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Abstract 
Amazonia contains the largest remnant of continuous forest on the planet. In Brazil, it represents nearly 45% 
of the territory but contributes little to the country’s economy. This work discusses the use of jutaicica copal 
resin extracted from tree species of the genus Hymenaea (Fabaceae), which once represented a considerable 
part of the economy of Pará state. We present a review of its historical use, explore how and for what purpose 
the resin is extracted, and characterize it based on thermal and spectroscopic techniques. In western Pará state, 
jutaicica is gathered mainly from two species, H. courbaril and H. parvifolia, and in the past was used as a 
valuable source for varnish production. The resins from these species are distinctive according to thermal and 
spectroscopic methods. Thermal analysis shows H. courbaril might be a better source for polymer gathering. 
Infrared spectra can be accurately used to differentiate sources and demonstrate more uniformity in samples 
from H. courbaril, which is corroborated by the 13C-RMN spectra of the analyzed batches. Jutaicica is one of 
many non-timber forest products lacking investments for economic reintegration, an important contribution 
of income in extractive reserves, which play a key role in the conservation of Amazonia.
Key words: Hymenaea, jutaicica, spectroscopy, thermal analysis, varnish.

Resumo 
A Amazônia contém o maior remanescente de floresta contínua do planeta. No Brasil, representa cerca de 
45% do território, mas contribui pouco para a economia do país. Este trabalho discute o uso da jutaicica, 
resina copal extraída de espécies arbóreas do gênero Hymenaea (Fabaceae), produto que já representou parte 
considerável da economia paraense. Apresentamos uma revisão histórica de seu uso, exploramos como e com 
que finalidade a resina é extraída e sua caracterização térmica e espectroscópica. No oeste do estado do Pará, 
a resina jutaicica é obtida principalmente de duas espécies, H. courbaril e H. parvifolia, e no passado era 
valorizada como matéria prima para a produção de verniz. As resinas dessas espécies são distintas de acordo 
com métodos térmicos e espectroscópicos. A análise térmica mostra que H. courbaril possui maior conteúdo de 
matriz polimerizada. Os espectros no infravermelho podem ser usados com precisão para diferenciar as fontes 
e demonstram maior uniformidade nas amostras de H. courbaril, o que é corroborado pelos espectros 13C-RMN 
analisados. Jutaicica é um dos muitos produtos florestais não madeireiros que carecem de investimentos em 
ciência e tecnologia para uma reintegração econômica, uma importante contribuição de renda nas reservas 
extrativistas, que desempenham um papel fundamental na conservação da Amazônia.
Palavras-chave: Hymenaea, jutaicica, espectroscopia, análise térmica, verniz.
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Introduction
The Northern region of Brazil is almost 

completely within the Amazon biome and occupies 
45% (8.5 million km²) of the country (IBGE 
2012). This enormous region contains the largest 
area of continuous tropical forest on the planet 
but contributes only 0.8% to the country’s plant 
production value, including the extraction of 
native trees (0.6%) and non-timber forest products 
(NTFP) (0.2%), which are mostly related to açaí 
[Euterpe oleracea Mart., Arecaceae (1824: 29–31)] 
and Brazil nut [Bertholletia excelsa Bonpl., 
Lecythidaceae (1807: 122)] (IBGE 2013a, b). 
The small profitability of native forest products 
contributes to the fast expansion of alternative 
land uses, such as pastures and crops (preferably 
short cycle), especially when they are substituted 
for similar products of higher quality and lower 
cost. Revitalizing the economic contribution of 
Amazonian diversity in the globalized urban market 
depends on improving the quality, uniformity, and 
cost of products, which is only achievable through 
science, technology, changing how access to 
genetic heritage is regulated (Clement 2007), and, 
above all, the formation of an educated and skilled 
labor force to leverage a new development model 
(ABC 2008). 

Considering the lack of scientific studies 
of many Amazonian products, the present work 
aims to provide an exploratory case study of copal 
resin, a non-timber forest product. The Amazonian 
copal belongs to the group of autochthonous 
natural resins from a remarkably diverse biome 
and has contributed for centuries to the extractive 
economy. A mega diversified biome that is intended 
to be preserved must offer an equally broad and 
diversified array of products. Autochthonous 
products such as copal and fixed oils, for example, 
are examples of non-timber forest products that are 
relatively little studied today. Copal still has a local 
use as a waterproofing internal lay of clay pots from 
regional crafts, an opportunity for use that has not 
been studied yet. Furthermore, it has applications in 
furniture and antique artworks restoration (Fearon 
2009), and more recently in the production of 
precious gems (Abduriyim et al. 2009), suggesting 
that it may once again constitute one of the items 
in the extractive economy product basket.

The term copal is derived from the classical 
Nahuatl (Aztecan language) word copalli, which 
means incense or resin, and was adopted in 
international commerce to refer to naturally hard 

resins that are durable and have high melting points 
(Langenheim 1996). Copal is obtained from resin 
exuded from the trunk of various tropical tree 
species. In South America, the product is extracted 
exclusively from the genus Hymenaea (Fabaceae). 
In Africa, the main sources are species of Copaifera 
(Fabaceae), C. demeusei Harms (1897: 195) in 
the Congo and C. copallifera Bennett (1857: 150) 
Milne-Redhead (1934: 400) in western Africa, 
as well as Hymenaea verrucosa Gaertner (1791: 
306) in coastal East Africa. In Asia, production 
is restricted to the species Agathis alba (Lamarck 
1786: 259) Foxworthy (1910: 173) (Araucariaceae) 
(Howes 1949; Langenheim 1996).

The copal resin was for long used for varnish 
manufacturing, an old, well-established, and 
free of patent restrictions and related difficulties 
practice (Mantell et al. 1935). The resin is a 
sustainable forest product, unlike alternatives from 
the petrochemical industry. The earliest known 
references about the technique of preparing the 
varnish by fusing the natural resin with linseed oil 
are cited in a compilation of medieval techniques 
from the beginning of the XII century (Violette 
1862 apud Fearon 2009). Its use as an external 
finish for wooden vehicles of the aristocracy, 
furniture, and interior decorations persisted until 
the beginning of the XX century in Europe when 
it was gradually replaced by synthetic products 
(Sunseri 2007; Fearon 2009).

