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Abstract The chemical compositions of lipophilic fractions
from Eucalyptus urograndis and Eucalyptus urophylla cul-
tivated in Brazil and Eucalyptus camaldulensis from Mexico
were determined by gas chromatography-mass spectrome-
try (GC-MS) before and after alkaline hydrolysis followed
by derivatization. In all fractions, fatty acids (including
small amounts of o~ and w-hydroxy fatty acids) and sterols
were the most abundant components followed by smaller
amounts of long-chain aliphatic alcohols, phenolic acids,
and hydrocarbons. The presence of steroid esters and tria-
cylglycerols in all three species was indirectly confirmed by
the increased amount of fatty acids and sterols (manly f3-
sitosterol) in the hydrolyzed fractions compared with the
corresponding nonhydrolyzed fractions. The amount of
liphophilic compounds (mainly fatty acids and sterols) iden-
tified in hydrolyzed fractions of E. urograndis, E. camaldu-
lensis, and E. urophylla corresponded to 1921, 1915, and
634mgkg™" of dry matter, respectively. The lower abun-
dance of fatty acids and sterols in the fractions from E.
urophylla indicates that problems related to pitch formation
will be less severe for this species than for the other two.
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Introduction

Hardwood species are presently the most important source
of wood for pulp production. European white birch (Betula
pendula) is the dominant species in North European coun-
tries whereas Eucalyptus species (mainly Eucalyptus globu-
lus, Eucalyptus grandis, and Eucalyptus urograndis) are
dominant on the Iberian Peninsula and in South America.'
The increasing interest in wood from Eucalyptus species is
due to their rapid growth and their interesting properties in
terms of pulping, bleaching behavior, and final pulp
quality.

In recent years, the study of the composition and
behavior of Eucalyptus wood tissues has been mainly
focused on E. globulus, the dominant species cultivated on
the Iberian Peninsula. Recently, the major features of E.
globulus wood extractives' and macromolecular compo-
nents’ have been reviewed. Among E. globulus compo-
nents, the lipophilic extractives fraction has been discussed
in a significant number of publications™ due to its impact
on the formation of pitch deposits,'™'®"” and also because
these components might contribute to the consumption of
bleaching chemicals."'®* For E. globulus, this lipophilic
fraction is mainly composed of fatty acids and alcohols,
fatty acid esters, triacylglycerols, hydrocarbons, and
sterols.”*"

Although the information gathered for E. globulus might
be relevant to design strategies to prevent pitch episodes in
bleached pulp mills operating with other Eucalyptus species,
it is well known that for the Eucalyptus genus there are
strong variations in the chemical composition among and
within species and with geographic location.'""

The growing interest in the use of Eucalyptus for pulp
production in Brazil has promoted research activities in the
clone and genetic selection, and is aiming to improve the
quality and productivity of Brazilian Eucalyptus forests.” >
In this perspective, detailed knowledge of the chemical
composition of the lipophilic fraction of wood extractives
from the Eucalyptus species cultivated in Brazil (E. grandis,
E. urophylla, and E. urograndis) will be an important con-



534

tribution to improving industrial strategies for the preven-
tion of pitch deposition during pulp bleaching. However,
despite the high importance of these Eucalyptus species
in the Brazilian pulp industry, as well as the importance of
the Brazilian pulp and paper industry for the worldwide
market, to the best of our knowledge, very little research
has been carried out on the chemical composition of the
lipophilic extractives of these species from plantations in
Brazi1.19.24726

Within a wider project aiming to carry out a detailed
study of the chemical composition of woods from Eucalyp-
tus species cultivated in Brazil, in the present work we
report the detailed chemical analysis of the lipophilic extrac-
tives from E. urograndis, E. urophylla, and E. camaldulensis
before and after hydrolysis. This last species, although not
largely cultivated in Brazil, is very important in the pulp and
cellulose industry in Mexico and Thailand and has been
considered in the present work for comparison.

Materials and methods
Samples

Eucalyptus urograndis and FEucalyptus urophylla wood
samples were obtained from an 8-year-old plantation in
Brazil. Eucalyptus camaldulensis wood (12-year-old trees)
was obtained from a Mexican plantation. The wood mate-
rial used was bark free, chopped into small pieces (indus-
trial size), and air-dried at ambient temperature for 5 days.
It was then ground to pass a 1-mm sieve screened in a vibra-
tory sieving apparatus and the 40- to 60-mesh fractions were
used for chemical analysis, according to described experi-
mental procedures.”

