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Antioxidant capacities of extracts
in relation to toasting oak and acacia wood
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Summary

The paper reports on preparation and evaluation of extracts of toasted wood as a potential alternative for wine barrique
technology. Various methods of heat treatment were monitored for two types of wood (oak and acacia). Heat treat-
ment led to a weight loss of wood, which increased with increase in temperature of toasting; colour parameters of wood
were also changing, with the inner sections of wood showing the same colour change in the value of lightness (L") as
the surface, which pointed to even toasting throughout the wood volume. The weight of matter extractable by 80 %
(v/v) ethanol was each time about 5% of the total weight of the treated wood. The antioxidant capacity of the wood
extracts obtained was dependent of the temperature of toasting. The antioxidant capacity (4AC) measurement methods
involved ferric reducing antioxidant power (FRAP), 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging, and
total polyphenols (7P) by means of Folin-Ciocalteu reagent. For acacia wood, a steady decrease was recorded, for all
the three antioxidant parameters, as the wood toasting temperature increased. All of the measured values (AC by both

methods and 7P) mutually correlated.
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Storing and maturing wine in wooden barrels
is a traditional method in wine technology. Sub-
stances that conventional wooden barrels release
into the wine can increase the feeling of fullness
and sweetness of the beverage [1]. Of the wines
aging in barrels, barrique wines are now preferred,
being sought after by a large group of consumers.
These wines mature in barrels the inner part of
which underwent toasting. As maturing occurs in
barrels, various compounds are released from the
toasted wood into the wine, causing several quali-
tative changes. These involve a change in taste re-
lated to the increased stability of the wine [2, 3].
There is also a change in colour, which is caused
by the extraction of pigmented compounds and
flavour-active substances, mainly phenols, which
have antioxidant activity [4-7], and vanillin, vanil-
lic acid, syringaldehyde, syringic acid, coniferalde-
hyde, sinapaldehyde, gallic acid, coumarins and
others [8]. Reasons for paying attention to these

compounds often include the antioxidant proper-
ties [9, 10].

The process of making barrique barrels main-
ly employs wood of oak, acacia and chestnut
[11]. The wood type has a large influence on the
quantity and quality of substances extracted from
barrique barrels or wood chips. Important are also
other factors such as duration of contact with the
wine, the extent of the contact area, temperature,
alcohol content and pH [12, 13]. Critical para-
meters include the degree of wood toasting, which
depends on the temperature and the duration of
its action. For barrels, the degree of toasting wood
can be light, medium or heavy. Various researchers
have different opinions about the processes of
toasting. According to CANAS et al. [14], tradition-
al way, which is commonly done by coopers, lasts
10 min for light, 20 min for medium and 25 min for
heavy toasting. DE SIMON et al. [15] used tempera-
ture 200 °C for 35 min for creating chips toasted at
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medium level. ARAPITSAS et al. [16] enriched wines
by adding different-sized chips, which were toast-
ed at 200 °C for 2 h. Other processes of toasting
are described by RIBEREAU-GAYON et al. [17] and
HALE et al. [18].

The aim of this study was to compare the
effects of different temperatures of toasting
oak and acacia wood on colour, weight loss, the
amount of extracted substances and the antioxi-
dant capacity (AC) of the extracts.

MATERIALS AND METHODS

Oak and acacia wood

The experiment made use of samples contain-
ing wood of sessile oak (Quercus petraea) and aca-
cia (Robinia pseudoacacia). The wood came from
the Small Carpathian region in Slovakia. Accord-
ing to the annual rings, the oak wood originated
from a 58-year-old oak tree, felled in January
2013, which was splinted and loose-dried in a dry
chamber for 4 months. The 41-year-old acacia tree
was felled in May 2013 and was used immediately.
Heartwood (i.e. the inner portion) of tree trunk
at a height of 0.5-2.0 m from the ground was used
from both of the species.

