
ORI GIN AL

Antioxidant activity of liquors from steam explosion
of Olea europea wood

Eulogio Castro Æ Enma Conde Æ Andrés Moure Æ
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Abstract The liquors from steam explosion of Olea europea wood carried out at

temperatures in the range of 190–240�C were analysed for phenolic content, radical

scavenging capacity and reducing power. Increased ethyl acetate solubles (EAS)

and phenolics [as Gallic Acid Equivalents, (GAE)] extraction yield with increasing

temperature were observed. At the higher temperature tested, up to 2.3 g EAS/100 g

dry wood were obtained with 0.7 g GAE/100 g dry wood. The purity of the phe-

nolic extracts was independent of the temperature (30 g GAE/100 g EAS). The

lignin derived compounds increased steadily with temperature in the studied range,

whereas the sugar decomposition products showed a maximum at 230�C. The

radical scavenging capacity was slightly higher for the samples produced at the

lowest temperature, and comparable to those of synthetic antioxidants. At 0.5 g/L

the FRAP (Ferric Reducing Antioxidant Power) and Trolox Equivalent Antioxidant

Activity (TEAC) values were equivalent to 1 and 2–3 mM ascorbic acid, respec-

tively. EA extracts were less effective than Butylated hydroxyanisole (BHA) for

protecting the oxidation in emulsions.
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Introduction

Hydrothermolysis of lignocellulosic materials is an environmentally benign process

for biomass fractionation (Garrote et al. 1999). These treatments can be a

preliminary step for the utilization of polysaccharides, since the production of

organic acids from hemicelluloses during autohydrolysis leads to acidolysis of cell

wall components. Among hydrothermal methods, steam explosion has been widely

applied to lignocellulose residues, including olive tree wood (Cara et al. 2006), a

renewable, largely available, low cost residue obtained from pruning. In steam

explosion, biomass is exposed to pressurized steam followed by rapid reduction in

pressure. Typical effects of this treatment are substantial breakdown of the

lignocellulosic structure, hydrolysis of the hemicellulosic fraction, depolymeriza-

tion of the lignin components and defibration. As a consequence, the accessibility of

the cellulose components to degradation by enzymes is increased (Moniruzzaman

1996). Compared with other pre-treatments, the advantages of hydrothermal

technology include a significantly lower environmental impact, lower capital

investment and less hazardous process chemicals. These treatments lead to solutions

containing xylooligosaccharides, monomeric sugars, acetic acid, furfural and

compounds derived from the acid soluble lignin and extractives (fatty and resin

acids, waxes and sterols).

The non-saccharide compounds present in hydrolyzates inhibit microbial

metabolism if the sugar solutions are destined to bioconversion, and lower the

purity of xylooligosaccharides. Extraction with ethyl acetate in order to improve

fermentability of sugar solutions has been proposed (Frazer and McCaskey 1989;

Wilson et al. 1989; Parajó et al. 1997). The byproduct from ethyl acetate extraction

is a phenolic-rich extract, containing a variety of potentially valuable compounds

with antioxidant, antimicrobial and biological activities. Their utilization would

favour the economical feasibility of the fractionation process. The effect of the

process severity on the yield and activity of the solubilized fraction was observed

during autohydrolysis (Garrote et al. 2003, 2004; Cruz et al. 2004; Moure et al.

2005) and during steam explosion (Fernández-Bolaños et al. 1998, 2002). This

approach has been addressed by isothermal autohydrolysis of grape pomace (Cruz

et al. 2004), by non-isothermal autohydrolysis Eucalyptus globulus wood, corncobs

(Garrote et al. 2003) and barley husks (Garrote et al. 2008).

The ethyl acetate fraction obtained from the solubilized liquors after steam

explosion of olive cake contained low molecular weight phenols (Felizón et al.

2000). Fernández-Bolaños et al. (2002) proposed the hydrothermal treatment of

the solid waste from two-phase olive oil extraction to fractionate and recover

hydroxytyrosol and the saccharide fraction. Olive wood extracts in conventional

solvents showed radical scavenging activity (Altarejos et al. 2005), the most

active compounds detected were hydroxytyrosol, cycloolivil and oleuropein

(Pérez-Bonilla et al. 2006), but scarce literature on the activity of fractions from

biomass pre-treatment is available.

