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1.0 Introduction 

Corrosion is an inevitable natural process that attacks an engineering-serviceable material, especially 

metal, by its interaction with the environment, resulting in deterioration of its cherished properties 

and service attributes (Guma et al, 2017., Inan-Eroglu et al, 2019). Material corrosion occurs to various 

degrees wherever an environment other than a vacuum exists. Corrosive environments include all 

natural and synthetic gases and liquids and chemicals, soils, all living and dead animal bodies and waste 

products from them, bacteria and viruses and other microorganisms, plants and extracts from them, 

all kinds of food, etc. All environments are corrosive to different metals in various ways or levels. 

Material corrosion directly or indirectly affects us in all spheres of our human activities. Metallic 
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ABSTRACT 
 

A material for use in contact with food must have adequate strength and 

integrity to avoid its accidental fracture and leaching of pernicious 

substances into the food due to corrosion or abrasion of the material. This 

review covers the basics of aluminium metal and its corrosion in food-

handling usage and the associated health-risk issues of its particle intake by 

human food consumers, as well as current research on the topic. The 

review findings show that aluminium metal has outstanding advantages in 

food handling in terms of low cost, wide availability, light weight, ability to 

heat and cool fast, high temperature tolerance, good corrosion resistance, 

and perennial shiny appearance in unpolluted natural environments. Its 

other advantage is excellent formability into designed kitchenware shapes. 

On the other hand, the findings show that aluminium metal has lower 

strength and hardness integrity. It is also leachable with lower health-safety 

level for food-handling usage compared to many other food-grade metals 

such as stainless steel. Furthermore, daily intake of aluminium substances 

above 10 mg per kilogram by an individual is risky to their health. The other 

findings are that food environments with high chloride, acidity, and alkalinity 

contents can cause greater corrosion of aluminium metal to leach its 

particles into food, with a higher chance of intaking the particles into the 

human body system than other food environments. Finally, the findings 

show that only appropriately alloyed and adequately coated aluminium of 

sufficient strength should be used in contact with food. The information 

from the review is meant to serve as a consolidated current literature 

position on corrosion in the use of aluminium metal for food handling and 

associated health-risk issues for safe-guarding or a way forward by 

researchers and stakeholders that need background information for making 

the metal safer for food handling 

 
© 2023 Faculty of Engineering, University of Maiduguri, Nigeria. All rights reserved. 

 

Submitted 12 August, 2022 

Revised 2 October, 2022 
Accepted 10 October, 2022 

  

 

 

Keywords: 

Aluminium Metal 

Food-handling 

Usage 

Corrosion Inevitability 

Food Consumers 

Health-Risks 

Background Information 

Research Progress 

 

http://www.azojete.com.ng/
file:///C:/Users/HP/Documents/Engr%20Oyeniyi/azojete/AZOJETE%20ARCHIVE/UPLOAD/VOL%2019%20NO%201/AZOJETE%20VOL%2019%20NO%201/tnguma@nda.edu.ng
tnguma@nda.edu.ng


Arid Zone Journal of Engineering, Technology and Environment, March, 2023; Vol. 19(1):71-84. ISSN 1596-2490;  

e-ISSN 2545-5818; www.azojete.com.ng 

 

Corresponding author’s e-mail address: tnguma@nda.edu.ng     72 

corrosion has a massive technological and economic cost, as well as implications for environmental 

and personal safety (Guma et al, 2017., Inan-Eroglu et al, 2019). 

Food processing is one of the largest industries in the world since everyone out of the over seven 

billion humans on earth eats daily (Salas et al., 2012). Corrosion in food environments is therefore a 

significant problem because it can lead to many equipment failures with costly downtime and the 

potential to impact food safety and quality. According to reports from the National Association of 

Corrosion Engineers over the last few decades, the total direct cost of corrosion to the food industry 

has been estimated to be more than $2.1 billion per year (Guma and Sukuntuni, 2019., Montanari, 

2015). The cost includes costs of food machinery, cutlery and utensils, commercial and restaurant 

equipment and appliances, cans, use of corrosion inhibitors and other preventive methods, and 

improvement research (Bryan, 2021). Metals and alloys can be used in contact with food in processing 

equipment and containers, household utensils, and foils for wrapping food. Metals and alloys used in 

food environments are usually covered with protective surface coatings but can inevitably be de-

coated by corrosion or abrasion with the release or leaching of metallic substances into food. Leached 

substances can endanger human health if their total content in food exceeds the health-safe guideline 

value, or if they cause an unacceptable change in the composition of the food or deterioration of its 

organoleptic properties (Guma and Sukuntuni, 2019., Montanari and Montanari, 2015). According to 

the Food and Drug Administration (FDA) authorities, a material for use in contact with food must 

meet several conditions for food safety, such as by (Guma and Sukuntuni, 2019., Noemie et al, 2022): 

i. Not allowing deleterious substances to migrate into food or impart odours, colours, and 

tastes to it. 

ii. Being durable, corrosion-resistant, and non-absorbing. 

iii. Having sufficient weight and thickness and strength to withstand repeated washing and forces. 

iv. Being well finished with smooth and easily cleanable surface. 

v. Being resistant to pitting, crazing, scratching, chipping, scoring, distortion, and decomposition. 

