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Abstract

most effect is observed in Alzheimer's disease. The

interaction between food and metal pan can be a potential
source of aluminum pollution. Recently, silicon cups are used as
healthy and safe cups in baking cakes instead of aluminum cups. In
this study, aluminum and silicon levels were determined at three
types of cake (orange cake, milk cake and control cake). The cake
samples were baked in aluminum cup, aluminum foil cup and
silicon cup. The aluminum content increased with prolonged
storage time of cake in all types of cups. The level of aluminum
was (6.4- 12.17, 7.04- 14.47 and 9.02- 15.47 mg/kg) in cake
baked in aluminum foil cup after zero time, 10 and 20 day of
storage respectively that followed by the level of aluminum in cake
in metallic aluminum cup after zero time, 10 and 20 days of
storage (3.4-4.3,3.57-5.6 and 8.06 -13.43 mg/kg) respectively. On
the other hand the silicon level showed little increasing during
storage time and ranged from 5-10, 7.3 -17.67 and 8.33-19 mg/ kg
at zero time, 10 days and 20 days respectively in all samples. The
minimum level of silicone was 5 mg/kg in control cake at zero time.
The results clearly indicate that the use of aluminum foil cups for
baking contributes significantly to the daily intake of aluminum
through the baked cakes. According to the World Health
Organization (WHO), the obtained aluminum values considered to
be unacceptable. Finally, excessive consumption of aluminum has
an extreme health risk effects.

INTRODUCTION

! luminum toxicity is well recognized in some diseases, the

Aluminum is a factor in the development of serious brain disorders like Alzheimer
disease as a result of abnormal accumulation of aluminum within neurons that derived
from patients suffering from such diseases. Also aluminum associated with the
mobilization of bone phosphate and complication in dialysis dementia and some forms
of sclerosis (Julia et al., 2012).

Aluminum reduces the growth rate of human brain cells. Growth rate decrease
becomes more pronounced at higher aluminum concentration. Aluminum is found to
migrate out from the foil in different stimulants; particularly in distilled water as well
as acidic and alkaline media. Migration of aluminum is found significantly higher in

acidic and aqueous media in comparison to alcoholic and saline media. Higher
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temperature conditions also enhance the rate of migration of aluminum in acidic and
aqueous media. Also, aluminum sulfate is widely used in the tap water filtration
process. Aluminum intake from water is very small; yet some studies state that the
human body can easily absorb aluminum when found in water (Diamond, 2005)

Aluminium is present in foods naturally or from the use of aluminium -containing
food additives. The use of aluminium cookware, utensils, and wrappings can increase
the amount of aluminium in food; however, the magnitude of this increase is generally
not of practical importance. Foods naturally high in aluminium include potatoes,
spinach, and tea. Processed dairy products, flour, and infant formula may be high in
aluminium if they contain aluminium- based food additives (WHO, 1997).

In general, food-packaging interactions can be divided into these groups,
« Migration: the transfer of packaging components into food
 Sorption: the transfer of food components to the packaging
* Permeation: the transfer of components through the packaging in either direction
Sorption can also be called negative migration

Nowadays, it is a common practice to use silicone cup as healthy and safety pans
in baking cake instead of aluminum cups. Silicones as one of the most tested
biomaterials, silicones are increasingly used in healthcare and medical applications for
their biocompatibility and high performance physical properties. Biocompatibility,
hypoallergenic, strength and durability, flexibility bacterial resistance, sterilisability,
realistic skin feel stability lubricity and phthalate -free Silicone products for healthcare
and medical applications. Robberecht et al., (2009).

Silicon is a trace element for humans, and is absorbed from food in the form of
orthosilicic acid. Numerous studies have indicated the important role of silicon for
animals and humans. It may positively influence skin and bone structure, increase hair
and nail strength and reduce the risk of atherosclerosis, however its essentiality has
not been established yet (EFSA, 2004 and Pemaco —Photos, 2009).

Silicon has been shown to stimulate collagen type I synthe-sis and bone
mineralization (Seaborn and Nielsen, 2002).

Typical dietary intake of silicon is 20-50 mg/day (EFSA, 2004).
There are no recommendations for daily silicon allowance. However Robberecht et al.,
(2009) proposed a minimum daily silicon level in the diet within the range of 10-25
mg/day, based on studies on intake and absorption in humans.

