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Phenolic Compounds in Olive Oils Intended for Refining:
Formation of 4-Ethylphenol during Olive Paste Storage
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The phenolic composition of “lampante olive oil”, “crude olive pomace oil”, and “second centrifugation
olive oil” was characterized by high-performance liquid chromatography with UV, fluorescence, and
mass spectrometry detection. The phenolic profile of these olive oils intended for refining was rather
similar to that previously reported for virgin olive oil. However, a new compound was found in these
oils, which is mainly responsible of their foul odor. It was identified as 4-ethylphenol by comparison
of its UV and mass spectra with those of a commercial standard. Although 4-ethylphenol was
discovered in all oils intended for refining, its presence was particularly significant in “second
centrifugation olive oils”, its concentration increasing with time of olive paste storage. Similar trends
were observed for hydroxytyrosol, hydroxytyrosol acetate, tyrosol, and catechol, the concentration
of these substances reaching values of up to 600 mg/kg of oil, which makes their recovery for food,
cosmetic, or pharmaceutical purposes attractive.
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INTRODUCTION Oljves

Virgin olive oil (VOO) is obtained by mechanical means ) )

. A . Physical extraction
without any chemical treatment. However, a great proportion (washing, crushing, kneading, centrifugation)
of the olive oil consumed worldwide consists of a mixture of
refined olive oil and VOO (Figure 1).

Olive pomace

The technology for VOO extraction in Spain is based on the Virgin olive il Storage
dual-phase centrifugation system: the kneaded olive paste isC‘Jnsumption
separated into oil and a new paste called “alpeorujo”, which is Second physical extraction Chemical extraction

stored in the open air and can support a second centrifugation;
the oil obtained is labeled “second centrifugation olive oil”
(SCOO) (l) The oils obtained from this method can also be  Lampante olive oil Second centrifugation olive 0oil  Crude olive-pomace oil
classified as “olive pomace oil” to comply with the new EC
Regulations (23). Alternatively, alpeorujo can be dried and
subjected to chemical extraction with hexane to produce the Refining
traditional “crude olive pomace oil” (COPO) (2). Both SCOO
and COPO have to be refined before consumpt®nalthough
they represent only a small amount of the olive oil intended for
refining. A considerable proportion of the virgin olive oil ligstroside (8), hydroxytyrosol acetat®)( and the lignans
produced in factories is catalogued as “lampante olive oil” 1-acetoxypinoresinol and pinoresindlQ). On the contrary, to
(LOO), which possesses acidity2.0%, waxes<300 ppm, or our knowledge there are no reports on polyphenols in olive oils
sensory defects 2.5, among other limits3). LOO can be mixed intended for refining. Zunin and co-worker&1) studied the
with virgin olive oil, but the limiting factor is the flavor of LOO.  decrease in polyphenols in olive oil when fruits were infested
On the other hand, there is increasing interest in the phenolic by the fly Dacus oleae, but no research has been carried out on
compounds of olive oil because of their sensd)y antioxidant the individual characterization of phenolic compounds in LOO,
(6), and nutritional propertieg). Thus, many of them present SCOO, and COPO.
in virgin olive oil have been identified, and the most significant ~ Although it has been reported that the concentration of
are derivatives of the secoiridoid aglycons of oleuropein and polyphenols in oils decreases, to a large extent, during refining
(12), the study of these substances in crude oils could disclose
* Author to whom correspondene should be addressed (e-mail them as a new valuable source of antioxidants. Therefore, the
brenes@cica.es; fax 34-954691262). purpose of this work was (i) to characterize the phenolic

Figure 1. Flux diagram of the processing procedures used to obtain the
different types of olive oil.
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composition of the olive oils intended for refining and (ii) to 0.032
evaluate the concentration of polyphenols in crude oils and the ¢ s Lampante Virgin Olive Oil
influence of time of paste storage. 0.024
g o020
MATERIALS AND METHODS s
£ o016

