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The Utilization of Tree Bark
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The utilization of natural raw materials has been practiced for centuries.
Of raw materials, wood and its bark have outstanding significance
because of their special chemical components and unusual structure.
Annual bark production is estimated to be between 300 and 400 million
m3. The bark of different tree species has been used extensively in or in
conjunction with modern technologies. This article presents a
comprehensive summary of these methods of utilization and their results.
The diversity of bark utilization derives from the variety of the bark of
different species and from the possibilities encoded in the material.
Following the anatomic summary, the protective role of the bark is
discussed, highlighting its physical-chemical properties and the different
methods of medical, energetic, and industrial utilization.
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INTRODUCTION

Tree cultivation is one of the main objectives of forestry; large amounts of
renewable raw material are produced annually. A significant impact of tree cultivation is
that it binds the carbon dioxide content of the air, and the carbon builds into the tree cell
structure through photosynthesis. The amount of lumbered roundwood worldwide is
estimated at 3,591,142,000 m® (FAO 2015). Therefore, the annual global amount of bark,
using a 10% bark ratio, is approximately 359,114,200 m?. In the middle of the 20" century,
an enormous and problematic amount of bark produced during lumbering and processing
was most often delivered to dumps (Weissmann 1976). Bark produced in Californian
sawmills alone is estimated to total between 2.2 and 2.6 million tonnes (Yang and Jenkins
2008). According to Feng et al. (2013), in Canada more than 17 million m® of bark is
produced yearly, and more than half of it is burned or delivered to dumps. The amount of
bark removed from lumbered wood in Hungary reaches 500 to 600 thousand m* (Molnar
2004), and, in Russia, approximately 30 million m® yearly (Ushanova 2012; Melekhov et
al. 2015). Quantifying the exact amount of bark produced annually is a complicated
problem; despite strenuous efforts, its quantification involves considerable uncertainty, as
only a small proportion of bark is traded.

Bark has numerous functions during the lifespan of the plant, while it also changes
with age. The outer bark is very diverse and can take shapes characteristic to some species.
Its thickness depends on the species, the age of the plant, and ecological factors, and it can
even vary in different parts of the tree (Fekete 1951; Gencsi 1980). For example, sclereids,
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which develop in the outer bark and make their structure rigid and hard, are found in many
species (Butterfield et al. 1997).

The bark content of a tree can vary between 5 and 28% (Nyikosov 1985; Sopp and
Kolozs 2000; Molnar 2004; Guidi et al. 2008). Some broad-leafed species have an
extremely high bark ratio, such as oak, poplar, and black locust. Guidi et al. (2008)
examined the bark ratio of Populus deltoides L. clones at different ages because the bark
ratio of the dendromass directly affects the quality and economic value. By decreasing the
diameter, the bark ratio also decreased to approximately 4 cm, where it stabilized.

BARK ANATOMY

The primary plant stem is covered with epidermis. Its cells have thin walls, tightly
fit next to each other, and their external face is covered with a considerable amount of wax
(Haraszty 1988; Gyurjan 1996). Ligneous plants live for years, growing continually during
their life span. This growth is accompanied by the thickening of the stems. The epidermis
can keep pace with the thickening of the stem for only a short time, after which it splits
open (Martin and Crist 1970; Fodor 2004). The cortex, which is rich in intercellular
channels, splits open as well. This damage to the epidermis is harmful, as the deeper tissues
can be susceptible to infections, and the plant risks withering due to evaporation.

For this reason, a line of cells in the inner parts of the cortex reproduces by fission
and creates new epidermis. This secondary meristem is called the phelloderm. These cells
have thin walls and are large in size. Usually they reproduce with walls parallel to the
surface, creating phellom outwards and phelloderm inwards. The cells of the phellom
necrose quickly after evolving, while suberin is sedimented in the cell walls in a process
called suberification.

As a result of incrustation, the cell walls become totally impermeable to water and
almost impermeable to gases. The cells of the phelloderm are similar to the cortex,
containing plasma, having relatively thin walls, and are similar to parenchyma. The
phellogen develops more deeply each year in the stems of the long-living ligneous plants.
Although the phellogen creates phelloderm cells inwards, it creates more cell lines
outwards. Therefore, the parenchyma-like cells of the bark are used up (Ghosh 2006).

Over time, the cambium, which is responsible for the cross-section growth of the
plant stem, develops phloem rings. By thinning the cortex, the phellogen gets closer to the
most external layer, i.e., the earliest phloem ring. When the cortex is used up, the next year
the formation of the phellogen enters the phloem, forming from the living cells or phloem
parenchyma found there. From that point forward, the external tissue consists of the
phellom cells developed by the phellogen, as well as particles of the phloem such as phloem
fiber, sieve tubes, and sieve cells.

The tissue that characteristically splits and develops in this way, thickening over
time, is called rhytidome. The most external layers can break off from the surface in the
form of bark plates. The most important tasks of the rhytidome are to protect the sprout
from mechanical damage and external impacts, to prevent water loss, and to reduce frost
effects (Oskolski and Van Wyk 2010). Some metabolic products, such as tannic acid, can
accumulate in the bark.
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PROTECTIVE ROLE OF BARK

Tree bark shelters dozens of organisms; it is the habitat of different arthropoda,
vertebrata, lichen, moss, and other living creatures. Most entities do not “damage” the
environment in which they live, but there are some species that damage trees, e.g.,
woodborers or bark beetles. In pines (Pinus), the resin flow in the bark has a significant
role in the protection against woodborers (Popp et al. 1991).

The bark protects the tree from weather conditions, insect pests, and browsing, and
it also has crucial role in the case of wood fires. Much research has been conducted on this
subject. Schafer et al. (2015), Catry et al. (2010), Lawes et al. (2011), Wang and Wangen
(2011), do Vale and Elias (2014), Dickinson and Johnson (2001), and Dickinson (2002)
established that the relative thickness of the bark significantly influences the survival of
trees in a fire. Bauer et al. (2010) examined the probability of survival for a tree if its
surface is exposed to fire. They found that the fire resistance of the bark depends on
thickness and moisture content and that the different physical qualities of tree species have
a negligible influencing role. Hengst and Dawson (1993) had similar results.