In Brazil, the first written record of use 
was an official 1770 document of the king of 
Portugal (Elrey Dom José 1770) that announced 
the discovery of jutaicica resin and decree of the 
monopoly of its commercialization. However, the 
extraction and production of South American copal 
never reached importance in the global market. In 
the XIX and XX centuries, imports in the United 
States mainly came from Africa, such as Zanzibar 
on the west coast (Fearon 2009) and the Belgian 
Congo in the central region (Mantell et al. 1935; 
AGIA 1936). Freise (1934 apud Howes 1949) cites 
the instability of supplying Brazilian copal resin to 
the global market and highlights Pará state as the 
main region of origin of the product.

In the genus Hymenaea, trunk resin is secreted 
through two anatomical mechanisms: i) either into 
schizogenous pockets, formed by separation of 
adjacent secretory cell walls, where the resin is 
deposited and remains stored and isolated, or ii) 
into lysigenous cavities, formed by the breaking 
down of the walls of secretory cells (Langenheim 
et al. 1973). When the bark is ruptured by any form 
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of injury, the liquid runs out through the cracks (Fig. 
1). This process can serve to protect surfaces by 
engulfing small herbivores and protecting exposed 
surfaces from pathogenic attack, for example, by 
fungi (Langenheim 1969, 1996). After exudation 
to the outside of the trunk, the fluid resin gradually 
loses its volatile components, which also act as 
plasticizers, and reactions of polymerization of 
unsaturated constituents and resin solidification 
initiate (Cunningham et al. 1977; Clifford & 
Hatcher 1995). The final product is a vitreous 
matrix that keeps trapped lower molecular weight 
components that predominantly comprise labdanic 
acids (Nakano & Djerassi 1961; Cunningham et 
al. 1973, 1974).

The main sources of information about the 
physical and chemical properties of these resins, 
useful to guide its use and to compare to other 
available materials, come from studies about 
the relationships between them and the valuable 

amber, their fossilized form. Frequently analytical 
techniques are applied to solid bulk material and 
thus reflect an effect of all molecular constituents 
and provide a signature that is not dependent on 
the separation of components. Analyses such as 
Infrared spectroscopy (IR) and carbon-13 Nuclear 
Magnetic Resonance (13C-NMR) are used to 
identify different types of carbon and functional 
groups the material has. Thermal analysis (TA) 
techniques such as Thermogravimetry (TG) and 
Differential Scanning Calorimetry (DSC) measures 
the decomposition mass changes and the heat 
flows as a function of temperature and are usually 
applied to investigate resins composition and 
resistance (e.g., Langenheim 1969; Cunningham et 
al. 1983; Anderson et al. 1992; Clifford & Hatcher 
1995; Langenheim 1996; Rodgers & Currie 1999; 
Martínez-Richa et al. 2000; Ragazzi et al. 2003; 
Feist et al. 2007; Guiliano et al. 2007; Lambert et 
al. 2008; Regert et al. 2008; Rao et al. 2013).

Figure 1 – a-d. Trunk resin exudate of Hymenaea spp. – a. cross-section of H. courbaril log; b. a hardened coating 
of transparent resin exuded from a two-month-old, fresh cut (21/06–26/08/2014) in H. courbaril; c. lumps of hard 
resin from a large man-made wound in Hymenaea sp.; d. hanging from a natural break of an H. parvifolia branch.

a b

c d
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Based on available data, it is known that 
the basic molecules of copal are diterpenes with 
a labdane-type carbon skeleton, compounds with 
twenty carbon atoms containing a bicyclic nucleus, 
functionalized with acidic and alcoholic groups (see 
Clifford & Hatcher 1995 and Lambert et al. 2008 
for representations of the labdatriene structures), 
but just a few works that consider samples from 
Brazil, once a practicable source of copal, are 
available. 

In the 1930s, Rangel & Schneider (1936) 
described how the lack of scientific and 
technological knowledge of the Brazilian copal 
resin, which is still important nowadays, made 
it difficult to use. They also contributed with 
recommendations drawn from foreign research and 
with their experimental results.

As once an alternative producer of copal, 
Brazil had the state of Pará as the most important 
source of the product, where it was collected from 
the exudate of tree trunks of Hymenaea species and 
referred to as jutaicica (Le Cointe 1947; Rangel & 
Schneider 1936; Howes 1949). Considering that 
jutaicica copal resin once represented an important 
component of the economy in the state, especially 
in the municipality of Santarém, this study sought 
to verify the actual importance of the product within 
a regional context and its possible revitalization, 
considering the region as a case study.

Thus, to contribute to economic production 
within a standing Amazonian Forest, this work 
aims to provide exploratory research on jutaicica 
resin from the region of Santarém, Pará, including 
(i) a historical review of its extraction and trade 
and (ii) the characterization of some physical and 
chemical properties of local products, to better 
understand their diversity if in the future there is 
interest in pursuing of redeeming its potential as a 
non-timber forest product.

Material and Methods
Documentary information
Historical information about the production 

of jutaicica resin in Brazil, in the state of Pará, and 
Santarém was obtained by analyzing statistical 
yearbooks of plant extractive production and 
foreign trade monitoring for Brazil (MF 1919, 1935, 
1947, 1954, 1961; INE 1936; IBGE 1976, 1979, 
1981a, 1981b, 1981c, 1982, 1984, 1985, 1986a, 
1986b, 1987), as well as annotated notebooks of 
the sale of products in the Maguari community (a 
supposedly important source region) between July 

1986 and April 1987, preserved by Mrs. Raimunda 
Feitosa Pedroso (personal communication), from 
which an informed consent was obtained, presented 
in the supplementary material (available at <https://
doi.org/10.6084/m9.figshare.20452275.v1>). The 
export value of jutaicica resin for the municipality 
of Santarém in 1947 was found in the 1948 
publication “Álbum do Centenário da Elevação de 
Santarém” (Santarém 1948).