The aim of this research is to detect migration levels of aluminum from metallic
aluminum cups and aluminum foil cups in order to evaluate the intake of aluminum in
different cake samples during storage in pans to avoid excessive consumption of

aluminum. In addition to practice utilizing silicone cup instead of aluminum cups.
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MATERIALS AND METHODS
Materials:
-Metallic aluminum cups are made of aluminum oxide is dissolved in a molten salt
(cryolite-Nas, AlFs) at temperature 900-1000 C
-Aluminum foil cup is made up of aluminum alloy which is made up of 92-99 %
aluminum. It has a thin layer of aluminum oxide to protect it from corrosion.
- Silicone cup flexible, eco-friendly, easy-release, non stick cup. Silicon cup is PVC and
phthalate free, and is made from the highest performance, 100% pure food —grade
silicone meeting US, FDA and European food safety standards.
-All types of cup cake (metallic aluminum, aluminum foil and silicone) were purchased
from local market in Giza.
-Wheat flour 72 % extraction was obtained from the South Cairo Mill, Company,
Egypt.
-Corn oil, eggs, skimmed dry milk, baking powder, salt, sugar, orange fruit and vanilla
were purchased from local market in Giza, Egypt.
Methods:
-Preparation of cup cake:
Cup cakes were prepared according to the method described by (Doweidar, 2001). As
follows:
100gm wheat flour, 2.3 gm salt, 60 gm sugar, 20 gm corn oil, 4.5 gm baking powder,
10 gm skimmed dry milk, 25 gm fresh whole eggs, 1 gm vanilla, water as required in
control cake but orange juice and milk were used instead of water in others samples.
Samples were divided to 3 parts, first part without milk or orange juice (control),
second part with milk and third part with orange juice.

All dry ingredients were mixed and transferred to mixing machine, eggs were
beaten by a whip and vanilla was added to the beaten eggs, corn oil was added to
egg-vanilla mixture gradually with well beaten at low speed for 5 min., sugar was
added with well beaten at low speed for 5 min. and dry ingredients was added to the
mixture gradually and the mixture mixed at low speed for 5 min., scrape down then at
medium speed for 2 min., fifty grams of cake dough were scaled into greased cup
cake (aluminum cup, aluminum foil cup and silicon cup The cake was baked for 25
min. at 180° C the cup cake was allowed to cool 30 min. in the cup and stored in the
same baked cup for 10 days and 20 days.

-All cup cake were dried at 50 °C in air oven, then milled for analysis.
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Chemical analysis
Moisture, fat, ash, crude fiber crude protein (N x5.7) and pH
were determined according to AOAC (2005).
-Total carbohydrate was calculated by difference, 100-(protein +fat +ash).
-Determination of aluminum:
Aluminum was determined according to the method of
Smeyers-Verbeke and Verbeelen (1985) as follow:
Apparatus:
An atomic absorption spectrophotometer (Perkin-Elmer Zeeman 3030) was used with
a hydride generator (Perkin -Elmer MHS-10) and an 11-Ma Hallow cathode Lamp, at a
slit width of 2.0 m.
Reagents:
All solutions were prepared with ultra pure water obtained by
filtering double -distilled water immediately before use. The standerd solution of
aluminum (Merck analytical grade) was used at a concentration of 100ng/ml HNO3
(65 %) HCL (37 %) and HCLO4 (65 %)
Procedure:
Amounts of 300 mg of dried and homogenized samples were
treated with 5.0 ml concentrated HNO3 and heated at 80C for 1 hr. another 5.0 ml
mixture of HNO3 and HCLO4 mixture (4:1 v/v) were added and heating continued an
additional 3 hr. until, the sample was completely mineralized After cooling the solution
was diluted to a 15 ml a (1.9 % v/v) HCL solution. An aliquot of the produced solution
was used for the determination of aluminum.
-Determination of silicon
Silicon was determined as insoluble ash in HCL according to AOAC (2005).
Statistical analysis

Means of data obtained for samples were analyzed using
Duncan’s multiple range test to identify significant differences at the 0.05 probability
(p < 0.05) using the Statistical Analysis System (SAS, 1999).

RESULTS AND DISCUSSION

Chemical composition of cake samples

Concerning chemical composition of baked cake the results in

Table (1) showed that, the highest value of protein (9.11%).Fat (11.01 %) and ash
(3.11 %) was found in milk cake. fat content was similar in control and orange cakes
(10.6 %). The highest value of fiber and carbohydrates was found in control cake
(0.63 and 77.98%) respectively.
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Table 1. chemical composition (%) of produced cake (on dry basis).
Sample Protein Fat Ash Fiber Carbohydrates
Control cake 8.51°+0.01 | 10.60° £0.10 | 2.91°+0.01 | 0.63°+0.00 | 77.98°+0.01
Milk cake 9.11°+0.10 | 11.01° £0.01 | 3.11°+0.10 | 0.62°+0.00 | 76.77° +£0.01
Orange cake 8.50°+0.10 | 10.60° +£0.10 2.99°+0.10 0.61°+0.00 77.91° £0.10

