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The total level of N-nitrosamine contamination of beer, tobacco products, dairy
products, meat products and food seasoning items (Bouillon cubes) was determined by
a colorimetric method. The dairy products presented the lowest level of nitrosamine
contamination (mean value 0.003mg/kg); while the bouillon cubes gave the highest
range of nitrosamine contamination (0.078-2.585mg/kg). The levels of nitrosamine in
the meat products, alcoholic beverages and tobacco products were between 0.001 and
1.972mg/kg; 0.008 and 0.019 mg/kg; and 0.004 and 0.023 mg/kg respectively.

KEY WORDS: Nitrosamine, contamination, consumer products, carcinogenicity,
mutagenicity, gas chromatography-mass spectrometry.

INTRODUCTION

During the past few years, there has been considerable interest in the
analysis of food for volatile N-nitrosamines because of the known
carcinogenicity and mutagenicity of these compounds.! Although the
early studies were mainly concerned with meat cured with nitrite,?
volatile N-nitrosamines have been detected in other foods such as
cheese and fish,>* in alcoholic beverages,”® and in various other
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aspects of the environment.””® In most of these and similar other
reports,’®*! the emphasis has been on the detection, identification
and quantification of volatile nitrosamines with relatively little
information on the non-volatile compounds. However the develop-
ment of Gas chromatography-Mass Spectrometry (GC-MS) and
Thermal Energy Analyser (TEA) linked with GC or High Perfor-
mance Liquid Chromatography (HPLC) analytical techniques
widened the range of N-nitroso compounds that could be studied
to include the less volatile nitrosamines.® 12

Although the TEA gave unambiguous results at relatively low
nitrosamine levels, the need to bhave a rapid reliabile screening
technique that could be used as quality control/evaluation method
where sophisticated analytical instrumentation is not available led to
the development of a colorimetric method® for determining the total
level of N-nitrosamine within the environment. This communication
reports on the survey of the level of nitrosamine contamination of
some Nigerian consumer products.

EXPERIMENTAL

Materials

The consumer products used for this survey: dairy products, alcoho-
lic beverages, tobacco products, meat products and bouillon cubes
were obtained from retail shops in and around Benin City. All the
reagents used were of analar grade.

Determination of N-nitroso compounds in the test
samples

The samples were analysed for N-nitroso compounds using the
method developed by Telling and Dunnett.® The underlying prin-
ciple of this method is the extraction of nitrosamines from the
sample, denitrosation of the nitrosamines and estimation of the
nitrite produced by a colorimetric method.

Between 5g and 20g of the sample was weighed into a 100cm?
conical flask; 500 mg ammonium sulphamate added and the mixture
stirred thoroughly. A 20cm? aqueous sodium chloride solution (20%,
w/v) was added and the mixture shaken for 15 minutes. The aqueous
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mixture was quantitatively transferred to a 300cm3 separating funnel
using 2 x Scm? aliquots of the sodium chloride solution to rinse the
flask. The solution was then extracted with 2 x 50cm® hexane and
the hexane layers discarded.

The aqueous phase was extracted with 3 x50cm?® ethyl acetate
and after each extraction, the organic phase was filtered through 20g
anhydrous sodium sulphate. The combined filtrates were concen-
trated to less than 0.5cm?® on a rotary evaporator using a water bath
at 50°C. The residue was made up to 1cm?® with glacial acetic acid
and transferred to a reaction tube, 0.5cm® of this mixture was
transferred to a second reaction tube (the control blank). A 0.2cm?
aliquot of denitrosation reagent (3% v/v HBr in glacial acetic acid)
was added to the test aliquot and the tube placed in a 50°C water
bath for 5 minutes. The control blank had 0.2cm? of distilled water
added to it. A 0.2cm?® sulphanilamide solution (0.2% w/v in HCI)
was added to each tube and the content mixed by shaking. After
5 minutes, 0.1cm® N—1 naphthyl reagent (0.1% w/v N—1 napthyl
ethylenediamine dihydrochloride) was added to each tube. The absor-
bance of the test sample was measured at 540nm against the con-
trol blank after 25 minutes. Using a sodium nitrite standard, the total
level of N-nitroso compounds in the test samples measured as nitro-
sodiethanolamine (NDELA) was calculated from the relationship.’

ugem ™3 of NaNO, from calibration graph y |: 1 y @] 100 _,
05 69

mass of sample (g) X418

RESULTS AND DISCUSSION

All of the brands (22) of lager beer analysed were contaminated by
N-nitrosamine (Table I). The mean nitrosamine contamination in the
beer samples was 0.008 mg/kg and the highest value obtained was
0.019mg/kg. The beer samples analysed were the pilsner type, and
the level of nitrosamine reported from this study are about the same
order of magnitude as, but are somewhat higher than the values
reported for similar products.>"’

The level of nitrosamine contamination of bouillon cubes ranged
from 0078 to 2.585mg/kg (Table I) with a mean value of
1.327mg/kg. Bouillon cubes are food seasoning items containing
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TABLE I

Levels of total N-nitroso compounds in some consumer products in
Nigeria.

