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RESUMO 

As árvores da Pachira aquatica Aubl., conhecida vulgarmente por monguba, 

situadas na floresta tropical são encontradas em terrenos úmidos e alagadiços, 

expandindo-se desde a parte sul do México até o norte do Brasil. A monguba, assim 

como os demais frutos exóticos, apresentam domínios que se concentram e ficam 

retidos pela população local. Apesar de recentemente a monguba ter ganhado a 

atenção dos pesquisadores, muitas lacunas ainda precisam ser esclarecidas e esta 

tese vem contribuir para o preenchimento de uma das lacunas. Nessa tese focamos 

no óleo da monguba, pois com a revisão literária notamos que a monguba é uma 

espécie promissora devido à grande adaptabilidade geográfica com rápido 

desenvolvimento e por suas sementes apresentar elevado rendimento lipídico, 

permitindo a sua aplicação em vários setores industriais. Por esta razão, buscamos 

determinar os compostos fitoquímicos e açúcares das sementes da monguba, que 

ainda não haviam sido elucidados na literatura e assim avaliar a atividade 

antioxidante destes compostos e do óleo da monguba. Comparar o rendimento e 

qualidade do óleo obtido através do uso de tecnologia verde usando a extração de 

CO2 supercrítica com a técnica de extração convencional (Soxhlet). Além disso, 

aprofundamos nossa pesquisa e determinamos os triacilgliceróis que compõem o 

óleo e assim entendemos a influência desses compostos no teor de sólidos, ponto 

de fusão, cristalização, polimorfismo e textura. Por fim, avaliamos os efeitos 

biológicos do óleo. Os resultados obtidos foram bastante promissores mostrando 

que tanto as sementes como o óleo da monguba apresentam potencial para 

aplicação alimentícia e farmacêutica de cosméticos. Entretanto, percebemos que 

muitas pesquisas ainda precisam ser realizadas no âmbito científico, para contribuir 

com pesquisas futuras e orientar no desenvolvimento de novos produtos. 

 



 

ABSTRACT 

The Pachira aquatica Aubl. trees, commonly known as monguba, located in the 

rainforest are found in wet, swampy terrain, spreading from southern Mexico to the 

northern of Brazil. Monguba, like other exotic fruits, have domains concentrated and 

retained by the local population. Although monguba has recently gained the attention 

of researchers, many gaps still need to be clarified and this thesis is willing to 

contribute to fill of them. In this thesis we focused on monguba oil, because in the 

literature review, we have noticed that monguba is a promising species due its great 

geographic adaptability with rapid development and because its seeds have high lipid 

yield, allowing its application in various industrial sectors. For this reason, we aimed 

to determine the phytochemical compounds and sugars of monguba seeds, which 

had not been elucidated yet in the literature and thus, evaluate the antioxidant activity 

of these compounds and monguba oil. Comparing the yield and quality of the oil 

obtained via green technology using supercritical CO2 extraction with the 

conventional extraction technique (Soxhlet). In addition, we deepen our research and 

determined the triacylglycerols that from the oil and, thus, understood the influence of 

these compounds on solids content, melting point, crystallization, polymorphism, and 

texture. Finally, we evaluated the biological effects of the oil. The results obtained 

were very promising showing that both the seeds and the oil of monguba have 

potential for food and cosmetic pharmaceutical applications. However, we realize that 

plenty of research still needs to be done in the scientific field to contribute to future 

research and to guide the development of new products. 
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General introduction  

 

The biodiversity in Brazil is mostly diverse than any country in the world, 

with almost 19% of its flora. It embraces two ecological hotspots, the Cerrado and the 

Atlantic rainforest (Mata Atlântica) (Forzza et al., 2012). Globally, the tropical 

rainforest is the most biodiverse terrestrial biome on earth, it is estimated that 

approximately 45% of global plant diversity occurs in this biome (Eiserhardt et al., 

2017). In this tropical region biome, we found the trees of Pachira aquatica Aubl. 

which covers from southern Mexico to South America (Janick & Paull, 2006; Robyns, 

1964). In Brazil, the Pachira aquatica tree is found in the Northern and Northeast 

regions, and in the Southeast region (Rodrigues & Pastore, 2021), also it is popularly 

known as monguba, munguba or castanheira do Maranhão (de Oliveira et al., 2007; 

Peixoto & Escudeiro, 2002). 

Monguba plant is used in traditional medicine by healers and midwives for 

the treatment of diabetes, vaginal infections, weakness, anemia, edema, and fatigue 

(Andrade-Cetto & Heinrich, 2005; Arvigo et al., 1998; Coe, 2008; Hernandez-Galicia 

et al., 2002). However, the toxicity effects of the monguba plant are still inconclusive 

and needs further research. 

The seeds of monguba fruit tastes like peanuts, and the local inhabitants 

mix roasted, powdered seeds with milk to make a substitute for coffee (Rodrigues & 

Pastore, 2021). Monguba seeds are a good source of proteins and amino acids 

(leucine, valine, lysine, tryptophan, threonine, phenylalanine, and methionine) (Jorge 

& Luzia, 2012; Oliveira et al., 2000; Silva et al., 2010, 2015), carbohydrates, fibers 

(Jorge & Luzia, 2012; Rodrigues et al., 2019; Silva et al., 2020), and minerals 

(Leterme et al., 2006; Rodrigues et al., 2019). However, the predominant component 

presented in monguba seeds is lipids. According to the literature the seeds of 

monguba had shown an oil yield of, approximately, 53%. However, this yield value 

can variate depending on the geographical location (Rodrigues & Pastore, 2021). 

Monguba oil is composed of saturated and unsaturated fatty acids, prominently, 

palmitic, stearic, oleic, linoleic acids (Jorge & Luzia, 2012; Lopes et al., 2020; 

Rodrigues et al., 2019, 2021), and uncommon fatty acid (sterculic and malvalic acids) 
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(de Bruin et al., 1963; Spitzer, 1991), besides minor compounds such as tocopherols 

and sterols (Jorge & Luzia, 2012; Lopes et al., 2020; Rodrigues et al., 2019, 2021). 

Plant-derived lipids are the second most important source for human 

nutrition, after carbohydrates, in addition, they are sources of several essential 

vitamins and nutrients. About 80% of the traded fats and oils are supplied from 

vegetable lipids, which most are used in the processed food sector (Murphy, 2006). 

This explains the growing interest in exotic vegetable oils that have monounsaturated 

fatty acids, carotenoids, and phytosterols in their composition. 

Although knowing the physicochemical composition and nutritional 

properties of the oil is important, study the triacylglycerol composition and its 

behavior during the crystallization phases are factors that also must be considered 

because the triacylglycerol composition affects the polymorphic conformation, the 

microstructure, and solids contents, which, consequently, affect the texture 

properties. 

Based on this information, this thesis comprehends a detailed study of the 

physicochemical composition of monguba seeds and its oil. For this purpose, we 

have quantified the phenolic compounds and carbohydrates in the seeds and 

extracted the oil from the monguba seeds using supercritical fluid extraction with 

carbon dioxide (CO2) as solvent under different conditions, and the physical 

properties of monguba oil were evaluated. Moreover, we investigated the cytotoxic 

and photoprotective effects of monguba oil obtained by supercritical CO2 process. 

