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The presence of 3,4-dihydroxyphenylglycol (DHPG) was studied in 32 samples and 10 different

cultivars of natural table olives, using an accurate method to avoid wrong quantification. Hydroxytyr-

osol (HT), tyrosol, and verbascoside were also quantified, as these four compounds comprise the

majority of the chromatographic profile. Analyses were carried out by HPLC-DAD-UV after extraction

of all phenolics, and hydroxytyrosol was the major component in nearly all samples. High levels of

DHPG (up to 368 mg/kg of dry weight) were found in the pulp of natural black olives independent of

cultivar and processing method, similar to its concentration in the brine in almost all of the samples.

The presented data for this antioxidant indicate that natural table olives are a rich source of DHPG

and hydroxytyrosol, compounds with interesting nutritional and antioxidant properties.
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INTRODUCTION

The consumption of table olives is awidespread tradition in the
Mediterranean basin. The nutritive benefits of olive fruit are
related to unsaturated fatty acid content rich in oleic acid (1),
dietary fiber (2-5 g/100 g of edible portion) (2), proteins (3),
minerals (4), antioxidants [provitamin A carotenoids (5) and
R-tocopherol (1,6)], and considerable amounts ofpolyphenols (7).
There is increasing interest in olive phenolic compounds. They
present significant free radical and reactive oxygen species
scavenging properties that may contribute to the prevention of
coronary heart diseases and certain kinds of cancer (breast,
colon) (8, 9).

Fresh olives are subjected to fermentation or cured with lye or
brine to make them more edible. Numerous studies about the
initial phenolic content and the changes during processing in olive
oil and table olives have been carried out (10-13). Undoubtedly,
processing of olives changes the profile of phenolic compounds
and therefore both the organoleptic properties and the antiox-
idant capacity of the final product. Also, the final content of
phenolics in the pulp depends on cultivar and maturation of the
fruit (7, 14-16). In addition, there are several studies about the
quantity and quality of phenolic compounds in table olives, which
show hydroxytyrosol and tyrosol as major phenols present in the
final product (7,13,17-22). However, there are only a few studies
that show3,4-dihydroxyphenylglycol (DHPG) in table olives (23),
despite the importance that this compound may have from
quantitative and nutritional points of view (Figure 1).

Recently, our research group has demonstrated the strong
antioxidant activity of DHPG, even higher than that of hydro-
xytyrosol (24). We have also reported that the quantities of
recovered DHPG, in free or bound forms, in olive drupe tissue
(212-1300 mg/kg of wet pulp) (25) exceed widely the values
indicated in the literature (125mg/kg of wet pulp for unprocessed
olive) (23). This compound was also described as a component of
vegetation water of the olive fruit (26), and it has been recently
detected in olive oil (27). However, DHPG has not been reported
or recognized as an important phenolic compound in table olives
(2-24 mg/kg of wet pulp) (23, 28).

The more frequently used procedures for the extraction,
separation, and identification of phenolic compounds fromolives
by reversed phase HPLC (29-32) may play an important role in
the estimated low levels of DHPG. In this investigation, the
appearance of two peaks when pure DHPG is injected in
alcoholic medium has been demonstrated.

The metabolic or biosynthetic origin of this antioxidant is
unclear because it has never been reported as a free plant
metabolite. Nevertheless, compounds recently identified in olive
tissues, such as dimers composed of hydroxytyrosol-DHPG or
tyrosol-DHPG, isolated and identified in olive mill waste-
water (33), or two diastereoisomers of β-OH-acteoside (34) or
the 20 0-hydroxyoleuropein (35) are good candidates of possible
DHPG precursors.

DHPG seems to be unstable due to the alkali treatment
(reported during DHPG purification process from byproduct
of the olive-processing industry, Spanish patent request no.
P200803630) that is commonly used in the two most important
industrial preparations of table olives, Spanish-style green olives
and California-style oxidized black olives. For this reason, the
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present study has dealt with table olives processed without
chemical treatment and naturally fermented. In recent years, this
type of olive treated according to natural systems has progres-
sively gained the favor of consumers and is increasing their
industrial production (36).

