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Abstract 

 

Known in the Kichwa language originally as, Chontacuro; it is the larvae of the 

South American palm weevil, Rhynchophorus palmarum (Linnaeus, 1758). The oil 

extracted from these larvae of the black palm weevil, Rhynchophorus palmarum, is 

used by indigenous kichwa groups in the Ecuadorian Amazon to treat and cure 

respiratory diseases and skin diseases wounds, calling this ancestral practice as 

zootherapy.  

Based on the ethnopharmalogical knowledge obtained, the hypothesis is raised 

that the use of Rhynchophorus palmarum oil can control different types of diseases of 

viral origin. Therefore, an investigation of the life cycle of the larva of R. palmarum 

was carried out. As well as the chemical composition of the South American palm 

weevil. In addition, the pharmacological applications of the fatty acids identified in R. 

palmarum within the human body are described. Also, the role of the ACE2 enzyme is 

described, in the viral infection caused by the SARS-CoV-2 virus, this enzyme will be 

the protein used in the molecular coupling against each fatty acid described in the 

chontacuro. Finally, a molecular docking is proposed, to represent the potential 

antiviral properties of Rhynchophorus palmarum. 

 

Keywords: Rhynchophorus palmarum, fatty acids, bioinformatic, molecular 

docking, ACE2 protein, SARS-CoV-2 infection.   
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Resumen 

 

Conocido en la lengua kichwa originalmente como, Chontacuro; es la larva que 

proviene del picudo sudamericano de las plameras, Rhynchophorus palmarum 

(Linnaeus, 1758). El aceite extraído de estas larvas del picudo negro, Rhynchophorus 

palmarum, es utilizado por los grupos indígenas kichwas de la Amazonía ecuatoriana 

para tratar y curar enfermedades respiratorias y heridas de enfermedades de la piel, 

denominando a esta práctica ancestral como zooterapia.  

Con base en los conocimientos etnofarmacológicos obtenidos, se plantea la hipótesis 

de que el uso del aceite de Rhynchophorus palmarum puede controlar diferentes tipos 

de enfermedades de origen viral. Por ello, se llevó a cabo una investigación del ciclo 

vital de la larva de R. palmarum. Así como la composición química del picudo de la 

palmera sudamericana. Además, se describen las aplicaciones farmacológicas de los 

ácidos grasos identificados en R. palmarum dentro del organismo humano. También, 

se describe el papel de la enzima ACE2, en la infección viral causada por el virus SARS-

CoV-2, esta enzima será la proteína utilizada en el acoplamiento molecular contra cada 

ácido graso descrito en el chontacuro. Finalmente, se propone un acoplamiento 

molecular, para representar las potenciales propiedades antivirales del 

Rhynchophorus palmarum. 

 

 Palabras claves: Rhynchophorus palmarum, ácidos grasos, bioinformática, 

acoplamiento molecular, proteína ACE2, infección del SARS-CoV-2.  
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CHAPTER 1: Introduction and literature review 

1.1. Introduction 

Since ancient times for different cultures, insects have been used as medicinal 

resources, in the form of ointments or infusions, despite being commonly considered 

disgusting or repugnant animals (Costa Neto E. , 2002). The use of insects in medicine 

is called entomotherapy and it is used from an ancestral knowledge perspective 

(Vilharva et al., 2021), therefore it must be considered from a cultural point of view, 

the knowledge of insects and their use in medicine (Costa Neto, 1999).  

Background information pointing to insects as a benefit for humans can be 

found in the book Insectotheology, published in 1699 (Berembaum, 1995). However, 

there are even older references, one of which is an Egyptian medical treatise from the 

16th century BC called the Ebers papyrus, which contains accounts of medicinal 

ointments obtained from insects and arachnids (Weiss, 1946). Another recorded 

medicinal use of insects is silkworms, which have been used for more than three 

thousand years in traditional Chinese medicine to dissolve phlegm and relieve spasms 

(Zimian et al., 1997). In addition, Pliny the Elder, in his book Naturalis Historiae, 

recounted some insect-based ointments and infusions (entomoterapeuticals) that 

were used in the Roman Empire in the 1st century AD for the treatment of various viral 

diseases (Carrera, 1993). It is also recorded by Dioscorides Anazarbeus, a roman greek 

physician, pharmacologist, and botanist, who in his second book of his Materia 

Medica, indicates several entomotherapeutic remedies (insect-derived medicines); 

one of them is the use of bedbugs to treat quartan fever or the use of fried cicadas for 

bladder pains. Another remedy recorded in his book is the use of cockroaches ground 

with oil for earache (Morge, 1973).  

