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Abstract

The purpose of the current research was to study the effects of 6-month frozen storage on the quality parameters
and the phenolic profiles of flavoured olive oils (FOO) produced by co-malaxation or infusion using basil, chilli,
or chilli—garlic as flavouring ingredients. The results demonstrated that during frozen storage, FOOs underwent
degradative processes that caused a progressive depletion of phenolic compounds and the rising of oxidative and
hydrolytic markers. A clear interaction appeared between storage time, flavouring ingredient and flavouring tech-
nique. Infusion caused a greater quality loss than co-malaxation, and in basil flavoured oils the drawbacks of infu-
sion were greater than in other flavoured oils. The impact of flavouring method on the phenolic profiles of oil
became more evident at the end of the storage period. It was confirmed that oleocanthal is less affected by storage

in freezing conditions than other secoiridoids.
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Introduction

Aromatic plants have been used since ancient times as
food flavouring ingredients as well as in pharmaceuti-
cal, cosmetic and perfumery because of the presence
of essential oils. Several biological activities, including
antimicrobial and antioxidant properties, are assigned
to these plants and derived oils or to some of their
other constituents (Ayadi et al., 2009; ljaz Hussain et al.,
2008). Along the Mediterranean basin, spices and herbs
have been historically used in association with olive oil,
as it represented the main source of fats in the area, to
improve its nutritional and organoleptic properties
(Baiano et al., 2010). Over the time, the importance
gained by high-quality virgin olive oils (VOO) has been
the driving force for a renewed interest towards fla-
voured olive oils (FOO), which have been rediscovered
as interesting products with unique characteristics as
well as these being increasingly appreciated by consum-
ers. Flavouring represents a strategy to increase the use

of olive oil among non-traditional consumers for add-
ing value to its organoleptic and good health properties
(Perestrelo et al., 2017). In this perspective, FOOs rep-
resent an important source of income for producers and
sellers.

Oil flavouring is performed by different techniques such
as: (i) infusion (Ak¢ar and Gumiskesen 2011; Ayadi
et al., 2009; Baiano et al., 2016; Caporaso et al., 2013;
Damechki et al., 2001; Issaoui et al., 2011; Sousa et al.,
2015); (ii) ultrasound-assisted maceration (Veillet et al.,
2010) and (iii) direct malaxation of olive paste with
spices (Baiano et al., 2009; Caponio et al., 2016). The last
mentioned technique does not require the implementa-
tion of additional equipment in the olive oil mills, and
is time-saving without the disadvantages of the other
cited methods. In fact, it is reported that ultrasound-
assisted technology could determine the off-flavour
onset because of the oxidative oil degradation (Chemat
et al., 2004), while infusion is time-consuming and could
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compromise the quality of olive oil. Previous research
conducted by the present authors (Caponio et al., 2016)
highlighted that malaxation was more effective in extract-
ing phenolic compounds, with a significantly lower level
of hydrolysis of secoiridoids than that occurring with
infusion. Moreover, FOOs produced by infusion showed
lower antioxidant activity and higher extent of oxida-
tive degradation. Volatile compounds, in generally, were
not significantly influenced by the adopted flavouring
method. Clodoveo et al. (2016) reported that an ultra-
sound treatment of olive paste mixed with herbs before
malaxation determined a higher level of total phenols as
well as tyrosol, hydroxytyrosol and oleuropein deriva-
tives in flavoured oils. Yilmazer et al. (2016) reported that
only the amount of spices influenced the partition of tar-
get compounds in FOOs whereas temperature and time
of malaxation did not exercise significant effects.

