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Abstract In this work, extracts from various lignocellu-
losic wastes were analyzed with the aim of applying them
to prevent colour ultraviolet degradation of dyed veneers
used for board coating. Chestnut fruit (Castanea sativa)
shell and bur, barks from Pinus pinaster, Eucalyptus
globulus, Quercus frainetto and Quercus robur and wood
from Tilia cordata were extracted using water or aqueous
solutions of sodium sulphite and/or sodium hydroxide. The
extracts were analyzed for their antioxidant activity (using
the ferric reducing antioxidant power, the free radical
DPPH and the free radical ABTS essays), totals phenols
content, molecular weight distribution and phenolic com-
position. Except for chestnut bur and steam peeled chestnut
shell whose water extract was the best, the best antioxidant
properties were obtained for the 2 % sodium sulphite
extracts. Extracts from pine bark and steam peeled chestnut
shell, with the highest total phenols content and antioxidant
activity, not only showed the best properties as biopro-
tectors but also high extraction yields. These extracts also
presented the higher average molecular weights. Extract
antioxidant properties were related to the presence of var-
ious phenolic compounds identified by reverse phase high-
performance liquid chromatography electrospray ionization
time-of-flight mass spectrometry: flavan-3-ols, flavonols,
flavonol glycosides, dihydroflavonols and phenolic acids.
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1 Introduction

All wood materials are susceptible to photodegradation by
ultraviolet (UV) light when exposed to solar radiation and
can undergo surface degradation, colour changes and
mechanical breakdown. The mechanisms of wood degra-
dation have been investigated, and lignin has been recog-
nised to be the key structure as, of the main wood
components, cellulose, hemicelluloses and lignin, only
lignin absorbs relatively strongly in the UV/visible region
(George et al. 2005).

Different alternatives have been proposed to protect
wood against photodegradation (George et al. 2005)
including wood finishing with coatings which act as UV/
visible light screeners, treatment of the wood surface with
additives, such as radical trapping additives or UV absor-
bers, or the chemical modification of wood by acetylation,
esterification (Evans et al. 2002; Jebrane et al. 2009) or by
treatment with different chemicals such as chromic acid
that has been recognized to be highly effective in photo-
stabilizing wood (Evans 2009). However, chromic acid is
highly toxic, and the aim is to look for non-toxic and
environmentally friendly alternatives for preventing wood
photodegradation.

Chang et al. (2010a, b) investigated if antioxidant phe-
nolic compounds could protect wood against photodegra-
dation, and when comparing extracted and non-extracted
woods they found that wood extractives play an essential
role in wood photodegradation, and surface deteriorated
less when the extractives existed. Using ESR spectroscopy
it was demonstrated that wood radicals induced by UV
light were inhibited by Acacia confusa heartwood extracts
and consequently wood photodegradation was retarded
(Chang et al. 2014). Diouf et al. (2006) found that wood
species with low antioxidant capacity happened to be less
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colour durable, whereas those with high antioxidant
capacity were more light resistant. Additionally, color
stability was conferred to non durable woods if impreg-
nated with extracts of durable species.

Wood preservatives based on flavonoid and hydro-
lysable tannins have been developed. They are based on the
complexing capacity for a metal with the vicinal hydroxyl
groups on the B-ring of flavonoids and the ring of hydro-
lysable tannins (Bruce and Palfreyman 1998). Thus, tan-
nins have been used as wood preservatives offering
protection against light and against biological attack by
insects, fungi and bacteria (Laks et al. 1988; Thevenon
et al. 2009; Tondi et al. 2012). However, the main draw-
back for the use of tannins as wood preservatives has been
their high leachability that determines their use for outdoor
applications (Tondi et al. 2013a, b). In order to overcome
this, various advanced formulations have been developed
based on the cross-linking and hardening of condensed
polyflavonoid tannins by hexamine and enriched with
small amounts of boron, also known for its biocide activity
(Thevenon et al. 2009; Tondi et al. 2012). The behaviour of
wood impregnated with these formulations was studied.
Dimensional stability, resistance to leaching and resistance
to biological agents were investigated (Tondi et al. 2012,
2013a; Schnabel et al. 2014).