Therefore, the present thesis aims to draw attention to potential applications of 

monguba, as well to warn the importance of Brazilian biodiversity conservation. 
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Objectives  

 

General objectives 

The aim of this thesis was evaluating the physicochemical composition of 

seeds and oil; and the obtaining of high-quality oil by using green extraction based on 

supercritical carbon dioxide (SC-CO2) of monguba seeds (Pachira aquatica Aubl.). 

The following specific objectives were defined to achieve the overall goal of this 

thesis: 

 

Specific objectives 

❖ Present current knowledge and perspectives about monguba and its 

potential use as a food and therapeutic plant. 

❖ To evaluate the physicochemical and proximate composition of monguba 

seeds. 

❖ To extract and characterize the soluble and insoluble-bound phenolic 

compounds of monguba seeds. 

❖ To extract oil from monguba seeds using SC-CO2 extraction. 

❖ To evaluate the impact of SC-CO2 process under different conditions 

(temperature and pressure) on the yield oil and physicochemical composition of 

monguba seeds. 

❖ To evaluate the composition of triacylglycerols and their behavior in 

crystallization, microstructure, and textural properties of monguba oil obtained by SC-

CO2 process. 

❖ To evaluate the cytotoxic activity of monguba oil against melanoma cell line 

and its photoprotective effect against UV irradiation. 



17 

 

 

Chapter 1 

 

Critical Review 

 

A review of the nutritional composition and current applications of 

monguba (Pachira aquatica Aubl.) plant 

 

Alexsandra Pereira Rodrigues and Glaucia Maria Pastore 

 

Article published in Journal of Food Composition and Analysis 

 

(Impact Factor 3.721 – Qualis A1) 

 

(Licence to reuse this content in thesis can be seen in Annex 1) 

(Corrigendum of this research article can be seen in the Annex 3) 

 

The article can be accessed through the following link: 

https://doi.org/10.1016/j.jfca.2021.103878 

 

https://doi.org/10.1016/j.jfca.2021.103878


18 

 

 

 

 



19 

 

 

 



20 

 

 

 

 



21 

 

 

 

 



22 

 

 

 



23 

 

 

 

 



24 

 

 

 

 



25 

 

 

 

 



26 

 

 

 

 



27 

 

 

 

 



28 

 

 

 

 



29 

 

 



30 

 

 

Chapter 2 

 

Research Article 

 

Chemical Composition and Antioxidant Activity of Monguba (Pachira 

aquatica) Seeds 

 

Alexsandra Pereira Rodrigues, Gustavo Araujo Pereira, Pedro Henrique Ferreira 

Tomé, Henrique Silvano Arruda, Marcos Nogueira Eberlin, Glaucia Maria Pastore 

 

Article published in Food Research International 

 

(Impact Factor 4.972 – Qualis A1) 

 

(Licence to reuse this content in thesis can be seen in Annex 4) 

(Supplementary material and corrigendum of this research article can be seen in the 

Annex 6 and 7, respectively) 

 

The article can be accessed through the following link: 

https://doi.org/10.1016/j.foodres.2019.01.014 

 

https://doi.org/10.1016/j.foodres.2019.01.014


31 

 

 

 

 



32 

 

 

 

 



33 

 

 

 

 



34 

 

 

 

 



35 

 

 

 

 



36 

 

 

 

 



37 

 

 

 

 



38 

 

 



39 

 

 

Chapter 3 

 

Research Article 

 

Obtaining high-quality oil from monguba (Pachira aquatica Aubl.) seeds by 

using supercritical CO2 process 

 

Alexsandra Pereira Rodrigues, Grazielle Náthia-Neves, Gustavo Araujo Pereira, 

Adna Prado Massarioli, Maria Ângela De Almeida Meireles, Severino Matias de 

Alencar, Glaucia Maria Pastore 

 

Article published in The Journal of Supercritical Fluids 

 

(Impact Factor 3.744 – Qualis A1) 

 

(Licence to reuse this content in thesis can be seen in Annex 8) 

(Supplementary material of this research article can be seen in the Annex 10) 

 

 

The article can be accessed through the following link: 

https://doi.org/10.1016/j.supflu.2021.105192 

 

 

https://doi.org/10.1016/j.supflu.2021.105192


40 

 

 

 

 



41 

 

 

 

 



42 

 

 

 

 



43 

 

 

 

 



44 

 

 

 

 



45 

 

 

 

 



46 

 

 



47 

 

 

Chapter 4 

 

Research Article 

 

Composition, crystallization properties and biological effects of monguba 

(Pachira aquatica Aubl.) oil obtained by using supercritical CO2 process 

 

Alexsandra Pereira Rodrigues, Natália Aparecida Mello, Chiu Chih Ming, Alessandra 

Freitas Serain, Marcos José Salvador, Ana Paula Badan Ribeiro, Juliano Lemos 

Bicas, Gláucia Maria Pastore 

 

Manuscript submitted to Food Research International 

(Impact Factor 4.972 – Qualis A1) 

 



48 

 

 

Composition, crystallization properties and biological effects of monguba 1 

(Pachira aquatica Aubl.) oil obtained by using supercritical CO2 process 2 

 3 

Alexsandra Pereira Rodriguesa*, Natália Aparecida Melloa, Chiu Chih Mingb, 4 

Alessandra Freitas Serainc, Marcos José Salvadorc, Ana Paula Badan Ribeiroa, 5 

Juliano Lemos Bicasa, Gláucia Maria Pastorea 6 

 7 

aSchool of Food Engineering, University of Campinas, UNICAMP, Campinas, SP 8 

13083-862, Brazil. 9 

bChemical Engineering, University of Campinas, UNICAMP, Campinas, SP 13083-10 

852, Brazil. 11 

cInstitute of Biology, Department of Plant Biology and Physiology, University of 12 

Campinas, UNICAMP, Campinas, SP 13083-862, Brazil. 13 

 14 

*Corresponding Author: Alexsandra Pereira RODRIGUES 15 

 16 

Bioflavors and Bioactive Compounds Laboratory, Department of Food Science, 17 

School of Food Engineering, University of Campinas - UNICAMP, Monteiro Lobato 18 

Street, 80, Campinas P.O. Box 13083-862, São Paulo, Brazil. 19 

Tel.: +55 19 35212156; fax: +55 19 35214097. 20 

E-mail address: alexsandra.rodrigues01@outlook.com.br (A.P. Rodrigues)21 



49 

 

 

Highlights 

The oil of monguba is composed predominantly of disaturated and trisaturated TAGs. 

Monguba oil presents β´ polymorphic form and irregular needle-shaped crystals.  

The consistency of monguba oil has been classified with a very hard and brittle. 

Monguba oil increases fibroblast cell viability and photoprotective activity. 

 

Abstract:  

Vegetable oils and fats are mainly composed of triacylglycerols (TAG), and other 

minor components such as free fatty acids, mono and diacylglycerols, tocopherols 

and phytosterols. The TAG composition of non-edible oils and fats is pivotal for food 

and cosmetics industries, once it is related to crystallization properties and defines 

the application of the bulk material in end products. In addition, especially for 

cosmetics purposes, little is known about the skin properties of exotic oils and fats, 

reinforcing the importance of fundamental understanding in this regard. Thus, this 

study aimed to characterize monguba oil (MO), a Brazilian unexplored oil with high 

potential for industrial applications. MO was evaluated regarding its composition, and 

physical properties, such as solid fat content (SFC), thermal behavior by differential 

scanning calorimetry (DSC), microstructure, polymorphism and consistency. 

