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Abstract

The influence of smoke on various method
used to hake bread and the concentrations of
some polycyclic aromatic hydrocarbons
(PAHs) and heavy metals in baked bread was
assessed. Bread somples from different
bakeries operated by either eleciridty , gs,
charcoal or fire wood ovens and their residve
content of PAHs and heavy metals were
assessed. The total concentrations of PAHs
detected in electriccity, gos, charcoal and fire
wood ovens/bakeries had an average of 5.5,
56.0, 125.3 and 188.71ug/kg respeciively.
Somples collected from charconl and fire wood
bakeries hod a wide spectrum of PAHs in
comparison with that collected from ges and
elediridty operated bakeries. Lead had the
highest concentration in the four group of
bread sampled, as compared to nickel. The
concentration of leod defected in bread
samples produced from eleciricity, gas,
charcoal and firewood bakeries were 224.6,
784.7, 1006.9 and 1243.8ug/kg
respectively, while the estimated intake of
PAHs and lead in eleciricity operated bakeries
are 5.5 and 224.614g per person per day.
The present study has indicated the
comparatively high level of daily intake of
henzo{a)pyrene and lead in comparisons fo
levels reported from many other countries
and those recommended by international
regulatory bodies.

introduction

Polycydlic aromatic hydrocarbons (PAHs) are
generated by incomplete combustion of
orgunic materials arising in part from natural
combustion such as forest fires and volcanic
eruptions. For the most part, human activities,
such as industrial production,
fronsportation(smake pollution) and waste

incneration generate significant levels of
PAHs.(1-3). Several PAHs such as

benzo(a)anthracene, chrysene,
henzo(b)fluoranthene and
benzo(u)pyrene are known to be potential
human carcinogens(4). These organic
pollutants are ubiquitous in the
environment and due to their physical and
chemical properties they migrate through
food chain into hydrophabic compartments
and accumulate in lipids at the end of the
food chains{5-9). Human exposure fo
these compounds occurs through the diet
and therefore knowledge of the transfer
pathways through the food chain is a major
issue in food safety. Similarly heavy metals
are among most frequently encountered
contaminanis in the environment. Several
reports have focused on residues of
numerous heavy meials in foodsiuffs(10).
Other reports have delineated on the
contamination of careal products, including
oread with heavy metals. In Nigeria, bread
is 0 major component of people’s diet most
especially breakfast. The per capita
consumption of bread is among the highest
in the sub-region. Local bread is produced
in o number of different ways in the
couniry, for instance in the cifies or urban
areas most of the bakeries are either fully
or parfially automated using eledricity and
gos os the main source of energy fo
operate these bukeries, while in the rural
arens bakeries are less well eqoipped and
many of them use the charcoal or fire wood
heat generated oven for baking. The
concentrafion level of PAHs and some
heavy metals in bread and cereal have
been studied because of the paramount
importance of these food moteriols and the
heavy reliance of some sedtion of the
saciety on them(11,12). In this present
study, the influence of PAHs and heavy
metals on the method of bread baking was
investigated.
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Materials and Method

Sampling: Bread samples were collected from
four types of bakeries, elecricity and gas
mainly from Ikeja and Lagos lsland while
charcool and fire wood heat generated
bakeries from Sango Ota in Ogun state of
Nigeria. 10 loaves were collected from o
minimum of three bakeries each, kept in o
dlean container, labeled and taken to the
laboratory for easy idenification. Samples
were faken directly after being baked not to
let them be exposed fo any form of
contamination. Bread samples of each
bakery were separately cut into small pieces
and mixed thoroughly, before three sub-
samples each of 50g were iaken from each
hakery for analysis.(13).

Reagents: Al solvents used were of
analytical grode, potassium hydroxide pure
pellets were reagent grade(BDH). Aluminum
oxide 90 and silica gel 60 (70-230mesh) for
column chromatography were obtained from
Merck. Authentic PAHs were purchased from
Alltech (USA) os o mixture dissolved in
acefone, containing |3 compounds.

Extraction: Sampies extraction and clean up
wos conducted according fo the method
reporied by Ahmed et ol{13). Bread
subsomples, each of 50g were reflux
extracted for 10hin o soxhlet unit with 200mi
of n-hexane. The extract was concentrated fo
2ml using rotary evaporator. The
concentrated extract was transferred to o
round bottom flask and saponified using
100ml of aqueous methanolic KOH ( 30g
KOH dissolved in 30ml of distilled water and
270ml of methanol), to eliminate possible fat
material and the mixture was refluxed again
for 2h. Saponified material was
quantitatively transferred into a separafing
funnel using 100ml of methanol-distilled
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water mixture and 100ml of n-hexane,
shaken far 5min and left to settle. Aqueous
layer was drained out in o beaker and
extracted again with n-hexane 100ml. The
organic layer was combined and evaporated
using rotary evaporator and residve was
quantitatively transferred on top of gloss
column. Adsorpfion column chromatography
wos performed to separate the aliphatic
hydrocarhons from aromatics and other
compounds. The column was topped with 2g
of anhydrous No,50, and eluted with 50ml of
toluene. Polycyclic aromatic hydrocarbon
fractions were concentrated to 1ml ond
transferred to a gloss fube, wrapped in
aluminum foil ready for analysis.

