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Abstract:

Plants have been used in Bulgarian traditions for thousands of years. Apart of the knowledge about the

healing potential of some popular tree species, stems and heartwood are used traditionally in Bulgaria
for coloring of hard alcoholic beverages. Popular believes suggest that colored drinks in small quantities
could possess certain health beneficial effects due to the plant constituents extracted during the process
of coloration. Here we present an overview of the arboreal species, known to be used for manufacturing
of barrels for maturation or for coloring of beverages at home in Bulgaria. Based on the existing data, we
suggested that the specific phytochemical characteristics of the heartwoods of different species could con-
tribute for the organoleptic characteristics of the colorized beverages as well as for their beneficial effects
on the metabolism when consumed in moderate quantities.
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Introduction

Plants represent an inexhaustible source of compo-
nents for the development of new drugs, thanks to
their properties to absorb simple molecules and in-
clude them in complex, biologically active products.
The rapidly growing scientific knowledge in this
field is explained by the revived interest of research-
ers in the healing power of plants based on tradition-
al medicine and folklore data.

The Hellenic nature explorer and philoso-
pher Theophrastus notes in his work “Enquiry into
Plants” that Thrace is the richest region of medicinal
plants in the then world (PETKOV 1982). Due to the
diverse climatic conditions and soil diversity of the
region, Bulgarian plants contain a high percentage
of biologically active substances. They are rich in
various chemical compounds such as alkaloids, gly-
cosides, saponins, polysaccharides, tanning agents
(tannins), flavonoids, lignans, coumarins, essential
oils, vitamins, trace elements, etc. The healing ef-
fects and the application of many of them have been
already studied. In the world practice, about 40% of
the pharmaceuticals/medical products produced by

the chemical and pharmaceutical industry are pre-
pared from plant raw materials.

The knowledge about the healing potential of
some popular tree species is based on the beneficial
effects of various preparations of their fruits, flow-
ers, leaves and bark. Although the heartwoods of
these plants are used to produce barrels facilitating
the aging and coloring of high-alcoholic beverages,
there is still insufficient scientific data on the effect
of the extracted active heartwood components on
human health.

Material and methods

The focus of our interest was on the arboreal species
traditionally used for manufacturing barrels for col-
orization and maturation of alcoholic beverages and
we collected information about the plant constituents
extracted during the process of coloration and matu-
ration. We used the PubMed database (https://www.
ncbi.nlm.nih.gov/pubmed/) searches with keywords,
as well as highly regarded publications in the field
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from which other sources were identified using the
“Cited by” link in Google Scholar (scholar.google.
com) and Science Direct (www.sciencedirect.com).
Recent developments in the field were emphasized
by searching articles published in targeted journals
in the last 20 years, whilst still including significant
historical sources. Books devoted to Bulgarian tra-
ditional medicine were the sources of information
about the healing effects of the plants.

Results

Grape brandy is the most commonly used alcoholic
beverage in Bulgaria (MARINOV 2005). Its produc-
tion is part of the national cultural identity. Wood-
colored brandy, used in small quantities, exhibits a
known beneficial effect on health, according to the
traditional perceptions of the population. The pro-
duction of high-quality beverages necessarily in-
volves the stage of maturation - aging in wooden
barrels to improve the organoleptic characteristics of
the end product. According to ALANON et al. (2011)
the maturation of beverages is a key step not only in
shaping the ultimate flavor characteristics but also
increases their antioxidant capacity.

The role of heartwood in the alcohol aging pro-
cess is as follows:

1. Extraction of various phenolic components
from the wood; 2. Change in the aroma as a result of
chemical reactions between these components and
the active ingredients of the distillate; 3. Change in
color due to the oxidation of certain phenolic com-
pounds by atmospheric oxygen and the formation of
new anthocyanin derivatives and tannins (FLAMINI et
al. 2007, ALANON et al. 2011).

Sometimes in domestic production, except
aging in barrels, wood (core/heartwood or young
branches) of white or black mulberry (Morus alba
L., Morus nigra L.), black locust (Robinia pseudo-
acacia L.), oak chips (Quercus robur L.) and rela-
tively rarely (mainly in Northeastern Bulgaria) of the
smoketree (Cotinus coggygria Scop.) is used to color
the brandy. There was no difference in the species ap-
plied in inland and coastal regions of the country.

