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VIRGIN OLIVE OIL PHENOLS-SPECTROSCOPIC
EVALUATION IN BASIC MEDIUM: ANALYSIS OF
TOTAL CONTENT OF HYDROXYTYROSOL

MUSTAFA CITTAN®

ABSTRACT. Here a spectrophotometric technique in the visible region
combined with an environmental friendly ultra-pure water based liquid-liquid
extraction procedure has been described for the determination of total
hydroxytyrosol in virgin olive oils regardless of whether it is free or combined.
Determination of total hydroxytyrosol was carried out where the absorption
peak of the colored compounds formed with autopolymerization of quinones
that occured following the oxidation of hydroxytyrosol and its secoiridoid
derivatives in a basic medium was measured as an analytical signal. The
method was linear in a concentration range of 0.2-15.0 mg L™ with a
correlation coefficient of 0.9990. Detection and quantification limits were
0.05 and 0.18 mg L™, respectively. Intra-day and inter-day precision studies
indicated that the proposed method was repeatable. In addition, the liquid-
liquid extraction procedure was quite efficient with recovery values between
108 and 117%. Finally, the proposed method was successfully applied to
the analysis of total hydroxytyrosol in a virgin olive oil and the results were
compared with those obtained by a method existing in the literature for the
determination of total hydroxytyrosol based on acid hydrolysis of secoiridoid
aglycons followed by liquid chromatography-tandem mass spectrometry.

Keywords: hydroxytyrosol; virgin olive oil; phenolic compounds; visible
spectroscopy; liquid-liquid extraction.

INTRODUCTION

Itis well established that the Mediterranean diet (MD) is very effective

against: cancer [1], cardiovascular disease [2], inflammation [3], diabetes [4],
and aging [5]. Many of the benefits associated with the MD are the result of
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a high intake of antioxidants and anti-inflammatory elements present in several
components of this diet [6]. Virgin olive oil (VOO) is an essential component
of the MD and is directly obtained from ripe olive fruits using only mechanical
extraction. The beneficial effects of VOO can be attributed to the high
relationship between unsaturated and saturated fatty acids and also to the
antioxidant properties of its phenolic composition [7].

The VOO phenolic fraction is mainly comprised by phenyl ethyl alcohols
(hydroxytyrosol, tyrosol) and their secoiridoids derivates [8,9], linked to the
aldehydic and dialdehydic forms of elenolic acid (such as oleuropein, the
dialdehydic form of decarboxymethyl elenolic acid linked to hydroxytyrosol
(3,4-DHPEA-EDA), 4-(acetoxyethyl)-1,2-dihydroxybenzene (3,4-DHPEA-AC),
dialdehydic form of the decarboxymethyl elenolic acid linked to tyrosol (p-HPEA-
EDA), p-4-hydroxyphenylethanol-elenolic acid, an isomer of ligstroside aglycone
(p-HPEA-EA), 3,4-dihydroxyphenylethanol-elenolic acid, an isomer of oleuropein
aglycone (3,4-DHPEA-EA) and its methylated form (methyl 3,4-DHPEA-
EA)) [10]. Some other minor components are also commonly present, like:
phenolic acids (such as ferulic, p-coumaric, vanillic, caffeic, hydroxyphenylacetic,
gentisic, gallic, homovanillic and cinnamic acid) [8,11], lignans (pinoresinol
and 1-acetoxypinoresinol) [12], flavonoids (luteolin and apigenin) [13], and
aldehydes (vanillin) [14].

The origin of hydroxytyrosol (HT) is the hydrolysis of oleuropein which
happens during the ripening of the olives, and during the storage and
elaboration of table olives [15]. Among olive oil phenolic compounds, HT has
been the most investigated compound, primarily for its bioavailability [16] and
is the most potent as antioxidant [17] and the oxygen radical absorbance
capacity (ORAC) of HT is twice that observed for oleuropein, three and ten
times more than for epicatechin and ascorbic acid, respectively [18]. HT also
leads to apoptosis and growth arrest in vitro [19], including melanoma cells
[20], HL60 leukaemia cells [21], and colon cancer cell lines [22].

