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A B S T R A C T

Rosins and turpentines present in pine resins have been widely used both industrially (coatings, electronics and
paint) and pharmaceuticals (ointments). Among the main components of these matrices is abietic acid. This study
focuses on the characterization and evaluation of the quality of rosins and turpentines in addition to the quan-
tification of abietic acid in rosins. Rosin and spirit of turpentine were obtained separately through the distillation
method from P patula and P. oocarpa resin, species grown in the Department of Cauca-Colombia. Resin-tapping
was made using the traditional method (cup and gutter). Quality indicators were determined according to ASTM
standards. Solubility tests and identification of functional groups were performed on the obtained rosin by
ultraviolet-visible spectroscopy (UV-Vis), infrared (IR) and nuclear magnetic resonance (1H-NMR). The abietic
acid present in the rosins was determined by high performance liquid chromatography (HPLC). According to their
high acid value and low percentage of unsaponifiable matter, the extracted rosins are considered of medium-high
quality. Quantification of abietic acid by HPLC showed 14.85 � 0.24% and 16.09 � 0.11% for P. patula and
P. oocarpa rosin respectively.
1. Introduction

Polymers are part of today's way of life. The vast majority of polymeric
products used today are derived from fossil fuels. Due to continuous
consumption of oil reserves and the adverse environmental effects of
several of its uses, new alternatives are being sought in renewable natural
resources. Plant biomass is a source of polymerswith important properties
and applications, which has recently capturedmore andmore interest due
to its abundance, low cost and easy chemical modification [1, 2]. Pine
resin is just one of the many NWFPs (Non-Wood Forest Products) derived
from coniferous forests, especially the genus Pinus. Resin-tapping is a
forest activity that aims to extract the oleoresin which flows from the
pines during the year. This is done through pikes in selected trees [3, 4].
The technology used is the downward pike system (herringbone).

In Colombia and other countries, oleoresin is extracted from this
variety of pine to extract rosin and turpentine [5, 6, 7]. Currently, resin is
used in the manufacture of waxes, paints, soaps, adhesives, and phar-
maceutical products, among others [8]. Industries include these products
or the precursors to manufacture them from gum resin or its two main
fractions: rosin and turpentine. Figure 1 shows the pine resin and rosin
that can be obtained from the resin.
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The process begins with the debarking in plantations of patula pine
and oocarpa pine with ages greater than 16 years. Once the debarking has
been carried out, the pikes or wounds are made by placing the resin
collecting container. Later, the resin is collected from the pines in buckets
which are transported to the collection center. With the resin obtained, it
is processed on a laboratory scale to obtain rosin and turpentine,
adjusting the physical variables. Finally, the process is carried out on a
semi-industrial scale.

Turpentine intended for use as a solvent, fragrance and flavor com-
pounds and other derivatives since its composition is mainly formed by
α-pinene, β-pinene and δ-3-carene.

Rosin is obtained through the distillation process of pine resin. The
most important uses of rosin are: manufacture of adhesives, printing ink,
insulating materials for the electronics industry, synthetic rubber,
chewing gum, soaps and detergents due to its mixture between abietic
acid and isopimaric acid [6, 9, 10, 11, 12, 13]. Rosin remains as a
non-volatile fraction after distillation for turpentine separation. It is a
glassy, crystalline and brittle solid. Most of the rosin is used and chem-
ically modified [14, 15]. It is mainly made up of 10–20% neutral com-
pounds (Terpenes) and 80–90% resin acids [16], a mixture of isomeric
organic acids from abietic acid (40–60%) [17, 18].
st 2021
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Figure 1. Pine resin and abietic acid, major component of rosin. Own elaboration.
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Abietic acid has a rigid tricyclic skeleton, possessing two double
bonds and a carboxylic functional group. Today, rosin has been used in
homopolymerization and copolymerization with fatty esters derivatives
using the ADMET (Acyclic Diene Metathesis) methodology to obtain
thermoplastic polymers [2, 19].

Modified rosins have also been obtained for different purposes by
hydrogenation, polymerization and disproportionation [20]. Rosin ex-
tracts are used in the synthesis of Al2O3 nanoparticles, among other ap-
plications [21, 22].

