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ARTICLE INFO ABSTRACT

Keywords: The influence of the addition of Curcuma longa (turmeric) powder to Ottobratica variety extra virgin olive oil
Turmeric (EVOO) by using malaxation or infusion processes to obtain flavoured virgin olive oil (FVOO) was determined.
Curcuminoids FVOO was monitored during one year of storage at room temperature in the dark. FVOO obtained malaxation
I?S:E);iz?t activity process (CM) showed the lowest free acidity value, irrespective of the time of storage considered. C* values of
Olive oil 7.23 vs 6.38 and 6.79 were recorded for the FVOO obtained infusion process (CI) and CM FVOO, respectively.

Moreover, CM exhibited the highest radical scavenging activity with ICso values of 9.48 and 3.49 pg mL ! at TO
in DPPH and ABTS tests, respectively. However, the addition of turmeric did not improve the bioactivity of the
FVOO against key enzymes involved in metabolic syndrome. Collectively our data have demonstrated, once
again, how the enrichment of EVOO with an aromatic and functional matrix such as turmeric does not always
lead to an improvement in its intrinsic functional characteristics despite the fact that it may be appreciated by the

consumer for its sensorial characteristics.

1. Introduction

Virgin olive oil is extracted from freshly harvested healthy fruits,
using mechanical processes (milling, malaxation, centrifugation) that
allow the preservation of chemical and sensory characteristics (Com-
mission Regulation (EEC) N° 2568/91) [1]. However, to ensure an
effective and positive health impact, olive oil must contain a minimum
amount of some bioactive compounds like phenolics, as stipulated by the
polyphenols-related health claim (European Commission Regulation
(EU) No 432/2012,2012) [2]. Several scientific evidence testifies that
the health effects of the Mediterranean diet have been attributed to the
consumption of olive oil and to its composition in fatty acids and
so-called minor components, such as tocopherols, carotenoids, and
polyphenols [3]. Statistics from the World Health Organization (WHO)
have shown how the increase in life expectancy has increased in Medi-
terranean countries compared to that of more developed Western
countries, in correlation with the degree of adherence to the Mediter-
ranean diet, where olive oil represents the main condiment with
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consumption albeit minimal but daily [4]. Although the mechanisms by
which olive oil bioactive compounds exert these effects are only just
beginning to be addressed, the mounting evidence indicating their
antioxidant effects are likely to be the key element since oxidation
process is commonly found during the initiation or progression of
several pathologies [5].

Furthermore, recent studies have shown that the consumption of
virgin olive oil improved some parameters linked to obesity such as
plasma lipid profile and insulin resistance [6]. Obesity is increasing
worldwide, becoming a public health problem of paramount impor-
tance. Every year, 4 million people die from obesity and related diseases
[7]. Several authors have shown the presence of oxidative stress in obese
patients from metabolic disorders causing a high release of free radicals
[8].

To help the body in counteracting oxidative process that acts as
disease-promoting process, increasing the dietary intake of natural an-
tioxidants has proven to be useful [9]. Spices and herbs are food
matrices naturally rich in antioxidant compounds with great potential to
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possess great potential for human health [10]. Among them Curuma
longa L (turmeric) has recently attracted consumer interest due its con-
tent in bioactive compounds including curcuminoids (curcumin,
demethoxycurcumin, bisdemethoxycurcumin), compounds character-
ized by high healthy potential [11-13]. For this purpose, the rhizome
was largely used fresh to enrich dishes or to prepare herbal teas, or as a
powder in “golden milk” [14,15]. Other functional foods enriched with
turmeric are bakery snacks, corn snacks, herbal drinks [16-19].

Over the last decade, emerging consumer trends have highlighted
that consumers are looking for new sensory sensations, with greater
attention to health and well-being. This gave rise to the need to develop
flavoured and fortified olive oils. These new products are the result of
the incorporation of traditional aromas and flavours and not through
different flavouring processes [20].

Considering that nowadays consumers are particularly attentive to
what they eat and to the possibility of introducing fortified foods with
health-promoting properties, the objective of this work was to enrich
EVOO (extra virgin olive oil) with turmeric powder using two different
technological approaches (adding the powder directly to the olive paste
and adding the powder directly to the oil via infusion) thanks to the high
affinity of that spice to an oily matrix. According to the European Union
Commission [21] the addition of some matrices to an extra virgin olive
oil generates a product labelled as flavoured virgin olive oil (FVOOs) and
no longer as EVOO. By carrying out different in vitro tests, the ability of
this FVOOs to act as antioxidant or antiradical agent was studied as well
as the effect against key enzymes related to obesity, such as a-amylase,
a-glucosidase and lipase.

2. Materials and methods

Olives (Olea europea L.) from the Ottobratica variety grown in San
Giorgio Morgeto (Latitude: 38°23'28"32 N; Longitude: 16°5'10"68 E)
(Reggio Calabria, Italy) were collected at random using machinery. The
fruits were placed in the usual HDPE (high-density polyethylene) drilled
plastic boxes with a capacity of 40 lt. The oil extraction took place
immediately using a mini-laboratory apparatus (Agrimec Valpesana,
Calzaiolo, San Casciano, Florence, Italy), through the pressing of the
olive paste. The mixing of the olive paste was executed for 40 min at
ambient temperature. The maximum working pressure was 200 atm,
which was reached in approximately 20 min. The extracted substance
was then accurately separated from the wastewater.

Turmeric powder was purchased in a local market (Reggio Calabria,
Italy). It was added (1% w/w) during olive paste malaxation to obtain
tumeric FVOO (CM). At the same time, another enrichment procedure
was applied through the infusion of turmeric powder (2% w/w) for 30
days in EVOO to obtain tumeric FVOO (CI). This procedure was con-
ducted in a 500 mL flask, in the absence of light, at ambient temperature,
which was carefully closed to prevent the entry of Oy and under mag-
netic stirring. All samples (the control oil, EVOO; the one obtained by
malaxation, CM; and the one obtained by infusion, CI) were stored for
one year at the usual consumer condition (ambient temperature, in the
dark, in 100 mL dark glass bottles).

Analyses were conducted at the following times: TO (day of pro-
duction); T15 (15 days after production); T30 (after 30 days); T60 (after
60 days); T180 (after 180 days); and T360 (after 360 days).