All the above conditions can be anticipated and fulfilled except material corrosion, because the level 

of environmental corrosivity and material degradation rates vary randomly at different locations and 

can in many cases be unpredictable and not adequately counteracted. There are therefore established 

guidelines defined by food and feedstuff laws on the use of metals and alloys in contact with food and 

feedstuffs with regards to corrosion and toxicology (Council of Europe’s Policy, 2002., Alabi and 

Adeoluwa, 2020., Sambathkumar et al, 2023). Of the food-grade metals, there has been notable 

concern about the use of aluminium due to the toxicological effects of its ions in the human body 

system. Because of toxicity issues associated with aluminium metal, not all its types are used for food 

processing or handling. Aluminium substances that are naturally found in food or water are known to 

be strongly and stably bound to benign substances or elements and less absorbable into the human 

body, so they present much lower health risks to humans when taken into their bodies with food 

compared to corroded or abraded aluminium ions, which are free and highly unstable radicals (Al-

Zubaidy et al., 2011., Alabi and Adeoluwa, 2020., Sambathkumar et al, 2023). The problem with even 

food-grade aluminium metal is that it can undergo erosion, crevice, pitting, filiform, cavitation, 

exfoliation, inter-granular, galvanic, and micro-biologically influenced corrosion, etc., and leach health-

risky substances into food due to a lack of awareness of the need for its corrosion prevention or 

proper control in many food environments (Guma and Sukuntuni, 2019., Stahl et al., 2017., Alabi and 

Adeoluwa, 2020., Sambathkumar et al, 2023). 

The aim of this paper is to present a consolidated basic current literature position on the corrosion 

of aluminium metal with regard to the use of the metal for food handling and its associated health-

risk issues. The objective is to provide readily available basic facts for safe-guarding or a way forward 

for researchers and stakeholders that need the background information for making the metal safer 

for food handling. 
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Information presented in this review paper was sourced from various relevant books, scholarly 

journals, and organizational activities. The sourced information was integrated and fined-tuned using 

our experiences as professionals and academics in the field for easy reading and understanding by 

people for safety awareness or research purposes.   

 

2. The Corrosion Issues with the Use of Aluminium Metal for Food Handling 

2.1 Aluminium as a Food-Handling Material 

The common metals for food handling include cast iron, grade 304 and 316 stainless steels, aluminium, 

and copper (Nordic Council, 2015., Zunko and Turk, 2022). However, the bulk of food-grade 

materials are stainless steel at the top of the scale and aluminium, but any material can be used if it is 

covered with a protective coating that can withstand corrosion aggressiveness in food handling 

applications. Compared to aluminium, stainless steel is significantly stronger, harder, and less likely to 

affect the flavour or texture of food due to its neutral chemical makeup (Zunko and Turk, 2022). On 

the other hand, aluminium can affect the way food tastes if it comes in contact with the metal’s surface 

for an extended period of time. Not only this, aluminium can change the appearance of food, and this 

does not bode well for restaurants and chefs. Although stainless steel is used more than aluminium 

for equipment, utensils, and cutleries for food matters, aluminium has advantages as a food contact 

material because it is light in weight, low cost, rust resistant, and is prized in cookware for the speed 

with which it heats and cools compared to stainless steel. Like steel, the aluminium used to make 

cookware and utensils or build food equipment is alloyed with other elements to the requisite level 

to meet strength, hardness, durability, and health-safety requirements for food-handling. This is 

because pure aluminium per se exhibits good corrosion resistance but has poor mechanical properties 

and a low food safety level, so it must be alloyed with other suitable elements to meet food handling 

requirements. The main alloy elements used to impart these properties are manganese, silicon, iron, 

and copper (Council of Europe’s Policy, 2002., Nordic Council, 2015., Stahl et al, 2017., Rahimzadeh 

et al, 2022., Weidenhamer et al, 2022). The percentages present in each of those elements determine 

the aluminium grade's physical properties. Aluminium pots, plates, pans, and spoons are commonly 

used in our kitchens in homes, restaurants, and hotels for food preparation or service. Aluminium 

foil and soda cans are also used in the cooking industry. 