The acid fraction of rosin is mainly made up of abietic, pimaric and
labdanic acid, where each acid group contains numerous isomers [23].
These acids can be oxidized and they can undergo isomerization under
high temperature [24]. The melting point of rosins is estimated between
70 �C and 85 �C. Thermal degradation of rosin is typically measured by
thermogravimetry (TGA) starting at 215 �C and concluding at 295 �C
[25]. Turpentine is a clear, flammable liquid with a pungent odor and
sour to taste. The boiling point of turpentine starts at around 150 �C,
being volatile terpenic hydrocarbons (C10H16) its main components,
which can vary depending on the growth site, the tree species and the
distillation process. Turpentine is mainly composed of α-pinene
(65–75%) and β-pinene (20–26%), and small amounts of camphene,
limonene, 3-carene and terpinolene.

Turpentine is usually used as a paint thinner and varnishes or as a
cleaning agent. Derivatives are widely used in fragrances and vitamins
[26]. Synthetic pine oil used in disinfectants, cleaning agents, and other
pine-scented products is the main derivative of turpentine [27, 28, 29].

There have been reports of many different analytical techniques used
for the characterization of rosins, however, the analysis of the resin acids
are generally including GC, pyrolysis-GC-MS, CE, HPLC, UV-Vis spec-
troscopy, H-NMR and TLC [30, 31, 32].

In this study, rosin was obtained from Pinus patula and Pinus oocarpa
species using the distillation method. Quality tests for the resin, rosin and
turpentine were carried out. Physicochemical properties of the obtained
products were determined and the characterization of the rosin was
performed using spectroscopic techniques. Finally, the abietic acid con-
tent of these two species grown in the Department of Cauca was deter-
mined by high-resolution liquid chromatography.

2. Material and methods

Cajibio area has a humid mesophytic forest (semi-humid forest of the
sub-Andean zone) with an altitude of 1840 m.a.s.l., latitude: 2� 31�
(north), longitude: 76� 35� (west), a frost-free temperature between 15
and 20 �C, (maximum fluctuations) and light winds or storms. The Sotar�a
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area has an average altitude of 2726 m.a.s.l., latitude: 2� 15� (north),
longitude: 76� 36�(west).

The studied plantations are industrial plantations to obtain pulp for
paper with ages of 18 years, these plantations are not carried out any type
of drilling or treatment before the study. The study was carried out two
years before being cut down for use. In these plantations there are 1,111
trees planted per hectare planted.

The Pinus patula plantation is located in the village of Chiribio, la
Catana, municipality of Sotar�a Cauca. This path belongs to the central
mountain range which is made up of metamorphic rocks with a laminar
structure and igneous rocks, product of the eruptions of the Sotar�a vol-
cano. (CONIF, 1998). The relief is strongly inclined to strongly broken
with slopes of 7, 12, 25, 50 and even 75%. They are medium to slightly
acid soils, becoming less acidic with depth (5.6–6.4); with high and very
high organic carbon contents in the first 100 cm, and very low in the total
bases. In the case of the Pinus oocarpa plantation, it is located in the
municipality of Cajibío Cauca. The relief presents a gentle slope between
7 and 38%. Acidic soils with influence from the Purac�e volcano. (CONIF,
1998). Table 1 shows the main characteristics of the two plantations
studied [33].

The resin-tapping method used was the cup and gutter method, in
which shallow v-shaped cuts (scarifications) are conducted on the resin
surface at chest level, which is previously prepared with a debarking ax.
Scarifications were performed at intervals during the growing season,
and their frequency varies according to weather conditions [29].

Spectroscopic characterization was carried out by using ultraviolet
visible spectroscopy (UV-Vis), infrared (IR) and proton nuclear magnetic
resonance (1H-NMR).

2.1. Samples

Collection of P. patula resin samples (18 years) was carried out in
forest plantations located in the municipality of Sotar�a (Cauca-
Colombia). P. oocarpa resin samples (18 years) were taken from planta-
tions located in the municipality of Cajibio (Cauca-Colombia).

