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Abstract
Cupuassu (Theobroma grandiflorum Schum.) is a typical Amazonian fruit, whose seed is used as raw material to produce 
cupulate. The by-product of its seeds, cupuassu seed by-product (CSB), is often discarded by the cosmetic and food industry, 
but studies showed that it has a high content of phenolic compounds with exploitable antioxidant activity. This study aimed 
to identify the classes of chemical compounds present in the extract of CSB by HPTLC, to confirm them by RMN 1H spec-
troscopy and to analyze the extract thermal analytical behavior in different processing stages. After elution of the extract in an 
isocratic system, TLC plates were developed with selective reagents for several classes of chemical compounds and antioxi-
dant activity by the DPPH· method. Butter, CSB and crude extract presented mass losses characteristic of lipid decomposition 
reactions (92.63, 14.80, and 15.42%, respectively). Thermal degradation of bioactive and nutritional compounds (mainly 
polyunsaturated fatty acids) present in both CSB and crude extract has occurred at temperatures above 189 °C. Microencap-
sulation of the CBS extract by spray drying (MECoC) using maltodextrin as coating agent was shown to effectively protect 
the phenolic compounds. RMN 1H spectra confirmed HPTLC and FTIR results, which allowed us to conclude that the crude 
extract of the cupuassu by-product was mainly composed of terpenes, steroids and phenolic compounds, mainly flavonoids. 
These analytical techniques have proven to be effective tools for assessing the bioactive compounds incorporation into the 
polymeric matrix expected in the pre-formulation stage.
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Introduction

Cupuassu (Theobroma grandiflorum Schum.) is a typical 
fruit of the Amazon rainforest, which is very appreciated 
by the local population for its exotic flavor as well as acidic 
and intense aroma [1]. The use of cupuassu pulp to produce 
juice and sweets generates a large quantity of a by-prod-
ucts mainly made up of seeds. The crude oil extracted from 
seeds, which solidifies at a temperature of − 5 °C resulting in 
a butter, has great commercial value for the cosmetic sector 
due to its emollient potential. The extraction of butter/oil 
occurs by natural cold pressing, which is more advantageous 
than the traditional solvent extraction, for it produces more 
stable butter and is more environmentally friendly.

The residual material, i.e., the cupuassu seed by-prod-
uct, is wasted by the cosmetic and food industries, being 
exploited only as raw material in handicrafts. However, 
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studies showed that its crude extract still has a potent anti-
oxidant activity due to the presence of phenolic compounds 
[2–4]. Cupuassu seeds contain approximately 45% of fixed 
oil that has a complex composition, due to the presence of 
different triglycerides, polyphenols and phytosterols [2, 3]. 
Moreover, since cold pressing hardly involves the produc-
tion of other wastes, it can also be used as natural fertiliser.

Plant extracts containing a variety of bioactive com-
pounds are obtained by different extraction techniques. 
However, due to their complex composition, they are easily 
oxidized and/or degraded during either processing or stor-
age, which leads to a reduction in their content of natural 
bioactive components and, consequently, in their therapeutic 
properties. Drying by atomization, also called spray drying, 
is a mechanical method used especially in the pharmaceu-
tical and food industries to effectively encapsulate heat-
sensitive components (e.g., polyphenols) [3–6]. It has been 
successfully applied to preserve the antioxidant properties or 
even increase the stability of bioactive compounds present 
in tropical fruit by-products [5, 7], including that deriving 
from cupuassu seeds [3]. On this line, spray drying has been 
used in this study using maltodextrin as a coating agent to 
microencapsulate the extract of cupuassu seed by-product.

Moreover, the quality control of the raw plant material 
is a fundamental tool in the pre-formulation phase, through 
which it is possible to help in the relevant choices to incor-
porate active ingredients. It can be carried out investigating 
the thermal profile of formulation components by means of 
thermal analysis, which is a set of techniques that allow (a) 
obtaining information on the stability, degradation and reac-
tion of substances, including those of plant origin [8–12], (b) 
quantifying one or more compounds, and (c) shedding light 
on the effect of adding coating agents on active ingredients 
during microencapsulation.