Samples.Nine lampante olive oils, two crude olive pomace oils, § 0.012
and nine second centrifugation olive oils were supplied by an olive oil <
factory (Oleicola el Tejar, Cordoba, Spain). The COPO were obtained 0.008 1
from olive pastes stored for 2 months and the SCOO from olive pastes ~ 0.004 3 JL 3 od0p2 13 14
stored for 3 and 8 months. 0.000 }\_Jk | 36 R e A

Extraction of Phenolic Compounds.Phenolic extracts of olive ails S0 13 20 25 30 35 40 45 =0 =5 <0
were obtained following the procedure described elsewh&8). ( Time (min)
Briefly, 0.6 mL of olive oil was extracted using 8 0.6 mL of N,N- 0.080
dimethylformamide (DMF); the extract was then washed with hexane, 0.070] Second Centrifugation Olive Oil 10
and N> was bubbled into the DMF extract to eliminate the residual 0.060
hexane. Finally, the extract was filtered through 0.4b filters and o
injected into the chromatograph. § 0.050

HPLC Analysis of Phenolic Compounds.The chromatographic £ 0.040
system consisted of a Waters 717 plus autosampler, a Waters 600E§ 0.030
pump, and a Waters column heater module (Waters Inc., Milford, MA). <
A Spherisorb ODS-2 (&m, 25 cmx 4.6 mm i.d., Waters Inc.) column 0.020 12
was used. Separation was achieved using an elution gradient with an  0.010 11/ 14
initial composition of 90% water (pH adjusted to 3.0 with phosphoric 0.000 L
_a(:ld) and 10% methanol. T_he conce'ntra_tlon of the Ia_ltter solvent was I To 15 20 25 30 35 40 45 S0 55 60
increased to 30% over 10 min and maintained for 20 min. Subsequently, Time (min)
the methanol percentage was raised to 40% over 10 min, maintained
for 5 min, and then increased to 50%. Finally, the methanol percentage ., 1
was increased to 60, 70, and 100% in 5 min periods. Initial conditions 3 Crude Olive-Pomace Oil
were reached in 15 min. A flow of 1 mL/min and a temperature of 35 0.028 18
°C were used in all of the experiments. A Waters 996 diode array 0.024 ]
detector and a Jasco FP-920 fluorescence detector (Jasco, Tokyo, Japarg) 0,020
were connected in series. Vanillin, the dialdehydic form of decar- § i
boxymethyl oleuropein aglycon, and vanillic apgtoumaric acids were ‘é 0.016
monitored by UV at 280 nm, luteolin and apigenin at 340 nm, and the ﬁ 0.0124 Wy,
rest of the phenolic compounds by fluorescence with an excitation i 3 \
wavelength at 280 nm and an emission wavelength at 320 nm. Both 00081 3 10
detectors were operated with Millenium 2015 software (Waters Inc.). 0.004 4 2 6

Quantification of phenolic compounds was made by using the reference 901
Compounds obtained from commercial suppliers or preparative HPLC T A o 1007 A7 A S A9}
as described elsewhere (13). Time (min)
HPLC-MS Analysis. All phenolic extracts were analyzed by LC- . ) )

MS using a quadrupole mass analyzer (ZMD4, Waters Inc.) equipped Figure 2. UV chromatogram at 280 nm of the phenolic extracts of different
with an ESI probe and working in the negative-ion mode. Cone voltage types of olive oils. Peaks: (1) hydroxytyrosol; (2) catechol; (3) tyrosol;
fragmentation was 20 V, capillary voltage, 3 kV, desolvation temper- (4) vanillic acid; (IS) internal standard, syringic acid; (5) vanillin; (6) Hy-
ature, 120°C, source temperature, 8C, and extractor voltage, 12 V.  AC, hydroxytyrosol acetate; (7) p-coumaric acid; (8) Hy-EDA, dialdehydic
A constant flow of 1 mL/min was used for each analysis with a split form of decarboxymethyl oleuropein aglycon; (9) Ty-EDA, dialdehydic form
ratio of approximately 5:1 (UV detector MS). of decarboxymethyl ligstroside aglycon; (10) 4-ethylphenol; (11)

HPLC lIsolation of 4-Ethylphenol and Analysis by GC-MS. 1-acetoxypinoresinol; (12) pinoresinol; (13) Hy-EA, oleuropein aglycon;
4-Ethylphenol was collected from 20 HPLC analytical injections of (14) Ty-EA, ligstroside aglycon.

