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ABSTRACT
Introduction: According the folk traditions in Bulgaria for hard alcoholic beverages
processing, Quercus robur L., Morus nigra L., Robinia pseudoacacia L., and Cotinus coggygria
Scop. are the most popular species for manufacturing of wood barrels for storage and ageing, as
well as for additionally coloring of drinks. The wood improves organoleptic characteristics by
giving a specific taste, flavor and color to beverages. Popular believes suggest that colored
drinks in small quantities could possess certain health beneficial effects (e.g. against gastric
ulcer and diarrhea), probably due to the plant constituents extracted during ageing and
coloration.
Methods: 40% aqueous-ethanol extracts were prepared based on traditional recipes for
hard alcoholic drinks coloration. Antioxidant capacity and total polyphenol content of the
extracts were measured and compared in a time course.
Results: The highest polyphenol content and antioxidant activity were estimated for M.
nigra heartwood extract. High positive correlation between polyphenol content and antioxidant
activity was calculated for all extracts studied.
Conclusions: The results suggest that polyphenol content significantly contributes to
antioxidant activity of all studied extracts. The heartwood extract from M. nigra, identified to
possess highest total polyphenol content and antioxidant activity, will be further investigated for
cytotoxicity as well as for biological effects in different in vivo models.
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INTRODUCTION
One of the most important stages of hard alcoholic beverages production is the ageing process
in wood barrels. The most popular woods for barrel manufacture are oak (Quercus robur L.),
mulberry tree (Morus nigra L.), and black locust tree (Robinia pseudoacacia L.) [29]. Traditionally
in Bulgaria hard alcoholic beverages (e. g. “rakia”), are colored additionally with stems and
heartwood from these species and from smoke tree (Cotinus coggygria Scop.).
Each wood adds a specific taste, aroma and color to the beverages, probably due to the
specific phytochemical content of the wood, to its physical properties, as well as to the geographical
origin of the trees [3]. Many scientific studies reveal the rich composition of polyphenols and
phenolic acids extracted from wood material during aging of beverages [1, 2, 8, 10, 26].
Along with improving the organoleptic characteristics of beverages, the extracted
phytochemicals might contribute to some beneficial pharmacological properties of wood extracts.
Scientific evidences exist that extracts from different parts of mulberry tree (mainly fruits, leaves
and bark root) exhibit various beneficial effects such as antiviral, antihyperglycemic,
antiatherogenic and hypotensive action [7, 18, 30]. Although phytochemical investigations confirm
the high polyphenol content in heartwood ethanol extract [10], the biological properties of this part
of mulberry tree are not yet clarified.
Flower infusion from black locust tree is recognized by folk medicine as a powerful remedy
against neuralgia, gingivitis and gastrointestinal disorders [13]. Ethanol extract from young stems
relieves gastro-intestinal inflammations and lowers the blood pressure [2]. Resorcinol – one of the
most active polyphenol compounds extracted from black locust heartwood is used in
Volume III, Number 1, 2013
Medicine