Furthermore, MO’s cytotoxic and photoprotective activities were examined. MO 

presented mainly palmitic acid and disaturated TAG species, with emphasis in POP 

(palmitic-oleic-palmitic, dipalmito-olein). The SFC values showed that the monguba 

oil decreased more slowly, which can be observed by the small difference (2.2x) in 

solids content between the temperatures of 10 and 30 °C. The concentration of 

1µg/mL of monguba oil showed photoprotective activity and was also able to 

increase the viability of fibroblast cells. Besides presenting cytotoxic activity against 

melanoma, the skin cancer. Therefore, we suggest that monguba oil can be 

incorporated into cocoa butter or palm oil as a physicochemical modulator and/or 

used for the elaboration of confectionery fillings, as well as in the elaboration of 

ointments/creams using monguba oil as a base for these products. 

 

Keywords: Munguba; Cytotoxic assay; Differential Scanning Calorimetry; 

Microstructure; Polymorphism; Solid Fat Content; Cosmetics. 
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1. Introduction  

One of the huge biomes that have the most ecologically diverse is the 

tropical rainforest, localized between the Tropic of Capricorn and the Tropic of 

Cancer. Such forest is found in Asia, Australia, Africa, South America, Central 

America, Mexico, and many of the Pacific Islands. South America holds the largest 

stretch of rainforest being that about one-third of this biome is found in Brazil with the 

greatest expanses found in Amazonia (Butler, 2019). The search for alternatives to 

promote renewable exploitation and the preservation of biodiversity is a global 

interest undertaking, and the commercial exploitation of these oilseed species is one 

of the alternatives (Saraiva et al., 2009).  

In the tropical forest, we can find Pachira aquatica Aubl. trees are 

distributed from southern Mexico to South America on the banks of rivers and lakes 

(Rodrigues & Pastore, 2021). The fruits of Pachira aquatica tree, also known as 

monguba or munguba, are similar to the shape of the cocoa fruits. A monguba fruit 

has an average of 39 seeds per fruit, and the seeds are a rich source of oil (53%) 

whose yield of extraction. The lipid fraction of monguba oil (MO) is composed mainly 

of palmitic, oleic and linoleic acids, γ-tocopherol and sterols. The oil contains 46.7-

84.7% of saturated, 6.6-39.3% of monounsaturated, and 5.24-11.81% of 

polyunsaturated fatty acids (Rodrigues & Pastore, 2021), and melting point ranging 

from 38.6 to 41.9 °C, being solid at room temperature (De Bruin et al., 1963; Jorge & 

Luzia, 2012). 

Oils are important components for several industries, with a broad 

application in cosmetics, pharmaceuticals, and food products. Fats and oils confer 

desirable characteristics to foods, such as softness, producing a moist mouthfeel and 

affecting food texture (Rios et al., 2014). Knowing the chemical properties of 

vegetable oils, such as triacylglycerols (TAGs) and minor unsaponifiable 

constituents, is very important because these compounds affect stability and 

nutritional properties. The fatty acid content varies according to the geographic origin 

of the raw material (Ribeiro et al., 2012). 

Despite literature reported diverse studies about MO, such as the 

optimization process to obtain bioactive compounds and its oil, the physicochemical 

and chemical composition of oil, there is still no report on TAG composition of MO. 

Thus, deep knowledge of crystallization processes is therefore essential to develop 
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new commercial products based on vegetable oils and fats. Since TAG molecules 

play an important role in the sensory properties (texture, rheology, appearance, 

melting behavior) of food products lipid-based, in which the macroscopic mechanical, 

rheological, and physical properties are influenced by the microstructure of the 

tridimensional network formed, such as crystal aggregation, crystalline size and 

shape, solidification behavior, and thermal stability, crystal morphology, and 

intermolecular interactions (De Graef et al., 2012; Macridachis-González et al., 

2020). 

In recent years, the constant search for the development of products with 

a greater number of components of plant origin and broad biological relevance, 

rationally exploiting the Brazilian biodiversity has become more evident (Bajerski et 

al., 2016). Therefore, knowing the cytotoxic effects of MO against cancer cell lines 

could be another way to incorporate MO because despite various chemical drugs 

being an effective anticancer agent, it causes several crucial side effects such as 

cardiotoxicity, hepatotoxicity, nephrotoxicity, anaemia, nausea, and diarrhea 

(Ajaykumar, 2020). In addition, investigations based on sun protection studies have 

captivated interest among specialists due to the adverse effects of products 

containing high amounts of synthetic UV filters (Lacatusu et al., 2014). 

Based on this information and our ongoing studies, we analyzed the 

composition and crystallization behavior of MO obtained by using supercritical CO2 

extraction. In addition, we evaluated the cytotoxic and photoprotective activity of the 

oil. In this research, we aimed to provide information for possible uses and 

applications of MO by knowing its fatty acids and triacylglycerols composition, and 

crystallization behavior. 

 

2. Materials and Methods 

2.1. Plant material and sample preparation 

Ripe monguba fruits (2 kg) were collected in Uberlândia (18°54′41″ south 

latitude, 48°15′44″ west longitude and 843 m altitude), MG, Brazil. The fruits were 

transported from the collection site to the laboratory up to 24 h after haverst. The 

seeds were manually separated from peel, then freeze-dried. These freeze-dried 

seeds were grounded by using a handheld food processor. The particle size of the 
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flour was classified using a sieve (8-mesh; 2.36 mm/µm). Finally, the flour frozen (-

18°C) until analysis. 

 

2.2. Extraction of monguba oil 

Monguba oil was extracted via supercritical CO2 process by a commercial 

Spe-ed SFE unit (Applied Separations, 7071, Allentown, USA). The extraction 

process was according to Rodrigues et al. (2021) (temperature of 60°C and pressure 

of 35 MPa). The oil extract was collected in glass vials and frozen at -18°C to prevent 

any possible degradation. 

 

2.3. Fatty acids composition  

The fatty acid methyl esters (FAMEs) were separated according to 

(Hartman & Lago, 1973), and for separation, the Ce 1b-89 method was used (AOCS, 

2009). The fatty acid (FA) composition was performed in a flame ionization detector 

(FID) coupled to a gas chromatograph (Shimadzu, Series 2010 Plus), followed the 

conditions of the analysis according to Rodrigues et al. (2019). 

 

2.4. Triacylglycerol (TAG) composition 

The TAGs composition was performed by a gas chromatograph (Agilent 

6850 Series GC System), with a capillary column DB‐17 HT Agilent 

(50%‐phenyl‐methylpolysiloxane, 15 m in length × 0.25 mm of internal diameter and 

containing 0.15 µm of film). The sample concentration was 100 mg/5 mL of 

tetrahydrofuran. The amount injected was 1.0 µL on split mode (1/100). The 

operational temperature followed the conditions: injector temperature at 360°C; 

detector temperature at 375°C; column temperature at 250°C, increasing up to 350°C 

at the rate of 5°C/min. Helium gas was used as a carrier gas. The identification of 

TAGs was performed by comparison of the retention times, according to the 

procedures of Filho et al. (1995) and PrOleos, a software which establishes the 

random distribution of fatty acids in the TAGs. The analysis was performed in 

triplicate. 