In this work, the antioxidant activity of the phenolic
extracts of various lignocellulosic wastes was analysed
with the aim of applying them for the prevention of colour
degradation by UV light of dyed wood veneers used for
board coating. Chestnut shell and bur (from the Castanea
sativa species), waste products from the food industry, and
barks from Pinus pinaster, Eucalyptus globulus, Quercus
frainetto and Quercus robur and Tilia cordata wood, waste
products from the wood industry, were extracted using
different extracting agents. The extracts were analysed for
their phenols content and antioxidant activity, and their
phenolic composition was determined.

2 Materials and methods
2.1 Materials

Chestnut bur (from the Castanea sativa species, ChB) was
collected in a chestnut plantation in Santiago de Com-
postela (Galicia, NW Spain). Chestnut shell (from the
Castanea sativa species) was supplied by the food factory
Marron Glacé S.A. (Ourense, Spain); the shell called ChS1
was collected from a dry chestnut peeling process and that
called ChS2 from a peeling stage where chestnuts were
peeled using steam and washed with hot water. Eucalyptus
globulus bark (EGB) was supplied by Grupo Empresarial

@ Springer

ENCE S.A. (Pontevedra, Spain). Pinus pinaster bark
(PPB), Quercus frainetto bark (QFB), Quercus robur bark
(QRB) and Tilia cordata wood (TW) were supplied by
ASERPAL S.A. (Curtis, A Coruifia, Spain). All the mate-
rials were air-dried till equilibrium moisture content,
ground and the fraction of particle size between 0.1 and
2 mm was selected for the extraction experiments.

2.2 Extraction and concentration

The extraction experiments were carried out in a 2 L Pyrex
glass reactor with mechanical stirring and temperature
control. The material and water were mixed at room tem-
perature, heated and, once the selected temperature had
been attained (90 °C), except for the water extraction, the
alkali (sodium hydroxide and/or sodium sulphite) was
added and contact time begun to run. The solid/liquid ratio
was fixed at 1/10 (w/w) for all the experiments. After 1 h,
the suspension was vacuum filtered; the solid residue was
washed with water and the extract together with the first
water washings were concentrated by spray-drying. The
solid was dried at room temperature in order to calculate
the extraction yield as the weight loss percentage of the
starting raw material. The extraction experiments are
summarized in Table 1.

2.3 Total phenols content

Extract total phenols content was determined by the Folin-
Ciocalteu method (Singleton and Rossi 1965): to 0.5 ml of
an aqueous solution of the extract, 2.5 ml of Folin-Cio-
calteu reactive, previously diluted with water (1:10, v/v),
and 2 ml of a 75 g/l Na,CO; aqueous solution were added.
The mixture was kept 5 min at 50 °C and, after cooling, the
absorbance at 760 nm was measured. The phenols content
was expressed as g gallic acid equivalent (GAE)/100 g
extract (on dried basis). The analyses were carried out in
triplicate and the results averaged.

2.4 Antioxidant activity
2.4.1 Ferric reducing antioxidant power (FRAP)

The FRAP assay was done according to Szollosi and
Szollosi-Varga (2002) as follows: 0.1 ml of an aqueous
solution of the extracts were transferred to a test tube and
3.0 ml of freshly prepared FRAP reagent (25 ml of
acetate buffer, 300 mmol/l, pH 3.6; 2.5 ml of 10 mmol
TPTZ (2,4,6-tripyridyl-1,3,5-triazine) in 40 mmol/l HCI;
2.5 ml of 20 mmol/l FeCl;-6H,0) were added. The
absorbance was recorded after 5 min at 593 nm. The
relative activities of samples were expressed as nmol
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: 8 o el S N ascorbic acid equivalent (AAE) per mg extract (on dried
=2 o ST e basis). The analyses were carried out in triplicate and the
=§ 2 a % § 3 results averaged.
=2 = 292
2 2.4.2 DPPH radical-scavenging activity
2=
e §D a § a § § The .radical—s.cavenging activity (RSA) of the extracts. was
2 E = S = S = monitored using the stable free radical DPPH following a
o modification of the method described by Barreira et al.
E (2008). Aqueous solutions of the different extracts
- % g (8-240 pg/ml) Were prepared. The extract solution
= E £l 8 N (0.3 ml) was mixed with 2.7 ml of a freshly prepared
RN BRI DPPH (1,1-diphenyl-2-picrylhydrazyl) solution (6.10-5 M
T in 80 % methanol). The mixture was shaken vigorously
= 2 and left to stand for 20 min in the dark at room tem-
) g d 88 g perature. Then the absorbance was read at 517 nm. It was
mE | <SsSss determined as % RSA = 100 (Ag — A/Ag, where A, is
= the absorbance of the extract solution and Ag is the
B Q . .
g E absorbance of a control solution prepared without
g E) extracts. The ECsy value, or extract concentration nec-
EE % RIS TT essary to achieve a 50 % radical DPPH inhibition, was
A = ol = = == o obtained by plotting the % RSA as a function of sample
P pe concentration. The Trolox equivalent of the extracts
3§ f/’ (TRE) was defined as the amount of Trolox (mmol)
E i 2 2393 A giving the same antioxidant capacity as one gram of
3 E +H H H H H g extract. TRE was calculated from the plots obtained for
&t g E § § § § g % RSA as a function of sample concentration for both
. oT T 2 Trolox and the extract, which were linear in the range
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£ = % = @m = % B Aqueous solutions of the extracts in the concentration range
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= 6 min in the dark at room temperature the absorbance was
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2.6 Reverse phase high-performance liquid
chromatography electrospray ionization
time-of-flight (RP-HPLC-ESI-TOF) mass
spectrometry