Location of botanical sources 
and collecting resin samples
To characterize the products available in the 

regional Santarém market, the collection sites were 
tentatively mapped. Information on the location of 
living specimens was obtained from former traders 
and residents of the communities that supplied the 
extractive products (see locations in Fig. 2). 

Individual trees were mapped with the help 
of a GPS device and pieces of resin were located 
and collected between May and June 2014 from 
eight trees in the following areas: Vila Nova (n = 
1), along the middle stretch of the Uruará River, 
in the municipality of Prainha; and Maguari (n = 
3) and Jaguarari (n = 4), in the municipality of 
Belterra, on the right bank of the lower Tapajós 
River in Floresta Nacional (FLONA) do Tapajós 
(Fig. 2). Each specimen was labeled with a 
sequential code of three letters and a number. All 
resin accumulated on the soil and at accessible 
parts of the trunk was collected and quantified. 
The pieces of resin collected from each tree were 
divided into subsamples based on transparency and 
color and weighed.

During the fieldwork, in fragments of what 
was considered to be primary forest, a very large 
accumulation of resin pieces was found on the 
ground in the former site of a tree long since 
decayed; however, it was not possible to identify 
the tree species, so the resin was not included in 
the study.

To allow a trustable identification of the tree 
species from which the samples were collected, 
vouchers of the specimens were produced and 
deposited at HSTM under barcodes HSTM000007 
and HSTM000008 (for specimens’ details, visit 
<http://hstm.jbrj.gov.br/>). Duplicates were sent 
to experts for confirmation (R. Barbosa Pinto, 
UEC Herbarium, personal communication). All 
acronyms of herbaria cited in the text are following 
the Index Herbariorum (Thiers, continuously 
updated). Authorization for research collections 
was obtained from ICMBio (collection permit nº 
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Figure 2 – Map of the studied area, showing the limits of the Floresta Nacional do Tapajós in grey, and the Tapajós 
river in blue. The inset at the lower right shows the location of the Lower Tapajós Basin.

43861-1/06/16/2014) and a registration to access 
genetic heritage was carried out in SisGen (study 
registered under # AEC109F). Approximate density 
and frequency estimates of the resinous specimens 
of Hymenaea spp. were calculated considering: 

(1) the number of resin accumulating trees (six) 
found in two of the areas sampled, totaling 112 
hectares of primary forest in Maguari and Jaguarari 
communities at FLONA do Tapajós; and (2) the 
average density of Hymenaea spp. equal to 0.5 
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trees hectare–1, with an amplitude of 0.2 to 0.9 
trees hectare–1, and a higher relative frequency of 
H. courbaril Linnaeus (1753: 1192), according 
to pre-harvest forest inventories of eight annual 
production units located on 7,100 hectares of 
undisturbed areas in the FLONA do Tapajós (L. 
Melo, personal communication). These parameters 
are corroborated by a previous inventory of 144 
hectares of primary forest by Silva et al. (1985) 
that found a density of 0.7 trees of Hymenaea spp. 
hectare–1 with a relative frequency of 67% of H. 
courbaril.

Characterization of jutaicica resin 
using thermal analysis
A combination of Thermogravimetry (TG/

DTG) and Differential Scanning Calorimetry 
(DSC) techniques were applied to characterizes 
four resin samples (two samples of each species). 
The thermogravimetric curves (TG) and their first 
derivative (DTG) were obtained with a thermo-
microbalance (Netzsch, TG 209, Selb, Germany) 
at a temperate range of 22 to 700 °C and heating 
rate of 10 °C min–1, in an atmosphere of synthetic 
air + argon (2:1) with a flow of 30 mL min–1. The 
temperature (°C), time (minutes), mass (%), and 
DTG (% min–1) values were collected every 0.05 
minutes and saved as a text file.

The Differential Scanning Calorimetry 
(DSC) curves were obtained with a DSC module 
(Q20, TA Instruments, New Castle, DE, USA), 
from room temperature to 550 °C and a heating 
rate of 5 °C min-1, in an atmosphere of air + argon 
(1:1) with a flow of 100 mL min–1. The temperature 
(°C), time (minutes), and heat flow (mW) values 
were collected every 0.05 minutes and saved as a 
text file.

The thermal curves were analyzed using 
the software Origin 7.0 SRO (copyright 1991–
2002, OriginLab Corporation, Northampton, 
Massachusetts, USA). In this study, the thermal 
characterization of the resins was made from 
the weight loss profile (TG/ DTG) and heat flow 
monitoring (DSC) (Ionashiro 2004).

Characterization of jutaicica resin 
using spectroscopic methods
Infrared (IR) spectra readings were made 

using the transmittance method and a spectrometer 
(Vertex 70, Bruker, Ettlingen, Germany), at a 
medium infrared spectral range (4,000 to 400 
cm–1), with 16 scans per spectrum and a resolution 

of 1 cm–1, using the software Bruker Opus to 
control the equipment and treatment of data. 
For all spectra, the atmospheric H2O and CO2 
effects were compensated for, and the baseline 
corrected. Two subsamples of resin collected 
from each of the eight trees were prepared in 
KBr pellets. To compare between spectra, the 
disc thickness and sample concentration were 
adjusted to obtain stronger extinction bands of 
around 10% transmittance (Mayo et al. 2003). The 
intensity of the peaks was described based on an 
arbitrary and subjective scale (strong, medium, 
weak). The infrared spectra curves were plotted 
using the software Origin 7.0 SRO (copyright 
1991–2002, OriginLab Corporation, Northampton, 
Massachusetts, USA).

The solid-state carbon-13 Nuclear Magnetic 
Resonance (13C-NMR) spectra were obtained with 
two subsamples of resin from each of the eight 
trees, using a spectrometer (Avance 400, Bruker, 
Fällanden, Switzerland) operating at a frequency 
of 100.6 MHz, employing the technique of cross-
polarization with magic angle spinning (CP-MAS).

The 13C-NMR spectra were analyzed with the 
software SpinWorks 3 version 3.1.8.2 (copyright 
2011, Kirk Marat, University of Manitoba, 
Winnipeg, Canada).

