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Abstract — Dairy products such as Nono can be contaminated by
heavy metals through exposure of lactating cows to pollution or
consumption of feed and water with toxicants. Nono may also be
exposed to toxicants during the processes of production and
marketing. Nono samples were bought from hawkers around
three locations, Zungeru, Wushishi and Gwarjiko, in Wushishi
Local Government Area of Niger State, Nigeria. The Nono
samples were wet digested and the concentrations of Lead (Pb),
Magnesium (Mg), Manganese (Mn), Iron (Fe) and Zinc (Zn)
were determined by the Flame Atomic Absorption
Spectrophotometeric technique. Percentage lactic acid, pH, total
soluble sugar, % moisture content and % total solid were also
determined using standard methods. The mean concentrations of
Pb, Mg, Mn, Fe, and Zn were found to range from 0.756 — 0.769
mg/L, 0.379 — 0.390 mg/L, 0.351 — 0.354 mg/L, 1.075 — 1.080 mg/L
and 0.234 - 0.389 mg/L respectively. The pH, titratable acidity
(expressed as % lactic acid), total soluble sugar, % moisture
content and % total solids were 3.85 — 4.06, 0.04 — 0.16%, 5.67 —
5.73, 8.08 — 8.30% and 91.70 — 91.92% respectively. There was
no statistical difference between the means when compared at
p<0.05, but the concentrations of lead, manganese and iron were
found to be above the permissible levels while the pH was slightly
lower than the acceptable limit. Continuous monitoring of cattle
water and feed, and use of appropriate containers in transit of
raw milk and (finished) Nono are necessary so as to safeguard
milk products from pollution.
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I. INTRODUCTION

Heavy metals are major environmental pollutants and
continue to pose serious environmental and health
hazards. They are released into the environment from natural
as well as man-made activities. Some heavy metals are
essential to maintain proper metabolic activity in living
organisms [1, 2].

zZinc (Zn) is useful in cell replication and gene
expression, in nucleic acid and amino acid metabolism,
vitamins A and E metabolism and bioavailability and normal
testicular development among others [3, 4]. Manganese (Mn)
serves as a cofactor of and activates many important enzymes
including hydrolase, decarboxylase and transferases [5, 6]
while Sodium (Na) regulates plasma volume and acid-base
balance, is involved in the maintenance of osmotic pressure of

the body fluids, preserves normal irritability of muscles and
cell permeability, activates nerve and muscle function and is
involved in Na+/K+-ATPase, maintenance of membrane
potentials, transmission of nerve impulses and the absorptive
processes of monosaccharides, amino acids, pyrimidines, and
bile salts [7, 5]. However, at high concentrations, even this
group of metals can become toxic to living organisms [8]. For
example, high dietary sodium (Na) is implicated in
cardiovascular and renal disorders [9].

There are however many others that are non-essential [1,
2] and have devastating effects on the biological system even
in small doses. Lead (Pb), for example is reported to cause
spontaneous abortion, kidney and brain damage and damage
to nervous system [10, 11] while Cadmium (Cd) is associated
with renal problems, anemia, reproductive failure and other
complications [12].

According to [13], rapid industrialization, use of
agricultural chemicals and automobile exhaust fumes have
caused an increase in the toxic heavy metals in the
environment thereby affecting all; the global air, water and
food, and the human population is directly affected through
the food chain [13].

In recent times, the amount of metals in cow milk and its
products have been widely studied, particularly in
industrialized and polluted areas of the developed and the
developing countries of the world like Nigeria since animals
grazed freely on open fields are considered as bio-indicators
of environmental pollution [14, 2, 15]. Metal level in
uncontaminated milk is generally low, but by inhalation of
polluted air, intake of contaminated feeds and absorption
through the skin, many dangerous elements or compound such
as metals and metalloid, accumulate along the food chain [16].
The toxicity of metals depends on a number of factors such as
the particular metal in question, dose absorbed and the age of
the individual concerned [17].

Toxicants, including heavy metals are continuously taken
in by plants and subsequently, animals into their systems.
Consequently, they find their way into the food chain which
causes further distribution of these toxicants to the
environment [18, 19]. This is the case in Nono that is
consumed by humans. Heavy metals can contaminate milk
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and its products (Nono inclusive) through exposure of
lactating cow to pollution or consumption of feeding stuffs
and water with toxicants [20, 21]. Moreover, contamination
can also be attributed to the process of manufacturing dairy
products where toxicants have the possibility to be included
during the production process [22, 21] and likewise during
marketing [23].