Numerous techniques have been applied for the extraction of phenolic
compounds from VOO. A simple and fast methanol-n-hexane-based liquid—
liquid extraction (LLE) was usually carried out to extract the polar fraction of
VOO, especially the phenolic compounds [23]. On the other hand, solid phase
extraction (SPE) [24,25], ultrasound-assisted extraction (UAE) [26], and liquid-
liquid micro extraction techniques (LLME) [10,26] have all been followed for
this purpose. Further, the extraction of phenolic compounds from VOO by deep
eutectic solvents (DESs) has been recently reported [27].

The determination of HT in VOO was usually carried out using
chromatographic techniques. High performance liquid chromatography (HPLC)
technique by ultraviolet (UV) detection [28], fluorescence (FL) detection [29],
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and mass spectrometric (MS) detection [30,31] were followed for this purpose.
Gas chromatography-mass spectroscopy (GC-MS) [32] and capillary zone
electrophoresis (CZE) equipped with diode array detector (DAD) [33] techniques
were also used to determine HT in VOO.

Most of the beneficial properties of VOO have been attributed to HT
and, to a lesser extent, to tyrosol (Tyr). However, the analysis of the total
content of HT in VOOs fails to provide reliable data because of the unreliable
quantification of secoiridoid derivatives. As there are no commercial standards
available regarding these secoiridoid aglycons, it is difficult to define the
derivatives and determine the accurate total amount of HT in VOO. On the
other hand, a method has been described to determine the total content of HT
and Tyr via acid hydrolysis process of aglycons with 2 M HCI in extraction step
followed by HPLC-DAD analysis [12].

In this work, a spectrophotometric technique in the visible region
combined with a simple environmental friendly ultra-pure water based LLE is
proposed for the determination of total HT as HT equivalent in VOOs
regardless of whether it is free or combined. The approach to determining
total HT in this paper exploits the oxidation of diphenols in a basic medium
(0.1 M NaOH solution) to the corresponding quinones and then absorbance
measurement of the colored compounds formed by autopolymerization of the
quinones [34]. This is the first report that provides the mass spectrum of the
resulting colored compounds that proves the autopolymerization of diphenols
in basic medium. A diagrammed illustration of the complete method was
depicted in Scheme 1. The paper also provides a detailed investigation of
the interference effects of the other potential VOO phenolics to the methodology
by using the individual standards of 34 phenolic compounds. Consequently,
the paper is quite original since it suggests a simple analytical technique
combined with an environmental friendly ultra-pure water based liquid-liquid
extraction procedure to determine the total contents of HT in VOOs without the
interference of other predominant phenolic compounds, Tyr and its derivatives
(monophenol derivatives in VOOs). The proposed method was applied for
the determination of total HT in a VOO and the obtained result was compared
with those obtained via the extraction process of acid hydrolysis of the aglycons
proposed in the literature followed by liquid chromatography-electrospray
tandem mass spectrometry (LC-ESI-MS/MS) technique [12]. The method
would be a simple, cheap and rapid alternative to determine the total HT in
VOOs.
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Scheme 1. The diagrammed illustration of total hydroxytyrosol analysis
in virgin olive oil.

RESULTS AND DISCUSSION

Optimization of NaOH concentration

The NaOH concentration of the medium was increased from 0.01 to
1 M in order to obtain high absorption intensity. Figure 1 shows the effect of the
NaOH concentration on the response of 5 mg L' HT at 530 nm. The
determination was performed quadruplicate for each concentration point. The
results clearly demonstrated that the sensitivity increased up to 0.1 M NaOH
concentration. On the other hand, higher NaOH concentrations not only reduced
the sensitivity of the method, but also caused higher relative standard deviations
in the analyte response. Therefore, the medium was 0.1 M NaOH.
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Figure 1. Effect of NaOH concentration on the analytical signal of hydroxytyrosol.