Results
According to monitoring data about non-crop 

plant production in Brazil, copal resin was mainly 
collected in Amazonia, and to a lesser extent in 
the Northeast and Southeast regions (Tab. S1, 
available on supplementary material <https://doi.
org/10.6084/m9.figshare.20452275.v1>). In the 
first half of the XX century, the annual production 
of copal resin in Brazil was around 120 t year–1, 
which is based on plant extractive production 
monitored in 1935 and an estimate by Rangel & 
Schneider (1936) of the movement of the product 
in Rio de Janeiro. In both cases, the state of Pará 
is identified as the main region of origin of the 
product.

Brazilian exports of copal resin sometimes 
surpassed 80 t year–1 and varied between 2.4 and 
164 t year–1, based on the Comércio Exterior do 
Brasil - COMEX, which recorded the resin as copal, 
jatobá, jutaicica, and goma copal. However, the 
quantity shipped during certain years could have 
been a little higher because part of the resin was 
included in other broadly defined groups, such as 
“leaves, roots and medicinal resins” and “gums, 
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resins, and balsams,” which reached 95 t year-1 
(MF 1919, 1935, 1947, 1954, 1961).

In the second half of the XX century (1974 to 
1985) the average amount of copal resin extracted 
in Brazil decreased to 32 t year–1. The state of 
Pará maintained its dominant participation in 
the activity, accounting for 80% of the national 
production or 25 t year–1 (Tab. S1, available on 
supplementary material <https://doi.org/10.6084/
m9.figshare.20452275.v1>). Around half of this 
(an average of 13 t year–1) was from Santarém (Tab. 
S2, available on supplementary material <https://
doi.org/10.6084/m9.figshare.20452275.v1>).

In the municipality of Santarém, in 1947, 
jutaicica resin was eighth on the list of exports 
and contributed USD 74,000 (value corrected on 
01/2021) to the economy, or a little more than 
1% of the total value of the exports dominated 
by jute and wood (Santarém 1948). Although the 
physical quantity of shipped resin is not explicitly 
cited, it is estimated to be around 44 t based on an 
average historical price of USD 1.68 kg–1 (Tab. S2, 
available on supplementary material <https://doi.
org/10.6084/m9.figshare.20452275.v1>).

The resale values of products from the 
Maguari Community from 1986–1987 allow us 
to estimate that the collection commercialized 
by the community was around 5 t year–1, with a 
corrected unit value of USD 3.05 kg–1 for January 
2021. These values are compatible with the 
total municipal production of 10 to 16 t year–1 
and unit value of USD 1.01 to 3.11 kg-1 for the 
Santarém market between 1974 and 1985 (Tab. S2, 
available on supplementary material <https://doi.
org/10.6084/m9.figshare.20452275.v1>).

During the period when there was commercial 
interest, the extracted natural resin mainly arrived 
in Santarém by boat. Jutaicica resin and other 
extract products were coming from communities 
along the Tapajós River, its tributaries, and other 
rivers near Santarém. The last large shipments of 
jutaicica resin were sent between 1990 and 1992 
to Indústria de Tintas e Vernizes RR S.A. (CNPJ 
61.576.021/0001-44) in São Paulo (personal 
comment, Abnatar Monteiro Marques, partner of 
the Souza Marques Company).

During our survey, we observed that, in the 
Santarém region, jutaicica is used traditionally in 
its raw state to waterproof clay pots and utensils 
used for cooking, which conserves and makes them 
more hygienic, as observed also by Ferreira & 
Sampaio (2000). In family agriculture fairs visited, 
the final stage of the traditional process can still be 

seen where resin is applied to the inside of artifacts 
still warm, but able to be handled (J.J.L. Corrêa, 
personal observation). 

The interviews with former traders and 
people living at communities visited revealed 
that until the end of the commercialization period 
during the 1980s, extraction of resin in Santarém 
mainly occurred on terra firme formations near 
rivers, the main route of flow products (the 
definition of terra firme used here and beyond is 
following Oliveira-Filho et al. 2021). According 
to them, forests on plateaus were relatively 
poorly explored due to the distance to navigable 
waterways. In the 1970s, the modern occupation 
of Amazonia began with the opening of roads and 
the colonization of interior forests on terra firme 
far from large rivers (Fearnside 2006); however, 
there was not enough time to consolidate the 
exploration of resin due to the decline in regular 
trade. An estimate of the extractive capacity along 
historically occupied areas near rivers, which 
are more populated with more degraded forest 
resources, should be lower than that observed from 
1974 to 1985 (10–16 t year–1); however, there is 
no information about this for plateau forests in 
the interior.

Two botanical sources of jutaicica resin 
were found while mapping the trees and were both 
identified as species of Hymenaea (Fabaceae). 
These were H. courbaril and H. parvifolia Huber 
(1909: 385–386), which are the most frequent 
species of Hymenaea in the study area based on 
material collected and deposited in the HSTM 
herbarium at Universidade Federal do Oeste do 
Pará. 

In Vila Nova, only one specimen of H. 
parvifolia producing resin was found, which was 
4.46 kg (VIN01). In Maguari, three specimens 
were found producing 5.00 kg (MAG01), 2.70 
kg (MAG02), and 2.35 kg (MAG03), all from 
H. courbaril. In Jaguarari, samples of resin were 
collected next to one individual of H. courbaril, 
with 3.16 kg (JAG01), and three individuals of 
H. parvifolia: 3.75 kg (JAG02), 4.12 kg (JAG03), 
and 0.78 kg (JAG04). The casual removal of 
pieces of resin was observed in all locations, 
generally for domestic use, such as flammable 
material. Resin from the JAG04 specimen, closest 
to the community, has been more frequently and 
intensively collected.

The botanical sources of the resin in the 
surveyed areas, H. courbaril, and H. parvifolia 
were found in terra firme forests, with a 
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density and frequency of resin accumulating 
individuals estimated to be 0.05 trees hectare–1 
or around 10% (between 6 and 25%) resinous 
individuals in the local undisturbed population 
of Hymenaea spp.

