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1 Introduction
The Cerrado occupies 23% of Brazil’s territory and is 

considered to be the second largest biome in the country. 
The biome is encountered in the states of Bahia, Goiás, Maranhão, 
Mato Grosso, Mato Grosso do Sul, Minas Gerais, Pará, Piauí, 
Rondônia, Tocantins and the Federal District, representing 
an approximate area of 2 million km2 (Stefanes et al., 2018). 
The Cerrado’s flora boasts a variety of edible fruits, which are 
consumed or are used as raw material for the preparation of 
foods (Geocze et al., 2013).

Chicha (Sterculia striata) is a native plant of the Cerrado and 
pertains to the Sterculiaceae Family. This tree and its fruit are 
also known as xixá, amendoim-de-macaco, castanha‑de‑macaco, 
mendubi-guaçu, castanheiro-do-mato, aracha-chá and pau‑rei. 
The plant’s wood is used for crafts, ornaments, boxes and the 
production of matches. As the plant can tolerant dry soils and 
grows rapidly, it can be used to recompose degraded areas 
(de Britto Policarpi et al., 2018). The extract obtained from 
the stem of S. striata chicha is considered to be a source of 
bioactive compounds, which in appropriate concentrations 
may help in the prevention of diseases, due to their antioxidant 
properties (de Britto Policarpi et al., 2018). The fruit of chicha 
contains between 9 to 20 nut and matures during the period 
from June to September. Chicha nut are ovoid, 2 cm long, have 
two shells, a thin outer shell that is easy to remove, and an 
internal shell that is stiffer, and a nut, which can be consumed 
raw, cooked, toasted or as paçoca, a Brazilian dish (Silva & 
Fernandes, 2011).

The protein content of chicha varies according to the region 
of its cultivation. In the present study, the water content of the 
soil was higher than that previously observed for other regions 
(Rocha  et  al., 2013; Diniz  et  al., 2008). Fruits from different 
regions may present different centesimal compositions, due to 
differences in soil characteristics, fertilization, climate and other 
environmental factors (Silva & Fernandes, 2011).

As compared to other fruits from the Cerrado, chicha 
presents a higher content of follicles, and a higher content 
of lycopene, a bioactive antioxidant, in the alcoholic extract 
(Rocha  et  al., 2013). In addition, this fruit presents a high 
concentration of fibers, proteins, phosphorus, manganese and 
copper, the latter being an important nutrient for pregnant 
women (Rocha et al., 2013). According to Rocha et al. (2013), 
chicha presents a higher ascorbic acid (vitamin C) content than 
most citrus fruits, such as the poncero tangerine, the murcote 
tangerine, pear orange, lime orange, natal orange, Valencia 
orange, and bay orange.

Chicha is not very susceptible to enzymatic browning, 
and is reported to be a source of monounsaturated fatty acids, 
particularly oleic acid, with a higher content of oleic acid than 
those of sunflower and peanut oil (Silva & Fernandes, 2011). 
In addition, chicha contains some amino acids that are important 
for children of 2 to 12 years of age and may be considered 
an alternative source of essential amino acids such as valine, 
isoleucine, leucine, lysine, threonine, methionine, tryptophan 
and cysteine (Association of Official Analytical Chemists, 1995). 
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Despite knowing the amino acid composition of chicha, little 
is known about its protein content; as such, the main objective 
of this study was to obtain the proteomic analysis of chicha nut 
grown in the northern region of Minas Gerais, as well as its 
centesimal composition and fatty acid profile.

