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Hydroxytyrosol 4-8-b-Glucoside, an Important Phenolic
Compound in Olive Fruits and Derived Products
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There is increasing interest in olive polyphenols because of their biological properties as well as
their contribution to the color, taste, and shelf life of olive products. However, some of these compounds
remain unidentified. It has been shown that hydroxytyrosol 4-3-p-glucoside (4-3-b-glucosyl-3-
hydroxyphenylethanol) coeluted with hydroxytyrosol [(3,4-dihydroxyphenyl)ethanol] under reversed
phase conditions in the phenolic chromatograms of olive pulp, vegetation water, and pomace of olive
oil processing. A method to separate this compound from hydroxytyrosol by HPLC has been
developed. The concentration of this glucoside increased in olive pulp with maturation and could be
the main phenolic compound in mature olives. In contrast, the presence of this compound was not
detected in olive oil by using HPLC-MS. The compound must be considered both in table olives and
olive oil processing because of its glucose and hydroxytyrosol contribution to these products.
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INTRODUCTION MATERIALS AND METHODS

Hydroxytyrosol [(3,4-dihydroxyphenyl)ethanol] is one of the ~_Sample Preparation. Olive fruits of the Manzanilla variety with
major natural phenolic compounds present in olive fruits, virgin different ripeness indexes (i 1, 1.2, 1.8, 3, and 4), calculated as a

live oil. table oliv nd waste stream nerated during oliv subjective evaluation color of the skin and flesh proposed by Uceda
olive orl, tablé olives, a aste streams generated auring olive 4 reaq @3), and olives of the Picual variety (i 3) were hand

processing (1—4). This compound has shown antimicrobial, cojiected in the 2000 crop year. The olive fruits were frozen in liquid
hypoglycemic, hypolipidemic, and hypocholesterol properties nitrogen and crushed in a mortar after removal of the stone, yielding
of particular interest with regard to food and human hedth ( a uniform powder.

7). Olive oil, vegetation water, and pomace were obtained from Picual

This substance can be found in olive products either as the ©/ives by an Abencor analyzer (Comercial Abengoa, S.A., Seville,
simple phenol or esterified with elenolic acid to form oleuropein Spain) (14). Crushing of olives (570 g) was performed using an inox

di | 3) and fh b id | | hammer mill operating at 3000 rpm and provided with a sieve with 5
and its aglycon—3) and as a part of the verbascoside molecule mm holes. Then, the malaxation step was carried out in a mixer at 14

(1). Furthermore, it has also been found as a glucoside in olive rpm and 3¢°C for 35 min, adding a total of 300 mL of boiling water.
pulp and virgin olive oil (8—10) as well as in green pepper Finally, three phases (oil, vegetation water, and pomace) were separated
berries (1). Bianco et al.q) identified three different hydroxy- by centrifugation (8 min, 7000 rpm) and the oil phase was filtered by
tyrosol glucosides in olives and virgin olive oil depending on gravity.

the hydroxyl group to which the glucose molecule was bound. ~ Analysis of Phenolic Compounds. Phenolic Extraction. The
Bianco and Uccellal2) analyzed phenolic compounds in olives phenolic extracts of _oIive f_ruits and pomace were obtained fgllowing
and found hydroxytyrosol glucosides; however, their peaks were the procedure described kigure 1 and based on that of Servili et al.

. (3). The proposed method consisted of extracting the phenolic
not shown in an HPLC chromatogram, and the amount of thesecompounds with a solution of methanol/water plus 100 ppm of sodium

substances existing in olive fruits was reported as not important. sait of diethyldithiocarbamic acid. Agcartridge was used to purify

In this investigation it is demonstrated that hydroxytyrosol the phenolic extract, and syringic acid was used as internal standard.
4-B-p-glucoside has not been observed previously in the HPLC The phenolic extract of olive oil was obtained following the
chromatograms because of its coelution with hydroxytyrosol. Procedure proposed by Brenes et al. (15). The vegetation water was
A method of separating these two peaks and the quantificationf'ltered through Q.4Eum fllter. and injected into the chromatograph.
of these compounds in the different olive products and waste HPLC Analysis of Phenolic Compoundswo HPLC systems were

sed.
have also been developed. Chromatography System The HPLC system consisted of a Waters