2000 patula pine trees and 2000 oocarpa pine trees were resined for
12 months. The pikes or wounds were made every three days for 12
months.

2.2. Resin distillation

The physical process of pine resin distillation was conducted to
separate the turpentine from the rosin. In this case, turpentine is the
volatile substance since its boiling point, at normal pressure is 156 �C,



Table 1. Main characteristics of Pinus patula and Pinus oocarpa plantations.

Plantation *m.a.s.l. Weather (�C) Coordinates Soil Acidity
(pH)

Topography
(%)

Precipitation/
Year (mm)

Daylight
(h/month)

Sotar�a 2000–3000 12–18 2� 18’ .05.5000 N
76� 350 41.4100 O

5,6–6,4 7–75 40,6–403,6 101,8–171,2

Cajibío 1700–1840 15–24 2� 31’ .18.2800 N
76� 350 56.6900 O

5,3–5,5 7–38 1028,5–3085,5 240,0–300,0

*m.a.s.l. Meters above sea level.
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while the rosin boils at normal pressure in the range from 225 �C to 320
�C being it the heavy fraction. P. patula and P. oocarpa resin samples were
placed in balloons attached through a condenser to a vacuum trap. The
samples were distilled in a system where temperature was controlled to
60 �C during 3–4 h, then the temperature was increased to 320 �C. The
distilled turpentine was separated from the solid rosin for characteriza-
tion [29].

2.3. Determination of resins quality indicators

The quality of the resin, rosin and turpentine is mainly determined by
the physicochemical variables such as acidity index, saponification
index, unsaponifiable matter among others [34, 35, 36, 37, 38, 39]. The
acidity index, saponification index, unsaponifiable matter, color, melting
point and humidity were determined for the rosins. The acidity index,
degree of esterification, soluble solids and density were determined for
turpentine samples. The quality of rosin and turpentine obtained in this
study was compared with the international standards ASTM (American
Society for Testing and Materials) D1392 and the Bureau Indian Stan-
dards (IS 533: 1973) [29, 40].

2.4. Characterization of the obtained rosin

Quality tests for the resin, rosin and turpentine were applied. Physi-
cochemical properties of the obtained products were determined and the
characterization of the rosin was performed using spectroscopic tech-
niques. Finally, the abietic acid content of these two species grown in the
Department of Cauca was determined by using high-performance liquid
chromatography (HPLC).

The melting point and the physical characteristics of the obtained
rosins were determined. Solubility tests were applied in water, methanol,
acetonitrile and hexane. Ultraviolet-visible spectra, infrared and proton
nuclear magnetic resonance (1H-NMR) [14] were taken in both species of
rosin.

2.5. HPLC analysis

A Waters 1515 brand liquid chromatograph and a μ-Bonda Pack C18
column at 60 �C protected by a C18 guard columnwere used. Acetonitrile-
Water-Phosphoric Acid (ACN/H2O/H3PO4) was used as mobile phase,
(60:40:0.1). An isocratic elution was performed at a flow rate of 1 mL/
min and detection was carried out at 241 nm using aWaters brand UV Vis
2487 detector. All samples were filtered through 0.45 μm PALL GHP
Acrodisc brand membrane filters. A 98% abietic acid standard (SIGMA)
was used to determine abietic acid content in the Pinus patula and Pinus
oocarpa rosin samples. Besides, the quantification on an external stan-
dard calibration curve [30] was performed.