In our American continent some records indicate insects or insect derivatives 

as therapeutic sources; royal jelly, which the bee-eaters use to feed their queen, was 

used by the Mexican inhabitants to combat cases of anemia (Conconi & Pino, 1988). A 

total of 210 insect species have been recorded, which are actively used in mexican 

traditional medicine; the most commonly used orders are Hymenoptera, Homoptera, 

Coleoptera, and Orthoptera (Ramos Elorduy et al., 2001).  In 13 states of Brazil, there 

are reports from colonial times of the use of insects for therapeutic purposes (Costa 

Neto E. , 2003); one of them is the use of a tea made from the roasted exoskeleton of 
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a grasshopper to treat people who have suffered a cardiovascular accident or to treat 

skin diseases (Costa Neto E. , 2002). Also, grasshopper powder, which is obtained by 

leaving it to dry in the sun, is used to make tea for the treatment of asthma (Costa Neto 

E. , 2002); as well as tea made from the roasted legs of a spider wasp (Pompilidae) 

(Costa Neto & Melo, 1998). In Colombia, culonas ants (Atta laevigata) are used for 

analgesic and aphrodisiac purposes (Césard et al., 2003). In addition, there are records 

from South America, Europe, and India, indicating the use of the mandibles of ants of 

the genus Atta for stitching wounds (Gudger, 1925).  Currently, about a thousand 

species of insects used for therapeutic purposes have been recorded; China, in the lead, 

has recorded about 300 species of insects for medicinal use, which are distributed in 

14 orders, 63 families, and 70 genera (Meyer-Rochow, 2017). 

In Ecuador, the different indigenous communities located in the Amazon have 

included the larvae of the weevil Rhynchophorus palmarum L. (Coleoptera: 

Curculionidae) (Linnaeus, 1758), both in their diet (Trujillo-Gonzalez et al., 2011) and 

in treatment of respiratory diseases of viral origin (Cartay et al., 2020), through their 

ancestral knowledge; which can be defined as the result of experiences over time by 

indigenous communities to be directly linked to the environment, which has learned 

to use the local biodiversity of the different species of plant and animal origin for their 

benefit (Njoroge et al., 2010; Robinson et al., 2017). It is important to emphasize that 

R. palmarum is considered a pest (Hoddle et al., 2021) of great economic importance 

(De La Mora et al., 2022)  because it is the main vector of the nematode B. Cocophilus, 

which is the cause of the Red Ring (López-Luján et al., 2022), which causes rotting of 

the bud of different species of palm trees and subsequently the death of the palm 

(Gómez-Marco et al., 2021). Despite being considered a pest, the larva of R. palmarum 

is a critical source of active agents for modern medicine, since it has been reported to 

have antimicrobial and antioxidant activity (Vilharva et al., 2021; Vera & Brand, 2014). 

There are still no antiviral reports on the larva of R. palmarum, where tests 

have been conducted to show its effectiveness against viral agents in vivo or in silico, 

as has happened with its antimicrobial and antioxidant activity (Vilharva et al., 2021) 

(Cerda et al., 2001), even though, by ancestral or traditional knowledge, respiratory 

diseases are treated with this insect, using its fat as a topical applied in the thorax 

area; and also, its fat is used as an oral emulsion (Delgado et al., 2019). Despite this, 

there are research records of the characterization of the internal components of the 



Chontacuro (Rhynchophorus palmarum larvae) fatty acids and their potential medical application 

against viral infections using bioinformatic tools                                                                                    3 

3 
 

chontacuro insect (Batalha et al., 2020). Currently, there is evidence indicating, for 

example, that some of the components of chontacuro serve to cause stress and block 

the antiviral activity against the hepatitis C virus in cell cultures (Gunduz et al., 2012). 

