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ABSTRACT: Twenty-eight virgin olive oils—from different re-
gions of Spain and prepared from olive drupes of different vari-
eties—and six refined olive oils were analyzed to determine the
presence of proteins in these oils. All oils studied showed the pres-
ence of proteins in the range of 7-51 pg/100 g of oil. There were
no significant differences in protein content in oils from different
varieties or between virgin or refined oils. In addition, all oils ex-
hibited analogous amino acid patterns, suggesting a similarity
among protein fractions obtained from different oils. A polypep-
tide with an apparent M.W. of 4600 Da was common to the iso-
lated protein fractions. These results suggest that this polypeptide
is a previously unknown minor component in olive oils. No clear
influence of this component on oil stability was observed when
oil stabilities were estimated as a function of phenol, tocopherol,
phosphorus, and protein contents of the oils.
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Olive oil is composed primarily by TAG and secondarily (less
than 5%) by FFA and some other glyceridic and nonglyc-
eridic constituents (1-3). These minor constituents are impor-
tant for the stability and flavor of olive oil, and their quan-
titative analysis is a major determinant defining olive oil
genuineness (detection of adulterations with seed oils or
solvent-extracted oils) and quality grade (extra virgin, virgin,
“lampante,” “refined,” “pure,” etc.) (4,5).

The various classes of minor constituents can be divided
into two groups. The first group consists of FA derivatives
such as MAG and DAG, phosphatides, waxes, and esters of
sterols. The second group includes classes of compounds not
related chemically to FA, such as hydrocarbons, aliphatic al-
cohols, free sterols, tocopherols, chlorophylls, carotenoids,
and polar phenolic compounds. All these different classes of
compounds are present in a broad range of concentrations,
and some of them may be reduced or eliminated during refin-
ing (1-3).

The presence of different enzymes in virgin olive oils has
been described as an impurity (6,7). No previous reports have
indicated that the proteins are usual components of olive oils.
Recent studies from this laboratory have developed a method-
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ology that allows for the determination of peptides and pro-
teins in fats and oils (8). As a continuation of that study, the
present investigation was undertaken for the systematic
screening of olive oils from different origins and degrees of
processing, to analyze if the presence of proteins was acci-
dental in some oils or if proteins should be considered minor
components of these oils. In addition, the influence of these
compounds on the stability of the oils was also studied.

EXPERIMENTAL PROCEDURES

Materials. Twenty-eight virgin olive oils and six refined olive
oils were analyzed in this study (Table 1). Virgin olive oil
samples were obtained from different olive varieties in differ-
ent extraction plants located in several regions of Spain. They
were selected as representative of the different virgin olive
oils consumed in Spain. For this reason some of oils were
monovarietals and others were a mixture of several varieties.
In addition, both unfiltered and filtered oils were analyzed.
The refined oils were prepared in industrial plants by both
chemical and physical processing.

Isolation of peptides and proteins from the oils. Peptides
and proteins were isolated according to a previously de-
scribed procedure (8). Briefly, the oil (40 g) was maintained
at 18°C for at least 90 min prior to treatment with acetone (98
mL), which was previously cooled at 4°C. The resulting mix-
ture was maintained at 4°C for 30 min and then filtered
through Whatman Grade 1 filter paper using a Biichner fun-
nel. The paper was extracted by shaking it first in the pres-
ence of 5 mL of THF and then with 5 mL of dioxane. The ex-
tracts were combined and taken to dryness with nitrogen.

Quantification of protein content. Peptides and proteins
contained in the obtained residues were quantified by using
amino acid analysis. The residues plus D,L-0o-aminobutyric
acid, which was added as internal standard, were dissolved in
1 mL of 6.0 M hydrochloric acid and hydrolyzed for 20 h at
110°C. The hydrolyzed samples obtained were taken to dry-
ness, dissolved in 3 mL of 1 M sodium borate buffer (pH 9.0),
and derivatized with diethyl ethoxymethylenemalonate. Pro-
tected amino acids were fractionated by RP-HPLC with UV
detection at 280 nm using a previously described gradient (9).
Protein content was calculated from amino acid data.