Regarding the characterization of the 
obtained resin samples in the Santarém region, the 
resin pieces found were frequently coated with a 
layer of whitish, friable material. Scraping this with 
a pocketknife reveals a glassy, bright, transparent, 
or translucent, colorless, yellowish, orange, or 
brownish aspect, which is sometimes variable 
within the same piece (Fig. 3). The collected 
material had, therefore, some heterogeneity in 
its aspect.

Our study reveals that the characteristics 
of the resin pieces vary based on botanical 
origin. Most of the pieces from H. courbaril are 
transparent (91%) and yellowish (70%), while 
most of the H. parvifolia pieces are translucent 
milky (83%) and orangish (55%). Some pieces of 

H. parvifolia resin are opaque and brownish and 
tend to adhere together more easily and give off 
a more intense odor.

The thermal characterization of the 
resins showed in the TG/DTG plots five-stages 
of decomposition delimited in the thermal 
decomposition, identified by their temperature 
range, characterized by mass changes and DTG 
peaks of maximum decomposition rate, while 
the heat flow measurement (DSC) identifies the 
absorption or release of heat by the sample due to 
thermal effect on physical and chemical processes, 
such as melting, vaporization and chemical 
reactions (Fig. 4).

The infrared spectra of the jutaicica samples 
(Fig. 5) show the pattern of a natural resin with 
the diterpene structure of the labdane skeleton 
(Regert et al. 2008; Guiliano et al. 2007). The 
main characteristic bands present in the spectra 
are as follows: (1) a very broad band of medium 
intensity around 3,410 cm–1, associated to 

Figure 3 – a-d. The aspect of jutaicica resins – a. transparent; b. yellowish, light-colored; c. milky orangish-brown; 
d. dark brownish.

a b

c d
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stretching vibration of the hydrogen-bonded OH 
groups in carboxylic and alcoholic groups; (2) 
sharp peak of medium intensity at 3,078 cm–1, 
due to terminal olefin C-H stretch vibration; (3) 
strong intensity peaks related to the stretching 
vibration of saturated C-H bonds, with the highest 
intensity at 2,929 cm–1 (methyl group -CH3) and 
two adjacent peaks a little less intense at 2,865 
and 2,847 cm–1 (methylene bridge -CH2-; sp3 
methine group >CH-); (4) strong intensity peak at 
1,696 cm–1, attributed to the stretching vibration 
of carbonyl group (C=O) in carboxylic acid 
(-COOH); (5) sharp peak of medium intensity 
at 1,641 cm–1, due to the double bond stretching 
vibration C=C; (6) medium intensity peaks due to 
the bending vibrations of saturated C-H bonds - 
two sharp peaks close together at 1,459 and 1,444 
cm–1 and a peak apart at 1,387 cm–1; (7) medium-
to-high intensity peak in the higher end of C-O 
single bond stretching vibration range, due to the 
C-O bond in a carboxyl functional group (1,271 
cm–1); and, (8) sharp and strong intensity spike 
at 886 cm–1, due to the bending vibration of the 
C-H bond in exocyclic methylene group (=CH2). 

The bands that allow differentiating between the 
botanical sources were highlighted in Figure 5.

The 13C RMN spectra of jutaicica (Fig. 6) 
show characteristic shifts of labdanoid resins 
distributed in the single-bonded (alkane), double-
bonded (alkene or olefinic), and carbonyl carbon 
type regions, common to all spectra of copal resins 
(Martínez-Richa et al. 2000; Clifford & Hatcher 
1995; Cunningham et al. 1983). The peaks occur 
among overlapping signals due to small differences 
in chemical shifts of similar nuclei. The region of 
saturated carbons, between δ 80 and 10 ppm, has the 
highest number and peaks intensity, with a dominant 
one at δ 38 ppm, attributed to sp3 methine (>CH-) 
and methylene bridge (-CH2-) carbons. The chemical 
shifts of the nuclei of the olefinic carbon between δ 
150 and 100 ppm showed four peaks, the ones with 
the highest intensity at δ 147 and 107 ppm, which are 
attributed to the exocyclic double-bonded carbons 
(>C=CH2). In the carbonyl region of the spectra of 
the resins of H. courbaril and some specimens of H. 
parvifolia, there are low-intensity peaks, the most 
evident one at δ 186, attributed to carboxyl carbon, 
and weaker ones are at δ 181 and 173 ppm.

Figure 4 – a-b. Thermogravimetric (TG) and Differential TG (DTG) and Differential Scanning Calorimetry (DSC) 
curves for trunk resins – a. H. courbaril; b. H. parvifolia.

a b
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Discussion
Obtaining, use, and trade 
of copal resin in Brazil
Until the middle of the XX century, native 

copal resin had commercial importance in Brazil, 
but its exploitation and exportation were limited 
due to the lack of uniform batches and knowledge 
about its properties (Rangel & Schneider 1936 
and results presented in this work). Rangel & 
Schneider (1936), to characterize, classify and 
elaborate on the use of native copal resin for 
making varnish, provided results of physical and 
chemical analyses of resin samples acquired in the 
Rio de Janeiro market in 1930. The information 
they obtained about the trade and regions of origin, 
the botanical sources, and the results of an analysis 
of the properties of the batches allowed the resins 
to be grouped into three typologies: “jatobá mole” 
from Bahia and Minas Gerais, the most soluble 
in oil and turpentine; “jatobá duro” from Ceará 

and northern Bahia, insoluble in turpentine; and 
“jutaicica” from the state of Pará, the most variable 
batches, with a higher content of impurities and, 
consequently, the lowest market prices (Rangel & 
Schneider 1936). The resin from Pará was from 
H. courbaril and H. parvifolia and assumed to be 
exuded by the roots of the trees, due to the form 
and impurities found in the batches (Rangel & 
Schneider 1936). In addition, it is possible that a 
mixture containing both breu (Protium spp.) and 
jutaicica resins was sold as breu-jutaicica or white 
breu (Silva et al 2013).

