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Abstract

Extra virgin olive oil can easily be differentiated from other olive oils or oil blends, by measuring the visible spectra using an i-Lab® Visible Spectrophotometer. The i-LAB® instrument, a portable, hand-held spectrometer, was used with a 5 mm quartz cuvette to measure the spectra.  Measurement time per sample was about fifteen seconds. The spectra of the oils were analyzed and showed extra virgin oil spectra to significantly differ from that of the other oils.  The extra virgin olive oil had major Absorption peaks at 417 nm, 455 nm, 478 nm, and 667 nm that are in good agreement with other studies1-4. Additionally, the tristimulus values (L*, a*, and b*) were calculated at D65 and 10 deg angle conditions.  The L* (lightness value) was found to correlate well with the spectra.  Extra virgin olive oil can be distinguished from other cooking oils and olive oil blends through spectral analysis and Absorbance peak ratios.  The analysis (performed with an i-LAB spectrometer) can be used to identify pure extra virgin olive oil.

Introduction
- Olive Oil In General

Olive oil is made from the olive, a fruit or drupe grown on olive trees (Olea Europaea).   The color and firmness are related to ripeness and are crucial for making high quality oils.  Oil made from hard, green olives will be bitter.  Oil from soft, black olives will be bland and have a stale aroma.  Preferred olives are slightly soft and greenish-black or greenish-red.  The resulting oils have a fresh taste and are aromatic with multiple flavors5.  The quality of the oil also depends on processing.  To be labeled “extra virgin olive oil”, EVOO, the oil is only subjected to physical and not chemical treatment.  Physical means include a hydraulic press or centrifuge.  Chemical means include the addition of chemicals to neutralize (improve) taste, extraction, heat, high pressure and solvent use to increase yields.

Olive oil is a complex material composed of fatty acids, pigments, vitamins, in addition to water-soluble and volatile compounds.  The main fatty acids are oleic acid (~55 to ~85% of the total acids), linoleic acid (~3.5 to ~21%) and linolenic acid (0 to ~1.5%).  Olive oil has an abundance of oleic acid and a lack of lineleic and linolenic acids compared to other vegetable oils6.  Oleic acid is monounsaturated, ( containing one double bond per molecule), (Fig. 1). Whereas, linoleic and linolenic acids are polyunsaturated, or containing multiple double bonds per molecule (Figs. 2 and 3).  The monounsaturated acid is more resistant to oxidation (decomposition), whereas the polyunsaturated acids oxidize easier.  Therefore, olive oil with its large degree of monosaturated acid does not breakdown like other oils, which oxidize due to light, temperature, oxygen, and other factors.  

Fig. 1: Structure of Oleic Acid                               [image: image13.png]Company B Canola Oil 0.12 2.02[Only peak at ~417 nm
Company A Canola Oil 0.14 1.74|Only peak at ~417 nm
Company E EVOO 0.74] 0.71{ Lacking peaks <430 nm
Company | EVOO 0.83 0.83| Lacking peaks <440 nm
Company H EVOO 0.90] 0.90| Lacking peaks <440 nm
Company F EVOO 0.92 1.75| Lacking defined peak at 455
Company J EVOO 1.34 1.33|Well Defined Peaks
Company K EVOO 1.96 1.45|Well Defined Peaks
Company L EVOO 2.23 1.31|Well Defined Peaks
Company G EVOO 1.12 1.34| Well Defined Peaks





Fig. 2: Structure of Linoleic Acid  [image: image2.jpg]0
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Fig. 3: Structure of Linolenic Acid [image: image3.jpg]



- Classification of Olive Oil

Olive oil is classified according to acidity, reported as the amount of oleic acid by convention7, although in practice other acids also contribute. A general description of olive oil types, as defined according to free fatty acid content, is shown in Table 1: 

