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Abstract: The lipophilic and hydrophilic extractives in the 
sapwood (sW) and heartwood (hW) of stems from Pinus 
halepensis Mill and Eucalyptus camaldulensis Dehnh trees 
grown in the north of Algeria were analyzed. The extrac-
tion of dried samples was carried out in an accelerated sol-
vent extractor (ASE). The lipophilic substances were first 
extracted with n-hexane and then the hydrophilic ones 
with acetone/water. The extractives were analyzed by 
gas chromatography-flame ionization detection (GC-FID), 
GC-mass spectroscopy (MS) and high-performance size-
exclusion chromatography (HPSEC). The largest amount 
of lipophilic extractives (≈13.4  mg g−1) was observed in 
the hW of P. halepensis, while the hW of E. camaldulensis 
contained the largest amount of hydrophilic extractives 
(≈116.3 mg g−1). Lipophilic extractives are mainly composed 
of oleoresins (resin acids, terpenes), fats (fatty acids, glyc-
erides, steryl esters, sterols) and waxes (fatty alcohols). 
Hydrophilic extractives are composed of  polyphenols 
(stilbenes, flavanols), sugars (monosaccharides) and 
sugar alcohols (cyclic polyols). The main identified lipo-
philic extractives are resin acids in pine and glycerides in 
eucalypt. The main identified hydrophilic extractives are 
cyclic polyols in pine and flavanols and monosaccharides 
in eucalypt. The total content of extractives is higher in 
hW than in sW.

Keywords: Eucalyptus camaldulensis, extractives, heart-
wood, hydrophilic, lipophilic, Pinus halepensis, sapwood

Introduction
Algeria has an estimated area of about 4.1 M ha of forests 
and scrubland. The predominant tree species is the Aleppo 
pine (Pinus halepensis), which occupies 1 158 533 ha found 
mainly in semi-arid areas. The cork oak (Quercus suber) 
with 349 218  ha grows mainly in the northeast of the 
country, while the zeen oak (Quercus canariensis) covers 
3922 ha. The cedars are scattered over 32 909 ha in discon-
tinuous islands in the central Tell and Aurès. The mari-
time pine is located in the northeast of the country and 
covers 28 490  ha. The eucalypt (Eucalyptus camaldulen-
sis and Eucalyptus globulus) introduced in the north and 
especially the east covers 29 355  ha. Other tree species 
include the afares oak (Quercus afares) that covers an area 
of 68 391 ha (Bneder 2009; FAO 2012).

The investigation of wood extractives is as old as wood 
research and it is still a permanent research topic, which 
even today leads to new substances in wood and bark 
(Si et al. 2013, 2016; Nagawa et al. 2015; Yanase et al. 2015; 
Mangindaan et al. 2017). Extractives are not only relevant 
for chemotaxonomical wood identification (Wang et  al. 
2016), but also the value-added utilization of extractives is 
an integral part of forest biorefinery concepts. Extractives 
can be obtained by various organic solvents or water. The 
lipophilic extractives are abundant in nonpolar solvents 
[hexane, dichloromethane, diethyl ether, methyl-t-butyl 
ether (MTBE)], which consist mainly of oleoresins, fats 
and waxes (Fengel and Wegener 1989; Sjöström and Alén 
1998). The hydrophilic fraction, extracted with water alone 
or with polar organic solvents (acetone, ethanol), con-
tains polyphenols, salts and sugars (Overend et al. 1985). 
However, selective isolation of compounds needs modern 
extraction techniques (Fang et  al. 2013). The extractive 
composition is dependent on tree species, morphologi-
cal part of the tree (roots, knots, bark, stem), age, season 
and location (Hafizoglu 1983; Hillis 1987; Bikovens et  al. 
2013). Sapwood (sW) and heartwood (hW) contain differ-
ent amounts of lipophilic and polyphenolic extractives in 
varying proportions (Willför et al. 2003a,b). In the case of 
Pinus sylvestris, the hW typically contains significantly 
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more extractives than the sW, where the total lipophilic 
and hydrophilic compounds correspond to 4–11% and 
4–14%, respectively (Sjöström 1993). In E. globulus, the hW 
has significantly more extractives than the sW, on average 
3.8% and 2.4%, respectively (Morais and Pereira 2012).