The wood was splintered into blocks, each
measuring 3 cm x 3 cm x 20 cm. Six blocks with
a total mass a approximately 1 kg were used for
each sample. The monitored variants of heat treat-
ment were as follows: wood with no heat treat-
ment, wood dried for 5 h at 110 °C (to remove
moisture content), wood dried in the same man-

Tab. 1. Treatment of wood.

Treatment conditions WL | PES

Weod | Sample Drying Toasting [%] | [%]
o1 - - na | 4.7

02 110°C,5h - 0.0 | 50

03 110°C,5h | 150°C,2h | 2.8 | 41

Oak 04 110°C,5h | 175°C,2h | 45 | 55
05 110°C,5h | 200°C,2h | 85 | 6.2

06 110°C,5h | 225°C,2h | 16.6 | 5.3

Al - - na | 6.9

A2 110°C,5h - 00 | 65

Acacia A3 110°C,5h | 150°C,2h | 3.3 | 6.3

A4 110°C,5h | 175°C,2h | 6.1 | 5.9
A5 110°C,5h | 200°C,2h | 9.4 | 5.4
A6 110°C,5h | 225°C,2h | 16.3 | 4.1

WL - weight loss, PES — proportion of ethanol-soluble sub-
stances in mass of the toasted wood, na — not analysed.
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ner as above and further toasted for 2 h at 150 °C,
175 °C, 200 °C and 225 °C (Tab. 1). Toasted wood
samples are denoted as “O” for oak and “A” for
acacia. At all times, heat treatment of wood was
carried out in a laboratory drier in the presence of
air (Model 100-800; Memmert, Schwabach, Ger-
many) and with the flue gases being removed.

The temperature of drying and subsequent
toasting was reached by steadily increasing the
original laboratory room temperature over 2 h
(constant values of temperature were held for 5 h
for drying and 2 h for toasting). Re-cooling to the
laboratory temperature was carried out by evenly
decreasing the temperature for 1 h.

Weight loss due to toasting

Oak and acacia wood was monitored for weight
loss resulting from different temperature of toast-
ing (150 °C, 175 °C, 200 °C, and 225 °C), when the
default comparing material involved wood dewa-
tered by drying at 110 °C, until reaching a substan-
tially constant weight (changes below 0.5 g from
1 kg of sample weight). The weight of dried and
subsequently also toasted blocks of wood was ap-
prox. 1 kg. Both pre-toasting and post-toasting
weighing was done using a laboratory balance with
accuracy of 0.01 g (Model EW 2200-2NM; Kern &
Sohn, Balingen, Germany).

Changes in colour due to toasting

The heat-treated wood blocks were measured
for changes in colour along the surface and in
the inner portions of the wood using a colori-
meter (Lovibond RT850i-X-Rite; The Tintometer,
Amesbury, United Kingdom). The wooden blocks
were cleaved by an axe to obtain the inner layer.
The colorimeter was used to measure the spa-
tial coordinates of the CIELAB colour space, i.e.
lightness (L*) and colour-opponent dimensions (a*
and b").

Chemicals and solvents

For extraction, ethanol (absolute, grade for
high-performance liquid chromatography; Fisher
Scientific, Pittsburgh, Pennsylvania, USA) was
used. For antioxidant measurement, the following
chemicals were used: 2,2-diphenyl-1-picrylhydrazyl
(DPPH) (97 %, Sigma-Aldrich, St. Louis, Missouri,
USA),  6-hydroxy-2,5,7,8-tetramethylchromane-
2-carboxylic acid (Trolox) (97 %, Sigma-Aldrich),
2,4,6-tris(2-pyridyl)-s-triazine ~ (99%,  Sigma-
Aldrich), hydrochloric acid (p.a.; Penta, Prague,
Czech Republic), acetic acid (99.99 %, Penta), iron
trichloride (97 %, Sigma-Aldrich), sodium acetate
trihydrate (p.a., Penta). Folin—Ciocalteu reagent
(Sigma-Aldrich), gallic acid monohydrate (for
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HPLC, 99%, Sigma-Aldrich), sodium carbonate
(p-a., Penta).