While in the other parts of the plants the biolog-
ically active components are more often represented
as free molecules, in the wood they are interconnect-
ed by means of low energy intermolecular interac-
tions, forming the biopolymers cellulose, hemicel-
lulose and lignans, and compounds of another na-
ture defining the mechanical properties of the tree.
Cellulose is a compound, consisting of a unbranched
chain of several thousand glucose residues joined to-
gether by B-1-4-glycosidic bonds. Hemicellulose is
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a heterobiopolymer, which besides glucose contains
other hexoses and pentoses. Its molecule is a long
chain of glucose residues joined by B-1-4-glycosidic
bonds, and shorter side chains formed by other types
of carbohydrates attached.

The process of heat pre-treatment of wood as
a factor in changing the color and aroma of the bev-
erage is equally as important as the specific wood
species profile. Toasting significantly affects the
chemical composition and thus changes the quantity
and quality of the extracted substances. This process
produces a large number of low molecular weight
compounds resulting from the thermal decomposi-
tion of biopolymers such as cellulose, hemicellu-
lose, lignans which can pass into the alcohol when
contacting the wood (CaBrita et al. 2012). Two
classes of phenolic acids, hydroxylated derivatives
of benzoic (hydroxybenzoic acids) and cinnamic
(hydroxycinnamic acids) are found in the wood. The
benzoic acid derivatives differ in the hydroxylation
or methylation of the aromatic ring. The most com-
mon derivatives are hydroxybenzoic, vanillic, sy-
ringic, protocatechinic (SANz et al. 2012). They are
usually conjugated to a carbohydrate residue, bound
to cell wall components (STRACK 1997). The four
most widely distributed hydroxycinnamic acids are
p-coumaric, caffeic, ferulic and sinapic acids.

Thermal decomposition or thermolysis of poly-
saccharides leads to the formation of furan deriva-
tives. Hemicellulose is the thermally most sensitive
biopolymer that is degraded upon heating and this
explains the high levels of furfural (pentose deriva-
tives) and 5-methyl furfural (from cellulose and glu-
cose) among the furan aldehydes identified in the
alcoholic extracts (CALDERIA et al. 2006). According
to the authors, the duration of the thermal treatment
is also important. Lignans are thermally the most
stable polymers. Their thermal decomposition leads
to the release of phenolic aldehydes (syringaldehyde
and vanillin) (Kozrovic et al. 2010), followed by an
increase in their corresponding acids and monomeric
products: eugenol and syringol, as well as various
types of coumarins, derived products of cinnamic
acid (MOSEDALE & PUECH 1998).

According to CsONKA-RAKOsA (2005), the dif-
ferences in structure are a factor that influences the
thermal stability of flavonoids (number and posi-
tion of hydroxyl groups and of the glycosidic bond).
Using a spectrophotometric analysis of different fla-
vonoids found in heat-treated black locust wood (R.
pseudoacacia), the same author notes that the color
changes of quercetin and robinetine are different due
to the difference in the number and position of the
hydroxyl groups in their structure. The most stable
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Table 1 presents the phenolic compounds identified in alcoholic extracts (wine, vinegar, 50% aqueous-ethanol solu-
tion) of four types of wood used to color brandy in Bulgaria.

Plant species

Phyto-chemical composition

References

Morus nigra L.

trimethoxyphenol, syringaldehyde, vanillin;

2-aryl benzofuran

FLamINI et al. (2007)

FERLINAHAYATI (2008)

Robinia pseudoacacia L.

syringaldehyde, hydroxybenzaldehyde, vanillin,
anisaldehyde;

dihydro robinetin, robinetine,
furfural, 5-methylfurfural, guaiacol,, vanillin, kempferol,
rutin;

dihydro robinetin, robinetin, robin, fustin, butin, catechin,
quercetin, myricetin, myricetin-3- glucoside;

2,4-dihydroxybenzaldehyde; gallic, ellagic, caffeic,
p-coumaric acids

FLamiINI et al. (2007)

CEREZO et al. (2009)

Kozrovic et al. (2010)

SaNz et al. (2012)

Cotinus coggygria Scop.

sulfuretin, fustin, gallic acid, methylgallate, catechins,
quercetin, dihydro quercetagetin.