Values followed by the same letters within the same column were not significantly differences
* Means of triplicate + SD.
Aluminum content of cake samples:

Regarding aluminum content of cake samples the data In Table (2) indicated that
aluminum content in control cake, milk cake and orange cake increased during
storage especially in orange cake which gave the highest content of aluminum during
storage, these results due to that orange juice used in the processing of orange cake.
These results agreed with (Onianwa et al., 1997) who reported that the total acidity of
orange juice causes the transportation of aluminum from the processing tools and
storage cans to the content of the cans. For example, the aluminum content of orange
cake baked in aluminum cup was 4.3, 5.6 and 13.43 mg/kg zero time, 10 days, 20
days respectively.

Moreover, the minimum aluminum content was 3.4, 4.98 and 10.01 mg/kg in milk
cake at zero time, 10 days and 20 days respectively. The data showed the aluminum
content in cake (control cake, milk cake and orange cake which baked in aluminum
foil cup (the commercial type of cups). The aluminum level ranged from 6.40 to 15.47
mg/ kg during the experiment. The highest level of aluminum was found in orange
cake and was increased by extension of the storage time. We can find that, the
aluminum content in cake samples baked in aluminum cups in Table (2) were lower
compared to that cake samples which baked in aluminum foil cups. i.e. aluminum
content at zero time ranged from 3.40 to 4.30 mg/kg when cake samples baked in
aluminum cup, but the same treatments with cake ranged from 6.40 to 9.02 mg\kg
when cake samples baked in aluminum foil cups. The aluminum was increased by
extension of the storage time, it may be due to increase of cake acidity as shown in
Table (3).

Adult dietary intakes of aluminium (mg/day) have been reported in several
Australia (1.9-2.4), Finland (6.7), Germany (8-11), Japan (4.5),
Netherlands (3.1), Sweden (13), Switzerland (4.4), United Kingdom (3.9), and USA
(7.1-8.2). Intake of children 5-8 years old was 0.8 mg/day in Germany and 6.5

countries:

mg/day in the USA. Infant intakes of aluminium in Canada, the United Kingdom, and
the USA ranged from 0.03 to 0.7 mg/ day (WHO, 1997). According to generally
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accepted standards, aluminium concentration of cake, muffin such products as a rule
should be below 10 mg/ kg. This can be readily achieves since migration is technically
avoidable by Teflon coating or the use of baking paper (Stahl et al., 2011).

The concentration of aluminum increased up to 21.59-26.71 mg/ kg body weight

may be unsafe for consumption for children of lower age as per WHO recommended
tolerable limit (1mg/kg bodyweight/day) (FAO/WHO, 1989)
Oral intake of foodstuffs would appear to be the most important source of aluminium.
Consequently, the joint FAO/WHO Expert Committee on Food Additives reduced the
provisional tolerable weekly intake value for aluminium from 7 mg/kg body
weight/week to 1 mg/kg body weight/week in order to evaluate the nutritional intake
of aluminum. Aluminum cookware, apart from other sources of dietary aluminum, is
considered to be a potential source of this metal to human beings.

It could be recommended that there are certain materials that are widely used in
bakeries and bake ware that are not fully safe to use. Therefore we advise to use
equipments are less reactive with our type of foods, silicone cup showed health
impact according to current data as compered by using a particular baking container
such as aluminum foil. So that do not recommended for baking or storage of food
particularly acidic ones. Finally, health impact of food contaminated with this metal is
Alzheimer's disease or in general neurons and kidney faller.

Table 2. Aluminum content in cake baked in metallic aluminum cup and aluminum foil

cup (mg/ kg) on dry weight basis.*

Sample Metallic aluminum pan Aluminum foil pan

Zero time 10 days 20 days Zero time 10 days 20 days
Control cake 3.4040.0.10° 3.75£0.10° 8.06+0.0.02¢ 6.40£0.03° | 7.04+0.03¢ 9.0240.3¢
milk cake 3.40£0.10° 4.98+0.01° 10.010.0.02° 9.0740.09° 11.300.04° 12.0240.1°
orange cake 4.30£0.30° 5.60£0.20° 13.43£0.45° 12.1740.02° | 14.4740.2° 15.47+0.45°

Values followed by the same letters within the same column were not significantly differences
* Means of triplicate + SD.

