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تقدير نسبة بقايا عنصر الألومنيوم فى اللحوم المطهية فى أوعية الألومنيوم 
 

عزة على حسين التابعى 
 

 المطهٌة فى اوانى اللحوم الطازجة واللحومفً دراسة لتحدٌد مستوي بقاٌا الالومنٌوم فً 
 اللحوم الطازجة والمطهٌة مع بعض عٌنة من70 فً الألومنٌومقٌاس مستوي تم  الألومنٌوم

 ، اللحومالمطهٌة بدون اضافاتاللحوم   الطازجة ،اللحوممن  من كل عٌنات 10 بواقعالاضافات 
ل الاضافات كباضافة  كل علً حدة والبهاراتو ،الملحو ،البصلو ،باضافة الطماطم المطهٌة

، وبلغ % 100اظهرت النتائج أن نسبة وجود بقاٌا الألومنٌوم فً العٌنات كانت و .السابقة معا
فى اللحوم فكان لألومنٌوم فى اللحوم المطهٌة مع كل الاضافات اما اقل تركٌز اعلً تركٌز ل

  الطازجة ،متوسط تركٌز الألومنٌوم فً اللحوموكان . المطهٌة بالغلى فى الماء بدون اى اضافات
  البهارات، الملح، البصل،الطماطمكل من باضافة   المطهٌة، الللحومالمطهٌة بدون اضافاتاللحوم 

 20.44  ،8.25± 16.91 ، 3.71± 8.89السابقة معا ل الاضافات كباضافة كل علً حدة، و
 20.29 ±24.93       و7.61 ± 24.77 ، 10.52 ± 20.29 ، 15.55 ± 19.74 ، ±3.76

دراسة تأثٌر حفظ اللحوم المطهٌة فً اوانً وتم  . من الوزن علً التوالً جرامكٌلو/جراممللً
نسبة  فأظهرت النتائج زٌادة لاوقات مختلفة ( م°4عند درجة حرارة ) فً الثلاجة الألومنٌوم

 وٌرجع السبب فً ذلك لاحتمال .زٌادة وقت الحفظ فى الثلاجة فى اوانى الألومنٌوممع الألومنٌوم 
هجرة الألومنٌوم الى الطعام تعتمد على المكونات الكٌمٌائٌة للطعام ومدة ودرجة حرارة التخزٌن 

تم مناقشة تاثٌر مستوي متبقٌات الألومنٌوم . تحلل تركٌبات المعادنواضافة اى ماده تؤدى الى 
  .علً الصحة العامة

 

SUMMARY 
 

Seventy samples of raw meat and meat with different additives cooked in 

aluminium utensils were investigated for aluminium residues (10 samples 

each of raw meat, boiled meat either alone or with tomato, onion, salt, 

spices aswellas with mixing of all the previous additives). Aluminium 

residues was detected in 100% of the specimens. The highest concentration 

was detected in meat cooked with all additives while the low concentration 

was detected in meat boiled in water without adding any ingredients. Mean 
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aluminium values in the examined samples obtained from raw meat, boiled 

meat and cooked with adding tomato, onion, salt, spices and with mixing 

of all the previous additives were 8.89±3.71, 16.91±8.25, 20.44±3.76, 

19.74±15.55, 20.29±10.52, 24.77±7.61 and 24.93±20.29 mg/kg wet weight 

respectively. The effects of cold storage in aluminium pans at different 

time was also investigated. The aluminium levels in the examined samples 

were increased by increasing storage time at refrigerator (4ºC) in 

aluminium vessels. This may be regards to the aluminium migration which 

seems to depend upon several factors, such as the chemical constituent of 

food, the duration and the temperature of storage and the addition of any 

substances that result in dissolution of the metal constituents. However, 

eating meats prepared in aluminium utensils may carry a risk to the health. 

The effects of aluminium residues on the public health were discussed. 
 

