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ABSTRACT

The health implications of continued use of aluminium cooking ware on
consumers are examined. Focus is primarily on mineral elements status —
particularly aluminium, of selected staple foodstuffs. Atomic absorption
spectroscopy was used to experiment the changes in mineral elements
concentrations after cooking in aluminium cooking ware. White yam (Dioscorea
rotundata), rice (Oritza sativa) and cowpea (Vigna unguiculata) were purchased
from Aarada market in Ogbomoso, Nigeria. Three industrially manufactured
aluminium cooking ware of the same brand were purchased from a local vendor
in Ogbomoso, Nigeria. The water used was distilled using a water distillation
unit (model — WSS'8, Hamilton Laboratory Glass Limited, Kent) and deionised
using a deioniser — Puri — Fi XR, Fistreem. The three food stuffs purchased were
cooked differently in the three aluminium pots ten times each After cooking yam
in the aluminium cooking ware, it was revealed that there was increase in the
concentration of aluminium ion ranging from 48.0mg/100g t051.0mg/100g.
Smilarly, theincrease in the range of aluminiumion after cooking were 68.1mg/
100g t070.8mg/100g for rice and 70.0mg/100g to1l6 5.0mg/100g for cowpea.
The leaching from aluminium cooking ware into the foods causes increase in the
concentration of aluminiumion in the cooked foods. Changesin the concentration
of other elements like Fe, Zn, Cr, and Mg are not significant. This change in
aluminium concentration after cooking in aluminium cooking ware deserves
attention because, it has negative health implication. Aluminium has been said
to alter enzymes involved with acetyl choline metabolism which affects interplay
between thought processes and motor coordination resulting in ataxia, Alzheimer
syndrome and other neurodegenerative diseases.
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INTRODUCTION
There have been conflicting reportsin recent timesabout connection between aluminium
and anumber of neurological and physiologica disorders. Because of fearsconcerning a
possi ble connection between aluminium and Alzheimer’ sdisease, Parkinsonism dementia
aswell asamyotrophiclateral sclerosis, some peopleareturning away from aluminium
cooking ware (Blumenthal, 1990). Cooking warearemany and varied. Thosein common
usetoday are madefromiron (cast iron and stedl), stainless steel, copper, glass, plastics
and auminium (cast, rolled and anodized). Morethan half of al cooking ware sold today
aremade of aluminium usually coated with non-sticky finishesor treated in someway to
harden the structureand makeit more scratch res stant (Schmutz, Christenburg and Hoyle,
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1998). Asagood conductor of heat, aluminium cooking wareisvery widely used in
cooking utensilsbecause of itsadvantagesof low cost, great strength and conductivity.
Aluminiumisareactivemetal, and itsprimary disadvantageisthat acidic foodsshould not
becookedinit for any length of time(Me and Yao, 1993). Theamount of mineral elements
inour diet will depend onitsconcentration inthefoodswe select, the quantity we eat as
well asthe method of preparation of such foods (Ojo andAjayi, 2005). Apart fromthe
unavoidabledaily intake of minerd e ementsvianatural foods, human may beexposed to
additional mineral e ementsreleased from cooking utensils, storage containersand other
materialswithwhich foodsmust comein contact with during processing (Lione, 1985).

For instance, when foodsare cooked or stored in a uminium containers, some of
the aluminium may dissolve and be absorbed into thefoods (Ojo and Ajayi, 2005). Acid
richfood itemssuch asfruit and vegetabl ejuices, tomatoesand sauerkrautstend to increase
inauminium content more than other foods but the extent of thisdependson other factors
such as cooking temperature, length of contact time and even theamount of sugar present
(Lione, 1985). Sugar hasbeen found to reduce the amount of aluminium that isdissolved
(Lione, 1985). Boiling water in a uminium containerscausesaluminiumto leachinto the
water (OjoandAjayi, 2005). Water contai ning fluorides encouragestheleaching process
from a uminium cooking ware. Water containing 1ppm fluoride (theusud level of fluoride
in public water supplies) boiled for ten minutesin an aluminium pot will increasethe
concentration of auminium to 200ppm. Prolonged boiling canincreasethe concentration
to 600ppm (Tennakone, 1987). Today, theuseof duminium cookingwareisontheincrease.
Thereisno information on changesin the aluminium content of local staplefoodson
continuous cooking in aluminium cooking ware. Itistherefore expedient to verify the
effect of itscontinued usein view of thefact that aluminium hasbeenimplicatedina
number of neurodegenerative diseases. Theinformation obtained will not only benovel
but asowill guidein recommended dietary allowance.

