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Compar ative study of trace metal (Cd, Cr, Cu, Fe, K, Mg, Na, and Zn)
contents of local and imported vegetable oil brands consumed in Nigeria

Innocent C. Nnorom and Ugochukwu Ewuzie
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ABSTRACT

This paper reports the results of the study of @d,Cu, Fe, K, Mg, Na, and Zn contents of 20 brahdegetable oil
(10 local and 10 foreign brands) samples purchaseoh markets in Abia State, South-eastern Nigérte metals
were determined using atomic absorption spectrapheter after acid digestion. The metals (mg/kgemeined
for local brands of vegetable oil varied as followeg.2-443 for Na; 0.005-101 for K; 12.9-222 for MgD-1.8 for
Cr; 0.22-4.99 for Cu; 50-425 for Fe and 9.1-25 fon. For the foreign brands, the concentration (myy/iaried
from 113-452 for Na; 0.002-103 for K; 46-177 for My015-1.67 for Cr; 0.69-3.44 for Cu; 125-413 fee and
9.1-31.8 for Zn. The Cd contents were generallpwaletection limit and only two foreign brands histectable
Cd concentrations (0.012 and 0.602 mg/kg). On treall, iron concentration was higher than otheade metals
in the examined vegetable oils. Apart from Cd contthe metals concentrations of investigated |dmands of
vegetable oil compared well with their foreign ctemarts. The results of this study showed that eéktimated
intake levels for these metals, when compared seitisafety levels, should pose no risk to humathea
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INTRODUCTION

Oils and fats supply an average 15-30% of a maaily dalories need and they are important sourcenefgy in

the human diet [1]. The oil compositions differ dagding on the vegetal species from which they atained; and
even within the same species, the content and csitigpoof these components can vary due to theragnic and

climatic conditions, fruit or seed quality, oil exttion system and refining procedures [2]. Vedetalls and fats
are composed basically of triglyceride and fattidecThe triacyl glycerols (95-98%) are the majomponents
with constituents composed of complex mixture ohonicompounds (2-5%) of a wide range of chemicélinea
and metals [2]. They can be produced from seedsffeirent plants, such as: castor bean, corn, nateed, curcas
bean, fodder turnip, palm fruit, sunflower seedylb&an, tung, among others [3]. Other vegetablecgsusuch as
groundnut, rapeseed, safflower, sesame, cocontana, rice bran, watermelon, neem, mahuwa etcalaceused
as raw material sources in vegetable oil manufaddy. The varying sources of vegetable oils int#ichat there
would be differences in the composition of thedimed product especially with respect to fatty amichpositions,

degree of saturation, among others.

Industrial operations are usually applied in pretgs natural vegetable oil to remove the componesiich may

impact negatively on the desirable qualities offthished product such as appearance, taste, iggabil nutritional
value.
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Cert and co-workers observed that during storagehefoil, chemical processes such as hydrolysieriisation
and oxidation introduce change in the minor coustits. Consequently, they are of the opinion thmt t
determination of the minor constituents of vegetatil is essential for the analytical assessmerthefquality,
origin, extraction method, refining procedure andgble adulteration of the vegetable oils [2].

Being of natural sources, vegetable oil contaiasgramounts of metals, which at higher concentratiocrease the
oxidation rate of oil. Metals present in vegetadils can be from mineral uptake from the soil orichtthe plant is
grown as well as from other sources such as thkcapipn of agrochemicals like fertilizers and peistes [5]. The
use of metal equipment in the production processtsage and transportation could contribute to riegal
contamination, thereby constituting source of nsetaintained in the finished products.

Many metals are beneficial to humans but their levwe foods are of significant interest becausegvabcertain
levels, they may become harmful. Consequentlys itriportant to ascertain the levels of both bersdfind toxic
metals in foods, and such information is imperativeestimating dietary intakes of such metals. Thebal
Environment Monitoring System - Food ContaminatManitoring and Assessment Programme (GEMS/Food) of
the World Health Organization (WHO) encourages istudf total diet as a means of evaluating foodamimation

of chemicals and by extension, human intake of sh&micals around the world [6].