2690 Alliance with a pump, column heater, and autosampler modules

* Corresponding author (telephone 34-954691054; fax 34-954691262; included, the detection being carried out with a Waters 996 photodiode
e-mail crb@cica.es). array detector. The system was controlled with Millennitisoftware
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olive or pomace powder(2-3 g) Table 1. Response Factor (f,) and Determination Coefficient (r?)
Corresponding to the Calibration Curves? of Reference
l Compounds (S)°
methanol:water (!zg()ngijrél 2:)11 ;e)}S))m NaDDC at 0 °C compound i, r2
hydroxytyrosol 4-3-p-glucoside 0.082 0.996
l hydroxytyrosol 0.170 0.993
. . tyrosol 0.129 0.999
vortex agitation and centrifugation at 10 °C luteolin 7-O-glucoside 1.032 0.998
and 9000 g rutin 0.246 0.997
(5 min, 6 times) verhascoside 29.61 0.997
l oleuropein 0.224 0.993
conditioning of a SPE C;,
concentration of the extract up to water residue, (5 g of sorbent, Waters Inc.) 2 Area (S)/area(l.S.) = f, [concentration (S)/concentration (1.S.)] ® Syringic acid
in vacuum at 30 °C column with 30 mL of methanol (0.19 mM) was used as internal standard (1.S.). Detection was made at 280 nm,
and made up to a 25 mL volume and 80 mL of H,0

and samples were diluted 4:1 (S/I.S.).

; '

deposition (1.5 mL) on C,g cartridge Reference Compound3he evaluation of each compound was

performed using a regression curve in triplicate of three poirable

l 1). Oleuropein and luteolin 7-O-glucoside were purchased from

Extrasynthese S.A. (Lyon Nord, Genay, France); tyrosol and rutin were

column washing with H,0 (100 mL) provided by Sigma Chemical Co. (St. Louis, MO). Verbascoside was

isolated by analytical HPLC, and its absorbance was measured at 330

l nm in a 10 mm quartz cell; the concentration was calculated using the
phenolics elution with methanol (200 mL) molar absorptivity value of 11116). Hydroxytyrosol and hydroxyty-
rosol 4-f-glucoside were obtained using a 25 cm20 mm i.d., 5

l um, Spherisorb ODS-2 preparative HPLC column (Waters Inc.) and a

flow rate of 16 mL/min. The HPLC system consisted of a Waters 600

evaporation of solvent in vacuum at 30 °C E pump, a Rheodyne 7125 injector i 1 mL loop, a Waters fraction

l collector Il, and a Waters 994 photodiode array detector. The mobile
phases were water and methanol. The initial condition of 20% methanol
solubilization of the phenolic extract in 1.5 mL was maintained for 10 min, then increased linearly to 100% in 5 min,
of methanol:water (1:1) and maintained for 5 min to clean the column. The initial conditions
were achieved in 5 min, and then equilibrated for another 10 min before
l a new injection. The fractions containing the recovered substances were
addition of 0.1 mL LS. (siringic acid, 0.19 mM) pooled and evaporated under vacuum, and the residue was dissolved
to 0.4 mL of sample methanol:water (1:1) in a minimum amount of deionized water. Finally, the aqueous residue
was frozen and freeze-dried (model Alpha 1-4; Martin Christ, Osterode
l am Harz, Germany).

HPLC-MS Analysis of Phenolic Compoun&ample extracts were
analyzed using a ZMD4 mass spectrophotometer (Waters Inc.) equipped
l with an electrospray ionization ion source (ESI). The ionspray mass

spectra in the negative-ion mode were obtained under the following

filtration through 0.45 um filter

HPLC injection conditions: capillary voltage, 3 kV; cone voltage, 20 V; extractor
Figure 1. Flowchart of extraction and separation of phenolic compounds voltage, 12 V; desolvation temperature, 281 and source temperature,
from olives. 80 °C. A constant flow of 1 mL/min was used for each analysis, with

an approximately 4:1 split ratio (UV detector-MS).