 

Formal inquiries with the use of aluminium metal for food handling are its greater softness, ability to 

tolerate less abuse, inability to be much stressed before fracture, and intake of its ions in the human 

body system above acceptable levels causes liver toxicity and leads to Alzheimer’s disease and other 

degenerative symptoms compared to the other commonly known metals used for food handling such 

as stainless steel (Bryan, 2021). It is prohibited to use objects in contact with foodstuffs that do not 

meet the requirements of regulation (EC) No. 1935/2004 in accordance with section 31 of the 

German Food and Feedstuffs Law, 2005 (Guma & Sukuntuni, 2019). Pure aluminium and some 

aluminium alloys contain elements in quantities and/or numbers that negate health safety levels, so 

use of aluminium in the food industry is guided by rules as to what the content of each aluminium 

alloy should be for applications. There are maximum tolerances laid down according to regulation EN 

602:2007 of European standards in connection with the use of aluminium in the food industry. 

Stipulated maximum contents of various allowable elements in aluminium alloys for food industry 

applications are shown in Table 1 (Guma & Sukuntuni, 2019). 

 

Table 1: The maximum content of various allowable elements in aluminium alloys for food  

 industry applications 

Element Si Fe Cu Mn Mg Cr Ni Zn Zi Ti Others 

Max. content by mass [%] 13.5 2 0.6 4 11 0.35 3 0.25 0.3 0.3 0.15 

   *Source: Guma and Sukuntuni, 2019   

For example, Al 6061 alloy with percentage elemental weight composition of: 96.85 Aluminium, 0.9 

Magnesium, 0.7 Silicon, 0.6 Iron, 0.3 Copper, 0.25 Chromium, 0.20 Zinc, 0.10 Titanium, 0.05 

http://www.azojete.com.ng/
file:///C:/Users/HP/Documents/Engr%20Oyeniyi/azojete/AZOJETE%20ARCHIVE/UPLOAD/VOL%2019%20NO%201/AZOJETE%20VOL%2019%20NO%201/tnguma@nda.edu.ng
https://pubmed.ncbi.nlm.nih.gov/?term=Rahimzadeh%20MR%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Weidenhamer+JD&cauthor_id=35100934


Arid Zone Journal of Engineering, Technology and Environment, March, 2023; Vol. 19(1):71-84. ISSN 1596-2490;  

e-ISSN 2545-5818; www.azojete.com.ng 

 

Corresponding author’s e-mail address: tnguma@nda.edu.ng     74 

Manganese, and 0.05 others within the specified ranges given in Table 1, is a commonly used food 

aluminium alloy (Guma and Sukuntuni, 2019). 

 

2.2 Corrosion and Status of Aluminium as a Food-Grade Material 

It is important that abrasion and corrosion problems be taken into consideration when using any 

material in contact with food so as to prevent deterioration of the material and leaching of its particles 

into food. Among the food-grade metals, aluminium and stainless steel are notable for their generally 

high corrosion resistance (Nordic Council, 2015., Inan-Eroglu et al, 2019). 

Pure aluminium has very good corrosion resistance in most unpolluted environments, such as the 

atmospheric environment. This is primarily attributed to the ability of aluminium metal to 

spontaneously form a thin oxide layer on its surface, which effectively prevents further oxidation of 

the metal. The oxide layer is impermeable and strongly adheres to the aluminium body, in contrast 

to oxide layers on many other metals. If the formed oxide layer is damaged by mechanical action, it 

repairs itself immediately (ASM, 1999., Inan-Eroglu et al, 2019). The formed oxide layer is the 

fundamental reason for aluminium’s good corrosion resistance. The oxide layer is stable in 

environments with pH in the range of 4–9. Aluminium can, however, corrode greatly in highly alkaline 

and acidic environments with pH values outside the 4–9 range (ASM, 1999., Al-Rudaini and Al-Saadie, 

2021). 

 

In food preparation environments, many cleaning and sanitation agents, including alkaline, acidic, 

oxidizing, and reducing chemicals, are employed to remove bacteria, scale, fouling, and corrosive 

biological and mineral deposits on equipment and utensils and cutleries, to ensure a high hygiene level 

(Ellis, 2021., Salas et al, 2012). These cleaning and sanitation agents can, however, cause various levels 

of material corrosion, including aluminium equipment and kitchenware. Water is also a great agent of 

aluminium corrosion and is widely used for food processing. Extensive use of high-pressure water 

and steam is the leading cause of aluminium corrosion in food processing facilities. This is due to the 

ability of high-pressure water and steam to cause erosion corrosion of aluminium, often in 

combination with the other different corrosive agents comprising alkaline, acidic, oxidizing, and 

reducing chemicals for cleaning purposes (Ellis, 2021., Salas et al, 2012). Some food products with 

highly acidic contents, such as citric fruit juices, tomatoes, cabbage, jams, soft fruits, pickled vegetables, 

and dressings, as well as alkaline foods or ingredients, and foodstuffs with much added salts, are also 

inherently corrosive to aluminium metal (Ellis, 2021., Salas et al, 2012). The pH ranges of different 

food categories in the food industry as a measure of their corrosivity extent to metals, including 

aluminium, are shown in Table 2. 