BARK AS A POLLUTION INDICATOR

Using bark as a bioindicator is advantageous because bark is always exposed to air
pollution. It has a large surface area for contact with air, and its structure and porosity (e.g.,
crackings, knobs) aids in preserving pollution longer than on the surface of leaves, where
rain can easily wash it off (Hartel 1982; Kuik and Wolterbeek 1994; Bohm et al. 1998;
Saarela et al. 2005; Mandiwana et al. 2006). Pollution is found by examining bark even if
there are no pollutants in the air. Grodzinska used the growth of acidity in tree barks to
estimate the quantity of pollution in Poland (1971; 1978; 1979; 1982), and more studies
dealt with the connection of air pollution and bark acidity (Staxédng 1969; O’Hare 1974;
Swieboda and Kalemba 1979; Santamaria and Martin 1997; Kuang et al. 2006; Marmor
and Randlane 2007; Steindor et al. 2011). Lotschert (1983) drew a pollution map of the
city of Frankfurt by examining the bark of different species. Saarela et al. (2005) performed
analysis in connection with contamination of the bark and wood of pine species (Pinus) in
the western part of Finland. They found that heavy metal content in samples from
contaminated areas near factories was higher. Berlizov et al. (2007) used bark of the black
poplar (Populus nigra) to reveal different metal pollutants. Sawidis et al. (2011) used the
bark of Pinus nigra and Platanus orientalis as bioindicators to demonstrate air pollution in
cities. Other species such as oak (Quercus sp.), elm (Ulmus sp.), willow (Salix sp.), poplar
(Populus sp.), ash (Fraxinus sp.), maple (Acer sp.), linden (Tilia sp.), pine (Pinus sp.), yew
(Taxus baccata), locust (Robinia pseudoacacia L.), olive tree (Olea europaea), cedar
(Cedrus atlantica), cyprus (Cupressus sempervirens), eucalyptus species (Eucalyptus sp.),
and others were also used to demonstrate the presence of metal and other pollutants (Barnes
et al. 1976; Fatoki and Ayodele 1991; Lippo et al. 1995; Poikolainen 1997; Schulz et al.
2000a, 2000b; El-Hasan et al. 2002; Mandiwana et al. 2006; Gemici et al. 2006; Kuang et
al. 2006; Suzuki 2006; Berlizov et al. 2007; Li et al. 2008; Steindor et al. 2011). Bark
preserves the pollutants of the past so that, with the help of bark ingrowths formed due to
damage, conclusions can be drawn from small samples for a historical perspective on the
intensity and source of lead pollution (Satake et al. 1996; Bellis et al. 2002a, 2002b; Wang
et al. 2003; Aberga et al. 2004; Conkova and Kubiznakova 2008).
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PHYSICAL AND CHEMICAL CHARACTERIZATION OF BARK

Moisture Content

The moisture content of bark can vary widely, and it is influenced by several factors
such as the species of tree, manner of storage (wet or dry), season, method of debarking,
and whether the removed bark was hit by rainfall (Corder 1976). The moisture content of
the inner bark/phloem is usually 7 to 10 times greater than that of the outer bark. Therefore,
the average moisture of the bark is primarily influenced by the quantitative proportion of
the inner and outer bark. Immediately after lumbering, the average net moisture content of
the bark is very high, e.g., 120%, 112%, 127%, 58% to more than 150% in Scotch pine,
spruce, beech, and birch, respectively (Corder 1976; Clark et al. 1985; Ugolev 1986;
Dibdiakova et al. 2014). During wood yard storage, the outer bark of most species loses its
moisture content relatively quickly. Until the bark removal at sawmills, the average net
moisture content of the scaly bark spruce and Scotch pine is reduced to 60 to 70%, while
that of the ring shake bark of birch practically does not change (Ugolev 1986). The mass
calculated heating value of the bark is practically the same as the wood, 17 to 25 MJ/kg
(Corder 1976; Németh and Molnar 1983), but, for example, the birch outer bark is 35 MJ/kg
(Ugolev 1986; Hakkila 1989).

From the point of view of heating technology, fuel volume must be taken into
consideration. According to the research of Németh and Molnéar (1983), the characteristics
of bark were significantly less favorable, e.g., the heating value of absolute dry locust wood
was 13.526 MJ/m?, and that of the bark was 4.983 MJ/m®. Sen et al. (2010) examined the
organic compounds of the bark and phloem of Quercus cerris. These authors noted that the
separation of the bark and phloem would be prerequisite for utilization of the bark, as their
compounds are different; phloem has a much higher moisture content.

Density

The density of the bark in air-dried conditions varies, for example, oak
(pedunculate, sessile) with 480 kg/m?®, aspen with 590 kg/m?, and Scotch pine with 370
kg/m® (Polubojarinov 1976). For 156 North American wood species, Miles and Smith
(2009) measured average values of 400 to 500 kg/m?. For some oak species, the density
reached 750 kg/m?, but in some pines (Pinus), the value remained under 300 kg/m?®.
Certainly density and specific gravity were influenced by several factors, e.g., age and
geographical position (Patrick et al. 2009).

Chemical Compounds
In elemental analyses, bark differs from the wood only in ash components.