Quality of FOOs is also affected by storage (Ayadi et al.,
2009; Baiano et al., 2009; Gambacorta et al., 2007; Issaoui
et al., 2011). During storage, FOOs undergo the same
degradative processes that commonly affect the quality
of VOOs, which are, in turn, dependent on light, oxy-
gen, temperature, water, metals and antioxidants (Choe
and Min, 2006). Effects of light, oxygen, metals and water
could be controlled by using proper packaging materials
and process settings during the extraction process (e.g.
settings of the vertical centrifuge, filtration etc.). On the
other hand, temperature could be easily managed during
storage. Although low-temperature storage could slow
down the rate of degradative phenomena, studies on
the quality of VOOs stored at low or freezing tempera-
ture reported contradictory results, especially consid-
ering the fate of phenolic compounds (Cerretani et al.,
2005; Li et al., 2014; Mousavi et al., 2021; Mulinacci et
al., 2013). However, a study conducted on the subject has
highlighted that FOOs stored under freezing conditions
and the interactions between storage time and flavouring
method and ingredients have been poorly investigated.

In the light of these considerations, our work was aimed
at studying changes in the quality features of three dif-
ferent FOOs (basil, chilli, and chilli and garlic) obtained
by applying two flavouring methods (co-malaxation and
infusion) during 6 months of frozen storage in compari-
son to unflavoured stored VOOs.

Material and Methods
Sampling

A blend of olives (Olea europaea L.) from Peranzana,
Coratina and Ogliarola cvs (50%, 30% and 20% w/w,
respectively) was used for the experimental trials carried
out at a local olive mill (Olearia Clemente, Manfredonia,

Italy). Olives were processed by a continuous extraction
process. After crushing, the olive paste was malaxed for
30 min at 26°C without any flavouring ingredient to pro-
duce the control oil (CTR). Co-malaxed (M) FOOs were
produced by direct addition of dried basil (B), dried chili
(C), and a combination of dried chili and garlic (CG)
during malaxation (30 min at 26°C). The amount of spices
used were 5%, 20% and 20% + 10% w/w with respect to
the amount of olive processed by addition of dried basil,
dried chili, and dried chili and garlic, respectively. To
produce FOOs by infusion, the same extraction process
as for the control oil was followed. Then the spices were
left in infusion (with daily stirring) at 15-18°C for 15 days
in the case of oils processed by dried basil and for 7 days
in the case of chili and dried chili and garlic. The optimal
amount of each flavouring ingredient was identified in
preliminary trials based on the best sensory result.

Both CTR and FOOs were stored under freezing con-
ditions (—18°C) and sampled after 3 (T3) and 6 (T6)
months. Three independent trials were carried out for
each flavouring method, starting from the same olive oil
batch.

Routine analyses

Free fatty acid (FFA), peroxide value (PV), and spec-
trophotometric indices (K,,,, K,,; and AK) were deter-
mined following the analytical methods described by
the European Community Regulation (EEC) Regulation
2568/91 and subsequent integrations and amendments
(European Commission, 1991).

Extraction of phenolic fraction and determination of
phenolic profile

The extraction of phenolic compounds and the quan-
tification of total phenolic content (TPC) were car-
ried out according to the procedure described in Zago
et al. (2019). TPC was expressed as milligrams of gallic
acid equivalents per kilogram of oil. The high-perfor-
mance liquid chromatography (HPLC) analysis of phe-
nolic extracts was carried out according to Baiano et al.
(2009). The stationary phase was a Nova-Pack C18 ana-
lytical column (150 x 3.9 mm i.d.) with a particle size of
4 pm (Waters, Milford, MA). The mobile phases were (a)
water:acetic acid (98:2, v/v) and (b) methanol:acetonitrile
(1:1, v/v) at a constant flow rate of 1 mL/min, according to
the following gradient programs: 0—30 min 100% mobile
phase (a); 30—45 min, 70% mobile phase (); 45—55 min,
50% mobile phase (a); 55-65 min, 40% mobile phase
(a); and 65-75 min, 0% mobile phase (a). Phenolic com-
pounds were quantified according to the method of the
internal standard considering the response factors, and
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identification was carried out comparing peak retention
period and spectra with those of pure standards.