Ethanol extracts

Having undergone different heat treatment,
wood blocks (size 3 cm x 3 cm x 20 cm) were
chopped to splinters with a diameter of approxi-
mately 3 mm and a length of 20 mm. The splin-
ters were crushed using a laboratory mill (Model
MF 10 Basic; IKA, Staufen, Germany), sieve mesh
size of 2.00 mm. The resulting pulp was made
free of dust particles by sieving through a stain-
less steel sieve (Preciselekt ISO 3310; Preciselekt,
Dolni Loucky, Czech Republic) with a mesh size
of 0.500 mm. The obtained fraction measur-
ing from 0.500 mm to 2.00 mm was sampled; the
sample that weighed exactly 2.50 g was put into
a 50 ml volumetric flask. 80% (v/v) ethanol was
added into each flask (up to the mark, it means
that volume of ethanol was slightly smaller than
50 ml) and placed into a shaker at harmonic oscil-
latory movement with amplitude 2.5 cm, frequency
200 Hz (LT1; Kavalier, Prague, Czech Republic)
for 5 days; extraction took place during the period.
After five days, the samples were allowed to settle
for two days and then the clear fractions were re-
moved for analysis. Until analysis, the obtained
samples were stored in a dark place at 4 °C.

Antioxidant capacity

Determination by the ferric reducing antioxi-
dant power (FRAP) method was done in a pH 3.6
acetate buffer (23 mmollI'! sodium acetate trihy-
drate in solution of 34 mmol-I'! acetic acid). The
reaction mixture contained 12 mmol-l-! FeCl3 so-
lution, 10 mmol-l'l 2,4,6-tris(2-pyridyl)-s-triazine
in 40 mmol-1-! HCI solution, and buffer in a ratio
of 1:1:10. A volume of 2 ml of the reaction mix-
ture was mixed with 25 ml of a sample diluted with
deionized water in a disposable plastic cuvette
(10 mm lightpath) and the obtained solution was
measured after 10 min at a wavelength of 593 nm
using a spectrophotometer (Specord 50 Plus; Ana-
Iytik Jena, Jena, Germany). Blank was prepared
in the same way but 25 ml of deionized water was
used instead of the diluted sample. The antioxi-
dant capacity (AC) was calculated from the cali-
bration curve of Trolox.

For the DPPH method, 1.9 ml of DPPH radical
solution in methanol (0.1 mmol‘l-1) was mixed with
0.1 ml of a sample diluted with deionized water
in a disposable plastic cuvette (10 mm lightpath).
Absorbance at 515 nm was measured after 30 min
using the spectrophotometer Specord 50 Plus.
Blank was prepared in the same way but 0.1 ml of
deionized water was used instead of 0.1 ml of the

diluted sample. AC was calculated from the cali-
bration curve of Trolox.

AC measured by both methods was expressed
as millimoles of Trolox per kilogram of wood mass
(WM).

Total polyphenols

Total polyphenols (7P) were determined using
the Folin-Ciocalteu reagent. In this method,
0.040 ml of extract was put into a 50 ml volumetric
flask with approximately 20 ml of deionized water
and mixed with 1 ml of the Folin-Ciocalteu rea-
gent. The flask was shaken and then, after 3 min,
5 ml of 20% Na2COs3 was added to the mixture,
shaken thoroughly again and the flask was filled
with water. After 30 min of standing, the colour of
mixture was measured in a cuvette (10 mm light-
path) at a wavelength of 700 nm using the Specord
50 Plus spectrophotometer (as opposed to the
blank sample). 7P were calculated from the cali-
bration curve of gallic acid. Content of 7P was ex-
pressed as grams of gallic acid per kilogram WM.