Extraction

The air-dried powdered samples (2g) were extracted with
acetone for 6h using a Soxhlet apparatus. The solvent was
removed under reduced pressure in a rotary evaporator and
the fractions were weighed. All extractions were carried out
in triplicate and the extraction yields were expressed as
percentages in relation to the wood’s dry weight.

To isolate the lipophilic fraction, the acetone extract was
redissolved in dichloromethane (3 x 2ml) and filtered off.
The derivatized dichloromethane-soluble (lipophilic) resi-
dues were analyzed by gas chromatography-mass spectro-
metry (GC-MS) before and after hydrolysis as described
below.

Alkaline hydrolysis

To a two-necked round-bottomed flask (10ml) was added
10mg of the dichloromethane extract, followed by 1.8 ml of
aqueous solution of KOH (3M) and 0.2ml of methanol.
The mixture was refluxed under nitrogen atmosphere for
1h. It was then cooled to room temperature, acidified with

aqueous HCI (3M) to pH ~2, and extracted with dichloro-
methane (3 x 2ml). The combined organic fractions were
dried over anhydrous MgSO,, filtered, and the solvent was
completely removed under reduced pressure in a rotary
evaporator.

Derivatization

Aliquots of hydrolyzed and nonhydrolyzed dichlorometh-
ane fractions (2.0mg) were dissolved in pyridine (100 ul)
in capped vials followed by the addition of 60ul of
bis(trimethylsilyl)-trifluoroacetamide containing 1% of
chlorotrimethylsilane. The reaction mixture was heated at
70°C for 30min. It was then cooled to room temperature
before GC-MS analysis.

GC-MS analysis

GC-MS analyses were performed on a Shimadzu PQ5050A
GC-MS equipped with an AOC-5000 autoinjector and a
DB-1 J&W capillary column (30m x 0.25mm i.d., 0.25 um
film thickness) and using helium as carrier gas (35cms™).
The chromatographic conditions were as follows: injector
temperature 290°C; oven initial temperature 80°C hold for
5min; temperature rate 4°C min™'; final temperature 285°C
hold for 40min. The transfer-line temperature was 290°C
and a split ratio of 1:10 was used. The mass detector was
operated at electron-impact mode (70eV) with a scan range
of m/z 30 to 600.

For semiquantitative analysis, the GC-MS equipment
was calibrated with pure reference compounds, representa-
tive of the major extractives components (namely, hexa-
decanoic acid, hexadecan-1-ol, 16-hydroxyhexadecanoic
acid, 2-hydroxyoctanoic acid, tetracosane, f3-sitosterol, and
trans-ferulic acid), relative to hexanedioic acid and tetraco-
sane used as internal standards as described in the litera-
ture.” The respective response factors needed to obtain
correct quantification of the peak areas were calculated as
an average of 16 GC-MS runs.

Compounds were identified as trimethylsilyl (TMS)
derivatives by comparing their mass spectra with the GC-
MS spectral library (Willey 333.000) with data from the
literature, and, when necessary, by injection of reference
compounds.

Results and discussion

The extraction with acetone was carried out in order to read
the total amount of polar and lipophilic extractives. The
wood lipophilic fraction can be easily isolated from the
more complex acetone extract by its dissolution in a small
amount of dichloromethane.”*

The total amount of extractives (acetone fractions) from
Eucalyptus camaldulensis dry wood [3.72%, standard devia-
tion (SD) = 0.028] is much higher than the values found for



Fig. 1. Total ion chromatogram
of the trimethylsilylated
dichloromethane fraction of
Eucalyptus urograndis wood. 19
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The GC-MS analysis of derivatized dichloromethane
fractions before and after alkaline hydrolysis of the three
species revealed that they were quite similar from a qualita-
tive point of view (Table 1). Figure 1 shows a typical total
ion chromatogram obtained for the E. urograndis lipophilic
fraction, after hydrolysis. A list of the identified compounds
and their quantification, before and after hydrolysis, is
shown in Table 1. The compounds identified in the hydro-
lyzed and nonhydrolyzed fractions could be grouped into
three major classes according to their chemical structures,
as shown in Fig. 2.

