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In oil-mills, olive-pomace recentrifugation is a common way to reduce pomace moisture and, at the same time, to recover the
oil therein. According to current rules, the obtained oil is defined as “crude olive-pomace oil.” The aim of this work is to verify
the effect of recentrifugation on specific chemical and molecular parameters of the crude olive-pomace oil, by comparing it
with the corresponding virgin olive oil obtained from the same olive lots. In particular, the following were considered: (i) the
polar compounds of the oils that include compounds originated from oxidative and hydrolytic degradation, analyzed by high-
performance size exclusion chromatography (HPSEC), and (ii) the profile of DNA microsatellite molecular markers that was
analyzed by using theHighResolutionMelting (HRM) technique.The obtained results evidenced the significantly higher hydrolytic
degradation of crude olive-pomace oil, compared with the corresponding virgin olive oil, but at an extent unlikely able to allow the
detection of fraudulent admixtures with virgin olive oils. In addition, the findings demonstrated the feasibility of the application of
the HRM analysis of DNA microsatellites to crude olive-pomace oil, able to reveal the alteration of the declared varietal profile of
a virgin olive oil sample by simply checking the HRM curve profiles.

1. Introduction

Theprocessing technology of olive oil extraction has changed
considerably during time. The discontinuous oil-extracting
system based on the traditional hydraulic press has been
replaced by the continuous plants that take advantage of
the decanters, able to separate by centrifugation the oily
phase from the other constituents (solid and aqueous phase)
without any interruption. Over time, different types of
centrifugal decanters have been designed and set up: 3-
phase; 3-phase without water addition (WWA); 2-phase; 3-
phase variable dynamic pressure (VDP); and 3-phase WWA
pâté [1–3]. The 3-phase decanter produces high amounts
of waste water, characterized by high contaminant capacity,
due to the addition of warm water to olive paste prior

to processing [2]. Developed with the aim of solving this
problem, the successive 3-phase WWA-decanters avoid this
inconvenience but lose oil yield, while the insertion of a
variable dynamic pressure cone, as in the VDP-decanters,
able to work with less diluted olive pastes, submits the olive-
pomace to an additional dynamic pressure allowing more oil
to be recovered [1]. The most recent 3-phase WWA pâté-
decanters show high extraction efficiency, due to a peculiar
configuration able to separate olive oil from a solid residue at
50–55% moisture and a semisolid by-product called “pâté,”
which contains waste water enriched by soft solids without
pit fragments [3]. On the other hand, the older 2-phase
decanters, which separate olive oil from a mixture of olive-
pomace and waste water, effectively reduce the amounts of
waste water without losing oil yield [2].
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All these systems coexist, but the 2-phase decanters,
which are widely spread since the beginning of the nineties,
still prevail [2], because they give oils with higher total phenol
content and oxidation stability than those derived from the
3-phase decanters [4–6]. However, the 2-phase decanters
produce a very humid olive-pomace (around 60% moisture)
[2] that, in order to extract the residual oil by means of low-
polarity solvents, needs to be dehydrated. Alternatively to the
expensive heat drying, the olive millers frequently submit
olive-pomace, after a brief kneading, to an additional cen-
trifugation step. This simple physical treatment, commonly
referred to as “recentrifugation” or “second centrifugation”
to distinguish this operation by the precedent step of olive
paste centrifugation aimed to produce virgin olive oils, is very
effective in reducing the moisture content of olive-pomace
and contemporarily allows to recover part of the residual oil
[7]. The recovered oil is defined as “crude olive-pomace oil,”
according to the European Community Regulation number
1513/01 [8].

Several studies have been carried out to assess the chem-
ical characteristics of crude olive-pomace oil obtained by
pomace recentrifugation, focusing on the content of waxes,
long-chain aliphatic aldehydes, alkyl esters, erythrodiol and
uvaol, squalene, and phenolic compounds [9–12]. More
recently, Caponio et al. [7] evidenced that the oil obtained
by recentrifuging the olive-pomace shows higher content of
carotenoids and chlorophylls and lower content of phenolic
compounds than the corresponding virgin olive oil directly
obtained from the first centrifugation of the olive paste, while
the tocopherols and the antioxidant activity did not show
significant differences.