Capillary qas liquid chromatography: A pye
Unicam 304 model gos chromategraph,
equipped with @ flome ionization detector
was used in this study. An analytical capillary
column (AT 5, 30m X 0.53), with film
thickness of 1.2mm was used to separate
polycydic aromatic hydrocarbons. Column
conditions, temperature programme,
guanfification were performed according fo
the method reported by Ahmed etal (14).

left to air dry and tested for contamination
by leaching with 5% nitric acid and stored in
a high density polyethylene bottles before
subsamples of 50g each were taken from
each group. 0.5g finely ground samples was
weighed into o test fube and 3ml of nitric
acid odded into each tube ond allowed to
remain over night at room temperature and
protected from dust. Tubes were heated up
to 130° C for 4h using a metal block
thermostat uni{Liebisch, Germany) and
left to cool down before 2ml of nitric acid
and 0.7ml of perchloric acid and 43ml
distilled water were added to each fube. A
programmable circuit wos used fo raise
temperature up to 230° C within 34h. The
dlear wet ash in each tube was dissolved in
2ml of distilled water and analyzed for
element measurement with flame atomic
absorption spectrophotometer (Perkin -
Elmer, model 3030 equipped with HGA-600
transverse heated graphite furnace, AS-60
auto sampler) in o dose circuit cooling
system with an electrodeless discharge lamp
power supply.(14)

Residues of PAHs(mg/kq) detected in bread baked with different type of method

Table1

Compound Fire wood
Fluorene 8
Phenanthrene 10.3
Anthracene 20.3
Pyrene 257
Benzo(a)pyrene 56.6

Benzo(a)anthracene 47.8

Yalidation study: Control bread samples were
fortified with a standard solution of PAHs in
hexane (10mg/1) ot three levels to 50g of
brend control sample, 5, 50, and 100ml
standard solution ta give o final
concentration of control sumples as 1,10 and
20ml. Each fortification level was replicated
three times and the extraction of the control
sample was performed as earlier mentioned.
The average rate of recovery was 82%.

Heuv? metal analysis : Bread samples were

Charcoai Gos
47 25
7.6 57
13.9 11.3
17.5 12.8
347 17.1
46.9 16.6

Results and discussion:

Residues of polycyclic aromatic
hydrocarbons detected in breod somples
collected from bakeries using different
methods are shown on Table 1. The total
concentration of PAHs detected in bread
samples from electricity, gas, charcoal and
fire wood operated heated oven bakeries
had on average of 5.5, 66.0, 125.3 and
188.719/kg respectively. Samples

collected from gus, charcoal and fire wood
operated bokeries had a wide spectrum of
PAHs, but concentration of individual
compounds varied to a considerable extent.

On ihe other hand residues of PAHs detected
in bread from electricity operated bakeries
hod a much smaller spectrum and
concentrations while high concentration of
higher molecular weight PAHs such as
benzo(a)pyrene and benzo(a)anthracene
were detected in fire wood and charcoal
operated bakeries. This moy indicate that
combustion gases emitted from fire wood
and charcoal during bread baking are the
major source of such high concentrations of
PAHs. However the presence of such heavy
PAHs residues in smaller concentration in
bread somples baked with electricity
operated bokery may reflect in the
ingredients. This finding would give some
support to the assumption that some part of
the residues detected in all samples are
cereal borne residues and not necessarily the
haking process especially in the case with
electricity bakery. Various studies have
indicated that wheat and maize flour contain

Electricity
0.2
0.2
0.3
0.0
44
04

appreciable levels of PAHs impinge on crop
during growing season.(15-17). Residues
of PAHs detected in oll bread samples in this
study ore much higher than residues
reported from Europeon countries. For
instance in England, Dennis et ol (18)
reported that the level of benzo{a)pyrene
was less than 0.1ug/kg in white flour and
similor amount was found in bread, while in
Canado, Lawrence and Webber (19) showed
that breakfast of wheat and corn product
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contained a range of 2.5-3.91g/kg PAHs.

Residues of lead and nickel detected from
bread samples collected from the various
method of heat generated oven bakeries are
shown on Table 2. Lead had the highest
concentration of 1243.8g/kg in fire wood

Cabrera et ol (20) reported thoi
atmospheric contamingtion, excessive use
of fertilizers and pesticides and irrigation
with residual water were among causes of
contamination of raw food stuffs. Table 1.
also indicates the estimated daily intake of

Table 2. Residue of lead and total PAHs detedied from different method of baking

Method of baking ~ Lead content ug/kg
Electricity 2246

Gas 1847

Charcoal 1006.9

Fire wood 12438

followed by charcoal with 100624g/kg while
gos and electricity had 784.7 and
224 61g/kg respeciively, this decreasing
order though in lesser amount was indicated
with nickel. The variation in the lead content
might be due to the baking process and smoke
emission rather than the atmospheric lead
during cereal growth or storage in open heaps
before baking.

Nickel ug/kg
37

15.6
348
78.8

fotal PAHs based on consumption of bread
boked with different methods,
benzo(a)pyrene, the most regulated PAH
compound by law in most countries has often
been meosured as an indicator of PAH level
in food stuffs. In this present study the
estimated infake of PAHs bosed on bread
consumpfion  with eledric oven only is
5.51g/kg per person per day, while that of

lead is 224.6ug/kg, however reports of
daily intake of benzo(a)pyrene from other
countries based on bread consumption vary
between0.12- 3.4ug/kg.

This study therefore suggest that some
special care should be taken in bakeries
using fire wood and charcoal os heat
generated ovens fo minimize bread
contamination with PAHs and heavy metals.
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