ANTAL et al. (2010)

Quercus robur L.

furfural, eugenol, vanillin, B-methyl-y-octa-lactones,
4-ethylphenol;

phenolic acids (gallic, ellagic, protocathetic, vanilic,
cinnamic, p-cummaric), vanillin, ruburiins (A-E),
syringaldehyde;

vanillin, eugenol, methoxyeugenol, syringaldehyde,
a-terpineol, catechin, quercetin, myricetin; gallic, ellagic,

Kozrovic et al. (2010)

ALANON et al. (2011)

SaNz et al. (2012)

ferulic, caffeic, p-cummaric acids

are robinetine and myricetin, which have three hy-
droxyl groups in the B-ring. Catechin and epicat-
echin, from the representatives of the group of fla-
vanols are dominant secondary metabolites found in
black locust and oak wood (SANZ et al. 2012).

There are data available in the literature about
identification of various phenolic compounds ex-
tracted into alcohol from different woods. The stud-
ies are mainly focused on changes in the chemical
composition and on the organoleptic characteristics
of wine stored in barrels produced from different
tree species. Predominantly oak, acacia, cherry and
chestnut are being analyzed.

Discussion

The reported beneficial effects of colored bever-
ages when consumed in moderate quantities may
be due to some biologically active components of
the heartwood (polyphenols: flavonoids and tan-
nins, phenolic acids and secondary metabolites) that
pass into the distillate during the process of aging.
These compounds show powerful antioxidant activ-
ity, thus explaining the so-called “French paradox”
- reducing the coronary mortality rate by moderate

consumption of red wine, probably due to its poly-
phenol composition (HERNANDEZ et al. 2007).

The main route for the biologically active com-
pounds of the heartwood to enter the human body
and to exhibit their metabolic activity is by direct
consumption of extracts from this part of the tree.
Popular application of wood of various plant species
in the food industry is their use in the production
of containers (casks, vats, barrels) for storage, ag-
ing and coloring of various alcoholic beverages for
direct human consumption (wine, rum, whiskey,
brandy). Since ancient times, oak is the most popu-
lar material for making such containers because of
its unique physical and chemical properties and the
ability to release a large amount of aromatic volatile
compounds that contribute to the final tasting quali-
ties of the beverage (MOSEDALE & PUECH, 1998).

The knowledge about the healing effect of tree
species is mainly based on the application of their
leaves, flowers, fruits and bark. There are scarce
data on the use of branches and wood for curative
purposes.

The oak has long been known in the world phy-
totherapy. The bark is the one most commonly used,
rarely are the seeds and fruits. Dried bark infusion
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is used as an anti-inflammatory agent and antiseptic
remedy in dysentery, intermittent fever and haemor-
rhages (CALDERIA et al. 2002). Bulgarian traditional
medicine recommends an oak bark infusion for di-
arrhoea, worms, cough, bronchitis, bladder inflam-
mation, heartburn and stomach ache (DiMkov 1991).
Compresses are applied externally to treat lymph
gland inflammation, eczemas and wounds, also as a
gargle for stomatitis (AHTARDJIEV 1980).

By using an agar diffusion method, ANDRENSEK
et al. (2004) detect antimicrobial activity of 80%
methanolic extract from Q. robur bark in cases of
Staphylococcus aureus, Enterobacter aerogenes and
Candida albicans. The main compounds found in
oak wood are tannins. According to BRONZE et al.
(1997) the Q. robur heartwood may contain up to
10% of ellagitannins. Active components derived
from the oak heartwood have been shown to be po-
tential anti-ulcer agents in their ability to inhibit the
growth of Helicobacter pylori (LIN et al. 2005). This
is also confirmed by the study by MARTIN & WALLACE
(2006), who prove that tannins and phenolic acids
have the ability to protect the gastric mucosa against
the action of toxic substances and can prevent gas-
trointestinal inflammation. An in vitro study found a
high antioxidant activity of aqueous - ethanol extract
from Q. robur leaves (ALMEIDA et al. 2008).

Data on the use of black locust flower infusion
as a powerful remedy against neuralgia, gingivitis
and gastrointestinal disorders and of aqueous infu-
sions with expectorant, antispasmodic and diuretic
effect are available in the experience of traditional
healers in Bulgaria (IkoNoMoOv 1941). The robinia
bark in small doses is used in cases of hyperchlorhy-
dria, ulcers in the stomach and intestines, but only
under medical supervision because it contains the
toxalbumine robinin (SToyaANOV 1973).