The aim of this study is to determine the levels of valuable
DHPG in different types of natural table olives and to examine if
these table olives are a good source of this antioxidant, contribut-
ing in this way to their nutritional properties.

MATERIALS AND METHODS

Samples. Thirty-two samples of natural table olives were purchased
from local markets in Seville, Spain. Eight different olive cultivars from
Spain, particularly suitable for table olives, and two important cultivars
from Greece were studied. Samples were selected according to market
availability and packaging date from eight different companies.

The characteristics of the olive samples studied are presented inTable 1.
All samples were treated according to the natural system, as most were
processed by natural fermentation in brine, according to theGreek-style of
olives. Apart from black mature fruit, with distinct organoleptic char-
acteristics and high oil content, naturally turning color and green olives
have also been studied, many of them proceeding from ecological
(biological) production. A mixed microflora of bacteria and yeast is
required for the fermentation process, although the traditional system,

under anaerobic conditions, is driven primarily by yeast due to the high
salt content utilized (8-14%) (21, 37).

Empeltre and Cuquillo cultivars are typically used for olive oil
production, but their use as table olives is increasing in Spain. They are
processed as small black olives, with a low pulp/stone ratio of approxi-
mately 2, although they are appreciated for their flavor. The Empeltre
variety, known as Aragon or Bajo Aragon table olives, is utilized in the
form of olive paste or pâté (sample 7E) and is packed with or without
brine.

Samples 27A and 28A in Table 1 represent a traditional table olive
elaboration known as a broken “seasoned” Aloreña table olive. These
olives are typically prepared after being broken, with the addition of a
natural product (i.e., garlic, paprika, aromatic herbs) at the beginning of
their preparation.

Thassos table olives are known as naturally black dry-salted olives.
These fully ripe fruits are debittered by the gradual effect of high osmotic
pressure exerted by alternating layers of dry salt. A significant loss ofwater
is produced by this process, so the final product appears wrinkled and is
fully edible (38).

Kalamata olives are the second most important variety used in the
production of Greek table olives. They are a special type of Greek-style
black olive in brine. Incisions are made in the fruits lengthwise and the
brine is changed two or three times each day during a 5-8 day period. The
olives are then preserved in virgin olive oil and wine vinegar (17). These
samples had the highest pulp/stone ratios and medium water content.

Manzanilla andHojiblanca cultivars are most commonly used in Spain
for table olive production as green (Spanish-style) or ripe (California-
style), although the samples utilized in our study for natural fermentation
had the highest water content and a very low pulp/stone ratio of 2-4,
whereas they typically have a pulp/stone ratio of 5-8.

Pulp/Stone Ratio and Humidity Content. Table olives (20-30
fruits per sample) were weighed, the pulp was separated from the stone,
and then the two components were weighed separately to calculate the
pulp/stone ratio. Next, the pulp was crushed in an Ultraturrax for 2 minFigure 1. Chemical structure of 3,4-dihydroxyphenylglycol (DHPG).

Table 1. Characteristics of Natural Table Olive Samples

sample cultivar type of table olive style and characteristics humidity % pulp/stone ratio

1E Empeltre Aragon olives in brine small black in brine, flavored with vinegar, from ecological farming 52 1.63

2E Empeltre Aragon olives in brine small black in brine, flavored with vinegar, from ecological farming 52 2.14

3E Empeltre Aragon olives in brine small black in brine, flavored with vinegar, from ecological farming 52 1.85

4E Empeltre Aragon olives in brine small black in brine, flavored with vinegar, from ecological farming 52 1.84

5E Empeltre Aragon olives in brine small black in brine, flavored with vinegar, from ecological farming 52 1.63

6E Empeltre Aragon olives in brine small black in brine, flavored with vinegar, from ecological farming 50 1.20