2.1. Extraction and analysis of the phenolic portion in turmeric powder

The extraction of turmeric powder was performed by an ultrasonic
bath extractor (3800-CPXH; Branson, Milan, Italy) as previously
described by Zlabur et al. [22]. Approximately 4 g of powder were
placed in a tube with 250 mL of distilled water and placed into an ul-
trasonic bath. The extraction was conducted for 30 min at a pulse mode
of 2 s on/4 s off and power of 30%. A temperature of 40 °C was main-
tained in the bath. The extract was separated by using a centrifigue Niive
NF 1200R (Saracalar Kiimeevleri, Ankara, Turkey) at 8000 rpm for 10
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min. The mixture was filtered with a Biichner funnel and kept at —4 °C
until analysis.

The total phenolic content (TPC) was evaluated as previously
described by Choi et al. [23]. The results were expressed as mg gallic
acid equivalents (GAE) g_l.

For the quantification of the total flavonoid content (TFC) 0.5 mL of
turmeric extract was mixed with 2.5 mL of distilled water and 0.150 mL
of NaNO, 5%. After 5 min 0.300 mL of AlCl3 10% were added and after a
further 5 min 1 mL of NaOH 1 M was added. Finally, 0.550 mL of
distilled water were added. After 15 min of incubation at room tem-
perature, the absorbance was measured at 510 nm using an Agilent 8453
UV-VIS spectrophotometer (Agilent Technologies, Milan, Italy). Results
are expressed as mg of rutin equivalents (RE) g~1.

2.2. Chemical quality criteria of EVOO, CM and CI

Quality parameters, including free acidity (FA) and peroxide value
(PV) were determined according to EEC Regulation [20]. FA was
expressed as % of oleic acid whereas PV was expressed as mEq O kg™
[21]. CIELab colour parameters were measured using Konica Minolta
CM-700d (Osaka, Japan) Results were reported as chroma (C*).

Cx =+va?+b?
2.3. Extraction of the phenolic portion of EVOO, CM and CI

For the extraction of the phenolic portion of EVOO (control extra
virgin olive oil), CM (turmeric flavoured olive oil obtained by malax-
ation) and CI (turmeric flavoured olive oil obtained by infusion), the
procedure of Montedoro et al. was applied [24]. Oils were mixed with a
MeOH:H50 (7:3 v/v) and treated with n-hexane. The residue was taken
up with hydroalcoholic solution (1:1 v/v) and stored at —20 °C until
analysis.

2.3.1. Analysis on the total phenolic content (TPC) and quantification of
the individual phenols of EVOO, CM and CI

The total phenolic content (TPC) of EVOO, CM and CI was also
determined spectrophotometrically, at 765 nm using the method pre-
viously described by Baiano et al. [25]. The quantification of the indi-
vidual phenols was conducted by a UHPLC-DAD apparatus, coupled
with a PDA-1 (photodiode array detector, PLATINDblue), provided with a
binary pump, a C18A column (1.8 pm, 100 mm x 2 mm), set to 30 °C
and with the phenolic portion corresponding to an aliquot of 2 pL. The
mobile phases was composed of HyO suitable for UHPLC systems,
acidified until pH 3.1 (by CH3COOH) and CH3CN, with a flow rate of 0.4
mL min~!. The detector was set at 254, 280, 330, 350 and 450 nm
wavelengths. For the quantification, external standards purchased from
Merck (Darmstadt, Germany) were used and the results were expressed
as mg kg’1 [26].

2.3.2. a-Tocopherol evaluation of EVOO, CM and CI

The oils were mixed with 2-propanol (1:10 v/v), the upper phase was
collected and filtered using a nylon syringe filter (0.45 pm pore size).
Sample (5 pL) was injected into an UHPLC-DAD apparatus coupled with
a fluorescence detector RF-20A/RF-20Axs model (Shimadzu Corpora-
tion, Kyoto, Japan) with a flow rate of 0.5 mL min~*. The mobile phase
was CH3OH:CH3CN (50:50). The detector was set at a 290 nm excitation
wavelength and a 330 nm emission wavelength. The identification and
quantification were performed by calibration curve, using pure
a-tocopherol, and results were expressed as mg kg ™! of oil [26].

2.3.3. Antioxidant activity

The ABTS (2,2-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
test was applied to investigate the radical scavenging ability of the
samples using a previously described procedure [27]. The absorbance
was measured at 734 nm.
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The DPPH (2,2-Diphenyl-1-picrylhydrazyl) radical scavenging assay
was applied using the previously described procedure [27]. Ascorbic
acid was used as the positive control in both radical scavenging assays.

The p-carotene bleaching test was done following the previously
described procedure [27]. The absorbance was read at A = 470 nm.

2.3.4. Carbohydrate hydrolysing enzyme and pancreatic lipase inhibitory
activity

The a-amylase and a-glucosidase inhibitory activity of EVOO and
flavoured oils were determined using the method of Sicari et al. [27].
The absorbances were read at 540 nm.

Pancreatic lipase inhibitory activity was determined as previously
described using orlistat as a positive control [27].

2.4. Evaluation of the sensory characteristics of EVOO, CM and CI

The sensory evaluation was conducted by a trained group of seven
judges, in accordance with the current legislation and according to the
internal regulations of the department. All the panellists were previously
informed about the ingredients they tasted. The judging took place using
the profile of an extra virgin olive oil with additional attributes from
turmeric, according to a 9-point scale where 1 is absent and 9 is
extremely perceptible. To describe the sensory characteristics of EVOO,
CM and CI, a quantitative descriptive analysis (QDA) was performed.
The obtained results were represented with graphical spider plots using
Microsoft Office Excel 2014.

The judges evaluated the olfactory and gustatory sensations, more-
over they also judged the visual characteristics.

2.5. Statistical analysis

Samples were analysed in triplicate. Analytical data was reported as
means + standard deviation. The analysis of variance (one-way
ANOVA) was conducted by applying the post hoc Tukey test (SPSS
software, 21.0 version, Armonk, NY, USA). The following symbols were
used to indicate the significance: *p < 0.05; **p < 0.01; ns, not signif-
icant at p > 0.05.

