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Development of High-Performance Liquid Chromatography Criteria 
for Determination of Grades of Commercial Olive Oils. 
Part I. The Normal Ranges for the Triacylglycerols 
Richard V. Flor*, Le Tiet Hecking and Brian David Martin 
Office of Laboratories and Scientific Services, United States Customs Service, Washington, D.C. 20229 

Criteria for authentic  ol ive oils were developed from 
isocratic high-performance liquid chromatography analy- 
ses of  99 ol ive oils from the major Mediterranean produc- 
ers in the 1983-1986 crop years. Authent ic  ol ive oils in- 
clude extra virgin, virgin and pure or refined oils, but 
exclude all reesterified and adulterated oils. The extra 
virgin through pure grades will  have  a combined area 
for the  LOO (C:8:zC1s:iC:s.l), LOP (C~s.~Cls:lCm0), OOO 
(C18:1C18:1C18:1), POO (C16:0C18:1C18:1) , POP (Cm0Cls:lC:8::), 
and S O 0  (Cls:0Cls:lCls:l) peaks between 82.0 and 92.6% of 
the total  area (L, linoleic; O, oleic; P, palmitic; S, stearic). 
Authentic oils will have ratios of LOO/LOP and OOO/POO 
that  coincide wi th  a line defined by OOO/POO = 
0.7844(LOO/LOP) + 0.0968; correlation coefficient is 0.885. 
Authent ic  oils will not  have  a trilinolein (LLL) peak over 
0.5% in area. Neither triolein (OOO) nor any other single 
peak suff ices  to  characterize an olive oil sample  as one 
of the authentic  grades. 

KEY WORDS: Adulteration, HPLC, olive oil, reesterified, refined, 
refractive index, triacylglycerols. 

The United States Customs Service is charged with cor- 
rectly classifying for tariff purposes all merchandise enter- 
ing this country and enforcing at the borders laws nor- 
mally administered by other agencies. In the case of enter- 
ing olive oil shipments, the Customs Service is confronted 
with correctly determining a range of olive oil grades, and 
mixtures thereof, and mixtures of olive otis with other otis, 
which may involve adulteration or mislabelling of the 
articles. 

The identification and classification of olive oils, which 
must be within the framework of the Harmonized Tariff 
Schedule of the United States (1), is complicated due to 
the nature of olive oil. Under ideal conditions, a super 
premium edible oil is obtained from olives, which is called 
"extra virgin:' This grade is considered superior to the 
common edible oils and is many times the cost of ordinary 
high quality oils, e.g. "premium" corn oil or peanut oil. 
The high price commanded by the highest grades of olive 
oil constitutes one driving force behind the attendant com- 
mercial fraud. In addition, olives themselves are not an 
inexpensive fruit and must be harvested in timely fashion 
and with some care to avoid bruising the fruit. Conse- 
quently, growers and processors are understandably loathe 
to allow the least morsel of oil to escape the battery of 
pressing and extraction processes that  have evolved to 
capture all of the oil. These procedures, in turn, generate 
a range of grades of olive otis, and our task is to 
distinguish among them. 

We performed high-performance liquid chromatography 
(HPLC) separations on a total of 99 olive oils from the 
principal exporters to the United States. This sample set 
covers importations from Spain, Italy, France. Greece, 
*To whom correspondence should be addressed at U.S. Customs Ser- 
vice, Office of Laboratories and Scientific Services, 1301 Constitu- 
tion Ave., N.W., Washington, D.C. 20229. 

Turkey and Tunisia for the years 1983-1986. Examination 
of these data has allowed us to abstract general HPLC 
characteristics of various grades of olive oil and to set 
limits for some of those grades based only on the HPLC 
separation of the triacylglycerols (TAGs). The Interna- 
tional Olive Oil Council (IOOC) proposed a set of designa- 
tions for various grades of olive oils in 1986 (2), which we 
review here so the correlation to our HPLC work can be 
understood. 