7E Empeltre Aragon olives in brine black olives pâté 45

8E Empeltre Aragon olives in brine black, packing without liquid 52 1.29

9E Empeltre Aragon olives in brine black, packing without liquid 51 1.94

10E Empeltre Aragon olives in brine small black, packing without liquid 43 1.57

11E Empeltre Aragon olives in brine black, flavored with virgin olive oil, garlic, onion, oregano, thyme, paprika 58 4.51

12E Empeltre Aragon olives in brine black, flavored with virgin olive oil, garlic, onion, oregano, thyme, paprika 59 3.42

13K Kalamata Kalamata olives in brine black, incised, flavored with virgin olive oil, wine vinegar 63 4.90

14K Kalamata Kalamata olives in brine black, incised, flavored with virgin olive oil, wine vinegar 64 4.10

15K Kalamata Kalamata olives in brine black, incised, flavored with virgin olive oil, wine vinegar 66 4.80

16T Thassos black dry-salted olives wrinkled, packing without liquid 31 2.29

17T Thassos black dry-salted olives wrinkled, packing without liquid 28 2.56

18T Thassos black dry-salted olives wrinkled, packing without liquid 22 2.23

19T Thassos black dry-salted olives wrinkled, packing without liquid 20 2.45

20T Thassos black dry-salted olives wrinkled, packing without liquid 18 1.94

21C Cuquillo naturally black olives in brine small, flavored with wine vinegar, aromatic herbs 57 1.94

22C Cuquillo naturally black olives in brine small, flavored with wine vinegar, aromatic herbs 53 2.69

23C Cuquillo naturally black olives in brine small black in brine 52 2.20

24Co Cornicabra naturally black olives in brine incised, flavored with wine vinegar, aromatic herbs 68 2.63

25H Hojiblanca naturally black olives in brine plain, flavored with wine vinegar, aromatic herbs 70 3.95

26H Hojiblanca naturally turning color olives in brine plain, flavored with vinegar, oregano, cumin, pimento, from ecological farming 70 2.45

27A Aloreña broken “seasoned” turning color olives broken, flavored with paprika, aromatic herbs 70 5.52

28A Aloreña broken “seasoned” turning color olives broken, flavored with wine vinegar, aromatic herbs 72 3.44

29Ma Marteña naturally turning color olives in brine incised, flavored with wine vinegar, aromatic herbs 72 5.00

30Mz Manzanilla naturally turning color olives in brine plain, flavored with vinegar, oregano, garlic, from ecological farming 75 2.01

31Mz Manzanilla naturally green olives in brine plain, flavored with aromatic herbs 77 1.82

32V Verdial naturally green olives in brine incised, flavored with vinegar, pimento, garlic, from ecological farming 62 7.45
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for determination of humidity. A 15 g sample of crushed olive pulp was
then dried in an air stove at 80 �C until constant weight was achieved.

Extraction of Phenolic Compounds. Phenolic compounds were
analyzed in the brine and juice of olive pulp after a mild aqueous
extraction. Then, 5-7 g of homogeneous olive paste was mixed with
10-15 mL of water. After 30 min of stirring at room temperature, an
aliquot of the suspension was added to an Eppendorf (1.5 mL capacity)
and centrifuged at 12000 rpm for 5min. Approximately 0.5mL of the juice
was then separated from the oil with a pipet, centrifuged at 12000 rpm for
10 min, and then passed through a 0.45 μm nitrocellulose filter. A 20 μL
aliquot was directly analyzed by RP-HPLC. All extracts were made in
duplicate.

The corresponding brines were analyzed directly after centrifugation at
12000 rpm and filtration through a 0.45 μm filter.

The aqueous extraction procedure previously described was compared
with the procedure described by Servili et al. (29), conducted in a
methanol/water extraction. Briefly, 10 g of olive paste was extracted six
times with 20mL of methanol/water (80:20). The samples were blended at
maximum speed for 2 min and then filtered through filter paper. The
extracts were then combined, and the solvent was evaporated under
reduced pressure 30 �C. Each methanol-free fraction was collected and
adjusted to 10 mL with water in a volumetric flask. Finally, each extract
was filtered through a 0.45 μm pore size filter and analyzed by RP-HPLC.