The aim of the present work is to evaluate the phenolic content and antioxidant

activity of the ethyl acetate solubles (EAS) of Olea europea wood present in the
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liquors from steam explosion under experimental conditions leading to a cellulose

residue suitable for ethanol production (Ruiz et al. 2006).

Materials and methods

Materials

Raw material. Wood of olive tree branches (more than 5 cm diameter) was locally

collected after fruit-harvesting, air-dried at room temperature to equilibrium

moisture content of about 10%, milled using a laboratory hammer mill (Retsch) to a

particle size smaller than 10 mm, homogenised in a single lot and stored until used.

The standard gallic acid, Trolox, butylated hydroxyanisole (BHA), butylated

hydroxytoluene (BHT) were purchased by Sigma (St. Louis, MO, USA). A standard

of hydroxytyrosol was obtained from oleuropein (Extrasyntheses, Genay, France)

after acid hydrolysis with 3 N HCl at 100�C (Fernández-Bolaños et al. 2002).

Tyrosol was also purchased from Extrasyntheses.

Steam explosion

The raw material was submitted to steam explosion in a custom-built batch pilot

unit based on Masonite technology and equipped with a 2 L reaction vessel

designed to reach a maximum operating pressure of 4.12 MPa. The steam explosion

device is described in detail in Ballesteros et al. (2004). The reactor was charged

with 200 g (dry matter) of feedstock per batch and heated to the desired temperature

(190, 210, 230 or 240�C) with saturated steam for 5 min. The exploded material was

recovered in a cyclone and after cooling to about 40�C filtered for liquid and solid

recovery. The liquid phase was extracted with ethyl acetate under previously

reported conditions (Cruz et al. 2004). The organic phase was vacuum evaporated to

remove and recover the solvent and the extract was freeze-dried, and analysed for

total phenolics and antioxidant activity.

Conditioning of samples for GC-MS. About 1 mL of a 10 mg/mL ethanolic

solution of the extract was diluted with distilled water up to 25 mL. About 0.25 mL

of 3-octanol (10 ppm) and 3,4-dimethylphenol (100 ppm) were added to this solution

as internal pattern. This mixture was extracted with DCM under the next conditions, a

first extraction with 2.5 mL of DCM for 5 min at 600 rpm, and subsequently 5 min to

pour off. The aqueous phase was again extracted with 1.25 mL of DCM two times

with same conditions. The total organic phase was transferred to a graduate glass tube

and concentrated with nitrogen stream up to a final volume of 0.5 mL.

Analytical methods

The total phenolics content was determined by Folin Ciocalteu method (Singleton

and Rossi 1965) using gallic acid as standard.
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Determination of the antioxidant activity

a,a-Diphenyl-b-picrylhydrazyl (DPPH) radical scavenging

About 2 mL of a 6 10-5 M methanolic solution of DPPH were added to 50 lL of a

methanolic solution of the antioxidant, and the decrease in absorbance at 515 nm

after 16 min was recorded in an Agilent 8453E UV-Visible spectrophotometer. The

inhibition percentage (IP) of the DPPH radical was calculated as the percent

reduction of absorbance at 16 min with respect to the initial value. EC50 was

calculated as the concentration of phenolic compounds required to quench 50% of

the initial DPPH radical.

TEAC (trolox equivalent antioxidant capacity)

This assay proposed by Re et al. (1999) is based on the scavenging of ABTS radical

[2,20-azinobis (3-ethyl-benzothiazoline-6-sulfonate)]. ABTS radical cation (ABTS+)

was produced by reacting 7 mM ABTS stock solution with 2.45 mM potassium

persulfate (final concentration) and allowing the mixture to stand in the dark at room

temperature for 12–16 h before being used. Next ABTS+ solution was diluted with

PBS (Phosphate Buffer Saline) (pH 7.4) to an absorbance of 0.70 at 734 nm and

equilibrated at 30�C. After addition of 1.0 mL of diluted ABTS+ solution to 10 lL of

antioxidant compounds or Trolox standards in ethanol or PBS, the absorbance reading

was taken at 30�C exactly 1 min after initial mixing and for up to 6 min. Appropriate

solvent blanks were run in each assay. The percentage inhibition of absorbance at