Table 1:  Olive Oil Types by Acid Content

[image: image4.emf]Olive Oil Type

Description

Extra-virgin

Only virgin oil production, of  no more than 

0.8% acidity*, superior taste; <10% of all olive 

oils produced

Virgin

Only virgin oil production, of no more than 

2.0% acidity, good taste

Pure Olive Oil Blend of refined and virgin production oils

Olive oil 

Blend of refined and virgin olive oils, of no 

more than 1.5% acidity, lacking a strong flavor

Refined 

Oil subjected to refining methods not 

changing initial glyceridic structure; of no 

more than 0.3% acidity 

* acidity expressed as  amount of oleic acid


In general, for “virgin” olive oil, the oil is made only with physical means, meaning no chemical or heat treatment is utilized.   Olive oils, other than virgin, are processed.  Processing (chemical or thermal) causes the oil to degrade, thereby increasing acid content and rancidity.  “Extra virgin” olive oil is cold-pressed and has significantly less acidity (<= 0.8%) compared to other olive oils.
With acidity being the key element in olive oil classification, a titration method was developed and used as the standard method7. The method is from the IOOC (International Olive Oil Convention), a large organization that governs olive oil quality standards.  (Note, the USDA does not follow IOOC regulations or labeling.)  The titration involves the addition of organic solvents (ex. ethanol or an ethanol/ether mixture) and adding a colored indicator (ex. phenolphthalein) to the oil. Next, an alkali (ex. KOH) is used to titrate the oil acids.  Titrating causes the pH of the mixture to increase until it is neutral, at which point the indicator also changes color.  Alternately, an automatic titration device may be used.  In either case, the acidity of the oil is calculated from the volume and concentration of the alkali and the mass of the sample.

The titration method is fairly straightforward. Unfortunately, the method assumes that only the acids from olive oil are present.  If other low acid oils are blended with, or substituted for, the olive oil, the resulting oil may pass the EVOO acidity criteria.  . Also, adding alkali to oil blends or non-EVOO may also result in a passing of the acidity requirements.  Thus, the acidity test on its own is not a means to determine EVOO quality. 

Likewise, visual color is not a good means to determine extra virgin olive oil.  Color can easily be altered to yield the common golden-green color of EVOO.  Cheap green and yellow food dyes can be added to non-EVOO (e.g., sunflower oil) to appear as extra virgin olive oil.  
Thus, with the potential to alter the acidity and the color of lower quality oils and olive oil blends, a need exists for a rapid, simple and accurate test to identify extra virgin olive oil. 

 Pigments

The main pigments of olives are the chlorophylls and the cartenoids.  The structure of chlorophyll a and carotene are listed in Figs. 4 and 5, respectively.  Many types of chlorophylls (at least 6) and cartenoids (over 600) exist, although the two listed are very common.  Generally, chlorophylls absorb in the blue and red region, and appear green.   Carotenoids usually absorb blue light and appear orange or yellow.  The amount and type of pigmentation determines the color of the oil, which may be quantified by the spectral analysis.
Fig. 4: Structure of Chlorophyll a

[image: image5.png]



Fig. 5: Structure of Beta Carotene
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- Extra Virgin Olive Oil Adulteration 

To further the case for an additional test method for extra virgin olive oil, some examples of EVOO adulteration are reported.

From the New Yorker magazine5:
“In 1997 and 1998, olive oil was the most adulterated agricultural product in the European Union, prompting the E.U.’s anti-fraud office to establish an olive-oil task force. (“Profits were comparable to cocaine trafficking, with none of the risks,” one investigator told me.)”  And “fraud remains a major international problem: olive oil is far more valuable than most other vegetable oils, but it is costly and time-consuming to produce—and surprisingly easy to doctor.”  The New Yorker article reported that cheap hazelnut and sunflower oils were classified as extra virgin olive oil without suspect.  It also reported several known cases of fraud.

In 2008, “Operation Golden Oil” involved 400 Italian police officers making numerous arrests and appropriating oil from 85 farms for the “mislabeling” olive oil8.  

From the National Post9:  “The CFIA (The Canadian Food Inspection Agency) reported that, in 2007, 15 of 45 samples of extra-virgin olive oil pulled from Canadian store shelves and tested in the agency’s laboratory in Ottawa over the previous year had been adulterated. The bottles labeled as extra-virgin olive oil were found to have been blended with lower-priced sunflower or canola or soybean oils, or with lesser-quality oil…”

A 2010 Wall Street Journal piece10 had that “a recent University of California, Davis study11, which found that 69 percent of imported oils marketed as extra-virgin did not pass muster. “  Later in the same article, “Bob Bauer, the president of the North American Olive Oil Association, which represents most olive oil importers, said his organization has conducted tests on its imported products and found problems with only 1 percent of samples. (Although) He did not return a message left by the Associated Press”.   The U. Cal. Davis report11 recommended that additional tests should be developed to quantitate extra virgin olive oil.

Thus, a rapid, simple, and accurate test for determining extra virgin olive oil is needed.