Based on these considerations, this study aimed to assess 
the thermal behavior of the cupuassu seed by-product in dif-
ferent processing stages, using thermoanalytical techniques 
(TGA and DSC), as well as to identify its main classes of 
compounds by high-performance thin-layer chromatography, 
RMN 1H and FTIR.

Experimental

Material

The cupuassu butter was acquired from Amazon Oil Indús-
tria e Comércio (Ananindeua, PA, Brazil) (batch: AMO003-
005/2016), while the cupuassu seed by-product was provided 
by Natura Cosméticos S/A (São Paulo, SP, Brazil).

The following chemicals were acquired from Sigma-
Aldrich (Saint Louis, MO, USA) and used in chroma-
tographic analyses: rutin (CAS Number: 207671-50-9), 

β-amyrin (CAS Number: 559-70-6), gallic acid (CAS 
Number: 149-91-7), ascorbic acid (CAS Number: 50-81-7), 
brucin (CAS Number: 357-57-3), esculin (CAS Number: 
531-75-9), 2,2-diphenyl-1-picrylhydrazyl (DPPH), malto-
dextrin (equivalent dextrose 16.5-19.5), vanillin, diphenylb-
oryloxyethylamine, Dragendorff reagent.

Methods

Preparation of the cupuassu seed by‑product

Cupuassu seeds were underwent a segregation process at 
65 °C for 45 min, after which they were cold pressed to 
remove the oil to be industrially exploited [9]. The resulting 
by-product, designated as cupuassu seed by-product (CSB), 
was dried in an oven with air circulation at 40 ± 2 °C up 
to constant mass. After dehydration, it was pulverized in 
a blender, model 650 W (Mondial, São Paulo, SP, Brazil).

Preparation of the crude extract

Dried and pulverized CSB was extracted with a 70% (w/v) 
ethanol solution in water according to the percolation pro-
cess [13]. To obtain the crude extract (CE), the resulting 
solution was concentrated in a rotary evaporator, model 
Laborota 4000 (Heidolph, Schwabach, Germany), under 
low pressure and controlled temperature (40 ± 5 °C). CE 
obtained in this way had a dry mass content of 78.85 ± 0.50% 
[9].

Characterization of the raw extract

Chemical profile by HPTLC

Chromatographic analyses were conducted in a robotic sys-
tem of high efficiency thin-layer chromatography (HPTLC) 
composed of application modules (Automatic TLC Sampler 
4 – ATS4), densitometer (TLC Scanner 4) and photodocu-
mentator (TLC Visualizer) (CAMAG, Muttenz, Switzer-
land), and the WinCats 1.4.6. software was used for data 
processing. Aliquots of 30 µg spot−1 of bio-oil and 0.1 µg 
 spot−1 of standards, namely β-amyrin, gallic acid, rutin, 
esculin, brucine and ascorbic acid, were applied in silica 
gel TLC plates (Aluminum F-254 60 Å, SiliCycle, Quebec, 
Canada). The TLC plates were eluted in the glass chamber 
(CAMAG) in an isocratic system of 67.57:17.57:7.43:7.43 
(v/v) ethyl acetate/H2O/formic acid/acetic acid (AAAA), 
with a chromatographic path of 80 mm. TLC plates were 
derivatized with selective reagents for terpenes (VAS), phe-
nolic compounds (FBS), flavonoids (NP/PEG), coumarins 
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(KOH), alkaloids (Dragendorff) and antioxidant activity by 
the DPPH· method.

RMN 1H spectra

Nuclear Magnetic Resonance (RMN 1H) spectra were 
acquired with a spectrometer, model Ascend (Bruker, Rhein-
stetten, Germany), operating at 400 MHz. For data control 
and treatment, the software TopSpin 3.6.0 was used, and dis-
placements were recorded in dimensionless values δ (ppm), 
with the internal reference to the solvent  (CD3OD) signal 
[14–16].

Preparation of microparticles containing cupuassu crude 
extract

The microencapsulated crude extract of cupuassu seed by-
product (MECoC) was obtained in a spray dryer, model 
B-290 (Büchi, Flawil, Switzerland), with 0.5 mm diameter 
atomizing nozzle, 32.5 m3 h−1 drying airflow and 80% suc-
tion rate, under previously determined optimal microencap-
sulation conditions [3], namely 170 °C inlet temperature, 
5.0 mL min−1 feed flow rate, 5.0% (w/v) maltodextrin con-
centration and 50% cupuassu extract. The same conditions 
were adopted to obtain empty microparticles without extract.