In recent times, there have been an increasing auwibpublications on the trace elements contehfead and
foodstuff, especially with the enhanced awarenesthe role of trace elements in human health [7kfJreasing
numbers of publications have reported the delatsrieffects that trace metals have on the flavodr @fidative
stability of oils, since some metals could catalggilation of fatty acid chains, exerting a deletes influence on
shelf life and nutritional value [10, 11]. Howevérere is a dearth of data from Nigeria.

Metal elements such as Na, K, Mg, Cu, Cr, Fe anda#n essential nutrients for human growth. Nevéstse
certain metals (Cd and Pb) can also be toxic, aveelatively little concentration and thereforespaisk to human
health [12]. Vegetable oils are widely used in dagkand food processing, cosmetics, pharmaceuditdichemical
industries [13]; thus, ascertaining their metalteois is germane. This is because the presenoiofretals such
as Pb and Cd could have undesirable health conseegie To protect human, the Joint FAO/WHO Expert
Committee on Food Additives (JECFA) set a provialaolerable weekly intake (PTWI) for Cd at 7 pgtgdy
weight (equivalent to 1 pg /kg bw per day) [14,.1Similarly, a tolerable weekly intake (TWI) of 215y /kg bw
(equivalent to 0.36 pug/kg bw per day) of Cd wasleihed by EFSA [16]. For Pb, an acceptable datigke for
adults was set at between 0.21 and 0.25 mg peakayetween 1.5 and 1.75 mg per week) [17].

This study is part of a comprehensive investigatitio the metal contents of consumer products ntackén

Nigeria to understand contamination status, spaimallarities/differences, and possible human iataites of the
metals by consumers. The aim of this paper thesefisrto characterize edible oil (foreign and Ipdalterms of
trace metal content and compare our results withaliure and set standards for foods. Our study ¢®nsiderable
interest considering that these oils are consumédrge quantities in Nigeria. The level of Cd, Cu, Fe, K, Mg,
Na, and Zn of some edible vegetable oils from Na@narkets was investigated and the outcome of ghidy

provides additional information, which is vital &valuating the nutritional benefits and the likébxicological

implications of the consumption of foods preparéththese oils.

MATERIALSAND METHODS

Sampling

Twenty (20) samples of edible vegetable oil (10aldorands and 10 foreign brands) marketed in sastken
Nigeria were purchased and investigated for theitaincontents. The samples were purchased betweeentber
2012 and January 2013. The brands studied indliagteKing, Sous, Envoy, Laser, First Choice, Diamdpideal,
Solive, Gold, Twin Lion, Star Arrival, Kings, Gran8aron, Fresh, Ok, Lahda, Life, Vikings and Turkeshich
were presented using 'sample codes'.

Sample analysis

All samples were analyzed as purchased without fanther pre-treatment. 1 g of the sample was welghe
accurately and transferred into a 250 mL coniadkl 10 mL of the acid digestion mixture (PercldoNitric and
Sulphuric acid in the ratio of 1:2:2) was addeditite sample and heated on a hot plate in a funoe.hbhe
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mixture was heated until a white fume was obserwdtch signified that digestion was complete. Tample was
allowed to cool and 20 mL of distilled water waslad to bring the metals into solution. Sample vilteréd using
ashless Whatman filter into a 100 mL volumetricsilaand made to mark with distilled water. The digesere
subsequently analyzed for Cd, Cr, Cu, Fe, K, Mg, & Zn using’hoenix 986 (Biotech Engineering Management
Co. Ltd. UK) flame atomic absorption spectrophottene

Statistical analysis

Statistical analysis of data was treated using EX067 statistical package program. Unpaired Sttsletest was
employed to determine whether significant diffesnexisted between metal contents of foreign acal larands of
the vegetable oils. The significance was set &,0abdt Stat value was compared with correspondir@yitical

two-tail value. When thé Stat value was less than th€ritical two-tail value, conclusion was reachedttthere
was no significant difference between the two bsapfdvegetable oil.