Mass fraction of ethanol-soluble substances

A volume of 10 ml of each extract was dried
for 4 h at approximately 50 °C to remove the sol-
vent (80% v/v ethanol). Subsequently, the samples
were dried 24 h in a freeze-dryer and then weighed
using an analytical balance (Model SBP32; Scaltec
Inatrument, Goéttingen, Germany) with the accu-
racy of 0.0001 g. The weight values were converted
to the proportion of ethanol-soluble substances
(PES), which was expressed in percentage of
weighed wood prior to extraction.

Statistical analysis

All ethanol extracts were measured three
times. Averages, standard deviations and
p <0.01 or p <0.05 (significant vs non-significant
differences) were calculated. The data were ana-
lysed by two-way ANOVA, applying Tukey’s multi-
ple range test for making comparisons with Statis-
tica Cz 12 (StatSoft, Tulsa, Oklahoma, USA) and
MS Excel 2010 (Microsoft, Redmond, Washing-
ton, USA) software.

RESULTS AND DISCUSSION

Oak and acacia wood

Weight loss due to toasting

The results showed that increasing tempera-
ture of toasting caused the weight of the toasted
wood to reduce. Toasting at a temperature of
225 °C decreased the weight of wood by more than
16 % for both oak and acacia as opposed to the

131



Hic, P. et al.

J. Food Nutr. Res., Vol. 56, 2017, pp. 129-137

sample that was only dried at 110 °C. This means
that 16.3% or 16.6% of weight was changed to
gases and aerosols, which were discharged via the
exhaust. The resulting weight losses are indicated
in Tab. 1. SHCHUPAKIVSKYY et al. [19] measured
the change of oak wood density depending on dif-
ferent temperatures during processing. The tem-
perature 200°C decreased the wood density by
approximately 7.8 % and temperature 220°C de-
creased the wood density by approximately 12.7 %.
This decrease corresponded with weight losses de-
termined in this paper.

Changes in colour parameters due to toasting

The measured data implied that an increase
the temperature of toasting caused detectable
changes in each parameter of wood colour range.
The greatest dependence was shown for lightness
(L™), which decreased as the temperature of toast-
ing increased, i.e. toasting was causing the wood
turning darker.

The colour (L*) of the surface of oak wood
changed from 62.14 for raw wood to 31.32 for the
wood toasted at 225 °C. The decrease in L™ was
dependent on the toasting temperature (Fig. 1A).
In their study, BARCIK et al. [20] measured colour
changes of thermo-treated wood at 210°C and
found the value L*=64.46 for raw wood to de-
crease to L*=429. The reported changes of
colour parameters correlate with values in this
paper.

A similar tendency was seen in acacia wood,
where there was an even stronger decrease in the
surface lightness from L* = 67.42 for raw acacia to
L*=27.13 for the acacia wood toasted at 225 °C.
The change in lightness was uniform through-
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out the volume of the treated wood, with mostly
no statistically significant differences detected
between the surface and internal portions, except
for toasting temperatures of 110 °C, 150 °C and
175 °C where inner sections of wood were found
to be statistically darker than the surface portions
(Fig. 1B). There is colloid water in the inner parts
of wood, which can be the reason of the darker
hue of the inner parts of toasted wood. The wa-
ter, which is not evaporated under lower tempera-
ture of toasting, can cause the thermal hydrolysis
of hemicellulose and thus darker hue of the inner
part of wood. SEHLSTEDT [21] also observed the in-
fluence of present water on the increased colour
change of wood treated with heat, due to hydroly-
sis of hemicellulose.

However, the fact described above involved
a slight variation of lightness. Within various modi-
fications of thermal treatment, the deviations were
much larger. Importantly, the two-hour period
of toasting of each variant ensured that an even
change occurred throughout the wooden mass, not
just on the surface.

Colour parameter a* (changes in the redness)
showed no correlation with temperature (Fig. 2),
but there was some variation, having an average
value 7.16 and ranging from the maximum of
a* = 10.92 to the minimum of a* = 4.00. In this
case, statistically significant differences were de-
termined between the heat treatment variants,
however, with no trend of dependency on the tem-
perature of toasting.