For the collections made from the eight 
resinous trees (six in primary forest and two in 
degraded, secondary forest), the maximum amount 
of resin obtained was 5 kg tree–1. However, the 
quantity could be twice this if the resin was not 
casually collected by locals, as observed by the 
first author, or even three times this amount, as 
recorded by Ferreira & Sampaio (2000). These 
authors also reported: (1) failure to collect resin 
from longitudinal cuts in the trunk, in many areas 
of Amazonia and the Estação de Fruticultura 
Tropical of Instituto Nacional de Pesquisas da 
Amazônia (INPA); and (2) the natural accumulation 
of a maximum of 15 kg of resin per tree (over an 
unknown amount of time) in Reserva Ecológica 
de Maracá, in Roraima, and the municipality of 
Santarém, Pará.

In this work, we only found information 
(based on personal communication with traditional 
communities) to pieces of resin produced 
spontaneously by the trees, without cutting the bark 
to provoke exudation, which were on the ground, 
mixed in 10 to 20 centimeters of litter or hanging 
from the trunk of standing trees.

It is important to note that in this study the 
resin collected was exclusively from terra firme 
formations (non-flooded forests). No material was 
found in areas of flooded forests such as várzea or 
igapó or from Hymenaea oblongifolia Huber, a 
possibility suggested by Langenheim et al. (1973).

In the 18th century, the existence of copal 
resin was identified in Brazil (Elrey Dom José 
1770), originating from some species of the genus 
Hymenaea, mainly in the forests of the state of 
Pará (Howes 1949). Resin pieces can be collected 
near the trees, awakening attention by lightness, 
hardness, sometimes transparent glassy aspect 
and size that reach the dimensions of the “foot 
of a man” (Langenheim et al. 1973). For the 
traditional population, it served and still does, in the 
manufacture of clay pots (Ferreira & Sampaio 2000), 

Figure 5 – a-c. Infrared (IR) curves for trunk resins – a. 
H. courbaril; b. H. parvifolia type I; c. H. parvifolia 
type II.

a

b

c
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or simply to “make fire” due to its flammability. 
Until the 20th century, copal resin represented 
the main raw material to produce varnish, when 
it was progressively replaced by synthetic resin 
(American Gum Importers Association 1936; 
Sunseri 2007). At the same period, the traditional 
ceramic manufacturing of kitchen utensils has also 
declined due to the supply in the urban market 
and globalization of modern products with better 
quality and lower cost (Clement 2007). However, 
the available information on the use of copal resin 
shows that it allows the production of classic and 
high-quality varnish (Fearon 2009), can give rise 
to gemological material of great commercial value 
through its hot pressurized treatment (Abduriyim et 
al. 2009), and serve to waterproof porous materials 
that come in contact with hot foods (Ferreira & 
Sampaio 2000 and this work). In addition, H. 
courbaril is a woody species with high commercial 
value and easy multiplication (Lorenzi 1992), 
provides abundant nectar secretion for bees, its 
sap and fruits are traditionally used as medicines 
and foods, and it allows dense planting due to the 
apparent resistance to pests and diseases conferred 

by their secondary metabolites (Ferreira & Sampaio 
2000). In an undisturbed forest environment in the 
Tapajós basin, we estimated the average occurrence 
of 1 resin accumulating tree per 20 hectares. The 
spontaneous accumulation of resin reaches up to 
15 kg, but the accumulation rate, the most adequate 
extraction method, the environmental conditions, 
and the appropriate genotypes for production 
are unknown. So, the research and development 
of this species, for example, must begin at a 
very preliminary stage, although its wide use is 
supposedly achievable considering the above, the 
feasibility of the use of the resin will hardly depend 
on the possibility of developing extraction methods 
(Ferreira & Sampaio 2000).

Characterization of jutaicica resin 
collected in Santarém
Some thermal transformations of jutaicica 

resin can be macroscopically identified during 
use: when heated above 60 °C (to be applied by 
friction in clay pots) it becomes progressively soft 
and elastic demonstrating the characteristic of an 
amorphous polymer, differing from the crystalline 
behavior, which changes the state over a very 
narrow temperature range at its melting point; 
and in the manufacturing of classic varnish, when 
gradually heated to a temperature between 310 °C 
and 340 °C it turns permanently soluble in drying 
oil, and maintains properties needed to form a 
protective, hard, durable and transparent varnish 
(Rangel & Schneider 1936).

Figure 4 shows TG/DTG and DSC curves 
of representative samples of the two botanical 
sources. The thermal decomposition was solved 
in stages of individual components using the DTG 
curve. Each stage was characterized by the lower 
temperature at which the beginning of a mass 
change can be detected, the lower temperature by 
which the process responsible for the mass change 
was completed, and the temperature of DTG 
peak where the rate of mass change is maximum. 
The comparison between the mass change (TG/ 
DTG) and energy flow (DSC) curves allows us to 
suggest the physicochemical process that occurs 
(Hatakeyama & Quinn 1999).

In the first stage (E1; 70–153 °C) weight loss 
begins (DTG < 0). The trunk resin of H. parvifolia 
differs by the higher weight loss (1.5–5.3%) 
compared to H. courbaril (0.2–0.3%) and by 
the presence of a low DTG peak in H. parvifolia 
samples. The small loss of weight of the H. courbaril 
resin samples can be attributed to a lower content 

Figure 6 – a-c. Carbon 13 Nuclear Magnetic Resonance 
spectroscopy (13C RMN) curves for trunk resins – a. 
H. courbaril; b. H. parvifolia type I; c. H. parvifolia 
type II.