Quality assurance

All chemicals used were of analytical grade: HCI@0%, Sigma-Aldrich, St. Louis, USA),,B0, (98%, BDH

Laboratory Supplies, Poole, England); HN®9%, BDH Laboratory Supplies, Poole, England). glastics and
glassware were carefully cleaned by washing, rinsieverally with tap water before soaking in 5% HNOlution

for a minimum of 24 h to eliminate the risk of camtination during the experiments. They were rinsexerally
with deionized water before use. Reagent blankrohétations were used to correct the instrumentinggsd Report
has it that the slopes of the calibration curveiolkd using either inorganic or organic standargsvery similar
when dealing with vegetable oils, thus, their tracetals content can be determined through extexal#ration

technique, using either inorganic or organic statslgll]. Therefore, the accuracy of the analytivathod was
verified by analyzing a certified reference mateffeccu Standards, New Haven, USA) as well as cotidg spike
recovery on some of the samples. Detection limi @efined as the concentration corresponding &ettimes the
standard deviation of seven blanks. Recoveriethfospiking study and CRM analysis ranged from 98180.2 %
and 99.2 — 100.8 % respectively (Tables 1 and 2).

Table 1. Elements concentration in certified reference material (Accu standard USA)

Element Certified value Determined value Recovery
(mglL) (mglL) (%)
Na 3.00+0.42 2.98+0.71 99.3
Zn 0.250+0.031 0.249+0.104 99.6
Cr 0.0625+0.0241 0.063+0.0210 100.8
K 5.00+0.0¢ 4.997+1.07 99.¢
Fe 0.125+0.042 0.124+0.021 99.2
Mg 1.00+0.02 0.997+0.063 99.7

#Mean +standard deviation (n = 3)

Table 2. Recoveriesfor some spiked vegetable oil samples

Estimation of daily I ntake of metals from the vegetable oil brands studied

Spiked Recovered
Elements Sample D Concentration Concentration Re((:;v)ery
(mg/kg) (mg/kg) i
Fe TI-27 17542 175.3+2.5 100.2
1A-14 145+1 144.7+1.. 99.¢
Mg SuU-11 16.9+1. 16.8+2.¢ 99.4
DI-21 67.9+1.5 67.1+4.1 98.8
Na VI-28 272.2+10.4 271.9+1.7 99.9
DA-13 64.2+1.1 63.9+2.1 99.5
Cu FO-15 3.0+0.4 2.95+0.25 98.3
SC-19 2.540.2 2.46+1.0: 98.4
Zn LO-20 13.6+0. 13.5740.2: 99.¢
EO-10 12.7+0.4 12.69+1.04 99.9
K BA-18 0.008+0.010 0.008+0.031 100.0
FE-12 7042 69.84+1.21 99.8
*Mean +standard deviation

Zhu and co-workers estimated the dietary intakesigiit heavy metals from weekly consumption of §jd edible
vegetable oils or daily consumption of 25 g of éalibegetable oils for a 70 kg individual, and repdrthat
consumption of such quantities should pose notadkuman health [18]. Considering that in Nigeviegetable oils
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are most often, not consumed directly— they ateeeitised in food processing or other products—@®gd suffice
to estimate the daily intake of the metals for bibin local and foreign brands. The values obtaimedt compared
with their corresponding recommended daily intali3l) and recommended dietary allowances (RDA).