3. Results and discussion
3.1. Turmeric extract

Turmeric extract (TE) was analysed to evaluate the total phenols and
flavonoids content (TPC and TFC, respectively), the antioxidant and the
inhibitory activity against key enzymes involved in the sugar and lipid
metabolism such as a-amylase, a-glucosidase, and lipase. A TPC value of
29.65 mg GAE g~ was found. This value is strongly affected by the
drying method used to make the powder. In fact, Cumroemphat et al.
[28] highlighted the differences between the freeze-dried, the hot-air
dried and the sun-dried methods, finding the highest values for the
freeze-dried sample with 35.7 mg GAE g1, followed by the hot-air dried
sample with 30.5 mg GAE g~!. Concerning the TFC, our data (17.41 mg
RE g~ 1) agrees with those reported by Cumroemphat et al. [28], who
found that the TFC values of fresh turmeric correspond to 36 mg RE g7,
while, regardless of the drying process used, the values are around 20
mg RE gL, A promising radical scavenging activity was observed using
TE in both DPPH and ABTS test with half maximal inhibitory concen-
tration (ICso) values of 19.42 and 3.14 pg mL ™! respectively, whereas in
the p-carotene bleaching test, TE showed a good protective activity
against lipid peroxidation with ICsq value of 17.06 pg mL™".

A moderate activity against a-amylase and o-glucosidase was
recorded with TE with ICs¢ values of 250.20 and 249.28 pg mL~},
respectively. This data is about 5- and 7- times, higher than the acarbose
used as positive control (50.18 and 35.57 pg mL~!, respectively). A
similar trend was observed against pancreatic lipase assay in which TE
reached a value of ICs correspondent to 228.56 pg mL L.
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Previously, Al-Lahham et al. [29] found ICs( values of 69, 50, and 9
pg mL~! in o-amylase, a-glucosidase, and lipase assay, respectively [29].

3.2. Chemical quality criteria of EVOO, CM and CI

The free acidity value (FA) expressed as % of oleic acid, decreased
significantly (p < 0.01) especially in the CM sample (turmeric flavoured
olive oil obtained by 1% malaxation) at TO (0.68 vs 0.53% for the EVOO
(control olive oil) and CM samples, respectively). In the CI (turmeric
flavoured olive oil obtained by 2% infusion) sample FA recorded values
comparable to EVOO for the whole duration of storage (i.e. at TO 0.68
and 0.67% for the EVOO and CI samples, respectively). At the end of
storage, CM and CI showed lower percentages in free acidity than the
control (0.84 vs 0.65 and 0.76% for the EVOO, CM and CI samples,
respectively). However, in all of them, at TO the FA values remained
below the 0.80% fixed by European Union Commission to be classified
as extra virgin olive [21]. Very controversial data emerged from the
analysis of the scientific literature. Caporaso et al. [30] found values of
1.20 and 1.60% after an infusion of 30 days with chilli pepper at 10 and
20% into olive oil, respectively. Instead, Clodoveo et al. [31], underlined
how different technological approaches used, generated different % of
FA. For the same enrichment matrix (thyme) they found 0.32, 0.29 and
0.34% when the matrix was added by infusion, by malaxation or by
sonication of olive paste added with matrix (Supplementary Table S1 a).
The known antioxidant potential of turmeric probably expressed its ef-
fect decreasing the free acidity value when mixed with olive paste. In
another study of an olive oil enriched with Citrus bergamia fruits, despite
the highest antioxidant properties of this fruit, the acidity of this matrix
caused a strong increase in these values [32]. Therefore, in our case, this
decrease is also probably due to the strong affinity between turmeric and
the oily matrix [19].

The peroxide value (PV) during storage increased significantly in all
the samples (p < 0.01). As well as the FA, the CM sample possessed the
lowest value at TO (9.45 vs 6.14 mEq O, kg’l for EVOO and CM,
respectively) and at T360 (9.61 mEq O, kg™1). As opposed to the CI
which after the conservation period, reached values even higher than
the control (22.88 vs 17.89 mEq Oy kg™1) (Supplementary Table S1 b).

The addition of turmeric did not significantly (p > 0.05) affect the
lightness (L*) parameter of the enriched oils. Values responsible for the
red-green colour (a*) show a slight decrease in CI 3.00 vs 3.42 EVOO. As
expected, the parameters that describe the yellow-blue colour (b*)
increased in the CI sample 2.49 and decreased in CM 2.01 sample,
compared to the control (2.24). Ayadi, Grat-Kamoun and Attia [33]
enriched olive oil with seven different Tunisian spices and observed that
only the enrichment with thyme caused significant changes in the
colorimetric parameters. On the other hand, Ammar et al. [34] enriched
an olive oil with prickly pear flowers and observed a slight decrease in L*
and b* values and a slight increase in a*. During storage, as expected, the
L* value increased and a* and b* decreased. Particularly a* parameters
in the CM sample reached negative values starting from 6 months of
storage (—0.16) against 0.03 and 0.15 of the CI and EVOO samples,
respectively. The Chroma (C*) is the parameter most influenced by the
addition. In the unflavoured sample C* values of 7.23 vs 6.38 and 6.79
were recorded for the CI and CM samples. Therefore, the EVOO colour is
darker and less bright than the CI and CM samples (Supplementary
Table S2).

3.3. TPC and a-tocopherol content in EVOO, CM and CI

A great variability in TPC was observed as reported in Fig. 1.
Generally, a great variability of TPC is recorded in relation to the olive
cultivar, stage of maturity, climatic conditions, area of growth.

Di Lecce et al. [35] studying 11 Italian mono-varietal extra virgin
olive oils stated that this diversity is only due to factors related to the
genetic background of the olive cultivar under study. CM flavoured oil
showed a lower TPC even compared to the control. On the contrary CI
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mg kg!