Table 1. Chemical Compounds of Spruce Wood and Bark (Ugolev 1986)

Carbon (%) Hydrogen (%) Oxygen (%) Other Elements (%)
Wood 50.0 6.0 435 0.5
Inner bark 51.5 5.7 38.8 4.0
Outer bark 44.4 6.4 45.4 3.8

The phloem and the outer bark are much richer in minerals than the wood. Values
significantly differ between wood species, such that dry mass values are between 1.5 and
10.0% (Chang and Mitchell 1955; Millkin 1955; Corder 1976; Zhitkov 1985; Szendrey
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1986; Han and Shin 2014; Deineko and Faustova 2015); usually less ash content is
measured in gymnosperms (Naunes et al. 1999). Al, Mn, Mo, Ca, P, Mg, Zn, Cu, Fe, B, N,
K, Ni, Cr, Pb, Si, and Na are present in ash, but usually Ca, N, and K are dominant (Young
1971; Lambert 1981; Ragland and Aerts 1991; Olander and Steenari 1995; Piotrowska et
al. 2012; Miranda et al. 2012; Wang and Dibdiakova 2014). Millkin (1955) defined the
main elements in numerous species, showing that gymnosperms have over 50% carbon
content. For angiosperms, the standard deviation was a bit bigger, with occasional values
under 50%. Barboutis and Lykidis (2014) calculated higher ash content in gymnosperms.
Shin and Han compared the bark and wood of Salix caprea (2014). The ash content of the
bark was between 3.8 and 4.7%, while the wood had between 0.6 and 1.1%. Polysaccharide
content was higher in wood (62.8 to 70.6%) than in bark (44.1 to 47.6%). The main
monosaccharides creating hemicellulose in wood are xylose, and in the bark, xylose,
arabinose, and galactose.

Organic Compounds

The organic compound content of phloem and outer bark is characterized by a
relatively low amount of cellulose. While wood contains 40 to 50% cellulose and the
phloem contains 18 to 25%, the outer bark contains only 3 to 17% (Ugolev 1986).
However, other experiments that examined the entire bark did not show such a drastic
difference (Harkin and Rowe 1971; Usta and Kara 1997; Melin 2008; Dibdiakova et al.
2014).

The other main component of bark is lignin (Naunes et al. 1999; Fradinho et al.
2002; Jové et al. 2011; Miranda et al. 2012; Feng et al. 2013). Deineko and Faustova (2015)
showed that, in aspen, lignin in the outer bark had a concentration of over 20%.

Suberin is essential to suberification (Cordeiro et al. 1998; Gandini et al. 2006;
Jové et al. 2011; Sudakova et al. 2012; Miranda et al. 2013). Coquet et al. (2008) tried to
identify suberin monomers, finding 3-friedelanol, 2,6-heptanediol, friedelin, and betulin.
Graca and Santos (2006a, 2006b) concluded that cork suberin is a glycerol-containing lipid,
the main monomers are glycerol, long-chain o,o»-diacids and ®-hydroxyacids, and the
molecule size of the suberin is similar to other biopolymers. Other research supported these
objectives, so it is now said that the suberin is a polyester type macromolecule and the
major component of it are long-chain aliphatic acids, representing typically 80 to 90% in
mass of all monomers, and the quantity of the glycerol in suberins is relatively low. The
main characteristic of suberin acids is that they are o,o-bifunctional. Two main groups of
fatty acids are found in suberin: the a,-diacids and the w-hydroxyacids (carboxylic acid
in the a position and a hydroxyl group in the ® position). The chain length of both of them
range typically from C1¢ to C26. When suberin is depolymerized, phenolic compounds are
also found; ferulic acid is always present and aminated phenolics namely tyramine has also
been found (Pollard et al. 2008; Beisson et al. 2012; Graga 2015). Jové et al. (2011)
examined the bark of Quercus suber. Suberin and lignin were the two major components;
holocellulose, extractives, and ash content amounts changed due to their location and the
position of the sample in the bark.

In a study of extractable phenolic compounds in the cork of Quercus suber,
Fernandes et al. (2011) identified 33 compounds, mostly gallic acid derivatives and
gallotannins, ellagitannins, and ellagic acid derivatives. Other compounds were low
molecular weight phenolic acids and aldehydes. Sudakova et al. (2012) showed that the
treatment of outer birch-bark by water alkali partially hydrolyzes the suberin component,
while the hydrolysis by alcohol alkali leads to the formation of suberinic acid mixtures.
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ADDITIONAL MATERIALS

Additional materials and secondary metabolic products are present in the bark in
relatively high quantities (up to 20%) and are often characteristic of a family or genus. In
particular, the presence of tannin is characteristic. Previously, oak, spruce, willow, and
chestnut bark were used to produce tannic acid because their tannic acid content exceeded
that of wood. Extracting tannin was made by drying, grinding, soaking, and cooking. The
furs previously depilated and soaked in lime liquor were put into the extracted reddish-
brown fluid (Portik 2006). The liquors of freshly separated phloem contained fermentable
sugars such as glucose, fructose, and mannose (Szendrey 1986).

Abyshev et al. (2007) examined the extract of Betula pubescens bark, finding the
following compound groups: terpenoids (75.2%), the esters of these terpenoids (4.7%),
ether oils (0.08%), hydrocarbons (6.3%), the epoxides of those hydrocarbons (1%), steroids
(B-sitosterol 2.7%), tannins (2.1%), flavonoids (1.56%), hydroxycoumarins (0.85%), and
several unidentified compounds (approximately 4%). Narasimhachari and von Rudloff
(1961) isolated thujopsene, 1-cedren, cuparetle, cedrol, widdrol, 8-sitosterol, esters of fatty
acids, p-sitosterol, lignan savinin, and diterpene communic acid from Juniperus
horizontalis. With the help of these experiments, they developed a preparative technology
for the highly productive subtraction of betulinol and its derivatives, which went under
pharmacologic examinations. Vazquez et al. (2008) examined the total phenol content of
the bark of Eucalyptus globulus that was industrial waste for antioxidant activity. The bark
extract of eucalyptus contains materials with lower molecular mass. Of the non-cellulose
monosaccharides, arabinose, xylose, and mannose were found in higher amounts (Miranda
et al. 2013).

Naunes et al. (1999) found significant polysaccharide content in Pinus pinea
(36.8%), with a monosaccharide content as follows: glucose (44.6%), mannose (18.2%),
xylose (20.7%), galactose (7.6%), and arabinose (8.9%). Fradinho et al. (2002) examined
Pinus pinaster and found that the condensed tannins were mainly composed of catechin-
type structural units. Rowe et al. (1969) isolated natural trans- and cis-pinosylvin dimethyl
ether (3.5-dimetoxi-cis-stilben) from the bark of Pinus bunksiuna. Moreover, they could
also isolate wax alcohol esters of ferulic acid dehydroabietic acid and their deterpenes and
phlobatannin esters. According to Feng et al. (2013), the bark contains a large amount of
extractives and lignin (50% of dry mass) that can be a renewable source of chemical
compounds, especially aromatic compounds. Thalhamer and Himmelsbach (2014) derived
quillaja-saponins from the bark of Quillaja saponaria (L). Lin et al. (2013) demonstrated
dibenz perilen derivatives from the bark of Juglans mandshurica, which is important in
chemotaxonomy.