The high-performance size exclusion chromatography
(HPSEC) has been proved to be effective in detecting even
low levels of polar compounds, including those originated
from oxidative and hydrolytic degradation of the oils [13,
14].These compounds, namely, triacylglycerol oligopolymers
(TAGPs), oxidized triacylglycerols (ox-TAGs), and diacyl-
glycerols (DAGs), are important nonconventional indices
able to define the quality of both edible oils and food lipid
fractions [14, 15] and could be useful to assess the degree of
oxidative and hydrolytic degradation of crude olive-pomace
oil.

In addition to the chemical characterization, which ascer-
tains olive oil quality, the analysis of DNA-based molecular
markers allows to verify the botanical and varietal authentic-
ity of olive oil; see review byPasqualone et al. [16].This kind of
analysis is currently being updatedwith very fast and effective
techniques, such as High Resolution Melting (HRM), that
very recently has been successfully applied to trace single-
cultivar extra virgin olive oils [17], as well as olive pastes
and virgin olive oils obtained by talc addition [18]. However,
the reliability of this technique depends on many factors,
including mechanical damage of DNA, and could be affected
by the strong mechanical effect of the recentrifugation.

To the best of our knowledge, no study has been made
to determine the polar compounds of crude olive-pomace oil
or to assess the effectiveness of molecular marker analysis
in this kind of oil. A better knowledge of the chemical and
molecular characteristics of crude olive-pomace oil obtained

by physical means could facilitate analytical checks when
there is doubt of frauds involving the admixture with extra
virgin olive oil. Therefore, the aim of this work has been
to characterize the crude olive-pomace oil and to compare
it with the corresponding virgin olive oil derived from the
first centrifugation of the same olive paste. In particular, both
chemical parameters related to oxidation and hydrolysis, that
is, the HPSEC-analyzed polar compounds, and microsatellite
molecular markers, analyzed by HRM, were considered.

2. Materials and Methods

2.1. Oil Production and Sampling. Oil production was per-
formed in a local oil mill where the olives (Olea europaea L.),
unwashed and after leaf-removal, were milled within 24 h. A
lot of approximately 3,000 kg of olives of Coratina cultivar
was divided into two homogeneous batches, so as to carry out
the whole experimental trial in duplicate (trial A and trial B).

The olives were processed using a hammer-crusher
(Amenduni Nicola S.p.A., Modugno, Bari, Italy) operating at
2,800 rpm and equipped with a grid having 5mm diameter
holes. The crushed paste was then transferred into the
kneader (Amenduni Nicola S.p.A., Modugno, Bari, Italy).
After kneading (50min at 22 ± 1∘C), the paste was pumped
into a 2-phase horizontal centrifugal decanter (Taurus 902-
XX, Amenduni Nicola S.p.A., Modugno, Bari, Italy) operat-
ing at 2,800 rpm, with a processing capacity of 3,000 kg h−1.
Finally, the oily phase was separated from any aqueous
residue by centrifugation at 6,400 rpm (vertical centrifuge,
Alfa Laval, Tavarnelle Val di Pesa, Florence, Italy) and
sampled (virgin olive oils A and B).

The residual olive-pomace of each of the two batches
was kneaded (AmenduniNicola S.p.A.,Modugno, Bari, Italy)
for 30min at 22 ± 1∘C, then subjected to recentrifugation
by means of a 3-phase decanter (REX350, Amenduni Nicola
S.p.A., Modugno, Bari, Italy) to collect the residual oil (crude
olive-pomace oils A and B).

The whole procedure is schematized in Figure 1.