 

2.5. Solid fat content (SFC) 
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SFC was determined by an Nuclear Magnetic Resonance (NMR) 

spectrometer (Bruker pc120 Minispec, Silberstreifen, Rheinstetten, Germany) and dry 

baths (0–70 °C) (Duratech, Carmel, USA), according to the directed method 

described in AOCS official method Cd 16b-93 (AOCS, 2009). Monguba oil was 

melted at 90°C to completely erase the crystal memory, then the oil was maintained 

in a dry thermostatic bath at temperatures of 10, 15, 20, 25, 30, 35, 40, 45, 50, and 

55°C. The analysis was performed in triplicate. The melting point was calculated for 

the temperature corresponding to 4% solids content, obtained from the SFC curve 

given by NMR (Karabulut et al., 2004). 

 

2.6. Thermal behavior by differential scanning calorimetry (DSC) 

Thermal analysis of monguba oil were measured with a DSC equipped 

with TA Thermal Analyzer, model Q2000 V4.7A, and coupled to a RCS90 

Refrigerated Cooling System (TA Instruments, Waters LLC, New Castle, USA). The 

analysis was determined according to AOCS official method Cj 1-94 (AOCS, 2009). 

Approximately 9 mg of the melted monguba oil was weighed into aluminum pans and 

sealed. The reference was an empty aluminum pan. Thermal analysis conditions 

were held at 80 °C for 10 min followed by cooling down to -60°C, at a rate of 

10°C/min and held for 30 min at -60°C then programmed to 80°C at 5°C/min. The 

parameters onset temperature (Tonset), final temperature (Toffset), peak temperature 

(Tpeak), crystallization and melting enthalpy (ΔH) were determined. The TA Universal 

Analysis V4.7A software was used to obtain the curves. The exothermic or 

endothermic peak temperatures were obtained from DSC curves and used for the 

determination of crystal forms. The analysis was performed in triplicate. 

 

2.7. Microstructure images 

Pictures were obtained by polarized light microscope (Olympus, model BX 

51) coupled to a digital video camera (Media Cybernetics). Monguba oil were melted 

at 90°C and pipetted onto a pre-heated slide, and then covered with a coverslip. 

Subsequently, the slides were kept for 24 h at 20°C and 30°C to stabilize the 

crystalline structure. The slide was kept at 20°C and 30°C for picture acquisition. The 

crystals formed were carefully examined under the microscope at 20 and 40× 
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magnification, respectively. Photographs were captured by the software Image Pro-

Plus 7.0 (Media Cybernetics), under polarized light.  

 

2.8. X-ray diffraction 

The polymorphic form of the fat crystals in monguba oil was determined by 

using X-ray diffraction, according to Cj 2-95 AOCS official method (AOCS, 2009). 

The analysis was performed on a Philips PW 1710 diffractometer (PANalytical, 

Almelo, the Netherlands), using Bragg-Brentano geometry (θ:2θ) with Cu-Kα 

radiation (λ = 1.54178 Å, voltage 40 kV and current of 30 mA). The measurements 

were obtained with steps of 0.02° in 2θ and acquisition time of 2 s, with scans from 5 

to 40° (range 2θ). Monguba oil was melted at 90°C and stored at 20°C for 24 hours, 

and evaluated after 1, 7, 14, 21, and 28 days. The identification of the polymorphic 

forms was determined from the characteristic short spacings of each crystal (Martini 

et al., 2006). 

 

2.9. Consistency analysis 

The consistency was determined with the TA-XT Plus Texture Analyzer 

equipment (Stable Micro Systems, Surrey, UK). The samples were heated in 

microwave for 2 min to completely melt the crystals (90 °C), then placed in beakers 

of 50 mL. Conditioning was performed in an incubator for 24 h at 5°C to induce 

monguba oil crystallization and after for 24 h at the temperature readings: 10, 20 and 

30 °C. An acrylic cone with an apex angle of 60° and no truncation was used in the 

experiments. Tests were operated in the following conditions: displacement in the 

sample equal to 10 mm; probe velocity of 2 mm/s; penetration time of 5 s. From 

these conditions, compressive force in gf was obtained. Penetration data were 

converted into yield value, according to (Haighton, 1959): 

 

Equation 1:   

 

Where: YV = yield value (gf/cm2); K = factor of the cone angle (equal to 

2815 for a cone of 60°); W = compression force (gf); p = penetration depth (mm/10). 
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Samples were analyzed in duplicate, and the results correspond to the calculated 

average. 

 

2.10. In vitro bioassays  

2.10.1. Conditions of the Cell Culture  

The 3T3-Swiss albino mouse fibroblast and SK-Mel-103-human metastatic 

melanoma cells were cultured with RPMI 1640 medium supplemented with 5% of 

fetal bovine serum (FBS) for SK-Mel-103 cell line and 10% for 3T3 cell line with 

0.001% of penicillin/streptomycin, and incubated at 37 °C, under a 5% CO2 

atmosphere. 

 

2.10.2. Cytotoxic activity 

The cytotoxic effect of monguba oil was tested against SK-Mel-103 

(melanoma) human tumor cell line, and 3T3 (fibroblast) no cancer cell line. Cell 

viability was evaluated using 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl2-H-tetrazolium 

bromide (MTT) method (Mosmann, 1983). Briefly, 1 mg of monguba oil was dissolved 

in 10 µL of dimethyl sulfoxide (DMSO) and added 990 µL of Dulbecco’s Modified 

Eagle’s Medium (DMEM)/10% fetal bovine serum (FBS). The cells were distributed in 

96-well plates (density of 5x104 cell/mL) and exposed to different concentrations of 

monguba oil (1, 10, 100, and 1000 µg/mL) in DMSO (0.1%) at 37 ºC, with 5% of CO2, 

for 48 h. DMSO final concentration was < 0.25% (v/v), which does not interfere with 

the cell growth of the tested stains. Doxorubicin (0.006, 0.06, 0.62, and 6.20 µg/mL) 

was used as positive control. After incubation, the culture media with the samples 

were removed, the plates were washed and 100 µL of MTT (0.5 mg/mL phosphate 

buffered saline) was added to each well and left to incubate at 35°C for 4 hours with 

5% of CO2. After, the culture media was removed again, and the formazan crystals 

was dissolved in 100 µL of DMSO for 15 min at 35 ºC with 5% of CO2. The formazan 

crystals were quantified by microplate reader (Synergy™ HTX Multi-Mode Microplate 

Reader, Biotek) at 570 nm (Bahuguna et al., 2017). Inhibition activity was expressed 

as 50% of cell viability (IC50) values. The experiments were performed in triplicate. 

 

2.10.3. Photoprotective Activity 
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The cell viability of the photoprotection bioassay was determined by MTT 

assay (Mosmann, 1983) with and without the effect of UV radiation on 3T3 cell line. 

Briefly, 100µL per well of 3T3 cells (5x104 cells/mL) were inoculated for 24 h (37 °C 

with 5% of CO2) in 96-well plates, and subsequently, one plate was exposed to UV 

radiation (15W, 43 cm, wavelength from 270 to 230 nm) for 5 min and the other plate 

was kept in dark for the same time. Afterwards, the cells were incubated at 37 °C 

with 5% of CO2 for 48 hours. After the samples were removed, 100µL/well of growth 

medium with MTT (0.5 mg/mL) was added and incubated for 4 hours. Sequentially, 

growth medium was removed and 100µL/well of DMSO was added. The cell viability 

was determined after 15 min using a microplate reader at 570 nm. 

 

2.11. Statistical analyses 

Databases and statistical analyses were performed by GrafPad Prism® 

software and submitted to one-way ANOVA followed by Boferroni’s test in the case of 

in vitro bioassays. Each analysis was performed in triplicate and the data are 

reported as mean values ± standard deviation. 

