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In many developing countries, the internal food suppl-
ies emanate from two principal sources: the largely
illiterate food processors who use traditonal methods
of processing and marketing, and the modern usually
educated food processors, who use modern and scienti-~
fic methods.

Unlike their modern counterparts, the traditional food
processors' operations, usually, are not subjected to
close regulatory scrutiny. This leaves room for the
production and marketing of potentially unsafe foods.

Therefore, two Nigerian foods (gari - flour from Mani-
hot, and beef) processed and marketed using Nigerian
traditional methods, have been analyzed in the present
studies for some toxic and potentially toxic constitu-
ents shown in the Tables of results. There appears to
be limited or no reports on the toxicological aspects
of both foods examined in the studies.

MATERIALS AND METHODS

Yellow and white gari samples produced by using Niger-
ian traditional methods, and beef (from the thigh of a
cow) were purchased at different traditional markets
in Benin City, Nigeria. These were designated loca-
tionally as A, B, C, D and E, respectively.

Duplicate samples (250 g, each) of each of the beef
samples were stored in 3 separate 500-ml glass beakers,
for 24 h at ambient conditions (25+2°C, day temp.; 15
+ 39C, night temp).

The nitrate and nitrite contents were determined (Pea-
rson 1976), Moisture determination was by the AOAC
(1970) method. Qualitative screening for aflatoxin
was in accordance with the Uraih and Ogbadu (1980) me-
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thod. For sand content determination, 100ml distilled
water was added, with shaking, to 10 g red gari, in a

500-ml glass beaker which was later centrifuged for 25
min at 10,000 g in an HR-1, IEC centrifuge. The sand

particles were recovered at the bottom by careful de-

cantation of the upper layers of gari and water. The

recovered sand particles were dried at 100°C in an ov-
en and sand cotent expressed as percentage of the ori-
ginal wt. of gari sample.

Foreign matter, exclusive of sand, was quantified by
manually collecting all such matter from 10g gari sam-
ple, weighing the pooled collections and expressing
the results as percentages of the original wt. of sam-
ple.

The total plate counts of the gari and beef samples
were determined by standard methods (Frazier et al.
1968).

RESULTS AND DISCUSSION

The nitrate contents of all the white gari samples ex-
amined in these studies were markedly lower than the
corresponding values for the yellow type (Table 1).

Table 1. Nitrate and nitrite contents (averages of
duplicate determinations) of gari marketed
in Nigerian traditional markets.

Source and type of gari NO3 content NO, content

(g/g) (ng/g)
AY = Yellow gari, market A 29 .4 8.8
AW = VWhite gari, market A 16.8 7.5
BY = Yellow gari, market B 39.8 11.3
BW = White gari, market B 17.9 10.0
CY = Yellow gari, market C 23.1 12.5
CW = White gari, market C 19.9 6.3
DY = Yellow gari, market D 27.3 12.5
DW = White gari, market D 14.7 8.8

This was probably because of the greater susceptibili-
ty of the white gari to attack by nitrate - degrading
microbes. Possibly, the added oil was a source of ad-
ditional nitrate in the yellow gari. The higher nit-
rite contents of the various yellow gari samples than
those of the white type could also be due to this,
since nitrates are precursors of nitrites in foods.

554



The levels of nitrates and nitrites presented in Table
1 are much lower than those reported for canned baby
food. They are also much lower than the 200 mg/kg ni-
trite and 500 mg/kg nitrate allowed in pickled meat,
bacon and ham (Pearson 1976). The marked differences
in the respective levels of nitrates and nitrites det-
ected in the gari samples, even among samples of the
same type (i.e, vyellow or white) are reflective of
unstandardized processing and storage techniques by
the traditional food processors in Nigeria, varietal
and agronomic differences and differential rates of
uptakes from the soil by the cassava roots from which
the various gari samples were prepared.

An inverse relationship between the nitrate and nitri-
te contents of stored beef is observable in Table 2.
This suggests conversion of nitrate to nitrite in the
route of carcinogenic nitrosamine formation from nitr-
ates (Mirvish 1975).