Ethanol infusion from young branches relieves
gastrointestinal inflammation, reduces blood pres-
sure (Stoyanov 1973) and shows positive results in
treatment of exaggerated gastritis and increased gas-
tric acid secretion (NAZINA et al. 2005).

Resorcinol - a polyphenolic compound derived
from the R. pseudoacacia heartwood is used in the
pharmaceutical industry for the production of oint-
ments for the treatment of dermatitis, acne and fun-
gal infections (HAHN et al. 2006).

LEsa et al. (2005) found high content of flavo-
noids and anthocyanins in pollen from R. pseudoa-
cacia and they established a correlation between the
polyphenol content and the inhibition of lipid per-
oxidation in in vitro experiments.

Amorphashibol (APH-1) is a trans-stilbene
extracted from seeds of locust tree. Kim et al. (2012)
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establish the biological activity of APH-1 as an ag-
onist of peroxisome proliferator-activated receptor
gamma (PPARy) and a potential source for treat-
ment of diabetes type 2 by inducing glucose and
lipid metabolism. Ethanol extracts from different
plant organs exhibit antibacterial and antifungal ac-
tivity (Rosu et al. 2102).

PrLoeTz (2000) describes Eurasian smoke-
tree (C. coggygria Scop.) as one of the fifteen most
popular medicinal plants in Bulgaria. In Bulgarian
folk medicine, the leaves are often used plant sub-
stances, the decocts of which have anti-inflammatory
and haemostatic activities. They are mainly used for
mouthwashes in cases of toothache and gingivitis, as
well as for fomentation in purulent wounds, boils and
swellings, for vaginal lavages in leucorrhoea, fomen-
tation in acne, hemorrhoid baths, and as after burns
remedy (LAMBEV & BoyaDiseva 2009). Smoketree
leaf infusions are generally used externally — on the
skin and on mucosa, as the plant is considered to be
poisonous (VODENICHAROV & PETROV 2001, LANDJEV
2010). In Bulgarian folk medicine, there are very few
reports about oral administration of plant infusions
- against diarrhea, stomach ulcer, asthma, kidney dis-
ease, hemorrhoids, leucorrhoea, gonorrhea (LANDJEV
2010). Pharmacological study of syrup from C. cog-
gygria establishes its hepatoprotective and health
strengthening activity (SHEN et al. 1991). Sulphuretin
was found to be the most abundant among all stem
flavonoids, demonstrating a strong antioxidant and
anti-inflammatory properties (ANTAL et al. 2010).

Recent in vivo studies have found positive ef-
fects of aqueous leaf infusions and of aqueous-eth-
anol infusions from wood core from C. coggygria,
expressed in improved lipid profile and an increase
in serum antioxidant capacity (IVANOVA et al. 2013,
Paviov et al. 2013), as well as gastroprotective effect
in a model of indomethacin-induced ulcerogenesis
in rats (PavLov 2015).

A number of phytochemical and biochemical
studies establish that the biological activity of aque-
ous and aqueous-ethanolic extracts from C. cog-
gygria could be contributed to the high polyphenols
content and the antioxidant capacity (IvaNOva et al.
2005, Nicrrorovic et al. 2010, PavLov 2015).

The exploration of the experience of the
Bulgarian folk medicine and the national traditions
of application of the plants, both for treatment and in
the household, is supported by the increased capac-
ity of modern pharmaceutical, medical and clinical
methods and technologies. Most of these studies re-
late to analysis of chemical composition, biochemi-
cal properties and metabolic activity of plant com-
ponents.
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Conclusions

Based on the existing data, we suggested that
the specific phytochemical characteristics of the

References

AHTARDJIEV H. & BENBASAT J. 1980. Pharmacognosy. Sofia:
Medicine and Physical Education. 372 p. (In Bulgarian)

ALARON M. E., CASTRO-VAZQUEZ., Diaz-MAROTO M., HERMOSIN-
GUTIERREZ 1., GORDON M. H. & PEREZ-COELLO M. S. 2011.
Antioxidant capacity and phenolic composition of different
woods used in cooperage. Food Chemistry 129: 1584—1590.

ALMEIDA 1. F., FERNANDES E., LiMA J. Costa P.C. & BaHia M.
F. 2008. Protective effect of Castanea sativa and Quercus
robur leaf extracts against oxygen and nitrogen reactive
species. Journal of Photochemistry and Photobiology B:
Biology 91 (2-3): 87-95.