Thermoanalytical profile (TG and DSC)

The thermal profile of samples (butter, CSB, CE, MECoC, 
microparticles without extract and rutin) was assessed 
by thermogravimetry (TG/DTG) and differential scan-
ning calorimetry (DSC), using a thermal analyzer, model 
DTG-60 (Shimadzu, Kyoto and Japan). Samples were 
weighed (5.0–10.0 mg) in aluminum crucible and analyzed 
under nitrogen atmosphere and flow rate of 50 mL min−1. 

Experiments were conducted in the temperature range from 
25 to 600 °C at a heating rate of 10 °C min−1 [17].

After weighing samples (2.0–6.0 mg) in aluminum cruci-
ble, DSC analyses were performed in a DSC-60 Plus equip-
ment (Shimadzu) in the temperature range from 25 to 300 °C 
under the same conditions described for TGA. Mass losses 
recorded in the thermoscale allowed us to calculate the cor-
responding heat and were expressed in J g−1.

Spectroscopic profile in the infrared region (FTIR)

The Fourier-Transform Infrared Spectroscopy (FTIR) pro-
files of the same samples were recorded by a spectroscope, 
model IRPrestige-21 (Shimadzu). For this purpose, approxi-
mately 1.0 mg of sample was compressed in KBr pellets 
and scanned in the wavenumber range of 4000 to 400 cm−1, 
with a resolution of 2.0 cm−1 and scanning number of 20 
scans [17].

Results and discussion

Characterization by HPTLC

Chromatographic analysis by HPTLC allowed characterizing 
the crude extract (CE) in terms of complexity and chemi-
cal composition. With the use of selective developing rea-
gents, it was possible to detect the presence and distribution 
of different classes of compounds by TLC plating (Fig. 1, 
Table 1). When the VAS solution was used, the formation 
of characteristic purple bands of terpenes, steroids and fatty 
acids derivatives was evidenced by comparison with the pat-
terns of β-amyrin selected as a standard and CE (Fig. 1a), 
which suggests the presence of low polarity constituents of 
the Theobroma grandiflorum lipophilic fraction, such as 

Fig. 1  Chemical profile of crude extract (CE) by HPTLC. Legend: 
Plates derivatized with selective solutions for terpenes—purple 
color (a), phenolic compounds (b), flavonoids—yellow (c), couma-
rines—blue (d), alkaloids—orange (e) and antioxidant compounds 

(f). β-amyrin (b-A); crude extract (CE); gallic acid (A.G); rutin 
(Ru); esculin (Sc); brucin (Br) and ascorbic acid (A.A). (Color figure 
online)
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triglycerides and steroids [18]. When TLC plates were deri-
vatized with the FBS solution, comparison between gallic 
acid (standard) and CE showed the formation of the typical 
brown bands of phenolic compounds (Fig. 1b). In addition, 
these phenolic compounds, when derivatized with the NP/
PEG solution and visualized under ultraviolet radiation at 
366 nm, showed the typical yellow bands of flavonoids, as 
revealed by the rutin and CE patterns (Fig. 1c). A previous 
study by Silva da Costa et al. [4] described the presence of 
high-value flavonoids such as quercetin and kaempferol in 
the cupuassu residue, whose presence confirmed its eco-
nomic potential. On the other hand, the use of KOH (Fig. 1d) 
and Dragendorff reagent (Fig. 1e) for staining did not allow 
detecting the presence of coumarins and alkaloids. Resum-
ing, the phytochemical study of the T. grandiflorum agro-
industrial residue allowed detecting the presence of com-
pounds belonging to important phytochemical classes such 
as terpenes, steroids, phenolic compounds and mainly flavo-
noids, which, based on a comparison with previous studies 
on this and other vegetable residues [4, 18, 19], highlights 
its economic potential and viability. 