Selectivity of the proposed analysis method

34 different phenolic compounds (homovanillic acid, trans-cinnamic
acid, taxifolin, (+)-catechin, pyrocatechol, (—)-epicatechin, ferulic acid, chlorogenic
acid, caffeic acid, gentisic acid, 3-hydroxybenzoic acid, 4-hydroxybenzoic acid,
p-coumaric acid, sinapic acid, gallic acid, syringic acid, vanillin, rosmarinic acid,
protocatechuic acid, 2-hydroxycinnamic acid, 3,4-dihydroxyphenylacetic acid,
vanillic acid, apigenin, luteolin, apigenin 7-glucoside, luteolin 7-glucoside,
eriodictyol, pinoresinol, tyrosol, verbascoside, kaempferol, hyperoside, hesperidin
and quercetin) were used to evaluate the selectivity of the proposed analytical
method for the determination of total HT. To this end, the behavior of the
phenolic compounds in a concentration of 50 mg L' in 0.1 M NaOH medium
was observed in 350 to 800 nm wavelength range using the individual
commercial analytical standards of the compounds one by one.

The approach to the proposed analysis method exploits the oxidation
of diphenols in a basic medium (0.1 M NaOH solution) to the corresponding
quinones and absorbance measurement of the colored compounds formed
by autopolymerization of the quinones. Since the method was specific only
to the compounds containing more than one hydroxyl group in the phenolic
rings, monophenols such as Tyr, 3-hydroxybenzoic acid, 4-hydroxybenzoic acid,
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sinapic acid, vanillic acid, ferulic acid, syringic acid, vanillin, 2-hydroxycinnamic
acid, p-coumaric acid, pinoresinol, hesperidin, trans-cinnamic acid and
homovanillic acid, as expected, did not react with NaOH to form colored
compounds. Thus, Tyr and its secoiridoid derivatives, the other major components
of the VOO, did not interfere with the determination of HT by the proposed
method. In addition, quercetin, kaempferol, chlorogenic acid, hyperoside, luteolin,
apigenin, luteolin 7-glucoside, and apigenin 7-glucoside exhibited considerable
absorbance at a wavelength range of 380 - 430 nm in 0.1 M NaOH medium.
Nevertheless, they did not significantly interfere with the determination of HT,
as the absorbance of HT was recorded at 530 nm wavelength.

Protocatechuic acid, gentisic acid, 3,4-dihydroxyphenylacetic acid,
gallic acid, (+)-catechin, (-)-epicatechin, pyrocatechol, caffeic acid, rosmarinic
acid, eriodictyol, taxifolin, and verbascoside absorbed similar wavelengths with HT
in 0.1 M NaOH medium which resulted significant interferences to the
methodology. The phenolic content of VOO has been described numerous times
in the literature and, no study has been reported that VOO contains (+)-
catechin, (—)-epicatechin, pyrocatechol, verbascoside, rosmarinic acid and
eriodictyol. On the other hand, gallic acid [11,35], protocatechuic acid [35],
3,4-dihydroxyphenylacetic acid [29,35], gentisic acid [11,29,35], caffeic acid
[26,30,36] and taxifolin [35] have been reported in VOO. However, the reported
results prove that these compounds are present at only trace levels in VOO
compared to hydroxytyrosol, tyrosol and their secoiridoid derivatives [10,29,30].
As a result, when the matrix is VOO, it is considered that the proposed
method is quite reliable for total HT determination without the interference of
the other VOO phenolics, especially Tyr and its secoiridoid derivatives.

Linearity, limit of detection and quantification

The linearity was examined by establishing the external standard
calibration curves in a concentration range of 0.2-15.0 mg L-". All calibration
curves were generated from the stock standard solution of HT with three
replicates per level at 7 different concentrations (0.2, 0.5, 1.0, 3.0, 5.0, 10.0
and 15.0 mg L") in 0.1 M NaOH solution. Well defined absorption peaks were
observed (maximum absorbance at approximately 495 nm wavelength) in
Figure 2A. But the absorbance of HT was recorded at 530 nm throughout the
study to prevent possible interference of the phenolic compounds that
exhibited considerable absorbance at a wavelength range of 380 - 430 nm
in 0.1 M NaOH medium (see section selectivity of the proposed analysis
method). The plot of the calibration curve (Figure 2B) was found to be linear
with a 0.9990 correlation coefficient.
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Figure 2. (A) Visible absorption spectrums of various concentrations of hydroxytyrosol;
(a-h): blank, 0.2, 0.5, 1.0, 3.0, 5.0, 10.0 and 15.0 mg L. Inset showed visible absorption
spectrums of low concentrations; (a-e): blank, 0.2, 0.5, 1.0 and 3.0 mg L. (B)

The calibration curve for hydroxytyrosol.
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The limit of detection (LOD) and limit of quantification (LOQ) were
calculated using the formula LOD=3SD/b and LOQ=10SD/b, respectively,
where SD is the standard deviation of ten reagent blank determinations and b is
the slope of the calibration curve. The LOD and LOQ were 0.05 and 0.18 mg L™,
respectively.

