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Some mineral profiles of fresh palm wine and those of seven brands of bottled palm wine were
analysed using atomic absorption spectroscopy and the values were compared. Three of the bottled
samples contained toxic levels of either Pb or Cd or both. Neither metal was detected in fresh palm
wine. Zn, Cr and Ni were 2 to 15 times higher while Cu was 2 to 5 times lower in bottled samples than
values for fresh sample. The likelihood of water- derived heavy metal contamination during bottling,
and its potential health implication for consumers are discussed.
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INTRODUCTION

Palm wine is a popular traditional alcoholic beverage
consumed by more than 10 million people in West Africa
(FAO, 1998) . It is a sweet, effervescent drink obtained
from the sap of the oil palm, Elaeis guineense and raphia
palm, Raphia hookeri. The drink is a rich nutrient medium
containing sugars, protein, amino acids, alcohol and
minerals (Ezeagu and Fafunso, 2003). It also contains a
dense population of yeasts (Bassir and Maduagwu,
1978). Thus when it is allowed to stand, fermentation
converts the sugars to ethanol and subsequently to acetic
acid, leading to loss of sweetness, shortened shelf life
and decreased acceptability (Odunfa, 1985). The major
objective of bottling is to prolong the shelf life of palm
wine by arresting yeast growth and taste deterioration.
Essentially, the process involves filtration of fresh palm
wine, dilution with water, bottling and pasteurization. Thus
water is an important input in palm wine preservation
although this is often denied or even masked by addition
of artificial sweeteners. Indeed one of the most frequent
complaints of palm wine consumers is the adulteration of
the product by use of water and
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artificial sweeteners, which sometimes result in diarrhoea,
abdominal pains and stomach problems (GRI, 2004).
Recently it was reported that the ground water in Benin
City is contaminated with unacceptable levels of Pb, Cd,
Cr, and Zn (Erah et al., 2002). Moreover, unacceptable
levels of Pb have been detected in a major source of
public water supply in Benin City (Tawari — Fufeyin,
1998). Since palm wine bottling is still carried out as a
small scale enterprise involving the possible use of low
quality water, there is a distinct possibility of
contamination of the products with undesirable minerals.

This study was therefore carried out to compare some
elemental compositions of bottled and fresh palm wine in
Benin City, Nigeria. Benin has one of the highest
concentrations of palm wine bottling outfits in the country.
Additionally, increasing urbanization in Nigeria creates
the potential for an accentuated interaction between food
and an increasingly contaminated environment.

MATERIALS AND METHODS
Palm wine samples

Seven brands of bottled palm wine were purchased from retail
outlets in Benin City, Nigeria. Fresh, unprocessed palm wine was
obtained from the Nigeria Institute for Oil Palm Research (NIFOR)
near Benin. Prior to analysis, the samples were kept in clean, dry
bottles previously washed and rinsed with hot de-ionized water.



Table 1. Profiles of some mineral elements in bottled and fresh palm wine.

Mineral I Il Il \Y \Y \ VIl Fresh
Palm wine
Zn 4.03+£0.05 | 3.43+0.04 | 2.95+0.05 | 1.26£0.07 | 6.54 +0.24 | 4.94£0.04 | 8.88 £0.45 | 0.98 + 0.07
Pb ND ND ND ND 0.12 + 0.05 ND 0.03+0.01 ND
Cr 0.08+0.01 [ 0.11+£0.02 | 0.121+0.01 | 0.04+0.01 | 0.36£0.05 | 0.18+£0.03 | 0.31+£0.03 | 0.02 +0.00
Cd ND ND ND ND ND 0.31+0.03 | 0.05+0.01 ND
Ni 0.10+0.01 { 0.14+£0.03 | 0.14+0.01 | 0.15+0.03 | 0.13£0.02 | 0.28+£0.08 | 0.09+0.02 | 0.08 £ 0.02
Cu 2.43+0.03 | 403+0.64 | 3.61+0.13 [ 1.07+0.05 | 7.52+0.83 | 3.99 +0.08 | 2.00 +0.07 | 5.80 + 0.09
Values are mean + SEM of triplicate determinations.
ND = Not detected.
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Figure 1. Profiles of some mineral elements in bottled and fresh palm wine.