Antioxidant tests on TLC allow in situ evaluation of 
the ability of the components of a mixture to scavenge or 
reduce reddish 2,2-diphenyl-1-picryl-hydrazine free radicals 
(DPPH·) into yellow-colored stable molecules of DPPH. 
Tests on CE indicated a strong antioxidant activity due to 
high-polarity components compared to the positive control 
(ascorbic acid) (Fig. 1f), which can be ascribed to the pres-
ence of phenolic compounds, mainly flavonoids, that have a 
well-known antioxidant action.

Characterization by RMN 1H

The RMN 1H spectrum was acquired with the aim of (a) 
confirming the HPTLC results, (b) carrying out a quantita-
tive analysis by standardizing the integration of proton sig-
nals from functional groups of CE components, and then (c) 
expanding the information about the phytochemical classes 
present (Fig. 2).

The percent abundance of each signal was determined 
from the chemical deviation in the spectrum (Table 2). The 
region from 0.5 to 1.5 ppm, which corresponds to the nuclei 
of methyl (–CH3), methylene (–CH2) and methine (–CH) 
groups typically present in the aliphatic chains of terpenes, 
steroids and fatty acids, was the one with the highest rela-
tive abundance (36.02% of the total signal area), consist-
ently with the CE lipophilic nature. Comparable abundance 
(34.07%) was noticed in the 3.0 to 4.5 ppm region, which 
is characteristic of hydrogens on carbons directly linked or 
close to heteroatoms (O and N) like the oxymethine ones of 
sugar units. Less abundances were detected for hydrogens on 
side carbons linked to sp2 carbons, oxygenated or nitrogen-
ated carbons (21.01%), and mainly for olefinic hydrogens 
(6.13%), which is consistent with the results obtained by 
HPTLC and confirms the presence of terpenes and steroids. 
Another set of important signals, even though with lower 
intensity and relative abundance (2.75%), are those typical 
of hydrogen nuclei directly linked to aromatic carbons in 
the 6.0–9.5 ppm region, which is characteristic of aromatic 
hydrogens of A and B rings of flavonoids and other phenolic 
compounds such as those identified por Silva da Costa et al. 
in T. grandiflorum [4]. These findings agree with those of 
HPTLC, which allowed us to conclude that the ethanolic CE 
of CBS was composed predominantly of terpenes, steroids 
and phenolic compounds, mainly flavonoids (Fig. 2).

Table 1  HPTLC profile of the crude extract of cupuassu seed by-
product

Class of compounds Presence 
(+)/Absence 
(−)

Terpenes/steroids +
Phenolic compounds +
Flavonoids +
Coumarines −
Alkaloids −

Crude extract(CE)

– 
0.

0
0.

5
1.

0
1.

5
2.

0
[r

el
]

[ppm]68 4 2

Fig. 2  RMN 1H spectrum of the crude extract (CE)

Table 2  Characterization of the crude extract of cupuassu seed by-
product by RMN 1H

Chemical dis-
placement/ppm

Proton assignment Area/%

0.5–1.5 –CH3; –CH2; –CH 36.02
1.5–3.0 CH3–C=O;  CH3–N; Ar-CH3; Ar-CH2– 21.01
3.0–4.5 CH3–C=O; –CH2–O–; –CH2–N– 34.07
4.5–6.0 HC=C– (olefinic) 6.13
6.0–9.5 Ar–H; –CH=O 2.75
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Thermoanalytical profile

There is a huge number of studies in the literature on the use 
of the thermal analysis to (a) characterize materials of plant 
origin, (b) determine their thermal stability and (c) evalu-
ate factors related to quality control during pre-formulation, 
formulation and storage steps of product to maintain its qual-
ity, effectiveness and safety. For this purpose, the TG/DTG 
profiles of butter, CSB, CE, microencapsulated crude extract 
of CBS (MECoC) and microparticles without extract (malto-
dextrin) are illustrated in Fig. 3.

Figure  3a shows a single mass loss event in butter 
(92.63%) (Table  3) like that observed for cocoa butter 
[8], which was likely due to decomposition of fatty acids 
(mainly oleic, linoleic, palmitic and stearic acids). It should 
be remembered, in fact, that a significant percentage of crude 
oil remains in the residue after cold pressing [3]. Similar 
thermal behavior was found in cocoa seeds oil [10], oily 
Amazonian plant matrices such as Brazil nuts (Bertholletia 
excelsa) oil [11], pracaxi [Pentaclethra macroloba (Willd.) 

