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ABSTRACT
Fifteen different bread brands produced in Zaria metropolis of Northern Nigeria were analyzed for potassium bromate content
and some heavy metals. The study revealed the presence of potassium bromate in all the samples analysed, the
concentrations ranged from 2.46-13.60mg/kg, all the values were above the allowed limit by FDA. The heavy metals
determined were Pb, Cd, Cu, Zn and Fe. Results obtained were assessed on the basis of the permissible limits for the
respective metals in Foods. The concentrations of Pb and Cd in the samples were in the range of 0.34-3.13mg/kg and 0.0130.098mg/kg respectively. The levels of these metals in some of the samples suggest a certain degree of contamination. The
values for Cu, Zn and Fe in the samples ranged as follows; Cu (0.13-0.098mg/kg), Zn (0.24-1.72mg/kg) and Fe (0.538.45mg/kg). Cu and Zn content in all the samples where within permissible limits. The concentration for Fe was above
permissible limit in two of the samples (samples 10 and 12, 8.45mg/kg and 7.45mg/kg respectively)
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1. INTRODUCTION
Bread is a kind of food made from flour, water and other
ingredients, usually combined with a leavening agent,
kneaded, shaped into loaves, and baked. It is an important
staple food of many countries of the world especially the
African countries and South East part of Asia [1, 2]. In
Nigeria, bread is consumed extensively in homes,
restaurants and hotels. It is one of the most consumed
food type with predominant consumption among the poor
[3]. Bread usually contains several ingredients that would
help improve its quality.
Potassium bromate is a flour improver that acts as a
maturing agent. It acts principally in the late dough stage
giving strength to the dough during the late proofing and
early baking [4]. In laymen’s term, potassium bromate
prevents dough from falling. This property has been
manipulated by many Nigerian bakers in profit making.
Over time, it has been discovered that potassium bromate
is toxic and is a possible carcinogen in man [5]. In the
early 1990’s the World Health Organization (WHO)
discovered that potassium bromate if added to dough
which subsequently is produced as bread, has the capacity
to cause such diseases as cancer, kidney failure and
several other related diseases [6]. This led to its ban in
several countries. In Nigeria, the use of potassium
bromate in bread was banned in 1993. However, despite

its ban, many Nigerian bakers continue to use it in bread
making.
Heavy metals are potential environmental contaminants
with the capability of finding their way into the food we
eat and causing human health problems. They are given
special attention throughout the world due to their
ubiquitous nature and toxic effects even at very low
concentrations [7]. Several cases of human disease,
disorders, malfunction and malformation of organs due to
metal toxicity have been reported [8]. The major route for
humans’ exposure to heavy metals is through the food
pathway [9]. Contamination of bread by heavy metals
could arise from flour which may have been produced
from contaminated raw materials. Water used for bread
making could also be a source of heavy metal
contamination. Studies by Ahmed and Fadel [10] revealed
that the kind of baking fuel used for bread production
could also be responsible for heavy metal contamination.
Elements such as Cd, Cr and Pb as are considered
carcinogenic, while Fe, Cu, Zn, Ni and Mn are considered
as essential metals, however, if the concentrations of the
later elements are higher than their permissible limits they
may create toxic effects in humans [11]. Many workers
have carried out studies on the levels of heavy metals in
various nutrient sources in many parts of the world [12,
13, 11, 14, 16, 17, 18, 19, and 20]. Despite being a major
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staple food in many homes, there have been little or no
information on the levels of heavy metals in breads
produced in different parts of the world.
Zaria is a major city in Kaduna state, it is located on the
high plains of Northern Nigeria, 652.6 Meters above the
sea level, some 950km away from the coast (112 031N
7Q 42E). It is a very large, heterogeneous city whose
1,490,000 population comes from different parts of the
world. Preliminary investigations revealed over thirty (30)
different bread brands produced within Zaria. Some of the
bakeries operate under bad hygienic conditions and lack
certification by regulatory bodies. Also, many parts of
Zaria lack portable water supply. The quality of water
used for bread production by some of the bakeries is
therefore questionable.
The aim of this study is to assess the safety of bread
produced in Zaria, Nigeria. Selected bread samples
produced Within Zaria metropolis will be investigated for
the presence of potassium bromate and some heavy
metals. The heavy metals to be determined include Cd,
Pb, Cu, Fe, and Zn. Monitoring of heavy Metals in food
sources is necessary for issues of public health concerns.