Electrophoretic analysis of the residues obtained from
olive oils. Residues obtained from olive oils were studied by
electrophoresis. Tricine-SDS-PAGE was performed accord-
ing to Schiagger and Jagow (10) with 16.5% total acrylamide

JAOCS, Vol. 79, no. 7 (2002)



686

TABLE 1
Olive Oils Used in This Study and Protein Content Determined

Sample Quality Origin Variety?  Filtration ~ Protein®
1 Virgin  Andalusia ARB No 21.68+1.48
2 Virgin  Catalonia ARB No 11.43 £1.13
3 Virgin  Catalonia ARB No 21.43 +0.63
4 Virgin ~ Catalonia ARB No 26.35+6.23
5 Virgin  Catalonia ARB No 13.78 £0.65
6 Virgin  Andalusia HBL No  18.50 +5.45
7 Virgin  Andalusia HBL No 31.25+2.00
8 Virgin  Andalusia HBL No 19.33 £2.03
9 Virgin  Andalusia HBL Yes 10.33 £2.45
10 Virgin  Andalusia KOR No 2293 +2.88
11 Virgin  Andalusia PCL No 50.83 £2.75
12 Virgin  Andalusia PCL No 13.50+2.13
13 Virgin  Andalusia PCL No  15.50 +0.25
14 Virgin  Andalusia PCL No 47.25+1.98
15 Virgin  Andalusia PCL No 8.95+1.53
16 Virgin  Andalusia PCL No 11.13 £0.95
17 Virgin  Andalusia PCL No 9.05 + 0.65
18 Virgin  Andalusia PCL Yes 14.58 +5.30
19 Virgin  Andalusia ARB/HBL Yes 14.38 +£2.38
20 Virgin  Andalusia HBL/PCL No 16.25+2.85
21 Virgin  Andalusia HBL/PCL Yes 11.08 +2.38
22 Virgin  Andalusia HBL/PCL/PCD  No 7.25£3.25
23 Virgin  Andalusia UNK No 9.00 + 3.43
24 Virgin  Andalusia UNK No 9.00 +£0.88
25 Virgin  Andalusia UNK Yes 12.43 +1.53
26 Virgin  Castile UNK No 21.18+1.88
27 Virgin  Extremadura UNK Yes 22.83 £4.70
28 Virgin  Extremadura UNK Yes 11.55+4.53
29 Refined Chemical UNK 11.50£2.13
30 Refined Chemical UNK 13.93 +1.75
31 Refined Chemical UNK 17.65 £ 2.55
32 Refined Chemical UNK 15.38 +1.90
33 Refined Physical UNK 8.33+2.38
34 Refined Physical UNK 8.80 +1.65

9Abbreviations: ARB, Arbequina; HBL, Hojiblanca; KOR, Cornicabra; PCD,
Picudo; PCL, Picual; UNK, unknown.

bvalues are mean = SD of three experiments and are given as pg/100 g
of oil.

gels containing 3% of crosslinker. Gels were silver stained
according to Morrissey (11). Briefly, gels were treated suc-
cessively with glutaraldehyde, dithiothreitol, silver nitrate,
formaldehyde/sodium carbonate, citric acid, water, Farmer’s
reducer, and new silver staining. A typical calibration curve
(r=-0.987, P = 0.018) was obtained with BSA (66.0 kDa),
chicken egg albumin (45.0 kDa), bovine erythrocyte carbonic
anhydrase (29.0 kDa), chicken egg white lysozyme (14.3
kDa), and bovine insulin chain B (3.5 kDa).

