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ABSTRACT

A total of 60 samples of infant formulas include (ready to use and powdered milk based
formulas), infant milk and condensed milk (15 samples each), were collected randomly from
Zagazig City supermarkets and pharmacies. The collected samples were analyzed for detection
of aluminum, tin, copper and manganese using Atomic Absorption Spectrophotometer. The
average of aluminum in ready to use milk based formulas, powdered milk based formulas, infant
milk and condensed milk were 2.87 * 0.08, 1.5+0.02, 2.16£0.16 and 0.11+£0.01 (ppm)
respectively. On the other hand, the mean values of tin in ready to use milk based formulas,
powdered milk based formulas, infant milk and condensed milk were 0.89+0.30, 0.42+0.10,
1.8+0.16 and 1.344:0.41 (ppm) respectively, Meanwhile, the average of copper in ready to use
milk based formulas, powdered milk based formulas, infant milk and condensed milk were
0.58+0.23, 2.90+0.75, 0.72+0.02 and 0.19+0.02 (ppm) respectively. Manganese levels in all
examined samples were high in comparison with the permissible limits. The public health hazard
and sources of contamination by heavy metals (AL and Sn), and the changes in essential

elements {Cu and Mn) were discussed.

INTRODUCTION

We have recently become more and more
aware to the problems of the pollution. Both
government and industries have begun to take
steps to avert further deterioration of our
surrounding environment. However, the
situation is already so grave, particularly on
the local level that the controllable measures
for pollution might not show any positive
effects in the near future. The pollution in air,
soil and water has been become serious matter,
since the pollutants found their way into the
food chain and reached to the body resulting in
harmful effects (I).

Environmental pollutants play an important
role in development of several diseases in
human being specially in children, where they
are more sensitive to pollution. Heavy metals
are among the most dangerous forms of
pollutant that may contaminate a food source
by leaching process between food and its
container (2).

Furthermore, residues of heavy metals in
food have a role in animal and human health,

so they are important and interesting to
distinguish between the harmfu! effect on
health due to trace amount present in food and
perimssible limits or nutritional requirements
of these element known to be essential to
human and animal life (3). In contrast, the
presence of these metallic elements at a higher
rate to be able to induce either some cellular
disturbances or clinical manifestation (4,5,6).

The toxic metals which considered of major
interest in food safety are aluminum and tin.
These metals are of recognized toxicity and
their presence in food at significant
concentrations is a potential health hazard.
Copper and manganese are considered as
nutrients and are essential in biological
procese as activator of certain enzymes or
indirectly as essential components of vitamins
or hormones, and when they are given in
excess amount, they become toxic (7).

Aluminum toxicity is well recognized as an
common factor in many clinical disorders, the
most prominent being Alzheimer’s disease (8).
It is also associated with the metabolism of
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bone phosphate (9} and complications in
dialysis dementia and some forms of sclerosis
(10). The toxic effects are serious in infants
because the immature gastrointestinal tract of
an infant may be more permeable to aluminum
than that of an adult (71).

High level of tin in food can cause acute
poisoning and the fatal toxic dose for human
being 5-7 mg / kg / body weight, also the
chronic tin poisoning manifested in growth
retardation, anemia, histopathological change
in liver and influence iron absorption and
hemoglobin formation. However dietary tin
has been shown to interfere with the
metabolism of certain elements (12).

Manganese is one of certain chemicals that
are capable of causing permentant brain
damage and chronic manganese has been
reported among manganese miners in Latin
America, the effect is similar to idiopathic or
post encephalitic parckinsonism (13).

Copper occurs in foods in many chemical
forms and combinations which affect its
availability to the animal. Repeated copper
exposures has been associated with haemolytic
anemia ({4). The dairy products, white sugar
and honey are considered the poorest sources
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of copper, which rarely contain more than 0.5
ppm (15).

Because of greater sensitivity of young
children to toxic substances present in the diet
and their primary dependence on this item in
their diets, this study was under taken to throw
light on the level of some heavy metals and
essential elements in baby food and to evaluate
their hygienic condition.

MATERIAL AND METHODS

Collection of samples

Sixty samples of infant formulas include
(ready to use and powdered milk based
formulas), infant milk and condensed milk (15
samples each) were collected randomly from
Zagazig city supermarkets and pharmacies,
Egypt and transferred to the laboratory in their
packages.