Moisture content and pH value of cake baked in aluminum cup. Respect
moisture content and pH value of cake baked in aluminum cup at zero time and
during storage period are presented in Table (3) the results showed that The moisture
content decreased during storage in all samples as a result of cake staling. Moreover,
the pH value in orange cake (6.28) was lower than that in control (9.01 ) and milk
cake (7.84 ) at zero time these results agreed with Hussein et al., (2011). Jagannatha
and Murthy (1990) and Lopez et al., (2002) who found that low pH and temperature
enhance the migrating of aluminum from low quality utensils e.g. Al-Pb alloy compare

with the high quality utensils e.g. Al-Mn alloy that made from other materials.
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Table 3. Moisture content and pH value of cake baked in metallic aluminum and

aluminum foil cup during storage*

Zero time 10 days 20 days
Sample - - A

pH Moisture pH Moisture pH Moisture
Controlcake | 9.01+0.04° | 14.61+0.1® 8.99+0.21% | 10.22+0.51° | 8.05+0.04° | 6.41+0.59°
milk cake 7.84+0.16° | 15.33+0.68% | 7.2+0.3° 13.44+0.56° | 7.04+0.04° | 10.91+0.09*
orange cake | 6.28+0,52° | 14.01+0.99° | 5.47+0.28° | 10.91+0.09° | 6.07+0.02¢ | 8.55+0.45°

Values followed by the same letters within the same column were not significantly differences
* Means of triplicate + SD.

Silicon content of cake samples In relation to the Silicon content of cake samples
the obtained data in Table (4) revealed that the maximum content of silicon in orange
cake (10 mg/100gm) at zero time and it almost had little increasing by prolonged
storage, then milk cake (10 mg/100gm) then control cake (5mg/100 gm) because of
the content of silicon in raw materials, these values were almost stable by increasing
the storage. However Robberecht et al., (2009) proposed a minimum daily silicon level
in the diet within the range of 10-25 mg/day, based on studies on intake and
absorption in humans. While, typical dietary intake of silicon is 2050 mg/day (EFSA,
2004).

Table 4. Silicon level in cake samples (mg/100gm).

Sample Silicon mg/100gm

Zero time 10 days 20 days
Control cake 5.00+1.00° 7.30+0.57 ¢ 8.33+1.15¢
Milk cake 10.00£1.002 12.67+1.50° 14.00+0.00°
Orange cake 10.00+4.41° 17.67+£1.50° 19.00 £1.00°

Values followed by the same letters within the same column were not significantly differences

* Means of triplicate + SD.

Moisture content and pH value in cake baked in silicon cup

Moisture content and pH value of cake baked in silicone cup during storage. As
concerns moisture content and pH value of cake baked in silicone cup during storage
the data in Table (5) declared that the pH and moisture content of cake samples at
zero time and during storage period. The moisture content decreased during storage
in all samples. Furthermore, the pH value was the highest value in control one (7.29)
at zero time and it decreased with prolonged storage, then milk cake was (7.13) at
zero time. The lowest value of PH was found in orange cake (6.82) at zero time, after
10 days (5.84) and after 20 days (6.12)
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Table 5. Moisture content and pH value of cake baked in silicon cup during storage.*

Sample Zero time 10 days 20 days

Moisture% PH Moisture% PH Moisture% PH
Control cake 14.70+£0.30 ® 7.29£0.21° 10.3440.66 ° 7.98£0.27° 6.51+0.49° 8.95+0.2°2
Milk cake 15.11£0.29°¢ 7.13£0.27 ® 13.34£0.7 2 8.12£0.13° 10.30£0.7 2 7.65£0.25°
Orange cake 13.87£0.31° 6.82+0.08 ° 9.51+0.5° 5.84+0.04° | 6.01£0.99° 6.12+0.28 ¢

Values followed by the same letters within the same column were not significantly differences
Values are mean + standard deviation.

1-

2-

CONCLUSION

Aluminum migration from aluminum foil to the cake is considered to be one of
the reasons to accumulate the metal inside the human body especially from
aluminum foil cup that may become areasonable agent to Alzheimer's disease or
any other unknown serious diseases. Aluminum foil may be used in covering food
not for baking or heat treatment. On the other hand, silicone cup can be used
instead of aluminum cups in cake baking as safe option

The study concluded that the cake should removed from aluminum foil after
baking directly and not stored in it.

3- FAO/WHO (2011) announced acceptable daily intake from aluminum (0 to 0.6 mg

Al/kg/bw/day).
Al/kg/bw/week)

And provisional tolerable weekly intake (0 to 7 mg
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