 

3. Results and discussion 

3.1. Fatty acid (FA) profile and triacylglycerols (TAGs) composition 

The FA profile and TAGs composition of monguba oil are shown in Tables 

1 and 2. The predominant known FAs in MO were palmitic, stearic, oleic and linoleic 

acids. The obtained amount are within those found in the literature (Lopes et al., 

2020; Rodrigues et al., 2019; Teixeira et al., 2021). Palm oil showed a similar fatty 

acid profile to MO (Chikhoune et al., 2020). 

 

Table 1. Fatty acid (FA) profile of monguba oil obtained at 60°C and 35 MPa by 

supercritical CO2 process. 

FA  CN:DU1 Content (% relative)2 

Palmitic acid  

Stearic acid  

Elaidic acid 

Oleic acid  

Linoleic acid  

16:0 

18:0 

18:1 trans 

18:1 

18:2 

59.77 ± 0.05 

2.88 ± 0.00 

1.73 ± 0.01 

7.95 ± 0.01 

7.28 ± 0.00 
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Unknown 

Unknown 

Others3 

SFA 

MUFA 

PUFA 

- 

- 

- 

 

7.53 ± 0.00 

9.83 ± 0.01 

3.15 ± 0.00 

62.65 

9.68 

7.28 

1CN:DU, calculated carbon number: degree of unsaturation. 

2The values show the average of three independent determinations ± standard 

deviation.  

3Sum of fatty acids with values below 1.0%. 

SFA: saturated fatty acids; MUFA: monounsaturated fatty acids; PUFA: 

polyunsaturated fatty acids. 

 

Furthermore, unknown FAs were observed in MO and we suppose that 

FAs corresponded to cyclopropenoid fatty acid derivatives present in MO (Malvaceae 

family), such as malvalic (C18:1), sterculic (C19:1) and dihydrosterculic (C19:1) 

acids. These cyclopropenoid fatty acids were identified by other authors in MO 

(Bohannon & Kleiman, 1978; De Bruin et al., 1963; Spitzer, 1991).  

MO presented TAGs composed of long-chain fatty acids, with carbon 

number ranging between 48 and 52. MO showed a predominance of TAGs species 

with 50 carbon number, which corresponded to 70.46% of the triacylglycerols (Table 

2). The predominant TAGs of MO are disaturated; saturated-unsaturated-saturated 

(SUS), followed by trisaturated; saturated-saturated-saturated (SSS) and 

monosaturated; saturated-unsaturated-unsaturated (SUU). These data correlate to 

(Sunday et al., 2019), who showed that monguba oil has at the proportion in the TAG 

76.50%, 20.12%, and 3.37% of saturated, oleic and linoleic fatty acids, respectively. 

By using 1H nuclear magnetic resonance spectroscopy, they observed signals that 

confirm the presence of saturated 1,3 TAG and 2- positions of olelyl, linolelyl esters 

and indicate the presence of oleic esters together with linoleic esters, however, it was 

detected no peaks corresponding to linolenic acid (Sunday et al., 2019). 

 

Table 2. Triacylglycerol (TAG) composition of monguba oil obtained at 60°C and 35 

MPa by supercritical CO2 process. 
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Carbon 

number 
TAG species Content (%) 

48 PPP 18.71 ± 0.62 

50 

PPS 

POP 

PLP 

70.46 ± 0.74 

52 

POO 

POL 

PLL 

10.83 ± 0.29 

Note: The positional distribution of fatty acids between sn-1, sn-2, and sn-3 positions 

was neglected. 

 

Cocoa butter contained triacylglycerols with carbon numbers between 50 

and 56 (long-chain fatty acids) and the presence of disaturated ranged from 81.83% 

to 96.24%. The main triacylglycerols species were the one with 52 carbon numbers 

(44.62-52.14%), followed by 54 (22.25-32.55%) and 50 (15.74-24.55%) carbon 

numbers (Ghazani & Marangoni, 2019; Ribeiro et al., 2013). Palm oil consists mainly 

of 50 (13.87-39.93%), 52 (42.38-43.13%), and 54 (9.46-26.07%) carbon numbers of 

triacylglycerols species, with a predominance of monosaturated and carbon number 

between 44 and 54 (Chen et al., 2007; Chikhoune et al., 2020). Gilabert-Escrivá et al. 

(2002) and Saraiva et al. (2009) showed that cupuaçu butter contained the 

triacylglycerols species consisting of 54 (51.3-59.4%) and 56 (20.6-25.9%) carbon 

numbers, with the triacylglycerol predominantly monosaturated and disaturated. 

According to the data (Table 2), MO showed TAGs species with 50 carbon numbers 

higher than palm oil, cocoa and cupuaçu butters. In this group, TAG could contain at 

least one palmitic acid in each moiety.  

The literature suggests that MO presents cyclopropenoid fatty acids and 

these significantly contributed to the TAGs composition, since they presented 

noticeable amounts, as obtained in the FA determination (unknown FAs). 

Determining the TAG composition of the lipid system is important because it affects 

the organization of the crystal network and therefore helps to understand the crystal 

morphology, microstructure, and textural properties. However, due to the specificity 
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of non-common FA present in MO, difficulties were imposed in elucidating single 

TAGs concentrations. 

 

3.2. Solid fat content and Melting point 

MO had a melting point of 41.4°C, a similar values as described elsewhere 

De Bruin et al. (1963) and Jorge & Luzia (2012). According to Ribeiro et al. (2013) 

and Chikhoune et al. (2020), the melting point of cocoa butter and palm oil were 34°C 

and 34.2°C, respectively. These values were lower than that obtained for MO. This 

effect could be directly related to the higher amount of high melting TAGs in MO than 

in the mentioned fats, such as PPP and PPS, which have melting point ranging from 

44.7°C to 65.9°C, and 46.6°C to 62.6°C, respectively (Berry, 2009). 

Regarding solid fat content (SFC), MO showed it in an initial of 66.43% at 

10°C; 39.18% at 25°C, and complete melting at 50°C. It was observed that the SFC 

had a pronounced decreased as the temperature was increased (Figure 1A). Teixeira 

et al. (2021) reported this same behavior for MO obtained by supercritical CO2 

process under different conditions (40 to 60°C and 20 to 30 MPa). However, the SFC 

at 30°C (SFC = 3-19%) reported by them was lower than that found in our study 

(SFC = 29.94%), as well as the temperature of complete melting (34°C). Hypothesis 

for this difference in complete melting and SFC might be due to the FAs position in 

glycerol molecule and triacylglycerol heterogeneity (Rasor & Duncan, 2014), and the 

presence of non-esterified forms of sterols in which the solids content increased 

because the compounds can organize themselves in a simpler way than the TAGs in 

a lipid mixture, hampering the organization of the crystalline network (Buscato et al., 

2018).  
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Figure 1. The solid fat content (SFC) of monguba oil obtained by supercritical CO2 

process (60°C and 350 MPa). 

 

MO displayed a higher solid fat content than palm oil at the temperature 

range from 10 to 25°C, with palm oil showing SFC of 47.97% and 14.65% at 10°C 

and 25°C, respectively, and complete melting at 40°C (Mello et al., 2020).  

In this study, MO  showed SFC of 45.02% solid at 20 °C and 39.18% at 25 

°C, which are comparatively close to the values reported by Timms (2012), who 

suggested that confectionery fat should exhibit approximately a solid fat content of 

63% at 20 °C, 40% SFC at 25 °C and 0% at 37 °C. In another study Talbot (2009) 

suggested that fat with SFC lower than 50% at 20 °C is suitable as confectionery 

fillings.  