RESULTSAND DISCUSSION

Elemental concentration of local and foreign brands of vegetable oil

The metal contents of the individual foreign anchldorands of vegetable oil studied were preseintda@ble 3. The
summary of results and comparison of the Cu, Fevi§, Na, and Zn contents of the foreign and locahkds were
presented in Figure 1. Sodium and iron concentiatia both local and foreign brands were high (Fégl). The
lowest concentration of Na in foreign brands ofetadle oil was 113 mg/kg while the highest conaitn was
452 mg/kg. The minimum concentration obtained émal brands was 64.2 mg/kg whereas the maximum44as
mg/kg. Sodium is necessary to maintain balancehiysipal fluid systems and is also required for dperation of
nerves and muscles. However, high-sodium diet$irdted to a number of health problems including dgmof the
kidneys and increase in the possibilities of hyesion [19]. Consequently the Na contents of thepbes
investigated will not pose health risks since vabkt oils are not consumed directly, but used imoat all foods
processing.

The minimum Fe concentrations for foreign and Idmands were 125 and 50 mg/kg respectively. Fe dietis
very imperative for diminishing the incidence ofeamia [20]. The Fe contents of vegetable oils irs thiudy
(236199 mg/kg) were higher than values reporteddaeral authors, which ranged from 0 to 220 mgifiaple 4);
but were adequate as their intakes were below theresponding limits. The maximum Fe concentratioh413
and 425 mg/kg were determined in foreign and lbcahds respectively.

The K concentrations of both foreign and local bisawere generally low. Local and foreign brands 0&®5 and

0.002 mg/kg respectively as their minimum K concatidn, while their maximum concentrations were 4ddl 103

mg/kg respectively. Potassium is an essential religte for maintaining normal fluid balance in celind a delicate
balance of this element is reported to preventnanease in blood pressure and maintain normal aandiythm

[21]. Mg was also present at concentrations of 467 mg/kg and 12.9 — 222 mg/kg in foreign and lidcands

respectively.

Among other essential micro elements studied, tbedtin concentration was Cr<&iZn. Chromium was not
detectable in most foreign and local brands andlyZénis was consonant with the values (0.0005+QL060
0.0010+0.0001 mg/kg) obtained by Pehlivan and cdokers on edible vegetable oils in Turkey [12]. Howe

brands in which they were detectable, containesash as 0.015 — 1.67 mg/kg and 0.74 — 1.8 mg/Kgrgign and
local brands respectively (Table 3). Though trimdlehromium is an essential nutrient for humansijctvtis

involved in the glucose tolerance [19]; the levélQy in these samples calls for health concern.nGdiy the
observation that Cr was not detectable in somedsrgarocessing methods could be the culprit fohigh levels in
some brands. Adequate chromium nutrition may rediséefactors associated with cardiovascular disesswell as
diabetes mellitus, though hexavalent chromiumgantrast, is extremely toxic [22].

Copper and zinc are required in our diet becausy #xhibit a wide range of biological functions lsuas
components of enzymatic and redox systems [24].p€oponcentrations in this study ranged from 0.63.44
mg/kg in foreign brands to 0.22 — 4.99 mg/kg inaloorands. Cu Concentrations of the present stuehe \igher
than the recommended value [24], but is also coalparto the results of previous studies (Table 4).

Zinc concentrations of our study ranged between-931.8 mg/kg in foreign brands and 9.1 — 15.9 mg/klocal
brands. The Zn levels in the investigated oil s@sipliere higher than those of the literature vapresented in
Table 4.

Cadmium is known as a principal toxic element, siftcnhibits many life processes [25, 26]. It daa taken up
directly from water, and to some extent, from aid dhrough food, and it has a tendency to accumdtatoth
plants and animals [12]. Cadmium concentrationsewmszlow the detection limit in all of the local bds of
vegetable oil and most of the foreign brands: Cd detected in two foreign brands at 0.012 and Om8§iXg levels
(Table 3). This corroborated the reports of Pehliv@nd co-workers that reported Cd concentrations of
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0.0007+0.0002 — 0.0045+0.0002 mg/kg in edible veget oils in Turkey [12]. Other literature valuaggented in
Table 4 were all lower than the value of the presardy.