TO* T15%* T30%* T60** T180** T360%*
times (days of storage)
o CI**

BEVOO** | CM**

Fig. 1. Total phenolic content (TPC) during one year of storage. Values are
expressed as mg kg’l' Data is expressed as means + S.D. (n = 3)

EVOO: control; CI: turmeric flavoured olive oil obtained by 2% infusion; CM:
turmeric flavoured olive oil obtained by 1% malaxation. Differences between
samples were evaluated by one-way ANOVA followed by Tukey’s post-hoc test.
The capital letters indicate the differences in one sample in one year of storage.
The lowercase letters i indicate the differences among the samples at the same
time of analysis. *p < 0.05; **p < 0.01.

exhibited the highest TPC even at the end of the storage (757.88 mg
kg~!, about 57% more than CM and 38% more than EVOO. This
reduction it could be related to the high temperatures and time of pro-
cessing of the malaxation of the olive paste mixed with turmeric powder
exposing the olive paste to a greater quantity of oxygen and a greater
loss of the polyphenols [36]. In the scientific literature there is some
contradictory information. Soaeres et al. [36] enriched an extra virgin
olive oil with rosemary and basil leaves and found for the same oper-
ating conditions a lower level in the basil flavoured olive oil than in the
control (135 vs 179 mg kg™ 1) in contrast to the rosemary flavoured olive
oil in which higher levels than the control was recorded (188 vs 179 mg
kg’l). Also, Sousa et al. [37] used many matrices of enrichment and
observed how the TPC content is highly variable and influenced by the
single matrix, and probably by the phenolic patterns of each one.
a-Tocopherol is a molecule rarely present in nature, with high beneficial
properties for human health, of which extra virgin olive oil is generally
the main natural source. It allows for greater oxidative stability of the oil
and is particularly sensitive to sources of light and heat [38]. It is of
paramount importance to maintain a good level of a a-tocopherol even
in flavoured olive oils. Previously, Sousa et al. [37] found a variable
a-tocopherol content depending on the enrichment matrix used varying
between a minimum of 174.6 (enrichment with laurel) and a maximum
of 191 mg kg ™! (enrichment with hot chilli) respect the control EVOO
181 mg kg~ *. In our case, the addition influences this content. At TO the
levels of CI and EVOO are very similar, otherwise CM presents a very low
level (354.63, 350.01 and 176.56 mg kg_1 for EVOO, CI and CM,
respectively). During the storage period the CM levels increase is
probably due to a greater solubilisation of this molecule, until reaching
values at T30 similar to the other samples (234.22, 253.60 and 218.99
mg kg ! for EVOO, CI and CM, respectively). Starting from T180 in CM
there is a substantial decrease and at the end of storage only CI maintains
the highest levels of o-tocopherol (79.53, 84.55 and 59.2 mg kg~ for
EVOO, CI and CM, respectively) (Table 1). Similarly to what was
observed in the TPC, treating the olive paste with turmeric powder could
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also have caused greater degradation of a-tocopherol. Since these mol-
ecules are very susceptible to light and heat, the malaxation time to
which the olive paste was subjected to promote a greater transfer of
bioactive compounds from the matrix to the oil could not have had the
desired effect, causing an increase in temperature, as well as greater
exposure of the paste to oxygen, thus causing easier degradation of
a-tocopherol.

3.4. UHPLC analysis of the phenolic portion of EVOO, CM and CI

Turmeric is rich in curcumin, bisdemethoxycurcumin and deme-
thoxycurcumin. These curcuminoids are hydrophobic molecules
responsible for the typical yellowish colour of the rhizome [39]. More-
over, these compounds are known for their high antioxidant potential
[22,23,39,40].

TE was characterised by 3590.81, 6385.1 and 10054.7 mg kg~ of
bisdemethoxycurcumin, demethoxycurcumin and curcumin, respec-
tively (Supplementary Table S3). Cheng-Chao et al. [39] studied 12
samples of Chinese rhizomes and found values ranging between 2.76
and 5.83 mg g~} for bisdemethoxycurcumin, 2.64-7.60 of mg g~ ! for
demethoxycurcumin and 10.16-16.48 mg g~! for curcumin. Differently,
Pal et al. [40] evaluated the curcuminoid content in 45 Indian genotypes
and estimated that the genotype TCP 2 possessed the highest content
with values of 10000, 19800 and 25900 mg kg™! for bisdemethox-
ycurcumin, demethoxycurcumin and curcumin, respectively. This
demonstrates the huge variety stemming from the genotypes, the culti-
vation areas, and the treatments to which the rhizomes are subjected.

CM and CI showed a curcuminoid content which increased in the first
30 days of storage and then decreased after 12 months (Tables 2 and 3).
CM at TO and T360 presented values of 2546.09-1446.45,
3469.76-4660.58 and 4171.60-4540.14 mg kg~! of bisdemethox-
ycurcumin, demethoxycurcumin and curcumin, respectively. In contrast
CI at TO presented values of 1901.42-1994.44, 3624.93-5411.02 and
7285.50-8378.33 mg kg ! of bisdemethoxycurcumin, demethox-
ycurcumin and curcumin, respectively. Among our samples, the two
different technological approaches caused very different and variable
trends in the curcuminoids content (p < 0.01). In fact, when the matrix
was added during malaxation, in which water is still present because the
olive drupes are naturally rich in water, due to the curcuminoids’ hy-
drophobic quality, their content is significantly lower in CM.
Conversely, when turmeric was added by infusion obviously after the oil
had already been filtered and in the absence of water, their content is
higher. In addition, the curcumin content in CI was significantly higher
in all storage phases than CM. This condition means that infusion gives a
higher recovery of these compounds than malaxation. From the analysis
of the data, it can be stated that CI, at the end of storage, maintained a
greater content of curcuminoids compared to CM. However, regarding
antioxidant activity, the situation is the opposite (see paragraphs 3.5). In
fact, after 12 months of storage, the DPPH and ABTS values were higher
in CM than in CL This study has allowed us to confirm what was pre-
viously stated by Pal et al. [39], namely that the antioxidant activity of
turmeric is not due to the presence of curcuminoids alone, but that there
are probably other bioactive that contribute to it.

Table 1
a-Tocopherol content of EVOO, CI and CM (values are expressed as mg kg~!) during one year of storage.
TO T15 T30 T60 T180 T360 Sign

o-Tocopherol
EVOO 354.63 + 5.63* 261.63 + 5.96°° 234.22 + 4.72"8 223.72 + 5.15%® 246.61 + 5.72%° 79.53 + 1.41°¢
I 350.01 + 5.1% 252.2 + 5.12%8 253.6 + 2.20%° 225.13 + 5.60°C 218.44 + 4.1°¢ 84.55 + 1.44%0 b
CcM 176.56 + 3.18°° 223.93 + 4.54°* 218.99 + 4.18% 203.13 + 4.918 165.81 + 2.62¢ 59.2 + 2.23°
Sign

EVOO: control; CI: turmeric flavoured olive oil obtained by 2% infusion; CM: turmeric flavoured olive oil obtained by 1% malaxation. Differences between samples
were evaluated by one-way ANOVA followed by Tukey’s post-hoc test. The capital letters in the row indicate the differences in one sample in one year of storage. The
lowercase letters in the column indicate the differences among the samples at the same time of analysis. *p < 0.05; **p < 0.01.
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Table 2
Quantification of phenols in turmeric flavoured olive oil by infusion sample (CI) during one year’s storage. Values are expressed as mg kg .
TO T15 T30 T60 T180 T360 Sign