2.2. HPSEC Analysis of Polar Compounds. The polar com-
pounds (PCs) were separated from the nonpolar compounds
following AOAC analytical method as described in Paradiso
et al. [19]. Then, the PCs were recovered in tetrahydrofuran
(THF) and analyzed by means of HPSEC in order to separate
the compound classes constituting them. The chromato-
graphic system consisted of a Perkin-Elmer pump, series 200,
a 50 𝜇L injector loop, a PL-gel guard column (Perkin-Elmer,
Beaconsfield, UK) of 5 cm length × 7.5mm i.d., and a series
of two PL-gel columns (Perkin-Elmer, Beaconsfield, UK) of
7.5mm i.d. × 30 cm in length each. The columns were packed
with highly cross-linked styrene divinyl benzene copolymers
with a particle diameter of 5𝜇m and pore diameters of 500Å.
The detector was a differential refractometer (series 200A,
Perkin-Elmer, Beaconsfield, UK). The elution solvent used
was tetrahydrofuran for HPLC at a flow rate of 1.0mLmin−1.
The identification and quantification of individual peaks
were carried out as described in a previous paper [20]. The
analytical determinations were performed in duplicate.
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Figure 1: Flowchart of the productive process of virgin olive oil and crude olive-pomace oil.

2.3. DNA Extraction. DNA was extracted from olive oils as
described in Pasqualone et al. [21], with the aid of the Nucle-
oSpin� Food kit (Macherey-Nagel GmbH & Co., Düren,
Germany). After extraction, effected in 3 replicates, DNA
degradation level and concentration were assessed by both
0.8% agarose gel electrophoresis and spectrophotometric
measure (Nano-Drop� 2000C,Thermo Scientific, Wilming-
ton, MA, USA) at 260 nm. DNA purity was ascertained by
determining the absorbance ratios A260/280 and A260/230 .

2.4. HRM Analysis of Microsatellites. The amplification reac-
tions of the extracted DNA were carried out according to the
procedure described in previous papers [17, 18, 22], by using
the olive microsatellite primer pairs DCA04, DCA09, and
DCA14 [23]. HRM analyses were performed in triplicate on
CFX96 Touch� Real Time PCR Detection System (Bio-Rad,
Hercules, CA, USA). Robust amplification curves, without
nonspecific PCR products, were analyzed by CFXManager�
software (Bio-Rad,Hercules, CA,USA).Themelt curveswere

normalized along the temperature axis (temperature shifting)
to permit easy discrimination of different DNA samples.

2.5. Statistical Analyses. Data were submitted to statistical
analysis by XLStat software (Addinsoft SARL, New York,
NY, USA). One-way analysis of variance (ANOVA) was
performed, followed by the Tukey HSD test for multiple
comparisons.

3. Results and Discussion

3.1. Chemical Determination of Oxidative and Hydrolytic
Degradation. Figure 2 shows the results of the HPSEC analy-
sis of PCs of virgin olive oil derived from the first centrifu-
gation of olive paste and crude olive-pomace oil obtained
from the same olive lots (mean values, standard deviations,
and results of statistical analysis). The PCs are constituted
by the main classes of substances of oxidation (TAGPs
and ox-TAGs) and hydrolysis (DAGs) of triacylglycerols,
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Figure 2: Results of the HPSEC analysis of polar compounds of
the crude olive-pomace oil and the corresponding virgin olive oils
obtained from the same olive lot (mean and standard deviations;
𝑛 = 4; i.e., 2 replicated oil production trials and 2 independent
HPSEC analyses each). TAGPs = triacylglycerol oligopolymers; ox-
TAGs = oxidized triacylglycerols; DAGs = diacylglycerols. Different
letters for the same parameter indicate significant differences at 𝑝 <
0.05.

having higher polarity than unaltered triacylglycerols. In
particular, the ox-TAGs have molecular weight very close
to that of unaltered triacylglycerols and mainly consist of
triacylglycerol hydroperoxides and triacylglycerols in which
the hydroperoxydic functional group has been transformed
in alcoholic or carbonyl group. The TAGPs have higher
molecular weight than unaltered triacylglycerols because
they are oligopolymeric end-products of oxidation that, being
stable and nonvolatile, are considered very reliable indicators
of oxidative degradation [14, 15].