Virgin olive oil is obtained from the olive fruits by purely 
mechanical means (e.g., pressing} under conditions {espe- 
cially near room temperature} such that there is no altera- 
tion in the oil, and no treatments other than washing, 
decantation, centrifugation and filtration are permitted. 
An "extra virgin" oil has absolutely perfect flavor and 
odor with acidity {as oleic acid} of less than 1 g/100 g. A 
"fine virgin" oil may have acidity as high as 2.0 g/100 g, 
but the flavor and odor must still be perfect. A "virgin" 
(or "semi-fine virgin") may have acidity as high as 
3.3 g/100 g, but the flavor and odor must still be con- 
sidered good. If the processing and/or the fruits were not 
of the best quality, a virgin oil of inferior quality is ob- 
tained, the "lampante" oil, which has an acidity level too 
high for human consumption without additional treat- 
ment. Lampante oil is not to be blended or used as such 
for human consumption without refining. Refining (usu- 
ally with a caustic solution) will reduce the acidity to 0.5% 
and may involve deodorization and decolorizing to achieve 
palatability. Any of the virgin grades of olive oil that have 
been refined without altering the original glyceride struc- 
ture are called "refined oils:' The unqualified term "olive 
oil" is used for any of the blends of the virgin grades and 
refined virgin oil {i.e., from the "lampante" oil). 

After the initial pressings, the olive fruits are often ex- 
tracted with organic solvents, typically hexane" to afford 
"crude olive pomace oil:' This grade is generally in need 
of refining to achieve palatability. Crude olive pomace oil 
after refining is reduced to 0.5% acidity and referred to 
as "refined olive pomace oil" Refined olive pomace oil may 
be blended with virgin grades to yield "olive pomace oil" 
Such oil may have a maximum acidity of 1.5%. Oils that  
are extensively hydrolyzed may be reesterified and then 
refined to produce an oil that  will not have the original 
glyceridic structure. This reesterified oil may not be sold 
for human consumption in at least some of the European 
Community countries (3). Fortunately, this plethora of 
possible grades is seldom encountered in United States 
commerce The principal items of commerce are the virgin 
grades, refined, pomace oil and blends among them. The 
purpose of the present work is to identify all these grades 
collectively as acceptable olive oils and to exclude from 
the acceptable category all olive oils that are adulterated 
and/or reesterified. 

Additional insight into the descending series of grades 
is provided in a much earlier description by Gracian (4). 
The successively more rigorous pressings of the olive 
fruits, with addition of warm water, and often the passage 
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of time before solvent extraction result in: (i) a declining 
gradient in which the trace components responsible for 
the flavors are largely removed in the first pressings (the 
virgin grades}; (ii) bitter or "off '  flavors are released from 
the crushed olive pits; and (iii} lypolytic enzymes have 
time to hydrolyze the TAGs. (Oxidation reactions also 
become more important with the passage of time but are 
not treated in this paper.} Consideration of these factors 
led us to focus on an HPLC method to develop a screen- 
ing procedure for the various olive oil samples. The HPLC 
separations achieved conveniently quantitate both the 
diacylglycerols (DAGs) and TAGs in one run. The infor- 
mation about the DAGs and TAGs is necessarily lost if 
one proceeds with the conventional fatty acid methyl ester 
gas chromatograpy analysis. 

EXPERIMENTAL PROCEDURES 

For samples numbered 1-46. HPLC separations were per- 
formed on a 40-cm length (25-cm and 15-cm columns, 
closely coupled} of 5-micron C18-coated particles 
(Supelcosil LC-18, Supelco Inc, Supelco Park, Bellefonte, 
PA). Elution was at 1.5 mL/min with acetone/acetonitrile 
(63.6:36.4, vol/vol} at room temperature. The detector was 
a Waters 401 differential refractometer (Waters Chroma- 
tography Division, Millipore Corp., Milford, MA}, usually 
at 8× attenuation. Samples were prepared to about 9% 
concentration (wt/vol) in the mobile phase, with sufficient 
chloroform added to achieve completely clear solutions. 
The sample solutions were filtered through 0.45-micron 
filters (AcroDisc CR, Gelman Sciences Inc., Ann Arbor, 
MI). Twenty-microliter injections were done manually 
through a Waters U6K injector. Injections were performed 
six times for statistical calculations. Integrations were 
performed with an M-1 Computing Integrator (Perkin- 
Elmer, Norwalk, CT), with the minimum area set to 5,000 
counts. Samples typically gave over 5,000,000 counts for 
total area. 