NMR AnalysesH and *C NMR spectra, at 300 and 75.4 MHz,
respectively, were determined on a Bruker AC-300P instrument
(Karlsruhe, Germany) using tetramethylsilane as an internal standard.
Hydroxytyrosol 4-8p-glucoside: *C NMR o 146.44 (C-4), 143.99
(C-3), 136.04 (C-1), 122.15 (C-2), 117.89 (C-6), 117.74 (C-5), 102.25
C-1'), 77.02 (C-5'), 76.36 (C-3'), 73.76 (C-2'), 70.21 (C-4'), 63.38
%C-lﬁ), 61.31 (C-6'), 38.02 (C-1a).

(Waters Inc., Milford, MA). A 25 cmx 4.6 mm i.d., Sum, Lichrospher
100 (Merck, Darmstadt, Germany) column was used for routine
analyses, and 25 cx 4.6 mm i.d., Jum, Ultrasphere ODS (Beckman,
Fullerton, CA), 25 cmx 4.6 mm i.d., Sum, Spherisorb ODS-2 (Waters
Inc.), and 25 cmx 4.6 mm i.d., Sum, Extrasil ODS-2 (Technokroma,
Barcelona, Spain) columns were used in special cases. Separation wa
achieved by gradient elution using an initial composition of 90% water
(pH 2.5 adjusted with 0.15% phosphoric acid) and 10% methanol. The
concentration of the latter solvent was increased to 30% in 10 min and RESULTS AND DISCUSSION
maintained for 20 min. Subsequently, the methanol percentage was A peak (peak 1) close to that of hydroxytyrosol (peak 2) was
raised to 40% in 10 min, which was maintained for 5 min. Finally, the observed in all of the phenolic chromatograms of pulp,
methanol percentage for the last three steps was increased to 60, 7o‘vegetation water, and pomace of Picual olivEiggre 2). To
and 100%in 5 n|1in periods. Initial Clonditions were rea/Ched in 1(15 miN- our knowledge, this is the first time that a peak eluting close to
An injection volume of 20uL, a flow rate of 1 mL/min, and a ! . .
temperature of 38C were used. Chromatograms were recorded at 280 that of hydroxytyrospl has bee.n detected in the phenollc
am. chromatograms of olives and derived prod_udts'\e). We first _
assumed that it could be a precolumn fouling problem, but this

Chromatography System Phe HPLC system consisted of a Waters led out b doubl K Iso detected with
717 plus autosampler, a Waters 600 E pump, a Waters column heater/aS ru'€d out because double peaks were also detected with a

module, and a Waters 996 photodiode array detector operated with "€W Precolumn. The UV spectra of the two compounds were
Millenium 2010 software (Waters Inc.). A 25 cm 4.6 mm i.d., 5 very similar. Electrochemical detection was also studies) (

um, Lichrospher 100 (Merck) column was used. Separation was carried 10 distinguish between these two peaks, and the responses of
out under conditions similar to those given above under Chromatog- these compounds to several applied voltages (250, 500, 750,
raphy System 1. and 1000 mV) were very different, the dominant potential being
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Figure 2. HPLC chromatograms of phenolic compounds in olive pulp on
(A), vegetation water (B), and pomace (C). Samples were obtained from E 0 7.05
Picual olives. Peaks: (1, 2) hydroxytyrosol species; (3) tyrosol; (4) § 024
verbascoside; (5) luteolin 7-O-glucoside; (6) rutin; (7) oleuropein. =
@
&
. 0.16
250 and 500 mv for hydroxytyrosol and peak 1, respectively. _§ 730
The dominant potential foo-diphenols is 250 mV 15) as 3 008 )
occurred for hydroxytyrosol and, therefore, the compound <
corresponding to peak 1 must not have hydroxyl groups at the 000
ortho position. ' I I I T
6 7 8 9