Milk is an opaque liquid produced by the mammary
glands of female animals including man which provides the
primary source of nutrition for newborn mammals before they
are able to digest other types of food [24]. It enhances the
postnatal adaptation of newborn by improving the digestive
maturity, development of gut-associated lymphoid tissues and
symbiotic microflora [25]. Nono is the Hausa name for locally
defatted (skimmed) and fermented milk. It is one of the
popular foods consumed in the Northern part of Nigeria; it is a
product from raw milk obtained from cows, sheep or goats
that is hardly pasteurized [26].

Nono is produced by locally defatting or skimming fresh
milk for 30 — 45 minutes and then left to ferment over night
by a number of bacterial species from various sources that
contaminate it. Also, some left over Nono (back slopping)
from previous sale is added to aid fermentation process [27].

Despite the indicated toxicity risk associated with
elevated levels of heavy metals in food stuff like milk and its
products [13, 28], the contamination of cow’s milk and its
products (like Nono) has not been seriously studied so far in
Niger State and particularly Wushishi Local Government
Area. And the study area is also one where large agricultural
as well as quarrying activities take place [29] which may
translate to more risk of heavy metal contamination of food
substances from the area and the environment in general. The
aim of this study therefore was to evaluate heavy metals
contamination and physicochemical properties of Nono sold in
Waushishi Local Government Area of Niger State, Nigeria.

Il. MATERIALS AND METHODS
A. Sample Collection

The samples were collected in plastic bottles (500ml
capacity) which had been thoroughly prewashed and
sterilized, and then taken to the sampling site. Nono samples
were bought in triplicates from hawkers and then
homogenised. This made up a total of nine (9) Nono samples.
An in-situ measurement of pH was done using a field pH
meter and the sample bottles were tightly covered
immediately after collection. The samples were then
transported to the Central Services Laboratory, National
Cereal Research Institute (NCRI), Baddegi, Niger State for
physicochemical and spectrophotometric analyses. The
samples were stored in a refrigerator at 4°C to slow down the
rates of chemical reactions resulting from bacterial activity.
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B. Physicochemical Analysis

1) Titratable Acidity (TTA): Ten milliliters (10ml) of
Nono sample was measured into each of three 250ml conical
flasks and then titrated with standardized 0.1N NaOH using
phenolphthalein indicator, until a pink end point colour was
observed. The titratable acidity was finally calculated using
the acid factor of lactic acid (0.009g) in the equation below
[30].

Titratable Acidity (expressed as % lactic acid)
_ Titre Value X Conc.of NaOH X x

%4

Where; Conc. of NaOH = 0.1M
X = Lactic Acid Factor = 0.009g
V = Volume of Sample used = 10mL

2) Percentage Moisture Content and Percentage Total
Solid: The percentage moisture content and percentage total
solid were determined using the gravimetric method described
by AOAC (2005). Two grams (2g) of Nono sample was
weighed into previously washed, dried and weighed glass
crucibles. The crucibles with the samples were then placed in
a thermostatically controlled oven at 105°C for 5 hours till a
constant weight of solid material was obtained. The crucibles
were then removed and cooled in a dessicator and then
weighed. The moisture content of the samples was calculated
and expressed as a percentage using the following equation
[30]:

Waz Ws s 100
W, — W

Moisture Content (%) =

Where; W,; = Weight of empty crucible
W, = Weight of empty crucible + wet sample
W3 = Weight of empty crucible + dry sample

While the total solid was calculated and expressed as
a percentage using the relation below:

Total Solids (%) = 100 — Moisture Content (%)

3) Total Soluble Sugar (TSS): The total soluble sugar
content was determined by placing a few drops of Nono
sample on the prism surface of a hand-held Brix refractometer
(ATAGO Manual Refractometer) and reading the results on a
total percentage scale. The results were adjusted based on
tabulated values for the temperature correction from the
temperature of the sample (25°C) to the reference temperature
(20°C) of the refractometer [30].