Hydroxityrosol 16.15 + 1.54° 7.37 + 1.04¢ 9.27 + 0.22° 8.26 + 0.04° 14.67 + 0.94° 26.17 + 1.75° %
Tyrosol 15.61 + 2.03% 12.84 + 0.37° 15.22 + 2.46% 14.41 +1.01%° 18.44 + 0.78° 14.21 + 0.69°°
4-Hydroxyphenyl acetate 0.00° 0.00° 2.30 + 0.75% 0.00° 0.00° 0.00°
Chlorogenic acid 1.92 + 0.19° 8.64 + 0.19° 6.97 + 0.01° 7.52 + 0.08" 0.00¢ 0.00¢ o
Caffeic acid 0.00° 0.00° 4.27 +0.01% 0.00° 0.00° 0.00°
Vanillic acid 1.47 +0.01% 1.30 + 0.12% 0.19 + 0.03" 0.00° 0.00° 0.00°
Homovanillic acid 1.92 +0.01° 7.55 + 0.73% 1.81 +0.13° 1.88 + 0.06" 1.91 + 0.10° 0.00° o
Quercetin 3,4"-diglucoside 0.91 + 0.07¢ 2.50 + 0.22° 0.50 + 0.04¢ 0.47 +0.01¢ 0.56 + 0.11¢ 1.10 + 0.04° o
Ferulic acid 0.00° 0.00° 0.54 + 0.01% 0.00° 0.00° 0.00°
Rutin 0.00¢ 3.26 +0.11° 3.22 +0.10° 2.79 + 0.22° 4,37 +0.33% 0.62 + 0.09°
Luteolin-7-O-glucoside 3.07 + 0.91¢ 15.90 + 0.28° 3.45 + 0.15" 3.33+0.11° 3.88 + 0.50° 3.28 + 0.25" ok
Oleoropein 0.48 + 0.08° 0.23 + 0.00" 0.25 + 0.01° 0.27 + 0.05° 0.21 + 0.05" 0.12 + 0.03¢
Cinnamic acid 0.91 + 0.36™ 2.49 + 0.31° 0.66 + 0.05° 0.60 + 0.04¢ 0.72 + 0.10° 1.16 + 0.21°
Quercetin 12.94 + 0.55 10.80 + 0.87 13.18 £ 0.17 1252 + 1.78 10.99 + 1.04 11.93 +1.38 ns
Pinoresinol 43.38 + 0.36% 36.62 + 3.19%° 44.51 +0.12% 43.68 + 1.96™ 35.22 + 8.89° 39.19 + 2.41% *
Kaempferol 0.00° 2.43 + 0.317 2.56 + 0.14% 2.47 + 0.02° 0.00° 0.00°
Isoramnetin 0.00¢ 4.89 + 0.39° 11.22 + 0.47%° 11.30 + 1.48° 9.444++1.01°° 8.56 + 2.62"¢
Apigenin 58.98 + 11.81% 15.98 + 1.75° 8.41 +0.21° 8.49 + 0.00° 7.80 + 0.37°¢ 1.96 + 0.55¢ i
Apigenin-7-O-glucoside 1.80 + 0.30° 0.00° 0.00° 0.27 + 0.05% 0.00° 0.00°
Bisdemetoxycurcumin 0.00° 1901.42 + 3.41¢ 2346.09 + 11.48° 2186.37 + 10.98° 2007.78 + 5.33 1994.44 + 8.76°
Demetoxycurcumin 0.00 3624.93 + 6.89° 4442.76 + 9.94° 4001.96 + 9.43¢ 4675.80 + 11.19° 5411.02 + 8.88° i
Curcumin 0.00¢ 7285.50 + 5.05¢ 8935.9 + 12,512 8112.11 + 11.04° 7455.52 + 9.94¢ 7285.50 + 9.62° *

Data is expressed as means + S.D. (n = 3). Differences between samples were evaluated by one-way ANOVA followed by Tukey’s post-hoc test. The letters indicate the
differences in one sample in one year of storage. *p < 0.05; **p < 0.01, ns, not significant at p > 0.05.

Table 3
Quantification of phenols in turmeric flavoured olive oil by malaxation sample (CM) during one year of storage. Values are expressed as mg kg .
TO T15 T30 T60 T180 T360 Sign

Hydroxityrosol 29.79 + 1.32° 35.51 + 0.63%° 38.19 + 0.91%° 41.72 £1.13° 36.16 + 4.12%° 70.12 + 4.51° ok
Tyrosol 40.41 + 3.04¢ 49.89 + 0.63° 41.76 + 1.79¢ 59.69 + 2.72° 27.93 + 2.60° 217.45 + 8.41% o
4-Hydroxyphenyl acetate 0.00¢ 1.78 + 0.12° 5.10 + 1.20° 5.26 + 0.04° 4.23 +1.27° 0.00¢ il
Chlorogenic acid 0.00¢ 4.79 + 0.05° 10.69 + 0.50° 12.17 + 0.382 9.90 + 0.33° 0.00° ok
Caffeic acid 0.00° 0.72 + 0.03" 0.69 + 0.03" 1.47 +0.12° 4.41 + 0.85% 0.00°

Epicatechin 0.00° 1.50 + 0.04° 0.80 + 0.01¢ 0.66 + 0.024 5.15 + 0.46" 6.72 + 0.10° b
Syringic acid 0.12 +0.01° 0.23 + 0.012 0.04 + 0.00¢ 0.19 + 0.02° 0.00° 0.00° ok
Vanillin 1.85 + 0.03° 2.32 + 0.03% 2.04 + 0.08" 1.72 + 0.06° 0.00¢ 0.00¢