Table 2., Nitrate and nitrite contents (averages of
duplicate determinations) of fresh and stor-
ed beef marketed in Nigerian traditional ma-

rkets
Nitrate content Nitrite content
Source (g/g) (ug/g)
Stored beef Stored beef
(24 h) (24 h)
Fresh beef Fresh beef
A 36.8 3.7 8.8 18.8
B 12.6 6.8 6.3 12.5
C 17.9 8.4 10.0 16.3
D 14.7 12.6 6.2 12.5
E 22.1 4.7 11.3 25.0

The conversion of nitrate to nitrite might be a purely
chemical process involving reducing agents such as
Hy,S, SO0y, sulfhydryl compounds present in the atmosph-
ere and food, or it might involve nitrate - reducing
microbes, as was likely in the stored beef whose plate
count increased markedly (Table 3).

The levels of nitrates and nitrites reported for the
fresh and stored beef in Table 2 are much lower than
the permitted levels in meat and meat products (Pears-
on 1976) apparently because, traditionally, meats are
not fortified with these potentially toxic but, never-
theless, important food additives, in Nigeria. This is
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probably true of other developing countries.

A high level of moisture in foods can promote the dev-
elopment of undesirable bacteria, yeast, mold and tox-
ins (Pitt 1975). The levels of moisture in the beef
are, therefore, consonant with the plate counts shown
in Table 3.

However, that the yellow gari with a moisture content
of 16.0% had a lower plate count than the white gari
which had a moisture content of 8%, suggests that moi-
sture may not be the sole determinant of microbial in-
fection of gari.

Table 3. Some toxicological parameters of beef and
gari marketed in Nigerian traditional mark-

ets.
Amount
Parameter Sample (Averages of, at least,
duplicate wvalues)
Fresh beef 78.4%
Moisture Yellow gari 16.0%
White gari 8.6%
Sand Red gari 0.02 - 0.03%
Foreign matter Red gari 0.03 - 0.06%
Fresh beef 79 x 104/g
Stored beef (24 h) 289 x 10%/g
Plate count Yellow gari 26 x 104/g
White gari 45 x 10%/g
Fresh and stored
beef Not detected
Aflatoxin Yellow gari "
White gari "

Direct transfer of microbes during haggling and deliv-
ery in the markets, may also be important.

The higher moisture content of the yellow gari probab-
ly can be ascribed to its greater surface hydrophobic-
ity and therefore greater moisture retention within
the gari grains.
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The generally high plate counts of the beef and gari
samples and the presence of sand and foreign matter,
some levels of which may be toxic, call for greater
sanitation in the traditional methods of food process-
ing, storage and marketing.

In view of the carcinogenicity of aflatoxins (Wogan
1976, Hcwarth and Wyatt 1976), it is desirable that
none was detected in the beef and gari samples examin-
ed in these studies.

REFERENCES

AOAC (1970) Official methods of analysis 11lth edn. As-
sociation of Official Analytical Chemists, Washington,
DC.

Frazier WC, Marth EH, Deibel RH (1968) Laboratory man-
ual for food microbiology 4th edn. Burgess Publ Co,
Minneapolis Minn.

Howarth B, Wyatt RD (1976) Effects of dietary aflatox-
in on fertility, hatchability and progeny performance
og broiler breeder hens. Appl Env Microbiol 31: 680-
684 .

Pearson D (1976) The chemical analysis of focd 7th edn.
Churchill Livingstone, London.

Pitt JI (1975) Xerophilic fungi and the spoilage of
foods of plant origin. In: Water relations of foods.
Academic Press, New York.

Mirvish SS (1975) Formation of N-nitroso compounds;
Chemical kinetics and in-vivo occurence. Toxicol
Appl Pharmacol 31: 325-351.

Uraih N, Ogbadu G (1980) Incidence of aflatoxin in Ni-
gerian Sorghum. Microbios 14: 29-31.

Wogan NG (1976) Undesirable or Potentially Undesirable
Constituents of Food. In: Fennema OR (ed) Principles
of Food Science, Part 1 Food Chemistry. Marcel Dekk-
er Inc, New York, p 515,

Received June 18, 1988; accepted July 20, 1988.

557