C. Sample Digestion and Spectrophotometry

The Nono samples were first digested using the modified
method described by [31]. 10mL each of the Nono samples
was measured into a 100 mL digestion tube. Each of the tubes
was labeled to avoid mix-up. Nitric acid (HNOs3), perchloric
acid (HCIO,) and sulphoric acid (H,SO,) were added in the
ratio of 3:2:1 and the mixture was thoroughly stirred until
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white fumes evolved. It was then digested at 210°C for 2 h
and 30 minutes in an aluminum heating block. The digested
sample was allowed to cool at room temperature. The clear
solution obtained was decanted and diluted with distilled
water before being filtered through Whatman Filter Paper No.
45, The volume of the filtrate was made up to 100 mL using
distilled water. The procedure was repeated for all the
remaining samples. Standard solutions were prepared in each
case, before metal concentrations were determined and were
used to eliminate sample standard matrix indifferences. The
concentrations of Lead (Pb), Magnesium (Mg), Manganese
(Mn), Iron (Fe) and Zinc (Zn) in the digested Nono samples
were determined using Flame Atomic  Absorption
Spectrophotometer (FAAS).

D. Statistical Analysis

The results were analysed using one-way analysis of
variance (ANOVA) to determine statistical significance of
differences in the mean concentrations of Iron (Fe),
Manganese (Mn), Zinc (Zn), Lead (Pb), &Magnesium (Mg),
and the physicochemical properties of Nono samples from
different districts, assuming that there were significant
differences between mean values when compared at p<0.05.
Statistics were calculated with the Statistical Package for
Social Sciences version 20 (SPSS 20).

I1l. RESULTS

The physicochemical properties of Nono samples from
the three representative locations in Wushishi Local
Government Area of Niger State are presented in Table 1
below. The results reveal that ranges of pH, titratable acidity
(expressed as % lactic acid), total soluble sugar, moisture
content, and total solid were 3.85 — 4.06, 0.04 — 0.16%, 5.67 —
5.73, 8.08 — 8.30% and 91.70 — 91.92% respectively across
the three locations. The results were not statistically
significant when the means were compared at p<0.05.

Table 2 below shows the means of the concentration of
lead (Pb), magnesium (Mg), manganese (Mn), iron (Fe) and
zinc (Zn) found in Nono samples from the three locations in
Waushishi Local Government Area of Niger State. The results
indicate that the levels of Pb, Mg, Mn, Fe and Zn ranged from
0.756 — 0.769 mg/L, 0.379 — 0.390 mg/L, 0.351 — 0.354 mg/L,
1.075 — 1.080 mg/L and 0.234 — 0.389 mg/L respectively.

The Nono samples from Zungeru contained the highest level
of Mn (0.354+0.003) whereas Mg level was highest in
samples from Wushishi (0.390+0.003). However, Nono
samples from Gwarjiko were found to contain the highest
levels of Pb (0.769+0.005), Fe (1.080+0.001) and Zn
(0.389+0.143).

In addition, Fe was the most abundant metal in the Nono
samples from all the three locations of Zungeru, Wushishi and
Gwarjiko  (1.075+0.005, 1.079+0.002 and 1.080+0.001
respectively). However, the mean concentrations of each
metal in Nono from the three locations, when compared at
p<0.05 showed no statistical significance.

International Journal of Research and Innovation in Applied Science (IJRIAS) |Volume VI, Issue Xll, December 2021 |ISSN 2454-6194

Table I: Physicochemical Properties of Nono Samples sold in Wushishi LGA
of Niger State, Nigeria

Parameter Zungeru Woushishi Gwarjiko

pH 4.1+0.12 4.0+0.24 3.9+0.14
Titratable Acidity (%) 0.12+0.01 0.16+0.06 0.04+0.02
Total Soluble Sugar 5.67+0.76 5.73+1.14 5.67+0.99
Moisture Content (%) 8.30+0.61 8.08+1.40 8.18+1.14
Total Solid (%) 91.70+0.61 91.92+1.40 91.82+1.14

Values are means + SD of triplicate analyses

Table II: Concentrations of Heavy Metals in Nono Samples sold in Wushishi
LGA of Niger State, Nigeria

Heavy Metal (mg/L) Zungeru Woushishi Gwarjiko
Lead (Pb) 0.759+0.013 0.7560.006 0.769+0.005
Magnesium (Mg) 0.379+0.014 0.390+0.003 0.387+0.005
Manganese (Mn) 0.354+0.003 0.352+0.002 0.351+0.001
Iron (Fe) 1.075+0.005 1.079+0.002 1.080+0.001
Zinc (Zn) 0.266+0.080 0.234+0.072 0.389+0.143