HEALTH IMPLICATIONS OF CONTINUED USE OF ALUMINIUM
CookINg WARE oN CONSUMERS

Neurotoxicity of someminera e ementshasbeen reported. In 1986, Munoz-Garciareports
that aluminium isase ective neurotoxin and anerve cell poison of specific affinity for the
brain. Exposureof the central nervous system to a uminium salts producesaprogressive
encephalopathy (Munoz-Garcia, 1986). Moreover, aluminium has been described asa
potent inhibitor of the uptakeof cholineand dopamine (Bank, 1983; Guest, 1980; Davidson,
1981). Both chemicals—cholineand dopaminearevital chemicalsrel eased during nerve
impulsetransmission, aswell asnerveimpul se conduction to musclesand variousglands.
Asaresult, the presence of duminiumionsin the brain hasan adverseimpact on thought
and reasoning processesaswel | as short-term memory. Furthermore, thereissignificant
evidencethat a uminiumionsalter enzymesinvolved with acetyl cholinemetabolism (Wong,
1981). Thisalterationthereby affectstheinterplay between thought processesand motor
coordination, resulting in ataxiaand other seriousproblemsso obviousinthosewithAlzheimer
syndromeand other “ senile” degenerative conditions (\Wong, 1981).
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MATERIALSAND METHOD

Foodstuffs—whiteyam (Dioscorea rotundata), rice (Oritza sativa) and cowpea (Mgna
unguiculata) were purchased from Aaradamarket in Ogbomoso, Nigeria. Aluminium
cooking wares—threeindustrially manufactured a uminium cooking wares of thesame
brand (Fig. 1) were purchased from alocal vendor in Ogbomoso, Nigeria. Distilled
deionised water —the water used was distilled using awater distillation unit (model —
WSS/8, Hamilton Laboratory GlassLimited, Kent) and deionised using adei oniser —Puri
—Fi XR, Fistreem.

Cooking of foodstuffs using aluminium cooking wares: For thisinvestigation, one
aluminium cooking warewas used to cook the peeled yam sampletentimes. The second
aluminium cooking warewas used to cook therice tentimeswhilethethird a uminium
cooking ware was used to cook the cowpeaten times. For each of the foodstuffs, the
weight of thefood sampleand the duration of cooking timeswerekept the same. Distilled
deionised water wasused for dl the cooking experiments. Each food samplefrom each of
the experimentswasblended in aglass blender (model —Waring blender ...) and packed
inahigh dengity polyethylene bag and kept in refrigerating compartment at about 2—5°C
inreadinessfor spectroscopic analysis. The samplesof theuncooked foodstuffswerea so
prepared for analysis. Mineral elementsof interest analysed wereauminium (Al), Iron
(Fe), Zinc (Zn), Chromium (Cr), Copper (Cu), Magnesium (Mg), Nickel (Ni) and
Manganese (Mn).