734 nm was calculated as a function of the concentration of extracts and Trolox.

b-Carotene bleaching method

The oxidative bleaching of b-carotene in a b-carotene/linoleic acid emulsion was

measured using the following procedure: 1 mL of a solution prepared with 2.0 mg

sample of crystalline b-carotene in 10 mL of chloroform was pipetted into a flask

containing 20 mg of purified linoleic acid and 200 mg of the non-ionic detergent

Tween 40. After removing chloroform by evaporation, 50 mL of oxygenated,

distilled water (prepared using an Ultraturrax T-50 homogenizer, 5 min,

10,000 rpm) were added to the flask under vigorous stirring, and 5 mL aliquots

of the emulsion formed were pipetted into test tubes containing 0.2 mL of ethanolic

antioxidant solution. The test and control (ethanol) tubes were stoppered and placed

in a water bath at 50�C. Absorbance readings at 470 nm were taken at regular

intervals until the carotene was decolorized. The antioxidant activity was measured

by the Antioxidant Activity Coefficient (AAC), calculated as:

AAC ¼ Absorbance of extract120 min � Absorbance of control120 minð Þ
Absorbance of control0 min � Absorbance of control120 minð Þ � 1; 000:
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Ferric reducing antioxidant power (FRAP)

The reactive solution was prepared with 25 mL of 300 mmol/L acetate buffer (pH

3.6), 2.5 mL of a 10 mmol/L 2,4,6-tripyridyl-s-triazine (TPTZ) solution in

40 mmol/L HCl and 20 mmol/L FeCl3�6 H2O in distilled water. The reactive

solution was always freshly prepared and was used as a blank. An aqueous solution

of known Fe (II) concentration was used for calibration (in a range of 100–

1,000 lmol/L). Samples (100 lL) were mixed with 3 mL of the FRAP reagent and

the absorbance was monitored at 593 nm.

Reducing power

About 1 mL of extract dissolved in methanol with concentration in the range

of 50–250 ppm was mixed with 2.5 mL of 0.2 M phosphate buffer (pH 6.6)

and 2.5 mL of 1.0% potassium ferricyanide, and the mixture was incubated at

50�C for 30 min. After the addition of 2.5 mL of 10% trichloroacetic acid the

mixture was centrifuged and the supernatant (2.5 mL) was mixed with water

(2.5 mL) and 0.5 mL of 0.1% ferric chloride before reading the absorbance at

700 nm. The reducing power was expressed as absorbance of the reaction

mixture.

All tests and analyses were run in triplicate, and the average values are presented.

HPLC Identification was carried out in an Agilent HPLC 1100 instrument

equipped with a DAD detector and a Supelcosil LC18 column. The injection

volume was 20 lL and a flow rate of 1 mL/min was used. A non-linear gradient of

the solvent mixture MeOH : H2O : CH3COOH (10:89:1, v:v:v) (solvent A) and

MeOH : H2O : CH3COOH (90:9:1, v:v:v) (solvent B) was used. Elution gradients

were used as follows: 0 min, 100% A, 0% B; 30 min, 60% A, 40% B; 40 min,

100% A, 0% B.

GC–MS Analysis was carried out in splitless mode in a Hewlett-Packard 5890-

II gas chromatograph coupled to a mass spectrometer HP-5970 using He as

carrier gas. Separation was performed using a 60 m 9 0.25 mm 9 0.25 lm film

thickness HP-Innowax capillary column. Temperature was maintained at 45�C

for 1 min, increased to 230�C at 3�C/min, and then held for 30 min. Mass

spectrometer was in EI mode (electron energy 70 eV; source temperature

250�C), and data acquisition was made in scanning mode from 30 to 300 amu/s

and 1.9 spectra/s. Compounds were identified by comparison of the retention

time and mass spectra with library data of mass spectra and authentic

compounds. Quantization was performed by the internal standard method (using

3-octanol and 3,4-dimethylphenol as standards) using model compounds for

calibration.
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Results and discussion