The new compound was detected in olive pulp, vegetation

water, and pomace, but its presence had not previously been
reported in olive phenolic chromatograms by other research Figure 4. Separation of peaks 1 and 2 on Lichrospher 100 column using
groups. One possibility could be the type of analytical column two different chromatography systems (see Materials and Methods for
used for the separation of the phenolic compounds. We tried to details).

separate peak 1 from that of hydroxytyrosol by using C

Retention time (min)

reversed phase columns of four different branBigre 3). and the same gradient and eluents, a different separation of peak
Good resolution was achieved with Lichrospher 100 and 1 and hydroxytyrosol was obtained when the analysis was run
Ultrasphere ODS columns, poor resolution with a Spherisorb under two different chromatographic systenfsg(re 4). A
ODS-2 column, and no separation of the two peaks when usingbetter resolution of peaks 1 and 2 was obtained when chro-
an Extrasil ODS-2 column. This could therefore explain why matographic system 1 was used rather than system 2, which
the presence of peak 1 in phenolic chromatograms has not beemust be related to the lower dwell volume in system 1 compared
reported until now. Another possibility could be the chromato- to system 2.

graphic system employed because the resolution of peaks also A further reason peak 1 has not been detected until now may
depends on this factor. With the same Lichrospher 100 column be the extraction procedure. Many researchers have extracted
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Figure 5. Negative ion mass spectra (ESI) of hydroxytyrosol 4-3-p-

glucoside (A) and hydroxytyrosol (B) under cone voltage of 20 V.
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Figure 6. Chemical structure of hydroxytyrosol (R = H) and hydroxytyrosol
4-B-p-glucoside (R = 4-5-p-glucose).

chromatograms of olives was not shown and, the importance
of this substance in olives and derived products has not been
recognized (1012).

In our experiments we detected the presence of hydroxyty-
rosol 4-pp-glucoside in olive pulp of Manzanilla and Picual
varieties. Occasionally, it has also been detected in other olive
cultivars (data not shown). Those varieties were chosen because
Manzanilla and Picual olives are the two most frequently used
varieties for producing table olives and olive oil, respectively.
Likewise, the presence of this hydroxytyrosol glucoside was
detected for the first time in the vegetation waters and pomace
of olive oil processing. This point must be stressed because
extracts rich in hydroxytyrosol have been employed in some
experiments considering biological properties of this compound,
and this extract could be a mixture of hydroxytyrosol and
hydroxytyrosol 4-fp-glucoside (1920).

or methanol), evaporated the organic solvent, and extracted the Another interesting question is how much hydroxytyrosgt4-

polyphenols from the aqueous residue with ethyl acetgte)(

D-glucoside there is in olives. To determine this, the response

It was found that ethyl acetate did not extract peak 1, which factor of this compound with respect to an internal standard
remained in the aqueous residue (data not shown), because thiésyringic acid) was determinedgble 1), as were those of the

compound is much more polar than hydroxytyrosol.

other phenolic compounds in olives. It should be noted that the

brines or black ripe olive brines (27) when analyzed by direct

from that of hydroxytyrosol. Thus, if this compound were to

injection of the centrifuged brines in the chromatograph. In these Pe quantified with the response factor of hydroxytyrosol, an
cases, it may be supposed that an acid or alkaline hydrolysis ofunderestimation would be obtained.

compoundl took place during processing, as occurs for the
glucoside oleuropeir?j. The main phenolic compounds identi-
fied in olives treated with NaOH were hydroxytyrosol, tyrosol,
caffeic acid, andp-coumaric acid. Therefore, if peak 1 was

As mentioned above, hydroxytyrosol#p-glucoside was
detected in olive pulp, vegetation water, and pomace; however,
we did not find this compound in virgin olive oil, as expected
from previous work §). Commercial and laboratory virgin olive

hydrolyzed during the alkaline treatment, it must be made up oils were analyzed using HPLC-MS with an ESI probe in

in part of one of the four phenolic compounds noted above.