A selection of the extracts was evaluated using an Agilent
Technologies 1100 HPLC and a Bruker Microtof ESI-TOF
instrument. Phenolic compounds were separated using a
Zorbax Eclipse XDB-C18 5 pm (4.6 x 150 mm) column
and a binary gradient of 2 % acetic acid for mobile phase A
and 0.5 % acetic acid in water/acetonitrile (1:1, v/v) for
mobile phase B at a flow rate of 1 ml/min and a post-
column split of 1/0.2 ml/min. The linear gradient was from
10 to 55 % B from 0 to 50 min, from 55 to 100 % B from
50 to 60 min and from 100 to 10 % B from 60 to 65 min.
The mass spectrometry analysis was performed in negative
ion mode. The samples were dissolved in water to a con-
centration in the range 100-200 ppm.

2.7 Average molecular weights by gel permeation
chromatography (GPC)

Average-molecular-weights of the extracts were deter-
mined. GPC analyses were performed with an Agilent
Technologies 1100 chromatograph (Germany) equipped
with a diode array detector. The column used was a HP-PL
gel 5 pm Mixed-D protected with a PL gel 5 um guard
column. Tetrahydrofuran (THF) was used as eluent and the
conditions used were: flow rate, 1 ml/min; column tem-
perature, 30 °C; injection volume, 20 pl; detection at 270
with a bandwidth of 15 nm. The calibration curve was
obtained with polystyrene standards. The spray-dried
extracts were acetylated previous to GPC analysis. Samples
(20 mg) were acetylated with pyridine-acetic anhydride
(4 ml, 1:1 v/v) overnight at room temperature. The mixture
was poured into distilled water (40 ml) and the precipitate
obtained was recovered by vacuum filtration through a
20 um nylon filter. The acetylated extracts were dissolved
in THF (2-5 mg/ml) and analysed by GPC.

2.8 Statistical analysis

For each material, the existence of significant differences
among the results for total phenols content and FRAP
antioxidant activity of the extracts depending on the
extraction agent used was analysed. One-way analysis of
variance (ANOVA) was used followed by the Tukey’s
HSD or Dunnett T3 test, depending on whether equal
variances could be assumed or not. All statistical tests were
performed at a 5 % significance level using the IBM SPSS
Statistics 20 software.

3 Results and discussion

Plant materials contain various phenolics compounds (e.g.,
phenolic acids, anthocyanins, tannins, etc.) in variable
amounts. Moreover, phenolics may be associated with other
components such as carbohydrates and proteins that can be
extracted together with them. Therefore, the extraction
process must be designed for each phenolics source, and
many factors can contribute to the extraction efficiency,
such as the type of the solvent, pH, temperature, solid/liquid
ratio, etc. The extraction of antioxidant phenolic com-
pounds from plant materials is habitually carried out with
organic solvents, alone or combined, and the extraction
efficiency for a particular phenolics group depends on sol-
vent polarity (Dai and Mumper 2010). This alternative has
previously been studied (Fernandez-Agull6 et al. 2014).
However, in this work plant materials from various species
were extracted with water or aqueous alkaline solutions,
which is the extraction method habitually used for tannin
extraction (Pizzi 1994). Depending on the extraction agent
used (water or aqueous solutions of sodium hydroxide,
sodium sulphite or both) changes in the extraction yield and
process selectivity for phenolics are expected.