Analysis of samples for minerals

The specimens were first subjected to micro-kjeldah digestion
before analysis of their mineral profiles by atomic absorption
spectrophotometry (Agemian et al., 1980). To 5 ml of each sample
in a micro-kjeldah flask were added 5 ml of concentrated nitric acid
and 5 ml of concentrated sulphuric acid. The flask was placed on a
heating mantle and maintained at 60°C for 30 min. On cooling, 10
ml of concentrated nitric acid was added, and the flask was further
heated to 150°C until its contents became charred. It was then
cooled to room temperature (29°C) and 1 ml of 3% (v/v) H202 was
added. Heating was resumed, with addition of more H202 until the
solution became clear. On cooling, it was filtered and diluted to 50
ml in a volumetric flask. Cu, Pb, Ni, and Cr were first concentrated
by chelating solvent extraction before analysis. For this purpose 40
ml of the digest was transferred into a 100 ml volumetric flask and
made up to mark with de-ionized water. The solution was put in a
separating funnel and 5 ml each of ammonium pyrolidine
dithiocarbamate (APDC) and methylisobutyl ketone (MIBK) was
added. The mixture was thoroughly shaken for 5 min, and on
standing, the lower aqueous layer was discarded, while Cd, Pb, Ni

and Cr were assayed in the MIBK layer. The amount of each
element in sample was obtained from a standard calibration curve
prepared using serial dilutions of 100 ppm of each metal in 10%
(v/v) sulphuric acid.

RESULTS AND DISCUSSION

Zn, Cr and Ni levels were 2 to 15 times higher in bottled
palm wine when compared with corresponding values for
fresh palm wine, except in two cases where the Ni
contents of fresh and bottled samples were comparable
(Table 1, Figure 1). Pb and Cd were detected in two
bottled samples each, while one of the bottled varieties
had both Pb and Cd. However neither Cd nor Pb was
detected in fresh palm wine. Cu distribution followed an
irregular pattern, being higher in fresh palm wine than in
many of the bottled samples.



The World Health Organization (WHO) recommended
limits for Pb and Cd in drinking water are 0.10 and 0.003
ppm, respectively (WHO, 1998) . Thus the levels of these
metals in some of the bottled palm wine samples are
potentially toxic. Sources of human exposure to Cd
include atmospheric, terrestrial and aquatic routes
(Wolnik et al., 1985; Lopez et al., 1994); as well as
phosphate fertilizer (Jackson and Alloway, 1991,
Mclaughlin et al., 1996). The most severe form of Cd
toxicity in humans is “ltai-itai”, a disease characterized by
excruciating pain in the bone (Kasuya et al., 1992;
Yasuda et al., 1995). Other health implications of Cd in
humans include kidney dysfunction, hepatic damage and
hypertension (Klaassen, 2001). However, it has been
suggested that overall nutritional status (rather than mere
Cd content of food) is a more critical factor in determining
Cd exposure (Vahter et al., 1996). Thus the nature of the
diet, as well as the status of Fe, Zn and other minerals is
vital. It has been shown that Zn and Cu competitively
inhibit Cd uptake by cells (Endo et al., 1996). The
recommended daily intake of Zn is between 4 and 16 mg
depending on age, sex and physiological state (FNB,
1974). Zn is an essential element to man, being a
cofactor for many enzyme systems. It has been reported
to competitively inhibit Pb uptake in cells (Alda and
Garay, 1990; Lou et al., 1991). Toxic levels of Pb in man
have been associated with encephalopathy, seizures and
mental retardation (Schumann, 1990). From the
foregoing, it can be argued that the presence of Zn in
some of the bottled palm wine at levels above the 3.0
ppm recommended by WHO may be an advantage.

Virtually all the bottled palm wine brands contained
chromium in excess of the recommended limit of 0.05
ppm for drinking water (WHO, 1998). This indicates that
chromium overload may result from excessive indulgence
in these products. Although chromium in an essential
mineral, being a component of the glucose tolerance
factor that potentiates the effect of insulin (Mertz, 1993),
chromium toxicity in man has been limited to
hemorrhage, respiratory impairment and liver lesions
(Rhode and Hartmann, 1980) . Nickel toxicity in man is
unknown. Indeed the element is sometimes used to line
cooking utensils and pasteurization equipment. The
slightly higher levels of Ni in some of the bottled samples
may be a consequence of contamination during handling.
The general limit of Cu in most foods is 20 ppm (Pearson,
1976). Thus, palm wine, processed or unprocessed is a
poor source of this trace element.

From the results obtained in this study it is clear that
except for Cu, all the minerals analysed were either not
detected in unprocessed palm wine or were present at
much lower levels than in the bottled analogues. This
strongly suggests that most of these minerals might have
resulted from contamination during the bottling process,
most likely from the dilution water. This deduction is
supported by a recent finding which indicates that the
ground water in Benin City is contaminated with

unaccepted levels of Pb, Cd, Cr and Zn (Erah et al.,,
2002). In addition, ground water is a major source of
industrial and public water supply, not only in Benin City,
but also in many parts of Nigeria. The variabilities in the
levels of the various minerals may be attributable to non-
uniformity in water quality among the bottling outfits, as
well as likely differences in palm wine handling. In view of
the toxicities of Pb and Cd, this study has underscored
the need for optimum water quality in the palm wine
bottling industry.
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