2. EXPERIMENTAL
2.1 Sample Collection and Preparation

2.3 Determination of Heavy Metals in the
Bread Samples
1g of each bread sample was digested with concentrated
nitric acid and perchloric acid in a ratio of 3:1 on a hot
plate. At the end of complete digestion it was filtered
using a Whatman filter paper No. 1 into a 50mL
volumetric flask and made up to mark with distilled
water.
Metals concentrations were determined by Atomic
Absorption Spectrophotometer (Shimadzu AA-6800) with
graphite furnace and background correction (SR-BDG).
The flame conditions were optimised for maximum
absorbency and linear response while aspirating known
standards. The standards were prepared from individual
1000ppm stock solution of the respective metals initially
prepared from their respective salts.

3. RESULTS AND DISCUSSIONS
Results of this study revealed that all the bread samples
analysed contained potassium bromate (Table 1). The
concentration ranged from 2.46-16.46mg/kg.
Table 1: concentration of potassium bromate in selected
bread samples produced in Zaria (mg/kg)
Bread samples

Bromate content (mg/kg)

01

4.33 ± 0.02

02

10.47± 0.04

03

8.64 ± 0.12

04

11.31± 0.20

05

6.25 ± 1.32

06

2.46 ± 0.35

2.2 Analysis of Potassium Bromate in Bread

07

9.96 ± 1.50

Potassium bromate in the bread samples was qualitatively
analyzed using previously reported methods [21]. A 1.0 g
quantity was weighed out from each bread sample and
transferred into a test tube. Ten milliliter (10 ml) of
distilled water was added; the mixture was shaken and
allowed to stand for 20 min at 28 ± 10°C. A 5.0 ml
volume was decanted from the test tube and 5.0 ml
quantity of freshly prepared 0.5% potassium iodide
solution in 0.IN hydrochloric acid was added. . The
presence of potassium bromate was indicated by change
in colour from light yellow to purple. Quantitative
determination of bromate was carried out using the
iodometric titration method described by Armstrong [22].

08

2.67 ± 0.02

09

9.26 ± 0.50

10

8.00 ± 0.15

11

12.35 ± 0.55

12

13.60 ± 1.00

13

12.78 ± 0.50

14

7.54 ± 2.20

15

16.46 ± 0.02

Bread samples were purchased from open markets, bus
stops and from bread vendors in Zaria, Kaduna State,
Nigeria. Only bread brands produced in Zaria were
purchased. A total of fifteen (15) different brands of bread
were used in this study. A circular sample of 2 cm in
diameter from the centre of each bread sample was taken
and dried to constant weight in an oven at 55 oC. The crust
was ground to a fine powder and stored in air tight
containers for the various analysis.
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Values are presented as mean ± Standard deviation
(S.D.) for three (3) replicate determinations
Table 2: heavy metal content of some bread samples produced in Zaria,
Nigeria ((mg/kg)

Bread samples
Pb
Cd
Cu
Zn
01
1.25±0.02
0.023±0.10
0.45±0.05
1.72±0.05
02
3.13±0.00
0.020±0.05
0.27±0.00
0.87±1.26
03
1.36±1.00
0.032±0.20
0.17±0.04
0.94±0.10
04
1.88±0.25
0.013±0.00
0.13±0.03
1.25±0.40
05
0.97±0.50
0.016±0.02
0.31±0.17
2.11±0.00
06
0.34±0.02
0.015±0.12
0.18±0.35
0.81±0.02
07
0.97±0.01
0.056±0.01
0.33±0.40
0.31±0.04
08
0.57±0.15
0.098±0.15
0.22±0.08
0.24±0.20
09
0.34±0.12
0.068±1.20
0.34±2.00
0.26±1.00
10
0.91±0.00
0.081±1.00
0.18±0.01
0.34±0.60
11
1.99±1.20
0.076±0.01
0.36±1.20
0.33±1.15
12
1.94±0.16
0.078±0.10
0.25±0.95
0.42±1.50
13
0.67±0.05
0.038±1.50
0.15±0.05
1.31±1.08
14
1.17±0.20
0.056±1.10
0.66±1.15
0.62±1.26
15
0.58±0.01
0.082±0.4
0.28±0.40
0.41±0.04
Values are presented as mean ± Standard deviation (S.D.) for three (3) replicate determinations
Toxicological studies have convincingly shown that
potassium bromate affects the nutritional quality of bread
by degrading the main vitamins available [23].
Carcinogenic and mutagenic effects of potassium bromate
have been reported in experimental animals [5]. Oral
doses of 185–385 mg/kg body weight results in
irreversible toxic effects like renal failure and deafness in
humans while lower doses are associated with vomiting,
diarrhea, nausea and abdominal pain [24]. The maximum
amount of potassium bromate allowed in bread by the
FDA is 0.02 mg kg-1 [25]. All the samples analysed in this
study had potassium bromate in excess of the allowed
concentration. Similar Studies by Emeje et al [26] carried
out in the eastern part of the country also revealed similar
findings. The presence such levels of potassium bromate
in bread is highly undesirable considering its deleterious
effects.
Table 2 shows the concentrations of the metals Pb, Cd,
Cu, Zn and Fe in the bread samples analysed. Lead and
cadmium are among the most abundant heavy metals and
are particularly toxic [27]. Excessive content of these
metals in food is associated with a number of diseases,
especially of the cardiovascular, renal, nervous and
skeletal systems [8]. These heavy metals are also
implicated in carcinogenesis, mutagenesis and
teratogenesis [27]. The highest concentration of Pb was
observed for sample 02(3.03 mg kg-1) while the lowest
was for samples 07and 09 (0.34 mg/kg). Permissible level
of Lead in food is in the range of 0.2-2.5 mg kg-1[28].
Among the bread samples analysed, only sample 02 had
lead content above permissible limit, although the Pb
contents in the other samples were within the acceptable
limits, they may still have toxic potentials, with