Kuntze] oil and murumuru (Astrocaryum murumuru Mart.) 
butter [12].

Figure 3b and c shows five mass loss events in the TG/
DTG curves of both CSB and CE (Table 3). The first event, 
between Ton set = 51.35 and 58.94  °C and Tpeak = 89.30 
and 80.01  °C, respectively, presented Δm = 5.92% and 
Δm = 14.44%, respectively, as the likely result of evaporation 
of water and other volatile compounds. These percentages 
are close to those of thermal decomposition of samples sub-
mitted to drying and standardization treatment. For instance, 
the CSB mass loss is close to that obtained by the gravimet-
ric method (7.6 ± 0.4%) and to the moisture content reported 
for Arrabidaea chica [17]. However, the CBS decomposition 
temperature was lower than that of cocoa oil (Ton set and Tpeak 
of 77 and 168 °C, respectively), whose mass loss was about 
4.8% [10]. In addition, both CSB and CE mass losses are in 
accordance with the recommended moisture content in crude 
materials of plant origin [13].

A second event occurred in both CBS and CE between 
Ton set of 223.52 °C and 103.04 °C and Tpeak of 260.13 °C 

(a) (b)

(c) (d)

(e) (f)

° °

° °

° °

–
–

–

–
–

–

Fig. 3  TG/DTG curves obtained in the temperature range of 25 
to 600  °C, at 10  °C  min−1 under  N2 atmosphere, and flow rate of 
50 mL min−1. a butter, b cupuassu seed by-product, c crude extract, 

d microencapsulated crude extract of cupuassu seed by-product, e 
microparticles without extract (maltodextrin), f rutin
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and 120.82 °C, with Δm = 14.80 and Δm = 15.42%, respec-
tively, which was followed by a third event with mass loss 
of 21.20% and 25.97%, respectively (Table 3). These major 
events can be related to progressive pyrolytic decomposi-
tion of organic compounds, i.e., carbohydrates, fibers, pro-
teins and 8.0–25.0% of residual oil [9]. It implied the larg-
est mass loss (36.0%) and resulted in a large endothermic 
Tpeak (21.83–39.38 °C) (Fig. 3b). CSB and CE also showed a 
fourth and fifth thermal events with Δm = 22.21 and 18.08% 
and Δm = 19.25 and 6.44%, respectively (Table 3).

Figure 3d and e, which depicts the thermoanalytical 
curves of MECoC and maltodextrin, show four and three 
events of mass loss, respectively. The MECoC TG curve 
highlights an initial mass loss (3.97%) ascribable to loss 
of volatile compounds and dehydration of microcapsules, 
which was like that of maltodextrin. The second and third 
events caused an intense overall mass loss (39.71% as a 
whole), which can be attributed to simultaneous decompo-
sition reactions corresponding to the overlap of MECoC and 
maltodextrin degradation (Fig. 3d). Even so, this loss was 
less than the corresponding one of maltodextrin (64.96%).

The last MECoC mass loss event (21.43%) was lower 
compared to that of maltodextrin (27.21%). Intense endo-
thermic peaks followed by exothermic peaks were observed 
in the DTA curves of both MECoC (Fig. 3d) and maltodex-
trin (Fig. 3e), with their respective endothermic Tpeak appear-
ing at 220 °C and 300 °C, respectively. Since maltodextrin 

was able to preserve the physicochemical properties of CE 
phenolic compounds (Fig. 3c), these results are in line with 
the high efficiency previously reported either for the same 
extract (88.4 ± 5.3%) [3] or for other plant extracts [10–12, 
17], hence confirming the effectiveness of maltodextrin as 
wall agent to microencapsulate the CBS extract.

The thermal behavior of the microencapsulated extract 
of cupuassu with maltodextrin is similar to that observed 
by Sampaio et al. [17] for the dry extract of A. chica using 
the same coating agent. These authors found that the use 
of maltodextrin did not qualitatively change the nature of 
thermal events. Thus, the exothermic reactions observed in 
the DTG curve (Fig. 3d) are recurrent in the microencap-
sulated extract, although to a lesser extent, probably due to 
the interaction between its compounds with maltodextrin. 
In another study, a significant interaction between the dry 
extract of Myracrodruon urundeuva and maltodextrin was 
observed as the result of overlapping their degradation [20].

