolerable intake value of Cd is

set at 1 lg/kg bw/day (World Health Organization

(WHO) 1993). The estimated intake value of Cd from

consumption of these beverages constituted approximately

0.3–21% of the tolerable intake value.

The estimated daily intake value of Pb from this study

ranged from 0.02 to 0.79 lg/kg bw/day. The tolerable

daily intake of Pb is set at 3.6 lg/kg bw/day. The esti-

mated intake values of Pb in this study constitute

approximately 0.5–21.9% of tolerable intake value. The

highest intake value of Pb is obtained from consumption

of burukutu.

The tolerable daily intake of Ni is 5 lg/kg bw/day. The

estimated daily intake of Ni ranged from 0.002 to

0.46 lg/kg bw/day. The intake values of Ni obtained from

this study constituted 0.04–9.8% of tolerable daily intake

values. In this study, the highest dietary intake of Cr was

obtained from the consumption of burukutu (0.63 lg/
kg bw/day) while lower intakes of Cr were obtained from

consumption of raphia wine and ogogoro (0.002 lg/
kg bw/day). The recommended dietary allowance of Cr is

130 lg/day/person which is equivalent to 2.2 lg/kg bw/

day. The intakes of Cr from the consumption of these

drinks were below the recommended dietary allowance

value. The dietary intakes of Co from consumption of

any of these alcoholic beverages varied from 0.002 to

0.33 lg/kg bw/day. The intake values for Co in raphia

wine and pito were similar. The highest intake value of

Co was obtained from consumption of burukutu in this

study. The normal daily intake of Co is reported to be in

the range of 2.5–3.0 lg/day. Poisoning occurs within a

range greater than 20–30 mg Co per day (Hokin et al.

2004). The recommended dietary allowance for Co is

100 lg/day (Reilly 2004; Nutrition Data 2008). The esti-

mated dietary intakes of Co in this study were below the

recommended daily intake value.

The recommended dietary allowance (RDA) for Cu

ranged from 900 lg to 30 mg/day person which is equiv-

alent to 15–500 lg/kg bw/day (World Health Organiza-

tion (WHO) 1993). The intake value for Cu in this

study ranged from 0.04 to 2.50 lg/kg bw/day. The high-

est intake value of Cu was obtained from the consump-

tion of oil palm wine than that of the other drink types.

The estimated intake values for Cu constituted 0.008–
0.5% of the upper limit of recommended dietary allow-

ance value.

The Joint FAO/WHO Export Committee on Food

Additives (JECFA) provisional maximal tolerable daily

intake of Zn is 1000 lg/kg bw/day (World Health Orga-

nization (WHO) 1982). The EVM safe upper limit (SUL)

for Zn is 4.2 mg/day (equivalent to 700 lg/kg bw/day in

a 60 kg adult) for total dietary intake (EVM 2003). The

estimated intakes of Zn from the consumption of these

alcoholic beverages ranged from 0.02 to 16.08 lg/kg bw/

day. The highest intake value was obtained from con-

sumption of raphia wine. The estimated intake values of

Zn in this study were less than 1.7% of the provisional

maximal tolerable daily intake of Zn.

The recommended dietary allowance values for Fe and

Mn were 10–18 mg/day person and 2–5 mg/day person,

respectively. The estimated intake of Fe and Mn from

consumption of these drink types varied from 0.05 to

42.9 lg/kg bw/day and 0.003–16.5 lg/kg bw/day for Fe

and Mn, respectively. The intake values of Fe and Mn in

this study were less than 1% of the recommended dietary

allowance value for Fe and Mn.

The RDA for Mg for male and female healthy adults

are 400–420 and 310–320 mg mg/day respectively

(Institute of Medicine, 2002) while the recommended

dietary allowance value for Ca is set at 1000 mg Ca/day1

(Institute of Medicine, 2010). The estimated intake values

of Mg and Ca varied considerably among these alcoholic

beverages. The highest dietary intakes of Mg and Ca were

obtained from the consumption of Burukutu (Table 2).

The estimated intake values of Mg and Ca in this study

were less than 0.5% of the recommended dietary allow-

ance values.

The daily intake of K and Na in this study ranged from

0.06 to 38.59 lg/kg bw/day and 26.79 to 246.3 lg/kg

Table 2. Estimated daily intake in lg/kg bw/day based in 250 mL per

day.