Spruce (Picea abies) is an important raw material for forestry in Scandinavian
countries (Kemppainen et al. 2014). For industrial use, condensed tannins have been
extracted from spruce bark via hot water treatment. Kemppainen et al. established that
spruce bark is a promising new source of tannins. However, because of its high sugar
content, the raw extract must be treated before use. Le Normand et al. (2014) used hot
water treatment to extract Picea abies bark carbohydrates, which stimulated the
macrophages of the immune system. Grigorjuk et al. (2010) developed a method for
processing conifer bark. After the extraction of lipids and polyphenols, the remaining bark
was exposed to hydrolysis-extraction with acidified water for depositing a fraction of
pectine substances. The bark of cork-oak was examined in further studies. Castola et al.
(2002) identified betulinic acid sitosterol and sitost-4-en-3-on in samples of Quercus suber,
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which originated in different locations. Santos et al. (2010) examined Quercus suber cork
and identified 15 phenolic components, e.g., ellagic acid, gallic acid, protocatechuic acid,
salicylic acid, eriodictyol, naringenin, quinic acid, and hydroxyphenyllactic acid. The
significant antioxidant activity of the samples have potential medical uses. Pinto et al.
(2009) found hydroxyl fatty acid derivatives in cork and Betula pendula bark.

Kuznetsov et al. (2015) considered new ways of extracting valuable compounds
from the bark of hardwoods and softwoods native to Siberia.

DEBARKING METHODS

The method for processing bark is determined by its origin, amount, moisture
content, composition, form, and size. The phloem content and the moisture content of the
bark, which fluctuates depending on the time of lumbering and the circumstances of its
storage, affects the chosen applied technology. Chipping usually occurs in special
machines suitable for processing round wood and other wood waste (Szalay 1981). There
are different debarking technologies, including the rosser-head debarker, hammer-type
debarker, ring debarker, drum debarker, water jet, and high frequency debarker (Hargitai
2003; Baroth 2005; Ressel 2006). To chop 1 m® bark, approximately 5 to 20 kWh electric
energy is needed, depending on the bark characteristics (Hargitai 2003). Debarking is
influenced by several factors. First, the wood species and the dimensions of the log block,
the presence of the phloem fibers and sclereids, the tenacity of the bark, and, especially,
the moisture content of the wood, which influences the strength of the bond between the
bark and the wood (Einspahr et al. 1984; Chow and Obermajer 2004). The storage
conditions are not negligible, and, in the case of high moisture content, temperature also
has influence (Baroth 2005).

POSSIBLE UTILIZATION OF BARK

In ancient times, the utilization of bark was as natural as using other parts of the
wood. For example, the soaked elm bark (Ulmus sp.) is good for calves to eat, and its
fibrous quality was good for spinning ropes and making clothes. In Norway during the
famine of 1812, bark was eaten and given as wedding presents (Richens 1983; Coleman
1998). The bark of different Pinus species was used as nourishment in winter in
Scandinavia (Ostlund et al. 2009). The significant differences among the barks of different
species determine their use (Zhitkov 1985; Ushanova 2012).

UTILIZATION AS MEDICINE

The first medicines were supplied by plants. Their active ingredients, such as
alkaloids, essential oils, carbohydrates, vitamins, and antibiotics, are the elements of the
live unit mass of forests. Folk medicine used bark preparations of locust, willow, elm, oak,
and ash to cure diseases (Rapéti and Romvary 1997). More species are used in perfume
making as a material giving or fixing fragrance. In pharmacology, plant ingredients act as
components of plasters, ointments, rubs, hair fluids, and other mixtures. The bark of several
species has been used as medicine, in Europe, e.g., the condensed water extract of the bark
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or leaf of Chondrodendron tomentosum is curare, which is used in operations to hinder the
smooth muscles. The bark of Cinchona pubescens gives quinine, which was long-used as
the only medicine for malaria (Poyraz and Mat 2014). The bark of Frangula alnus is
antiviral, antifungal, and a laxative. The decoction of Quercus robur and Q. petraea is used
to cure inflammations of the skin and the mucous membrane. The bark of Cinnamomum
cassia is not only a spice, but also has antibacterial and antifungal effects; moreover, it
encourages appetite (Annegowda et al. 2012). The bark of Salix alba and S. fragilis are
excellent painkillers and febrifuges. The bark of Aesculus hippocastanum can be used in
cases of diarrhea, hemorrhoids, and skin problems (T6th 2005). The bark and leaf of the
African Warburgia salutaris is traditionally used to cure cold symptoms and coughs
(Kotina et al. 2014). The brew of the bark of Robinia pseudoacacia is locally used to treat
hyperacidity, constipation, and stomach and intestinal ulcers (Raboti et al. 1997). Magnolia
bark is traditionally used in Chinese and Japanese medicines (Liu et al. 2007). Tea tree
bark is popularly used against diabetes in Brazil. The water stem extract lowers the blood-
sugar level, increasing metabolism (Vasconcelos et al. 2011).

The Byrsonima intermedia species, indigenous to Brazil, has long been used against
bleeding and diarrhea and as an antiphlogistic (Orlandi et al. 2011). The bark of the
Brazilian Cariniara rubra is used to cure inflammation (Edson et al. 2011; Santos et al.
2011). In sub-Saharan Africa, the bark of the stem of Garcinia buchananii is used as a
medicine against diarrhea, such as that caused by lactose (Boakye et al. 2012). In the bark
of Acacia mangium, phenolic compounds are present in high concentration. These
compounds contain many antioxidants that are beneficial to the human body, and they are
used in cosmetic and pharmaceutical products (Zhang et al. 2010). The extract made from
the bark of African sour cherry growing in Cameroon and Madagascar is excellent
medicine to prevent prostate troubles afflicting elderly men (Szodfridt 2003). Teas of plants
containing tannic acid are internally used against gastric hemorrhage, enteritis, gastric
influenza and to stop diarrhea. They are externally used to paint gums, for throat rinses, as
a compress on frozen or inflamed body parts, to stop sweating, and to bathe hemorrhoids
(Raboti et al. 1997).