Mineral Elements Determination by the Atomic Absorption Spectroscopy: Each
of the samples of foodstuffswas dried and ashed in amufflefurnace at 550°C. Theash
was dissolved in HNO, and filtered through ashlessfilter paper using AOAC (1990)
procedure. Thefiltratewasthen analysed for Al, Mn, Mg, Fe, Cu, Zn, Cr and Ni. Atomic
absorption spectrometer (Alpha, 4 AAS) wasthen used for the determination of Al, Mn,
Mg, Fe, Cu, Zn, Cr and Ni inthefiltrate using their respective resonancelines. For each
element, the hollow cathodelamp of each was used and theinstrument was optimised for
the analysisof each element. Standard calibration was employed accordingto AOAC
(1990) procedure. The samplesand the standard sol utions of the el ements concern were
aspirated into the atomi ¢ absorption spectrometer.

RESULTS AND DISCUSSION

Table1: Mineral element contents of uncooked and cooked yam in auminium cooking ware (mg/100g).

Cooking times Al Fe Ni Zn Cr Mn Cu Mg
1 48.00 0.00 2.52 51.00 0.00 21.00 3.60 0.00
2 50.00 0.00 2.52 52.00 0.00 21.60 3.60 200
3 51.00 0.00 2.50 52.60 0.00 21.20 3.60 200
4 51.00 0.00 1.90 50..80 0.00 21.30 5.80 205
5 50.00 0.00 1.95 51.00 0.00 20.60 3.80 210
6 49.00 0.00 2.00 51.00 0.00 20.70 3.70 205
7 48.00 0.00 2.40 51.00 0.00 20.80 3.90 209
8 51.00 0.00 2.45 52.40 0.00 19.50 3.90 208
9 50.00 0.00 2.20 50.70 0.00 21.00 4.00 209
10 51.00 0.00 2.50 51.20 0.00 21.90 5.80 209
cY 17.30 0.00 2.82 60.33 0.00 20.00 3.60 2206

CY =uncooked yam Source: Experimentation, 2010
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Table2: Mineral element contents of uncooked and cooked rice in auminium cooking ware(mg/100g).

Cooking times Al Fe Ni Zn Cr Mn Cu Mg

1 70.8 3.4 0.00 70.0 0.0 20.2 1.2 107.5
2 70.5 3.0 0.00 72.0 0.0 25.0 1.0 104.0
3 68.1 3.0 0.007 73.0 0.0 21.0 1.0 104.5
4 68.1 35 0.00 735 0.0 19.0 1.0 105.0
5 68.5 3.4 0.00 73.0 0.0 20.0 1.0 103.0
6 68.6 3.4 0.00 70.0 0.0 21.0 15 102.8
7 69.0 35 0.00 70.0 0.0 22.0 15 104.0
8 68.4 33 0.00 71.0 0.0 22.0 0.8 105.5
9 68.1 3.0 0.00 74.1 0.0 21.0 1.2 105.2
10 68.4 35 0.00 735 0.0 23.0 1.2 104.6
CR 23.0 35 0.00 70.0 0.0 20.2 1.3 105.8
CR= uncooked rice Source: Experimentation, 2010

Table 3: Mineral element contents of uncooked and cooked cowpeain aluminium cooking ware(mg/100g).
Cooking times Al Fe Ni Zn Cr Mn Cu Mg

1 165.0 18.0 3.8 60.0 0.0 22.2 1.0 182.0
2 162.5 19.0 4.0 61.1 0.0 23.0 1.0 181.5
3 163.0 20.4 4.0 62.1 0.0 23.0 1.0 180.6
4 162.4 21.3 4.1 62.1 0.0 22.0 0.8 182.0
5 162.0 21.0 3.8 60.0 0.0 22.2 1.0 181.8
6 164.5 19.5 3.9 60.0 0.0 21.5 0.75 183.2
7 164.5 20.1 4.2 59.7 0.0 21.4 0.8 180.7
8 164.0 17.8 4.0 61.0 0.0 20.5 0.8 181.0
9 163.0 17.5 3.8 59.6 0.0 20.5 0.5 182.8
10 164.0 19.2 4.1 59.5 0.0 20.0 0.8 183.5
CB 70.0 20.0 4.3 60.0 1.2 22.2 1.84 180.0