Element

Oil palm

wine

Raphia

wine Burukutu Pito

Local

gin1

Cd 0.08 0.21 0.21 0.13 0.003

Pb 0.04 0.13 0.79 0.29 0.02

Ni 0.0021 0.0021 0.46 0.008 0.007

Cr 0.21 0.002 0.63 0.08 0.002

Cu 2.50 2.04 2.04 0.38 0.04

Co 0.13 0.25 0.33 0.25 0.002

Fe 5.04 6.33 42.9 10.8 0.05

Mn 1.33 9.67 16.5 3.63 0.003

Zn 2.25 16.08 14.9 5.58 0.02

Mg 180.7 180 12.55.5 380 0.35

Ca 53.1 79.5 204.2 90.2 0.38

K 38.59 2156.3 1386.5 678.3 0.06

Na 26.79 59.38 246.3 86.3 –

1Based on consumption of one shot (10 mL) per day.
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bw/day, respectively. The highest intake value for K was

obtained for consumption of 250 mL of palm wine per day

while the highest intake of Na was observed for consump-

tion of burukutu.

Estimation of target hazard quotients

To assess the level of concern arising from metal concen-

tration, THQ values were calculated using the measured

metal concentration in the intact samples for nine poten-

tially toxic metals in these alcoholic beverages. The THQ

is a ratio between the measured concentrations and the

oral reference dose, weighted by the length and frequency

of exposure, amount ingested, and body weight (Hague

et al. 2008).

The THQ is calculated by the formula established by

the Environmental Protection Agency (USEPA 1989)

using equation (1).

THQ ¼ EFr � EDtot � SFI�MCSinorg

RfD� BWa� ATn
� 10�3; (1)

where EFr is the exposure frequency (days/year); EDtot is

exposure duration (year): SFI is the mass of selected die-

tary ingested (g/day); MCSinorg is the concentration of

inorganic species in the dietary components (mg/kg wet

weight); RfD, oral reference dose (mg/kg/day); BWa; the

average adult body weight; ATn; averaging time for non-

carcinogens (Day); and 10�3; unit conversion factor. The

oral reference doses in mg kg�1 day�1 Cd (1 9 10�3), Pb

(1.5), Ni (2.0 9 10�3), Cr (1.5), Cu (4.0 9 10�2), Co

(3.0 9 10�4), Fe (7.0 9 10�1), Mn (1.4 9 10�1), and Zn

(3.0 9 10�1). For estimation of dietary intakes of metals,

ingestion rate of 250 mL/day of palm wine, burukutu,

and pito was assumed. For ogogoro, daily intake calcula-

tion was based on per capital consumption of 3.6 L of

pure alcohol. For this study, the length of exposure was

set to 12191 days for Nigeria based on the average life

expectancy of 48.4 years, from 15 years of age (World

Health Organization (WHO) 2004). The average weight

of 60 kg adult was adopted in this study.

The estimated THQ values (Table 3) for individual

metals from consumption of one 250 mL glass per day

was less than 1 except for cobalt in burukutu

(THQ = 1.1). The THQ values <1 indicate safe level while

THQ values >1 indicate levels of concerns. THQ values

are additives not multiplicative, thus a THQ value of 20

is larger but not 10-fold greater than a THQ = 2. The

combined THQ values for all metals examined were ≥1
<2 for raphia wine, burukutu, and pito, while the com-

bined THQ values for oil palm wine and that of ogogoro

were <1. From the estimated THQ values, no lifelong

health concern of metals is associated with the consump-

tion of these alcoholic beverages.

Conclusions

The results of the present study indicated that the metals

occurred in these alcoholic beverages at concentrations

below international statutory limits permissible in wines

and spirits except for Cd, and were similar to concentra-

tions of metals found in other alcoholic beverages in the

literature. The estimated dietary intakes of metals from

the consumption of these alcoholic beverages were less

than 2% recommended dietary allowance values except

for Cd and Pb whose estimated maxima dietary intakes

were up to 23% of provisional tolerable daily intake.

From the estimated target hazard values, no lifelong

health concerns of metals are associated with the con-

sumption of these alcoholic beverages. However, excessive

consumption of these drinks has severe health implica-

tions based on its alcohol contents and could also lead to

very high intakes of Cd and Pb. The results of this study

indicated that the unprocessed freshly consumed products

and fermented products contained higher metal loads

compared with the distilled product (ogogoro). Burukutu

contained the higher concentrations of most elements in

comparison with the other products which implied that

persons who take burukutu in preference to the other tra-

ditional drinks are likely to be more exposure to metals.
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