Orlovskaya et al. (2013) studied the effect of the aqueous extract from the bark of
Tilia cordata on the tone of smooth muscles of the intestinal intact and modeling
acetylcholine spasm. According to Kiran and Chadrakant (2009), the terpenoid, flavonoid,
alkaloid, saponin, and tannin content of the Careya arborea bark has liver protective and
in vivo antioxidant qualities. According to Terangpi et al. (2013), the bark of Acacia
pennata is traditionally used during the fermentation of rice. The African Sclerocarya
birrea bark is traditionally used against dysentery, diarrhea, and other infectious diseases
(Sarkar et al. 2014). Their study supported the effectiveness of the plant. Ponomarenko et
al. (2014) found that the two types of non-cyclic diarylheptanoid isolated from the bark of
Alnus incana were more effective as antioxidants than the curcumin used as reference.

Navid et al. (2014) examined the antiviral characteristics of penta-cyclic triterpenes
(betulin, lupeol, and betulinic acid) of the bark of Betula pendula and found that they have
high-level antiviral activity against certain herpes viruses. Comandini et al. (2014) isolated
seven compounds from the bark of Castanea sativa (vescalin, castalin, gallic acid,
vescalagin, 1-O-galloyl, castalagin, and ellagic acid). Their method gave information about
the composition and quality of the chestnut bark samples, which are traded in dietary
supplements. Jyske et al. (2014) examined bioactive stilbene-glucosides (astringin,
isorhapontin, and picein) in Picea abies; the total output of compounds depends on the
amount of the bark biomass and positively correlates with the volume of the whole tree and
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the bark. The lower part of the trunk was the most valuable stilbene source in both younger
and older trees.

The bark of the ligneous shrub Acanthopanax sessiliflorus is traditionally thought
to have an anticancer effect. Venkatesan et al. (2015) demonstrated the effectiveness of
this bark extract on human breast cancer cells. The antibacterial effect of Quercus ilex bark
depended on the circumstances of extraction and on the solvent, but more methods were
proved to be effective (Berahou et al. 2007). Diouf et al. (2009) found antioxidant and
antiphlogistic compounds in Picea mariana bark. Kim et al. (2015) examined the effect of
essential oils of cinnamon bark, finding that some components effectively hinder the
formation of the biofilm Pseudomonas aeruginosa, and other components reduce
swarming bacteria and hemolytic activity. Grace et al. (2003) listed 174 African ligneous
species that are used in native medicine. The subject of a patent invention is a liqueur with
a special taste containing herbal and spice extracts and its production. The invention
contains 1 to 2% quinine bark (Zsindelyes Kereskedéhaz Kft. 2011).

ENERGETIC UTILIZATION

Because of the shortage of raw materials, the exploration of alternative fuels is
increasingly necessary. The burning of bark has been presented as a source of energy. Its
energetic utilization is mostly influenced by the fact that the ash content of the bark is much
higher than that of wood. Real possibilities are hidden in European forests, and the
energetic utilization of wood will grow in the coming years (Verkerk et al. 2011). Harkin
and Rowe (1971) demonstrated that the average heating value of 10 T of totally dried bark
is equal to the heating value of 7 T coal. The heating value of the bark per kilogram is
similar to wood, at 16.20 to 16.23 MJ/kg (Corder 1976; Pecznik and Koérmendi 2002;
Dibdikova et al. 2014). Bark waste produced in large numbers usually has high moisture
content, which significantly reduces the efficiency of energetic utilization, as most of the
energy is needed to evaporate the moisture content. Bark with over 60% net moisture
content cannot be burned effectively (Molnar 2004). When using bark as briquettes, it is
usually mixed with straw and sawdust. Adding wax increases the solidity of biomass
briquettes, but the additive can reduce the moisture content as well. Its most important
characteristic is its high density and compactness (1.0 to 1.3 g/cm®) (Baros 2003). In
Norway, the bark of Scotch pine was examined as a potential raw material. The experiment
was performed with 5, 10, 30, and 100% bark content. Durability was similar in all classes.
Its density was higher than pure wood pellets. More bark in the mixture resulted in a higher
the ash content; the best quality class was the 10% mixture with 0.7% ash content (Filbakk
etal. 2011).

Melin (2008) found that bark can be used to produce pellets, and, moreover, as it is
cheaper than wood, it will probably become one of the main raw materials of processing
pellets. Because of materials in bark that melt easily in high pressure, the bond among
particles is strong; therefore, pellets made of bark have advantageous physical and
mechanical qualities. As for disadvantages, the high ash content and the presence of
materials (chlorides, sulphates) require special measures. Similar results were found by
Lehtikangas (2001), who found that besides suitability, bark pellets have excellent
durability and tolerate moisture well.

Melekhov et al. (2015) studied the energy potential of bark in a resource-saving
program, suggesting the thermomodification of birch bark for changes in physical-
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mechanical properties, which greatly simplifies further technology to turn it into pelletized
fuel.

Gil (1997) suggested using the waste and dust produced during cork processing to
generate energy because it has high calorific value.

Obernberger and Thek (2004) examined the suitability of increased density biomass
fuels according to standards and found that density, ash and water content, gross and net
heating value, C, H, N, S, CI, K, and attrition were influenced by the Cd, Pb, Zn, Cr, Cu,
As, and Hg content. The examined pellets met the Austrian, German, Swiss, and Swedish
standards.

Using a special measurement device, Kamikawa et al. (2009) found that although
the total amount of heat energy extractable from bark does not differ from the extractable
quantity from wood, there is difference; bark pellets dissipate less heat during burning and
give off more sparks.