The HPSEC analysis effectively separated these classes
of compounds. As expected, the TAGPs were detected in
very low amounts, since they are formed in oils only as
a consequence of high temperatures such as those reached
during bleaching and, above all, deodorization steps of the
vegetable oil refining process [20, 24, 25]. No statistical dif-
ferences were observed between virgin olive oil derived from
the first centrifugation of olive paste and crude olive-pomace
oil obtained, from the same olive lots, by recentrifuging the
olive-pomace (Figure 2). In fact, the recentrifugation is a
mechanical treatment that does not involve excessive heat
stress.

On the contrary, higher values of both ox-TAGs and
DAGs were detected in crude olive-pomace oil, although
the difference with the corresponding virgin olive oil was
significant (𝑝 < 0.05) only for DAGs, probably due to longer

Figure 3: Agarose gel electrophoretic profile of DNA extracted from
the oil samples under investigation. From the left to the right: virgin
olive oil from “A” oil production trial; virgin olive oil from “B” oil
production trial; crude olive-pomace oil from “A” oil production
trial; crude olive-pomace oil from “B” oil production trial; 50 ng 𝜆-
DNA ladder; 100 ng 𝜆-DNA ladder.

processing time and consequent air-exposure to which olive-
pomace was subjected. However, the extent of the difference
between the two oil types was limited and unable to allow
detecting the presence of crude olive-pomace fraudulently
added to virgin olive oil.

The levels of PCs observed in virgin olive oil samples were
comparable to those usually found in previous works [13, 24].
On the whole, the extent of the oxidative and hydrolytic
degradation of the investigated crude olive-pomace oils
ascertained by HPSEC analysis of PCs confirmed the results
obtained in a previous research [7] by the conventional
analyses foreseen by EC Reg. 2568/1991 [26] and subsequent
modifications and integrations.

3.2. Molecular Characterization. Up to now, no study eval-
uated the effect of processing on the DNA present in crude
olive-pomace oil. The repeated kneading and centrifuga-
tion of olive-pomace could involve severe fragmentation of
nucleic acids and hamper DNA recovering and amplifica-
tion. In fact, DNA was extracted from the cellular pellet
obtained by centrifuging the oil samples, but in crude
olive-pomace oil it was particularly scarce and not well
visible by electrophoretic evaluation (Figure 3), evidencing
the negative effect of the mechanical stress due to repeated
processing steps. In addition, a relevant degradation affected
the extracted DNA (especially evident in the samples from
the “A” oil production trial), although not well appreciable in
case of crude olive-pomace oil due to DNA scarcity.

Overall, significant differences in DNA extracting yield
were observed between oils, with crude olive-pomace oil
showing significantly lower (𝑝 < 0.05) extracting yield than
the corresponding virgin olive oil (Table 1).

The purity of the extracted DNA was also evaluated. In
fact, besides DNA scarcity or degradation, another cause of
false negatives in PCR analyses applied to foodstuffs can be
the presence of interfering substances that can inhibit DNA
polymerase [27]. In particular, the UV spectrophotometer
A260/230 ratio, useful to evaluate the presence of lipids and
phenolic compounds, and the A260/280 ratio, which ascertains
the presence of proteins [28], were determined.
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Table 1: DNA extraction yield and spectrophotometric absorption ratios of crude olive-pomace oil and the corresponding virgin olive oil
(mean and standard deviations; n = 6; i.e., 2 replicated oil production trials and 3 independent DNA extractions each). Different superscript
letters in the same column indicate significant differences at p < 0.05.

Yield (ng DNA/mg sample) 𝐴260/230 𝐴260/280
Crude olive-pomace oil 10b± 2 1.49a± 0.03 1.66a± 0.05
Virgin olive oil 45a± 6 1.46a± 0.02 1.64a± 0.04

The A260/230 ratio was lower than the optimal value of
2.0 both in virgin olive oils and in crude olive-pomace
oils (Table 1), probably due to the residual presence of
polyphenols, polar molecules partly soluble in the buffers
present in the commercial kit adopted for DNA extraction
[29]. Phenolic compounds, in fact, are known to be present
in olive oils in general and are particularly concentrated in
oils obtained from cv. Coratina [7], such as those used in
this research. The observed values for A260/230 ratio were in
the range determined in DNA from olive oils in a previous
research [18] when, despite being below the optimal value,
they did not prevent amplification. No significant differences
were observed between crude olive-pomace oils and the
corresponding virgin olive oils, in spite of the fact that oils
derived from olive-pomace have been reported to contain
lower amounts of total phenols than virgin olive oils [7, 9, 12].