The lipophilic extractives are important for pharma-
cological and clinical applications and for other purposes 
such as cosmetics and food additives. Lipophilic extrac-
tives, referred to as wood resin or wood pitch, have a ten-
dency to be deposited and cause pitch problems during 
papermaking (Sundberg et  al. 2009; Strand et  al. 2013). 
Polyphenols, as the largest group of the hydrophilic frac-
tion, exhibit antioxidant, cancerogenic, antimicrobial, 
antiviral, cardioprotective, hepatoprotective and neuro-
protective effects (Willför et  al. 2003b; Holmbom 2011). 
The polyphenols protect the tree against microbiologi-
cal, fungal and insect attacks (Metsämuuronen and Siren 
2014).

There is a large body of literature concerning various 
details of the wood extractives; however, only a few papers 
deal with analytical details of the extractives from differ-
ent morphological parts of eucalypt trees such as sW, hW 
and knot wood. The main objective of the present paper 
was to evaluate the amount and chemical composition of 
lipophilic and hydrophilic extractives from sW and hW 
of the trees P. halepensis and E. camaldulensis, which are 
abundant in Algeria and from which reliable analytical 
data are scarce.

Materials and methods
Percentages are presented, if not otherwise indicated, on w/w basis. 
Concentration data are based on oven-dry material (o.d.m.).

Wood species: The P. halepensis tree was felled in April 2017 from 
the forest of Zemmouri Sahel located in the municipalities of Zem-
mouri El Bahri and Legata in the wilaya (province) of Boumerdès. 
The Zemmouri Sahel forest stretches over an area of about 1000 ha 
and a length of 12 km and it is bounded on the north by the Medi-
terranean Sea. It is situated between the longitudes 3°37′ and 3°42′ 
E and the latitudes 36°44′ and 36°47′ N. The height of the tree was 
about 22 m and the stem diameter at ground level was about 27 cm. 
The sW and hW were at the ages of approximately 26 and 52 years, 
respectively.

The E. camaldulensis tree was felled in December 2016 from the 
forest of Bordj Mnaeil located in the municipality of Bordj Mnaeil in 
the wilaya of Boumerdès. The Bordj Mnaeil forest covers an area of 
about 970 ha and a length of 6 km. This forest area is 10 km from the 
Mediterranean Sea, situated between the longitudes 3°70′ and 3°75′ 
E and the latitudes 36°70′ and 36°72′ N. The height of the tree was 
about 18 m and the stem diameter at ground level was about 23 cm. 
The sW and hW were at the ages of approximately 6 and 22  years, 
respectively.

Wood sampling: Wood samples were prepared from cross-sec-
tional 5-cm thick disc samples collected from the stem at about a 
height of 2.5 m above the ground. Step 1: Knots were removed from 
the discs and hW and sW fractions were manually separated; Step 2: 
The hW and sW samples were manually chipped to 2 × 1.5 × 0.3 cm3 
sizes; Step 3: Wood chips were freeze-dried for 3 days; Step 4: Wood 
chips were milled separately through a 1-mm sieve (Microfine Grind-
ing Mill); Step 5: The sW and hW powders were freeze-dried again 
for 1 day; Step 6: The samples were stored in airtight plastic bags in 
a freezer.

Extraction of wood samples: Extractions of the dried samples (typ-
ically 4 g) were performed with a Dionex Corp. accelerated solvent 
extractor ASE200 according to Willför et  al. (2003c). Parameters: 
90°C, 138  MPa pressure, static cycles (3 × 5  min). The lipophilic 
extractives were extracted with n-hexane and the more hydrophilic 
ones with an acetone/water mixture (95:5 v/v) (Willför et al. 2003c). 
The solvents were evaporated to dryness with N2 followed by drying 
in a vacuum desiccator at 40°C to determine the weights.