NB: Values are means + SD of triplicate analyses
IVV. DISCUSSION

This study revealed that Nono sold in Wushishi Local
Government Area of Niger State are highly acidic since they
have pH (3.85, 4.04 and 4.06) lower than the acceptable range
of 6.5 — 6.7 for raw and fermented milk [32]. This could be
attributable to the process of production which includes the
common practice of back slopping with Nono from previous
sales [27] thus increasing rate of fermentation and causing a
drop in pH. This constitutes concern for the consumers
because of the health implications of increased risk of lactic
acidosis. This finding is in consonance with those of [27, 33,
34].

The study also revealed that Nono sold in the local
government have very appreciable levels of titratable acidity,
total soluble sugar and total solids since the values are all
within acceptable limits [32]. This is contrary to the report of
[34].

The findings of this study further showed that Nono sold
in Wushishi Local Government Area of Niger State, Nigeria
contain significantly high concentrations of lead (Pb = 0.756 —
0.769 mg/L), manganese (Mn = 0.379 — 0.390 mg/L) and iron
(Fe = 1.075 — 1.080 mg/L) exceeding the permissible limits of
0.017 — 0.030 mg/L, 0.026 — 0.060 mg/L, and 0.21 — 0.70
mg/L respectively for the metals [35, 36, 37, 38]. These
elevated levels of heavy metals consumed are a matter of
public health concern for the consumers and even the animals
from which the milk for the Nono is obtained since studies
have shown they can cause an array of disease conditions and
disorders in their systems [13, 28]; sometimes by even
interacting with other metals and biomolecules. For instance,
high concentration of lead inhibits ferrochelatase, the enzyme
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responsible for the incorporation of iron in the porphyrin ring
resulting in an accumulation of protoporphrin IX in the
erythrocyte. The inhibition of «-amino levulinic acid
dehydratase activity, decrease in red cell survival, decrease in
the rate of globin synthesis and an inhibition of the haeme
synthesis are also attributable to lead [39].

The high levels of lead, manganese and iron could be due
to climatic factors such as wind, use of agro-chemicals by
farmers and very importantly, fodder and drinking water
contamination. Furthermore, some of these cows graze around
sites where quarrying activities take place and along roadsides
where lead (Pb) which is a fuel additive could be emitted from
car exhausts to contaminate the environment.

These findings are similar to previous studies of [40, 41,
42, 43, 34] who also reported mean concentrations of metals
in cow milk higher than the acceptable ranges. However, [44,
45, 46, 47] reported values not exceeding the permissible
levels in their studies.

It has also been demonstrated by the findings of this study
that the range of concentrations of magnesium (0.379 — 0.390
mg/L) and zinc (0.234 — 0.389 mg/L) are below the set
acceptable limits of 97 — 146 mg/L and 3.5 — 4.2 mg/L
respectively [36, 37, 48]. Although their concentrations did
not exceed the maximum levels, they were also far below the
minimum levels. This could also pose a health issue for the
consumers since they may not be getting the recommended
daily dose of the metals from consuming the Nono thus
making them susceptible to hypomagnesemia and zinc
deficiency. Acute hypomagnesemia results in vasodilation,
with erythemia and hyperaemia appearing a few days on the
deficient diet. Neuromuscular hyperirritability increases with
the continuation of the deficiency, and may be followed
eventually by cardiacarrhythmia and generalized tremours [7].
The animals could also be suffering from the same conditions.
This finding agrees with those of [16, 42, 49].

V. CONCLUSION

This study evaluated some heavy metals and
physicochemical properties of Nono sold in Wushishi Local
Government Area of Niger State, Nigeria. The acidic profile,
elevated concentrations of lead, manganese and iron far
exceeding the permissible limits, and very low levels of
magnesium and zinc in the Nono samples is a cause for public
health concern for consumers. Hence, continuous control and
monitoring of water and feed for cattle and use of appropriate
containers (like clean plastic or stainless steel containers
instead of iron-made containers) in transit of raw milk and
(finished) Nono is suggested so as to ensure the production of
healthier Nono. Magnesium and zinc supplementation in the
feed of the animals is important so as to improve their content
in the dairy products hence increasing the chance of getting
the minimum daily allowance for both minerals. Public
enlightenment and health promotion is also very essential
among the population.
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