The absorbance ratio at 260/280 nm, instead, was very
close to the optimal value of 1.7 typical of pure DNA [28].
This result was expected due to the almost total absence
of proteins in the food matrix considered. No significant
differences were observed between crude olive-pomace oils
and the corresponding virgin olive oils (Table 1).

The extracted DNA was then submitted to PCR by
amplifying a set of 3 microsatellite markers selected in
previous works for their high reproducibility and small size
of the target sequence [21, 30], able to facilitate the amplifi-
cation of degraded DNA. In particular, these microsatellites
were analyzed by means of the HRM technique, known
to be applicable to DNA extracted from virgin olive oils
[17, 18, 31, 32]. By monitoring the fluorescence decrease
due to the release of intercalating fluorescent dyes during
thermal denaturation (melting) of double stranded DNA,
HRMallows the detection of polymorphismbetween samples
based on differences in the melting temperature of PCR
products and can detect differences in DNA as low as a single
nucleotide [33]. In addition, HRM detects more polymor-
phisms than conventional electrophoresis of microsatellite
amplicons, because it reveals also the presence of single
nucleotide polymorphisms (SNPs) in the region flanking the
microsatellite repeats. Hence, HRM curves can be different
in shape even in case of monomorphic markers and this
magnifies the polymorphism degree of microsatellites [34].

Figure 4 shows the temperature-shifted normalizedHRM
curves of PCR products obtained by amplifying DCA04,
DCA09, and DCA14 microsatellites in crude olive-pomace
oil and in the corresponding virgin olive oil. Each group of
four almost overlapping curves corresponds to a different
microsatellite. Within the same group, each single curve
corresponds to one out of four different samples amplified:
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Figure 4: Temperature-shifted normalized HRM curves of PCR
products obtained by amplifying DCA04, DCA09, and DCA14
microsatellites in crude olive-pomace oil and in the corresponding
virgin olive oil.

virgin olive oil and crude olive-pomace oil from both “A”
and “B” oil production trials. Consistent amplifications were
obtained for all the samples. In addition, by comparing
the shape of curves depicted by temperature-shifted melting
curves it can be observed that, for the same microsatellite,
the different samples analyzed showed almost identical HRM
profiles.These findings confirmed the genetic homogeneity of
the olive lot processed (cv. Coratina) and evidenced the same
ability of DNA from crude olive-pomace oil and from virgin
olive oil in being analyzed byHRManalysis ofmicrosatellites.

However, fromapractical point of view, this result implies
that, assuming that virgin olive oil and crude olive-pomace
oil are from the same cultivar or varietal blend, they are
undistinguishable by microsatellite HRM analysis. Only in
case that crude olive-pomace oil is from a different cultivar,
then microsatellites can reveal the alteration of the declared
varietal profile of a virgin olive oil sample.

4. Conclusion

The obtained results evidenced the significantly higher
hydrolytic degradation of crude olive-pomace oil, compared
with the corresponding virgin olive oil, but at an extent
unlikely able to allow the detection of fraudulent admixtures
with virgin olive oils. In addition, the findings demonstrated
the feasibility of the application of the HRM analysis of DNA
microsatellites to crude olive-pomace oil, able to reveal the
alteration of the declared varietal profile of a virgin olive oil
sample by simply checking the HRM curve profiles.

Each technique is characterized by strengths and weak-
nesses. An integrated analytical approach aimed to solve
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the doubt of frauds involving the admixture of crude olive-
pomace oil with virgin olive oil could take advantage of
chemical analyses other than HPSEC of PCs, coupled with
molecular techniques.
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