ANDRENSEK S., SIMONOVSKA B., VovK ., FYHRQUIST P., VUORELA
H. & VUORELA P. 2004. Antimicrobial and antioxidative
enrichment of oak (Quercus robur) bark by rotation planar
extraction using ExtraChrom. International Journal of Food
Microbiology 92: 181-187.

ANTA D., SCHWAIGER S., ELLMERER-MULLER E. & STUPPNER H.
2010. Cotinus coggygria Wood: Novel flavanone dimer and
development of an HPLC/UV/MS method for the simul-
taneous determination of fourteen phenolic constituents.
Planta Medica 76: 1-8.

BRONZE M., BoAs L. & BELCHIOR A. 1997. Analysis of old brandy
and oak extracts by capillary electrophoresis. Journal of
Chromatography A 768: 143-152.

CaBrITA M. J. B., GARCIA R., MARTINS N., GOMES DA SiLvA M.
D. R. & Costa FrerTas A. M. 2012. Gas chromatography
in the analysis of compounds released from wood into
wine, analytical chemistry. Advanced gas chromatogra-
phy - progress in agricultural, biomedical and industrial
applications, Dr. Mustafa Ali Mohd (Ed.): InTech, DOI:
10.5772/32659. (Available from: https://www.intechopen.
com/books/advanced-gas-chromatography-progress-
in-agricultural-biomedical-and-industrial-applications/
gas-chromatography-in-analysis-of-compounds-released-
from-wood-into-wine; last accessed 21.04.2017)

CALDEIRA 1., CLiMACO M. C., DE SousA B. & BELCHIOR A. P.
2006. Volatile composition of oak and chestnut woods used
in brandy ageing: Modification induced by heat treatment.
Journal of Food Engineering 76: 202-211.

CEREZO A., ESPARTERO J., WINTERHALTER P., GARCIA-PARRILLA
M. & TRONCOSO M. 2009. (+)-Dihydrorobinetin: a Marker
of Vinegar Aging in Acacia (Robinia pseudoacacia) Wood.
Journal of Agricultural and Food Chemistry 57 (20):
9551-9554.

CsoNkA-RAKOsA R. 2005. The role of flavonoids in heat caused
changes of wood. Faipar 53 (2): 22-26.

Dimvkov P. 1991. Natural treatment and environmentally friendly
way of life, Volume 1. Sofia: Bulgarian Academy of Sci-
ences. 359 p. (In Bulgarian)

FerLINAHAYATI E., HAKIM H., SyaH Y. M., JuLiawary L. D.,
AcHMAD S. A. & MakmUR L. 2008. 2-Arylbenzofuran
from the heartwood of Morus nigra and their cytotoxicity.
Proceeding of The International Seminar on Chemistry
2008, Jatinangor 30-31, pp. 200.

heartwoods of different species could contribute for
the organoleptic characteristics of the colorized bev-
erages as well as for their beneficial effects on the
metabolism when consumed in moderate quantities.

FLamiNIR., VEDOVA A. D., CANCIAN D., PANIGHEL A. & DE Rosso
M. 2007. GC/MS-positive ion chemical ionization and MS/
MS study of volatile benzene compounds in five different
woods used in barrel making. Journal of Mass Spectrometry
42: 641-646.

HanN S., KiIELHORN J., KOPPENHOFER J., WIBBERTMANN A. &
MANGELSDORE 1. 2006. Concise International Chemical As-
sessment Document 71: Resorcinol. WHO Report. Geneva,
Switzerland: WHO Press. 82 p.

HERNANDEZ T., ESTRELLA ., DUENAS M., FERNANDEZ DE SIMON
B. & CapaHIA E. 2007. Influence of wood origin in the
polyphenolic composition of a Spanish red wine aging
in bottle, after storage in barrels of Spanish, French and
American oak wood. European Food Research and Tech-
nology 224: 695-705.

IkoNomov P., BoicHINOV A. & NikoLov P. 1941. Medicinal
Plants. Sofia. 685 p. (In Bulgarian)

KmmG.S.,PARKH.J., WooJ. H.,, KiMM. K., KoHP. O.,, MINW.,
KoY. G., Kmm C. H., Won C. K. & CHO J. H. 2012. Citrus
aurantium flavonoids inhibit adipogenesis through the Akt
signaling pathway in 3T3-L1 cells. BMC Complementary
and Alternative Medicine: 12-31.

