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In this application note, we demonstrate the use of the Advion expression 
Compact Mass Spectrometer (CMS) with a volatile APCI (vAPCI) ion 
source to analyze extra-virgin, virgin, and lampante olive oil samples.

ANALYSES OF DIFFERENT GRADES OF OLIVE OIL BY 
VOLATILE COMPACT MASS SPECTROMETRY



INTRODUCTION

Olive oil is a high value commodity. Its food use is of particular concern 
as consumers want to be sure they are purchasing high quality products 
that are free of adulteration and fraud.

Extra-virgin olive oil is most desired for its superior taste. Naturally, 
the superior taste and quality of extra-virgin olive oil comes from strict 
production standards and brings a higher cost to produce; this cost is 
passed on to consumers.

It is distressing to consider that consumers may pay for extra-virgin olive 
oil that has been adulterated with sub-par olive oil, oils from other plants, 
or in the worst case, oil not meant for consumption. Testing by sensorial 
analysis must be done to ensure that a product labeled as extra-virgin is 
indeed pure and of the highest quality.

In this application note, we demonstrate the use of the Advion 
expression CMS with a vAPCI ion source to analyze extra-virgin, virgin, 
and lampante olive oil samples to categorize and identify their grade 
of quality.

METHODS

A wide selection of extra-virgin, virgin, and lampante 
olive oils from different geographical origins and 
olive varieties was analyzed using the CMS with a 
vAPCI ion source. Because the spectra of the olive 
oil grades cannot be readily differentiated by eye, 
statistical analysis was then performed on the mass 
spectra to compare and contrast the grades.

Partial least squares discriminant analysis (PLS-DA) 
was performed on each grade of olive oils using the 
full mass spectral range acquired (m/z 40-300) to 
look for similarities and differences. Figure 1: Experimental setup of the CMS for vAPCI analysis.

1



RESULTS AND DISCUSSION

Samples of each grade are loosely clustered together 
with some overlap between extra-virgin and virgin 
olive oil samples. The distribution within grades and 
slight overlap between extra-virgin and virgin aren’t 
surprising as the oil produced from a batch of olives 
is the result of a complex array of factors. The “best” 
virgin olive oil and “worst” extra-virgin olive oil could 
be expected to have similar spectra.

There is; however, a distinct separation between 
extra-virgin and lampante olive oils. The differences 
in chemical composition are more significant here, 
as expected given that lampante olive oil is not 
intended for consumption without refinement.

By using a PLS-DA approach, the classification and prediction percentages of 87% and 75%, respectively, 
were achieved. These are on par with or better than currently used ion mobility technologies such as GC/IMS.

CONCLUSION

Using the Advion expression CMS and vAPCI ion source, we can analyze various grades of olive oils, which 
have complex mixtures of chemicals in the vapor phase. Using statistical data analysis, we can classify the 
samples by their grade and predict what grade a sample would be with high accuracy on par with current 
technologies.

Figure 3: PLS-DA of extra-virgin vs. lampant olive oil. PLS-DA plot comparing 
two olive oil grades: extra-virgin (red) versus lampante (black). The PLS-DA plot 
shows distinct separation of the grades, indicating the capability to distinguish 
these grades using vapor analysis with the CMS.
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Figure 2: Mass spectra of olive oils. Representative mass spectra of olive 
oil grades: (A) lampante, (B) virgin, and (C) extra virgin. (D) The table shows 
selected compounds of interest in the spectra.

Figure 4: PLS-DA of extra-virgin vs. virgin olive oil. PLS-DA plot comparing two 
olive oil grades: extra-virgin (red) versus virgin (blue). The PLS-DA plot shows 
reasonable separation of the grades with some overlap.
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