Determination of polar compounds

Polar compounds (PCs) were first separated by silica gel
column chromatography, according to the Association of
Official Analytical Chemists (AOAC) method No. 982.27.
The efficacy of the separation was checked by thin layer
chromatography (TLC) as recommended by the AOAC.
The polar compounds, recovered in tetrahydrofuran
(THF), were then analysed by high-performance size-
exclusion chromatography (HPSEC) following the condi-
tions reported by Makhlouf et al. (2021).

Data elaboration

The paired ¢-test was used to compare the characteristics
of oils after 3- and 6-month storage with respect to the
time of production. The statistical analysis was carried
out with Minitab 17 (Minitab Inc., State College, PA) at
a significance level of 0.05. Principal component analy-
sis (PCA) was carried out on the autoscaled data matrix
and used as a multivariate tool for data exploration. PCA
was carried out in Matlab environment (The MathWorks
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Inc. MA) by using the PLS_toolbox (Eigenvector
Research Inc., USA).

Results and Discussion

The effect of storage on FOOs has been studied by sev-
eral authors (Ayadi et al, 2009; Baiano et al., 2009;
Gambacorta et al., 2007; Issaoui et al., 2011) but with-
out considering the frozen storage. Taking into consid-
eration the frozen storage, the first aim of the present
research was to highlight the effect of freezing on quality
parameters, the polar compounds and the TPC of FOOs
sampled for 3 and 6 months after production. Table 1
shows the significance of the differences in the quality
characteristics of T3 and T6 samples with respect to TO.
After 3 months, the effect of storage on the character-
istics of FOOs was different according to the flavouring
method. In fact, in the case of infusion (I-oils), a signif-
icant increase in the value of several quality parameters
(FFA, PV, spectrophotometric constants and polar com-
pounds) was observed with respect to TO although with
some differences linked to the spice. Notably, the TPC
always decreased significantly. On the other hand, after
3-month frozen storage, the characteristics of FOOs
from co-malaxation (M-oils) were less affected. Only in
the case of co-malaxation with chilli-garlic as flavouring

Table 1. Statistical significance, expressed as p-value, of the differences in the characteristics of the samples between T3 or T6 and T0.
FFA PV K232 K270 MK TAGP ox-TAG DAG PC TPC
T3vs. TO
CTR 0.99 0.011 0.54 0.86 0.18 0.057 0.011 0.011 0.001 0.01)
I-B 0.31 0.007 0.41 0.007 0.19 0.48 0.007 0.057 0.011 0.00|
I-C 0.017 0.011 0.29 0.13 0.10 0.017 0.031 0.26 0.05¢1 0.01)
I-CG 0.11 0.007 0.07 0.037 0.011 0.35 0.07 0.041 0.031 0.04]
M-B 0.21 0.20 0.30 0.16 0.06 0.90 0.07 0.16 0.13 0.02|
M-C 0.95 0.65 0.19 0.21 0.30 0.16 0.05 0.29 1.00 0.03]
M-CG 0.87 0.13 0.51 0.09 0.45 0.63 0.031 0.11 0.09 0.00]
T6vs. TO
CTR 0.16 0.24 0.63 0.01] 0.42 0.06 0.007 0.11 0.021 0.00|
I-B 0.67 0.007 0.20 0.08 0.39 0.60 0.001 0.011 0.02¢1 0.00|
I-C 0.36 0.06 0.011 0.021 0.68 0.25 0.011 0.25 0.021 0.00]
I-CG 0.07 0.27 0.05¢ 0.021 0.07 0.48 0.021 0.10 0.05 0.00]
M-B 0.73 0.01] 0.07 0.26 0.001 0.68 0.011 0.007 0.021 0.06
M-C 0.021 0.13 0.021 0.07 0.021 0.11 0.011 0.26 0.60 0.00|
M-CG 0.027 0.04) 0.19 0.07 0.42 0.70 0.021 0.05] 0.05¢1 0.00|

CTR: unflavoured oils (control); I: infusion; M: co-malaxation; B: basil; C: chilli; CG: chilli and garlic; FFA: free fatty acids; PV: peroxide value;
TAGP: triacylglycerol oligopolymers; ox-TAG: oxidated triacylglycerols; DAG: diacylglycerols; PC: total polar compounds; TPC: total phenolic

content.