The TG curve of maltodextrin (Fig. 3e) shows a three-
step mass loss similar to that of starch, from which this sub-
stance was obtained. The first decomposition step was due 
to the dehydration process, followed by stability up Tpeak to 
189 °C. Once dehydrated, decomposition and oxidation of 
organic matter occurred in two consecutive reactions [21]. 
A second more pronounced thermal event occurred in the 
Ton set–Tpeak of 250–310 °C with a Δm = 64.96%. Similar 
results were obtained by Saavedra-Leos et al. [22], who 

Table 3  Thermoanalytical 
profile (TG/DTG and DSC) 
of butter, cupuassu seed 
by-product (CSB), crude extract 
(CE), microencapsulated 
crude extract of cupuassu 
seed by-product (MECoC), 
microparticles without extract 
(maltodextrin) and rutin, in 
different processing stages

Sample Event TG/DTG DSC

(Ton set–Tpeak/°C) Δm/% (Ton set–Tpeak/°C) ΔH/J g−1

Butter 1 371.70–429.48 92.63 35.85–38.21 − 78.04
CSB 1 51.35–89.30 5.92 35.83–39.38 − 24.00

2 223.52–260.13 14.80 – –
3 284.06–315.82 21.20 – –
4 376.01–398.95 22.21 – –
5 498.32–570.46 19.25 – –

CE 1 58.94–80.01 14.44 60.06–75.17 − 185.57
2 103.04–120.82 15.42 173.79–225.91 − 30.36
3 217.13–267.52 25.97 – –
4 371.90–401.36 18.08 – –
5 436.09–478.87 6.44 – –

MECoC 1 60.18–92.43 3.97 25.57–65.46 − 80.92
2 198.41–237.47 28.95 183.05–216.14 − 40.49
3 426.29–443.22 10.76 – –
4 470.43–514.35 21.43 – –

Maltodextrin 1 41.72–94.92 7.42 27.04–123.35 − 109.85
2 276.89–310.63 64.96 189.41–198.09 − 4.18
3 471.19–521.77 27.21 236.16–541.25 − 47.57

Rutin 1 96.52–140.59 7.74 123.02–130.69 − 168.35
2 261.26–297.90 30.41 177.89–197.19 − 38.76
3 406.64–509.11 23.16 259.97–281.53 − 14.70
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attributed the mass loss to thermal decomposition of long 
molecular chains, polymerization processes and isomeriza-
tion reactions associated with dehydration.

Figure 3f shows the degradation profile of rutin, which 
exhibited four events of mass loss like those observed in 
Fig. 3b and c for CSB and CE, respectively. Comparing the 
TG/DTG curves, degradation of cupuassu phenolic com-
pounds was observed in the two first events of mass loss, 
which occurred in the Ton set = 96.52 °C and Tpeak = 140.59 °C 
(7.74%) and Ton set = 261.26 and Tpeak = 297.90 °C (30.41%). 
However, the latter led to a higher mass loss due to decom-
position of rutin carbon chain, which can be explained by 
the presence of sugar in its structure. The last decomposi-
tion stage can be ascribed to carbonization of the material 
(Table 3). These results corroborate the work of da Costa 
et al. [21], who demonstrated, through the stoichiometry of 
rutin decomposition reaction, that the highest percentage 
of Δm = 30.5% was the result of decomposition of rutin’s 
sugar moiety.

Figure 4 shows the results of differential scanning calo-
rimetry (DSC) of butter, CSB, CE, MECoC, microparticles 
without extract and rutin. It is possible to observe an endo-
thermic Tpeak probably corresponding to cupuassu triglycer-
ides melting, which occurred at 38.21 °C for butter (Fig. 4a), 
39.38 °C for CSB (Fig. 4b), 75.17 °C for CE (Fig. 4c) and 
65.46 °C for MECoC (Fig. 4d). The profile was quite similar 
among the samples, because the by-product still contained 
a significant percentage of lipids (8.0–25.0%), in agreement 
with the TG results (Fig. 3). However, relevant endothermic 
Ton set to Tpeak events occurred in CE (Fig. 4c) and MECoC 

(Fig.  4c) at 173.79–225.91  °C and 183.05–216.14  °C, 
respectively, due to the presence of a complex mixture of 
several other organic components of the extract, but mainly 
to the carbohydrate composition of maltodextrin.