Ethyl acetate solubles and Total Phenolic yield

The total phenolics (estimated by the Folin-Ciocalteu method) and expressed as

grams of gallic acid equivalents (GAE) in the hydrolyzate produced by steam

explosion of olive wood, the EAS extraction yield from this hydrolyzate and the

phenolics in the ethyl acetate extracts as a function of temperature are summarized

in Table 1. Increasing phenolic content with temperature was observed both in the

hydrolyzates and in the ethyl acetate phase after solvent extraction. The EAS of

non-phenolic nature also increased with temperature since the phenolics purity in

the extracts did not differ significantly among the tested treatment conditions (0.3 g

of gallic acid/g ethyl acetate extract). Other compounds (condensation and

degradation products derived from hemicelluloses, oligomeric substances from

lignin) are also soluble in the ethyl acetate extracts. The ethyl acetate recovers only

half of the phenolic compounds present in the hydrolyzates (42–57%). The olive

antioxidants are amphiphilic in nature and are more soluble in the water than in the

oil phase, particularly 3,4-dihydroxyphenylethanol, tyrosol, caffeic and proto-

catechuic acid (Rodis et al. 2002).

The extraction yield 0.43–0.70 g GAE/100 g dry wood was comparable to that

reported for solid olive residues (Mulinacci et al. 2005), or for olive mill waste

(Obied Jr et al. 2007) extracted with conventional solvents, and two to five times

lower than extracts obtained from other olive residues treated with steam explosion

(Fernández-Bolaños et al. 1998, 2002).

In this temperature range, a continuous increase with the severity on the

extraction of hydroxytyrosol from olive waste was reported (Fernández-Bolaños

et al. 2002). Depolymerisation of lignin during steam explosion increases

its extractability by various solvents and, when followed by a solubilization

Table 1 Effect of temperature during steam explosion of olive wood on the total phenolics in the

hydrolyzate, the solubles and phenolics yield in the ethyl acetate, and the DPPH radical scavenging

capacity

Temperature

(�C)

Hydrolyzate Ethyl acetate extract

Total phenolics

(g GAE/100 g

dry wood)

Extraction yield

(g EAS /100 g

dry wood)

Extraction yield

(g GAE /100 g

dry wood)

DPPH (EC50)

190 1.00 1.40 ± 0.17 0.426 ± 0.025 617

210 1.22 2.05 ± 0.19 0.562 ± 0.032 660

230 1.18 2.29 ± 0.21 0.675 ± 0.048 652

240 1.41 2.35 ± 0.22 0.700 ± 0.010 672

BHA 241

BHT 279

GAE gallic acid equivalents

EC50 extract concentration (ppm) required to quench 50% DPPH radical
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post-treatment, it can be proposed to isolate cellulose and hemicelluloses mono- and

oligosaccharides (Sun et al. 2004). In this case of wheat straw, an increase in steam

pre-treatment time or in temperature from 200 to 220�C did not significantly

increase the total lignin solubilized, the yield ranging between 1.9 and 2.1% of the

raw matter, a degradation of 11.2–12.4% of the original lignin (Sun et al. 2004).

Ethyl acetate extraction has also been addressed by isothermal autohydrolysis of

grape pomace (Cruz et al. 2004), by non-isothermal autohydrolysis of E. globulus
wood, corncobs (Garrote et al. 2003) and barley husks (Garrote et al. 2008). The

yield of EAS substances ranged from 2.06 to 8.72 g solubles/100 g dry raw

material, the total phenolics content accounting for up to 1 g GAE/100 g dry

material. Stable values of the total phenolics yield from barley husks during non-

isothermal autohydrolysis have been observed at temperatures higher than 225�C

(Garrote et al. 2008). Above a certain value, a slight decrease was observed from

whole stones (Fernández-Bolaños et al. 1998, 2000), probably due to condensation

reactions leading to repolymerisation of the lignin fragments reducing its solubility

(Sun et al. 2004). Fernández-Bolaños et al. (2002) reported that the optimal

conditions for the maximum recovery of hydroxytyrosol are not coincident with the

maximum recovery of other constituent fractions, such as hemicelluloses, cellulose

or oil. Similarly, the maximum values for phenolics solubilization occurred at

higher severity than the solubilization of monomeric sugars from barley husks

(Garrote et al. 2008).