HPLC Analysis of Phenolic Compounds. For sample analysis the
phenolic compounds were detected and quantified by HPLC using a
reverse phase column, 250 � 4.6 mm i.d., RP-18, particle size=5 μm,
Spherisorb ODS-2 (Tecnokroma, Barcelona, Spain). Separation was
achieved by a gradient elution using a mobile phase of 20 mM trifluor-
oacetic acid in water (pH 2.5) and acetonitrile, ranging from 5 to 25%
acetonitrile over 30 min.

Besides the previous one another two different HPLC method were
used for the study of the two DHPG peaks that were observed when the
pure compound was analyzed in an ethanolic or methanolic solution. On the

one hand, the detection andquantificationof pureDHPGwere carried out
under conditions similar to those described above on a 250 � 4.6 mm
i.d., RP-18, particle size=5 μm, Lichrospher 100 (Merck, Darmstadt,
Germany). On the other hand, a 250 � 4.6 mm i.d., RP-18, particle
size=4 μm (Phenomenex, Macclesfield, Cheshire, U.K.) reverse phase
column and another gradient elutionwere employed. For the Phenomenex
column the gradient profile was formed using solvent A [10% (v/v)
aqueous acetonitrile plus 2 mL/L acetic acid] and solvent B (40%
methanol, 40% acetonitrile, 20% water, plus 2 mL/L acetic acid) with
the following setup: the proportion of B was increased from 10 to 42.5%
for the first 17min and then returned to the initial conditions in 5min. The
injection volume was 20 μL, the flow was 1 mL/min, and the temperature
was set at 30 �C. Chromatograms were recorded at 280 and 320 nm.

Phenolics were detected using Hewlett-Packard series 1100 and Jasco-
LC-Net II ADC liquid chromatography systems equipped with diode
array detectors (DAD) and Rheodyne injection valves (20 μL loop). The
identification of the chromatographic peaks was made by comparison of
the retention times with those of reference compounds and by recording
the UV spectra of the peaks in the range of 200-360 nm. Quantification
was carried out by integration of peaks at 280 nm for DHPG, hydro-
xytyrosol, and tyrosol and at 320 nm for verbascoside, with reference to
calibrations made using external standards (regression curve in triplicate
with r2 g 0.99). DHPG and tyrosol were purchased from Sigma-Aldrich
Quı́mica (Madrid, Spain); verbascosidewas provided byExtrasynthese S.A.
(Lyon Nord, Genay, France); and hydroxytyrosol was isolated from olive
oil waste (39).

RESULTS AND DISCUSSION

DHPG is a very polar compound and, therefore, the proce-
dures frequently used for the extraction of polyphenols from
olives with methanol, ethanol, or a water/alcohol mixture are
not adequate to extract DHPG. To achieve optimal extraction

Figure 2. HPLCchromatograms at 280 nmof pure dihydroxyphenylglycol (DHPG) in ethanolic solutions: evolution of DHPGpeak to increasing concentrations
of ethanol and when redissolved in water.
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Figure 3. HPLC chromatograms at 280 nm of pure dihydroxyphenylglycol (DHPG) in methanolic solutions: evolution of DHPG peak to increasing
concentrations of methanol and when redissolved in water.

Figure 4. HPLC phenolic profile of Cuquillo (a), Thassos (b), Kalamata (c), and Aragon olives in brine (d) or in pâté (e) samples. Detection was at 280 nm.
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conditions, the DHPG content was evaluated using two different
extraction solvents (water and methanol) at room temperature.
Under our study conditions, water was determined to be the most
effective solvent for DHPG, at a solubility of 124 mg of DHPG/
kgof dry pulp, significantly higher than the 74mgofDHPG/kgof
dry pulp reached by using an aqueous methanolic solution.