For samples numbered 47-105. The following changes 
were made: HPLC separations were performed on two 
closely coupled 15-cm columns, of 3-micron C18-coated 
particles (Supelcosil LC-18, Supelco Inc}. The same eluant 
was used at 1.5 or 2.0 mL/min. The detector was a Waters 
410 differential refractometer. Samples were injected 
automatically via a WISP 710B (Waters/Millipore Corp.} 
in a range of 10-15 microliters. Integrations were perform- 
ed on a Hewlett-Packard 3390A Integrator (Palo Alto, 
CA}. Samples were now filtered through 0.2-micron filters 
before injection (AcroDisc CR, Gelman Sciences Inc.}. 

Each sample was run at least six times on the same day. 
Ten minutes after the last peak of each chromatogram had 
appeared, the next injection was performed. Peaks were 
never observed to appear in successive chromatograms 
due to previous injections. The columns were washed for 
30 min at the end of the day with pure acetone. 

RESULTS AND DISCUSSION 

We show examples of typical high-quality oils in Figures 1 
and 2, with the TAGs labelled in abbreviated form. The 
fatty acid abbreviations are: palmitic acid, P; oleic, O; 
stearic, S; linoleic, L; linolenic, Ln; palmitoleic, Po. The 
TAGs are abbreviated, e.g. LOP, without prejudice to the 
existence of other possible positional isomers. The 99 olive 
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FIG. 1. Sample #56. Triacylglycerols are: 1) LLL, 2) LLO, 3) LLP, 4) 
LOO, 5) LOP, 6) OOO, 7) POO, 8) POP, 9) SOO. Abbreviations: P, 
palmitic; O, oleic; S, stearie; L, linoleic; Ln, linolenic; P~ palmitoleic. 
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FIG. 2. Sample #52. Triaeylglycerols as in Figure 1. 
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oil samples that  we examined were reduced to a set of 67 
by removing all those that  were (i) not olive oils at all; 
(ii) adulterated with other vegetable oils; or (iii) reesteri- 
lied. This set of 67 samples combines the extra virgin 
through "pure" grades into a single group, which is shown 
in Table 1. Here the samples are shown in ascending order 
of their Six Peak Sums (6PeakS) which is the sum of the 
area percentages of LOO, LOP' OOO, POO, POP and SO0. 
Early in this work, we sought to find simple criteria based 
on the TAG peak areas and/or ratios, which would allow 
us to set ranges for identifying the various grades of olive 
oils and to distinguish them from other oils. The first 
criterion to emerge was the sum of the largest TAGs. We 
considered the sum of LOO, LOP' OOO and POO (4PeakS); 
and also the sum of LOO, LOP, OOO, POO and POP 
(5PeakS); as well as the 6PeakS. We settled upon the 
6PeakS as representing the best compromise of a small 
number of peaks sufficient to generate a reliably large 
area, without subjecting the defining criteria obtained to 
distortion by inadvertent inclusion of samples which 
had low (e.g., less than 5-10%) levels of adulteration 
with polyunsaturated oils. The ratios of LOO/LOP and 
OOO/POO are also given in Table 1, and they are plotted 
as a scatter diagram in Figure 3. 

Chromatograms of the polyunsaturated vegetable oils 
generally have large peaks for LLL, LLO and LLP but 
usually smaller LOO and LOP peaks {5-8). Examination 
of those references shows that  HPLC chromatograms for 
corn, cottonseed, soybean, sunflower and safflower oils 
have such large peaks. Additionally, HPLC chromato- 
grams of soybean oil have a distinctively large (ca. 7%) 
LnLL peak, and canbra rapeseed oil has an equally large 
LnLO peak. HPLC chromatograms of peanut oil (9) dis- 
play a relatively small LLL peak (ca. 3.5%) but much 
larger LLO and LLP peaks (18.2%, 5.9%). We avoided 
using LLO and LLP as defining peaks; consequently, the 
database and conclusions drawn from it should be undis- 
torted by the presence of the common adulterants. 
Samples that  have sufficient vegetable oil(s) admixed to 
elevate the LOO, LOP and OOO peak areas of olive oils 
are recognizable because their LLL, LLO and LLP peaks 
are dramatically larger than expected for genuine olive 
oils. By not using peaks eluting before LOO, we also ex- 
clude distortion due to palm kernel or coconut oils. Also, 
palm kernel and coconut oils have such distinctive HPLC 
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FIG. 3. Plot of Area Ratios OOOIPOO vs. LOOILOP for all 67 authen- 
tic olive oils. Abbreviations as in Figure 1. 

patterns (9) that  significant (e.g., 5%) admixture of either 
should be recognizabl~ Addition of either palm oil or palm 
stearine is easy to detect because the POP, and especially 
the PPP, peaks would be much larger than usual in the 
chromatogram. By following these guidelines, we are con- 
fident that  our database of 67 samples is free of olive oils 
adulterated with any of the vegetable oils important in 
commerce. 