Repeatability and precision

Calibration standards at three different concentrations of 1.0, 3.0 and
10.0 mg L' were used to determine the intra-day (three repetitions of each
concentration) and inter-day (three repetitions of each concentration and
three days) repeatability of proposed method. The results are shown in Table 1.
As expected, the intra-day precision was higher than the inter-day precision
in all cases and the method showed a good overall repeatability (the intra-
day relative standard deviations (RSDs) were lower than 2.1% and lower than
13.5% for inter-day assays) when the HT concentration was above 1.0 mg L.

Table 1. Intra-day and inter-day precision of the method

Concentration RSD (%)
(mg L) Intra-day (n=3) Inter-day (n=9)
1.0 2.1 13.5
3.0 1.6 4.0
10.0 0.8 3.9

RSD, relative standard deviation.

Recovery of the proposed liquid-liquid extraction procedure

UAE technique using methanol-water mixture as extractant is one of
the most effective aid to extract the phenolic compounds from foodstuffs [37—
39]. To this end, proposed LLE technique using only ultra-pure water only
and UAE method were followed comparatively to determine the efficiency of
the proposed extraction technique for the extraction of HT from VOO. Both
extracts obtained with LLE and UAE techniques were scanned for the phenolic
contents by a modified LC-ESI-MS/MS method described previously [40]
(include: HT and the other phenolics used in the selectivity studies except
Tyr, homovanillic acid and trans-cinnamic acid, due to their incompatibility
with the mobile phase system used; totally 33 individual phenolic compounds)
and only HT, p-coumaric acid, pinoresinol, luteolin and apigenin were detected in
the extracts. The chromatograms are given in Figure 3. The results clearly
showed that the proposed LLE method was more effective for the extraction
of HT and p-coumaric acid from VOO. On the other hand, the LLE method
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failed to extract the pinoresinol, luteolin and apigenin when compared to the
UAE method. When considering luteolin and apigenin exhibited considerable
absorbance at approximately 400-410 nm wavelength in the spectrophotometric
measurements, it was suggested that the LLE method using only ultra-pure
water as extractant is more compatible with the proposed analysis method.
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Figure 3. LC-ESI-MS/MS MRM chromatograms of the virgin olive oil extracts
(ultrasound-assisted extraction using methanol/water mixture as extractant:
, Ultra-pure water based liquid-liquid extraction: - - - - - ).

Furthermore, recovery of the proposed LLE technique was evaluated
by spiking 1 mL of VOO sample at 10.0 and 100.0 mg L' concentration levels
of HT standard (three repetitions of each concentration). The spiked samples
were extracted via LLE procedure and analyzed (n=3) with LC-ESI-MS/MS.
Quantitative recoveries were obtained in all cases, varying from 108 to 117%
(Table 2). As a result, the proposed LLE method is not only efficient for HT
extraction, but also environmental friendly because of using only ultra-pure
water in the extraction step.

Table 2. Recovery of the proposed liquid-liquid extraction method for hydroxytyrosol

Content Spiked Found Recovery Mean
(mg L") (mg L") (mg L") (%) (%)
28.4 118
10.0 26.7 101 10849
16.6+0.5 27.2 106
138.0 121
100.0 131.4 115 1174
130.1 114
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Quantitative analysis of virgin olive oil sample

1 mL of VOO samples were extracted simultaneously via LLE and
acid hydrolysis procedures to determine the total HT content of the sample
by the proposed spectrophotometric and LC-ESI-MS/MS method, respectively.
The extracts were analyzed in triplicate using the relevant analysis method to
compare the accuracy of the proposed spectrophotometric technique. The
aqueous extracts were used as blank in spectrophotometric measurements.
Then, appropriate volume of 3 M NaOH was added to each aqueous extract for
a final concentration of 0.1 M before measuring absorbance at a wavelength
of 530 nm.