Antioxidant activity

The DPPH test is simple and rapid, the radical is stable and commercially available,

but it has no similarity to the radicals involved in lipid peroxidation. However, the

DPPH scavenging reaction has been proposed as a measure of rapid reactions of

radicals, and thus it could be relevant for predicting the lipid oxidation, since an

effective antioxidant must interrupt the propagation step of lipid oxidation by

reacting much faster with lipid radicals than linoleic acid does (Gordon et al. 2001).

TEAC has been proposed as one of the methods considered for standardization for

the antioxidant activity in food and nutraceuticals (Prior et al. 2005).

Hydroxytyrosol was a more active DPPH scavenger than BHT, Vit E and Vit C

(Visioli et al. 1998), BHA and BHT (Fki et al. 2005), Trolox and a-tocopherol

(Gordon et al. 2001), oleuropein and tyrosol (Carrasco-Pancorbo et al. 2005; Pérez-

Bonilla et al. 2006). Hydroxytyrosol is one of the most active antioxidants as radical

scavenger (Gordon et al. 2001; Pellegrini et al. 2001; Carrasco-Pancorbo et al.

2005), but also as protector from the oxidation of b-carotene-linoleic acid (Fki et al.

2005), and refined oil (Gordon et al. 2001; Fki et al. 2005). Hydroxytyrosol was the

most abundant phenolic in some olive residues such as olive oil mill wastewaters

(Visioli et al. 1998; Fki et al. 2005), and in the ethyl acetate extracts from

hydrothermal treatments of olive oil processing wastes, exhibiting high thermal

stability during processing (Fernández-Bolaños et al. 2002). However, in studies

with oil fractions, the antiradical capacity was affected by high temperature, and

protocatechuic acid was more active than hydroxytyrosol, tyrosol and syringic and
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caffeic acids (Espin et al. 2000). In the solvent extracts from olive wood the most

abundant compound was oleuropein (Pérez-Bonilla et al. 2006), but the mild acid

hydrolysis (pH samples in the range of 3.26–3.75) during steam explosion can cause

the decomposition into hydroxytyrosol, as observed from the increase in the

corresponding peak area (Fig. 1); this increase being closely related to the

temperature during steam explosion. Hydroxytyrosol is part of other molecules

(oleuropein, dimethyloleuropein, verbascoside and hydroxytyrosol glucosides), and

the cell wall disruption caused by the treatment led to the production of free

hydroxytyrosol.

In mixtures of compounds present in olive products it may be difficult to discern

which compound contributes more significantly to antioxidant activity. The

biological activities of the major phenolics in olive oil wastewaters have been

revised by Obied Jr et al. (2005). It is generally agreed that hydroxytyrosol shows a

high antioxidant activity, although a positive correlation cannot be found always

(Del Carlo et al. 2004).

The most active radical scavenger, ethyl acetate (EA) extract from the liquors of

steam exploded olive tree wood, was obtained at 210�C, both against ABTS and

DPPH radicals (Fig. 2 and Table 1, respectively). The EA extracts showed potency

comparable to that of synthetic antioxidants. Increased TEAC-values with extract

concentration were observed (Fig. 2). The extracts produced during steam explosion

at 210�C were slightly but significantly more active than those produced at other

temperatures. The values are comparable to those already reported for tyrosol,

hydroxytyrosol, and oleuropein (Pellegrini et al. 2001).