AGRICULTURE

The simplest agricultural utilization of bark is mulching. The advantages of
mulching are that it reduces evaporation on the soil surface, helps the reproduction of
microorganisms, and decays more slowly than wood. Because of its lower “nitrogen-
intake,” less artificial fertilizer is needed when mulch is used. Bark mixed into heavy soil
works to aerify it, prevent compaction, increase water absorption, and reduce erosion of
the soil. However, not all types of bark are suitable for mulching because of their high
chemical content (Young 1937; Nagy et al. 1998; Whiting et al. 2015), and, according to
Harkin and Rowe (1971), their high costs of delivery. In seedling nurseries, 2 to 3 cm
mulching of bark flour, made neutral with the addition of lime, created conditions
comparable to forest conditions (Bittner and Schneider 1975). Chipped and classified
spruce, Scotch pine, and oak bark provide plants with nutritives from their decay products,
and they are successfully used when growing vegetables and strawberries (Blossfeld 1977).

Bark in natural circumstances decays slowly, mainly due to its low nitrogen
content. Composting can speed up decay; four months outdoors are needed if the bark is
chipped into smaller than 10 mm pieces (Bersenev 1975). Bark can be used as a growing
medium after more years of ripening, and during this time, its humus state, adsorption,
puffer capacity, and ability to moisten increases (Sari 2008). Composting is influenced by
the different proportion of protective materials in the bark (e.g., resins, fats, tannins, and
phenols) (Gerencsér 2010). Bark with proper preparation has the same value as peat
(Asztalos and Szabd 1975). Mass production experiments were started in Poland in 1973,
when 10,000 t bark were composted. In 1974, the experiment continued and 30,000 t of
composted bark was produced. The main users of bark compost have been city park
builders and the private sector (Asztalos 1977). An environmentally friendly plant-
conditioning product containing willow bark is being developed (Abri et al. 2010).

Bark can be used as litter as well. Its advantageous characteristic is that it binds the
ammonia content of air and moisture. Litter made of bark ground smaller than 4 to 5 mm
had no harmful effect on the nutrition and weight gain of poultry stock when the bark of
broad-leafed and coniferous species was used (Labosky et al. 1977).

Compared with wood, bark is less suitable for the direct feeding of animals. Feeding
sheep with ensilaged, chipped common aspen bark did not have favorable results (Dudkin
and Darman’jan 1978).
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PRODUCTION OF BOARDS

The production of bark-based particle boards and fiberboards has been investigated,
but by contaminants on the bark (sand containing silicon-dioxide and soil) limit the
production of particle boards (Deppe and Ernst 1977). Another difficulty was that the
increased proportion of bark particles corresponded with a decline in solidity because the
mechanical properties of the bark not as good as wood (Kelly 1977). Dost (1971) examined
redwood three-layer particleboards that contained 0, 10, 20, and 30% bark, using three
different resin levels. Increased bark content at all resin levels resulted in the fall of the
modulus of rupture (MOR), the modulus of elasticity (MOE), and the dimensional stability;
however, the 24 h water intake decreased. Chen et al. (1972) made particle boards using
whole Picea abies entities combined with chips of traditional debarked spruce. The particle
boards made from the whole tree did not meet the standard bending strength requirements,
but the 1:1 proportion mix with debarked spruce did.

Heebink (1974) used Pinus contorta harvesting losses; its average bark content was
7%. Differently structured particle boards were produced from these materials without
difficulty. Lehmann and Geimer (1974) produced particle boards with the help of different
forest waste and harvesting losses, finding that strong and stable boards can be produced if
the bark content remains under 12%. Muszynski and McNatt (1984) examined Picea abies
and Pinus sylvestris bark in particle boards with the bark content varied between 0 and
100% in 10% steps. The physical and mechanical examination showed that even the 30%
bark content boards were suitable for producing furniture. Chow et al. (2008) examined
the wood and bark of Parthenium argentatum and found that it can be used for direct
substitution of wood based fiber. This tree was suitable for producing hypoallergenic latex
as well. Gertjejansen and Haygreen (1973) examined the physical properties of particle
boards made of common aspen. The whole trunk could be used to produce particle boards
if the bark of the lower trunk was not used, as it drastically reduced linear stability. Stayton
et al. (1971) used aspen and paper birch flakes pure, and mixed to make one-layer
particleboard. They tested the strength, stiffness, dimensional stability, and appearance and
all boards had commercially acceptable moduli of rupture and elasticity, internal bond, and
linear and thickness as well.

Anderson et al. (1974a, 1974b, 1974c) studied particle boards glued with bark
extractive and bark core particle boards. The boards made from only bark were not suitable
because of low MOR values and large linear shrinkage values, but the bark core boards
had satisfying qualities. Starecki (1979) produced one- and three-layer boards using waste
bark material from the cellulose and paper industry. The bark amount was varied between
0 and 100%. The bending strength decreased due to the bark ratio. Experimental products
where the middle part contained 65% bark met the standards of that time. Compared with
pure bark boards, the boards made from bark and chip combinations showed three times
greater bending strength.

The bark of black spruce and spruce has been used to produce particle boards.
Under certain conditions, it was technologically possible for particle boards to contain
bark. The best mechanical properties were reached with 50% wood and 14% resin content
(Blanchet et al. 2000). Different opinions arose concerning the approximate recommended
amount of bark in the middle of a particle board. Kehr (1979) adopted the point of view
that wood material with over 10% bark ratio in its middle part can only be used with density
increase, which meant surplus expenditure. A study in white birch showed that the
production of particle boards could be 70% cheaper by adding bark, and in such way that
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the mechanical properties do not weaken (Pedieu et al. 2009). Nemli and Colakoglu (2005)
determined some mechanical characteristics of locust and mimosa bark particle boards; the
formaldehyde emission, tensile strength, MOE, inner bond strength, and the thickness of
boards were examined. By using bark, the formaldehyde emission significantly decreased,
and the inner bond strength increased.