Analysis of extractives:  The extractives were analyzed by gas chro-
matography-flame ionization detection (GC-FID) (with a short and 
a long column), GC-mass spectroscopy (MS) and high-performance 
size-exclusion chromatography (HPSEC). After silylation, steryl 
esters and glycerides were analyzed on a short 6 m × 0.53-mm internal 
diameter (i.d.) column coated with crosslinked methyl polysiloxane 
(HP-1, 0.15-μm film thickness) (Örså and Holmbom 1994; Willför et al. 
2004). Fatty acids, fatty alcohols, sterols and fatty acid monoglyc-
erides were analyzed on a long 25 m × 0.20-mm i.d. column coated 
with crosslinked methyl polysiloxane [HP-1, 0.11-μm film thickness 
(Ekman and Holmbom 1989; Willför et al. 2003b)]. The limit of quan-
tification was about 0.01  mg g−1; lower amounts are designated as 
trace amounts in Tables 2 and 3.

Identification of individual components was performed 
by GC-MS analysis (an HP 6890-5973 GC-MSD instrument). A 
25-m × 0.200-mm i.d. HP5-MS column (0.33-μm film thickness) 
was used. The compounds were identified as silylated derivatives 
(in-house Spectral Library and the commercial Wiley 10th/NIST 
2012 spectral library). All results are expressed in mg g−1 (o.d.m.). The 
limit of quantification was about 0.01 mg g−1 (Willför et al. 2007).

The molecular mass distribution was performed by HPSEC 
( Shimadzu chromatographic system; LC-10ATVp, SIL-20AHT, 
CTO-10ACvp equipped with two Jordi Gel DVB 500A columns 
(300 mm × 7.8 mm) and a similar guard column (50 mm × 7.8 mm), and 
a SEDERE SEDEX 85 LT evaporative light scattering detector (ELSD). 
The concentration of each sample was adjusted to a concentration of 
1 mg ml−1 of extractives for all samples. Tetrahydrofuran (THF) with 
1% acetic acid served as an eluent with a flow rate of 0.8 ml min−1. The 
injection volume was 50 μl.

Results and discussion

Total yields detected by gravimetry

The gravimetric analysis of lipophilic and hydrophilic 
extractives obtained with ASE extraction is presented 
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in Table 1. Expectedly, hWs have the highest amount of 
extractives for both trees. For P. halepensis, the lipophilic 
extractives content from the sW and the hW (10.5 and 
13.4 mg g−1) were significantly lower than the hydrophilic 
extractive yields (46.9 and 59.2  mg g−1). In the case of 
E. camaldulensis, the lipophilic extractives in the sW and 
the hW (2.3 and 3.7 mg g−1) were also significantly lower 
than the hydrophilic extractives (86.2 and 116.3  mg g−1). 
Acetone dissolves substantially more compounds from 
both trees than hexane.

Analysis of lipophilic extractives

A chromatogram of lipophilic extractives is presented in 
Figure 1 and a qualitative and quantitative composition 
is shown in Table 2. The amounts of lipophilic extractives 
from P. halepensis extracted with hexane and acetone/
water are, respectively, about 1.5 times and 1.2 times larger 
in hW than in sW, while the corresponding factors of E. 
camaldulensis are 1.6 and 1.5. Accordingly, there are more 
polar extractives in hW than in sW.

The lipophilic extractives identified by GC-MS are 
composed mainly of oleoresin (resin acids, terpenes), fats 
(fatty acids, glycerides, steryl esters, sterols) and waxes 
(fatty alcohols), both in the sW and hW. The main identi-
fied lipophilic extractive is resin acids in pine and glycer-
ides in eucalypt. The HPSEC reveals also resin acids and 
glycerides as the main groups of lipophilic extractives in 
both tree species with remarkable dominance of these 
compounds in the hW (Figure 2). Thus, there is a good 
agreement between GC and HPSEC results.

Oleoresin

Resin acids detected only in P. halepensis are the largest 
component group with 0.65% in sW and 1.04% in hW 

Table 1: The amount of lipophilic and hydrophilic extractives in 
P. halepensis and E. camaldulensis as determined by  gravimetry 
(grav.) and gas chromatography (GC) in sapwood (sW) and 
 heartwood (hW).