Estimation of metals

The level of aluminum, tin, copper and
manganese were estimated using atomic
absorption spectrophotometer AAS. The
absorption and concentration were recorded
directly from the -digital scale of AAS.
Standard procedures were used to estimate
aluminum, copper, manganese and tin in the
examined samples (16).

RESULTS
Table 1. The level of heavy metals and trace clements in examined samples (ppm).
AL Sn’ Cu Mn
Metal
Product Min | Max |Mean £S.E | Min | Max |Mean +5.E| Min |Max | Mean £S.E | Min [Max | Mean +S.E
M.B.F* ready to use 0.38 | 3.52 | 2.87+0.08 [ 0.07 | 2.10 | 0.89+0.30 |0.13[1.53 | 0.58+0.23 10.02/0.18} 0.09+0.07
M.B.F. powdered 0.10 | 2.00 | 1.50+£0.02 1 0.20 ) 0.73 | 0.42+£0.10 [0.27|4.72| 2.90+0.75 |0.43|3.13| 1.90+0.69
Infant milk 093 | 4.02 | 2.1620.16 | 0.16 | 2.30 | 1.80x0.16 |0.20| 1.50| 0.72+0.02 [0.35]|1.05| 0.510.05
Condensed milk 0.02 | 030 0.112£0.01 {046 (2.80 | 134041 {0.07 [0.45}| 0.19:0.02 0.04;0.20} 0.08+0.01

* M.B.F. = Milk based formuia
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Table 2. Frequency distribution of heavy metals and trace elements in examined samples.

M.B.F** ready to use M.B.F powdered Infant milk. Condensed milk
Metal (=15 (n =15) _(n=15) (n=15)
P.L.* (PPMY Within P.L]| Over P.L, | Within P.L.[ Over P.L. |Within P.L.{ Over P.L. | Within P.L] Over P.L
No. | % [ No.| % |No.| % |No.| % |No.| % (No.| % |No.| % {No.| %
AL 0.06 6 {40 ] 9 be6o| 5 (3331 106 (667 4 (267 11 {733} 5 |33.3] 10 |66.7
Sn <0.2® 5 1333110 [667] 8 |533| 7 las7| 2 (133] 13 1867 3 [ 20| 12 | 80
Cu 01509 | 6 (40| 9 y60 | 3 {201 1218 | 5 |333| 10667 6 |40 | 9 | 60
|
Mn [0.04-0.07®) 4 [267| 11 |733] 6 |40 | 9 |60 | 6 | 40 | 9 | 60 | 3 [ 20|12 80
a:(17) b:(18) «c: (19 d:(20) *P.L=Permissible limit ** M.B.F = Milk based formula

Table 3. Comparison of acceptable daily infake (ADI) value of heavy metals and trace
elements with the calculated daily intake from examined samples.

Mean concentration of metal mg/L in Calculated daily intake of metals f(l;(;m consumption of 100
© _gm/per day
ADI™ M.B.F* ready to . s
Metals |mg/70 kg /| MB.F* | MBF ptant | Conden use B.F powder Infant milk |Condensed milk
person | readyto | powd- milk | sed milk pg/day pg/day pg/day pg/day
use ered / % / % f Ya / Yo
person erson nerson person
AL 12 2.87 1.50 216 0.1 0287 | 240 | 0.150 ) 1.25 (0216 L8 |0.011{ 0.09
Sn 3 0.89 0.42 1.80 134 |0.089( 297 |0.042( 14 | 0.I8 6 0.134) 447
Cu 35 0.58 290 0.72 0.19 {0058 0.17 | 0.29 | 0.83 | 0.072 | 0.205 | 0.019 | 0.05
Mn 5 0.69 1.90 0.51 0.08 10.009] 0.18 (0.190) 3.8 | 0.051 | 1.02 [0.008 | 0.16
a: (21) b: (22) ** M.B.F = Milk based formula
DISCUSSION 1.50+£0.02, 2.16£0.16 and 0.11%0.01 ppm

During the last years, great deals of
environmental researchers are directed towards
environmental pollution with heavy metals
which are persistent contaminants in the
environment and come to the forefront of
dangerous substance causing serious hazard in
both animal and human. Industrial and
agricultural use of heavy metals and their
compounds resulted in environmental
pollution and presence of metal residues in all
levels of food chain (23).