Since the antioxidant potency of an extract is related to its reducing ability, the

reducing power is often evaluated. The FRAP values of the EA extracts from

hydrolyzates produced at different temperatures tested are shown in Fig. 3. A linear

behaviour of the reducing power up to 250 ppm and of FRAP up to 1,000 ppm was

0

200

400

600

800

1000

1200

1400

1600

0 8 12 16 20 24 28 32 36 40 44

Time (min)

m
A

U

240 °C
230 °C
210 °C
190 °C
Standard

Hydroxytyrosol

Tyrosol Oleuropein

4

Fig. 1 HPLC chromatogram of the ethyl acetate extracts from the steam explosion liquors of Olea
europea wood at 10 g/L compared to those of a standard solution of tyrosol, hydroxytyrosol and
oleuropein (1 g/L)
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noticed. A linear relationship was also reported for olive o-diphenols and their

FRAP-values in the range of 0–200 mg/kg (Manna et al. 2002). No significant

differences among the extracts obtained at the different temperatures of steam

explosion were observed. The FRAP of EA extracts from the liquors of steam

exploded olive tree wood was lower than the value observed for extracts from

autohydrolysis liquors of pine wood (Moure et al. 2005).

The effect of extract concentration on the antioxidant activity in emulsion is

shown in Fig. 4 in relation to the activity of BHA. BHA and BHT provided higher

protection against oxidation of b-carotene in this assay than the ethyl acetate

extracts from olive mill wastewaters (Fki et al. 2005), although pure hydroxytyrosol

was as active as BHT. The lower activity of the extracts in emulsion, compared to

control antioxidants, is not surprising since some phenolic and cinnamic acids,

which are active DPPH scavengers, are less potent than BHA or BHT in the

b-carotene bleaching test (von Gadow et al. 1997). Although the ethyl acetate

selectively extracts the more lipophilic fraction, which according to the Polar

Paradox would be active in emulsion, other features influence this activity (the

partitioning of components between phases, the interactions at the oil-water

interfaces, the radical-scavenging potency, and the stability of the antioxidants).

Composition

The liquid separated in the cyclone after steam explosion was extracted with

dichloromethane (DCM) to yield the soluble compound, which can be classified into

three categories (sugar-derived compounds, lignin-derived compounds and nitro-

gen-containing compounds). The temperature during steam explosion of olive tree

wood strongly influenced the composition of the DCM soluble fraction of the

hydrolyzates (Table 2).

An increase in the peak area of identified compounds with steam explosion

temperature was also observed. The total area of compounds identified at 240�C was
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Fig. 2 Effect of temperature and extract concentration on the TEAC value of the ethyl acetate solubles
from the steam explosion liquors of Olea europea wood
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50% higher than at 210�C. A corresponding increase in both the total phenolics

present in the aqueous phase and in the ethyl acetate with the total compounds

identified in GC-MS was observed. Whereas the maximum value of the peak areas

of the identified sugar derived compounds and nitrogen derived compounds was

found at 230�C, a continuous increase in the range of temperatures studied for lignin

derived compounds was noticed. With increasing temperature in the studied range,

sugar derived compounds accounted for 33.9–28.7% of total peak area of identified

compound, whereas the fraction of the total peak area corresponding to nitrogen-

containing compounds was reduced from 22.5 to 7.2%, and that of lignin derived

compounds was increased from 43.5 to 64% when the treatment temperature

increased from 190 to 240�C.

The major compounds found in the lignin derived compounds fractions were

syringaldehyde, vanillin, 4-formyl benzoic acid methyl ester and desaspidinol.

Syringol, guaiacol, homosyringic acid, methoxyeugenol were also identified. Even
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Fig. 3 Effect of temperature and extract concentration on the FRAP (a) and the reducing power (b) of
the ethyl acetate solubles from the steam explosion liquors of Olea europea wood
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Fig. 4 Effect of temperature and extract concentration on the antioxidant activity in emulsion of the
ethyl acetate extracts from the steam explosion liquors of Olea europea wood
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Table 2 Effect of temperature during steam explosion of olive tree wood on the composition of the