The range for the 6PeakS was ca. 82.0-92.6% for the 
samples we analyzed that were considered authentic Olive 
oil samples are unlikely to have 6PeakSs more than ca~ 
1-2% above the presently reported 92.6% because there 
will be at least some LLO, LLP, LnOO, LnOP and DAGs 
even in the highest quality oils. Much more important is 
the lower limit for authentic olive oils. It  is possible to 
find a sample with a 6PeakS well below 80% because it 
is heavily adulterated with a polyunsaturated oil. For ex- 
ample, a sample was found where ca. 30% corn oil lowered 
the 6Peaks to 74.4%. More frequently, we encountered 
reesterified olive oils with 6Peaks just below 80%, 
although most were lower than 76%. The conclusion is 
that  genuine olive oils will not have 6PeakS more than 
1-2% below 82% because the remaining peak area would 
appear as peaks that are diagnostic of adulteration and]or 
reesterification. 

We have developed the additional criterion that samples 
containing more than 0.5% LLL are presumed to be 
adulterated with polyunsaturated oil. This matter will be 
fully discussed in a subsequent paper and is mentioned 
here as a result to be used in the general guidelines we 
are presenting. This cutoff is important because we have 
16 adulterated samples where the 6PeakS is within the 
82.2-92.2% range. Without this exclusion, those 16 oils 
would be considered authentic, i.e., not adulterated. 

Examination of Table 2 reveals that every one of the six 
principal TAGs varies at least twofold in its own range 
but still corresponds to a perfectly acceptable olive oil in 
our set of 67 samples. Except for OOO, this is also true 
for the 141 Spanish oils that  have been examined by 
Graciani Constante (7). Given a combined total of 208 
samples, we suggest that any sample which exhibits TAG 
peaks outside two of those ranges be rejected. We have 
found that reliance upon a single TAG instead of the 
6PeakS does not provide a reliable guide to olive oil 
quality. The poor correlation of OOO to 6PeakS (correla- 
tion coefficient = 0.56) warns us that  even the (usually) 
largest single peak will not serve as a substitute for the 
6PeakS. 

We have found that the ratios of the largest TAGs serves 
to link seemingly weakly related olive oil samples. 
Figure 3 shows the plot of OOO/POO vs .  LOO/LOP for 
all 67 olive oils. The correlation coefficient is 0.885 for 
the straight line given by the relation OOO/POO = 
(0.7844)LOO/LOP + 0.0968. Figures 1 and 2 illustrate the 
extremes in TAG distribution that  we encountered, par- 
ticularly with respect to OOO and POO. Nevertheless both 
samples are on the line defined by Figure 3. It is this cor- 
relation line that enables us to further classify oil samples. 
Lack of adherence to this line means that  a sample is 
defective in some manner, e.g.,  it is not an olive oil, or it 
is adulterated or reesterified. 

We searched for other published data to fit into the 
scheme presented here. No other suitable data were found. 
Histograms were found, e.g., of the fatty acid distributions 
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T A B L E  1 

Area  Percentages  and Area Ratios for Olive 
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Oil Samples  

Sample Six Peak 
number  Sum (%) LLL 

% 

LOO LOP O O 0  POO POP SOO LOO/LOP 

59 82.1 0.3 17.0 
20 82.8 0.5 12.7 
85 84,0 0,4 11.8 
17 84,1 0,3 12.0 
92 84.2 0.4 15.2 
28 84.7 0,4 14.8 
22 85.0 0.4 12.4 
93 85.6 0.3 11.3 
63 86.2 0.3 10.8 
51 86.3 0.4 12.6 
82 86.5 0.3 11.8 
84 86.5 0.4 11.1 

4 86.9 0.3 10.2 
69 86.9 0.4 11.7 
56 87.0 0.4 9.4 
26 87.1 0.3 15.4 
25 87.1 0.3 13.5 
86 87.3 0.3 11.7 
24 87.6 0.5 14.0 
88 87.6 0.4 10.1 