Ivanova D., GErROVA D., CHERVENKOV T. & Yankova T. 2005.
Polyphenols and antioxidant capacity of Bulgarian medici-
nal plants. Journal of Ethnopharmacology 96: 145-150.

Kozrovic G., JEROMEL A., MasLov L., POLLNITZ A. & ORLICT
S. 2010. Use of acacia barrique barrels — Influence on the
quality of Malvazija from Istria wines. Food Chemistry
120: 698-702.

LaMBEV 1. & BoyaDiiEvA N. (Eds) 2009. Pharmacology: A textbook
for medical students. Sofia: Arso, 604 p. ISBN 978-954-
9301-62-5 (In Bulgarian).

LanDJEV L. 2010. Encyclopedia of Medicinal Plants in Bulgaria.
Sofia: Book publishing house Trud. 552 p. (In Bulgarian).

LEJA M., MARECZEKA A., WYZGOLIKA G., KLEPACZ-BANIAKB J. &
CzekonskAB K. 2007. Antioxidative properties of bee pol-
len in selected plant species. Food Chemistry 100: 237-240.

LINY., VATTEM D., LABBE R. & SHETTY K. 2005. Enhancement of
antioxidant activity and inhibition of Helicobacter pylori
by phenolic phytochemical enriched alcoholic beverages.
Process Biochemistry 40 (6): 2059-2065.

MariNov M. 2005. Technology of high-alcohol beverages and
spirits. Plovdiv: Academic Publishing House of UFT. 394
p. (In Bulgarian).

MARTIN G. & WALLACE J. 2006. Gastrointestinal Inflammation:
A Central Component of Mucosal Defense and Repair.
Experimental Biology and Medicine 231 (2):130-7

MoseDALEJ. R. & PUECHJ. L. 1998. Wood maturation of distilled
beverages. Trends in Food Science & Technology 9: 95-10.

NAzINA V., MOGILEVA L. & SHILOV V. 2005. Treatment of gastric
and intestinal diseases - call for help nature. Rostov: Pub-
lishing house “Phoenix”. 320 p. (In Russian).

Ni¢iroroVIC N., MIHAILOVIC V., MaASKovVIC P., SoLuic¢ S.,
StoJkOVI¢ A. & MURATSPAHIC D. P. 2010. Antioxidant

103



Pasheva M. G., M. A. Nashar, D. L. Ivanov & Diana G. Ivanova

activity of selected plant species; potential new sources
of natural antioxidants. Food and Chemical Toxicology
48:3125-3130.

Paviov D. 2015. Study of antioxidant, anti-inflammatory and
anti-diabetic action of Cotinus coggygria extracts in experi-
mental models with experimental animals and cell cultures.
PhD Thesis MU-Varna. 139 p. (In Bulgarian).

PeTKOV V. 1982. Contemporary phytotherapy. Sofia: Medicine
and Physical Education. 518 p. (In Bulgarian).

PLoETZ K. 2000. An ethnobotanical study of wild herb use in Bul-
garia. MSc Thesis. Michigan Technological University. 156 p.

Rosu A., Bita A., CAaLINA D., Rosu L., ZLATIAN O. & CALINA
V. 2012. Synergic antifungal and antibacterial activity of
alcoholic extract of the species Robinia pseudoacacia L.
(Fabaceae). European Journal of Hospital Pharmacy: Sci-
ence and Practice 19: 216.

104

SANZ M., FERNANDEZ DE SIMON B., ESTERUELAS E., MUNOZ
A. M., CaDpAHIA, E., HERNANDEZ M. T., ESTRELLA I. &
MARTINEZ J. 2012. Polyphenols in red wine aged in acacia
(Robinia pseudoacacia) and oak (Quercus petraea) wood
barrels. Analytica Chimica Acta 732: 83-90.

SHEN Q., SHANG D., MA F. & ZHANG Z. 1991. Pharmacological
study on anti-hepatitis effect of Cotinus coggygria Scop.
Syrup. China Journal of Chinese Materia Medica 16 (12):
746-749.

Stoyanov N. 1973. Our medicinal plants, chapter 2. Sofia: Sci-
ence and Art. 552 p. (In Bulgarian).

STRACK D. 1997. Phenolic Metabolism. Plant biochemistry:
398-400.

VODENICHAROV D. & PETROV A. 2001. Poisonous plants and
poisoning with them. Sofia-Moscow: Pensoft Publishers.
203 p. (In Bulgarian).