After alkaline hydrolysis, a large increase in the total
amount of extractives detected by GC-MS was observed
(Table 1, Fig. 2), particularly among the fatty acids and
sterols. This confirms the presence of a significant amount
of esterified structures such as steryl esters, glycerides, and
waxes, among others, in the original extract,*”'""*"" in agree-
ment with previous work.*®7 41

Fatty acids represented the major class of nonpolar com-
ponents present in the lipophilic fraction of the extractives
(after hydrolysis), with hexadecanoic acid (palmitic acid),
octadeca-9,12-dienoic acid (linoleic acid), and octadec-9-
enoic acid (oleic acid) as the major compounds, for all three
species (Table 1), in agreement with previously reported

Fig. 2. Major classes of compounds present in the dichloromethane
fractions of the investigated eucalyptus species, before (BH) and after
alkaline hydrolysis (AH). LCFA, long-chain fatty alcohol; FA, fatty
acids; ST, sterols

works for E. globulus.'""” Other identified fatty acids
included nonanodioc, dodecanoic, tetradecanoic, pentadec-
anoic, heptadecanoic, octadecanoic, icosanoic, docosanoic,
tricosanoic, tetracosanoic, pentacosanoic, hexacosanoic,
heptacosanoic, and octacosanoic acids. Dodecanoic and tri-
cosanoic acids were present in E. urograndis and E. camal-
dulensis (after hydrolysis), whereas heptacosanoic acid was
only found in FE. urophylla and E. camaldulensis after
hydrolysis. Octacosanoic acid was also only found in E.
urograndis (after hydrolysis) and E. wurophylla (before
hydrolysis). Additionally, five odd-number-chained fatty
acids, namely pentadecanoic, heptadecanoic, tricosanoic,
pentacosanoic, and heptacosanoic acids were identified in
the wood extracts. Mass spectra of this class of compounds,
once trimethylsilylated, present a characteristic fragmenta-
tion pattern showing major peaks at m/z 73 [(CH,),Si]’,
117 [(CH,;),SiOC=0]’, 132 [(CH,;),SiOC(=0)CH;]’, and
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[M-CH,]"”* An odd-number-chained dicarboxylic acid
such as nonanodioic acid was also present in the lipophilic
fractions of E. urograndis (before and after hydrolysis) and
E. camaldulensis only after hydrolysis (Table 1).

Significantly higher amounts of fatty acids (approxi-
mately double) were found in the lipophilic fractions of
E. urograndis and E. camaldulensis when compared with
E. globulus"” after hydrolysis, but at the same levels of E.
urophylla. From the perspective of the pitch formation this
looks to be an advantage of the latter species.

GC-MS analysis also allowed the identification of
several @w-hydroxy fatty acids in small quantities; namely,
22-hydroxydocosanoic and 24-hydroxytetracosanoic acids
in E. wurograndis and E. camaldulensis wood extract
(after hydrolysis), whereas 25-hydroxypentacosanoic
acid has been identified only in E. camaldulensis and 26-
hydroxyhexacosanoic acid only in E. urograndis after
hydrolysis.

The w-hydroxy fatty acids were identified as TMS deriv-
atives, based on their characteristic fragmentation with
mass spectra showing characteristic peaks of aliphatic TMS
esters at m/z 117 [(CH;);SiOC=0]", 129 [(CH,;),Si=OC(=0)
CH=CH,]", 204 [C{H,,0,Si,]", and 217 [C;H,,0,Si,|". The
last two fragments, resulting from rearrangements of tri-
methylsilyl groups in long-chain aliphatic compounds, were
consistent with the w-hydroxy fatty acid or long-chain dic-
arboxylic acid structures.’’”> However, the formation of
fragments with m/z 89 and 103, characteristic of aliphatic
alcohols, discard the possibility of being long-chain aliphatic
dicarboxylic acids. In addition, the characteristic fragmenta-
tion pattern of the TMS derivatives of @w-hydroxy fatty acids
was further confirmed by comparison with the mass spec-
trum of 16-hydroxyhexadecanoic acid (as TMS derivative)
used as a reference sample.

Concerning o-hydroxy fatty acids, only 2-hydroxytetra-
cosanoic acid has been identified in E. urograndis and E.
camaldulensis after hydrolysis. The mass spectra of the
TMS derivatives of those compounds also contain signals
characteristics of aliphatic TMS esters at m/z 117, 129, and
the corresponding [M-15]* fragment. The base peak due to
the fragment [M-117]" indicates the a-cleavage,”™ which
confirms the presence of a hydroxyl group in the a-position
of the fatty acids. Finally, the fragmentation pattern of the
TMS derivatives of o-hydroxy fatty acids was also con-
firmed by comparison with a silylated reference sample of
o-hydroxyoctanoic acid. Although o-hydroxy fatty acids do
not generally occur as compounds in Eucalyptus wood lipo-
philic fractions, their presence has been previously reported
in E. globulus.""" It has been demonstrated that these o-
and w-hydroxy fatty acids are commonly found as abundant
components of pitch deposits in European pulp mills."”*
The significantly lower abundance of o~ and @-hydroxy
fatty acids in the wood of the Eucalyptus species cultivated
in Brazil seems to be clearly beneficial as far as pitch forma-
tion is concerned.