 

 

 

 

Table 2: pH ranges of different food categories as measures of their corrosivity levels  

Food category pH range 

Vegetables 3.0-6.0 

Fruits 2.0-5.0 

Bakery 5.0-6,5 

Meat 6.0-7.0 

Fish 5.5-6.0 

Dairy 5.0-6.5 

Beverages 2.0-5.5 

*Source: Salas et al, 2012 

The food processing environment is indeed a complex composition consisting of various levels of 

alkaline such as caustic soda (NaOH), alkali phosphates (Na3PO4), sodium carbonate (Na2CO3) and 
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bicarbonate (NaHCO3); acids such as phosphoric, citric, and sulfamic acids; and oxidizers such as 

chlorine, nitric acid, ozone, hypochlorite, hydrogen peroxide (H2O2), which can be very corrosive to 

aluminium and other metals. If aluminium utensils are coated with protective coatings such as Teflon, 

there is no leaching of aluminium during cooking as long as the coating is intact. Aluminium can 

accumulate much more in foods stored or cooked in uncoated aluminium pans than in coated 

cookware (Ellis, 2021; Salas et al., 2012). The amounts of aluminium that accumulate in foods during 

preparation depend on the pH of the foods, the length of cooking periods, and the types of utensils. 

Ingested aluminium can accumulate in the brain, bones, and liver and cause some diseases like, 

encephalopathy, as well as bone and other disorders (Ellis, 2021).  

2.3 Some Current Researches on the Food Environment corrosion of Aluminium Metal 

and the Associated Health Risks 

A review of some recent researches pertaining to food corrosion of aluminium has been made as 

follows: 

 

Jimenez and Kane (1994) described aluminium as one of the most common materials with alloy 

elements added to improve its physical and chemical properties for food packaging. They discovered 

that applying coating materials or plastic laminates to aluminium containers and flexible foil packages 

improves their end-of-life performance. They demanded thorough compatibility testing with the 

specific product to be used as a requirement for the final selection of packaging and extensively 

discussed test results on the interactions of various foods and beverages with aluminium containers. 

They reviewed the electrochemical action of foods wrapped with aluminium foil and placed in contact 

with other metallic objects. Their conclusion was that aluminium and its salts have a harmless effect 

when ingested with foods that have been exposed to the metal (Jimenez and Kane, 1994). 

 

The possibility of foods interacting with non-coated aluminium was modelled by Piergiovanni et al. 

(1990), using corrosion behaviour results from an aluminium household foil under different conditions 

of acidity, temperature of the contacting phase, and dissolved oxygen. They kept the aluminium foil 

in contact with acetic acid solutions whose pH values ranged from 2.5 to 3.5 and dissolved oxygen 

concentrations ranged from 0 to 8 ppm, under various temperature conditions of 0.3 to 50°C and 

contact durations of 24 to 120 hrs. They detected corrosion and found that all the three variable 

factors had an influence on its rate and, consequently, the extent of the interaction; but pH and 

temperature had greater effects on the rate since their relationships with the rate were exponential 

in nature. They also found a linear relationship with a minor accelerating effect between corrosion 

rate and dissolved oxygen. By applying the Arrhenius equation, they evaluated the thermal sensitivity 

of the phenomenon with respect to the different variable factors. They showed that the activation 

energies varied within 31-635 and 88-471J/mol, giving an indication of higher thermal sensitivity at the 

lower pH values and higher dissolved oxygen amounts (Piergiovanni et al.,1990). 

 

A method of estimating aluminium leaching from aluminium cookware in some meat extracts and 

liquid milk was investigated by Al-Juhaimam (2010), using four kinds of aluminium cookware from four 

countries chosen from the local market. He used extracts of boiled lamb, chicken, and fish to make 

10–50% (w/v) concentrations. In addition, he diluted fresh liquid milk and long-life milk to make 10–

50% (v/v) concentrations. He applied weight loss, atomic absorption, and polarization methods, and 

surface study to the methods. His estimated aluminium intake per person from weight loss in 30% 

meat extract and milk ranged from 8.16 to 12.75 mg/h, with fish extract having the highest leaching 

and chicken extract having the lowest leaching. Atomic absorption gave comparable results to those 

of weight loss. Comparing the results of his study with the provisional weekly intake of aluminium 

approved by the FDA/WHO showed that aluminium leaching from aluminium cookware might add 

high doses of aluminium into the diet (Al Juhaimam, 2010). 
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Al-Zubaidy et al.  (2011), studied the effects of pH, salinity, and temperature on aluminium cookware 

leaching during food preparation. They noted that intake of aluminium by humans portends hazards, 

and the subject had been under study for some years and had attracted significant attention from the 

media as it is believed that the intake enhances or causes diseases like the well-known Alzheimer's 

disease. In the study, the effects of pH, salinity, and temperature of Egyptian and Indian aluminium 

cookware were measured during food preparation using tap water and drinking water. They used the 

weight loss method to study aluminium leaching into different food solutions. They also used 

environmental scanning electron microscopy to study the morphology of the cookware samples 

before and after exposing them to the different food solutions and applied the Arrhenius equation to 

find activation energies. They found that cookware aluminium was very sensitive to low and high pH 

as the corrosion rate increased in an alkaline environment. They also observed that corrosion rates 

decreased with drinking water compared to tap water, and increasing salt concentration increased 

the corrosion rate up to a certain value, after which a decrease was observed to reach a plateau of 

constant corrosion rate. They attributed this behaviour to the combination of high conductivity and 

oxygen solubility of the solutions (Al Zubaidy et al., 2011). 