Significant differences (p < 0.05) are highlighted in bold. Up arrows and down arrows indicate respective significant increase and decrease with

respect to TO.
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ingredient (M-CG), a significant increase was observed
in oxidated triacylglycerols (ox-TAG). However, even in
this case, the TPC was always negatively affected by stor-
age. At T6, main differences with the oils at production
were the significant increase in polar compounds (in par-
ticular, ox-TAG) and depletion of TPC. Other differences
were highlighted in the FFA, PV, and spectrophotomet-
ric constants. The paired t-test afforded to point out
differences in characteristics of oils because of storage.

Figure 1.

(A)

(B)

Scores on PC 2 (20.73%)

PG 2 (20.73%)

However, it did not show the magnitude of these effects
and also did not allow considering the complexity of the
evolution of features of oils during freeze storage. For
this, the data were explored by PCA, and the results are
reported in Figure 1.

The score plot in Figure 1A allows discovering the rela-
tive effects of flavouring methods, storage and different
flavouring agents. First, it clearly appears that the basil
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(A) Score plot and (B) loading plot of PCA carried out on quality indices, polar compounds, and total phenolic con-

tent of stored flavoured (B, C and CG) and unflavoured (CTR) oils. I: infusion; M: co-malaxation; X: no aromatization; B: basil; C:
chilli; CG: chilli and garlic.
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FOOs had different characteristics from others. In fact,
already at TO, B-oils clustered apart from other samples.
It was also observed that technology had a stronger effect
than frozen storage on characteristics of B-oils. In fact,
B-oils from infusion at T3 and T6 clustered together and
showed higher positive scores on PC1 linked to oxida-
tive markers (i.e. PV, K ,,, K., ox-TAG and polar com-
pounds) as observed in the corresponding loading plot
(Figure 1B). On the other hand, C- and CG-oil followed
an evolution similar to that of control samples during
storage, indicating a less influence of aromatisation on
their chemical characteristics. With time, these samples
moved progressively from the negative quadrant of the
plot to the positive quadrant because of TPC depletion
and increase in hydrolytic and oxidative markers (Figure
1B). Changes in quality parameters because of flavouring
practices are well known and observed by several authors
(Baiano et al., 2009, 2016; Caponio et al., 2016; Clodoveo
et al., 2016; Gambacorta et al., 2007; Sacchi et al., 2017;
Sousa et al., 2015).

Overall, the results demonstrated that during frozen
storage FOOs underwent degradation that caused pro-
gressive depletion of phenolic compounds and increase
in oxidative and hydrolytic markers. However, a clear
interaction emerged between the storage and the kind of
flavouring ingredient and flavouring technique.

Aromatisation effect was also observed on the phenolic
profile of VOO (Baiano et al., 2016; Caponio et al., 2016;
Sacchi et al., 2017). Table 2 shows the significance of dif-
ferences in the phenolic profile of oils at T3 and T6 with
respect to TO, while Figure 2 reports the results of PCA.
In all, 13 phenolic compounds were detected belonging
to the common classes found in VOOs (Bendini et al.,
2007). It is observed in Table 2 that the most import-
ant differences in the phenolic profiles of oils at T3 with
respect to production was the increase in hydroxytyro-
sol acetate (3,4-DHPEA-AC, in all samples) and decrease
of almost all the other compounds. This trend could be
easily noted by looking at PCA results (Figure 2). In spite
of some differences linked to spice and flavouring tech-
nique, the samples at T3 depicted similar characteristics.