Groups
Methods

P. halepensis E. camaldulensis

sW hW sW hW

Lipophilics
 Grav. (mg g−1) 10.5 13.4 2.3 3.7
 GC (mg g−1) 7.9 11.9 1.7 2.6
Hydrophilics
 Grav. (mg g−1) 46.9 59.2 86.2 116.3
 GC (mg g−1) 21.0 28.8 33.7 37.9
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Figure 1: Example of a GC chromatogram of lipophilic and hydrophilic extractives in the sapwoods (sW) of P. halepensis (a) and E. camaldu-
lensis (b). Internal standards: S1, acid 21:0; S2, betulinol.
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Table 2: Quantitative chemical composition of lipophilic extractives from P. halepensis and E. camaldulensis.

Compounds

P. halepensis (mg g−1) E. camaldulensis (mg g−1)

Hexane Acetone Hexane Acetone

sW hW sW hW sW hW sW hW

Resin acids
 Pimaric acid 0.05 0.03
 Sandaracopimaric acid 0.12 0.20 0.02 0.03
 Isopimaric acid/abietol 0.44 0.86 0.07 0.08
 Palustric acid 0.99 1.92 0.01 0.01
 Levopimaric acid 0.01 0.01
 Dehydroabietic acid 1.91 2.17 0.20 0.24
 Abietic acid 2.44 3.83
 Neoabietic acid 0.58 1.44 0.02
Sum 6.48 10.43 0.36 0.40
Terpenes
 Lupeol tr. tr. tr. 0.01
 cis-Abienol tr. tr. 0.01 0.02
 Prenol tr. tr.
 Squalene 0.01 0.01 0.01 0.01 tr.
 Methyl betulinate tr. tr. 0.01
 Methyl cycloartanol tr. tr.
 Betulinic acid tr.
Sum 0.01 0.01 0.02 0.03 0.01 0.01 tr.
Fatty acids
 14:0 Myristic acid 1.40 1.57
 15:0 Pentadecanoic acid tr.
 16:0 Palmitic acid 0.01 0.01 0.04 0.07 0.10 0.13
 16:1 Palmitoleic acid 0.16 0.15
 17:0 Heptadecanoic acid tr. 0.01 tr.
 18:0 Stearic acid 0.02 0.02 tr. 0.03 0.01 0.01 0.03 0.05
 18:1 Oleic acid 0.03 0.07 0.07 0.06 0.02 0.03 0.08 0.11
 18:2 Linoleic acid 0.04 0.07 0.05 0.05 0.05 0.09 0.07 0.14
 18:3 α-Linolenic acid tr.
 20:0 Arachidic acid tr. tr. 0.07 0.08
 20:3 Eicosatrienoic acid 0.01 0.02 0.01
 22:0 Behenic acid 0.01 0.02 0.01 0.02 tr. 0.01 0.03 0.03
 23:0 Tricosylic acid 0.01 0.04 0.05 tr. tr. 0.02 0.01
 24:0 Lignoceric acid 0.03 tr. 0.01 0.02 0.14
 26:0 Cerotic acid tr. tr. tr. 0.01
Sum 0.12 0.25 1.83 2.03 0.14 0.24 0.35 0.62
Glycerides
 Triglycerides 0.83 0.77 0.36 0.74 0.30 0.27 10.33 15.33
Sterylesters
 Sterylesters 0.34 0.38 0.25 0.28 0.83 1.53 2.84 4.37
Sterols
 Campesterol tr. tr. 0.01 0.01 0.01 0.01 0.01 0.03
 Sitosterol 0.04 0.04 0.22 0.35 0.04 0.08
 Sitostanol 0.02 0.03 tr. 0.01
 Erythrodiol tr.
 Cycloartenol tr.
 Citrostadienol tr. tr. tr.
 Methylene cycloartanol 0.01 0.06 0.02 0.01
Sum 0.04 0.05 0.01 0.01 0.26 0.45 0.07 0.13
Fatty alcohols
 Alcohol 22:0 0.02 0.03 0.03 0.05
Other components
 p-Coumaryl alcohol 0.50 0.56
 α-Ocopherol tr. 0.03 0.03 0.13 0.10 0.04 0.01
Sum tr. 0.53 0.59 0.13 0.10 0.04 0.01
Total sum 7.88 11.88 3.38 4.14 1.68 2.64 13.62 20.47