 

Mohammad et al.  (2011), studied the effect of aluminium leaching from cookware on food. They 

observed that the intake of aluminium from utensils had been of growing concern for the health of 

the community. In their study, they investigated the leaching of aluminium from aluminium utensils in 

different food solutions. They chose two available aluminium utensils of different origins from the 

local market. They used minced meat with drinking water and tap water for the study. They also used 

two other techniques of analysis: weight loss measurement and inductively coupled plasma-mass 

spectrometry, for the study. They found that their results showed little variation between the whole 

meat and meat extract solution. They chose the meat extract solution for all experimental work and 

examined different solutions starting from water, different concentrations of meat extract, and a 40% 

meat extract solution with tomato juice, citric acid, and table salt. They found that the results of the 

two measurements were almost consistent. They found that the amount of aluminium leaching was 

high in the cooking solutions using all the above additives. They observed that, according to the World 

Health Organization (WHO), their obtained values could be considered unacceptable in relation to 

their limitations, indicating a high risk to the consuming community (Mohammad et al., 2011). 

 

A study on the corrosion behaviour of wrought aluminium alloy under domestic food cooking 

conditions was conducted by Adeosun et al.  (2012), using the gravimetric method. They subjected 

flat, cold-rolled and annealed sheets of wrought aluminium alloy to solutions of capsicum annuum, L. 

esculentum, allium cepa, and their blends under heating and cooling conditions in still air, a refrigerator, 

and left some in the open still atmosphere. The results of their study showed that corrosion occurred 

within the 288-hour test period in the test environments. They also found that there was severe 

degradation within the first 70-hour period of the tests when coupons were heated and cooled, and 

unheated coupons showed low corrosion propensity. Their micro-structural analysis showed the 

presence of corrosion pits on coupon surfaces with second phase particles sandwiched in α-aluminium 

matrix. Immersed coupons in the blended media showed a higher number of pits on the surface. They 

attributed rapid corrosion of wrought aluminium alloy in capsicum annuum, L. esculentum, and allium 

cepa media to the presence of corrosion-aggressive elements such as allicin, diallyl-disulphide, and 

allyl-propyl disulphide present in the corrosion media (Adeosun et al., 2012). 

 

Odularu et al. (2013), carried out a comparative study on leaching from aluminium, clay, stainless 

steel, and steel cooking pots through the absorption of aluminium by rice boiled in distilled water in 

a variety of containers, such as old and new aluminium pots, clay receptacles, stainless steel pots, and 

steel pots. They took 10 g of rice as a representative sample and used colorimetric analysis of classical 

methods to determine the concentration of aluminium. They used a control for aluminium of 350 

±130 μg/g. They found that new aluminium pots had a concentration of 126 ± 64 μg/g, old steel 

file:///C:/user/Downloads/azojete143/www.azojete.com.ng
file:///C:/Users/HP/Documents/Engr%20Oyeniyi/azojete/AZOJETE%20ARCHIVE/UPLOAD/VOL%2019%20NO%201/AZOJETE%20VOL%2019%20NO%201/tnguma@nda.edu.ng


Guma and Maikudi: Corrosion of Aluminium Metal in Food Environments and its Associated Health Risk Issues: A Review. AZOJETE, 

19(1):71-84. ISSN 1596-2490; e-ISSN 2545-5818, www.azojete.com.ng 
 

Corresponding author’s e-mail address: tnguma@nda.edu.ng      77 

utensils had 186.83 ± 75.18 μg/g, new steel pots had 241.00 ± 200 μg/g, old aluminium pots had 314 

± 128 μg/g, new clay pots had 132 ± 68 μg/g, old clay pots ± 137 μg/g, new stainless-steel utensils had 

289.00 ± 75.155 μg/g. They detected aluminium leaching in all forms of new and old cooking utensils, 

but the leaching was below and within the control concentration range. They also found that old 

aluminium pots had the highest concentration of leaching while new steel pots had the least leaching 

of aluminium. They concluded from their study that the aluminium contamination of the tested foods 

was insufficient to constitute a health risk (Odularu et al., 2013). 