Table 3. Metalsconcentration of different brands of vegetable oil (mg/kg)

SamplelD | Brand Na K Mg Cd Cr Cu Fe Zn
LO-20 Foreigr | 267 | 0.00: | 81.¢ | ND ND | 3.2¢ | 22t | 13.€
SU-11 Local 77.6 | 0.005| 16.9 ND ND 0.22 50/0 9.1
EO-10 Local 323 19.5| 83.9 ND ND 4.18 25 12
LE-22 Foreign | 452 103 177 ND ND| 299 28 25
FO-15 Local 175 7.79 | 36.9 ND ND 2.9 25 13
DI-21 Foreign | 255 | 195| 67.9) 0.012 061 344 2% 2
1A-14 Local 11€ | 0.00¢ | 27.¢ ND 0.7¢ | 1.3¢ | 145 | 9.1C
SO-19 Local 170 | 0.005| 33.9 ND 180 248 313 11
GO-23 Foreign | 125 | 0.006] 63.9 ND ND| 111 326 15
TI-27 Foreign | 167 | 0.006] 74.9 ND ND| 099 176 13
SA-17 Local 443 101 222 ND ND 1.66 424 25
Kl-25 Foreign | 240 | 0.008] 62.9 ND ND| 1.24 288 15
GA-16 Local 13€ | 0.00f | 54.¢ ND ND 4.9¢ | 128 | 15.¢
BA-18 Local 140 | 0.008| 45.9 ND ND 224 188 11
FE-12 Local 123 | 70.0| 24.9] ND ND| 1.33 15 13
OK-29 Foreign | 153 | 0.002] 59.9 ND ND| 0.69 b
DA-13 Local 64.2| 0.009] 129 ND ND| 1.20 200
LI-26 Foreign | 257 | 0.016] 70.9 ND ND| 0.97 B
VI-28 Foreign | 272 | 33.1| 64.9] 0.602 167 128 350 3i
TU-24 Foreign | 113 11.2 | 46.0 ND 0.014 151 189

ND- Not Detected; Instrument Detection limit is@léng/kg

B o
U_IO‘) ~N o

© O oo

N
w
WpENOO O R

7 BLocal Brands OForeign Brands
Cu |
Mg
) i
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0 50 100 150 200 250 300 350

Concentration (mg/kg)

Figure 1. M ean concentration of some elementsin foreign and local brands of vegetable oils

Unpaired Student'stest showed that mean valuéggte; 2.09<2.13,n=10, P=0.05 for Zn; 1.22<2.11,n=10,
P=0.24 for Fe; 0.91<2.12»=10, P=0.38 for Cu; 0.93<2.13)=10, P=0.37 for Mg; 0.32<2.10n=10, P=0.75 for K
and 1.09<2.10»p=10,P=0.29 for Na) did not significantly differ.

Correlations studies showed strong association deivthe metals in the local brands compared tofdheign
brands (r>0.6 was accepted as strong). For instdadé (0.68); Na/Mg (0.93); Na/Fe (0.81); Na/Zn7B); K/Mg
(0.75); K/zn (0.78); Mg/Fe (0.75); Mg/Fe (0.88);/Er (0.70) were correlated for local brands. Far foreign
brands, the following were strongly correlated: K&.79); Na/Mg (0.86); K/Mg (0.89).
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Estimation of Intake of nutritional elements and potentially toxic metals