Key words: Aluminium residues, aluminium utensils, raw meat, cooked meat, 

food additives 
 

INTRODUCTION 
 

From the public health of point view eating healthy food and 

protection of human health against food spoilage, infection, intoxication 

and risks is the aim of the food hygienest to help human for persistent 

healthy life. Aluminium toxicity is one of the most important risks to 

human health. Many possible sources of aluminium intake by the human 

body as drugs, foods, drinking water and industrial exposure, food is the 

main route by which the normal daily intake of aluminium occurs. Food 

cooked in aluminium (Al) vessels or in aluminium foil, can absorb 

aluminium because Al dissolves into food and water during the cooking 

process. The wide use of Al cook ware because of its favorable physical 

characteristics and it has excellent corrosion resistance and durability due 

to the protective oxide layer and easy processing properties (Joshi et al., 

2003).  

Aluminium content in majority of naturally derived products does 

not exceed 10 mg/kg (usually 0.1- 1mg/kg). In boiling tests with neutral 

porridge no migration of aluminium into the test matrix was observed from 

the pan. When boiling of milk, the leaching of aluminium was 0.2-0.8 

mg/kg. The highest aluminium concentration of 170 mg/kg was measured 

in rhubarb juice prepared in the steaming Al vessel (Liukkonen-Lilia and 

Piepponen 1992). More accurate data indicates intake of 9 mg per day for 

teenage and adult females and 12-14 mg per day for teenage and adult 

males (Pennington, 1988).  
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  Migration of the aluminium metal was found significantly higher in 

acidic and aqueous medium in comparison to alcoholic and saline medium. 

Higher temperature conditions also enhanced the rate of migration of 

aluminium in acidic and aqueous medium. High fluoride concentration and 

low pH were found to enhance the leaching of aluminium more from low 

quality utensils than from high quality utensils (Hiranandani's, 2007).          

   longstanding exposure of patients to a high dose of Al will results 

in chronic renal failure (Meiri, et al., 1993). Aluminium has also been 

associated with various degrees of osteomalacia due to Al ions could 

inhibit different metabolic processes as a result of competition reactions 

between Al and other ions such as calcium, magnesium or iron 

(Macdonald and Martin 1988). Continuous exposure to aluminium over 

thirty to forty years may cause neurological failures (Alzheimer's disease) 

where it is absorbed and accumulated in brain tissue (Gauthier et al., 2000; 

Polizzi et al., 2002; Miu, et al., 2004; Gupta et al., 2005). Moreover, 

inhibition of total proteins in the serum, cerebral hemisphere and spinal 

cord enzymes following aluminium toxicity was recorded (Slanina, et al., 

1984). Currently the real scientific question is not the amount of 

aluminium in food but the availability of the aluminium in food and the 

sensitivity of some population groups to aluminium (Greger, 1992). 

Hiranandani's, (2007) stated that some people with aluminium allergy may 

react to medicines packed in aluminium foil especially to acidic 

medication like aspirin.  

This work was highlighted the hygienic effect of Al utensils used in 

food cooking in Egypt as well as the residual Al level determination in 

meat cooked in Al utensils using different food additives.           
 

MATERIALS and METHODS 
 

 Seventy samples of fresh meat were collected from local markets. 

Samples were divided into seven studies groups, 10 samples of each. The 

samples were prepared and cleaned to be free from extraneous fat, tendons 

and major blood vessels. 

  The first group was kept as raw meat; the other groups were boiled 

in water using aluminium utensils with different methods (boiling in water 

without any addition, boiling in water with salt, boiling in water with 

onion, boiling in water with tomato, boiling in water with spices and 

boiling in water with all previous additives) until complete cooking. 

Samples from each group were finely minced and homogenized 

(using stainless utensils), and subjected to aluminium determination using 

the atomic-absorption spectrophotometer (Buck Scientific, Inc., 210VGP, 
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Fort Point St., East Norwalk, CT., USA.) by the wet oxidation method, 

according to AOAC (1990). In addition, a tomato, onion, salt and spices 

were analyzed for aluminium content before cooking, the estimated levels 

of aluminium for each sample were calculated as the mean of the metal 

levels expressed as mg/kg based on wet weight sample. 