The SFC of 66.43% at 10°C and 5.23% at 40°C of MO suggests an 

extremely hard and brittle, with a possible application as a heat-resistant spread 

(Madalena Maciel Guedes et al., 2017; Teixeira et al., 2021). Therefore, MO could be 

used in confectionery fillings and in production of margarine or shortening and 

cosmetic formulations. 

 

3.3. Differential Scanning Calorimetry (DSC) 
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Figure 2A shows the thermal behavior via DSC of MO. The melting event 

started at -23.37 °C and finished at 53.84°C, consuming 52.77 J/g of energy to 

melting, while the crystallization event started at 36.78°C and finished at -25.29°C, 

releasing 52.06 J/g of energy to crystallize.  

 

 

Figure 2. Monguba oil obtained at 60°C and 35 MPa by supercritical CO2 process. A, 

Differential scanning calorimeter thermograms; B, X-ray patterns at 20 °C for 28 days 

after melting. 

 

The melting profile of MO had four endothermic peaks (Table 3); this 

phenomenon may be due to the slow melting because the temperature rate used. 



62 

 

 

The first endothermic curve showed Tpeak at 3.65 °C and enthalpy value of 9.92 J/g, 

which corresponds to the low melting fraction. While the second and third peaks had 

Tpeak at 18.88 °C and 36.39°C with enthalpy values of 19.30 J/g and 16.24 J/g, 

respectively. Finally, the fourth peak showed Tpeak at 51.40 °C and enthalpy value of 

7.31 J/g, which corresponds to high melting fraction. The complete melting of MO 

agrees with the findings obtained for SFC (50°C; SFC = 0.96%). It is important to 

highlight that enthalpy values corroborate with TAG composition found in MO since 

the major TAG species with 50 carbon numbers   shown high enthalpy values.  

 

Table 3. Melting and crystallization onset, peak, offset and enthalpies temperatures 

of monguba oil. 

 Temperature (°C) ΔH (J/g) 

Onset Peak Offset  

Crystallization     

Peak 1 36.78 ± 0,22 33.70 ± 0.11 - 15.01 ± 0.58 

Peak 2 - 5.30 ± 0.31 -25.29 ± 1.06 37.59 ± 1.29 

Melting     

Peak 1 -23.37 ± 1.01 3.65 ± 0.23 - 9.92 ± 0.69 

Peak 2 - 18.88 ± 1.00 - 19.30 ± 0.90 

Peak 3 - 36.39 ± 0.18 - 16.24 ± 0.71 

Peak 4 - 51.40 ± 0.26 53.84 ± 0.09 7.31 ± 0.59 

Data presented as means ± standard deviation of triplicate determination.  

 

Observing the behavior of MO in DSC, probably the first peak was mostly 

composed of TAG species consisting of unsaturated fatty acids. Followed by 

disaturated TAGs in second and third peaks, our hypothesis is that these peaks are 

composed of TAGs molecules with predominantly of POP, PLP, POO, and unknow 

fatty acids. And the fourth peak corresponding to trisaturated TAG, consisting 

predominantly of PPP. Therefore, this composition was responsible to high enthalpy. 

MO showed a major melting profile into middle (-10°C to 20°C) and high-melting 

(around 40°C) regions. The peaks at position 2 and 3 corresponds to middle melting 

region and the peak at position 4 corresponds to high-melting region. 
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Regarding measurements performed after melting, exothermic peaks were 

also observed in MO. It was observed that during cooling MO slowly crystallized and 

two peaks were formed. For first exothermic peak, it was showed Tpeak at 33.70°C 

and enthalpy values of 15.01 J/g in second peak had Tpeak at 5.30°C with enthalpy 

value of 37.59 J/g. These crystallization peaks corresponds to high melting (hard) 

fraction and a mix of medium and low melting (smooth) fractions (Fredrick et al., 

2008). 

The first peak (high melting fraction) corresponded to the crystallization of 

the saturated FAs, whereas the second peak (low melting fraction) constituted by 

TAGs with unsaturated FAs. A shoulder is observed after the first peak at 25.30°C, 

which can be assumed as the solidification of the medium melting fraction. Indicating 

a rapid crystallization because the peaks could not be completely separated, which in 

turn can be attributed to an overlap of two crystallization steps. This phenomenon 

could be due the formation of different polymorphic forms of this process in different 

fractions, or the combination of both (Fredrick et al., 2008; Jahurul et al., 2019), and 

the temperature rate used in the methodology may have influenced. 

A recent study using supercritical CO2 extraction under different conditions 

to obtain MO showed a different DSC data than our study. They identified that the 

crystallized oil achieved a liquid state approximately at 35 °C (Teixeira et al., 2021). 

In our study the main peak (peak 3) had 36.39 °C, however the MO only achieved a 

total melt at 53.84 °C, in which corresponded to the fourth melting peak.  

Nevertheless, it is possible to observe that the extraction conditions by 

supercritical CO2 process cause an impact on the thermal behavior of oil because it 

can contribute to extract others fatty acids which with subsequent incorporation of the 

TAGs molecules, affecting the crystallization. This hypothesis refers to the amount of 

unknown fatty acids found by Teixeira et al. (2021). They reported lower amount (up 

to 1.83%) than the one found in our oil (17.36%), which we assume is cyclopropenoid 

fatty acid derivatives (as described in Section 3.1). 

 

3.4. Polymorphism  

The diffractogram and polymorphic structure of MO at 20°C are depicted 

in Figure 2B. MO showed multiple short spacings at 3.8, 4.2 and 4.3 Å, the pattern 

observed during all storage time (at 20°C after 1, 7, 14, 21 and 28 days of 
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stabilization), indicates the β′ polymorphic form. The peaks of β′ form become more 

defined over time, resulting in slow crystallization and the increasing content of β′ 

crystals. According to Nissim & Sato (2001) and Sato (2001) the TAGs influence the 

crystalline phases and high levels of POP tends to have β′ crystals. The β′ form 

results in ideal rheological and textural properties to produce margarine and 

shortening (Sato & Ueno, 2011). Therefore, MO could be incorporated in 

formulations of ice cream, whipped cream, and cakes because this form exhibits a 

smooth and aerated texture with excellent creaminess properties, being ideal for 

incorporation of air bubbles and suspension of particles (Gamboa & Gioielli, 2006; 

Shahidi, 2005). 

 

3.5. Microstructure and textural properties 

Micrographs obtained after crystallization at 20 and 30 °C for 24 hours are 

shown in Figure 3. At 20°C very subtle crystals were formed (Figure 3A), with the 

presence of small needle crystals. At 30°C (Figure 3B), the microstructure cold be 

better visualized, represented by a large crystal composed of irregular needle-

shaped crystals emanating from a central nucleus, with 184.60 μm in diameter. A 

similar crystal form was observed in cupuaçu fat, however, the crystal diameter was 

higher (461.13 μm) (Lannes et al., 2004) than that observed in MO. The crystal 

morphology from MO agrees with the findings obtained from polymorphism (Figure 

2B), which corresponds to β′ crystals formed mainly by disaturated long-chain TAG.  
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Figure 3. Polarised light microphotographs images obtained by static crystallization 

of monguba oil at 20 and 30 °C, 24 hours after melting. A, 20x lens at 20°C (scale 

bars represent 100 µm) and B, 40x lens at 30°C (scale bars represent 50 µm). 
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It was evident the slow crystallization at 20°C, cooperated with the 

isothermal data via NMR. High POP content in MO may have contributed to the slow 

crystallization, and this same behavior was observed on palm oil (Mello et al., 2020). 