In another study, the bond strength of PF-A and PF-B resins was examined (veneer
board glue) where acacia bark dust was used in different concentrations. The bond strength
of PF-A increased, while the solidity of PF-B resin did not change (Miyazaki et al. 2011)
The Acacia mangium is a fast growing species that is planted in many countries. The tree
has about 10% bark content, 20% of which is extract material (tannins) (Hoong et al. 2009).
The wood is mainly the raw material of veneer and paper production. The extract of the
bark is rich in phenol compounds and can potentially replace phenol-formaldehyde (PF)
glues in the plywood processing industry. However, to have a suitable effect, resin must be
mixed with the extracts (Hoong et al. 2011). Gupta (2009) produced boards from Pinus
contorta bark without adding resin, although their physical-mechanical properties did not
reach the minimal values given in standards.

The studies of Pedieu et al. (2008a, 2008b) examined the hydrophobic properties
of the outer bark of Betula papyrifera, hypothesizing that the particles of the Betula
papyrifera outer bark would improve the size stability of the produced mixed particle
board. The results of the study unambiguously established that boards could be produced
using not more than 45% bark to meet the desired mechanical and physical requirements.

MDF boards were produced using the bark of four tree species (hybrid poplar, jack
pine, larch, and spruce). The refined bark fibers had bigger volume density than that of the
control wood (Cheng et al. 2006).

The use of bark as thermal insulation board is still in its infancy. It is unclear how
the lumbering difficulties, quality differences, and difficult handling could be tolerated.
Because bark usually has a lower fiber content than wood, its solidity is lower as well, but
in Scandinavia, it still meets standards. Some trees have a relatively high resin and wax
content that is advantageous because no glue is necessary when clamping boards together;
it is enough to press at high temperatures. These boards are made mixed with wood chips
where the bark content is usually 25% (Harkin and Rowe 1971). Kain et al. (2012) made
insulation boards out of Pinus sylvestris bark, producing comparatively light bark boards
for thermal insulation. The heat storage capacity was superior to commonly known
insulation materials. Kain et al. (2013a) used spruce bark pieces as blow thermal insulation
while making insulation for a log wall on which winter temperature was simulated. The
temperature profile was modelled. Bark conducted heat more slowly than other materials
used for blowing, so it can be used as insulation material. Kain et al. (2013b) made
insulating boards using bark from Pinus sylvestris, Picea abies, and Abies alba. They found
that the heat and sound insulating properties were very good, and its mechanical properties
met requirements. Moreover, its formaldehyde emission was low. The bark of Larix
decidua is suitable for thermal insulation boards, which have relatively low coefficients of
thermal conductivity (0.065-0.09 W/mK) (Kain et al. 2014). Moreover, the boards could
be glued with tannin resin, free from formaldehydes and artificial resins, so it was more
environmentally friendly.

Cryptomeria japonica is widely used in the construction industry in Japan, but its
bark (which is rich in fiber and long lasting) is removed. Experiments were made on its
thermal insulation properties in which it was coarsely and finely chopped, and boards were
made with expanded polystyrene foam. The coarse and fine chopping did not make a
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difference, as the coefficients of thermal conductivity were 0.073 and 0.076 W/mK in
contrast with the 0.045 W/mK of Styrofoam board (Sato et al. 2004).

Winkler (1978) made 4 to 5 mm thick boards from spruce bark. Their density was
900 kg/m?3, and the bending strength was over 2000 N/cm?,

The subject of another study was the interaction of thermoplastic plastics with bark
fibers by comparing bending strength and tensile strength. Black pine and common aspen
bark fibers were used to produce composites. Stronger material was made from black pine
composites, but its behavior was much more brittle than aspen composites. Most of their
mechanical properties were lower than the control wood and plastic composites; the tensile
strength and extension results were better than of the control material (Yemele et al. 2010).
Attempts were made to produce injection-molded products with Douglas fir bark (Harkin
and Rowe 1971).

Castro et al. (2010) examined cork-based sandwich-structured agglomerates, which
were desired for use in airplanes. The performance of the sandwich structure was
influenced by the size and density of cork granules and the method of sticking, and these
parameters could be customized for final use. Hernandez-Olivares et al. (1999) developed
a new composite made of cork and gypsum, which were mutually compatible; composites
were made with different density and functions with different mixing ratios, offering
suitable thermal insulation and acoustic absorber properties.

Rudenko (2010) studied the influence of structure on the formation of plates from
pine and larch bark and secondary polyethylene (PE). The best properties were observed
for boards with 80% PE and 20% bark. The MOR was 41 MPa, the density was 960 kg/m?,
the swelling on a thickness was 2%, and the water absorption was 0.1%.

CORK UTILIZATION

A special method of bark utilization is cork production (e.g., corks, insulation
panels, etc.), achieved from the bark of cork oak (Quercus suber). The density of cork is
110 to 250 kg/m?3, and it is flexible, impermeable to fluids, and resistant to fungi, insects,
and chemicals (Vajda 2006). Cork cells are brick-shaped, form lines perpendicular to the
surface, and are densely arranged. They are found in the walls where suberin is deposited,
so they soon necrose, with nothing remaining in them but air and secretions (Raymund
1940). Their chemical compounds are 58% suberin, 22% cellulose, 12% lignin, and 8%
additive materials (tannic acid, ash components). The material naturally has excellent
characteristics. It is vapor permeable, waterproof and hydrophobic, cold and pest resistant,
hardly combustible, resilient to shrinkage, and antistatic, and it is an effective heat insulator
(its coefficient of thermal conductivity is small at 0.037 to 0.040 W/mK) and acoustic
absorber.