The decrease in colour parameter b* (changes
in yellowness) had a similar trend (Fig. 3). Values
of b* decreased with the increase in toasting tem-
perature, while the inner portions of wood showed
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Fig. 1. Dependence of lightness of wood on toasting temperature.

A — oak wood, B — acacia wood.
01-06, A1-A6 — designation of samples, description given in Tab. 1.
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Fig. 2. Dependence of colour parameter a* of wood on toasting temperature.

A — oak wood, B — acacia wood.
01-06, A1-A6 - designation of samples, description given in Tab. 1.
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Fig. 3. Dependence of colour parameter b* of wood on toasting temperature.

A - oak wood, B — acacia wood.
01-06, A1-A6 - designation of samples, description given in Tab. 1.

a greater decrease in b* than its surface layers,
although the reduction was not statistically signifi-
cant.

Ethanol extracts

Antioxidant capacity

The oak wood was not found to show any
trend in changes of AC due to temperature, as
measured by the FRAP and DPPH methods
(Fig. 4A). However, statistically significant dif-
ferences were found between certain options of
treatment (Tab. 2). The highest value of AC found
by both methods occurred for the treatment at
175 °C: 267 mmolkg? WM by FRAP method
and 236 mmol-kg! WM by DPPH method. The
lowest value was found for the treatment at
150 °C: 167 mmol-kg'! WM by FRAP method and
144 mmol-kg-! WM by DPPH method. CANAS et al.

[14] compared antioxidant capacities of alcohols
after maceration in oak wood barrels obtained at
different toasting temperatures, as percentage of
discoloration of DPPH solution. Unfortunately,
values were not expressed using any standards,
thus their results cannot be directly compared with
ours. However, results of those authors are similar
to ours in the fact that they did not find any up-
ward or downward trend of AC depending on the
temperature of toasting.

A statistically significant influence (p < 0.01)
of toasting temperature on values of AC of acacia
wood was observed. Increasing the temperature
of wood treatment resulted in an even decrease
of AC (Fig. 4B). The greatest determined AC
(435.1 mmol'kg! WM by DPPH method) was
determined for a sample without heat treat-
ment. Gradually, the values decreased to
123.6 mmol-kg-l WM by DPPH method, which was
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Fig. 4. Dependence of antioxidant capacity and total polyphenols of wood extracts on toasting temperature.

A — oak wood, B — acacia wood.
01-06, A1-A6 - designation of samples, description given in Tab. 1.
ACkerapP — antioxidant capacity measured by ferric reducing antioxidant power method, ACpppH — antioxidant capacity measured
by 2,2-diphenyl-1-picrylhydrazyl radical scavenging method. Antioxidant capacity is expressed in millimoles of Trolox per kilo-
gram of wood mass.
TP — total polyphenols expressed as grams of gallic acid per kilogram of wood mass.

Tab. 2. Statistical evaluation of the influence of toasting temperature on antioxidant capacity
and total polyphenols of the oak extract, and lightness of oak wooden blocks.

o1 |02 (110°C) | 03 (150 °C) | 04 (175 °C) | 05 (200 °C) | 06 (225°C) |  Values
Lightness L*
s|cls|c]s]c|s]c]s|]c][s]|c]s]c
ACFRAP
01 ACDPPH nS * * % * % *% *% *% *% ** ** 62.1 65.8
TP
ACFRraP *
02 ACDPPH ns * % *% *% *% *% *% *% ** 62 9 62 8
(110 °C) 9| 62.
TP -
03 ACFRAP *k *k
*% *% *% *% *% *% *% *%
(150 °C) |ACDPPH 58.6 | 58.3
P ns el
ACFHAP *% *% *%
04 *% *% *% *% *% *% * %
(175 °C) | ACoPPH 445 | 457
TP *% *% *%
05 ACFRAP ns ns ** okl
*% *% ** *% *%*
(200 °C) | ACPPPH ns 37.3| 37
TP *% *% *% ns
06 ACFRaP ns *k *k *x ns
*% *% *%* *
(225 °C) | ACDPPH ns 313|319
TP *% *% *% *% * %
ACrrap [mmolkg] | 213.1 236.1 167.3 266.6 2203 206.2
Values |ACoper [mmolkg]|  190.8 205.9 1435 235.6 175.8 155.6
TP [gkg '] 20.3 223 195 31 31.2 27.7