In addition, there is research indicating that palmitic and oleic acid, major 

components of chontacuro, not only combat cardiovascular diseases (Palomer et al., 

2018), but also serve to inhibit infection caused by SARS-CoV-2 Omicron and other 

variants (Lan et al., 2022). Similarly, unsaturated fatty acids found in R. palmarum 

larvae have been shown to block viral outbreaks (Lindwasser & Resh, 2002). It is 

important to highlight that the internal components of the chontacuro depend on the 

type of palm from which the insect feeds (Ahipo Dué et al., 200; Espinosa et al., 

2020). In addition, since the larvae of R. palmarum are herbivorous, and far from 

the pollution of large cities, it makes them cleaner than other insects that have fatty 

acids, such as snails and oysters (Viesca & Romero, 2009). 

Therefore, in order to carry out this research it will start with the biological cycle 

of Rhynchophorus Palmarum (Linnaeus, 1758), its morphology, the types of palms 

from which these larvae are obtained, its economic impact on agriculture and its 

benefits as a food source. Secondly, a bibliographic investigation of the internal 

components of the R. palmarum larvae will be carried out, explaining the variables 

used by the researchers to determine its internal composition. In addition, the 

medical benefits of the fatty acids identified in R. palmarum larvae will be briefly 

explained; this explanation of medical benefits is done in order to have a context of 

the possible benefits of R. palmarum larvae associated with viral diseases, infections 

or anti-immune responses. Third, the role of the ACE2 enzyme, a metallopeptidase, 

in viral infection caused by the SARS-CoV-2 virus will be explained. Fourthly, a 

molecular docking will be performed; where the intensity of attraction (score) 

between the ligand, which will be the fatty acids identified in the R. palmarum larvae, 

and the ACE2 enzyme will be measured. Finally, the data obtained will be analyzed 

and compared with the available literature; in order to answer the question: do the 

internal components identified in the R. palmarum larva have antiviral activity?  

1.2. Statement of the problem    

Insects have been the focus of attention throughout human history, for both 

negative and positive reasons. The negative reasons are related to the economic 
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impacts, due to the damage caused to crops (Iannacone & Alvariño, 2006); thus, in 

turn, causing human losses, because some insects are transmitters of diseases such as 

dengue, malaria, chikungunya and Chagas disease (Stephenson et al., 2022; Chico-

Avelino et al., 2022). The positive reasons, as we have observed, related to health, 

using them as medicines to relieve infections or diseases (Serrano-González et al., 

2013; Srivastava et al., 2009); In addition, insects serve as a source of human food, 

due to their high amount of protein and essential amino acids (Hermans et al., 2021). 

Unfortunately, the scientific community only focuses on the analysis of insect-

derived foods for introduction into the human diet. In 2008, a workshop sponsored 

by the Food and Agriculture Organization of the United Nations was held on the 

subject, which had the title: "Forest Insects as Food: Humans Bite Back" (Yen, 2009) 

, where they focused on three main themes: 

1. Edible forest insects should be considered a natural resource. 

2. Presentation of models of sustainable management of insects to obtain food and 

other products. 

3. Bioprospecting of edible forest insects. 

In addition, the Food and Agriculture Organization of the United Nations, in 

2013, established insects as an alternative source for obtaining food, because they are 

present in traditional diets in Asia, Africa, America, and Australia. In at least 2 billion 

people (Food And Agriculture Organization Of The United Nations, 2013) . 

However, there is a need to find new sources for drug discovery, because there 

are records of populations of pathogens resistant to the current drug selection 

available (Giske et al., 2008). This evolution of resistance makes it difficult to control 

important diseases, causing economic and human loss; thus, affecting the cost of 

public health (Paladino et al., 2002). Resistance can be caused by spontaneous 

mutations that pathogens develop to survive, an example is the RNA virus that causes 

AIDS, HIV; which has a rate of 104 and 105  spontaneous mutations per nucleotide per 

genome replication (Abram et al., 2010; Mansky & Temin, 1995). Without forgetting 

the current pandemic caused by the SARS-CoV-2 virus, which has an evolution rate 

due to spontaneous mutations of 1.3 × 10−6  ±  0.2 × 10−6 (Amicone et al., 2022). In 

addition, it is a zoonotic disease, which means that it is a disease of natural origin, 
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which evolved, breaking the Darwinian division to be able to affect human beings 

(Brussel & Holmes, 2022). 