3. Results and discussion

Turpentine and rosin percentage present in the resin samples was
established through distillation process. A rosin percentage of
74.55�(0.02)% and 75.00�(0.03)%, and a turpentine percentage of
14.55�(0.02)% and 14.40�(0.03)% for P.patula and P. oocarpa resin
respectively was obtained. These values are very close to those reported
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by other authors for species such as P. caribea with 70.0%–75.0% of
rosin, and approximately 15.0% of turpentine [41]. Rosin extracted from
Pinus pinaster distillation grown in Morocco has shown percentages be-
tween 64% and 70% [41]. Abietic acid is a by-product of the rear-
rangement of pimaric acid, neoabietic acid and palustric acid during the
distillation process [42]. At high temperatures and through disproportion
abietic acid is converted into dehydroabietic acid, dihydroabietic acid
and tetrahydroabietic acid. When rosin is stored for long periods of time
under specific conditions, the proportion of original resin acids of rosin,
including abietic acid and dehydroabietic acid, tend to decrease due to
oxidation forming hydroperoxides, epoxides or hydroxylated compounds
[20]. High percentages of obtained rosin suggest its production potential.
China, some Latin American countries and Portugal are major producers
of rosin [21]. The United States, Finland, Switzerland and some countries
of the Soviet Union are major producers of rosin obtained from the wood
treatment process. Approximately, 1.1 million tons of rosin are produced
annually, and most of it is modified to obtain different by-products [43].
Table 2 shows the quality indicators of Pinus patula and Pinus oocarpa
resin, rosin and turpentine. These results show medium-high acidity
index and saponification index for the Pinus patula and Pinus oocarpa
resins, as well as a low content of unsaponifiable material. The acid
values from 136.20 to 138.0 and from 134.0 to 137.35 for Pinus patula
and Pinus oocarpa resin respectively indicate the good quality of the
extracted resin and a high proportion of resin acids in its composition,
compared to Pinus caribea var. caribeawith acidic index between 140 and
145 [42]. The amount of unsaponifiable matter and impurities was low
for the two analyzed species of resins. Moisture content was low, under
5.0% for the two resin samples.

The best quality rosins usually have an acid value in the range of
160–170 [34]. The Pinus patula and Pinus oocarpa rosins showed acidity
index between 158 and 160 respectively. Oxidized material is present in
rosin due to air exposure. Abietane-type resin acids with conjugated
double bonds tend more to oxidation than dehydroabietic acids and
pimaran-type acids. The percentage of unsaponifiable matter indicates
the amount of non-acidic material, therefore, the lower this value, the
higher quality of the rosin. The analyzed rosins showed unsaponifiable
matter percentages between 4.8 and 7.7. Percentages of unsaponifiable
matter above 10% may indicate low quality rosins [41]. There are no
international standards for rosin, although ASTM describes standard
tests, companies in the rosin industry have their own quality specifica-
tions, varying from company to company. This makes generalization of
analytical data difficult. Pinus patula and Pinus oocarpa rosins presented
M and N classification colors respectively. This classification make of
them medium rosins according to the United States Department of
Agriculture. Pinus caribea rosins presented X–WW classification colors
which categorize them as clear-type rosins [41,35,36].

Rosin consists mainly of diterpenic acids representing 90% of the
total weight and the remaining 10% consists of a mixture of esters, al-
cohols, aldehydes and hydrocarbons. The acidic fraction consists mainly
of three groups of abietic, pimaric and labdanic acids [25]. Rosin is
mainly used in the manufacture of adhesives, printing inks, electronics
industry, synthetic rubber, rubbers, soaps and detergents. There are
quality standards for turpentine established by ASTM D 13 92 and the
Bureau Indian Standards (IS 533: 1973), which are based on the evalu-
ation of the turpentine quality to be used as a solvent. Generally, the



Table 2. Quality indicators of P. patula and P. oocarpa resin, rosin and turpentine.

Pinus Resin

Sample Acidity index
(mg KOH.g�1 sample)

Saponification index
(mg KOH.g�1 sample)

Unsaponifiable
matter (%)

Impurities % Moisture %

P.PAT 134.39–140.0 136.20–138.0 22.33 0.43–1.13 3.23–4.07

P.OOC 133.89–135.0 134.0–137.35 24.50 0.43–1.16 2.62–5.68

Turpentine

Sample Acidity index
(mg KOH.g�1 sample)

Degree of esterification Refractive index Boiling point �C Density g/mL

P.PAT 0.40–0.46 0.30–0.33 1.484 154–157 0.852

P.OOC 0.41–0.45 0.31–0.35 1.520 153–156 0.861

Rosin

Sample Acidity index
(mg KOH.g�1 sample)

Saponification index
(mg KOH.g�1 sample)

Unsaponifiable
matter (%)