The experimental results for extraction yield, extract
total phenols content and extract antioxidant activity
evaluated according to the FRAP, DPPH and ABTS essays
are shown in Table 1.

Extraction yield varied between 2.07 % for the lime wood
extracted with an aqueous solution of 2 % sodium sulphite
(TW3), and 38.42 % for the steam peeled chestnut shell
extracted with an aqueous solution of 1 % sodium hydroxide
and 1 % sodium sulphite (ChS24). In general, the yield
increased in the order TW < EGB < QRB < QFB < PPB
< ChB < ChS1 < ChS2. Except for lime wood, the lowest
extraction yields were obtained for the water extractions and
the highest for the extractions carried out with an aqueous
solution of 1 % sodium hydroxide and 1 % sodium sulphite.
Significantly lower extraction yields (2-14.7 %) were
obtained for wood and bark extracted with methanol/water
70:30 (v/v) (Diouf et al. 2006), and it is noteworthy that the
lowest value corresponded to pine bark. Although a high
extraction yield is important in terms of process economic
viability, it must be accompanied by extracts with high
values of those properties related to prevent wood pho-
todegradation, as is the case for extract antioxidant activity
which was evaluated by different methods.

The highest values of the extract antioxidant activity
were achieved for Pinus pinaster bark (PPB) or steam
peeled chestnut shell (ChS2) extracts depending on the
essay used and the lowest values for Eucalyptus globulus
bark (EGB) or Tilia cordata wood (TW) extracts. The
FRAP antioxidant activity decreased in the order ChS2; >
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PPB; > QRB3 > ChS1, > QFB] > TW; > ChB; > EGB;
and, for each material, it was statistically dependent on the
extraction agent used (the highest value attained for each
material is indicated); the DPPH radical scavenging
activity decreased in the order: PPB; > ChS2; >
ABTS radical scavenging activity in the order ChS2; >
PPB; > QFB; > ChS1, > QRB, > ChB, > EGB3 > TW;.
With respect to the influence of extraction conditions, in
general, for most of the materials the water and the 2 %
sodium sulphite extracts showed the highest antioxidant
activities.

For all materials studied, total phenols content was sig-
nificantly dependent on the extraction agent (see Table 1).
The total phenols contents of Pinus pinaster bark extracts,
from 67.06 to 73.81 %, were significantly higher than those
of the rest of materials which decreased in the order PPB, >
ChS2; > QRB; > QFB,; > ChS1; > ChB; > EGB; >TWi.
The highest value corresponded to the extraction of pine
bark with 1 % sodium hydroxide and 1 % sodium sulphite
(PPB,) although not significantly different from that of the
2 % sodium sulphite extract (PPBj). Pine bark extracts
obtained with methanol/water showed notably lower total
phenols content (Diouf et al. 2006).

Extracts from pine bark and steam peeled chestnut shell,
with the highest total phenols content and antioxidant
activity, not only showed the best properties as biopro-
tectors but also high extraction yields, especially for pine
bark. In the case of chestnut shell, the water extract showed
the best properties (ChS2;). For pine bark, the 2 % sodium
sulphite extract (PPB3) was the best, although PPB,
extract, obtained using 1 % sodium hydroxide and 1 %
sodium sulphite, showed very similar properties and a
slightly higher extraction yield. With respect to the other
materials, except for chestnut bur whose water extract was
the best, the best antioxidant properties were obtained for
the 2 % sodium sulphite extract.

Figure 1 shows the inhibition percentage of the DPPH
radical for the selected extract of each material as a func-
tion of extract concentration which allowed calculating the
ECs, values, which decreased in the same order in which
the TRE increased for the DPPH essay. The ECs, values
obtained for the different extracts were compared with
those obtained for the antioxidant compound used as ref-
erence, Trolox, with values of ECsq of 0.04 mg/mL for the
DPPH essay and 0.30 mg/mL for the ABTS essay. As
shown in Table 1, lower ECsq values were obtained for all
ChS2 extracts and for most of the PPB extracts for both
essays, which confirms the selection of ChS2; and PPB;
extracts as the ones with the best antioxidant properties.

