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Introduction

Food adulteration or food crime occurs when
an ingredient is replaced partially or fully with
something different – without the knowledge
of the consumer. Most of the time, food
adulteration occurs to improve profits by
diluting higher value products with lower value materials. The price of extra virgin olive oil (EVOO) is
about 3-5 times higher than food grade olive pomace oil and therefore can be found to be blended
with lower quality olive pomace oil. EVOO is extracted by mechanical pressing of high quality olive
fruit, while olive pomace oil is the residue oil that is extracted by chemical solvents from previously
pressed olive mash. Further, olive pomace oil is highly refined to remove chemical impurities. Both
EVOO and olive pomace oil have similar triglyceride composition and therefore it is difficult to
distinguish them on this basis. In the past, time consuming GC methods with sample preparation
have been used to show that the average amount of ethyl ester of oleic acid (EEOA) in extra virgin
olive oil and refined lampante olive oil (similar to refined olive pomace oil) is 27.9 mg/kg and 770
mg/kg, respectively1. It has also been reported that the ethyl esters of fatty acids in extra virgin olive
oil were less than 32 mg/kg, whereas the ethyl esters of fatty acids in olive pomace oil were far
higher; in the range of 500-40000 mg/kg2. The higher amounts of EEOA in olive pomace oil can be
attributed either to heat treatment in processing or to lower quality of olive fruits. Both EVOO and olive
pomace oils have similar amounts of free oleic acid (OA)3. Therefore, the measurement of ratio of
EEOA to oleic acid in EVOO can be used as a way to detect its adulteration with olive pomace oils
and other lower quality olive oils, which have a higher content of EEOA in them. In this work using a
Direct Sample Analysis™ Time-of-Flight mass spectrometry system (DSA/TOF), we developed a method
with no sample preparation to determine adulteration of EVOO with olive pomace oil by measuring
the ratio of EEOA to OA.
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To obtain high mass accuracy, the AxION 2 TOF mass
spectrometer was calibrated before each analysis by infusing a
mass calibrant solution into the DSA source at 10 µl/min. The
DSA/TOF experimental parameters were as follows:
Mass spectrometer: 		

PerkinElmer AxION 2 TOF MS

Ionization source: 		PerkinElmer Axion Direct Sample
Analysis (DSA)
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Mass Scan Range: 		

10-1100 Da

Acquisition Rate: 		

2 Spectra/s

Data Acquisition Time:

5s

6000

Capillary exit voltage:

150 V

4000

Figures 1 and 2 show the mass spectra for the EVOO sample
3 and olive pomace oil sample 2 in positive ion mode using
DSA/TOF, respectively. The mass spectra show the response
ratio for EEOA to OA were 0.018 and 0.63 in EVOO sample
3 and olive pomace oil sample 2, respectively. Therefore, the
higher response ratio for EEOA to OA in EVOO can be used as
a way to determine adulteration of EVOO with olive pomace
oil using DSA/TOF. Table 1 shows EEOA to OA response ratio
for 5 EVOO samples, 2 olive oil blend samples ( a mixture of
EVOO and olive pomace oil) and 2 olive pomace oil samples.
The average response ratio for EEOA to OA in EVOO samples
was 0.023 with standard deviation of 0.005. Therefore, if an
EVOO sample showed the response ratio for EEOA to OA at a
value higher than 0.032 (calculated using value of average +
2 times standard deviation for EEOA to OA response ratio in
extra virgin olive oil) with DSA/TOF, it would indicate that it
might be either adulterated with olive pomace oil or any oil
containing a higher level of EEOA than EVOO. Table 1 also
shows that the response ratio for EEOA to OA for 2 olive oil
blend samples and 2 olive pomace oils was higher than 0.032,
suggesting that these samples were either blends of EVOO
and olive pomace oil or olive pomace oil samples. Figure 3
demonstrates that the response ratio for EEOA to OA increased
with addition of olive pomace oil sample 2 from 10 to 75 %
in extra virgin olive oil 3. This demonstrated further that the
higher response ratio of EEOA to OA in EVOO can be indicative
of its adulteration with olive pomace oil using DSA/TOF.
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Five samples of extra virgin olive oils, two samples of olive oil
blends and two samples of olive pomace oil were purchased from
a local supermarket. All oils were tested without any sample
preparation with DSA/TOF. One microliter of each sample was
pipetted directly onto a glass tube compatible with the AxION®
DSA™ system, for ionization and analysis. All samples were
analyzed within 30 seconds of sample introduction.
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Figure 2. Mass spectra of olive pomace oil sample 2 in positive ion mode using DSA/TOF.

Figure 2 : Mass spectra of olive pomace oil sample 2 in positive ion mode using
DSA/TOF
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Table 1. Measured values of response ratio of EEOA to OA in different olive oil samples
with DSA/TOF.
Sample No.
Sample Description
EOA/OA Response Ratio
1
Extra Virgin Olive Oil 1
0.028
2
Extra Virgin Olive Oil 2
0.023
3
Extra Virgin Olive Oil 3
0.018
4
Extra Virgin Olive Oil 4
0.018
5
Extra Virgin Olive Oil 5
0.028
6
Olive Oil Blend 1
0.083
7
Olive Oil Blend 2
0.037
8
Olive Pomace Oil 1
5.45
9
Olive Pomace Oil 2
0.63

Conclusion
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