the phenolic extracts of a SCOOQO. Conditions were similar to those
reported above, except the aqueous mobile phase did not have

phosphoric acid. The compound was extracted from the pooled mobileth henoli m ition of lampante olive oils w Imost
phase with chloroform (20 mlx 3 times) and injected directly into € phenolic composition of lampante Olive olls was almos

the GC. GC-MS analysis of the chloroform extract was conducted with Similar to that of virgin olive oils 9, 10), comprising the
a Hewlett-Packard 6890 GC Plus coupled with an Agilent 5973 MsD Secoiridoid aglycons (Hy-EDA, Ty-EDA, Hy-EA, and Ty-EA),
(mass selective detector, quadrupole type). A fused-silica HP5-MS the lignans 1-acetoxypinoresinol and pinoresinol, the flavonoids
capillary column (30x 0.25 mm i.d.; coating thickness 0.25 mm) luteolin and apigenin, and the simple phenols hydroxytyrosol,
was used. Working conditions were as follows: carrier gas, helium (1 tyrosol, vanillin, and vanillic acid. At the same time, the presence
mL/min at constant flow); injectorr, 256C; oven temperature, from of catechol in these LOO, as well as in COPO and SCOO, was
70 (1 min) to 240° C at 5°C/min and then to 325C at 10°C/min; detected and confirmed by retention time, UV, and mass spectra.
transfer line to MSD, 280C; ionization El, 70 eV. _ This polyphenol has not been detected in olive sy 11),
Alfgiggrmzermal standard of 4-ethylphenol was purchased from Sigma- except in those Obtaingd frqm fe_rmented oli_véé)(
' Another new peak identified in these oils was peak 10.

Although it was found in all oils, its response under fluorescent
excitation was particularly significant in SCOO. The phenolic

Figures 2 and 3 show representative chromatograms of the extracts had to be diluted more than 1:100 to avoid saturation
olive oils studied under UV and fluorescence detections. Most of the fluorescence detector. Its UV response was also signifi-
compounds have previously been described in virgin olive oil cant, and the compound showed a UV spectrum similar to that
(8, 9), but their presence was also confirmed in these oils by of tyrosol with two absorbing bands at 221 and 277 nm.

HPLC coupled to a mass spectrometer detector. In particular,

RESULTS AND DISCUSSION
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Figure 4. Mass spectrum of 4-ethylphenol.
1601 Second Cetrifugation Olive Oil 10 , , o
140 Table 1. Content in Phenolic Compounds of Nine Different Lampante
o 120 Olive Qils?
E 100
z; 80 olive oil
g 60 compound? A B C D E F G H I
9 N hydroxytyrosol 205 608 1276 178 22 06 11 38 26
ey 1, 8 12) catechol nd 23 14 09 41 04 31 156 535
0 IS 6 tyrosol 309 135 385 121 30 25 65 24 40
vanillic acid nd nd nd nd nd nd nd 0.5 29
0 5 52 Z'Srims(zmixf)s 4045505560 vanillin nd 04 nd 04 nd nd nd 03 nd
Hy-AC nd 1.6 10 17 23 137 29 30 5.6
Hy-EDA nd 359 361 228 nd nd 80 9.3 1376
10004 Crude Olive-Pomace Oil Ty-EDA nd nd 186 330 nd nd 88 143 17
9004 3 4-ethylphenol 04 07 05 04 15 196 6.0 29 101
800 l-acetoxypino- 107 374 21 268 85 26 nd 144 214
5 700 resinol
E 6004 pinoresinol 292 195 374 333 137 220 162 116 9.6
@ 5004 1 Hy-EA 87.8 1029 4445 646 146 nd 21 40 146
& 4004 Ty-EA 522 420 1447 411 73 nd nd 23 nd
= 3004 luteolin 5.7 6.5 29 62 31 nd 28 42 7.1
200 apigenin 1.7 25 08 25 13 19 15 23 4.6
100 2
0 r . T T . r . x T - r . @ Concentrations are expressed in mg/kg of oil and are means of two
0 5 10 15 20 2”5[‘imso(mi3)5 40 45 50 55 60 determinations. ? Hy-AC, hydroxytyrosol acetate; Hy-EDA, dialdehydic form of
. ) ) decarboxymethyl oleuropein aglycon; Ty-EDA, dialdehydic form of decarboxymethyl
F|gure 3 F|UOI’ESCEHCB Chromatogram Of the phenO|IC eXtraCtS Of d|ﬁerent |igstroside ag|ycon; Hy.EA’ 0|eur0pein ag|ycon; Ty.EA‘ |igstroside ag|ycon_
types of olive oils. Phenolic extract of the SCOO was diluted 1:100 with ¢ Compound not detected.