8 87.8 N.I. a 10.1 
23 87.9 0.3 14.7 

9 88.1 0.4 11.0 
90 88.2 0.3 9.8 
75 88.5 0.2 12.1 
78 88.5 0.2 12.2 
21 88.6 0.2 14.2 
13 88.7 N.I. a 10.8 
99 88.6 0.1 10.5 
19 88.8 0.2 15.8 
66 88.8 0.2 10.3 
18 88.8 0.2 16.7 
70 88.9 0.3 9.7 
58 89.1 0.2 11.7 
50 89.2 0.5 12.9 
72 89.3 0.3 11.7 
16 89.5 0.5 14.2 
71 89.6 0.2 11.3 
68 89.8 0.2 10.2 
61 89.9 0.5 12.7 

3 89.9 0.2 9.6 
15 89.9 0.2 14.4 
95 90.4 0.2 9.2 
62 90.4 0.1 9.9 
12 90.4 N.I. a 13.0 

11 90.5 N.I. a 9.9 
76 90.5 0.1 11.2 
87 90,6 N.I. a 9.8 
10 90.6 0.2 11.2 

102 90.7 0.1 10.7 
94 91.0 N.I. a 8.6 

7 91.1 0.3 12.3 
6 91.3 0.2 11.8 

65 91.3 0.3 9.0 
5 91.4 N.I. a 10.6 

79 91.4 0.4 10.3 
I01 91.8 0.1 7.1 

64 91.8 0.1 8.2 
77 92.1 N.I. a 10.5 
97 92.1 0.3 9.7 
96 92.1 0.2 9.3 
98 92.2 0.1 8.0 

1 92.2 0.1 8.8 
103 92.3 0.1 8.2 

80 92.4 0.2 10.7 
52 92.6 0.1 7.3 

100 92.6 0.1 7.8 

13.6 21.7 21.0 5.3 3.4 1.26 
6.3 35.8 20.8 2.9 4,3 2,00 
7.0 35.3 21.5 3.5 4.9 1.67 
5.1 38,7 20,7 3.2 4.4 2.34 

13.6 22,0 24.5 5.6 3.2 1.11 
8.4 33.7 20.5 3.3 3.9 1.76 
5.8 37.0 21.6 3.2 5.0 2.16 
5.2 39.2 22.6 3.4 4.0 2.19 
5.2 39,9 21.5 3.3 5.5 2.09 
6.2 38.3 21.2 3.0 5.0 2.02 
5.8 39.3 21.2 3.0 5.5 2.01 
5.3 38.8 23.1 3.3 4.9 2.10 
4,1 44.4 19.5 2.8 5.9 2.51 
4.5 42.5 20.0 2.8 5.4 2.58 
9.4 25,3 31.7 6.6 4.6 1.00 
9.1 34.5 21.0 3.3 3.8 1.68 
6.0 40.1 20.6 2.3 4.5 2,25 
6.0 38.9 22.9 3.4 4.5 1.93 
5.8 39.8 20.7 2.3 4.8 2.40 
5.3 37.2 26.2 3.9 4.9 1.90 
4.4 43.0 21,1 3.2 6.1 2.32 
8.8 33.4 23.3 3.9 3.8 1.68 
4.5 43.5 20.4 2.8 5.9 2.46 
4.3 42.8 22.6 2.8 5.8 2.31 
5.1 41.2 21,5 3.1 1.3 2.35 
6.0 38.2 24.5 3.3 4.4 2.04 
6.1 39.0 21.8 2.7 4.8 2.34 
4.5 44.4 20,8 2.6 5.6 2.38 
3.3 48.4 17.6 2.0 6.7 3.19 
8.2 35.9 22.4 3.1 3.3 1.91 
6.6 34.8 26.7 4.2 6.1 1.56 
7.1 37.5 20.7 2.6 4.3 2.35 
4.0 43.6 22.5 2.7 6.4 2.39 
4.2 46.8 18.3 2.2 5.9 2.80 
4.4 47.8 17.0 1.6 5.4 2.90 
5.3 41,0 22.6 3.2 5.3 2.20 
5.5 42.4 20.0 2.2 5.3 2,58 
4.4 45.0 20.3 2.5 6.0 2.58 
4.5 41.9 24.4 3.5 5.4 2.24 
3.9 49.0 16.8 1.5 6.0 3.26 
3.1 49.2 18.4 2,2 7.4 3.09 
7.1 38,3 22.6 2.8 4.7 2,02 
3.8 43.5 23.6 3.0 7.4 2.45 
4.2 42.5 24.0 2.7 7.1 2.38 
6.1 40.8 22.8 2.8 4.9 2.14 
4.1 46,2 21.6 2.4 6.1 2.40 
4.3 45.5 21.2 3.0 5.3 2.58 
5.1 40,4 27.2 3.3 4.7 1.90 
4.5 43.9 22.3 2.8 5.7 2.46 
3.4 47.6 19,1 2.8 7.0 3.14 
3.3 44.9 24.0 2.7 7.6 2.64 
4.4 46,3 20.0 1.9 6.1 2.79 
5.1 44.0 22.7 2.5 5.3 2.32 
3.1 49.3 20.7 2.4 6.9 2.86 
4.3 45.7 22.5 2.4 6.2 2.44 
3.4 49.6 20.0 1.9 6.1 3.04 
2.4 51.7 21.1 2.0 7.4 2.99 
2.6 50.8 21.5 2.2 6.4 3.11 
3.9 47.8 22.6 2.7 4.6 2.65 
3.7 45.6 24.6 2.9 5.5 2.58 
4.2 42.8 28.0 3.5 4.2 2.19 
2.3 52,6 20.5 1.8 7.0 3.44 
3.0 50,6 20.9 1.9 7.1 2.91 
2.6 51,7 20.8 2.2 6,7 3.17 
4.0 47.0 23.0 2,5 5.2 2.70 
2.5 52.2 21.1 2.2 7.2 2.92 
2.6 51.7 22.5 2,3 5.7 3.07 