tr., ≤0.01 mg g−1.
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(Table 2). The gravimetric amount of resin acids in the 
sW and hW of P. halepensis is close to that of the sW and 
hW of P. sylvestris, 0.3–1.1% and 1.4–4.4%, sampled in 
central Norway (Hovelstad et al. 2006). Resin acids in the 
hW of P. radiata (Uprichard and Lloyd 1980) predominate 
and comprise 70–80% of the total extractives; however, 
in the sW, the amounts of resin acids and fatty acids are 
approximately equal. In Table 2, the amounts of each indi-
vidual resin acid are listed; the abietic, dehydroabietic 
and palustric acids are most abundant in hW account-
ing for 0.38%, 0.21% and 0.19%, respectively. Neoabietic 
and isopimaric acids were also present in fair amounts, 
while sandaracopimaric and pimaric acids were found in 

small amounts. Willför et  al. (2007) studied the amount 
and chemical composition of hydrophilic and lipophilic 
extractives in the stemwood of Turkish pine (Pinus. brutia) 
and Austrian pine (Pinus. nigra): the hW of both pine 
species contains larger amounts of resin acids than the 
sW with abietic and neoabietic acids as the predominant 
components. Ekeberg et  al. (2006) reported that abietic, 
palustric, dehydroabietic and linoleic acids are the major 
resin acids in the hW of Scots pine.

Small amounts of terpenes were observed in both 
sW and hW of P. halepensis, except squalene, which 
was present in E. camaldulensis in traces. Interestingly, 
E. globulus (Gutiérrez et  al. 1999) did not contain any 

Figure 2: HPSEC chromatograms of lipophilic and hydrophilic extractives in the sapwoods (sW) and heartwoods (hW) of P. halepensis 
(a) and E. camaldulensis (b).
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detectable amounts of terpenes, in contrast to E. camaldu-
lensis or eucalypt hybrids (Eucalyptus grandis, Eucalyptus 
urophylla and E. globulus) (Kilulya et al. 2014).

Fats

About 14 fatty acids were identified in P. halepensis and 
about eight compounds in E. camaldulensis, both in sW 
and hW (Table 2). The amount of fatty acids was larger in 
hW than in sW. Piispanen and Saranpaa (2002) found the 
concentrations of fatty acids in P. sylvestris to be negligible 
in the sW, but their concentration ranged between 0.5 and 
1.8% in the hW. In the same study, the major fatty acids 
were oleic (18:1), linoleic (18:2), α-linolenic (18:3) and eico-
satrienoic acids (20:3). In our study, the concentrations 
of fatty acids were 0.19% in the sW and reached 0.28% 
in the hW. Myristic and palmitoleic acids were the major 
compounds of fatty acids, which were present in small 
amounts. Other fatty acids occur in negligible quantities 
(Table 2).

Glycerides, including triglycerides, are the largest 
 component group in E. camaldulensis, amounting to 
1.06% in sW and 1.56% in hW (Table 2). The amount of 
triglycerides in hW is larger than that in sW. The total 
amount of triglycerides is larger than the reported data 
for different sections of E. globulus (Gutiérrez et al. 1999). 
In P.   halepensis, triglycerides were observed in small 
amounts.

Eucalyptus camaldulensis contains more steryl 
esters compared to P. halepensis. Steryl esters in E. 
camaldulensis were more abundant in hW (0.59%) 
than in sW (0.37%). Steryl esters in P. halepensis were 
observed in small amounts, with 5.24% of the total 
detectable lipophilic extractives in sW and 4.12% of the 
total detectable lipophilic extractives in hW (Table 2). 
The sW contained a smaller amount of steryl esters than 
the hW. Sterol compounds in P. halepensis occur in small 
amounts (Table 2). The hW of E. camaldulensis contains 
significant amounts of sterols, with sitosterol as the pre-
dominant substance.