Oil analysis. Oil stabilities were determined by the Ranci-
mat method as described previously (12). Briefly, oil samples
(2.5 g) were heated at 110°C in a Metrohm Rancimat apparatus
(Metrohm AG, Herisau, Switzerland). A continuous stream of
air (15 L/h) was passed through the heated sample, and the
volatiles were absorbed in a conductivity cell. Conductivities
were continuously monitored until a sudden rise signified the
end of the induction period (IP). IP were determined (in hours)
by the method of tangents to the two parts of the kinetic curve.

Total phenols were determined colorimetrically at 765 nm
using the Folin—Ciocalteau reagent (13). Briefly, 10 mL of a
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solution of methanol/water (80:20 vol/vol) plus Tween 20 (2%
vol/wt) was added to 10 g of olive oil and mixed with an Ul-
traTurrax (IKA-Werke GmbH, Staufen, Germany) for 1 min
at the maximum speed and then centrifuged at 2000 x g for 10
min. The extraction was repeated two times. The extracts were
combined and evaporated to a final volume of 1 mL. A known
volume of this concentrate (20—100 pL) was diluted to 1 mL
with water and treated with 500 uL of Folin—Ciocalteau
reagent. After 3 min, 1 mL of 30% sodium carbonate was
added, and the resulting mixture was incubated for 1 h. At the
end of the incubation period, 7.5 mL of water was added, the
mixture obtained was centrifuged at 2000 x g for 10 min, and
the absorbance of the mixture was measured at 765 nm.

Tocopherols were determined directly by HPLC using a
fluorescence detector (14).

Total phosphorus content was determined by the method
of Bartlett as described by Kates (15) after extraction of the
phospholipids with methanol (16). Briefly, 0.7 g of the oil was
extracted three times with 7 mL of methanol using an Ultra-
Turrax for 1 min at the maximum speed and then centrifuged
at 2000 x g for 10 min. The extracts were combined and taken
to dryness. The residue was suspended in 1 mL of water,
treated with 2 mL of perchloric acid, and digested for 90 min
at 220-230°C. The cooled digest was then diluted with 9.5
mL of water and treated with 2.0 mL of amidol solution (1%
2,4-diaminophenol dihydrochloride and 20% sodium
metabisulfite in water) and 1 mL of 8.4% ammonium molyb-
date in water. The mixture was allowed to develop the blue
color for 20 min, and the absorbance at 680 nm was mea-
sured.

Statistical analysis. All results are expressed as mean val-
ues + SD of three experiments unless otherwise indicated.
Statistical comparisons between two groups were made using
Student’s z-test. With several groups, ANOVA was used.
When significant F values were obtained, group differences
were evaluated by the Student—-Newman—Keuls test (17). Sta-
tistical procedures were carried out either using Primer of
Biostatistics: The Program (18) or the SPSS for Windows (v.
10.0.6; Chicago, IL) statistical package. Significance level
was P < 0.05 unless otherwise indicated.

RESULTS AND DISCUSSION

Presence of proteins in virgin and refined olive oils. The pre-
cipitation of proteins with acetone and their later hydrolysis
and quantification of the amino acids produced by HPLC
showed that the 34 olive oils studied contained proteins in the
range 7-51 pg/100 g of oil (Table 1). Although there were
significant differences among the quantities of proteins found
in the different oils studied, there was no clear relationship
with the variety of the olive drupe, the origin of the oil, or
whether the oil was filtered or refined.

The mean protein content of oils obtained from olives of
the variety Arbequina was 18.93 + 6.16 ug/100 g of oil (n =
5); location of cultivation, i.e., northern (Catalonia) or south-
ern (Andalusia) part of Spain, did not affect protein content.
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A similar protein content, 19.85 + 8.62 pug/100 g of oil (n =
4), was found in olives of the variety Hojiblanca, and also in
olives of the variety Picual, 21.35 + 17.28 ug/100 g of oil (n
= 8). Other virgin olive oils from different regions and mix-
tures of varieties exhibited a variable protein content.