Homovanillic acid 2.95 + 0.07"¢ 3.61 + 0.14% 3.32 + 0.25% 2.59 + 0.43° 0.00¢ 0.00¢
Quercetin 3,4-diglucoside 6.94 + 0.06" 8.09 + 0.29% 5.00 + 0.09° 5.17 + 0.34° 5.46 + 0.51° 6.84 + 0.29%° *
Ferulic acid 0.33 +0.01° 0.36 + 0.01°¢ 0.34 + 0.01%¢ 0.37 + 0.02° 0.53 + 0.02* 0.00¢ o
Rutin 1.74 + 0.08" 1.94 + 0.13° 0.78 + 0.03%¢ 0.67 + 0.01¢ 0.75 + 0.04¢ 0.93 + 0.10%¢
Luteolin-7-O-glucoside 2.64 +0.13" 3.21 + 0.10% 2.78 + 0.33" 2.93 +0.12% 0.00° 0.00¢ o
Oleoropein 0.10 + 0.01° 0.11 + 0.01° 0.09 + 0.00" 0.11 + 0.00° 0.25 + 0.01% 0.25 + 0.02* o
Quercetin 5.94 + 0.16" 6.00 + 0.50° 8.40 + 0.75" 9.37 + 1.41° 7.28 + 0.90° 14.97 + 3.89°
Luteolin 1.45 + 0.01° 1.17 + 0.09° 1.54 + 0.13% 2.17 + 0.12% 2.22 + 0.36% 2.44 + 0.48° **
Pinoresinol 15.04 + 0.60°¢ 17.52 + 0.96%° 15.18 + 0.80™ 18.17 + 0.28° 14.27 + 1.04¢ 45.82+ 4.87° o
Kaempferol 3.89 + 0.04%¢ 3.21 + 0.10¢ 6.27 + 0.46° 6.71 + 0.11° 16.78 + 0.26° 12.65 + 1.22¢
Isoramnetin 2.51 + 0.06" 3.93 +0.18% 2.81 + 0.35% 3.76 + 0.22% 4.08 + 0.01% 3.43 + 0.75% o
Apigenin 2.97 + 0.05% 2.64 + 0.20¢ 4,57 + 0.42% 5.58 + 0.03" 9.57 + 1.57% 0.00° b
Apigenin-7-O-glucoside 0.91 + 0.05" 1.26 + 0.05 1.14 + 0.03° 1.19 + 0.05° 0.25 + 0.01° 0.00¢
Bisdemetoxycurcumin 2546.09 =+ 8.7° 2503.11 + 10.2° 4630.44 + 13.9° 4502.54 + 9.2% 4105.13 + 13.4° 1446.45 + 10.1¢
Demetoxycurcumin 3469.76:+£7° 3472.9 + 9.9° 6223.82 + 14.7° 6082.23 + 12.3° 6886.25 + 10.9° 4660.58 + 5.64
Curcumin 4171.60 + 10.3¢ 5008.12 + 12.3° 8182.91 =+ 4.8° 8007.48 + 9.4 8893.52 + 12.2 4540.14 + 8.4%¢

Data is expressed as means + S.D. (n = 3). Differences between samples were evaluated by one-way ANOVA followed by Tukey’s post-hoc test. The letters indicate the

differences in one sample in one year of storage. *p < 0.05; **p < 0.01.

3.5. Antioxidant activity

Fig. 2 (a and b) and Fig. 3 show the antioxidant potential of EVOO
and tumeric flavoured olive oils (CM and CI). The control exhibited
interesting activities in both DPPH and ABTS tests with ICsq of 12.33 and
3.43 pg mL ™}, respectively at TO. At the end of the storage, the control
slightly lost its antioxidant potential, reaching values of 29.54 and
15.21 pg mL™}, in DPPH and ABTS tests, respectively. Previously,
Baiano et al. [25] evaluated the ABTS radical scavenging activity of
different Italian extra virgin olive oils and found the following rank of
potency Coratina > Peranzana > Cima di Melfi, Nociara, Leccino >
Frantoio, Moraiolo at day of production. In is interesting to note that this
rank changed after 6 months storage (Coratina > Peranzana, Cima di

Melfi > Fran-toio, Leccino, Moraiolo > Nociara). This evidence is
probably the consequence of the phenolic profile changes occurred
during storage. Whereas, Sicari [41] found DPPH and ABTS values of
27.37 and 2.52% Ottobratica EVOO harvested in the same cultivation
area.

A promising radical scavenging activity was observed with turmeric
flavoured oils with ICsq values of 9.49 and 9.48 ug mL™~! for CI and CM,
respectively in DPPH test, and 3.47 and 3.49 pg mL™! for CI and CM,
respectively in ABTS test at TO, without significant differences from
control sample (EVOO) at the day of production (p > 0.05), in both tests.
Moreover, CM flavoured oil in DPPH test maintained its potential as a
radical scavenger also after storage, with an ICsq of 11.36 pg mL ™! after
360 days storage. On the contrary CI reached values almost equal to the
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Fig. 2. Antioxidant activity of EVOO, CI and CM against DPPH (Fig. 2a) and
ABTS (Fig. 2b) (values are expressed as ICso pg mL~') during one year of
storage

Data is expressed as means + S.D. (n = 3). EVOO: control; CI: turmeric flav-
oured olive oil obtained by 2% infusion; CM: turmeric flavoured olive oil ob-
tained by 1% malaxation. Ascorbic acid was used as positive control in both
tests (ICso (half maximal inhibitory concentration) values of 5.03 + 0.82 and
1.78 + 0.07 pg mL~, respectively). Differences between samples were evalu-
ated by one-way ANOVA followed by Tukey’s post-hoc test. The capital letters
indicate the differences in one sample in one year of storage. The lowercase
letters indicate the differences among the samples at the same time of analysis.
*p < 0.05; **p < 0.01; ns, not significant at p > 0.05.
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Fig. 3. p-carotene bleaching test, expressed as ICso (ug mL™') during one year
of storage. Data is expressed as means + S.D. (n = 3).