Consequently, insects have co-existed with all currently known bacteria and 

viruses; therefore, they have developed defensive chemicals due to their co-evolution 

with plants and predators (Choudhary et al., 2022), making them a source of abundant 

resources for pharmacological research (Costa-Neto, 2005). Additionally, at present, 

molecular coupling simulations can be carried out to identify if there are objective 

targets that can indicate the antiviral activity of the internal components of different 

insects toward viruses. 

1.3. Formulation of the problem 

Do internal components identified in R. palmarum larvae possess antiviral activity? 

1.3.1. Questions for guidance  

 What is the life cycle of R. palmarum? 

 What is the effect of the R. palmarum beetle on the ecosystem? 

 Are the larvae of R. palmarum just a harmful pest? 

 Do R. palmarum larvae serve as a reliable food source? 

 How was it determined that R. palmarum larvae were a reliable source of food? 

 What are the internal components of R. palmarum larvae? 

 Are there any records indicating any pharmacological potential of the internal 

components of chontacuro? 

 Is there a link between viruses and lipid metabolism of fatty acids? 

 What is the role of ACE2 enzyme in viral infection caused by SARS-CoV-2 virus? 

 What are the in-silico tools that allow us to observe existing interactions between 

fatty acids and viruses? 

1.4. General and Specific Objectives 

1.4.1. General Objective 

To determine the potential antiviral activity of R. palmarum larvae within the 

human organism by in silico molecular docking against the ACE2 protein. 
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1.4.2. Specific Objectives 

 Identify the role of both the beetle and the larvae in the ecosystem of R. 

palmarum.  

 To understand the variables used to determine the nutritional analysis of R. 

palmarum in order to try to classify it as a beneficial and non-toxic food 

product. 

 To understand the possible pharmacological effects of the identified fatty 

acids in R. palmarum larvae. 

 Performing molecular docking simulations in order to understand the possible 

relationships between viral proteins, fatty acids from R. palmarum and, the 

mechanism given by ACE2 protein during a SARS-CoV-2 infection.  
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CHAPTER 2: Rhynchophorus Palmarum: Biology 

In the tenth edition of Systema Naturae (1758), Carl Linnaeus classified 

Rhynchophorus palmarum in his class "Insecta"; Table 1 provides taxonomic 

information of R. palmarum. 

Table 1. Rhynchophorus palmarum Taxonomy 

Taxonomic Classification of Rhynchophorus palmarum 

Kingdom Animalia 

Phylum Arthropoda 

Class Insecta 

Order Colcoptera 

Family Curculionidae 

Genus Rhynchophorus 

Species R. palmarum 

Binomial name 
Rhynchophorus palmarum 

(Linnaeus,1758) 

Synonyms South American palm weevil 

EPPO code RHYCPA 

 

Distributed widely around the world, the South American palm weevil is mainly 

concentrated in the tropics (see Table 2) (Wattanapongsiri, 1966) in virgin forests and 

in agro-ecosystems where oil palm is planted (see Figure 1) (EPPO, 2020).  

Table 2. Rhynchophorus palmarum distribution in America continent 

Rhynchophorus palmarum distribution in America continent 

North America United States of America (Arizona, California, Texas) 

Central America 
and Caribbean 

Barbados, Belize, Costa Rica, Cuba, Dominican Republic, 
El Salvador, Guatemala, Haití, Honduras, Nicaragua, 
Panamá, Puerto Rico, Trinidad and Tobago. 

South America 
Argentina, Bolivia, Brazil, Colombia, Ecuador, French 
Guiana, Guyana, Paraguay, Peru, Suriname, Uruguay, 
Venezuela. 
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Figure 1.  