Samples from cooked meat with all additives were stored at 4°C in 

aluminium utensils and analyzed for their aluminium content after 0, 6, 12, 

24, 48 and 72 hr. 

The results were analyzed using the Statistical Package for Social 

Scientists (SPSS) for windows 12.0 (SPSS Inc., Chicago, IL, and USA). 

Minimum, maximum, mean, standard error and standard deviation of mean 

were used to describe data.  
 

RESULTS 
 

Table 1: Statistical analytical results of aluminium content (mg/kg wet 

weight) in raw meat, tomatoes, onion, salt and spices before 

cooking. (n=10). 
 

Statistical 

analysis 

Sample type 

Raw meat Raw tomato Raw onion Salt Spices 

Min. 3.62 23.00 2.15 23.08 30.02 

Max. 13.35 49.75 57.00 48.90 58.42 

Mean±SD 8.89±3.71 40.11±11.49 35.08±16.13 39.54±8.70 41.61±12.46 

SE 1.17 3.63 5.10 2.75 3.94 

 

Table 2: Statistical analytical results of aluminium residues (mg/kg wet 

weight) in raw and cooked meat by different methods in 

aluminium pans. (n=10). 
 

Statistical 
analysis  

Raw meat 
Boiling in 

water 

Boiling in water with 

Tomato Onion Salt Spices All additives 

Min. 3.62 8.58 15.00 5.80 7.65 13.25 3.00 

Max. 13.35 27.82 23.80 57.62 36.08 35.40 59.90 

Mean±SD 8.89±3.71 16.91±8.25 20.44±3.76  19.74±15.55 20.29±10.52 24.77±7.61 24.93±20.29 

SE 1.17 2.60 1.19 4.92 3.33 2.41 6.42 
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Table 3: Level of aluminium residues (mg/Kg wet weight) in meat cooked 

with all additives kept in aluminium pan during cold storage 

(4Cº). 
 

Statistical 

analysis 

Cooked meat with all additives 

Storage time 

0 hs 6hs 12hs 24hs 48hs 72hs 

Min. 3.00 17.14 39.62 77.75 122.52 178.30 

Max. 59.90 38.52 65.78 150.00 253.58 336.78 

Mean±SD  24.93±20.29 31.61±8.10  50.38±11.61 109.63±29.39 192.86±49.31 250.96±57.27 

SE 6.42 2.56 3.67 9.30 15.59 18.11 

 

DISCUSSION 
 

The analytical results of aluminium content in raw: meat, tomato, 

onion, salt, and spices are given in Table (1), Al values was expressed in 

mg/kg wet weight. It is shown that spices had the highest level of Al 

content (41.61±12.46mg/kg) followed by tomato, salt and onion 

(40.11±11.49, 39.54±8.70 and 35.08±16.13 mg/kg, respectively). In this 

concern, Pennington (1988) and Starska (1993) reported that the major 

sources of dietary Al include several with Al additives (salt, grain products 

and processed cheese) as well as additives that are naturally high in Al 

(spices, herbs and tea). 

Data in Table (2) clarified the migration of aluminium from Al 

utensils to cooked meat with different methods. Regarding to cooked meat 

in boiling water without any additives, the mean value was 16.91±8.25, it 

was the lowest level detected in Al content than that cooked with other 

additives. On the other hand it was higher in Al level compared with raw 

meat. In this concern, Gramiccioni et al. (1996) reported that the Al 

concentration of meat cannelloni prepared in Al cookware increased by 

25%. Moreover, Liukkonen- Lilja and Piepponen (1992) reported that the 

Al content of tap water in Al pans when reaching boiling point was 

o.54mg/L and increase with increasing boiling time to 6.3-17mg/L. Other 

researchers stated that cooking in Al utensils resulted in increasing the Al 

concentration of food (Fimreite et al., 1997; Yaman et al., 2003; Scancar  

et al., 2004). In contrast, Diab (2005) stated that Al level in meat with 

boiling in water 11.34±4.2mg/kg when compared with raw meat 

34.039±0.98 mg/kg a decrease in the level of Al was observed.  
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The highest values were recorded in meat cooked with all additives 