2 Materials and methods
2.1 Materials

The nut of mature fruits of chicha (Sterculia striata A.St.‑Hil. 
& Naudin) were collected in the northern region of the state of 
Minas Gerais. The nut selected were stored at -20 °C until use, 
at which time they were ground in an industrial blender (Tron 
Master Copo Aço Inox), before sieving through a 1.68‑mm 
aperture sieve to obtain a homogeneous grain size. Acetic acid, 
formic acid, trifluoroacetic acid, ammonium bicarbonate, 
1,4-Dithiothreitol (DTT), iodoacetamide, proteomic grade 
trypsin, hexane, sodium dodecyl sulfate (SDS), bromophenol blue, 
glycerol, Tris, glycine, (N-N, N-N-Tetramethylethylenediamine 
(TEMED), N-N-tetramethylethylenediamine hydrochloride, 
sodium hydroxide, potassium hydroxide, hydrochloric acid, 
dichloromethane, anhydrous sodium sulfate, glacial acetic acid, 
glacial acetic acid, acrylamide, bisacrylamide, ammonium 
persulfate, Sigma-Aldrich brand, GE Healthcare LMW protein 
standard and α-cyano-4-hydroxycinnamic acid-HCCA were 
purchased from Bruker Daltonics, Germany. All solvents and 
reagents used were of high analytical grade.

2.2 Nutritional properties

Moisture content, minerals, crude protein and lipids were 
determined according to the methodology described by the 
Association of Official Analytical Chemists (1995). The contents of 
neutral detergent fiber (NDF) and acid detergent fiber (FDA) were 
obtained according to the methodology described by Sniffen et al. 
(1992). Total carbohydrates (TC) were estimated according to 
Sniffen et al., 1992, as: CT = 100 - (% PB +% EE +% MM).

2.3 Oil and fatty acid profile characterization

The extraction of chicha seed oil was carried out using an 
automated Soxtec extractor, based on the Soxhlet direct extraction 
methodology reported by the Association of Official Analytical 
Chemists (1995).

2.4 Chemical interesterification

Twenty mg of sample were added to a round bottom 
flask (50 mL), followed by 5 mL KOH solution in methanol 
(0.5 mol L-1, m/v). The mixture was heated to 100 oC for 1 h 
under reflux. For the esterification, 2 mL of HCl solution in 
methanol (4: 1, v/v) were added to the mixture and heated 
again at 100 °C for 1 h. The methyl esters were extracted and, 
after cooling, 2.0 mL of distilled H2O was added; the derivatives 
obtained were then extracted with dichloromethane (3 x 5.0 mL). 
After extraction, the organic phase was dried with anhydrous 
sodium sulfate, filtered and concentrated. The residue obtained, 
after complete removal of the solvent, was dissolved in 1 mL of 
dichloromethane and analyzed by GC-MS.

2.5 Chromatographic conditions

Chromatographic analyzes were performed on a gas 
chromatograph (Agilent Technologies, GC 7890A) equipped 
with a mass detector (CG-EM) and DB-5MS capillary column 
(Agilent Technologies, 30 m length x 0.25 mm internal diameter 
x 0.25 μm film thickness). Helium (99.99% purity) was used as 
the entrainment gas at a rate of 1 mL min-1. Using a self-injector 
(CTC combiPaL), 1 μL of the sample was injected into the 
chromatograph at a 1:10 split ratio. The split/splitless injector 
was maintained at 220 °C. The chromatographic column was 
maintained initially at 160 °C for 2 min, and heated at a rate 
of 2 °C min-1 to 200 °C and then up to 240 °C at a rate of 10 °C 
min-1. After separation of the compounds, the temperature 
was raised to 300 °C for 3 minutes (post run). The interface 
temperature was maintained at 240 °C and the ionization was 
performed with 70 eV impact. The scanning range of m/z was 
from 30 to 600 Da.