Refining the oils seemed to decrease the protein content
[17.96 £ 10.62 pug/100 g of oil (n = 28) for virgin oils vs. 12.60
+3.71 ng/100 g of oil (n = 6) for refined oils], but the differ-
ence was not significant (P = 0.236). Only the analyzed oils
submitted to physical refining exhibited a clear decrease in
protein content. In fact, the two refined oils obtained by physi-
cal refining had two of the three lowest protein contents among
the 34 oils analyzed. The protein content for oils obtained by
chemical refining was 14.61 +2.58 ng/100 g of oil (n =4), and
8.57 £0.33 ug/100 g of oil (n = 2) for oils obtained by physi-
cal refining. This difference was significant (P = 0.036).

Although filtration of the oils seemed to decrease the pro-
tein content, 19.32 + 11.79 ug/100 g of oil (n = 21) in unfil-
tered oils vs. 14.13 £4.61 ug/100 g of oil (n = 6) in filtered
oils, this difference was not significant (P = 0.307).

Amino acid composition of protein residues obtained from
olive oils. Figure 1 shows the amino acid pattern of protein
residues obtained from three virgin olive oils of the varieties
Arbequina, Hojiblanca, Picual, and one refined olive oil. The
four chromatograms were very similar, suggesting that protein
residues were similar for the different oils analyzed. The only

Absorbance at 280 nm

T T
0 5 10 15 20 25 30 35
Time (min)

FIG. 1. Amino acid profiles obtained by HPLC after acid hydrolysis and
derivatization with diethyl ethoxymethylenemalonate of proteins
obtained by acetone precipitation of (A) virgin olive oil, cv. Arbequina;
(B) virgin olive oil, cv. Hojiblanca; (C) virgin olive oil, cv. Picual;
(D) refined olive oil. Peaks are labeled with single-letter notations for
amino acids; IS, internal standard; *, unknown peaks.
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appreciable difference was the presence of some unknown
peaks, which were considerably higher in the refined oils.

This similarity among HPLC patterns was confirmed when
amino acid compositions were compared (Table 2). The com-
positions determined for the protein residues obtained from vir-
gin olive oils of different varieties as well as refined oils were
very similar, with only two amino acids, arginine and leucine,
exhibiting small significant differences, therefore suggesting
that the protein fraction present in olive oils is always similar
and is independent of the variety of the olive drupes employed
in the elaboration of the oil. This composition is similar to the
previously described amino acid composition for the 4.6 kDa-
polypeptide found in olive drupes (19), therefore confirming
that this polypeptide is the major component of the protein frac-
tion isolated. The only difference was a decrease in cysteine,
methionine, and tyrosine, which are likely decomposed during
the acid hydrolysis as a consequence of other components pre-
sent in the oils, and an increase in the content of glycine and
serine. However, the ratio among the other amino acids was al-
most identical to that previously described (19).

Electrophoretic analysis of protein residues obtained from
olive oils. An additional confirmation of the similarity ob-
served by HPLC among the protein fractions was obtained by
tricine-SDS-PAGE. All the oils analyzed in the present study
exhibited a main spot corresponding to a polypeptide of ap-
parent 4.6 kDa M.W., and there were only very small differ-
ences in the mobility of the spot among the different oils as-
sayed (data not shown). This polypeptide, which was previ-
ously found in both the mesocarp and the seeds of olive drupes
and was partially soluble in organic solvents (8,19), should
pass to the oil during olive oil extraction, constituting a previ-
ously unknown minor component in these oils.

Influence of these new minor components on the stability
of olive oils. In an attempt to investigate whether these new

TABLE 2
Amino Acid Composition of Protein Residues Obtained by Acetone
Precipitation of Virgin and Refined Oils?