N,N-dimethylformamide. See legend of Figure 2 for peak identification.

o ) Therefore, it was concluded that the characteristic off-odor of
Surprisingly, the electrospray mass spectrometer technique wasnese oils, in particular SCOO, was consistent with 4-ethylphe-
not able to monitor the compound under negative or positive ).

ion modes, as was achieved for the rest of the olive polyphenols.
Consequently, the compound was isolated by analytical HPLC

and, bec_ause of its high volatility, it was not evqporated under ¢ cigarette smoke (19), and it contributes to the smoky taste
vacuum in a rotatory evaporator but extracted with chloroform. ¢ ~5.0a powder20) and the bad smell of piggerie&l). It is
This '_substance was first tgntatively identifie_d by GC-MS_, and generally formed by microorganisms, as, for example, in the
then its structure was confirmed by comparison of both its gas jntestinal tract of humans from the isoflavone geniste) or

chromatographic retention time and its mass spectitigu(e in red wines by the microorganisBekkera bruxellensjsimong
4) with a genuine sample of 4-ethylphenol. The mass spectrum ginher yeast species (234).

exhibited the molecular ion (33%), and the base peak was a 4 pyhyinhenol was present in most LOO up to a concentration
loss of a methyl group. Other peaks were th91 (5%) and ¢ 19 6 mg/kg of oil Table 1) and in COPO up to 52 mg/kg of
m/z77 (16%) ions. oil (Table 2). However, the richest source of this compound
To our knowledge, there are three papers describing thewas the SCOO, in particular oils obtained from olive paste stored
presence of 4-ethylphenol in olive products. In particular, this for 8 months (Table 3). It seems that this compound was formed
compound was detected in small amounts in olive-mill waste- during olive paste storage and reached up to 476 mg/kg of oil
waters (15) and in the volatile fraction of VOO (1€7). after 8 months of paste storage. We did not study any
However, it was not found in off-flavor oils1g). microorganism growth in olive paste during storage, but other
4-Ethylphenol is a volatile phenol with an unpleasant odor researchers have reported the presence of bac@sgand
of “wet horse” or “phenolic”. We collected different fractions yeasts (26) in this matrix, which could be responsible for the
of mobile phase during chromatographic runs and sniffed them. 4-ethylphenol formation.
The fraction corresponding to peak 10 (4-ethylphenol) had a SCOO was also enriched in other phenolic compunds during
strong off-odor similar to that of the phenolic extracts and crude olive paste storagd @ble 3). Thus, hydroxytyrosol ranged from
oils, whereas any other collected fraction showed the same odor42 to 608 mg/kg in oils obtained from pastes stored for 3 and

4-Ethylphenol has been reported as occurring in various
sources; for example, it is a component of the volatile fraction
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Table 2. Content in Phenolic Compounds of Two Crude Olive Pomace
Oils?

olive pomace oil

compound A B
hydroxytyrosol 115.1 93.6
catechol 30.2 17.1
tyrosol 48.4 29.2
vanillin 9.9 4.7
Hy-ACP 189.4 70.7
4-ethylphenol 52.2 15.0
1-acetoxypinoresinol 9.7 80.7
pinoresinol 161.7 88.6

@ Qlive paste was stored for 2 months prior to chemical extraction of oil with
hexane. Concentrations are expressed in mg/kg and are the means of two
determinations. ? Hydroxytyrosol acetate.