A typical calibration curve obtained using a series of standard
solutions over the concentration range from 25.0 to 500.0 ug L' used for total
HT determination in VOO sample by the LC-ESI-MS/MS method is shown in
Figure 4. On the other hand, Figure 5 shows the standard addition (2.0, 4.0
and 6.0 mg L' HT) spectrums and calibration curve obtained for the VOO
sample. The results were in agreement, 18.0+0.1 mg L' for the proposed
spectrophotometric technique combined with a simple ultra-pure water
based LLE and 17.5+0.5 mg L' for the LC-ESI-MS/MS method following the
acid hydrolysis process.
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Figure 4. Typical calibration curve of hydroxytyrosol in LC-ESI-MS/MS method.
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Figure 5. Visible absorption spectrums of (a) blank, (b) sample, after addition of
(c) 2, (d) 4 and (e) 6 mg L™" hydroxytyrosol standard. The standard addition
calibration curve is inset.

Matrix effect

Matrix effect was evaluated to ensure the bias-free analytical results.
Due to absence of blank matrices for VOOs, it was determined at three
different concentrations (2.0, 4.0 and 10.0 mg L") of HT. The matrix effect
was calculated relatively by comparing the absorbance measurement of
three spectrums [41]. The Eq. (1) is given as:

matrix + std)— A (matrix)
A (std)

ME (%) = {A( —1} x 100(%) (1)

where A(matrix + std) is the response for the matrix with the addition of standard;
A(matrix) is the response for the matrix only; and A(std) is the response for
the standard only.
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The mean matrix effect was 1.4% with a standard deviation of 1.0%,
which suggested that a very slight signal enhancement observed. On the
other hand, the matrix effect was also assessed by comparing the slopes of
standard calibration curve and standard addition method. Good agreement
between the slopes of both curves (Figure 2B and 5) and the calculated
matrix effect were proved that there was no significant matrix effect when the
sample preparation was carried out by the proposed LLE method.

Mass spectrometric evaluation of the resulting colored solution

The mass spectrum (Figure 6) of the colored solution formed by the
proposed method was evaluated in order to clarify the autopolymerization of
the quinones that occurs with the oxidation of diphenols in a basic medium
by direct infusion of HT of 50 mg L' concentration in 0.1 M NaOH in to the
mass spectrometer in the 50 to 2200 amu mass range. The ions at m/z 757.7,
929.0, and 1082.1 amu, defined as integer multiples of the HT molecular weight
(154.16 g mol ) in the mass spectrum, support the described autopolymerization
approach.

757.7 1082.1
929.0 |

600 700 800 900 1000 1100 1200

Counts vs. Mass-to-Charee (m/7)

Figure 6. Mass spectrum of the resulting colored solution.

CONCLUSIONS

It is more useful to choose simple and cheap analytical techniques in
matrices where the analyte is the main component. In such cases, trace
compounds do not interfere significantly with the determination of the major
analyte. Thus, the amount of analyte in the matrix can be easily estimated by
using simple and cheap analytical techniques as an alternative to existing
complicated methods.

HT and Tyr are the main phenolic compounds in VOO. Many
beneficial effects of VOO have been attributed to HT and, to a lesser extent,
to Tyr. The proposed method in the present study proved to be simple, low-
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cost, effective, and suitable for determining total HT in VOOs without the
interference of Tyr and its derivatives (the other predominant components of
VOOs). The method is also quite important since it determines the total HT
as HT equivalent regardless of whether it is free or combined.

The proposed technique was linear in a concentration range of 0.2-
15.0 mg L-" with a correlation coefficient of 0.9990. The limit of detection and
quantification of the method were obtained as 0.05 and 0.18 mg L,
respectively. The method showed a good overall repeatability (the intra-day
RSDs were lower than 2.1% and lower than 13.5% for inter-day assays)
when the HT concentration was above 1.0 mg L. Environmental friendly
ultra-pure based LLE of HT and its derivatives had good recovery values
between 108 and 117%. No significant matrix effect was observed. Finally, a
detailed investigation of the interference effects of the other potential VOO
phenolics to the methodology was carried out and it was suggested that the
proposed analytical technique is quite reliable and easily applicable for total
HT determination when the test matrix is VOO.