Amino

acid®  Arbequina Hojiblanca Picual Refined
Ala  7.09+1.21  6.54+0.60 6.70£0.72  5.81£0.22
Arg  412£0.14 436+0.56%  3.65+0.74* 3.21+021P
Asx  8.45%3.46 1126+3.06 10.94=2.17  7.15%3.20
Cys  0.00+0.00 0.00 + 0.00 0.00£0.00  0.00 +0.00
Glx 12.84+0.86 13.03+0.41  10.07+3.32 10.82+1.19
Gly 2011£279 2044+2.82 2015+236 23.39%1.35
His  2.47+024 2.61+0.83 3.08+1.08  3.37+£0.68
lle 488+1.19 5.10+1.17 456+1.00  5.60 +2.06
leu  835+0.82% 7.22+1.49*" 7.62+0.65*P 6.24+1.54"
Lys 314+1.28  2.94+0.44 3.23+0.55  4.02+0.37
Met  0.00+0.00 0.34 +0.46 0.20+0.37  0.00 +0.00
Phe  3.51+1.41 2.78+0.26 2.82+1.80  2.42+0.30
Ser  14.18+3.00 13.52+1.96 16.48+4.54 18.20+1.09
Thr  5.52+0.62 5.42 +0.41 578+1.07  5.81+0.66
Tyr  029%049 0.25=0.51 0.32+0.38  0.00 £0.00
Val  5.02+1.14 4.20+0.52 4.42+0.82  3.97 +0.44

“Mean values in the same row with different roman superscripts are signifi-
cantly different (P < 0.05)
bAsx, aspartic acid + asparagine; Glx, glutamic acid + glutamine.
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TABLE 3
Stability and Phenol, Tocopherol, and Phosphorus Contents
of the Assayed Oils

Stability? Phenol®  Tocopherol®  Phosphorus”
Sample (h) (ppm) (ppm) (ppm)
1 9.35 +£0.09 29.8+1.7 137 7.0
2 28.90 £ 0.75 740+ 1.6 128 5.4
3 16.67 + 0.15 46.1 £2.5 135 5.5
4 13.83 £ 0.41 41.7 £3.1 150 7.5
5 13.93 +£0.32 39.2+23 162 1.9
6 16.33 £ 0.15 36.1+3.5 180 0.3
7 17.33 £0.47 46.9 £2.8 237 6.1
8 21.67 £0.38 65.4 £ 4.5 185 5.8
9 15.00 £ 0.10 44.7 0.8 156 2.7
10 22.00 = 0.40 66.6 = 3.5 164 2.4
11 31.23 £0.87 89.1£5.8 167 1.1
12 14.63 +0.15 41.8+5.2 179 1.8
13 2523 +0.31 452 +29 238 4.1
14 20.67 = 0.51 40.7 £ 0.6 182 1.2
15 36.46 £ 1.04 68.9 £ 4.3 164 7.5
16 3453 £1.17 68.7 £ 0.8 144 11.8
17 44.70 £ 0.26 97.4+1.8 164 2.7
18 51.47 £1.76 84.2 £8.5 222 3.9
19 11.13 + 0.06 345+ 1.7 136 5.7
20 28.90 £ 0.10 86.0 = 5.1 204 3.4
21 18.13 £ 0.25 53.1£0.5 188 4.3
22 18.90 + 0.20 51.4+2.6 190 6.0
23 16.63 +0.21 46.7 £3.5 32 0.7
24 25.10+0.26 1543 +7.9 77 0.6
25 44.90 = 0.35 949 +7.3 205 4.7
26 32.40 £0.87 131.6 £4.2 124 2.5
27 9.70 £ 0.35 63.1 £ 4.4 39 1.1
28 6.43 = 1.04 102.1 £ 4.0 10 1.2
29 21.23 £0.12 148 +1.7 155 2.5
30 8.12 £0.15 89+03 111 0.3
31 6.90 = 0.50 22+1.1 145 2.0
32 19.63 + 0.55 10.8 £ 0.6 169 0.3
33 12.13 £0.21 9.1+03 127 2.9
34 21.70 + 0.46 8.6 +0.7 159 0.9

“Values are mean = SD of three experiments.
byalues are mean of two experiments.

minor components play a role in the stability of olive oils, the
stabilities of the different oils as well as their phenol, tocoph-
erol, and phosphorus contents were analyzed (Table 3). The
assayed olive oils exhibited a broad range of stabilities as de-
termined by the Rancimat method at 110°C. Virgin olive oils
studied had a moderate stability of 23.08 = 11.54 h (n = 28).
As expected, refined oils had lower (P = 0.108) stabilities
(14.95 + 6.73, n = 6), although some oils were freshly pre-
pared and their stabilities were high (see, for example, oil
numbers 29, 32, and 34).