control (29.55 pg mL™!) at the end of the period of observation. Cor-
relation analysis showed that TPC value was slightly positively corre-
lated with DPPH test with value of 0.32 vs 0.19, for CM and CI sample,
respectively, conversely to Karacabey et al. [42] who found strong
relation between TPC and radical scavenging activity. The addition of
matrices does not always improve the antioxidant activity as expected
and the positive effect of those additions could be appreciable at the long
term [37]. Moreover, in the ABTS test, both CM and CI reached values
even higher than the control EVOO (21.21, 16.22 for the CI and CM
samples, respectively vs 15.21 pg mL™1) at T360. Our results are in
agreement with those reported by Sousa et al. [37] who observed very
similar values between the control and its related flavoured olive oils
and the additions did not improve the activity on the ABTS test, even
showing the control olive oil greater activity. Our results are in agree-
ment with those found by Loizzo et al. [43] that evidenced how the
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infusion process is a valuable approach to obtain flavoured olive oils
with and increase radical scavenging potential. In fact, in this works,
authors enriched Carolea extra virgin olive oil by the infusion of
different Capsicuum annuum and C. chinense. The flavoured oil infused
with Aji limo dry powder resulted the most active in DPPH test with ICsg
value of 11.8 pg mL ™. This value is 2-times higher than that found for
Carolea oil (ICsq value of 26.8 pg mL™1). A similar observation was done
also in ABTS test. Moreover, Clodoveo et al. [31] evidenced that oils
obtained by infusion process with thyme (TI) and oregano (OI) the
radical scavenging potential increased significantly by +60% and +33%
respect to the control oil, respectively. A similar trend was observed
when thyme and oregano spices were added to the olive paste during the
extraction process, before the malaxation. In this case the resulting oils
(TM and OM) showed an improvement of DPPH radical scavenging
potential respect to the infused ones (TI and OI) equal to about 2- and
4-times, respectively.

Positive correlations were also found between this antioxidant po-
tential and the amount of demethoxycurcumin with Pearson’s correla-
tion coefficient of 0.72 and 0.65 in DPPH and ABTS, respectively. This
demonstrates how this compound, compared to the other two curcu-
minoids, is the main player in acting as an antioxidant in our flavoured
oils.

In the co-processing or infusion with turmeric powder, lead samples
were characterised by a high antiradical activity. The protection from
lipid peroxidation was evaluated through p-carotene bleaching test. In
Fig. 3 it is possible to observe how storage time reduces the protection
from lipid peroxidation. EVOO already possessed a poor initial activity
and completely lost it starting from 180 days of storage (from 48.72 to >
100 pg mL ! at TO to T360). Instead, a great potential in protection from
lipid peroxidation was observed with both turmeric enrichment pro-
cesses (malaxation and infusion). The starter values correspond to 19.11
and 19.20 pg mL™! for CI and CM respectively. Until T30, CM and CI
maintained very close values. After that, CI started to lose this activity
much more than CM, reaching a value at T360 of 70.21 vs 60.21 pg mL ™
for CI and CM, respectively. Comparing our results with those obtained
by Custureri et al. [26] with an enrichment with ginger, by malaxation
and infusion approaches, the protection against lipid peroxidation is
greater than that of the EVOO, with values approximately 1.3-times
higher in the case of the sample obtained by malaxation and 1.5-times
lower when comparing the sample obtained by infusion process. This
evidence could be explained by the positive correlation existing between
curcuminoids and B-carotene bleaching test, especially for desmethox-
ycurcumin. A similar situation was observed also in p-carotene bleach-
ing test where desmethoxycurcumin resulted positive correlated with CI
and CM with Pearson’s correlation coefficient of 0.67 vs 0.32,
respectively.

EVOO: control; CI: turmeric flavoured olive oil obtained by 2%
infusion; CM: turmeric flavoured olive oil obtained by 1% malaxation.
Propyl gallate was used as positive control (ICso (half maximal inhibi-
tory concentration) values of 1.02 + 0.01 pg mL™1). Differences between
samples were evaluated by one-way ANOVA followed by Tukey’s post-
hoc test. The capital letters indicate the differences in one sample in
one year of storage. The lowercase letters the differences among the
samples at the same time of analysis. **p < 0.01.

Previously, Plastina et al. [44] demonstrated that the addition of
different cultivars of dried chilli pepper for infusion resulted in a pro-
tective effect against induced oil oxidation. In particular, the flavoured
olive oil obtained by the addition of Bishop crown dried pepper to
Roggianella EVOO was characterized by the best performance.

3.6. Carbohydrate hydrolysing enzyme and pancreatic lipase inhibitory
activity

Table 4 reported data on the inhibition of a-amylase, a-glucosidase,
and lipase by EVOO and flavoured olive oil enriched with turmeric by
malaxation and infusion processes (CM and CI, respectively).
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Table 4
Carbohydrate hydrolysing enzyme and pancreatic lipase inhibitory effect. Values are expressed as ICso (ug mL™1).
TO T15 T30 T60 T180 T360 Sign

a-Amylase
EVOO 269.02 + 3.77°¢ 275.21 + 3.85° 303.38 + 3.928 345.31 + 4.05%A 240.29 + 3.87°F 289.32 + 4.90°¢ o
I 322.85 + 3.56°° 327.90 + 3.81° 369.90 + 3.44%C 501.53 + 3.35% 507.11 + 3.09%8 777.09 + 6.95%*
CcM 320.42 + 3.01%P 325.29 + 3.56° 364.44 + 3.74%5¢ 417.75 + 3.85P*8 476.84 + 3.96"B 676.21 + 5.01°*
Sign * ¥k ns *¥k k¥ k% ek

a-Glucosidase

EVOO 137.34 + 3.73%F 145.18 + 3.79E 198.81 + 3.82°
I 181.99 + 3.45% 184.67 + 3.21%8 201.50 + 3.09%
CcM 181.98 + 2.09°" 184.09 + 3.67°° 199.77 + 3.89¢
Sign e e ns

Pancreatic lipase

778.23 + 4.67° x
489.70 + 4.07°A
409.22 + 4.70%A o

587.49 + 3.56°%
236.98 + 1.10"*
233.37 + 4.23AB

337.56 + 3.90°C
226.74 + 3.01®
216.7 + 4.18%

EVOO 143.46 + 4.85"F 155.52 + 4.87°¢ 173.43 + 4.91°°
I 413.94 + 4.09°° 419.23 + 4.01°° 474.42 + 4.22°¢
CcM 410.99 + 3.10°° 418.80 + 4.16 458.10 + 4.34*C
Sign il

312.97 + 5.44°A .
823.44 + 6.55 .
721.56 + 4.25°* .

