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Abstract
Extraction efficiency of total polyphenols and flavonoids from bark oak (Quercus robur L.) grown in the central region 
of Poland was evaluated. The total phenolics of water and 60% ethanol and extracts were in the range of 55.4–60.4 and 
71.0–79.3 mg gallic acid/g of bark, respectively, while the total flavonoid content in these extracts were determined in the 
range of 35.1–38.0 and 72.0–78.4 mg catechin/g. The hydroalcoholic extracts exhibited higher DPPH radical scavenging 
activity than BHT (butylated hydroxytoluene), popular food additives.

1 Introduction

Bark is known to also accumulate large amounts of polyphe-
nolic compounds which exhibit a wide range of biological 
effects, including antioxidant, antibacterial and anti-inflam-
matory activity (Ferreira et al. 2015; Dedrie et al. 2015). 
Oak bark due to its valuable chemical composition, has been 
used in traditional medicine for the treatment of wounds and 
skin diseases.

Abundant and inexpensive materials, such as residues 
of wood transformation, represent a promising source for 
natural antioxidant substances (Bouras et al. 2015; Jung 
et al. 2016; Lazar et al. 2016). The aim of this study was 
to evaluate the extraction of major classes of polyphenolic 
compounds from bark oak (Quercus robust L.) grown in 
the central region of Poland along with the DPPH radical 
scavenging activity of these extracts.

2  Materials and methods

Oak bark (Quercus robur L.) samples were collected in two 
different locations in central Poland (the Mazovia plain). 
The sample S1 was from 12-year old pine forest (N 52°41′, 

E 21°29′) and the sample S2 from 25-year old pine forest 
(N 52°49′, E 21°45′). The collected plant material was dried 
at 40 °C for 24 h, then ground (Pulverisette 15) and sieved 
(0.5 mm). The commercially available oak bark sample 
(Herbapol, Poland) purchased from a local drugstore was 
used for comparison (sample S3). The dry plant material 
(700 mg) was mixed with 25 mL of ethanol–water solution 
(60:40, v/v) for 20 min at room temperature.

The total phenolic content was evaluated using Folin–Cio-
calteu (FC) assay. 0.1 mL of sample was mixed with 0.1 mL 
of FC reagent and 0.9 mL of water. After 5 min, 1 mL of 
7%  Na2CO3 and 0.4 mL of water were added and the mix-
ture was incubated for 30 min. Absorbance was measured at 
765 nm against the reagent blank.

For the determination of total flavonoid content, 1 mL of 
a sample was mixed with 0.3 mL of  NaNO2 (5%, w/v) and 
after 5 min 0.5 mL of  AlCl3 (2%, w/v) was added. A sample 
was mixed and 6 min later neutralized with 0.5 mL of 1 M 
NaOH solution. The mixture was left for 10 min at room 
temperature, and then absorbance was recorded at 510 nm.

The diphenylpicrylhydrazyl (DPPH) assay was applied 
to estimate the radical-scavenging ability of the oak bark 
extracts as described elsewhere (Pękal and Pyrzynska 2013).

3  Results and discussion

Water and ethanol–water solution (60:40, v/v) were used for 
extraction of phenolic compounds from bark oak samples. 
The results for total phenolic (TP) and total flavonoid (TF) 
contents in the studied extracts are shown in Table 1. As 
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expected, extraction yields with ethanol–water mixture were 
higher than those obtained by water, particularly for total 
flavonoid content, probably due to higher solubility of these 
compounds in alcohols. However, taking into account the 
use of hot water extract of oak bark by folk medicine, the TP 
values obtained for these extracts are higher in comparison 
with the values (10.5–13.4 mg gallic acid/g) reported for 
the bark of oak species Q. robur L. and Q. petraea grown in 
Wallonia region, Belgium (Dedrie et al. 2015). The results 
of one-way ANOVA followed by Turkey’s test indicated that 
TP and TF contents for samples S1 and S2 with different oak 
ages were statistically similar (p < 0.05) for water as well 
as ethanol–water extractants. The comparison between the 
sampled oak bark extracts (sample S1 and S2) with commer-
cially available dry oak bark (sample S3) demonstrates that 
the latter contains a little bit higher amounts of total phenolic 
and flavonoid contents, except the TP value in ethanol–water 
extract, which is significantly higher for S1 and S2 samples.

Antioxidant activity of the studied extracts was assessed 
on the basis of their scavenging effect on the stable DPPH 
radical. The kinetic curves of scavenged DPPH by water 
and ethanol–water extracts of sample S2 as an example is 
presented in Fig. 1. During the first few minutes of the reac-
tion, significant decrease in the absorbance of DPPH was 
observed, followed by slow subsequent disappearance of 
the reagent. The kinetic curves for butylated hydroxytoluene 
(BHT), popular synthetic antioxidant used as a food additive, 
at its concentration of 50 μM, are also presented in Fig. 1 
for comparison. As could be seen, the studied extracts of 
Q. robur bark exhibited similar or higher (hydroalcoholic 
solution) DPPH radical quenching than BHT solution. To 
the best of the authors’ knowledge, the antioxidant activity 
of Q. robur extract using ethanol–water mixture has not been 
reported yet. Only polyphenols yields have been determined 
(Dedrie et al. 2015; Bouras et al. 2015). Galiňanes et al. 
(2015) found that 2%  Na2SO3 extract from Q. robur bark 

grown in Spain had higher DPPH radical scavenging activity 
 (EC50 = 0.063 mg/mL) than water extract  (EC50 = 0.074 mg/
mL).

The present results showed that the crude bark extracts 
of Quercus robur, considered as forest industry residues, 
contained high content of biophenols and exhibit high anti-
oxidant properties. The extracts can be obtained by simple 
extraction procedures directly from the existing waste raw 
material, reducing the need for additional processing stage 
and could find applications as additives in nutraceutical and 
cosmetic products to prevent damage provoked by oxidative 
stress in human organism.
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Fig. 1  Kinetic curves of scavenged DPPH by extracts of Q. robur 
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