Phenol content in the assayed virgin olive oils ranged from
29.8 to 154.3 ppm (n = 28) and was significantly higher than
the phenol content determined in the refined oils (9.1 £ 4.1
ppm, n = 6). On the contrary, tocopherol content was very sim-
ilar in virgin (154 = 57 ppm, n = 28) and refined (144 + 22
ppm, n = 6) oils. Analogous to phenols, refining also decreased
phospholipids in the oils, and the assayed virgin olive oils had
a phosphorus content (3.9 + 2.7 ppm, n = 28) that was signifi-
cantly higher (P < 0.05) than the phosphorus content of refined
oils (1.5 = 1.1 ppm, n = 6).
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FIG. 2. Correlation between determined and estimated stabilities calcu-
lated when using (A) phenol; (B) phenol and tocopherol; and (C) phe-
nol, tocopherol, phosphorus, and protein contents determined in the 28
virgin and the 6 refined olive oils analyzed in the present study.

When phenol, tocopherol, phosphorus, and protein contents
were correlated with the stabilities of the assayed oils, the best
correlation was obtained with the phenol content (r = 0.560, P
= 0.00058), followed by the tocopherol content (r = 0.421, P =
0.013). No significant correlation was observed with either
phosphorus (r = 0.238, P = 0.175) or protein (r = 0.047, P =
0.790) contents (Table 4). Nevertheless, the correlation in-
creased significantly if phenol and tocopherol contents were
considered simultaneously (r =0.761, P < 0.0001). The best
results were obtained by using phenol, tocopherol, phosphorus
and protein contents simultaneously (r = 0.779, P < 0.0001),
but the regression line obtained was not significantly different
from that obtained using phenol and tocopherol contents. Plots
of correlations between determined and estimated stabilities
calculated when using (A) phenol, (B) phenol and tocopherol,
and (C) phenol, tocopherol, phosphorus, and protein contents
are shown in Figure 2.

Proteins have been described to have antioxidant proper-
ties and to react with lipid oxidation products, producing en-
dogenous antioxidants in food systems (20-22). However, at
the concentrations present in these oils, they do not seem to
play a clear role in oil stability.
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TABLE 4

Correlations Between Stability and Phenol, Tocopherol, Phosphorus, and Protein Contents of the Assayed Oils?

Measurement Equation Correlation  Significance
Phe Sta =11.666 + 0.179-Phe 0.560 0.00058
Toc Sta =7.909 + 0.0904-Phe 0.421 0.013
Pho Sta =18.179 + 1.000-Phe 0.238 0.175

Pro Sta = 22.553 — 5.348-Phe 0.047 0.790
Phe/Toc Sta = —6.802 + 0.205-Phe + 0.112-Toc 0.761 <0.0001
Phe/Toc/Pho Sta =—6.967 + 0.203-Phe + 0.108:Toc + 0.249-Pho 0.763 <0.0001
Phe/Toc/Pro Sta =—-4.817 + 0.208-Phe + 0.119-Toc — 18.887-Pro 0.778 <0.0001

Phe/Toc/Pho/Pro  Sta = —4.966 + 0.207-Phe + 0.117-Toc + 0.134-Pho — 18.313-Pro 0.779 <0.0001

Stabilities were determined by the Rancimat method at 110°C and calculated in hours. Phenol, tocopherol, phosphorus,
and protein contents were expressed in ppm. Abbreviations: Phe, phenol content; Toc, tocopherol content; Pho, phospho-

rus content; Pro, protein content; Sta, stability.
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