Materials and Equipment

The materials in the study consist of twelve cooking oils, a 5 mm quartz cuvette, an i-LAB® Visible spectrophotometer, and acetone.  The oil types (as per their label) were listed as: canola oils (2), mild olive oil (1), olive oil blend (1), and extra virgin olive oil (8).  A summary of the types of oil, their ingredients and their country of origin can be seen in Table 2.  Initial experiments were made with a 10 mm cuvette, but due to the deep hue of the oils and the high Absorbance readings, a 5 mm cuvette was used.  Only one olive oil, Company L, was diluted with acetone in a 1:1 ratio, since it was so dark.  An i-LAB® Visible spectrometer was used to measure Transmission values of the samples.  In addition, a Beckman Coulter DU 2 spectrophotometer was used to confirm the i-LAB instrument readings.  

Procedure

Each oil sample was carefully poured into a clean 5 mm quartz cuvette and observed for air bubbles or other anomalies.  When no air bubbles or anomalies were detected, the cuvette was placed into the i-LAB hand-held spectrophotometer, and the black cap placed on the unit to prevent extraneous light interference.  Each oil sample was measured three times, and the visible spectra saved.  The average Transmission spectra were transformed in to Absorbance values according to the standard equation:


    ABS = - log (Transmission)          Eqtn. 1

The spectra of the oil samples are reported in Fig. 6.  The spectra have wavelengths from 400 nm to 700 nm.  All samples, except the Company L extra virgin olive oil, gave spectra within the range of the spectrophotometer’s detection limits.  The Company L EVOO, exceeded the ABS limit because of its dark color.  This oil was diluted 1:1 with acetone for the spectral analysis.  The Absorbance spectra of the Company L oil was later normalized (by multiplying by two) to yield back a 100% concentration and reported.

Results and Discussion

- Spectra and Peaks

Fig. 6 shows the Absorbance spectra for all of the oil samples, including the normalized spectra for the Company L oil.  The spectra shows the extra virgin olive oil differs from the other oils in having major Absorption peaks at 417 nm, 455 nm, 478 nm, and 667 nm. Minor peaks were observed at ~535 nm and ~615 nm.  The results were in excellent agreement with other studies1-4.  Thus, extra virgin olive can be distinguished from other oils by measuring the visible spectra.  Also, Fig. 7 shows the spectra of Chlorophyll a and cartenoid pigments12.  It is not surprising to see how the peaks for the pigment spectra are present in the spectra of the olive oil.   The placement and the ratio of the absorbance peaks are useful for identifying the oils.

  It is also interesting that the canola oils were similar in spectra, having only a small peak at 415 nm and conspicuously being “flat” at all other visible wavelengths.  The Company C blended olive oil and the Company D mild olive oil also had the ~417 nm and the 667 nm peaks, although they were small, but lacked other descript peaks that the extra virgin oils possessed.

  The Company I, the Company E and the Company H oils had peaks that differed from the other extra virgin olive oils from 400-440nm, which may be attributed to differing amounts and/or types of pigmentation due in part to chlorophylls.  However, the difference is unknown.  The Company F oil had a weak peak at 455 nm.  

If the criteria for identifying extra virgin olive oil was a strong (>1.0 ABS) peak at 417 nm, and an ABS 417nm/ABS 455 nm ratio between 1.3-1.5, then the Gourmet Mist, Company L, Company K, and Company G EVOOs would qualify (Table 3).

-L*, a*, b* Values

The tristimulus values (L*, a*, and b*) were calculated at D65 and 10 deg angle conditions.  The calculations were automatic with the i-LAB instrument, after the method was programmed.  The values are reported in Table 4.  The L* (lightness value) was found to correlate well with visual lightness observations.  Note that for L*, a higher number actually is lighter, and a lower number has a darker value. The a* value is a measure of red (positive number) and green (negative number).  The b* value is a measure of yellow (positive number) and blue (negative number).  So for the most part the L*, a* b* values translated into L* (83-99) or light, a* (-2 to -14) or light green to darker green, and b* (>7 upwards) or light yellow to a dark golden yellow relative to a standard (100% acetone used as standard).  Additionally, the standard deviations of the L*, a*, b* measurements were also very good- typically ~0.2 units.  There is a good correlation between the spectra and the L, a*, and b* values with all EVOOs having L*<92.3, a>10, and b*>50.