The chemical composition of lipophilic extractives 
identified in E. globulus (Gutiérrez et  al. 1999) included 
mainly sterols, steryl esters, triglycerides, fatty acids and 
steroid ketones. Kilulya et al. (2014) evaluated the effect 
of site, species and tree sizes on the amount of lipophilic 
extractives from Eucalyptus dunnii and E. grandis. Fatty 
acids were found to be the main group of lipophilic extrac-
tives followed by sterols, along with smaller amounts 
of long-chain hydrocarbons, steroid hydrocabons and 
ketones.

Waxes

The amounts of fatty alcohols were also small. Small 
amounts of fatty alcohols (22:0) were found exclusively 
in both the sW and hW of P. halepensis. Eucalyptus cama-
ldulensis had no detectable amounts of this substance 
group, in contrast to some eucalypt species, where small 
amounts of fatty alcohols were observed (Kilulya et al. 
2014).

Analysis of hydrophilic extractives

A chromatogram of hydrophilic extractives is presented in 
Figure 1 and a qualitative and quantitative composition is 
shown in Table 3. Hydrophilic extractives are composed 
of polyphenols (stilbenes, flavanols), sugars (monosac-
charides) and sugar alcohols (cyclic polyols), both in the 
sW and hW. The main identified hydrophilic extractives 
is pinitol and glucose in P. halepensis and catechin and 
fructose in E. camaldulensis. Hydrophilic extractives are 
more abundant in hW than in sW.

Polyphenols

Catechin is the most abundant flavanol compound, with 
large amounts in E. camaldulensis, 1.66% in the hW 
and 0.54% in the sW. Pinus halepensis contains a lesser 
amount of polyphenols, which is consistent with results 
observed in other pine species (Willför et al. 2007).

Stilbenes including monomethyl pinosylvin and pino-
sylvin were observed in traces in P. halepensis (Table 3). 
Stilbenes were identified in the sW and hW of different 
pine species (Nilsson et  al. 2002; Leinonen et  al. 2008). 
More recently, P. sylvestris sW and hW have been reported 
to contain 0.01% and 0.37–0.55% of pinosylvin, and 
<0.005% and 0.51–0.63% of pinosylvin dimethyl ether, 
respectively (Willför et al. 2003c).

Sugars

Monosaccharides including fructose, glucose and 
hexose were the most abundant hydrophilic extractives 
in E. camaldulensis, which were observed mainly in the 
hW (1.43%). Fewer monosaccharides were identified 
in P.  halepensis, with 0.12% in the sW and 0.51% in the 
hW. The amount of hexoses is referred to as total hexose 
values; the different hexose units could not be quantified 
by GC-MS and HPSEC.
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Sugar alcohols

Pinitol, identified exclusively in P. halepensis, is the most 
abundant cyclic polyol in the sW (1.63%) and the hW 
(1.94%). Quinic acid was observed in small amounts in 
P. halepensis and E. camaldulensis (Table 3). Because of 
the presence of pinitol, sugar alcohols are the dominant 
hydrophilic group in P. halepensis, containing about 
92.7% (sW) and 78.7% (hW) of the total detectable hydro-
philic extractives (Table 3). Small amounts of sugar alco-
hols were also identified in E. camaldulensis.

Conclusions
The hW of P. halepensis contains the largest amount of 
lipophilic extractives (≈13.4  mg g−1), whereas the hW of 
E. camaldulensis contains more hydrophilic extractives 
(≈116.3 mg g−1). Both lipophilic and hydrophilic extractives 
are more abundant in the hW than in the sW. The extrac-
tives identified by GC-MS and HPSEC were  composed of 
seven lipophilic component groups (resin acids, fatty 
acids, glycerides, triterpenes, steryl esters, sterols and 
fatty alcohols) and four hydrophilic component groups 
(stilbenes, flavanols, monosaccharides and cyclic polyols) 
both in the sW and hW. The dominant lipophilic extrac-
tives are resin acids in pine and glycerides in eucalypt, 
while the most frequent hydrophilic extractives are cyclic 
polyols in pine and flavanols and monosaccharides in 

eucalypt. These extractives have a potential utilization as 
value-added chemicals, which can be gained by biorefin-
ery processes.
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