a

b

c
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of moisture and volatiles, which differs from H. 
parvifolia resin samples that contain more of these 
substances. In the DSC curves of all the samples, 
there is a broad endothermic peak (ca. 82 °C) 
which is mainly related to resin melt (Hatakeyama 
& Quinn 1999). In the second stage (E2; 153–306 
°C), the loss of weight accelerates, and it is possible 
to discriminate between the two botanical sources. 
The TG/DTG curves of the H. parvifolia resin 
samples show very close to the maximum weight 
loss (36–45%) and rate (DTG peak), while for H. 
courbaril the weight loss (21–27%) and the rate is 
well below the maximum that is seen in the next 
stage. The mass loss and the endothermic effect 
can be attributed to the vaporization of components 
that have boiling points in this range (Hatakeyama 
& Quinn 1999). The descending DSC curve 
shows that the initial thermal event is dominantly 
endothermic, becoming exothermic at around 
250 °C as indicated by the inflection of the curve 
related to a decrease of these occluded compounds 
and the initial cracking of the polymerized matrix 
(Hatakeyama & Quinn 1999; see Lambert et al. 
2008). The thermoanalytical curves of these natural 
resins are due to the overlapping of thermal effects 
from heating their various components, mainly 
terpenes and their copolymers with different 
molecular weights. Observations made during the 
original manufacturing of copal varnish confirm 
that the main transformations occur during this 
temperature range, such as the distillation of 
volatile terpenes starting at 145 °C, where the 
agglutinated resin pieces in a porous solid change 
to a frothy fluid, followed by a clear fluid at around 
310 to 340 °C, when the process is complete, and 
the resin becomes permanently soluble in a drying 
oil (Rangel & Schneider 1936; American Gum 
Importers Association 1936).

The third stage (E3; 306–392 °C) starts after 
reduction to a minimum value the rate of loss 
and resumes. The weight loss of the H. courbaril 
resin (47–49%) exceeds that of H. parvifolia 
(23–38%). This stage has the main peaks of the 
DTG curve of both species and the acceleration of 
exothermic flow in the DSC curve is maintained. 
The consolidation of the thermal degradation of 
the matrix of the young copal resin occurs, with 
the maximum decomposition rate at 360 °C (main 
DTG peak). Although Lambert et al. (2008), using 
gas chromatography and mass spectrometry, have 
identified that pyrolysis products of amber at a range 
of 300–360 °C result in the distillation of occluded 
volatile compounds, and the thermal rupture of the 

matured macromolecular phase occurs at higher 
temperatures, studies of young and fossilized 
diterpene resins concluded that the position of the 
major thermal combustion of the material is directly 
correlated with age and degree of maturation (Feist 
et al. 2007; Ragazzi et al. 2003; Rodgers & Currie 
1999). In addition, observations of the process of 
manufacturing copal varnish indicate that heating 
young resin within this temperature range results 
in darkening and defects in the product (Rangel 
& Schneider 1936; American Gum Importers 
Association 1936), suggesting that the loss of 
weight at this temperature interval is mainly related 
to the decomposition of the polymerized matrix, 
differently to what occurs in the first two stages.

The fourth stage (E4; 392–450 °C) starts 
after a new reduction to a minimum and the rate 
of loss resumes, coinciding with a strong increase 
in exothermic flow in the DSC curve. The weight 
losses of H. courbaril (13–18%) and H. parvifolia 
(10–13%) resin samples were close. The DTG 
curve is characterized by sharp peaks. The boiling 
point of various diterpene acids, which are 
components of the occluded fraction (Nakano & 
Djerassi 1961; Cunningham et al. 1973, 1974), is 
around this temperature range. Their vaporization 
is related to the sequence of individual peaks in the 
DTG curve and short, sharp, endothermic peaks 
in the DSC curve, where the opposite exothermic 
effect predominates due to the continuity of the 
macromolecular phase cracking (Hatakeyama & 
Quinn 1999).

After a minimum inflection point that 
approaches zero in the DTG curve, the fifth stage 
(E5; 450–556 °C) starts, showing a prominent 
decomposition rate (DTG peak) and an endothermic 
peak in the DSC curve. It was not possible in this 
stage to differentiate weight change between 
samples of the two botanical sources: H. courbaril 
(11–12%) and H. parvifolia (13–13%). Above the 
average temperature of 556 °C to the end of the 
experiment, 0.3–1.0% of the original weight of 
the samples remains stable, without quantitative 
correlation with the botanical sources.

The measurement of the loss of mass of the 
resin samples through the TG/DTG technique 
allowed individualizing the stages of the thermal 
decomposition (Ionashiro 2004; Hatakeyama & 
Quinn 1999). Comparing the weight change and the 
heat flux absorbed or emitted by the samples in a 
program of increasing temperature, it was initially 
identified the resin melting and the vaporization of 
volatile components, followed by the cracking of the 
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macromolecular structure (Hatakeyama & Quinn 
1999). Thermal transformations characteristic of 
Copal type resins, whose temperatures in which 
they occur are directly proportional to the structural 
maturity, smaller in the young resins and greater 
in fossilized ones (Feist et al. 2007; Ragazzi et 
al. 2003; Rodgers & Currie 1999). In the case 
of the jutaicica resin samples under study, in the 
third stage of the thermal decomposition, initiated 
around 306 °C, the exothermic effect predominates, 
while the maximum rate of mass loss is indicated 
by the main DTG peak at 360 °C. The higher 
accumulation of mass loss at lower temperatures 
in H. parvifolia (44%) resin samples than H. 
courbaril (24%), indicating a higher content of 
volatile constituents in H. parvifolia resin, while 
the mass loss of the H. courbaril resin concentrated 
at higher temperature indicates its higher content 
of macromolecular material. The results obtained 
are consistent with the information on classic 
copal varnish manufacture, where the distillates 
are obtained from 150 °C and harvested as a 
solvent, while the maximum process temperature 
is limited to about 350 °C to prevent defects and 
the darkening unwanted (Rangel & Schneider 1936; 
American Gum Importers Association 1936).

Compilations and discussions of Infrared 
(IR) spectroscopy applied to the copal type resin 
are found in the classification, paleobotany, 
fossilization, old artworks, archeology, and 
gemology research (Azémard et al. 2014; Rao et al. 
2013; Li et al. 2012; Abduriyim et al. 2009; Regert 
et al. 2008; Guiliano et al. 2007; Cunningham et 
al. 1983; Langenheim 1969; Langenheim & Beck 
1965).