The excellent characteristics of cork demonstrate that suberificated bark can protect
wood (Molnar 2004). Sen et al. (2010) examined the phellom of the thick-barked Quercus
cerris, which is indigenous to Eastern Europe and Asia Minor. While it was appropriate
for making corks/bungs, the precondition was to separate the outer bark from the phloem.
They also found (Sen et al. 2011) that the cork of Q. cerris var. cerris revealed typical
phellom characteristics, but the size of cells was smaller. The proportion of cell wall was
higher, and it contained more inclusions than Q. suber. Thus, it was mainly appropriate to
make granules and different agglomerates (e.g., insulation).
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OTHER UTILIZATIONS

The chemical exploration of bark and the production of different compounds from
it is growing more prominent. From the bark of durian, Oramahi and Diba (2013) used
pyrolysis to produce acetic acid, wood spirit (alcohol methylicus), 2-propanon, and phenol
derivate. From the bark of Pinus brutia, Senséz (2003) produced bio-oil with a heating
value of 31.03 MJ/kg. Dedrie et al. (2015) examined the polyphenol content of Quercus
robur and Q. petraea, which varied according to the time of lumbering and storing. The
extract of Acacia mearnsii bark is a good source of natural polymers, which can be used in
tanning agents and adhesives (Venter et al. 2012). The timber industry may be able to adapt
bark extract to produce adhesives. The hydroxyl groups of phenolic substances react with
formaldehyde, and the obtained bonding material can be successfully used to produce
waterproof chipboards and plywood (Anderson et al. 1974b; Anderson and Wong 1975;
Saayman et al. 1976). Sudakova et al. (2005) developed boron-containing protective
compositions on the basis of the suberin of birch bark and lignin for combined bio- and fire
protection of wooden construction material.

When fine-grained bark is mixed to the basic material of brick, which is burn out
during baking, the porosity as well as the thermal insulation capacity of the brick can be
increased. At the same time, because of the amount of burned material, the density of the
bricks decreases (Schweizer 1975; Liversidge and Murray 1977; Schweizer and Meigel
1977).

With a special treatment, wicker bark is converted to a fiber-like material that can
be used to produce felt boards, carton boards, wrapping material, and, especially, thermal
insulation materials.

In the earthworks of Norwegian railways, chipped spruce and European silver fir
bark have been used under the load-bearing layers without compressing as protection from
frost (Schneider and Baums 1970).

WATER AND GAS CLEANING/CLARIFICATION

Bark or its modified version can be used to clean water. The bark of spruce, Scotch
pine, larch, alder, linden, and elm binds poisonous lead, cadmium, mercury, and zinc ions
(Randall et al. 1976). With activation by phosphoric acid, activated carbon can be produced
from eucalyptus bark (Patnukao and Pavasant 2008). Because of its excellent adsorptive
properties, activated carbon can be used to clean drinking water, to dispose of sewage
water, remove air contamination, reclaim dissolvent, and whiten sugar. Palma et al. (2003)
used chemically modified Pinus radiata bark and tannins to remove metal ions from water
solutions and from the acid waste water of copper mine. The pH strongly influenced the
metal adsorption ability. Modified tannins bound less metallic ions than the modified bark.

Salem and Awwad (2014) examined the fractional bio-sorption processes of
modified Eriobotrya japonica bark on the water solutions of nickel ions. The rate of
binding was influenced by the pH, nickel ion concentration, amount of bark, contact time,
and temperature. Modified medlar bark was successfully used to remove nickel ions from
industrial galvanizing sewage. Kafle et al. (2015) tested the effectiveness of bark-based
bio-filters on decontaminating the sewage of swine units from smell, NHz, and H>S. They
determined that these bio-filters can be effectively used on swine farms, and they
determined those pressure and time parameters that were essential to design filters.
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Cutillas-Barreiro et al. (2014) demonstrated that Pinus pinaster bark binds significant
amounts of Pb?*, Cu?*, Cd?*, Zn?*, and Ni?* ions, and therefore can be efficiently used for
decontaminating heavy metal ions in polluted water. In another study (Vajda 2002), oil-
like compounds were decontaminated from sewage via bark. Treating oil acid emulsions
with bark efficiently removed the low (under 1.0 g/L) and high (above 2.0 g/L)
concentrated lipids from sewage. Semenovich et al. (2008) and Semenovich and Loskutov
(2015) modified coniferous bark to collect spilled oil from water surfaces. The sorption
capacity of modified bark reached 21.30 mg/g for Cu?*, Co?*, Ca?*, and Zn?* cations, 42.10
mg/g for dye methylene blue, and 8.23 g/g for petroleum products.

The cleaning of gases has also been examined. To treat flue gas, bio-filters made
from the bark of Pinus sylvestris, and the effect on industrial temperature and pressure
(Andres et al. 2006). Valentin et al. (2010) propagated fungi (Phanerochaete velutina és
Stropharia rugosoannulata) on Pinus sylvestris bark to produce lignolitic enzymes and
peroxidase to clean polluted environments. The Pinus sylvestris bark helped produce
enzymes and provided nutrients for fungi, thus the pine bark was appropriate for
bioremediation.

PLASTIC AND AGGREGATE PRODUCTION

Cordeiro et al. (1997) examined the process and characteristics of suberin-based
polyurethane. Garcia et al. (2015) processed polyphenol-based polyurethane (PU) foils
using condensed tannins, di-isocyanates, and hydroxil-tannin derivatives from the bark of
Pinus pinaster.

Mufioz et al. (2013) examined the bark fibers of Eucalyptus nitens and found that
its characteristics allowed its use it as a strengthening material for thermoplastic plastic
such as high density polyethylene (HDPE).

Makarychev (2015) showed that tree bark filler increased the thermal capacity and
thermal conductivity of thermoplastics, while thermal diffusivity remained constant.

Heindméki et al. (2015) proved that fatty acids from suberin subtracted from Betula
spp. bark significantly increased the vapor barrier characteristic of hydroxiprophil-
methocel films, even in a low concentration.

UTILIZATION AS CLOTHES AND POTS

Li et al. (2014) found the relics of 7,900 yr-old clothes made from wood in South-
China, and clothes are still made from wood today. Robertson (2014) described the
traditional making of clothes from the bark of Ficus natalensis, which is indigenous to
Africa. Bark has been used as ligament or wrapper since ancient times (Ostlund et al. 2009).
Pots made of bark (phloem) are often made from birch bark, but linden, poplar, and elms
are also appropriate. Baskets, bowls, and wares are spun or woven from spirally peeled,
soaked bark. Light bark wares can be used for decades (e.g., picking mushrooms or fruit).
Sandals are also made from birch bark (Szatyor 1986).
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