253.81 + 4.81B
573.11 + 5.22%AB
546.59 + 4.01°A8

206.54 + 5.01€
552.05 =+ 4.02°
504.08 + 4.118

ns

Data is expressed as means + S.D. (n = 3). EVOO: control; CI: turmeric flavoured olive oil obtained by 2% infusion; CM: turmeric flavoured olive oil obtained by 1%
malaxation. Acarbose was used as positive control in the a-amylase and in the a-glucosidase assays (ICso (half maximal inhibitory concentration) values of 50.18 +
1.32 and 35.57 + 0.99 pg mL~?, respectively). Orlistat was used as positive control in the lipase assay (ICso value of 37.44 + 1.08 pg mL™'). Differences between
samples were evaluated by one-way ANOVA followed by Tukey’s post-hoc test. The capital letters in the row indicate the differences in one sample in one year of
storage. The lowercase letters in the column indicate the differences among the samples at the same time of analysis. **p < 0.01; ns, not significant at p > 0.05.

Independently from the applied processes, extracts can inhibit enzymes
in a concentration-dependent manner. The inhibitory effects of EVOO
are highly variable among its varieties and research groups have high-
lighted how the cultivation area also influences this activity. In fact,
Leporini et al. [45] evaluated the ability of EVOOs from Frantoio
cultivar harvested in different area of Calabria region and found ICsq
values ranging from 57.7 to 123.7 pg mL ™! in the o-amylase assay, and
from 65.6 to 167.7 pg mL~lin a-glucosidase test, assessing as the most
active the oils was obtained from drupes harvested in the area of Vac-
carrizzo Albanese and as the least active those from the Montalto Uffugo
(Calabria, Italy). In addition, Loizzo et al. [46] evaluated, a variety of
EVOO from Italy and found ICso ranging from 258 to 2000 pg mL !, and
from 184 to 766 pg mL~! for a-amylase and a-glucosidase test,
respectively.

Generally, the addition of turmeric powder to EVOO determined a
reduction in enzymes inhibitory activity except in the a-glucosidase
inhibition test, in which flavoured samples exhibited a comparable
result to the EVOO (ICsg values of 137.34, 181.99 and 181.98 pug mL !
for the EVOO, CI, and CM samples, respectively at T0). However, if the
data are observed during the storage period of the oils, a significant loss
of the inhibitory activity of the enriched oils is found compared to the

control at T360, with ICsq values of 289.32, 777.09, 676.21 for EVOO, CI
and CM, respectively for a-amylase, and 778.23, 489.70, 409.22 for
EVOO, CI and CM, respectively for a-glucosidase. A similar trend was
observed also in lipase.

These results are disagreed to those found by Custureri et al. [26]
after EVOO enrichment with ginger, in which this matrix helped the oil
to maintain its functional properties up to one year of storage. These
data demonstrate, once again, how the enrichment of an extra virgin
olive oil with an aromatic and functional matrix such as turmeric, does
not always lead to an improvement in the intrinsic functional charac-
teristics of this food.

3.7. Sensory evaluation

The FVOOs (flavoured olive oils) were tested by a group of expert
assessors. They scored different overall acceptability and are listed
below in descending order for both approaches: CM > CI (Fig. 4).

The assessors were not able to identify the enrichment matrix. The
EVOO was characterised by the presence of slight “muddy” and “sludge”
defects. The most characteristic note of CM and CI was obviously the
colour, which became a bright yellow. They are also characterised by

| Vegetable

Pungent ¢
unge note

: Citrusy

Smoked

—6—EVOO CI —&—CM

Astringent,

Spicy = Sweet
Equilibriur\r\i—“lsloral
—6—EVOO CI —4—CM

Fig. 4. Sensory evaluation of EVOO: control; CI: turmeric flavoured olive oil obtained by 2% infusion; CM: turmeric flavoured olive oil obtained by 1% malaxation.
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high “ripe fruity” and “spicy” attributes. They differed from each other
because in CM the defects of the starting oil were covered and its flavour
was more balanced than CI, in fact the CM sample resulted the sweetest
and most balanced FVOO in the tasting.

4. Conclusions

Nowadays, the challenge of the food industry sector is to create
innovative products to satisfy the demands of consumers who are
increasingly attentive to what they consume and to their health. The
development of functional or enriched olive oil falls in this category of
constant growth. The main challenge lies in creating a novelty, with
good organoleptic characteristics, but especially with strong health
properties. Concerning our addition of turmeric powder, the processing
with olive paste (CM) seems to better protect the oil against oxidation
more than the addition by infusion (CI), which reached peroxide values
after one year of storage even higher than the control (22.88 vs 17.89
mEq O, kg™1). The addition of turmeric powder to EVOO generated
FVOOs characterized by a higher bioactive phytochemical content
compared to the control olive oil. In fact, the main bioactive compounds
of turmeric, such as bisdemethoxycurcumin, demethoxycurcumin and
curcumin were detected. The addition of turmeric also affected the
antiradical potential of the newly obtained flavoured olive oils, espe-
cially in malaxation. This demonstrates how curcuminoids do not
negatively affect the chemical quality criteria for an olive oil. Regarding
the inhibitory activity against the enzymes involved in the digestion of
carbohydrates and lipids, FVOOs demonstrated an interesting activity
only in a-glucosidase test, even after one year of storage, maintaining an
activity approximately 2-times lower, with very similar values between
CM and CI, compared to EVOO (778.23 vs 489.7 and 409.22 ug mL ™! for
EVOO, CI and CM, respectively). Moreover, were also enhanced the
sensory characteristics. The panellists appreciated the FVOOs, and the
new "spicy" note appeared, as well as the colour become bright yellow.
Through the application of this study is possible to affirm that among the
curcuminoids, demethoxicurcumin is the one that act as main antioxi-
dant and antiradical agent. However, further studies are necessary to
optimise some variables in the production, such as malaxation time and
temperature, to avoid significant decrease in TPC.
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Abbreviations
AA Ascorbic acid
ABTS 2,2'-Azinobis-(3-ethylbenzothiazoline-6-sulfonic acid

Cc* Chroma
CH3CN  Acetonitrile
CH3COOH Acetic Acid

CH30H Methanol
CM Turmeric flavoured olive oil by malaxation
CI Turmeric flavoured olive oil by infusion

DAD Diode Array Detection

DPPH 1,1-Diphenyl-2-picryl-hydrazil
EVOO  Control Olive Oil

FA Free Acidity

GAE Gallic Acid Equivalent

H>,O Water

ICs9 Half Maximal Inhibitory Concentration
MeOH  Methanol

PV Peroxide Value

RE Rutin Equivalent

TE Turmeric Extract

TFC Total Flavonoid Content

TPC Total Polyphenols Content
UHPLC Ultra-High Performance Liquid Chromatography

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
0rg/10.1016/j.jafr.2024.101111.
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