It should be noted that the results obtained for the
antioxidant activity of pine bark extracts are contrary to
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those of industrial and methanol/water pine bark extracts
that showed a poor antioxidant activity (Diouf et al. 2006).
Of the main wood constituents, cellulose, hemicellulose
and lignin, only lignin is a good UV absorber and is the key
structure in wood photodegradation. However, some wood
extractives may play a role as antioxidants and as radical
quenchers (George et al. 2005). Chang et al. (2014)
demonstrated that A. confusa heartwood extract can absorb
UV light, inhibiting the formation of wood radicals induced
by UV light and consequently retarding wood photodegra-
dation. To test the capacity of the extracts obtained to
absorb UV light, the UV spectra of a selection of extracts
were obtained and are shown in Fig. 2. Pinus pinaster bark,
chestnut shell and Tilia cordata wood extracts exhibited a
single peak with maximum absorbance in the range
273-278 nm characteristic of proanthocyanidins. However,
chestnut bur, Eucalyptus globulus bark and Quercus frai-
netto bark extracts did not show a clear maximum but a
broad band that could be explained by the presence of
hydrolysable tannins that have an additional absorption
maximum at 365 nm (Cadahia et al. 1997). The capacity of
some of the extracts prepared in this work for preventing
wood colour photodegradation was demonstrated subject-
ing dyed veneers treated with the extracts to essays of
accelerated exposure to UV light (Galifianes et al. 2015).
Linear relationships were found between the different
methods used for evaluating extract antioxidant activity, as
shown in Fig. 3 for the ABTS and FRAP essays
(r2 = 0.8678), which allows to make indirect estimations of
the different essays (Thaipong et al. 2006). Additionally,
significant linear relationships between antioxidant capacity

90
X 70 |
c
2
b
2
<
£ 50 -
E —e—ChB1 —TW3 —#—ChS13
g 30 ] —8—Chs21 —4—EGB3  —%—PPB3
—e— QFB3 —e— QRB3
10 . . . . .
0 0.05 0.1 0.15 0.2 0.25 0.3

Extract concentration (mg/mL)

Fig. 1 Inhibition percentage for the DPPH radical as a function of
extract concentration for the selected extract of each material [ChB;:
chestnut bur; ChS1;: dry peeled chestnut shell; ChS2,: steam peeled
chestnut shell; EGBj: Eucalyptus globulus bark; PPB3: Pinus pinaster
bark; QFB;: Quercus frainetto bark; QRB3: Quercus robur bark;
TW;: Tilia cordata wood (1, water extracts; 3, 2 % Na,SO; extracts)]



Eur. J. Wood Prod. (2015) 73:651-659

657

2.00
1.80
1.60
1.40

3
S 1.20
©

£ 1.00 -

2

2080
0.60
0.40
0.20
0.00

260 275 290 305 320 335 350 365 380 395
Wavelength (nm)

Fig. 2 UV spectra of selected extracts [ChB,: chestnut bur; ChS1;:
dry peeled chestnut shell; ChS2,: steam peeled chestnut shell; EGB;:
Eucalyptus globulus bark; PPB3: Pinus pinaster bark; QFBj3: Quercus
frainetto bark; TW3: Tilia cordata wood (1, water extracts; 2, 1 %
NaOH extracts, 3, 2 % Na,SO; extracts)]
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Fig. 3 Relationship between ABTS and FRAP antioxidant activities
(ChB: chestnut bur; ChS1: dry peeled chestnut shell; ChS2: steam
peeled chestnut shell; EGB: Eucalyptus globulus bark; PPB: Pinus
pinaster bark; QFB: Quercus frainetto bark; QRB: Quercus robur
bark; TW: Tilia cordata wood)

and total phenolic content were found, indicating that
phenolic compounds are the major contributors to the
antioxidant properties of the extracts analyzed. As an
example, Fig. 4 shows the linear relationship encountered
for total phenols content and DPPH antioxidant activity
(r* = 0.7876) which was practically independent of the
type of material. Diouf et al. (2006) also found linear
relationships between phenols content and antioxidant
activity, however, they were dependent on extract compo-
sition, i.e. comprising condensed or hydrolysable tannins.