MO crystals consisted mainly of disaturated and trisaturated triacylglycerols, which 

represent the medium and high-melting lipid, respectively. Shi et al. (2005) reported 

that the morphology and aggregates of crystal elements are dominated by the high-

melting lipid, or its triacylglycerol saturation level and the characteristics of the 

crystals are affected by the nature of the low-melting lipid. Thereby, the textural 

properties of a lipid system is influenced by the SFC and microstructural factors 

(Braipson-Danthine & Deroanne, 2004). 

Although the texturometer method is used to evaluate the texture, it is 

possible to estimate the brittleness of a lipid system from the irregularities of the 

curve obtained by the penetration test (Braipson-Danthine & Deroanne, 2004). These 

irregularities were observed in the consistency curves of MO (Figure 4). The oil from 

monguba seed stored at 30°C showed 3.9x lower consistency value than those 

stored at 20°C, whereas at 10 °C was 2.8x lower compared with the oil stored at 20 

°C (Figure 4). This effect agrees with solid fat content values, which can be observed 

the slow reduction of solids content from 10 °C to 30 °C. Shi et al. (2005) reported 

that systems containing high and low-melting classes are harder and brittle, being in 

agreement with the data found in the consistency analysis. 
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Figure 4. Consistency curve and yield value of monguba oil conditioned at different 

temperatures. 

Palm stearin stored at 25 °C using a cone with a 40° angle had a yield 

value of 8051 g/cm2 (Mello et al., 2021), a higher value than that found for MO at 

20°C (6550.78 g/cm2) using a cone with a 60° angle. Cocoa butters of industrial 

blends and produced in different Brazilian regions showed consistency values 

ranging from 14413.72 to 20877.39 g/cm2 and 557.44 to 1950.03 g/cm2 at 20 °C and 

30 °C, respectively (Ribeiro et al., 2012). At 20°C, MO showed a yield value of 

6550.78 g/cm2, while at 30 °C was 1662.83 g/cm2. 

Haighton (1959) classifies fats from very soft to very hard, as follow: <50: 

very soft, to just pourable; 100-200: soft, but already spreadable; 200-800: 

satisfactory plastic and spreadable; 1000-1500: too hard, limit of spreadability; 

>1500: too hard. Considering this ranges, MO showed a very hard consistency (> 

1500 g/cm2) and was brittle at all tested temperatures (10, 20 and 30 °C) using a 

cone with a 60° angle.  

Despite its hard consistency, MO can be added to cocoa butter as a 

modulator of the physical properties of cocoa butter according to a study conducted 

by Ribeiro et al. (2013). 
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3.6. Biological activity 

Preclinical trial of the cytotoxic activity of MO was evaluated against SK-

Mel-103 (melanoma) human tumor cell lines, and the 3T3 (fibroblast) as control cell 

line (Table 4). MO showed good cytotoxic activity (IC50 < 50 µg/mL) against SK-Mel-

103 cell line, on the other hand MO was inactive against 3T3 cell line (IC50 > 50 

µg/mL). Comparing with doxorubicin (positive control), MO was less active against 

SK-Mel-103 cell line. However, the chemotherapeutic drug (doxorubicin), despite 

lower IC50 values compared to MO, had higher cytotoxic to 3T3 cell line. These data 

reinforce the harmful effects of oncolytic agents for the long-term treatment of 

patients. In preclinical in vivo trial was not observed anormal changes in vital and 

reproductive organs in animals treated orally for 28 days with MO obtained by cold 

pressing (Marcelino et al., 2020). In this in vivo assay was identified alterations in 

biochemical parameters, however Marcelino et al. (2020) considered that these 

results were normal for the specie and they concluded that was not found signs 

indicating toxic association at the doses tested for histopathological, biochemical, 

and/or hematological studies (Marcelino et al., 2020). 

 

Table 4. Cytotoxic activity of monguba oil against human tumor cell (SK-Mel-103) 

and control cell (3T3) lines. 

Cell line 
IC50 (µg/mL)1 

Control2 Monguba oil 

3T3 

SK-Mel-103 

0.54 ± 0.14 

4.028 ± 0.08 

112.80 ± 0.91 

30.65 ± 0.09 

1Data presented as means ± standard deviation of triplicate determination. 

2Doxorubicin. 

 

Photoprotective effect of MO was also evaluated against UV irradiation on 

3T3 cell line (Figure 5). The results of this bioassay showed that all concentrations of 

MO maintained the cell viability of UVB-irradiated 3T3 cells above 70%. Hence, the 

best concentration was 1 µg/mL (110.94%) which curiously increased the cell 

viability. In addition, when non-UVB-irradiated 3T3 cell lines were exposed to MO, it 

was observed that the highest tested concentration (1000 µg/mL) significantly 
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decreased the cell viability (25.78%, respectively) compared with non-UVB-irradiated 

3T3 cell without MO addition (100% cell viability).  Although the medium (100 µg/mL) 

and lower (10 and 1 µg/mL) concentrations also reduced the cell viability (54.69%, 

65.38% and 71.88%, respectively) of non-UVB-irradiated 3T3 cell. In general terms, 

the results of 3T3 cell viability for concentrations at 1-100 µg/mL could be considered 

normal because showed low cytotoxic effects in the cytotoxic bioassay (IC50 = 112.80 

µg/mL for 3T3 cell line).  

 

 

Figure 5. Photoprotective effect of monguba oil on 3T3 (fibroblasts) cell line UVB-

irradiated. Data are shown as average ± standard error of the mean from triplicate 

determination. 

*** indicates significant differences (p < 0.001) regarding treatment with and without 

UVB irradiation from each concentration.  

 

It is known that reactive oxygen species (ROS) produced due to UVB 

irradiation trigger an inflammatory effect. A study of Varma et al. (2019) showed 

concentration-dependent protection of virgin coconut oil against intracellular ROS 

produced by UVB irradiation in anti-inflammatory action by inhibiting the various 

levels of cytokines, including TNF-a, IFNg, IL-6, IL-5 and IL -8 and improves skin 

barrier function by regulating AQP-3, filaggrin and involucrin mRNA expression. 

Sachdeva et al. (2005) observed that γ-tocopherol had slightly cytotoxic in 

3T3 cell line. Previously studies have demonstrated that some tocopherols are 

cytotoxic in some cell types and their cytotoxicity correlates with the degree of 
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methylation of the chroman ring, depending on the dose, the incubation time, and the 

cell line (McCormick & Parker, 2004; Sachdeva et al., 2005). The compounds 

present in MO have already been greatly defined by literature, and it is known that its 

oil has significant concentrations of γ-tocopherol (Rodrigues & Pastore, 2021). 

Therefore, the slightly decrease cell viability in 3T3 cell line may have been caused 

by this compound. It is important to highlight that the tested concentrations of MO 

exhibited cellular viability upper than 50%, except for the concentration of 1000 

µg/mL non-UVB-irradiated. However, when the 3T3 cells received UV irradiation with 

the highest concentration of oil, an increase upper than 2.5x in cell viability was 

observed. And this phenomenon was observed at all tested concentrations. 

