Traces of Heavy Metals in Libyan Olive Oil
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ABSTRACT

The determination of Fe, Mn, Cu, Zn, Ni, Cr and Pb in olive oil samples was
performed by atomic absorption spectroscopy. Analyses showed that a significant
portion of trace metals is removed during refining process but the level of Cu and Fe
remained relatively higher to increase oxidation. There is a correlation between
peroxide values and contents of trace metals in different commercial olive oil samples.

INTRODUCTION

Traces of heavy metals particularly copper and iron acts as catalyst for the oxidation
of unsaturated oils and develop rancidity (3). Experiments have shown that heavy
metals are related to the phospholipid content of the oils (4, 5). That is why most of the
heavy metals are removed during the process of degumming or alkali refining of oils.
Up to 98°%, Cu is removed in the olive oil refined samples (7). Various crude fats may
contain as much as 0.1-0.3 ppm of Cu (2), 0.1-0.7 ppm of Mn and 1-5ppm Fe (2).
There is comparatively little work has been done in this area. Nothing is known about
the heavy metal contents of Libyan olive oil in particular. The present work was
undertaken to study the total heavy metal contents both in crude and refined Libyan
olive oil samples.

MATERIALS AND METHODS

Samples of Libyan olive oil both crude and refined were obtained from an old olive
oil refining factory located in Tripoli, S.P.L.A.J. Olive friuts were also collected from
the University of Al-Fateh Campus, Tripoli. These were oven dried and crude fat was
extracted with petroleum ether (B.P. 40-60°C) using Soxhlet apparatus (5). The free
fatty acid and peroxide values were determined according to AOCS official methods
(5).

Pre-treatment of oil samples for atomic absorption spectroscopy

One g of each sample (in triplicate) was placed in a previously dried and weighed
Vycor Crusible. Crusibles were heated in a 105" C oven for 5 hours. After removing the
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crusibles from oven, were cooled in desiccator and weights were recorded (analytically).

The crusibles were transferred to a muffle furnace at 475°C and allowed to ash for 16
hours. The samples were removed and after cooling 1 ml of concentrated nitric acid
was added to each sample. The samples were allowed to stand for 1 hour with frequent
stirring. Finally, each sample was transferred to a 15ml volumetric flask and made up
to 25ml using deoinised water. These samples were analysed by atomic absorption
spectrophotometer according to the method of Olejko (6).

RESULTS AND DISCUSSION

The contents of 7 trace metals in different olive oil samples are shown in Table 1. As
expected, all heavy metals are reduced during the process of refining in varying
proportions. Detrimental effects of many heavy metals on the stability of fats, oils and
related products are known. Traces of heavy metals particularly Cu and Fe accelerate
oxidation of lipids (3). Libyan crude olive oil samples contain as much as Ca9-10 ppm
of Fe and 0.1-0.11 ppm of Cu. The iron in Spanish olive oil is reported as high as
16 ppm (18). Both Fe and Cu in the samples of Libyan crude olive oil are well within
the range as reported in literature (8). During various stages of processing about 60 to
909, trace metals are removed from the edible oils. The Libyan refined olive oil samples
contain 0.76 ppm Fe and 0.04 ppm Cu. These values are a bit higher then desired. It
appears that during processing Ca, 919, Fe and 64%, Cu is washed with gums. Other
trace metals are also reduced. There is possibility that small amount of trace metals are
formed (as soaps) through the action of free fatty acid on the tanks and other metallic
equipment used in processing and storing oils. This may be due to the bad processing
conditions, old and absolute equipment which is still in use in the old olive oil factory
located in Tripoli. To avoid contamination of metals from equipment during process-
ing there is a growing trend to use stainless steel vessels in modern refineries. The
following amounts of metal in ppm lower by half the keeping time of lard at 208" F (2):
Cu0.5, Mn0.6, Cr1.2, Ni2.2 and Zn 19.6. Copper concentration in vegetable oils is
maintained below 0.02 ppm. Both Cu and Fe concentration in olive oil samples is high
and will have adverse effect on the keeping quality of olive oil. The correlation of
concentration of trace metals and peroxide values can be seen from Table 2. Higher the
concentration of trace metals are, higher the peroxide values. However, the peroxide
values in case of prolonged storage both in case of refined and crude are relatively
lower. This may be due to a decline in peroxide value after maximum level had
reached. As the peroxide begin to decompose or polymerize more rapidly than are
formed (2).

Table 1. Trace metal contents in olive oil samples (ppm)*

Type of oil Fe Cu Zn Mn Ni Cr Pb
Crude fresh (Factory) 10.3 0.11 1.01 0.21 0.06 2.51 0.55
Virgin (Laboratory) 9.1 0.10 1.00 0.18 0.05 2.24 0.50
Refined (Factory) 0.76 0.04 0.50 0.19 0.50 0.41 0.21
Crude (stored in tin

can for 10 years) 10.61 0.11 202 0.21 0.06 2.51 0.55
Refined (stored in

tin can for 10 years) 1.42 0.06 0.50 0.19 0.50 0.41 0.21
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Table 2. Effects of trace metals on Peroxide values of olive oil samples.

Peroxide value* (m/eg/1000 g fat)

Type of oil At the beginning after 34 days
Crude fresh (Factory) 18.90 83.60
Virgin (Laboratory) 1.28 72.20
Refined (Factory) 7.46 30.00
Crude (stored in glass bottle

for one year) 220 15.00
Refined + 50%, crude in tin (Factory) 1.20 4.30
Refined +crude in glass bottle (Factory) 1.20 26.00
Crude stored in tin can for 10 years) 1.30 5.25
Refined (stored in tin can for 10 years) 0.50 2.50
*Each value is the mean of 3 replicates.
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