aNot  integrated, Abbreviat ions as in Figure 1. 
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1.03 
1.72 
1.64 
1.87 
0.90 
1.64 
1.72 
1.74 
1.86 
1.80 
1.86 
1.68 
2.28 
2.13 
0.80 
1.65 
1.94 
1.70 
1.93 
1.42 
2.04 
1.43 
2.12 
1.89 
1.91 
1.56 
1.79 
2.14 
2.76 
1.60 
1.30 
1.81 
1.94 
2,55 
2.81 
1.82 
2.12 
2.22 
1.72 
2.92 
2.66 
1.70 
1.85 
1.77 
1.78 
2.14 
2.15 
1.48 
1.97 
2.49 
1.87 
2.31 
1.94 
2.38 
2.03 
2.48 
2.45 
2.36 
2.12 
1.85 
1.53 
2.56 
2.42 
2.48 
2.04 
2.47 
2.30 
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TABLE 2 

Summary of Ranges of Area Percentages of Principal 
Triacylglycerols of Olive Oils a 

% 

Triacylglycerol Lowest value Median value Highest value 

LLL b <0.05 c [1] 0.2 [6] 0,5 [82] 
d - -  0.0 -- 
e <0.06[94] 0.1 [99] 0.5 [16] 

LLO b 0.61101] 1.9 [78] 6.1 [28] 
d 0.0 0.3 2.0 
e 0.6 [101] 1.3 [8] 5.6 [15] 

LOO b 7.21101] 11.1 [84] 17.0 [59] 
d 4.2 10.4 16.6 
e 7.1 10.2 [4] 16.7 [18] 

LOP b 2.3 [98] 4.5 [69] 13.6 [92] 
d <0.7 [98] 4.5 8.3 [ I l i ]  
e <2.3 [4] 4.1 [4] 7.1 [15] 

0 0 0  b 21.7 [59] 42.8 [90] 52.6 [98] 
d 30.2 [111] 43.1 [111] 56.0 
e 37.5 [18] 45.7 [5] 52.6 [98] 

POO b 16.8 [61] 21.5 [63] 31.7 [56] 
d 15.1 23.1 31.1 
e 17.6 [99] 20.8 [103] 24.0 [94] 

POP b 1.5 [61] 2.8 [4] 6.6 [56] 
d 0.3 2.9 5.4 
e 1.8 2.4 [11] 3.2 [8] 

SOO b 3.2 [92] 5.4 [69] 7.6 [94] 
d 2.3 5.8 9.3 
e 4.3 [18] 6.1 [8] 7.6 [94] 

6PeakSb, f 82.1 [59] 89.1 [58] 92.6 [103] 
6PeakSe, f 86.9 [4] 90.5 [11] 92.6 [103] 

aOur sample's number is given in brackets. 
bTaken from our 99 olive oil samples, from all sources. Abbrevia- 

tions as in Figure 1. 
c Eight of our samples failed to give integrated peaks. This is the 

value of the smallest peak that was integrated, from sample #1 of 
our work. 

dSee Table III  in ref. 7. 
eThese are the results of our 19 Spanish olive oils. 
fThe Six Peak Sums (6PeakS) is the sum of the areas of: LOO, LOP, 

0 0 0 ,  PO0, POP and SO0. 