Color Melting point �C Moisture%

P.PAT 155–158 153.7–160 4.8–7.6 M 76.7–78 0.89–1.15

P.OOC 155–158 158–160 5.0–7.7 N 76.5–78 0.75–1.15

P.PAT: Pinus patula; P.OOC: Pinus oocarpa.
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tested quality parameters are density, refractive index, evaporation and
distillation residues, among others. Pinus patula and Pinus oocarpa tur-
pentines presented acidity index between 0.40 and 0.46, and degree of
esterification between 0.30 and 0.35. Turpentines obtained from Pinus
caribea have presented degree of esterification between 0.27 to 0.36. The
analyzed turpentines presented refractive indices between 1.48 and 1.52,
boiling points between 153 and 154, and density between 0.85 and 0.86
g/mL. Turpentines obtained from Pinus caribea have presented acidity
index of 1.46 and density of 0.86 g/mL [37,38,39].

Rosin and turpentine obtained from Pinus patula and Pinus oocarpa
resins meet the quality standards according to the ASTM (American So-
ciety for Testing and Materials) standards. Pinus patula and Pinus oocarpa
rosins obtained from the distillation process showed solubility in meth-
anol, acetonitrile and hexane but insolubility in water. Resin acids of the
abiethane series that make up the rosins have a double bond system and
an isopropyl group as a substituent in the third ring, and those of the
pimaran series have a vinyl group and a methyl group in the same po-
sition [43]. The UV-Vis spectra of the Pinus patula and Pinus oocarpa
rosins showed their most representative bands at 216 and 236 nm
respectively. These absorption bands correspond to n-π* and π- π*
Figure 2. UV spectra (A and B) and IR (C and D)
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transitions that show C¼O and C¼C double bonds. Figure 2 (A and B)
shows ultraviolet (UV) spectra of the P. patula and P. oocarpa rosins.
Infrared (IR) spectra for Pinus patula and Pinus oocarpa rosins (Figure 2, C
and D) showed broad bands at 3500 cm�1, characteristics of tension vi-
brations of the –OH groups from the carboxylic acid groups of the rosins.
They also showed a band similar to 1690 cm�1 of C¼O from the car-
boxylic acids of the rosins, some bands at 1460 cm�1 to a C–H asym-
metric deformation. Bands at 1240 cm�1 to C–O bonds, a band at 550.64
cm�1 to a C–O vibration, and a band at 829.33 cm�1 corresponding to
–OH elongations of aromatic nucleus. Bands at 650 and 820 cm�1 that
correspond to C–H bends of aromatic nucleus are observed.

There were not big differences between 1H-NMR spectra of Pinus
patula and Pinus oocarpa rosins. 5 characteristic regions in the 1H-NMR
spectrum (protonic) for Pinus patula and Pinus oocarpa rosins were
differentiated: 1. 0.5–1ppm (2 signals, singlet and doublet-doublet,
methyl group region, –CH3). 2. 1.0–1.4ppm (4 signals, singlets, methyl
group region, –CH3). 3. 1.4–2.2ppm (signal groups with great multi-
plicity, methyl group region, –CH2). 4. 4.8–6.0ppm (3 signals, olefinic
region, endo- and exocyclic bonds, typical for abietic acid, –C¼C). 5.
6.8–7.4ppm (4 signals, 3 aromatic protons region, typical for
of P. patula and P. oocarpa rosins respectively.



Figure 3. 1H-NMR spectra of Pinus patula (A) and Pinus oocarpa (B, C) rosins
respectively.

Figure 4. Liquid chromatograms of P. patula (A) and P. oocarpa (B) rosins
respectively.
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dehydroabietic acid). Figure 3 (A, B and C) shows the proton NMR
spectra for Pinus patula and Pinus oocarpa rosins respectively. Figures 3(B)
and 3(C) are enlargements of the spectral zone between 0.6-3.0 ppm and
4.8–7.6 ppm respectively.

Pinus patula and Pinus oocarpa rosin samples were taken to perform
their chromatographic analysis and determine the abietic acid content.
Analysis of rosin samples by HPLC was conducted by using a C18 column
(μ-Bondapak C18 150� 3.9 mm), a mobile phase made up of acetonitrile-
water-phosphoric acid (ACN/H2O/H3PO4), (60:40:0.1), run time of 20
min at a flow of 1.0 mL/min and a 60 �C temperature. The wavelength of
the detector was at 241 nm [29].