DCM soluble fraction from the hydrolyzates, analysed by GC-MS

N� t (min) Name Relative area to 3-octanol

190�C 210�C 230�C 240�C

Sugar derived compounds 18.71 34.46 51.43 41.78

1 25.9 2-Furaldehyde diethyl acetal 2.11 ND ND ND

2 26.1 Furfuraldehyde 9.40 21.95 30.10 19.56

4 27.7 1-(2-Furanyl)-ethanone ND 0.72 0.77 0.46

6 30.5 5-Methyl-2-furaldehyde 4.59 7.24 9.52 7.02

7 32.1 2-Acetyl-5-methyl-furan ND ND ND 0.11

8 33.5 2,5-Dihydro-3,5-dimethyl-2-furanone ND 0.11 0.24 0.15

9 36.4 Ethoxybutyrolactone ND 0.07 0.16 0.15

11 38.3 2-Furancarboxylic acid, cyclobutyl ester ND ND 0.44 0.47

13 40.8 2,5-Dihydro-3,5-dimethyl-2-furanone ND ND 0.13 0.10

19 52.3 5-Acetoxymethoxy-2-furaldehyde ND ND 1.84 2.25

24 61.1 5-Hydroxymethylfurfural 2.62 4.37 8.24 11.51

Lignin derived compounds 23.95 49.74 69.66 93.14

5 28.5 Benzaldehyde 0.44 0.99 0.87 0.52

12 39.6 3,4-Dimethylbenzaldehyde 0.19 0.27 0.23 0.21

14 41.3 Guaiacol ND 0.36 0.70 0.76

15 41.8 Benzyl alcohol ND 0.11 0.14 0.11

16 43.0 2-Phenylethyl alcohol 0.34 0.29 0.37 0.62

18 52.0 Benzoic acid, 4-formyl-, methyl ester 6.04 6.01 3.54 4.36

20 54.3 Syringol ND 1.00 2.87 4.40

21 56.8 Isoeugenol ND 0.77 1.50 1.37

22 57.2 Benzene-1-allyl-2,3,4,5-tetramethoxy ND 0.63 0.43 0.38

23 58.2 Isoelemicin 0.61 0.53 0.23 0.43

25 62.1 Methoxyeugenol ND ND 1.85 2.43

26 62.9 Vanillin 6.29 11.73 15.19 21.51

27 63.9 Dihydroeugenol ND ND 1.07 1.22

28 64.0 Perillic acid ND 1.21 ND ND

29 65.5 Propan-2-one, 1-(4-isopropenyl-3-methoxyphenyl) ND 1.33 2.90 3.56

30 67.9 Methoxyeugenol (isomer) 1.21 1.56 2.82 2.79

31 72.5 Homovanillyl alcohol ND 0.58 0.65 0.50

33 77.5 Syringaldehyde 6.41 18.69 21.19 29.91

34 78.9 Homosyringic acid 0.59 ND 2.76 2.88

35 80.4 Acetosyringone ND ND ND 0.96

36 81.4 Tyrosol 0.73 0.73 0.71 0.93

37 81.8 Desaspidinol 1.10 2.97 9.66 13.30

Nitrogen-containing compounds 12.40 12.54 10.23 10.49

3 26.4 3,4,2-Vinylpyridine 5.62 6.94 6.38 6.13

10 38.2 Methylnicotinate 0.22 0.11 0.12 0.00
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when hydroxytyrosol was expected, either the GC conditions or the method were

not suited to identify it, since in an experiment with a synthetic solution of this

compound it could not be detected even at prolonged analysis times. Vanillin,

syringaldehyde, guaiacol were among the major components in other liquors

alkaline wet oxidation of wheat straw (Klinke et al. 2002), steam explosion liquors

from aspen (De Bari et al. 2002), autohydrolysis of wheat straw (Sun et al. 2004),

autohydrolysis from corn cobs and rice (Garrote et al. 2007). Cleavage of the ester

bonds of the lignin fraction and release of phenolic acids (coumaric, ferulic, syringic

and vanillic) was reported during wheat straw fractionation by steam explosion

coupled with ethanol extraction (Hongzhang and Liying 2007).

Conclusions

In this work it was observed that the liquid phase generated during steam explosion

of olive tree can be extracted with ethyl acetate to obtain an extract showing

antioxidant activity comparable to that of synthetic antioxidants. The utilization of

these compounds could benefit the economy of the whole fractionation process by

facilitating the utilization of the hemicellulosic sugars in the liquid phase and by

adding commercial value to a residual fraction.
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Garrote G, Cruz JM, Domı́nguez H, Parajó JC (2008) Non-isothermal autohydrolysis of barley husks:

product distribution and antioxidant activity of ethyl acetate soluble fractions. J Food Eng 84:544–552
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