The obtained results recorded in table
(1) revealed that the mean concentration of
aluminum in ready to use milk based formulas,
powdered milk based formulas, infant milk
and condensed milk were 2.87+0.08,

respectively.

The highest aluminum level was
detected in ready to use milk based formula
followed by infant milk, these result in
comparison with permissible limit in infant
formulas and milk (0.05 and 0.5 ppm
respectively as stated by (I7) were higher in
ready to use milk based formulas and infant
milk but within the normal level in powdered
milk based formulas and condensed milk.

The ready to use milk based formulas,
powdered milk based formulas and condensed
milk contained 0.18, 1.37 and 0.08 pg/gm of
aluminum (24) which was lowered than that
obtained in our study while lowering
aluminum level in infant milk was reported by

(25).
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From the previously mentioned results it
can be concluded that aluminum was detected
with high level in examined samples which
may be attributed to general possibilities of
extensive use of aluminum from saucepan or
food packing into food stuffs, as will as
drinking water. Electrochemical erosion when
food are left in contact with aluminum vessels
for long periods, the acidic and salty foods can
increase the concentrations of complexing ions
(26).

The obtained results revealed that the
mean concentration of tin in ready to use milk
based formulas, powdered milk based
formulas, infant milk and condensed milk
were 0.89+0.30, 0.42+0.10, 1.8+0.16 and
1.34+0.41 ppm respectively. Highest tin level
detected in infant milk followed by condensed
milk. The obtained resuits were nearly similar
to that reported by (24, 25).

The maximum permissible limit of tin
reported by (18) was <0.2 mg/kg. The high
level of tin may be due to the nature of tinned
cans manufacture (their composition tin
98.8%) capable of participating in
electrochemical transformation (27).

Tin toxicity has been extensively
investigated, especially in small quantities in
experimental animals. High level of tin in food
can cause acute poisoning. However, there
appear to be considerable individual variation
in response to dose of tin (12).

The copper levels in the present study
were 0.58+0.23, 2.9040.75, 0.7240.02 and
0.19£0.02 in the ready to use milk based
formula, powdered milk based formulas, infant
milk and condensed milk respectively. These
findings were lowered than that reported by
(28) and considerably didn’t differ from that of
(24). While low copper levels were recorded
by (29). |

The maximum permissible limits of
copper in milk and dairy products ranged from
0.1 to 5.0 mg/kg, the high level in powdered
milk based formulas may be due to
supplemental copper as cow’s milk low in
copper (19).
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Copper is an essential element having
roles in formation of erythrocyte, release of
tissue iron and development of bones, CNS
and connective tissues. Moreover, it is an
important constituents of different enzyme
system in both man and animals. The major
sources of copper in the diet are cereals, fruit
and vegetables while milk contains little
copper, usually less than 0.1 mg / kg (30).
Copper in high concentration is poisonous to
both man and animals (31).

- Our result revealed that the mean values
for manganese were 0.09+0.07, 1.90+0.69,
0.51+0.05 and 0.082+0.01 in ready to use milk
based formulas, powdered milk based
formulas, infant milk and condensed milk
respectively.

Nearly similar results, were obtained by
(24) in milk based formulas and condensed
milk while high manganese level in infant
milk was cited (32). High manganese levels
were obtained in our study in comparison with
the permissible limit of manganese (0.04-0.07

ppm) (20).

Manganese in human milk is found mostly
in the whey whereas in cow’s milk it is present
primarily in the casein fraction (33).

Manganese can be found in dairy
products in different concentrations, where its
value in cow’s milk ranged from 10 to 50
mg/I.(34). Manganese is important in human
nutrition and metabolism, but human milk is
poor source of manganese.

CONCLUSION

As the heavy metals are considered the
main toxic by-products causing serious health
hazard to human and animal populations
through progressive irreversible accumulation
in their bodies as a result of repeated
consumption of small amounts of these
elements. In order to avoid possible toxic
injuries in human, specially infants and
children, industry should certainly pay more
attention both in supplying and in
technological management of milk and its
products.
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