 

Rahem (2014), studied the effects of citric acid in tomato paste and sodium chloride (NaCl) as cooking 

salt on the corrosion behaviour of kitchenware aluminium by electrochemical technique under 

different cooking temperatures of 30, 50, and 70oC and different paste solutions of 1, 3, and 5% with 

and without the addition of 1%-NaCl. He found that an increase in paste concentration increased 

current density, the addition of NaCl increased current density more rapidly than without addition, 

and an increase in temperature had a strong effect on the corrosion behaviour of the aluminium 

(Rahem, 2014). 

 

Jabeen et al. (2016), conducted a study to identify the correlation between food and aluminium 

intoxication through leaching. They opined that ingestion is the main route of aluminium exposure to 

the human body. They therefore deem it necessary to identify the aluminium levels in the human 

body leached out from aluminium wares and aluminium foil. They baked pieces of chicken and red 

meat with different types of solutions containing tomato juice, fresh yogurt, salt, and vinegar in 

different combinations. From there, they wrapped them in aluminium foil in different combinations, 

marinated them in aluminium pans, and tested them for the pH and weight of the pieces and foil. They 

found that citric acid, in combination with lactic acid, was the source of elevated levels of aluminium 

in food items, especially raw beef. They also found that citric acid with tomato juice had the highest 

aluminium accumulation rate of 292.25 mg/kg in beef than other solutions, while the chicken leaching 

rate was 209.52 mg/kg with the combination of yogurt and lemon juice. They concluded that once 

aluminium exceeds the acceptable limit from the daily ingestion of food cooked in these pots, coupled 

with other sources from the environment, this environmental factor may contribute to an increase 

in neurodegenerative diseases. The aim of their research study was to detect the leaching of 

aluminium levels from aluminium foil in different food solutions, as it is becoming a common practice 

(Jabeen et al., 2016). 

 

Juhaiman (2016), studied curcumin extract as a green inhibitor of leaching from aluminium cookware 

at quasi-cooking conditions. He successfully used curcumin aqueous extract as a green corrosion 

inhibitor at quasi-cooking conditions at 90°C to inhibit leaching from aluminium cookware in solutions 

containing vegetables or meat. He bought the cookware from the market from four countries and 

cut them to make the aluminium samples. He chose six types of vegetables and three kinds of meat 

and used each type of vegetable and meat to prepare 30% w/v aqueous solutions. He used three 

methods: the gravimetric method, atomic absorption, and Fourier transform infrared spectroscopy. 

He applied the gravimetric method to determine the leaching rate and the corrosion inhibition 

efficiency with and without NaCl; and also investigated the effect of curcumin concentration, tab 

water, immersion time, and alloying elements. He found good consistency between gravimetric and 

atomic absorption methods. He also found that adsorption of curcumin on the aluminium surface was 

in accordance with Langmuir isotherm and calculated and discussed the values of the adsorption 

constant (Kads) and the free energy of adsorption (Gads). His Fourier integral transform spectrum 

indicated that curcumin coordinated with Al3+, resulting in the formation of an Al3+-curcumin complex 

on the metal surface; and using a small amount of curcumin decreased leaching from aluminium 

cookware into food by 60%-80% depending on the food type (Juhaiman, 2016). 

 

Aluminium leaching from aluminium-only foil and baking paper-aluminium foil into baked meat was 

determined by Inan-Eroglu et al.  (2018). They cooked mutton, beef, and chicken breast and drumstick 
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in the oven using the two foil types at 150, 200, and 250°C temperatures for 60, 40, and 20 minutes, 

respectively, and determined the aluminium content in the meat by ICPS-MS. They discovered that 

increasing the fat content of the meat, increasing the cooking temperature and time, and decreasing 

the pH increased leaching from aluminium-only foil rather than baking paper-aluminium foil. They 

concluded their studies by recommending further studies on the effects of foil types on aluminium 

leaching into food under different conditions (Inan-Eroglu et al., 2018). 

 

Guma and Durami (2019), reaffirmed that the outstanding demerits of aluminium as a food-grade 

metal are its low tensile strength and impact tolerance, with greater liability to break compared to 

other common food-grade metals. They pointed out that aluminium can corrode appreciably in 

alkaline environments of pH higher than 9 with aggravation in its strength and that frequent intake of 

its substances along with food into the human body due to corrosion or abrasion can be health-risky. 

They observed that aluminium containers were in use for preparing and serving various menus from 

the general Nigerian diet to about 1000 cadets on a daily basis at the Nigerian Defence Academy 

(NDA) cadets’ mess (canteen). They also noted that the menus and various ingredients used to make 

them amidst the general mess environment were inevitable in corroding the containers. They used 

accelerated corrosion tests to find out whether some of the commonly prepared and served menu 

items at the mess, such as Eba, fried rice, Egusi soup, tomato stew, Alayafu vegetable dressings, and 

their possible different combination admixtures in any alkaline environment of pH greater than 9, had 

severe corrosion effects on the tensile strength of the containers. They procedurally produced and 

prepared 64 ASTM standard tensile samples of aluminium 6063, as a commonly used food-grade alloy 

for such containers. They then subjected 62 samples in pairs to alkaline treatments that mimicked the 

alkaline environment and corrosivity extremity of each menu sample to the containers. Then, they 

tested the samples for their ultimate tensile strengths (UTS) and collated and reported the results as 

the respective average pair values. Their analysis of the reported results relative to those of the 

control sample pair showed negligibly small tensile strength reductions of 0.00027% to 0.00135%. 