negative mode, a cone voltage of 20 V, and an extract ion at

Peak 1 was isolated by preparative HPLC, and the completem/z 315. Hydroxytyrosol glucoside is a very polar compound

identification of this compound was carried out by NMR and and, therefore, it is reasonable that it should not be found in
MS. The mass spectrum of this compound displayed major olive oil. In contrast, this compound was detected both in
signals atm/z315 and 153Kigure 5). Thus, the fragment at ~ vegetation water and in pomace obtained on laboratory and
153 could correspond to hydroxytyrosol, which could be bound industrial scales from the virgin olive oil processing. In the
to glucose, explaining in turn the signal at 315 as the molecular future, care should be taken in the quantitation of “hydroxyty-
ion. In fact, a significant fragment at/z123 corresponding to ~ rosol” obtained from these sources because it could be a mixture
hydroxytyrosol was also detected for peak 1 when the massOf the phenol and its glucosidé,(21).

spectrometer was operated at a cone voltage of 70 V (data not It has been extensively reportetl) (that oleuropein is the
shown). Therefore, on the basis of the MS data obtained, it may main phenolic compound in olive fruits and that its concentration
be assumed that peak 1 is formed from hydroxytyrosol and decreases with maturation, although this depends on the olive
glucose. The glycosidic bond must be located on one of the variety and the interval ripeness index studiéd1?2). In our
hydroxyl groups of the aryl ring as this compound did not show experiments the concentration of this bitter glucoside did not
the same response as hydroxytyrosol when electrochemicalshow a clear tendency with maturation but, in contrast, the
detection was used. Sugiyama and Kikuch8) reported the increase in the ripeness index of olives gave rise to an increase
13C NMR data for hydroxytyrosol $-p-glucoside, and Bianco  in the amount of hydroxytyrosol A-pD-glucoside in pulpTable

et al. @) showed the corresponding data of hydroxytyrosgt4-  2). In fact, the latter compound was second in importance in
p-glucoside; out3C NMR data agree with these reported by olive fruits, and with increased maturation it could become the
Bianco et al. (9), and, in conclusion, our peak 1 could be mostimportant. In the case of table olives hydroxytyrosgt4-
assigned to hydroxytyrosol 445glucoside (Figure 6). These  b-glucoside must provide an important amount of the ferment-
researchers detected the presence of this compound and the oth@ble glucose in addition to that present in the free form in olive
hydroxytyrosol glucosides in fruits and olive oilZ). However, flesh (22). It should also be taken into account in the future
the presence of hydroxytyrosol#p-glucoside in the phenolic  that the amount of hydroxytyrosol in brines and fruits of table
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Table 2. Phenolic Compounds (Millimoles per Kilogram of Dry Weight)
in Manzanilla Olive Fruits with Different Ripeness Indexes (n = 3)

ripeness index (ir)

compound 1 12 18 3 4
hydroxytyrosol 249 (382 26.8(24) 299(L7) 484(23) 64.1(L2)
4-5-p-glucoside
hydroxytyrosol 12.2(4.3) 93(18) 81(21) 7.8(1.0) 85(0.5
tyrosol 1.8(0.7) 12(03) 08(03) 1.0(02) 08(0.1)
luteolin 7-O- 0.8(0.2) 09(0.00 07(.0 11(01) 12(01)
glucoside
rutin 0.5(0.2) 06(0.1 05(.1) 08(0.1) 09(01)
verbascoside 0.2 (0.0 0.1(0.0 0.8(0.0) 0.1(0.0 0.2 (0.0)
oleuropein 70.3(6.3) 84.3(48) 756(5.3) 99.1(29) 89.6(L4)

2 Standard deviation is given in parentheses.

olive processing comes not only from the hydrolysis of
oleuropein (23) and verbascoside but also from the hydrolysis
of hydroxytyrosol 4-fp-glucoside.
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