Based on these results, the concentration at 1 µg/mL did not cause 

phototoxic damages to the cells and was able to reduce the damages caused by the 

UV radiation. This effect was possible because the concentration of bioactive 

compounds present in MO was succeeded in the cells defense against the oxidative 

stress generated by UV radiation, without causing a pro-oxidant activity. Besides, we 

suggest a new investigation to understand the UV-induced growth that occurred 

when added MO in 3T3 cells. Comprising this result MO may be used for application 

in pharmaceutical fields. 

 

4. Conclusion 

This study presents a comprehensive evaluation of the chemical 

composition and their effects on physical properties on MO. High amounts of palmitic 

acid and unsaturated FAs (oleic and linoleic acids) in MO contributed to the main 

TAG species being composed of disaturated TAGs. MO showed polymorphic β′ 

conformation and maintained stability for 28 days. The curve consistency data 

revealed that the oil from monguba seeds was very hard and brittle at all tested 

temperatures. 

Considering the results obtained in this study, we can cite some possible 

applications for MO. Firstly, as a modulator of cocoa butter or palm oil to change the 

physical properties of these lipid matrices, thus improving and increasing quality and 

stability, and reducing costs. Secondly, as observed in our study, MO showed a 

polymorphic form for application in the formulation of ice cream, whipped cream, 

confectionery fillings, and cosmetic formulations. Moreover, MO had good cytotoxic 
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activity against SK-Mel-103 cell line and the concentration of 1 µg/mL increased cell 

viability as well as reduced damage caused by UV radiation. Although the sensory 

properties of MO have not been evaluated, it has been observed that it is non-sticky 

and gives a soft characteristic to the skin. Therefore, monguba seed oil can also be 

employed as a base for ointment/cream because of its consistency. However, further 

research is needed to study these possibilities. 
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General discussion 

 

After an advanced research about the monguba plant (Pachira aquatica 

Aubl.), we have observed a lack in the literature, regarding the bioactive compounds 

present in the seeds of P. aquatica (Chapter I). Literature data showed that the seeds 

presented flavonoids, anthocyanins and small concentrations of β-carotene and 

lycopene. Hence, we investigated the profile of phenolic compounds of monguba 

seeds by high-performance liquid chromatography–tandem mass spectrometry 

(HPLC-MS) and the antioxidant activity of phenolic compounds. In addition, the 

proximate composition of the seeds and physicochemical composition of the oil and 

seeds of P. aquatica were evaluated (Chapter II). 

Based on the results, we observed that the seeds of monguba can be 

considered a source of fiber, minerals, proteins, and lipids. Although the seeds of 

monguba are not popularly consumed, they could be placed on the market in their 

natural, roasted, whole or ground form. Besides, some phenolic compounds were 

quantified and identified in the seeds. The group of phenolic acids was predominant, 

especially the caffeic, 4-hydroxybenzoic, and ferric acids. In the in vitro antioxidant 

tests, it was observed that the phenolic fraction containing the highest concentration 

of caffeic and ferric phenolic acids showed the best antioxidant activity. Some studies 

showed that some parts of the monguba plant such as the bark and seeds showed 

antimicrobial actions, confirming the reports found about the use of these parts in the 

treatment of vaginal infections in traditional medicine. Therefore, the monguba seeds 

have potential for food and biological applications (Chapter I). We also have 

observed that geographic changes influence the profile of fatty acids and tocopherol 

concentrations in monguba oil (Chapter II). 

The third part of this work was dedicated to obtaining the oil from the 

monguba seeds using supercritical CO2 extraction (SC-CO2) and to evaluate the 

physicochemical composition of the oil in relation to the conventional extraction 

methodology (Chapter III). As monguba being rich in lipids, we extracted the oil from 

its seeds under different process conditions using SC-CO2 extraction and we have 

compared these data with the conventional extraction technique (Soxhlet). The 

results showed that the studied process conditions (pressure and temperature) did 

not affect the quality of the oil using SC-CO2 extraction. Moreover, for all the 
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conditions tested the monguba oil showed concentrations of γ-tocopherol above 48 

mg/kg and minimum antioxidant activity of 470.17 µmol/g, these values are higher 

than those found for extraction using Soxhlet which obtained 25.14 mg/kg and 95.96 

µmol/g, respectively. Therefore, it was possible to obtain a good quality oil using SC-

CO2 extraction with similar yield to the Soxhlet extraction technique (Chapter III). 

A very important factor, which has not been found in the literature, is the 

determination of the triacylglycerols (TAGs) of monguba oil. Determining the 

composition of TAGs is essential to understand the rheology, polymorphic 

conformation, solid fat content (SFC), melting point and microstructure. Thus, more 

accurately directing the application of monguba oil in the development of new 

products. Therefore, in the last part of the thesis (Chapter IV) we evaluated the 

composition and crystallization properties of monguba oil obtained via SC-CO2 

extraction, besides to its biological activity. 

The TAGs composition of monguba oil is predominantly composed of 

unsaturated TAGs, followed by trisaturated and monosaturated.   As reported in the 

literature, monguba oil showed similar melting point (41.4°C, SFC = 4%). The data of 

the thermal behavior during melting showed that the oil is melting completely at 

51.40°C, which agrees with the value observed in the SFC analysis. It was also 

possible to notice that monguba oil has a slow crystallization, which is affected by the 

composition of TAG molecules and the fatty acids that form these molecules and the 

minority compounds present that make monguba oil a very heterogeneous crude 

material. The polymorphic conformation of monguba oil remained stable at 20°C 

throughout the evaluated storage time (1, 7, 14, 21 and 28 days) showing peaks 

corresponding to the β′ form, which are characteristic of long-chain unsaturated 

TAGs. Due to the predominance of unsaturated TAGs, the texture of monguba oil at 

the evaluated temperatures (10, 20 and 30°) showed to be brittle and very hard using 

the 60° cone. 

Evaluating the cytotoxic and photoprotective activities of monguba oil, it 

was observed that this oil showed good cytotoxic activity against melanoma (skin 

cancer) cells, without affecting the cell viability of fibroblast cells. It was interestingly 

to note that the fibroblast cells irradiated with UVB light in the presence of monguba 

oil, for all tested concentrations, showed a significant increase in cell viability, and at 

the concentration of 1000 µg/mL this phenomenon is quite remarkable. Therefore, 
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monguba oil presents a potential for usage in the development of food and 

pharmaceutical cosmetic products (Chapter IV). 
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General conclusion 

 

The thesis data clearly shows that monguba seeds have great potential to 

be explored by food, pharmaceutical and cosmetics industries as a source of 

bioactive and high-added value compounds, as well in the product development. We 

have demonstrated herein that monguba seeds and oil have great content of 

bioactive compounds, and its oil can be full recovered by using SC-CO2 extraction. 

This oil was deep characterized and showed photoprotective activity in vitro assay, 

which brings new insights for next studies regarding its biological activities and 

technological properties. Finally, the execution of this thesis allowed us to discover 

many interesting gaps about the monguba seed and its oil and, consequently, to 

establish future perspectives about it, namely: 

❖ To evaluate the primary metabolites composition of monguba seeds, such 

as soluble and insoluble fiber content. 

❖ To evaluate and identify the phytochemical composition of monguba seeds 

regarding the secondary metabolites that were not evaluated herein, such as 

alkaloids. 

❖ Optimization to obtain the oil and bioactive compounds of monguba seeds 

by using green technologies. 

❖ To evaluate biological properties of monguba seeds and oil through in vivo 

assays, such as benefits to human health, and harmful effects. 

❖ To develop new products from monguba seeds. 
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