followed by spices, tomato, and salt then with onion, gradually; the mean     

values were 24.93±20.29, 24.77±7.61, 20.44±3.76, 20.29±10.52 and                                                              

19.74±15.55 mg/kg, respectively (Table 2). Beside the increase of Al level 

in cooking with all additives the highest content of Al level was in meat 

cooked with spices. Similar findings were reported by Lopez et al. (2002) 

who mentioned that the higher Al concentrations level was detected in 

foods with greater content of spices, aromatic herbs, certain vegetables, 

additives and food packaged in Al vessels. 

In the basis of our results, it could be demonstrated that cooking of 

meat with salt and tomatoes showed high record of Al content and 

increased the migration of Al into food, this may be due to the enhancing 

chemical and/or electrochemical corrosion. These data are in agreement 

with those reported by Gramiccioni et al. (1996) who reported the highest 

release of Al into acidic and salted foods from cookware. They added that 

Al concentration increased due to chemical corrosion by acids and alkalis 

during boiling and storage periods in aluminium vessels. Parallel to the 

present results, Muller et al. (1993) found that high amount of Al migrated 

into acidic products such as mashed tomatoes during processing in normal 

Al pans. The aluminium migration into acidic solvent when heated (at 

temp. 95cº for 30 min.) was higher than that into tap water (Takeda et al., 

1998). Aluminium dissolves faster into acidic foods than into basic foods, 

it was always unwise to cook acidic foods like tomatoes, tea and coffee in 

Al vessels (Hiranandani's, 2007). The Al elution in the presence of sodium 

chloride was distinctly accelerated by heating; dissolution of Al was 

enhanced by addition of sodium chloride but it was reduced by the 

presence of proteins, amino acid, sugar and cholesterol (Matsushima.,       

et al., 1990). In this respect, Wen (1991) suggested that Fe3+ and NaCl 

being able to promote aluminium leaching. 

Results recorded in Table (3) showed an increase of Al content by 

increasing storage time at refrigerator (4ºC) in Al vessels, the meat 

samples cooked with all additives (tomato, onion, salt, and spices) were 

stored at 4ºC in aluminium vessels then analyzed at 0, 6, 12, 24, 48, and 72 

hr. The values were 24.93±20.29, 31.61±8.10, 50.38±11.61, 109.63±29.39, 

192.86±49.31 and 250.96±57.27 mg/kg, respectively. The storage of 

cooked meat in Al pans at refrigerator resulted in increased migration of Al 

into meat with the storage time. These findings are in accordance with  

Mei and Yao (1994) who reported that Al concentration increased due to 

chemical corrosion by acids and alkalis during boiling and storage for 

short periods in aluminium vessels. In addition, Shuping (1996) stated that 

electrochemical corrosion when foods are left in contact with Al vessels 
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for long periods, acidic and salty foods and increasing concentrations of 

complexing ions (organic acids, fluoride ions, OH) significantly enhanced 

the release of aluminium.  

 It could be concluded after the six methods of cooking that meat 

cooked in boiling water without any additives appeared to be the best one. 

In general, addition of tomato or salt resulted in greater migration of 

aluminium to the cooked meat. Regarding the provisional tolerable daily 

intake of 1mg/kgm body weight per day of the FAO/WHO Expert 

Committee Food Additives (FAO/WHO, 1994), it can be stated that there 

is no evident risk to the health of consumer from eating 200 gm of cooked 

meat prepared in aluminium pan, so it is important to avoid using 

aluminium pan for storage of food because of the health risk associated 

with high aluminium intake. Drinking freshly squeezed orange, pineapple, 

grapefruit, or sweet lime juice can help remove aluminium from the body 

and help mitigate these problems (Hiranandani's, 2007). In view of this my 

recommendation for good health and hygiene is to use stainless steel or 

cast iron cookware and spoons.  
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