After 6-month storage, all the oils had significant higher
values of 3,4-DHPEA-AC. Phenolic alcohols (3,4-DHPEA
and p-HPEA) were significantly higher in some cases
(I-C, I-CG and M-C) as also secoiridoids such as decar-
boxymethyl oleuropein aglycon (3,4-DHPEA-EDA),
oleocanthal (p-HPEA-EDA) and oleuropein aglycon
(3,4-DHPEA-EA) (I-B, I-CG, M-B and M-C). On aver-
age, C- and CG-oil had the higher amount of complex
secoiridoids at T6. PCA results helped in understanding
the interaction of storage, flavouring technique and spice
on the phenolic profiles. In B-oils, an important effect
of flavouring technique was observed with infusion that
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brought higher amounts of phenolic alcohols at each time
point. On the other hand, in C- and CG-oil, effect of fla-
vouring technique appeared more clearly after 6 months
when co-malaxation and infusion affected an increase in
3,4-DHPEA-EDA, p-HPEA-EDA and 3,4-DHPEA-EA.

An increment in simple phenols (such as tyrosol and
hydroxytyrosol) was due to progressive hydrolysis from
complex secoiridoids (Bendini et al, 2007) and was
observed by Mulinacci and co-workers (2013) in extra
virgin olive oils (EVOO) stored for 9 months at room
temperature. Our findings suggest that this could hap-
pen even during frozen storage, although a critical role
was played by other factors (kind of spice and flavouring
method). The same could be stated for more complex
phenols, such as 3,4-DHPEA-EDA and p-HPEA-EDA,
that in several cases increased after 6-month storage.

On the other hand, the observed decrements could be
explained in different manners. On the one hand, it could
be due to the unavoidable oxidation occurring even at
low temperatures. On the other hand, as supposed by
Cerretani et al. (2005), decrement in phenols after freez-
ing was linked to change in the physical state of oil and
the consequent solubilisation of phenols into residual
water phase. Mousavi et al. (2021) reported that secoir-
idoids (mostly 3,4-DHPEA-EDA, 3,4-DHPEA-EA and
p-HPEA-EA) decreased during frozen storage, while
(p-HPEA-EDA) was the most stable phenol. The find-
ings of the present research are in partial agreement with
these. In fact, p-HPEA-EDA was significantly reduced
only in the case of M-CG oils, while 3,4-DHPEA-EDA,
3,4-DHPEA-EA and p-HPEA-EA were much more
affected by storage in freezing conditions, particularly
during the first 3 months (Table 2).

Conclusion

To the best of authors’ knowledge, this is the first
research centring the effect of storage under frozen con-
ditions on the quality features of FOOs, together with
the possible interaction with flavouring methods and fla-
vouring agents. Low temperatures during storage could
slow down degradation, thus safeguarding the quality
of FOOs.

During storage, the samples had a significant decrease
in total phenolic compounds and an increase in some
hydrolytic and oxidative markers. The aromatization
by infusion was the worse due to significant increase
in the values of FFA, PV, spectrophotometric constants
and polar compounds. Also, an interaction with the
kind of spice was pointed out. In fact, flavouring with
basil by infusion had maximum effect on the quality of
the product not only at the time of production but also
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Figure 2.

(A) Score plot and (B) loading plot of PCA carried out on the phenolic profile of stored flavoured (B, C and CG) and

unflavoured (CTR) oils. I: infusion; M: co-malaxation; X: no aromatization; B: basil; C: chilli; CG: chilli and garlic.

during storage. On the other hand, chilli and chilli—gar-
lic oils followed an evolution similar to that found in
unflavoured samples during storage, indicating a lower
influence of aromatisation on oil’s chemical parameters.

Significant changes were also observed in phenolic pro-
files. Oleuropein- and ligstroside-related compounds
decreased during storage whereas oleocanthal was found

to be one of the more stable compounds, as also observed
in unflavoured EVOOs.
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