Chromatographic method was validated by using the abietic acid
standard to determine its content in Pinus patula and Pinus oocarpa rosins.
Linearity of the method was good, showing a range of 10–100 ppm (r2 ¼
0.9980), a detection limit of 0.091 ppm, and a quantification limit of
0.304 ppm. The method presented good repeatability in the concentra-
tion range examined with values of % RSD (Relative Standard Deviation
5

Percentages) between 0.335 and 1.128, not exceeding 5%, acceptance
criterion for the abietic acid analysis. The method is reproducible
because the % RSD values are below 5% (0.040–0.964%). The method is
accurate presenting a 1.163 tobt, lower than the 2.31 ttab for eight (8)
degrees of freedom and 95% confidence. Figure 4 (A and B) shows
chromatograms of Pinus patula and Pinus oocarpa rosins respectively. The
samples presented abietic acid as the major component.

Chromatographic method was validated through optimal separation
conditions of the abietic acid present in the rosin samples. Abietic acid
presented a retention time of 12.20 � 0.20 min, which allowed its
identification and quantification in the analyzed samples.

C18 ODS columns allowed good separation between abietic acid and
dehydroabietic acid using a mobile phase made up of acetonitrile-water
for LC-MS [30]. A C18 column and a gradient water-acetonitrile mobile
phase (40–100%) allowed the successful separation of levopimaric acids,
palustric acid, abietic acid and dehydroabietic acid present in Pinus car-
ibbaea using an ultraviolet detector [44]. High performance liquid chro-
matography (HPLC) has displayed better results in the separation of rosin
components when compared to other techniques such as gas chroma-
tography (GC), since it allows separation at room temperature preventing
isomerization of resin acids [45]. In addition, the use of HPLC prevents
rosin derivatization, chromatographic and extraction conditions aremild,
and the recovery of its components is simple, when it is solubilized in
organic solvents such as methanol, ethanol and acetonitrile. This is an
advantage when conducting biological studies and determining its
bioactive properties [20]. Techniques such as gas chromatography-mass
spectrometry (GC-MS), capillary electrophoresis (CE) and thin-layer
chromatography (TLC) [23] have also been implemented to separate
rosin components. P. oocarpa rosin samples presented the highest
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percentage of abietic acid with 16.09 � 0.11%, while P. patula rosin
samples presented 14.85 � 0.24% abietic acid [31]. The composition of
the resin depends on genetic, environmental factors, fertilization, tree
age, variations in genetic composition of founding plant material,
environmental-related factors, tapping season, weather, among others
[17, 18, 46]. An F test and a T testwere taken to determine the existence of
a statistical difference between the abietic acid contents of the two pine
species. The F test yielded a value of 4.42, lower than the critical value of
19.0, and the t value indicated a value of -7.99, lower than the critical t of
2.77. Statistical tests indicated non-existence of significant differences in
abietic acid content betweenPinus patula and Pinus oocarpa species at 95%
confidence. The abietic acid contents of P. patula and P. oocarpa rosins
were lower than those of P. ellioti var. elliotti (19%), P. palustris (18%),
P. ponderosa (22%), P. pinaster (26%) and P. caribea (19%) rosins [45, 48,
49]. Pinus merkussi rosins grown in Indonesia have presented
methyl-dehydroabietic acid as the major component reaching percent-
ages of 27–28% [46, 50].

4. Conclusions

Pinus patula and Pinus oocarpa resin components showed overall
physicochemical parameters compatible with medium to high quality
based on industry standards. Moreover, abietic acid, one of the main
industrially relevant compounds derived from rosin, was well repre-
sented in this fraction of the resins of both species. Data indicate that pine
forests of grown in the Department of Cauca, Colombia, represent a
valuable source of pine chemicals.

With the development of this research, it was possible to find possible
processes that would allow the use, with a good added value, of a po-
tential raw material that in some regions, due to its poor disposal, con-
stitutes a polluting waste.
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