The use of ethanol/methanol to redissolve samples prior to
injection could therefore cause an underestimation of DHPG.
Many researchers redissolve the polyphenolic extract in amixture
of methanol/H2O (1:1, v/v) (18) or ethanol/H2O (7:3, v/v) (40) or
in 100% methanol (16, 19, 32) prior to injection. The chromato-
graphic peaks of synthesized DHPG (commercial) and purified
DHPG from olive oil mill waste (patent pending) were divided
into two peaks or even distorted when injected as a redissolved
solution in ethanol/methanol. This was not observed when
DHPG was redissolved in water.

To this end, the influenceof various concentrations ofmethanol
and ethanol was therefore studied (Figures 2 and 3). The DHPG
peak was divided in two at concentrations above 20% ethanol or
40% methanol. Furthermore, the initial peak of DHPG nearly
disappeared at low ethanol levels (40%). Nevertheless, when
ethanol or methanol was evaporated and the DHPG was redis-
solved in water, the DHPG chromatogram profile returned to its
initial form. TheUV spectra of the two peakswere identical. First,
we hypothesized that this could be a mobile phase or column
problem, but the double peaks were also detected with three
different brands of C18 reverse-phase columns and for two
different elution solvents. As such, a specific interaction between

DHPG and ethanol or methanol must be present, leading to an
underestimation of the levels of this compound.

Analyses of phenolic compounds in the different table olives
were performed on samples from both brine and olive juice. The
phenolic chromatograms of the studied samples indicated differ-
ent profiles. The following profiles were most representative:
Aragon olives in brine, black olive pâté, Kalamata olives in brine,
Thassos black dry-salted olives, and Cuquillo naturally black
olives in brine (Figure 4). The various processing treatments, based
on spontaneous fermentation in brine,mayproduce changes in the
phenolic compositionof the processed fruits. This and the fact that
some analyzed samples come from different companies explain
why samples belonging to the same cultivar, having the same
ripening degree, have different phenolic profiles. Their HPLC-
DAD analyses subsequently revealed that the primary phenols
identified and quantified in brine and juice were DHPG, hydro-
xytyrosol, tyrosol, andverbascoside (Tables 2 and3). Thepresence
of hydroxytyrosol and tyrosol glucosides was also detected in
some samples.Hydroxytyrosolwas themajor phenolic compound
found in all samples apart from the Thassos cultivars, which had
significantly lower levels of hydroxytyrosol, in agreement with
previous studies (7, 13, 17, 20-22, 40). However, this is the first
time that the presence of high DHPG concentrations has been
reported in natural olives. Low values in the ratio HT/DHPG
indicate a goodpresence of this phenolic compound in table olives.

The levels of DHPG found in all samples of natural black
olives, independent of cultivar type or processing method, were
higher than in natural turning color or natural green olives. The

Table 2. Levels of Dihydroxyphenylglycol (DHPG), Hydroxytyrosol (HT), Tyrosol, and Verbascoside in Fresh and Dry Olive Pulpa and Their Relationship to HT/
DHPG

[DHPG] [HT] [tyrosol] [verbascoside]

sample mg/kg of fw mg/kg of dw mg/kg of fw mg/kg of dw mg/kg of fw mg/kg of dw mg/kg of fw mg/kg of dw HT/DHPG ratio