2.6 Electrophoretic profile characterization by SDS-PAGE

A sample of 0.1 g of dried and processed chicha was subjected 
to protein extraction by the addition of 1 mL of SDS-sample buffer 
(0.125M Tris-HCl, 20% glycerol, 10% SDS, 0.02% bromophenol 
blue, 0.2M DTT). The sample was centrifuged at 10,500 rpm for 
10 min, and the soluble proteins were denatured by heating the 
sample over a period of 5 min. Aliquots of 10 μL of each sample 
of soluble proteins were submitted to SDS-PAGE electrophoresis 
in gels of 1 mm thickness (3 cm and 6.5 cm of 4% stacking, 15% 
gel resolution) as described by Laemmli (1970). Gels were run 
at 100V over a period of 3 and a half hours. Afterwards, the 
gel was stained with coomassie blue solution (0.01% w/v) and 
decolorized with methanol, acetic acid and water solutions, 
450: 100: 450 (v/v), until complete revelation of the bands. The gel 
was stored in 5% acetic acid solution at room temperature until 
MALDI-TOF proteomic identification.

2.7 Separation and Identification of proteins by Mass 
Spectrometry (MALDI-TOF)

Enzymatic digestion of bands on the gel

Enzyme digestion was performed with TPCK-treated swine 
pancrease trypsin. Protein digests were performed as previously 
described by Shevchenko et al. (2007) with a trypsin concentration 
of 25 ng/μL. After digestion, the tryptic peptides were dried in 
a vacuum centrifuge, model AG-22331 (Eppendorf, Germany) 
and stored at -20 °C until use.

Analysis by mass spectrometry

Tryptic peptides from all samples were resuspended in 10 μL 
of 50% acetonitrile solution, acidified with 0.1% trifluoroacetic 
acid. The matrix used was α-cyano-4-hydroxycinnamic 
acid‑HCCA, solubilized in the same solution from which the 
tryptic peptides were resuspended, to a final concentration of 
10 mgmL-1. Standard peptides were used for calibration of the 
MS1 analysis method. Then, 1 μL of sample and 1 μL of matrix 
were applied and homogenized in each spot of a steel plate suitable 
for analysis. The spectra of MS1 and MS2 were acquired in the 
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MALDI-TOF/TOF spectrometer (Ultraflex III model, Bruker 
Daltonics). For MS1 data, the reflective and positive mode was 
used, with a detection range of 500-3400 Da. MS2 data was 
obtained using the LIFT method in the positive mode, for which 
the ions with the highest intensity in relation to the mass ratio 
(m/z) were selected. All the data obtained were managed by the 
Flexcontrol software, version 3.3 (Bruker Daltonics, Germany), 
and the spectra resulting from the MS1 and MS2 analyzes were 
processed using the flexAnalysis application, version 3.3 (Bruker 
Daltonics, Germany). Peak lists of MS2 were generated in the 
mascot generic format (mgf) format by the BioTools application, 
version 3.2 (Bruker Daltonics, Germany).

Identification of proteins

The mass lists were compared to the databases of proteins 
of the Malvaceae family species, deposited in UNIPROT, and 
the group of green plants (Viridiplantae), also deposited in 
UNIPROT. The MASCOT software, version 2.4.0 (Matrix 
Science, London, UK) was used for this comparison, using the 
following parameters: enzymatic digestion by trypsin with a lost 
cleavage; allowing a tolerance of error for the parental ion of 
0.2 Da and for the fragments of 0.5 Da; carbamidomethylation 
of cysteine as a fixed modification and oxidation of methionine 
as a variable modification. The result obtained by MASCOT 
was validated by the application SCAFFOLD, version 3.6.4 
(Proteome Software INc., Portland, OR). For the validation 
of the peptides identified, the Peptide Prophet algorithm was 
applied (Keller et al., 2002) and the Protein Prophet algorithm 
(Nesvizhskii et al., 2003) was used as the acceptance criteria, 
with parameters of at least 90% probability of identification for 
both peptides and proteins, with the presence of at least one 
single peptide for each identified protein.

3 Results and discussion
3.1 Centesimal composition

The centesimal composition of chicha nut is presented in 
Table 1.