Table 3. Content in Phenolic Compounds of Nine Different Second
Centrifugation Olive Oils?

olive oil

3 months of storage 8 months of storage

compound® A B C D A B C D E
hydroxytyrosol ~ 47.7 585 427 635 4885 149.2 540.1 346.7 6085
catechol 71 44 68 6.3 176.1 519 1737 975 1724
tyrosol 195 244 341 218 1566 609 852 505 836
vanillic acid nde 13 18 nd 7.6 95 131 92 nd
vanillin nd 09 03 11 nd nd nd nd nd
Hy-AC 182 163 173 35 4637 822 181.8 1450 4184
p-coumaricacid nd  11.6 126 53 nd 139 nd nd nd
Hy-EDA nd 560 206 607 nd nd nd nd nd
Ty-EDA nd nd 186 264 nd nd nd nd nd
4-ethylphenol 16.1 326 383 154 4768 3542 1205 2622 416.3
1-acethy|pino- 417 113 471 103 1583 384 1289 542 727

resino
pinoresinol 543 839 671 712 nd nd nd nd nd
Hy-EA 335 645 376 1194 nd 159 nd 357 450
Ty-EA 178 289 175 590 nd 193 nd nd nd
luteolin 76 nd 55 43 85 91 109 9.6 9.8
apigenin 22 nd 19 0.9 4.9 34 4.7 54 35

@Concentrations are expressed in mg/kg of oil and the means of two
determinations. ? Hy-AC, hydroxytyrosol acetate; Hy-EDA, dialdehydic form of
decarboxymethyl oleuropein aglycon; Ty-EDA, dialdehydic form of decarboxymethyl
ligstroside aglycon; Hy-EA, oleuropein aglycon; Ty-EA, ligstroside aglycon.
¢ Compound not detected.

8 months, respectively. This antioxidant is the most important
polyphenol in olive oils, and it is present in VOO as a simple
monomeric phenol, in a concentratior20 mg/kg of oil, or
combined with elenolic acid and derivatives, in a concentration
<250 mg/kg of oil (27). The latter secoiridoid aglycons almost
disappeared in oils obtained from pastes stored for 8 months
and were present in a concentratisd20 mg/kg in oils from

pastes stored for 3 months. Consequently, this means that the

high amount of hydroxytyrosol found in oils from pastes stored
for 8 months had not entirely originated from the hydrolysis of
the secoiridoid aglycons and its diffusion from the non-lipid
phases of olive paste to the oil. Likewise, the same deductions
can be made for tyrosol and derivatives.

The orthodiphenol catechol and hydroxytyrosol acetate have
never been found in such high concentrations in olive oils as
found in SCOO from pastes stored for 8 months. The concentra-
tion of catechol reached up to 176 mg/kg of oil, which is much
higher than that observed in the oil phase of table olives.(

Also, hydroxytyrosol acetate has never been reported to exceed

a concentration of 250 mg/kg in VOQT), even in oils of the
Arbequina cultivar, which are particularly rich in this substance
(28).

Brenes et al.

The behavior of the lignans was very surprising. SCOO
gained 1-acetoxypinoresinol and lost pinoresinol during olive
paste storage without any known explanation.

Other minor monomeric phenols that increased their concen-
tration with olive paste storage were the flavonoids luteolin and
apigenin and vanillic acid.

In contrast to the high concentration in polyphenols of SCOO,
the COPO (extracted with solvent) had a very low amount of
these substances (Table 2), hydroxytyrosol, its acetate, and
lignans being the most representative. In addition, the HPLC-
MS analyses of the phenolic extracts did not detect secoiridoid
aglycons in these oils.

Finally, the high variability of polyphenol concentration found
in VOO (27) was also observed in LOOgble 1), although
the latter oils had generally lower amounts of these substances
than the former.

In conclusion, crude olive oils intended for refining contain
a significant concentration of phenolic compounds, which, in
the case of SCOOQ, is high enough to make their recovery
attractive. On the basis of literature datE), it seems that
polyphenols are lost during refining, but their extraction during
classical or new refining methods should be explored, and
therefore this type of research is in progress.
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