1E 53 110 471 982 64 133 81 168 8.9

2E 177 368 367 762 74 154 33 69 2.1

3E 61 127 418 871 48 100 115 240 6.8

4E 49 102 395 823 40 83 174 362 8.1

5E 51 107 404 842 31 64 56 117 7.9

6E 52 100 450 900 89 178 80 160 8.6

7E 106 193 271 493 nd nd ndb nd 2.6

8E 60 124 593 1235 56 117 nd nd 9.9

9E 32 66 592 1208 35 70 110 224 18.5

10E 147 259 199 350 34 60 51 89 1.4

11E 50 120 540 1286 82 194 nd nd 10.8

12E 32 79 142 347 26 63 nd nd 4.4

13K 28 75 543 1467 195 526 67 180 19.4

14K 13 36 449 1248 105 291 33 92 34.5

15K 34 99 278 819 90 266 nd nd 8.2

16T 232 336 56 82 41 60 nd nd 0.24

17T 223 309 116 161 nd nd nd nd 0.52

18T 127 163 65 84 nd nd nd nd 0.51

19T 94 117 112 140 nd nd nd nd 1.2

20T 45 55 25 31 nd nd nd nd 0.53

21C 97 227 601 1397 55 129 359 835 6.2

22C 171 353 685 1457 100 212 nd nd 4.0

23C 139 290 317 660 60 125 nd nd 2.3

24Co 43 134 257 803 nd nd 37 117 6.0

25H 42 140 496 1653 31 105 230 765 11.8

26H 21 69 764 2547 70 235 24 78 36.4

27A 8 26 318 1059 99 328 nd nd 39.7

28A 8 31 203 725 51 183 60 213 25.4

29Ma 11 39 589 2103 55 195 nd nd 53.5

30Mz 12 50 971 3883 141 565 25 98 80.9

31Mz 12 54 310 1349 63 274 nd nd 25.8

32V 11 30 652 1716 128 336 150 395 59.3

a Values are the means of duplicate analyses; the coefficient of variation is <7%. fw, fresh weight; dw, dry weight. b nd, not detected.
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values of the latter (8-21 mg of DHPG/kg of fresh weight) were
close to those reported by Marsilio et al. (23, 28) for the green
Ascolana variety (2-26 mg of DHPG/kg of fresh weight) and,
therefore, the highest DHPG values were observed in Thassos
and Empeltre cultivar samples. These values significantly ex-
ceeded the trace-125 mg of DHPG/kg of fresh weight reported
by Marsilio et al. (23, 28) for unprocessed olives of Ascolana
variety in a number of our samples (samples 2E, 10E, 16T, and
17T). The ratio HT/DHPG in all of the black olive samples was
below 20 and well below 10 for the majority of the samples,
varying from 0.2 to 1.2 in Thassos cultivars. However, in turning
color or green olives, the ratio ranged from 25 to 81. According to
these results, the highest proportion of DHPG found in these
samples appears to be more related to the level of ripeness of the
olive than to the cultivar or the processing method, although the
specific concentrations of each compound varied across seasons.
Therefore, further studies comparing ripeness and season within
the previously established parameters are required to further
elucidate these differences.

The data in Table 3 indicate that whereas DHPG and HT
contents were very similar in the brine and olive juice of nearly all
samples examined, the tyrosol (1.5-fold) and verbascoside (2-7-
fold) contents in olive juice were significantly higher than in brine.
During thenatural olive processing and/or theperiodof packing for
commercial preparation, a diffusion of polar phenolic compounds
from the pulp into the brine takes place. Equilibrium between brine
and pulp for the most polar compounds (HT and DHPG) is
established, so the analysis of phenols from brine is adequate for
the quantification of these phenols in natural table olives.

To date, DHPG had not been reported as an important
phenolic compound in any type of table olive. However, accord-
ing to the results obtained in the present study, the naturally
processed olives, especially black olives, are very good sources of
this compound, which exhibits important antioxidant and radical
scavenging properties (24). This quantity of additional phenolic
compounds is in accordance with previously published data on
the high quantities of DHPG recovered from olive drupe (25).

Today, consumers demand high-quality products with specific
sensory and nutritional properties. Natural table olives comply
with these requirements because they have appreciable organolep-
tic taste and are considered to be healthy from the point of view of
both potential antioxidant phenolic composition and unsaturated
fatty acid content. Data on the DHPG content in these important
table olive preparations may be useful for nutritionists or con-
sumers and will contribute directly to providing a better under-
standing of the contribution of olives to dietary antioxidant intake.
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