The chicha analyzed had higher protein levels (22.19 g/100 g) 
and total carbohydrates (53.56 g/100 g), when compared to 
chicha from other states of Brazil, which presented protein 
contents of 17.4 and 19.9 g/100 g and carbohydrate contents of 
45.1 and 40,6 g/100 g for carbohydrates, respectively. The chicha 
analyzed also demonstrated lower concentrations of lipids 
(20.62 g/100 g) and humidity (3.91 g/100 g) than the species 

in other states (28.6 and 25.82 g/100g for lipids; 11.02 g/100 g 
and 11.5 g/100 g for moisture, respectively). According to Silva 
& Fernandes (2011), fruits from different regions may present 
different compositions, due to differing soil characteristics, 
fertilization, climate and other environmental factors. The protein 
content found in chicha was higher than that found in other 
nuts commonly consumed in Brazil, such as coconuts and Brazil 
nuts (Universidade Estadual de Campinas, 2011). According to 
Jean et al. (2002), chicha is considered an important source of 
proteins, since over 20% of this macroelement is contained in 
its composition.

According to Rocha-Olivieri et al. (2012), the NDF fraction 
of chicha consists of cellulose, hemicellulose, lignin and 
lignin protein, and the FDA fraction corresponds to the less 
digestible portion of the cell wall and consists almost entirely 
of lignocellulose, i.e. cellulose and lignin. According to Cecchi 
(2003) the determination of dietary fiber in cereal grains is 
officially determined using NDF methodology. Dietary fiber is 
not considered an energy source because it does not undergo 
hydrolysis by the enzymes of the human intestine and can be 
fermented by some bacteria (Pimentel et al. 2005). According 
to Dhingra et al. (2012), chicha can be considered an excellent 
source of dietary fiber, since it has a higher content than the 
minimum established, of 3-6 g of fiber per 100 g of product.

3.2 Characterization of fatty acids

The analysis of the chemical composition of chicha nut 
oil by CG/MS allowed the observation of 6 peaks, as can be 
observed in Figure 1.

However, it was possible to identify 5 fatty acid constituents 
in chicha, according to Table 2. Of these fatty acids, 56.2% are 
unsaturated fatty acids, represented by methyl (Z) -hexadec‑9‑enoate 
(palmitoleic acid), methyl (Z) -octadec-9-enoate, known as 
oleic acid, and (9Z, 12Z) -octadeca-9,12-dienoate (linoleic acid) 
(Table 2). According to Orsavova et al. (2015), unsaturated fatty 
acids are most commonly found in vegetable fats, which is in 
line with the results obtained in this study.

Linoleic acid is considered an essential fatty acid, since its 
synthesis is not possible in the human body. Linoleic acid is 
important for the regulation of hormone metabolism, including 
cholesterol synthesis (Kaur et al., 2012). Oleic acid is one of the 
most widely distributed fatty acids in nature, and is found in 
both animal and vegetable oils and fats (Orsavova et al., 2015). 
A recent study showed that oleic acid, the fatty acid with the 
highest content found in chicha oil, contributes to the reduction 
of levels of genes related to the development of breast cancer 
(Menendez et al., 2005).

Oleic acid and stearic acid, both found in the fixed oil of 
chicha, have the ability to reduce LDL (Low Density Lipoprotein) 
levels and elevate the levels of HDL (High Density Lipoprotein) 
in blood plasma, contributing to reduce the risk for heart 
attack (Lottenberg, 2009). Palmitic acid, the main fatty acid 
found in palm oil and the fatty acid with the second highest 
concentration in chicha oil, has low stability when subjected to 
high temperatures; in order to avoid the oxidation of this oil, it 

Table 1. Centesimal composition of the nut of Sterculia striata.