Their further analysis of the results using literature facts understandably indicted that the menu 

samples amidst the mess environment have negligible effects on corrosion and tensile strength of the 

containers and the health of the cadets (Guma and Durami, 2019). 

 

Guma and Sukuntuni (2019), discussed the health risks that can be associated with daily intake of 

aluminium substances above prescribed amounts into the human body system, as well as its low 

strength and impact resistance as a food-contact material, which makes it unable to take much force 

without breaking. They described corrosion as a severe, typical degrading process that worsens the 

effects of using aluminium metal as a food contact material. They reaffirmed that aluminium can 

corrode appreciably in acidic media with a pH of less than 4. The purpose of their research was to 

experimentally understand the corrosivity extents of some Nigerian menu items, such as Akamu, 

lemon juice, okro soup, pounded yam, and beans, amidst any unusual acidic environments to 

aluminium cookware and utensils used to prepare or serve food on a daily basis to more than 900 

cadets at the cadets' mess of the Nigerian Defence Academy. They also assessed the effects of the 

menu items on the impact strengths of the cookware and utensils. They procured and ascertained 

the Al 6061 aluminium alloy as a commonly used metal for cookware and utensils and used it to 

produce 60 ASTM impact specimens. After procedurally cleaning the specimens to a similar surface 

finish, they used 5 specimen pairs for control and 25 other pairs each soaked for 28 days in the 

prepared menu samples separately sequentially homogenized with 0, 2, 4, 8, and 10% by weight of 

concentrated phosphoric acid (H3P04) under ambient laboratory conditions. After the soaking, they 

removed and tested the specimens for their impact strengths. Their analysis of their collated test data 

revealed that the strength of the specimens in the menu media decreased as the H3P04 treatment of 

the media increased. They found that the lemon fruit juice medium treated with 10% by weight of 

H3PO4 caused the comparatively highest but negligible impact strength reduction of 0.031% only 

relative to the control (un-soaked) specimen’s impact strength value. They came to the conclusion 
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that the menu samples amidst any acidic environmental conditions of the mess have negligible effects 

on corrosion and impact strength of aluminium cookware and utensils as used there (Guma and 

Sukuntuni, 2019).  

 

Guma and Aliyu (2021), noted that sufficient hardness is a necessary quality of every cookware 

material to prevent its leaching of harmful particles into food due to corrosion and/or abrasion, but 

aluminium metal is less hard with health concerns compared to the majority of other cookware 

metals. They reaffirmed that chloride media play an important role in the corrosion and hardness 

reduction of the metal. They experimentally investigated the corrosion, hardness integrity, and food 

safety level of aluminium cookware under the food chloride environmental exposures at a canteen. 

Their investigation stemmed from a desire to understand the extent to which some commonly 

prepared and served Nigerian foods, named Amala, Moimoin, Ogbono (Irvingia gabonensis) soup, 

sweet potatoes (Ipomoea batatas), and boiled beef, can cause corrosion and affect the hardness 

integrity and food safety level of aluminium cookware as used at the mess under various chloride 

environmental exposure conditions. They procedurally produced hardness coupons from unused 

aluminium cookware and soaked them for 30 days in the separate menu media, which were each 

prepared, characterized by pH and chloride content, and progressively homogenized with 0–1200ppm 

of NaCl to accelerate the chloride corrosivity of the menus and their exposure environments to 

different degrees. After the soaking, they removed and measured the Vickers micro-hardness values 

of the coupons. Their analysis of the hardness measurements showed that the NaCl additions to the 

test media minutely decreased the coupons’ hardness values by only 0.000667 to 0.023 percent, which 

presupposed a negligible deterioration in the hardness of the utensils themselves. Their X-ray 

fluorescence analysis of Ogbono soup test medium, which caused the comparatively highest hardness 

reduction of 0.023%, revealed undetected aluminium content that could be negligibly much less than 

0.03% by weight in the medium and less than the Food and Drug Administration (FDA) Authority of 

the USA's 10 mg maximum aluminium substances per kilogramme of daily food intake stipulation, 

with a negligible chance of any health risk to the soup consumers (Guma and Aliyu, 2021). 