MECoC (Fig. 4d) displayed a main endothermic Tpeak at 
49 °C due to dehydration followed by a second endothermic 
event that happened simultaneously with decomposition, 
already evidenced by TG/DTG (Table 3), thereby corrobo-
rating a previous study that reported two endothermic transi-
tions at 79 and 139 °C for cocoa extract [23]. However, these 
results differ from those of the microencapsulated extract of 
cocoa by-product, which showed three endothermic events 
at 71.5, 157.0 and 258.5 °C [10].

The DSC profile of maltodextrin showed a wide endo-
thermic Tpeak up to 123 °C, which can be attributed to the 
presence of hydroxyls (Fig. 4e). The use of maltodextrin 
as a coating agent for the extract of CSB was necessary in 
view of the presence of non-hydrolyzable sugars [9], which 
give it hygroscopic characteristics. Da Costa et al. [3] and 
Freitas et al. [24] found that the higher the concentration 
of maltodextrin used in the drying process, the lower the 
hygroscopicity of the microencapsulated extract of the cup-
uassu by-product and the atomized ‘Pérola’ pineapple by-
product, respectively. Looking at Fig. 4d and e it is possible 
to infer that maltodextrin did not promote any physicochemi-
cal interaction with the extract of CSB that could harm its 
chemical composition. Therefore, the favorable chemical 
properties of maltodextrin justify its choice as an ideal dry-
ing aid for extracts derived from fruit by-products, able to 
preserve their physicochemical properties.

The rutin DSC curve (Fig. 4f) showed three endother-
mic events, the first probably related to dehydration up to 
Tpeak = 130.69 °C (ΔH = − 168.35 J g−1), the second to melt-
ing at Tpeak = 197.19 °C (ΔH = − 38.76 J g−1), and the third 
one to thermal decomposition of rutin (Tpeak = 281.53 °C; 
ΔH = − 14.70 J g−1) (Table 3). These events, which con-
firm those evidenced by the TG/DTG curves (Fig.  3f), 
agree with the observations of da Costa et al. [21], who 
attributed the two initial events of rutin decomposition 
to the loss of two water molecules, making it anhydrous 
and allotropic. The endothermic Tpeak referring to rutin 
melting (Fig. 4f) was maintained in the DSC curves of 
CE (Tpeak = 225.91 °C; ΔH = − 30.36 J g−1) (Fig. 4c) and 
MECoC (Tpeak = 216.14 °C; ΔH = − 40.49 J g−1) (Fig. 4d), 
which is a strong indication of rutin presence and preserva-
tion in the different stages of CSB processing.

Spectroscopic profile by FTIR

Butter, CSB, CE, MECoC and maltodextrin, which showed 
significant interactions among constituents according 
to thermal analysis (Fig. 3), were submitted to infrared 
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Fig. 4  DSC curves obtained at a temperature of 25 to 300  °C, at 
10 °C min−1 under  N2 and flow rate of 50 mL min−1. a butter, b cup-
uassu seed by-product, c crude extract, d microencapsulated crude 
extract of cupuassu seed by-product, e microparticles without extract 
(maltodextrin), f rutin
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spectroscopy analysis (FTIR) to infer their chemical com-
position (Fig. 5).

The spectroscopic profile of butter in the IV region of 
FTIR (Fig. 5a) showed a typical carbonyl elongation band 
at 1743 cm−1, corresponding to the stretching vibration of 
lipid ester carbonyls, while the C–H stretching may have 
been responsible for that observed at 1464 cm−1, confirm-
ing the results of HPTLC (Fig. 1a). Whereas the bands in 
the 700–1500 cm−1 region suggest an interaction between 
cis-monounsaturated and saturated fatty acids, those in the 
1110–1155 cm−1 one are characteristic of C=O vibration 
of aliphatic esters. These results, which confirm that butter 
was mainly made up of triacylglycerols, are consistent with 
those reported for buriti [12] and cocoa [10] oils along with 
the presence of palmitic, stearic, oleic and linoleic acids as 
the main constituents of cupuassu by-product [9] and cocoa 
butter [8] extracts.