Components (g/100 g) Chicha
Moisture 3.91 ± 0.05

Ashes 3.63 ± 0.01
TC 53.56 ± 0.02

Lipids 20.62 ± 0.02
Proteins 22.19 ± 0.01

NDF 19.99 ± 0.01
FDA 3.99 ± 0.01

TC = Total Carbohydrates, NDF = Neutral Detergent Fiber, FDA = Fiber 
in Detergent Acid. Means ± S.D., n = 3.
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is important to avoid its exposure to temperatures higher than 
175 °C (Chen et al., 2017).

In study conducted by Hiraoka-Yamamoto  et  al. (2004) 
found that both body mass index and serum and total cholesterol 
and LDL levels were significantly decreased in young Japanese 
women who had a diet rich in macadamia oil, this oil has a 
high concentration of palmitoleic acid, which was also found 
in chicha nut.

Researchers in several areas have demonstrated the importance 
of studying fatty acids, Lucena et al. (2018), studied the effect of 
commercial tannin and a pornunca (Manihot spp.) silage-based 
diet on the fatty acid profile of Saanen goats’ milk; Barłowska et al. 
(2018) determined the fatty acid profile in goat cheese relation to 
the geographic region of production and Mendes et al. (2013), 
studied the oxidative stability of cereal bars made with fruit 
peels and baru nuts packaged in different types of packaging

3.3 Separation and identification of proteins

Electrophoretic SDS protein profile of chicha

The gel image obtained from the SDS-PAGE gel analysis of 
chicha proteins is presented in Figure 2.

Gel electrophoresis demonstrated the presence of a range 
of proteins with different molecular weights, ranging from 
97 to 14 KDa. Relatively weak bands of proteins were observed 

between the molecular markers ranging from 97 to 45 KDa. Six 
bands with greater intensities were observed between molecular 
markers from 45 to 14 KDa;

3.4. Identification of proteins

It was possible to identify the peptides 1) ISTLNSFNLPILR and 
2) ALPDEVLANAYQISR, which presented different mass/charge 
ratio values (m/z) of 1487,84 and 1659,88, respectively (Table 3).

These peptides were aligned, allowing the identification 
of different proteins, according to the databases used. Peptides 
01 and 02 were found in the sample bands 01, 02 and 04, 
demonstrating the possibility of having more than one protein 
in each sample band. It was possible to identify two proteins in 
this experiment, legumin A and prunin-1, both considered to 
be reserve proteins. The nutritional reserve proteins are formed 
during seed development, and comprise just a few molecular 
species, but constitute a high percentage of the total protein in 
the nut (Shewry et al., 2015; Zarkadas et al., 2007). The legumes 
may belong to the family of globulins, found in nuts, such as 
Baru nuts, Brazil nuts, and cashew nuts (Zarkadas et al., 2007). 
According to Millward (1998), globulins are the main reserve 
proteins of legumes, and are responsible for the physical and 
nutritional properties of the protein products of the nut, with 
low concentrations of sulfur amino acids and tryptophan, but 
a high lysine content.

Table 2. Chemical composition of chicha oil samples. RT–Retention time, NI–Not identified.

Peak RT Average Identification
1 14.193 1.9 (Z) -hexadec-9-enoate (palmitoleic acid)
2 14.688 37.7 Methyl hexadecanoate (palmitic acid)
3 18.423 6.5 (9Z, 12Z) -octadeca-9,12-dienoate (linoleic acid)
4 18.590 47.8 (9Z, 12Z) -octadeca-9,12-dienoate (linoleic acid)
5 18.709 1.9 NI
6 19.179 4.2 Methyl octadecanoate (stearic acid)

Figure 1. Chromatogram of total ions of chicha oil samples. The peak numbers refer to the holding time of each fatty acid.
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Characterization of Sterculia striata nut

considerable concentration of palmitic acid; therefore, heating 
of chicha oil should be controlled in order to avoid oxidation of 
palmitic acid. Two proteins were identified in several samples 
separated by 1D SDS-PAGE, and were identified by MASCOT 
and validated by SCAFFOLD as legumin A and prunin-1, both 
considered to be reserve proteins.
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