The IR spectra of sampled H. courbaril resins 
batches are identical in the position and relative 
intensity of the absorption bands and differ from 
H. parvifolia due to the variability of the relative 
intensity of some of them, highlighted in Figure 
5. The changes in the relative intensity, although 
small, were consistent and allowed to discriminate 
the botanical sources and suggest differences in 
the proportion of certain functional groups in the 
materials, since the positions of the absorption 
bands are the same and the differences of intensity 
depend on the number of bonds responsible for 
absorption (Mayo et al. 2003). The IR spectra of 
the H. courbaril resin samples (Fig. 5) showed 
maximum absorption intensity at 1,698 cm–1 
for carboxyl carbonyl group (C=O; COOH) in 
the region of the groups (4,000 to 1,500 cm–1), 
and C–H exocyclic methylene group (=CH2) at 

886 cm–1 surpassing all others in the fingerprint 
region (1,500 to 500 cm–1) (see Mayo et al. 2003 
for the identification of these peaks). The spectra 
of H. parvifolia resin have greater variation in 
relative intensity and suggest there are two more 
homogenous groups of signals: type I, with a 
maximum absorption due to saturated C–H bonds 
at 2,929 cm–1 in the region of the groups and 
1,459 cm–1 in the fingerprint region, signaling a 
lower presence of unsaturated bonds (C=C), and 
also possessing an exclusive peak of reasonable 
intensity at 1,084 cm–1; and type II, which is more 
similar to H. courbaril, differing by a peak of higher 
intensity in the fingerprint region at 1,272 cm–1 
attributed to the simple carbon-oxygen bond (C-O) 
in a carboxyl functional group (Mayo et al. 2003). 
In addition, the type II resin frequently exhibits 
greater enlargements and loss of band resolution 
around 3,405 cm–1, which is attributed to the effect 
of the hydroxyl group.

The differences in the relative intensity of the 
infrared absorption bands suggest differentiation 
between botanical sources of the resin due to the 
lower content of unsaturated bonds (C=C) in H. 
parvifolia for type I and higher oxidation (C-O) 
for type II concerning H. courbaril.

Compilations and discussions of carbon 
13 Nuclear Magnetic Resonance (13C-NMR) 
spectroscopy applied to the copal type resin is found 
in the classification, paleobotany, fossilization, old 
artworks, archeology, and gemology research (Li 
et al. 2012; Abduriyim et al. 2009; Lambert et al. 
1999, 2008; Martínez-Richa et al. 2000; Lambert 
& Poinar 2002; Clifford & Hatcher 1995; Anderson 
et al. 1992; Cunningham et al. 1983).

The set of H. courbaril 13C RMN spectra 
show only a slight variation among them, being 
characterized in the region of saturated carbons 
by the second more intense peak at δ 19 ppm, 
attributed to the methyl carbon (-CH3), in the 
olefinic region by the prominence of the two peaks 
assigned to the exocyclic double bond carbons 
(>C=CH2), and the small intensity of peaks in the 
carbonyl carbons (Fig. 6a). The 13C-RMN spectra 
of the H. parvifolia resins are more diverse and 
corroborate the IR spectroscopy subdivision into 
two groups: type I, with the second most intense 
peak at δ 33 ppm, attributed to the methylene 
bridges (-CH2-) in the region of the alkane type 
carbons, lower intensity of the olefinic peaks and 
a virtual absence of absorption in the carbonyl 
region, (Fig. 6b); and type II, more similar to H. 
courbaril, but with a prominent peak at δ 48 ppm, 
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attributed to saturated carbon bound to carboxylic 
group (C-COOH) and δ 186 ppm, attributed to 
carboxylic carbon (-COOH) (Fig. 6c). 

The spectroscopy of the resin samples 
allowed to identify that the samples of resin H. 
courbaril are more uniform, whereas the samples 
of resin of H. parvifolia can be divided into two 
groups: one more like H. courbaril, and another 
one differentiated by the more saturated character 
(lower contents of double bonds) and less oxidized 
(lower content of oxygen bonds), in principle 
useful characteristics for quality control of raw 
materials.

Jutaicica once was an important renewable 
non-timber forest product in the state of Pará, 
marketed for varnish production, and its trade 
has declined due to substitution by non-renewable 
derivates of the oil industry. To consider it a 
product to be restored it is necessary to determine 
more accurately the abundance and frequency of 
resinous specimens, and the amount and period 
for natural accumulation of copal resin, and for 
that, we suggest including this information during 
future forest inventories, particularly in the forest 
management of protected areas and settlement 
projects related to traditional populations and 
sustainable development. When comparing species 
sampled in western Pará state, jutaicica collected 
from H. courbaril might be a better source for 
polymer gathering, according to our thermal 
analysis findings. Locally, the botanical source of 
the batch can be identified by straightforward and 
low-cost spectroscopic methods, such as infrared, 
which has also shown to be an accurate method to 
assess sample heterogeneity, an important feature 
on an industrial scale. The accuracy of the IR 
has been corroborated by 13C-RMN. Sample and 
batch heterogeneity might be species-specific, 
as shown here in the analyzed species pair. Here 
we present the first assessment of jutaicica as a 
renewable non-timber forest product, regarding a 
study case of its historical use and physicochemical 
characterization. If we aim to maintain Amazonia’s 
diversity to keep its functionality, the local interest 
in the standing forest will depend on its economic 
valuation. The resin extracted from Hymenaea 
species is one of these products, with a possibility 
of market insertion, regarding the production of 
high-quality copal varnish. Only the need for 
adjustment of an old and public domain production 
technology to modern industrial resources is to 
be observed. Manufacturing copal varnish from 

jutaicica resin could be easily associated with 
distilling useful chemicals, such as a substitute to 
turpentine, a thinner for traditional high-quality 
copal varnishing. In the short and medium term, 
the drying oil from linseed employed in true copal 
varnish production, for example, could find a 
substitute in the immense diversity of oleaginous 
plant species found in Amazonia. The traditional 
Amazonian copal varnish (based on jutaicica 
resin) could be completely employed in finishing 
classic wood artifacts. Its productive chain could 
be sustainably driven and economically efficient.
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