EXPERIMENTAL

Apparatus

Absorption spectra were recorded in an ultraviolet and visible (UV-Vis)
spectrophotometer (Agilent Technologies, Cary 60). An Agilent Technologies
1260 Infinity liquid chromatography system hyphenated to a 6420 Triple
Quad mass spectrometer was used for LC analyses. The ultrasound cleaning
bath was Daihan, WUC-D10H. A WiseShake SHO-2D digital orbital shaker
was used for the agitation in acid hydrolysis process.

Reagents

All commercial phenolic standards were purchased from Sigma-
Aldrich (St. Louis, MO, USA), Fluka (St. Louis, MO, USA) and HWI Analytik
(Ruelzheim, Germany). In addition, hydrochloric acid and methanol were
purchased from Sigma-Aldrich (St. Louis, MO, USA). Formic acid and
sodium hydroxide were obtained from Merck (Darmstadt, Germany). Ultra-
pure water (18 mQ) was obtained from a Milli-Q water purification system
(Millipore Co., Ltd.). Stock solutions of the phenolic compounds were prepared
in methanol.
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LC-ESI-MS/MS method

Phenolic determination of VOOs was carried out following the procedure

described in our previous study by using a Poroshell 120 EC-C18 (100 mm x
4.6 mm |.D., 2.7 ym) column [40].

Assays for the extraction of phenolic compounds

Extraction of phenolic compounds from VOOs were carried out using
(i) a simple, environmental friendly ultra-pure water based LLE procedure
that combined with the proposed spectrophotometric method, (ii) an UAE
procedure that mentioned as an effective technique in the literature using
methanol/water (80:20, v/v) mixture as extractant and, (iii) an acid hydrolysis
process of aglycons to determine the total contents of HT described elsewhere
[12]. Figure 7 shows the scheme for the three processes of the extraction

methods.

Liquid-liquid extraction
(LLE)

Ultrasound-assisted extraction

(UAE)

Acid hydrolysis process

1 mL sample + 6 mL ultra-pure
water in 15 mL centrifuge tube

1 mL sample + 6 mL methanol
80% in 15 mL centrifuge tube

1 mL sample + 10 mL 2 M HCl in
50 mL centrifuge tube

1

1

!

I Shake for 1 min

Apply ultrasound for 15 min

Agitation at 200 rpm for 4 h

!

!

' Centrifuge at 5000 rpm for 5 min " Centrifuge at 5000 rpm for 5 min || Centrifuge at 5000 rpm for 5 min l

Extract
aqueous phase

v

Filter through a 04.45 pm
syringe filter

v

Analyze

Extract
methanolic phase

v

Filter through a 0.45 pm
syringe filter

v

Analyze

Extract
aqueous phase

A 4

Filter through a 0.45 pm
syringe filter

A 4

Analyze

Figure 7. Scheme of the extraction methods followed in the study.
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Ultra-pure water based liquid-liquid extraction procedure

VOO (1 mL) samples were extracted with 6 mL of ultra-pure water in
a polyethylene centrifuge tube (15 mL, conical bottom). The centrifuge tubes
were sealed tightly and shaken vigorously for 1 min by hand. The content of
the tube was then centrifuged at 3000 rpm for 5 min. Finally, the aqueous
phase was filtered through a 0.45 um syringe filter prior to analysis.

Ultrasound-assisted extraction procedure

VOO (1 mL) was placed into polyethylene centrifuge tube (15 mL,
conical bottom) containing 6 mL of methanol/water mixture (80:20, v/v) and
directly sonicated using an ultrasonic bath for 15 min. The content of the tube
was then centrifuged at 3000 rpm for 5 min and the extracts were filtered
through a 0.45 ym syringe filter prior to analysis.

Acid hydrolysis process

1 mL of VOO was weighed in in a polyethylene centrifuge tube (50
mL, conical bottom) and 10 mL of 2 M HCI was added. The mixture was
vigorously homogenized by agitation at 200 rpm in the orbital shaker for 4
hours. After the centrifugation process at 3000 rpm for 5 min, the aqueous
phase was filtered through a 0.22 uym pore size.

Method validation

A validation procedure was performed in order to establish the
analytical performance features of the proposed method, ensuring the
successful quantification of total HT in VOOs, evaluating linearity, selectivity,
limit of detection and quantification, precision (intra and inter-day), matrix
effect and extraction recovery.
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