Number and weight average molecular weights (M,, and
M,,, respectively, Table 1) and molecular weight distri-
bution (MWD) of the extracts were analyzed. Comparing
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Fig. 4 Relationship between total phenols content and DPPH radical
scavenging activity (ChB: chestnut bur; ChS1: dry peeled chestnut
shell; ChS2: steam peeled chestnut shell; EGB: Eucalyptus globulus
bark; PPB: Pinus pinaster bark; QFB: Quercus frainetto bark; QRB:
Quercus robur bark; TW: Tilia cordata wood)
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Fig. 5 Molecular weight distribution of the selected extract of each
material [ChB;: chestnut bur; ChSl;: dry peeled chestnut shell;
ChS2,: steam peeled chestnut shell; EGB3: Eucalyptus globulus bark;
PPB;: Pinus pinaster bark; QFBj3: Quercus frainetto bark; QRBj:
Quercus robur bark; TWs: Tilia cordata wood (1, water extracts; 3,
2 % Na,SOs; extracts)]

the M,, and M,, values for the different materials studied,
the higher values corresponded to Pinus pinaster bark and
steam peeled chestnut shell extracts, which also presented
the best antioxidant properties. In particular, the water
extract of steam peeled chestnut shell (ChS2;) had not
only the highest average molecular weights but also the
highest values of the antioxidant activity, which could be
related to the polyphenolic composition of this extract.
With respect to molecular weight distribution, Fig. 5
shows the extract selected for each material. Most of them
(ChS2,, PPB;, QFB3;, QRB3, and TW3 extracts) presented
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unimodal distribution with the position of the peak located
towards the low molecular weight region and with some
resolution of low molecular components. On the contrary,
EGB;, ChB,; and ChS1; extracts show a bimodal distri-
bution with both peaks located in the lower molecular
weight region.

RP-HPLC-ESI-TOF mass spectrometry was used to
identify the phenolic compounds with potential antioxidant
activity present in the optimum extract selected for each of
the materials analysed. Some of the compounds were
identified based on their retention times and comparison
with the standard compounds and others by their molecular
weight. A summary of the identified compounds, various
flavonoids and phenolic acids, is presented in Table 2.
Chestnut bur and eucalyptus bark extracts contained the

Table 2 Compounds identified by RP-HPLC-ESI-TOF in the selec-
ted extracts of the different species

Extract Identified compounds

ChB;, Gallic acid
Ellagic acid
Myricetin (MW)
Gallic acid
(+)-Catechin
Gallic acid
Ellagic acid
(4)-Catechin
(—)-Gallocatechin
Protecatechuic acid (MW)
Ellagic acid
(+4)-Catechin
(—)-Epigallocatechin
Kaempferol (MW)
Dihydroquercetin (MW)
Gallic acid
Ellagic acid
(4)-Catechin
Mono galloyl glucose (MW)
Kaempferol 3-glucoside (MW)
Quercetin 3-O-rhamnoside (MW)
Gallic acid
Ellagic acid
(+4)-Catechin
(—)-Gallocatechin
Kaempferol (MW)
TW; (+4)-Catechin

Kaempferol (MW)

ChS1,

ChS2,

EGB;

PPB;

QFB;

QRB;

MW: Compounds identified by molecular weight, ChB;: chestnut bur;
ChS15: dry peeled chestnut shell; ChS2,: steam peeled chestnut shell;
EGBj: Eucalyptus globulus bark; PPB3: Pinus pinaster bark; QFB;:
Quercus frainetto bark; QRBs: Quercus robur bark; TW3: Tilia
cordata wood (1, water extracts; 3, 2 % Na,SOj; extracts)

@ Springer

phenolic acids, gallic acid and ellagic acid, both base units
of hydrolysable tannins, and in the case of bur extracts also
the flavonol myricetin. On the contrary, pine bark and lime
wood extracts contained precursors of condensed tannins,
the flavan-3-ols (4)-catechin and/or (—)-epigallocatechin,
together with a flavonol, kaempferol, and in the former the
flavonoid dihydroquercetin. The other extracts contained
precursors of both hydrolysable and condensed tannins
together with flavonols and flavonol glycosides.

4 Conclusion

Extracts obtained from various lignocellulosic wastes,
chestnut fruit (Castanea sativa) shell and bur, barks from
Pinus pinaster, Eucalyptus globulus, Quercus frainetto and
Quercus robur and wood from Tilia cordata have
demonstrated to have antioxidant properties, which convert
them into potential preservatives of wood color pho-
todegradation. Among them, aqueous extracts of steam
peeled chestnut shell and 2 % sodium sulphite extracts of
pine bark were selected due to their higher antioxidant
activity, total phenols content and extraction yield. Various
kinds of phenolic compounds, precursors of hydrolysable
and condensed tannins, phenolic acids and flavan-3-ols,
respectively, and other flavonoids have been identified and
related to extract antioxidant properties.
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