The spectra of CSB (Fig. 5b), CE (Fig. 5c) and MECoC 
(Fig.  5e) showed an aggregate absorption band with 
stretches that occurred at 2931–2846 cm−1 and 3304 cm−1, 
2918–2850 cm−1 and 3342–3358 cm−1, respectively, which 
can be attributed to vibration of axial deformation of OH, 
mainly due to carbohydrates, lignin phenols, aromatic ami-
noacids or residual water [17]. On the other hand, stretches 
at approximately 2850 and 2364 cm−1 in the CE spectrum 
are indicative of axial deformation of accumulated double 
bonds and triple bonds [25], while those at 1668, 1120 and 
1037 cm−1 of vibrations of esters, alcohols and sulfonic 
acids, respectively. The additional absorption band close to 
725 cm−1 highlights the presence of aromatic compounds. 
Finally, the CE spectrum showed an increase in the band 
signal intensity compared to CSB, suggesting that extraction 

with the ethanolic solution led to concentration of chemical 
compounds.

In all cupuassu by-product-containing samples, a strong 
absorption band was observed at 2860 cm−1 and in the range 
2929–2919 cm−1, which can be attributed to symmetric and 
asymmetric stretching vibrations of methyl groups, respec-
tively, while bands at 2337 and 2344 cm−1 to vibrations of 
axial deformation of non-accumulated double bonds, cor-
responding to –CH stretching.

The absorption band around 1008 cm−1 corresponds to 
vibrations of esters and sulfonics, alcohols and acids. A 10 to 
20 cm−1 displacement of this band toward lower frequency 
due to conjugation can be ascribed to the presence of aro-
matic rings [25].

Lastly, the bands appearing in the MECoC spectrum 
(Fig. 5e) at 1626 and 1031 cm−1, like those observed for 
microparticles without extract (Fig. 5d), are likely to corre-
spond to the C=O stretching of maltodextrin bond. Instead, 
those appearing at 3372, 2924 and 1597 cm−1, like those 
observed for CE (Fig. 5c), can be ascribed to the phenolic 
group and the aromatic ring [26]. These results prove the 
effectiveness of the FTIR analysis as a tool to check the 
incorporation of active principles by the polymer matrix, 
which was hoped for during the pré-formulation phase [27].

Conclusions

The ethanolic extract of cupuassu seed by-product (CSB) 
obtained by cold pressing of the fruit was submitted to 
RMN 1H spectroscopy and HPTLC, which revealed that 
it was mainly made up of terpenes, steroids and phenolic 
compounds, especially flavonoids. On the other hand, ther-
moanalytical techniques were successful in exploring the 
thermal behavior of butter, CSB, crude extract (CE) and 
microparticles either containing the extract (MECoC) or 
not (maltodextrin), proving to be an efficient tool to check 
the stability of chemical components present in the samples. 
Butter, CSB and CE spectra showed mass loss events char-
acteristic of decomposition reactions of lipids, still present 
in the pressed material, along with the thermal stability of 
bioactive compounds up to 189 °C. On the other hand, the 
MECoC mass loss events confirmed the excellent features 
of maltodextrin as a wall agent to microencapsulate the cup-
uassu extract by spray drying. FTIR spectra of CSB, CE and 
MECoC in the IV region showed an aggregate absorption 
band that pointed to preservation of phenolic groups in these 
preparations, confirming the importance of FTIR as a tool to 
check the incorporation of active principles by the polymeric 
matrix. The results of this study demonstrate the potential 
of these analytical techniques in the evaluation of factors 
related to quality control in the stages of pre-formulation, 
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Fig. 5  FTIR spectra of a butter, b cupuassu seed by-product, c crude 
extract, d maltodextrin, e microencapsulated crude extract of cup-
uassu seed by-product
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formulation and product storage to maintain quality, efficacy 
and safety.
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