N-nitroso compounds ~ Average NDELA

as NDELA? content
Products (mg/kg) mg/kg
Alcoholic beverages (22) 0.008-0.019 0.008
Boullion cubes (9) 0.078-2.585 1.327
Tobacco products (13) 0.004-0.034 0.017
Dairy products (16) 0.001-0.006 0.003
Meat products (4) 0.001-1.972 —

Number of brands analysed in brackets.
*Average of duplicate absorbance measurement on each sample (brand) was used to calculate the
level of nitrosamine in the product.

meat extracts, salts, colourings, flavouring agent and preservatives.
The innate chemical composition of the constituents of these season-
ing items, and/or the chemical interaction of these constituents with
one another and with the environment could be responsible for the
relatively high levels of nitrosamine content of these products.
Boullion cubes are sold in two sizes: 4 g and 10 g cubes. Because they
are added to foods in relatively small quantities, it would seem from
the levels of nitrosamine contamination reported from this study that
the risk of nitrosamine induced cancer from the consumption of
boullion cubes would be low.

The level of nitrosamine contamination of the tobacco products
ranged from 0.004 to 0.034 mg/kg with a mean value of 0.017mg/kg
(Table I). Of the 5 types of tobacco products examined, tobacco leaf
gave the lowest NDELA value of 0.004 mg/kg, while tobacco snuff
gave the highest value (0.034 mg/kg). The mean values for cigarettes,
cigars and pipe tobacco are 0.015mg/kg, 0.021mg/kg and
0.023 mg/kg respectively. The observed difference between NDELA
levels in tobacco leaf and the tobacco product leads to the sugges-
tion that tobacco processing additives could contain nitrosamine
precursors and that tobacco processing could accentuate the nitro-
sation reaction. Although the tobacco products showed fairly high
levels of nitrosamine contamination, it is unlikely that the risk of
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nitrosamine induced cancer from the consumption of tobacco pro-
ducts (except for tobacco snuff that is taken internally) whould be
high.

The dairy products examined showed the lowest range of nitro-
samine contamination (0.001-0.006 mg/kg) (Table I). Of the 16
samples analysed, nitrosamine was not detected in 7 samples (44%);
8 samples contained less than 0.002mg/kg; only 1 sample of ice
cream gave fairly high level (0.006 mg/kg) of nitrosamine. All of the
infant food formulae and 3 powdered milk samples showed no
detectable levels of nitrosamine. The relatively low levels of nitro-
samine contamination of dairy products may be due to the ascorbic
acid usually added to milk products as antioxidant. It is generally
well known that the presence of ascorbic acid suppresses nitrosation
reactions leading to low levels of N-nitrosamine.'3

The level of nitrosamine contamination of the meat products
analysed ranged from 0.001 to 1.972mg/kg. One sample of the meat
products, Suya,f contained relatively high levels of nitrosamine
(1.972 mg/kg), while the levels in other meat products varied from
0.001 mg/kg to 0.002mg/kg. In order to establish the contribution of
the various constituents to the level of nitrosamine in suya, analyses
were carried out on the (i) spices; (ii) raw beef; (iii) beef coated with
the spices (pregrilled suya); (iv) hot suya; and (v) suya left for various
periods of time. The results (Table II), show that all the ingredients
for preparing suya contain fairly high levels of nitrosamine. The
nitrosamine content of the pre-grilled suya (1.779 mg/kg) is some-
what higher than the sum of the levels in the ingredients
(1.384 mg/kgj; indicating a possible chemical interaction between the
constituents of the ingredients, leading to the increase in the
nitrosamine level. The level of nitrosamine of the meat product
dropped significantly on cooking (1.051 mg/kg) and then gradually
increased for 18 hours to 2.018mg/kg. Suya has been shown to
contain a wide range of bacteria flora,'* and it is thought that
bacterial accentuated nitrosation reactions would lead to the high
levels of nitrosamine in the cold meat products.

tSuya is prepared by coating meat (usually beef) with spices (brown and red
pepper, groundnut cake, palm oil and salt) and then roasted around a glowing fire.
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TABLE 1I
Contamination of suya by trace amounts of N-nitrosamine.

Total nitrosamine
(as NDELA) content®

Suya ingredients mg/kg
Raw meat (beef) 0311
Mixed spices 1.073
Suya (pre-grilling) 1.779
Grilled suya (0.00 hours) 1.051
Grilled suya after 6 hours 1.646
Grilled suya after 12 hours 1.754
Grilled suya after 18 hours 2018
Grilled suya after 24 hours 2.019

*Average of duplicate absorbance measurement on each sample was used to
calculate the level of nitrosamine in the products.
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