Fatunsin et al. 2022, investigated the effect of pH on the leaching of potentially toxic metals from 

different types of used cooking pots. They noted that humans are exposed to potentially toxic metals 

through many routes. They also noted that cooking foods in cookware that is prone to material 

leaching can be an exposure route to the potentially toxic metals. In their study, they assessed the 

effect of pH on the leaching of some potentially toxic metals from used cooking pots into deionized 

water. They prepared a series of deionized waters with a pH of 3 to 7. They brought each pot of 

water to a boil in clay, non-stick, stainless steel, cast aluminium, pressed aluminium, and glass pots, 

respectively. They determined the potentially toxic metals leached from each sample pot by 

inductively coupling a plasma-optical emission spectrophotometer of the Agilent Nu7M Technologies 

700 Series. They found that the deionized water from the aluminium cast pot and non-stick pot had 

the highest concentrations of aluminium at 2273 μg/L and zinc at 24.39 μg/L. They also found that the 

clay pot had the highest concentrations of chromium and nickel, at 7.27 and 22.63 μg/L respectively. 

From the stainless steel pot, they found the highest concentration of iron to be 237 μg/L and lead to 

be 24.39 μg/L. However, they found no potentially toxic metals in the deionized water from the glass 

pot. The results from their study showed that more leaching of potentially dangerous metals into 

deionized water occurred at lower pH values of 3 to 5 than at neutral pH for almost all the pots. 

They therefore concluded that cooking acidic foods in pots except when glass pots are used, should 

be avoided. The results of their study therefore revealed the health implications associated with using 

metal pots for cooking slightly acidic foods, as metals can be easily leached from the pots into the 

foods (Fatunsin et al., 2022). 

3. Remedies So Far Used to Mitigate Effects of Aluminium Metal Corrosion in Food 

Environments 
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The deterioration of the mechanical properties of aluminium metal as an excellent material coupled 

with its toxicological effects of corrosion leaching in food has created a need for remediating its use 

for food handling. The common feasible remedies for the problem include: 

i. Use of only the correct aluminium grade, such as AA 6061, and AA 6063 aluminium, for 

the manufacture of cookware, food utensils, and food processing machinery in accordance 

with reputable authorities on the subject such as the German Food and Feedstuffs Law, 

2005 (Montanari, 2015., Guma and Sukuntuni, 2019)  

ii. Production of all aluminium equipment, cookware, utensils, and other facilities that are 

used for food handling with highly smooth and cleanable surface finishing and regular 

geometrical patterns to minimize corrosion (Ellis, 2021., Montanari, 2015., Gupta et al, 

2019). 

iii. Protecting the surfaces of aluminium facilities that must be used for food handling by 

coating the surfaces to a thickness of 50-100 μm with a suitable material that should be 

hard-anodized (Ellis, 2021., Montanari, 2015., Gupta et al, 2019). 

iv. Avoiding contact of food-handling aluminium facilities with acids or using the facilities for 

cooking acidic foods such as simmering tomato sauce (Ellis, 2021., Montanari, 2015., Gupta 

et al, 2019). 

v. Using only suitable soft materials to clean food-handling aluminium facilities such as 

cookware, utensils, equipment, etc, and taking precautions to preserve the protective 

anodized coating layer on them. Avoiding prevalent cleaning practices involving the use of 

corrosive fluids and hard or metallic scrub which leads to erosion of the protective 

coating. That is, only materials that are not harmful or corrosive should be used for 

cleaning aluminium cookware, utensils, packages, and other food-handling facilities (Eliss, 

2021; Montanari, 2015., Gupta et al, 2019). 

vi.  Complying to the manufacturers’ instructions that aluminium cookware, utensils, 

packages, and other food-handling facilities should never be rubbed with hard or metallic 

scrub (Montanari, 2015., Gupta et al, 2019).  

4. Conclusion 

A literature review on the food-handling usage of aluminium metal, as well as issues of its corrosion 

leaching into food and associated health-risk to food consumers, has been presented as a consolidated 

basic current literature position on the subject for the renewal of public awareness, and for 

researchers and stakeholders who need the information to better the metal for the usage. The review 

critically shows that aluminium is the foremost food-grade metal due to its many outstanding 

advantages and extensive use in the food industry in various forms such as utensils, food processing 

equipment, food containers, foils for wrapping food, and bottles. However, a critical concern from 

the bulk of the reviewed literature is that daily intake of aluminium metal by humans above a 

permissible level can be detrimental to their health, and the quantity of its intake can be enhanced by 

the extent to which the metal dissolves and leaches into food; as determined by the extent of its 

corrosion in contact with particular food environments. The review has also shown that only certified 

and standardly coated aluminium alloys must be used in contact with food. However, increased acidity, 

alkalinity, or chloride content of foods or food environments can even corrode the certified and 

standardly coated food-grade aluminium alloys and cause leaching into food. Much conducted 

research for a better understanding of the corrosion leaching of aluminium into food and ways of 

counteracting its leaching in different food environments has been found in the literature, but the 

utopian solution to the problem is still to be found. Further research on alloy modifications of 

aluminium to utopian or better strength and corrosion resistance levels in all environments appears 

to be the foreseen way out of the problem.  
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