Mass spectra of the sterol TMS derivatives exhibited
their molecular ions, confirming the compounds’ molecular
weights. The fragmentation patterns of this class of com-
pounds are very characteristic. The main peaks observed

correspond to the fragments [(CH,),Si]" (at m/z 73), [M-
CH,J", [M-90]", [M-129]", and [(CH;),SiOCH=CHCH,]" (at
m/z 129).304,35737

The most abundant sterols found in all dichloromethane
fractions were f-sitosterol and f-sitostanol. The content of
these two sterols also increased upon hydrolysis. In the case
of E. camaldulensis, increases of 100.8% and 175.8% in the
amounts of [-sitosterol and S-sitostanol were observed,
respectively. For E. urophylla and E. urograndis, the
observed increases in the S-sitosterol content were 191%
and 19%, respectively. These results show that in the
extracts of all three species, the sterols are mainly present
in the esterified form. Cholestane-3,5-diol was found in
E. urograndis, but only in the hydrolyzed extract and in
E. camaldulensis before and after hydrolysis, whereas
stigmast-5-en-3-ol was found in three wood lipophilic frac-
tions (before and after hydrolysis).

The amount of sterols found in E. urophylla is similar to
those reported for E. globulus," while the quantities found
in E. urograndis and E. camaldulensis are significantly
higher.

Long-chain fatty alcohols represented only a small
portion of the total extractives identified by GC-MS.
Octadecan-1-ol and hexadecan-1-ol were the main alcohols
found in the analyzed fractions. These compounds
were reported in previous studies as components of
E. globulus wood extractives.'""” The mass spectrum of
their TMS derivatives showed a prominent peak at m/z 75
and another intense peak corresponding to the [M-CH,]*
fragment, which are characteristic of these types of
compounds.®

Ferulic acid was the main aromatic compound identified,
in very small amounts, in the extracts after hydrolysis of E.
urograndis [12.6mgkg™" (cis-isomer), 20.7mgkg™" (trans-
isomer)] and E. camaldulensis [13.9mgkg™" (cis-isomer),
24.8mgkg™" (trans-isomer)]. However, this compound was
not found in the lipophilic fractions of E. urophylla (Table
1). This compound was identified as a TMS derivative, by
comparison with the equipment mass spectral library and
with literature data.”* This implies that ferulic acid should
be present in E. urograndis and E. camaldulensis wood
esterified with other components, such as lignin or polysac-
charides, not detectable by GC-MS analysis, rather than
with fatty alcohols and @w-hydroxy fatty acids. The aromatic
composition of the studied species is much simpler than that
reported for E. globulus."”

Table 1 reveals that the amount of components identified
in the hydrolyzed extractives of E urograndis and E. camal-
dulensis corresponds approximately to 50% and 41 % of the
total lipophilic extractives, respectively. These results are in
agreement with the percentage of compounds identified in
the extractives of E. globulus (44.6% after hydrolysis) using
the same GC-MS methodology.” However, in the case of
E. urophylla few (13.2% in the case of the hydrolyzed
sample) of the compounds present in the lipophilic extrac-
tives were identified. This last analysis was repeated twice
more yielding the same outcome. A possible explanation
for these results could be that the compounds present in the
lipophilic fractions of this species are more prone to polym-



erization, therefore leading to a smaller fraction of volatile
compounds under the GC-MS analysis conditions. The
smaller amount of identified lipophilic extractives found in
E. urophylla could be an advantage in terms of pitch forma-
tion during the industrial pulping process.

Further research will be required to evaluate the effects
of the wood lipophilic fractions during pulping and bleach-
ing stages.

Conclusions

This report describes the identification and quantification
of a large number of lipophilic components present in the
lipophilic fractions of Eucalyptus urograndis, Eucalyptus
urophylla, and Eucalyptus camaldulensis. Eucalyptus camal-
dulensis and E. urograndis have higher contents of fatty
acids and sterols, especially S-sitosterol, compared with E.
urophylla.

The lower abundance of fatty acids and sterols in the
lipophilic fractions from E. urophylla wood determines that
pitch formation problems will be less severe for this species
than for the other two.
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