Tukey’s honest significance test for different toasting temperatures of oak wood (values are means calculated from three meas-
urements): ** —p <0.01, * — p <0.05, ns — not significant.

01-06 - designation of samples, description given in Tab. 1.

ACrrap — antioxidant capacity obtained by ferric reducing antioxidant power method, ACpppH — antioxidant capacity obtained by
2,2-diphenyl-1-picrylhydrazyl radical scavenging method. Values of antioxidant capacities are expressed in millimoles of Trolox

per kilogram of wood mass.

TP — total polyphenols. Values of total polyphenols are expressed as grams of gallic acid per kilogram of wood mass.
S - lightness of wood on surface of blocks, C — lightness of wood in centre of blocks.
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by as much as 71.6 % off the original level. A simi-
lar downward trend was observed in AC when ap-
plying the FRAP method, where there was almost
always a highly significant difference (p < 0.1)
between the thermal variations. Only a significant
difference (p < 0.05) was observed between the
samples treated at 175 °C and 200 °C. A statistical-
ly insignificant reduction was found between the
sample treated at 110 °C and that treated at 150 °C
(Tab. 3). The decreasing trend of AC and TP con-
tent in dependence on increasing temperature of
processing is shown in Fig. 4B.

The average value of AC in oak measured by
DPPH method was 181 mmol-kg-1 WM, the fluctu-
ation (variance) accounting for 14.7 % of this val-
ue. This was less than the fluctuation of values for
acacia, where the variance was up to 52.4 % of the
average value AC (267 mmol-kg'l WM). AC values
for thermally untreated acacia were approximately
twice that of oak for the same antioxidant methods

(FRAP, DPPH). For temperatures above 175 °C,
both of the determined values of AC were higher
for oak than for acacia.

The results of AC in both of the methods
(FRAP vs DPPH) correlated very well, with the
correlation coefficient of 0.9790. This indicat-
ed that extracts with higher AC (for the DPPH
method) had not only a high ability to inactivate
free radicals but also greater reduction properties
(FRAP).

Total polyphenols

The determined values of TP for oak were
statistically significantly influenced by the tem-
perature of toasting. Yet, there was no statisti-
cally significant change at toasting temperatures
below 150 °C. At 175 °C, there was an increase in
the value of TP, which did not change statistically
significantly even at 200 °C. Increase in toasting
temperature to 225 °C caused a statistically sig-

Tab. 3. Statistical evaluation of the influence of toasting temperature on antioxidant capacity
and total polyphenols of the acacia extract, and lightness of acacia wooden blocks.

Al |A2 (110 °C) | A3 (150 °C) | A4 (175 °C) | A5 (200 °C) | A6 (225°C) |  Values
Lightness L*
S | C S C S C S C S C S C S C
ACFrAP
A1 ACDPPH ns ** * % *% *% *% *% *% ** ** 674 71 3
TP
A2 ACrraP *x
*% * % *% *% *% *% *% *% **
(110 °C) ACpPPH 66.5 | 59.4
TP **
A3 ACrraP *x ns
*% *% *% *% *% *% *% *%
(150 °C) |ACDPPH 57.3 | 47.3
TP *% *
ACFHAP *% *% *%
A4 *% *% *% *% *% * %
(175 °C) ACppPH ns 41.1 | 36.1
TP *% *% *%
ACFRAP *% *% *% *
A5 *% *% *% ** *% **
(200 °c) |ACDPPH 333 | 34.8
TP *% *% *% ns
ACFRAP *% *% *% ** * %
A6 *% *% *% *%* *
(225 °C) | ACDPPH 271 | 27.8
TP *% *% *% *% * %
ACrrap [mmol-kg1] 399.7 329.6 299.2 219.8 181.3 144.9
Values |ACpppH [mmol-kg-'] 4351 350.8 302.2 219.2 161.3 123.6
TP [gkg] 44.5 38.9 36.6 28 28.3 20.2