Summary

  Extra virgin olive oil can be differentiated from other olive oils as well as various other oils through measuring the visible spectra with an i-LAB visible spectrophotomer. This is accomplished by determining Absorbance peaks and looking at tristimulus (L*, a*, and b) values in a ~10 second measurement time.  Major Absorption peaks were observed for the extra virgin olive oils at 417 nm, 455 nm, 478 nm, and 667 nm, as outlined in literature.  The tristimulus values (L*, a*, and b*) also correlated with the color of the olive oil, although were more qualitative in nature.   However, for a batch to batch variability, the L*, a* and b* values are quite useful.  Additionally, the i-LAB instrument can easily be programmed by the user for spectral analysis (e.g., peak heights, peak ratios, tristimulus values, etc.) to provide sufficient information to determine if the extra virgin olive oil is genuine or not.  In summary, extra virgin olive oil can easily and rapidly be identified from other olive oils and various other oils using an i-LAB visible spectrophotometer.

TABLE 2: Listing of Oils Used in the Study

	Name
	Oil Type
	Description
	Countries of Origin

	Company A Canola Oil
	Canola
	100% Canola Oil
	US & Canada

	Company B Canola Oil
	Canola
	100% Canola Oil
	US & Canada

	Company C
	Blend
	95% Soybean Oil,                     5% Extra Virgin Olive Oil
	US & Italy

	Company D Mild Olive Oil
	Olive Oil
	100% Mild Olive Oil
	Italy, Spain, Greece, Tunisia

	Company E Extra Virgin Olive Oil
	Olive OIl
	100% first cold pressed Extra Virgin Olive Oil
	Italy

	Company F Extra Virgin Olive Oil
	Olive OIl
	100% Extra Virgin Olive Oil
	Italy, Spain, Turkey, Tunisia (Distributed by Sysco)

	Company G Extra Virgin Olive Oil
	Olive Oil
	100% first cold pressed Extra Virgin Olive Oil
	Spain

	Company H Extra Virgin Olive Oil
	Olive Oil
	100% first cold pressed Extra Virgin Olive Oil
	Spain

	Company I Extra Virgin Olive Oil
	Olive Oil
	100% Extra Virgin Olive Oil
	Italy, Spain, Turkey, Tunisia

	Company J Extra Virgin Olive Oil
	Olive Oil
	100% first cold pressed Extra Virgin Olive Oil
	Italy, Spain, Turkey, Tunisia

	Company K Extra Virgin Olive Oil
	Olive Oil
	Extra Virgin Olive Oil
	Italy, Greece, Spain, Turkey

	Company L Extra Virgin Olive Oil
	Olive Oil
	100% first cold pressed Extra Virgin Olive Oil
	Italy, Spain, Greece, Tunisia & Argentina


[image: image9.png]Lightness L+ a* b* dE
Name Visual Rank | Average | stdDev | Average | stdDev | Average | StdDev | Average | Std Dev
Company B Canola Oil 1 98.5 0.2 2.6 0.0 7.0 0.0 5.6 0.1
Company A Canola Oil 2 99.0 0.0 -4.0 0.1 95 03 83 03
Company C (Blend) 3 95.6 0.4 -4.5 05 10.9 05 10.6 0.4
Company D Mild 00 4 93.8 0.0 5.1 0.1 204 03 19.9 03
Company G EVOO 5 20.6 0.0 -13.8 0.0 69.3 0.1 69.3 0.1
Company F EVOO 6 92.2 05 113 0.2 50.1 0.6 50.0 0.4
Company E EVOO 7 92.2 0.0 -13.0 0.0 80.9 0.0 81.7 0.0
Company J EVOO 8 88.9 0.1 -13.8 0.1 88.6 0.1 77.6 0.0
Company | EVOO 9 89.0 0.0 -11.6 0.0 74.0 0.4 73.8 0.4
Company H EVOO 10 89.9 0.0 -12.9 0.0 75.9 0.1 75.7 0.1
Company K EVOO 11 85.2 0.2 -13.1 0.2 88.3 03 88.5 03
Compeny L EVOO 12 83.2 0.0 123 0.0 1105 0.2 1105 0.2




[image: image10.png]Absorbance of Kitchen Oils as Tested with iLAB

(All oils in 5mm Quartz Cuvettes, Tested with Unit 532)
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[image: image12.emf]Fig. 6: Absorbance Spectra of Oils, Including Extra Virgin Olive Oil (Absorbance vs. Wavelength)
Fig. 7: Absorbance Chlorophyll a and b, and Cartenoids (data from ref.12)



Table 3: One Rational for Rating Extra Virgin Olive Oil


Table 4: Tristimulus Values of the Oils Tested
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Other Oils and Blends: Some labeled as Extra Virgin Olive Oil
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