Fe
1.08±1.10
0.62±0.11
0.53±1.60
1.06±0.05
0.82±0..75
1.07±0.12
2.56±0.15
3.76±0.12
4.81±0.05
8.45±1.12
4.51±1.26
7.05±0.14
1.48±0.62
1.83±0.19
0.97±0.50

detrimental impact becoming apparent only after decades
of exposure. The main sources of lead in the environment
are: Industrial production processes and their emissions,
road traffic with leaded petrol, smoke and dust emissions
of coal and gas-fired power stations, the laying of lead
sheets by roofers as well as the use of paints and anti-rust
agents.
The level of Cd in the bread samples ranged from 0.0130.098. Permissible limit for Cd in food is 0.05mg/kg [29].
From the results obtained eight (8) out of the fifteen (15)
samples analysed had Cd concentration above the
permissible limit this. These results are of concern as
cadmium is highly toxic and is regarded as the most
serious contaminant of modern age. High concentration of
cadmium exerts detrimental effects on human health and
causes severe diseases such as tubular growth, kidney
damage, cancer, diarrhea and incurable vomiting [30].
Cu, Zn and Fe are nutritionally essential metals. They are
referred to as trace elements and are commonly found
naturally in foodstuffs. However, these metals are toxic
when taken in excess of requirements. The concentration
of Cu in the different bread brands ranged from 0.13-0.66
mg/kg. These concentrations are far below the permissible
level of Cu in foods (10 mg/kg) 27]. The samples can
therefore be considered free from Cu contamination.
The average daily intake of zinc has been estimated to be
maximally 20 mg/day for adults. In human, high levels of
zinc has been associated with acute effects such as
vomiting and gastrointestinal irritation (nausea, cramps,
diarrhea). The highest Zn concentration in the bread
samples analysed was observed for sample 05 (2.11
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mg/kg) while the lowest was in sample 08 (0.24mg/kg).
These values are within the permissible level of Zn in
foods (50mg/kg) (31).
Iron is an essential trace element required by all forms of
life. In man it is required for the synthesis of haem
proteins and in many enzyme systems. Various groups
(male, female, children, pregnant, lactating) differ in
requirement for iron, iron deficiency is one of the most
common nutritional deficiencies in children, women of
child bearing age, and pregnant women. It rarely occurs in
adult men, except in cases of chronic bleeding. The
concentrations of Fe in the bread samples studied ranged
from 0.62-8.45 mg kg1. The permissible limit for Fe in

food is in the range of 2.5-5.0 mg/kg depending on the
foodstuff [28].
Samples 10 and 12 had iron
concentrations above the permissible level (8.45 mg/kg
and 7.45 mg/kg) respectively. However, in human, acute
toxicity of iron ingested from normal dietary sources has
not been reported.
Metal containers used for kneading of dough during bread
making may be responsible for high levels of such metals.
Atmospheric deposition from urban and industrial areas
may result in contamination of agricultural produce with
heavy metals which are in turn transferred to the finished
products. Fig 1 shows possible sources of heavy metal
contamination during bread production.

Fig.1. Possible sources of heavy metal Contamination during bread production
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