CB=uncooked cowpea Source: Experimentation, 2010

AL LJI\’\ _\

Figurel: Aluminiumcookingware

Theminera eement contentsof uncooked and cooked yam ina uminium cooking
wareareasshown ontable 1. Thevauesfor uncooked yam (CY) were used as control
reference. In uncooked yam, Iron (Fe) and Chromium (Cr) werenot detected. Similarly,
theyam sample cooked on aluminium wasapparently devoid of Iron and Chromium. The
Nickel (Ni) and Zinc (Zn) contents of uncooked yam were 2.82mg/100g and 60.33mg/
100g respectively. Asshownintable 1, therewasadight decreasein the concentration of
thesetwo e ementsafter cooking in aluminium cooking ware. These decreasesmight be
due to adsorption of these elements on the surface of the cooking ware and possible
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leachingintowater usedin cooking. Aluminiumwith theinitial concentration of 17.30mg/
100ginuncookedyam (CY') experienced Sgnificant increaseswhen cooked intheauminium
cooking ware. Theseincreasesranged from 48mg/100g for thefirst cooking to 51mg/
100gfor thetenth. Themineral eement statusof ricebeforeand after cookinginauminium
cooking wareisas shown on table 2. Nickel and Chromium contents of uncooked rice
werebel ow the detection limit of the spectrometer. Smilarly, thea uminium cookingware
did not impart Nickel or Chromium into the rice samples during cooking. Hencethe
concentrations of Nickel and Chromium in therice before and after cooking were zero.
The concentrations of Iron (Fe), Zinc (Zn), Manganese (Mn) and Copper (Cu) inthe
uncooked ricewere 3.50mg/100g, 70.30mg/100g, 20.20mg/100g and 1.32mg/100g. As
shown ontable 2, these concentrationsweresmilar throughout the 10 times. Thealuminium
content of uncooked rice was 23.00mg/100g. For each of the cooking experiment in
aluminium cookingware, therewasanincreaseinthelevel of aluminium concentrationin
therice sampleranging from 68.10mg/100g to 70.80mg/100g.

Table 3 shows the mineral elements of cowpea before and after cooking in
aluminium ware. With the exception of Chromium and aluminium, the changesin the
concentrations of other elementsbefore and after cooking for the varioustimeswere
similar. Chromium concentration in uncooked cowpeawas 1.20mg/100g. After every
cooking inauminium cooking ware, the concentration of Chromiumwashbe ow thedetection
limit of the spectrometer. Thiscould be attributed to |eaching of the element away from
foodstuff and possibly adsorption to the surface of the cookingware.

The contribution of auminium cooking waretothemineral element statusof the
sd ected foodstuff issgnificant. Particular attention need to begivento changesinauminium
ioninfoodstuffswhen the use of aluminium cooking wareisemployed. Thedramatic
increasein theconcentration of a uminium after cooking inauminium cookingwaredeserves
atention. Thisisbecauseduminium hasbeenimplicated in someneuro degenerativediseases
including Alzheimer’ sdisease, Parkinsonism dementiaand amyotrophiclateral sclerosis
(Muller, Steinegger and Schlatter, 1993; Ojoand Ajayi, 2005).

CONCLUSION

The purpose of this study wasto examinethe Health Implications of Continued Use of
Aluminium Cooking Ware on Consumers. The effects of continued use of aluminium
cooking ware onthemineral e ements status— particularly a uminium of selected staple
foodstuffswere equally examined. Atomic absorption spectroscopy isused to determine
thechangesin minerd e ementsconcentrationsafter cooking in aluminium cooking ware.
After cooking yam inauminium cooking warean increasein theconcentration of duminium
ion was observed. In addition, the use of aluminium cooking ware for cooking on a
continuousbasi scan causeincreasein the auminium content of food and thustheintake of
auminiumion. Thus, itisadvisableto consder adjustment in dietary dlowancewhenfood
iscooked inauminium cooking wares.
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