(10) and  of the  TAGs  (11). Unfor tuna te ly ,  h i s t og rams  are 
des igned to agg lomera t e  da t a  into mean ingfu l  p a t t e r n s  
by  conso l ida t ing  d a t a  points ,  b u t  we needed individual  
points  for use h e m  We were able to recons t ruc t  the  ranges 
repor ted  in Grac iani  Cons tan te ' s  work  (7,11) f rom the  
average values and  the  ranges found by  him. Those  ranges  
are incorpora ted  in to  our  Table 2. I n  Table 2 we compare  
the  full range of Graciani  Cons tan te ' s  141 Span ish  olive 
oils wi th  our  mul t ina t iona l  set  of 67 oils and wi th  the  
subse t  of our  19 Span i sh  otis. I t  is a cur ious  f inding  t h a t  
Graciani  Cons tan te  encountered  olive oils wi th  such low 
levels of some majo r  TAGs. We observed  t h a t  he did no t  
r epor t  values below 0.10%, which  accoun t s  for his L L L  
value being l is ted as 0%. Our  experience has  been t h a t  
m a n y  h igh-qual i ty  olive oils have such  low levels of L L L  
t h a t  th is  peak  is in t eg ra ted  only  in t e rmi t t en t ly  in some  
of our  runs. We were u n f o r t u n a t e  in no t  encoun te r ing  
samples  where the  LLO, LOO and L O P  peaks  are also ex- 
t raord inar i ly  low. Our  upper  ranges  are qui te  compa t ib le  
wi th  his, given t h a t  we have a smaller  sample  set. M o s t  
s t r ik ing  is our m u t u a l  f inding t h a t  the  levels of OOO and 

SOO for  Span i sh  oils are h igh  relat ive to  olive oils f rom 
other  sources, e.g., Italy. 

The mos t  useful da ta  in the li terature are the  TAG areas 
repor ted  by  Cast i lho et  al. (12) for their  u l t raviole t  (UV) 
analysis  of 48 Por tuguese  olive oils. We calcula ted  the  
LOO/LOP and  0 0 0 / P O 0  rat ios  for the  30 vi rg in  oils (as 
proc la imed by  the  producers)  and  pe r fo rmed  a regression 
analysis. We obta ined a correlation coefficient of 0.269 for 
this  set, which  compares  unfavorab ly  to the  0.885 found  
in our  67 oils. I t  appears  t h a t  t he  U V  ex t inc t ion  coeffi- 
c ients  of  even closely s imilar  TAGs differ suff icient ly to 
inval idate  the  unde r ly ing  approx ima t ion  t h a t  area per- 
cen tages  can be used  direct ly  for weigh t  percentages .  We 
are able to  utilize this  approx ima t ion  wi th  our  refract ive 
index (RI) da t a  because  it has  been shown to be workable 
for the  classes of fully sa tu ra ted  TAGs and the  POO, PPO, 
OOO group  (13,14). 

The present  work  allows ident i f icat ion of a sample  as 
be ing  wi th in  the  specified ranges  for an  au then t i c  olive 
oil. F u r t h e r  subdiv is ion  wi th in  the  v i rg in  grades  is per- 
haps  bes t  s t a r t ed  wi th  a t i t r a t ion  of the  free f a t t y  acids 
(15) to  de te rmine  whe the r  the  sample  is wi th in  the  speci- 
f ications for its nominal  g r a d e  We have observed t h a t  the  
H P L C  runs  allow in tegra t ion  of the  free s tear ic  and oleic 
acids on ly  in t e rmi t t en t ly  due to  interference f rom the  
added  chloroform. Consequent ly ,  we do no t  r e c o m m e n d  
us ing  this  c h r o m a t o g r a p h y  to  de te rmine  free f a t t y  acid 
levels. I n  following papers  we shall address  issues of iden- 
t i fy ing  adul te ra t ion  and  reester i f icat ion of  olive oils. 
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