Results of the estimated intake of metals havealedethat both local and foreign brands of vegetaiils can
furnish consumer with essential minerals without attendant health effect. Daily consumption of26f foreign
brands of vegetable oil will furnish the body wt8 — 11.3 mg of Na, 0.00001 — 2.6 mg of K, and-1£24 mg of
Mg; while same quantity of local brands will progithe body with 1.6 —11.1 mg of Na, 0.00001 — 2¢bafiK and
0.3 —5.6 mg of Mg. The minimum daily requirementNa is 1500 mg, while the maximum recommended &fak
2400 mg per day [27, 28]. The estimated intake wa® way close to the recommended intake as Ittakle the
consumption of about 3.32 — 13.3 kg or 5.31 — Xp.®f either brands of vegetable oil to exceedrttieimum or
maximum limits respectively. The recommended dimitgke of K according to FAO/WHO is 4700 mg daiB0].
Thus, the daily intake of foreign or local brandsvegetable oil posed no threat to potassium toxiélso, daily
Mg intake was well below the recommended dietalgvaince set by Food and Nutrition Board, which 5§ 3ng
per day [27]; and consumers may require taking aPeu8 kg of either brands of vegetable oil toeed this limit.
The estimated daily intakes of some of the esdemiiecro elements were below their correspondingpnemended
dietary allowances, which are 0.9 and 18 mg/dayCierand Fe respectively; and adequate intake ehd/tlay for
Zn [30]. Daily consumption of 25 g of either loaal foreign brands of vegetable oil will provide tb@nsumer with
0.006 — 0.12 or 0.02 — 0.09 mg of Cu, 1.25 — 10.8.52 — 10.3 mg of Fe and 0.23 — 0.4 or 0.23 —nfig8of Zn
respectively. The daily intake of Cr ranged from 0.05 mg from the consumption of 25 g of foreigartals and 0
— 0.04 mg from the consumption of same quantitpoél brands. Adequate intake of Cr as stipulateédod and
Nutrition Board is 0.03 mg/day [29]; therefore, samers may consider limiting their vegetable didkes to 17 g
in order not to exceed the limit.

Cd was not detected in local brands of vegetaldenbile some foreign brands contain little amoohiCd (Table
3). The daily intake estimated from the consumptdr25 g of foreign brands was 0.02 mg. The RDI @at is
0.07mg [30]; thus it will only take the consumptiohabout 120 g of foreign vegetable oil to be esgbto Cd
toxicity.

Table 4. Comparison of trace metals contents of vegetable oils

Element | Concentration (mg/kg) Reference
<2.1-3.13 [11]
0.0039 - 0.0352 [12]
16.2 - 45.3 [18]
Fe 0.22 — 220 [32]
52.0-291.0 [33]
0.0-0.8 [34, 35]
50—42¢ Present study
1.0-15 Recommended value [24]
0.00273 — 0.00769 [5]
<0.4-4.61 [11]
0.0184 — 0.2870 [12]
7n 0.0255 — 0.6617 [13]
0.742 — 2.56( [18]
0.04-0.70 [32]
9.10 — 31.80 Present study
NA Recommended value [24]
<0.40 —1.33 [11]
0.0184-0.287( [12]
0.027-0.85¢ [13]
0.021 - 0.265 [18]
cu 0.02-0.33 [32]
0.000 — 0.130 [34, 35]
12.71 - 50.50 [36]
21.0-31.C [37]
0.22—4.9¢ Present study
0.1 Recommended value [24]
0.0017 — 0.00618 [5]
0.0007 — 0.0045 [12]
cd 0.00051 — 0.00672 [13]
0.00264 — 0.00843 [18]
ND —0.60z Present study
0.05 Recommended value [24]

NA- Data not available
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CONCLUSION

This study contributes new data on the trace eltsnerntent of some branded vegetable oil samplekatel in
southeastern Nigeria. In the present study, vewy ¢oncentrations of toxic metal Cd was observedramded
vegetable oil samples with a range of 'not detedied.602 mg/kg. Local brands of vegetable oil idtobe
encouraged and patronized having shown undetede@és of the studied toxic metals, and contairadgquate
essential elements needed by human. The vegetétideands investigated contained high amounts ofNre and
Mg with ranges of 50-425 mg/kg, 64.2-452 mg/kg, 46®—-222 mg/kg respectively. The cadmium conterse
generally below the 0.05 mg/kg limits. The resultghis study provide detailed information on thé&mnutrient
benefits of foods prepared with the vegetable @hids marketed in Nigeria. The results also shawttiere is no
toxicological health risk from Cd in the use of gtadied brands of vegetable oil in food preparatio
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