123

Science & Technologies

pharmaceutical industry for preparing ointments for treatment of dermatitis, acne and fungal
infections [11, 12].
Smoke tree is a common medicinal plant used in Balkan folk medicine, predominantly for
external administration as an anti-haemorrhagic and wound-healing remedy [19]. However, several
authors report that aqueous infusions from leaves can be applied orally for treatment of throat and
stomach inflammations, gastric ulcer, diarrhea and even diabetes mellitus. [9, 17, 23]. In recent in
vivo studies, the beneficial effects of 1% leaves aqueous infusion and 20% heartwood aqueousethanol extract were estimated in respect of improving lipid profile and increasing serum
antioxidant capacity [15, 24]. The diverse biological effects of C. coggygria are contributed to some
extend to the high polyphenol content and antioxidant capacity of its aqueous and aqueous-ethanol
extracts established in phytochemical studies [14, 16, 21].
Being the most popular source of material for barrels manufacturing Q. robur was used as a
reference species in this study. According to Caldeira et al. [4] hundreds of volatile compounds
derived from oak heartwood contribute to the aroma of brandies during ageing process. The
antioxidant activity and the phenolic composition (total polyphenols, phenolic acids and
hydrolysable tannins) of Portuguese and Spanish brandies stored in oak barrels were analyzed [5, 6,
27]. The compounds extracted from oak heartwood are recognized as potential antiulcer
therapeutics in respect to their ability to inhibit Helicobacter pylori growth [20].
The aim of the present study was to determine and compare total polyphenol content (TPC) as
well as antioxidant activity (AOA) of heartwood aqueous-ethanol extracts from four arboreal
species, traditionally used in Bulgaria for coloring of hard alcoholic beverages.
MATERIALS AND METHODS
Heartwood samples processing
Heartwood samples from four species (Q. robur, M. nigra, R. pseudoacacia and C.
coggygria) were subjected to fumigation following the popular technology: the wooden chips were
boiled for 10 minutes and then saturated with cold water for 24 hours. Finally the material was dried
for 15 minutes at 150-190°C.
Aqueous-ethanol extracts preparation
The extracts were prepared following the traditional Bulgarian recipe for coloring of hard
alcoholic drinks. Briefly, the wood materials (2g) were put in dark glass bottles with 40% ethanol
(1L per sample) for 60 days. In order to follow the changes of polyphenol content and antioxidant
activity at different time points, samples (1ml) were taken periodically from the four extracts.
Biochemical methods
Total polyphenol content (TPC) was determined spectrophotometrically using the FolinCiocalteu reagent [28] and calculated as mM quercetin equivalents (mM QE).
Antioxidant activity (AOA) of extracts was measured applying the spectrophotometric
method [25] based on the ability of the antioxidants to reduce preformed ABTS cation radical [2,2′azino-bis(3-ethylbenzothiazoline-6-sulphonic acid)]. Values were expressed as mM uric acid
equivalents (mM UAE).
Statistical analysis
Statistical analyses were performed by analysis of variance (ANOVA). Data were presented
as mean ± standard deviation (SD).
RESULTS AND DISCUSSION
The results from measurements of ТРС and АОА of the four studied extracts are presented
graphically in figures 1 and 2.
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Figure 1. Changes in total polyphenol content (TPC) of 40% aqueous-ethanol wood extracts at
different time points, ranging from day 1 to day 60 of extraction. Data are presented as mean±SD

Figure 2. Changes in antioxidant activity (AOA) of 40% aqueous-ethanol wood extracts at different
time points, ranging from day 1 to day 60 of extraction. Data are presented as mean±SD
The aqueous-ethanol extract of mulberry exhibited the highest AOA and TPC. Similar results
were reported by a comparative study of 50% aqueous-ethanol wood extracts from different species
where the highest TPC was estimated in mulberry extract followed by acacia and oak ones [8].
The correlation between TPC and AOA of all studied extracts was calculated. High positive
correlation was estimated for all studied extracts: r=0,99 (black locust and mulberry), r=0,97
(smoke tree) and r=0,91 (oak). These data are in accordance with results reported by other authors
[1, 10], suggesting that polyphenols and phenolic acids are the compounds contributing to the
antioxidant capacity of wood extracts.
Although that TPC of black locust and smoke tree extracts were very similar, the AOA of the
former was significantly higher (Fig. 2). Differences in antioxidant capacity of the studied extracts
are probably due to the different phytochemical composition of the woods. According to Alañón et
al., [1] the presence of phenolic acids as gallic, ellagic and p-coumaric greately contribute to
antioxidant capacity of heartwood extracts. Scientific literature provides quite few data about the
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phytochemical composition of mulberry wood, perhaps because of its limited usage for the
manufacturing of barrels for aging of wine and spirits.
Time points analyses indicate that changes in AOA and TPC become negligible after 40 days
of extraction and this fact could be considered in further investigations.
Interestingly, M. nigra is recognized as a medicinal plant mainly for therapeutic potential of
its fruits, leaves and root bark. The established high AOA and TPC of heartwood of the tree by our
study provides a basis for further investigations on the biological effects of the extract in
experimental models of pathologies involving oxidative stress.
CONCLUSION
The presented results suggest that polyphenol content significantly contributes to antioxidant
activity of heartwood extracts. The M. nigra extract was identified to possess highest total
polyphenol content and antioxidant activity among all studied extracts and will be further
investigated for cytotoxicity as well as for biological effects in different in vivo models.
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