Tukey’s honest significance test for different toasting temperatures of oak wood (values are means calculated from three meas-

urements): ** —p <0.01, * — p <0.05, ns — not significant.
A1-A6 - designation of samples, description given in Tab. 1.

ACrrap — antioxidant capacity obtained by ferric reducing antioxidant power method, ACpppH — antioxidant capacity obtained by
2,2-diphenyl-1-picrylhydrazyl radical scavenging method. Values of antioxidant capacities are expressed in millimoles of Trolox

per kilogram of wood mass.

TP — total polyphenols. Values of total polyphenols are expressed as grams of gallic acid per kilogram of wood mass.
S - lightness of wood on surface of blocks, C — lightness of wood in centre of blocks.
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nificant decrease in TP compared to 200 °C, which
was, however, still higher than 150 °C (Fig. 4A).
For acacia wood, the levels of TP were statisti-
cally significantly influenced by the temperature
of toasting, except for a few adjacent values the
overall trend of which was similar to that seen for
antioxidants, i.e. TP decreased with an increase in
temperature of toasting (Fig. 4B).

The determined values of TP correlated
with the total AC determined by both of the
methods (FRAP, DPPH). Correlation coeffi-
cients were 0.8801 for DPPH method and 0.9011
for FRAP method. This suggests that most of the
antioxidants in the wood is of a phenolic cha-
racter. SERUGA et al. [22] assumed that phenolic
compounds are the main source of antioxidants
in wine. Studies of ORTEGA-HERAS et al. [23] and
BARRIO-GALAN et al. [24] confirmed that pheno-
lic compounds are released from wood barrels into
wine. GORTZI et al. [25] reached similar conclu-
sions. The latter authors supposed that antioxidant
effects are caused by the phenolic components ex-
tracted from wood chips. In contrast, GOMEZ et al.
[26] did not observe significant influence of added
oak chips into wine on the amount of 7P. Possible
explanation of this fact is that although the extract
from oak chips has a high content of polyphenols,
the amount of polyphenols released from oak
chips into wine is very low.

Mass fraction of ethanol-soluble substances

The determined values demonstrate that the
proportion of ethanol-soluble substances (PES)
extractable from wood did not change signifi-
cantly with temperature. Their range was 4.1 %
to 6.9 %, while the average value of the two types
of wood was 5.5% for a single-stage extraction
process (Tab. 1). It is worth comparing AC of the
product obtained by drying of the sourced ex-
tract. It appeared that its AC was comparable with
pure Trolox (103.5 % =+ 19.2 %). It was therefore
a strong antioxidant, which can be assumed to act
strongly in wine.

CONCLUSIONS

The determined changes in the colour of
the toasted wood showed a uniform toast-
ing throughout the section of the wood. In the
process of toasting, the loss of weight of the dry
wood under treatment was related to the tem-
perature. The largest decrease was determined
at the highest temperature (225 °C) and corre-
sponded to about 16 % of the original weight of
both types of wood. For toasted wood, the aver-
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age weight of substances extracted by 80% (v/v)
ethanol was 51 gkg'! =7 g'kg! for oak wood and
59 gkg1 =10 gkg! for acacia wood. AC of etha-
nol extracts had, when re-calculated to dry mass,
very high levels, which were comparable with AC
of pure Trolox (103.5 % = 19.2 %). The results ob-
tained by FRAP and DPPH methods showed that
one kilogram of toasted wood could provide AC
equivalent to about 50 g of pure Trolox. The etha-
nol extracts obtained can thus be used as a good
source of antioxidants.
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