Geographical Distribution of R. palmarum 

 

Note. Retrieved from: Rhynchophorus palmarum. EPPO datasheets on pests recommended for 

regulation [Photography], EPPO, 2022 (https://gd.eppo.int). Copyright by EPPO. CC BY-NC-ND 4.0. 

The South American palm weevil has been recorded in at least twelve families 

of thirty-five different plant species, found especially in palms (Arecaceae) (Esser & 

Meredith, 1987; Sánchez & Cerda, 1993). R. palmarum is considered a pest for 

different palm species, because it is the main vector of the red ring disease, which 

causes the rotting of the palm bud and its possible death (see Figure 2) (Dalbon et al., 

2021); using these palm species both as feeding and reproductive hosts (EPPO, 2020).  

Figure 2.  

Palm infected by Bursaphelenchus cocophilus 

 

Note. Cross-section of a palm tree, showing that the palm is infected by Bursaphelenchus cocophilus, 

the red ring nematode. Retrieved from: Rhadinaphelenchus cocophilus (red ring nematode) - The 

https://gd.eppo.int/
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Invasive Species Compendium (ISC) [Photography]. Society of Nematologists, 2020 

(https://entnemdept.ufl.edu/creatures/nematode/red_ring_nematode.htm). Copyright by Institute of 

Food and Agricultural Science – University of Florida. CC BY-NC-SA 4.0.  

 In the Ecuadorian Amazon, the palm weevil is found in two species: the Chonta 

palm (Bactris gasipaes) (see Figure 3A) and the Morete palm (Mauritia flexuosa) (see 

Figure 3B) (Espinosa et al., 2020). There are also records of R. palmarum using 

Saccharum officinarum (sugar cane) (see Figure 3C), which is not a palm species, for 

reproductive reasons, but rather for alimentary purposes (EPPO, 2020). 

Figure 3.  

Illustration of plants where R. palmarum is found. 

   

A.  B.  C.  

Note. Different types of palms where R. palmarum feeds and reproduces. A. Chonta palm, Bactris 

gasipaes for reproductive and feeding purposes. B. Morete palm, Mauritia flexuosa for reproductive 

and feeding purposes. C.  Sugar cane, Saccharum officinarum for feeding purposes only. Retrieved 

from: A. Freepik Company - arttrongphap, 2020 (https://www.freepik.es/fotos-premium/ilustracion-

3d-arbol-bactris-gasipaes-aislado-blanco-su-mascara32754700.htm) – Copyright by Freepik Company 

S.L. CC BY-NC-ND 4.0. B. HiClipart – Anonymous, n.d. (https://www.hiclipart.com/free-transparent-

background-png-clipart-idkig) – Copyright by HiClipart. CC BY-SA 2.0. C. Francisco Manuel Blanco, 

1980 (https://commons.wikimedia.org/wiki/File:Saccharum_officinarum_Blanco1.18-cropped.jpg). 

Public Domain Copyright.  

According to records in the global database of the European and Mediterranean 

Plant Protection Organization: R. palmarum feeds on a variety of ripe fruits, such as 

avocado (Persea americana [Lauraceae]), banana (Musa spp. [Musaceae]), Citrus 

https://entnemdept.ufl.edu/creatures/nematode/red_ring_nematode.htm
https://www.freepik.es/autor/arttrongphap
https://www.freepik.es/fotos-premium/ilustracion-3d-arbol-bactris-gasipaes-aislado-blanco-su-mascara32754700.htm
https://www.freepik.es/fotos-premium/ilustracion-3d-arbol-bactris-gasipaes-aislado-blanco-su-mascara32754700.htm
https://www.hiclipart.com/free-transparent-background-png-clipart-idkig
https://www.hiclipart.com/free-transparent-background-png-clipart-idkig
https://commons.wikimedia.org/wiki/File:Saccharum_officinarum_Blanco1.18-cropped.jpg
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spp. (Rutaceae), cocoa (Theobroma cacao [Malvaceae]), guayabo (Psidium guajava 

[Myrtaceae]), mango (Mangifera indica [Anacardiaceae]), and papaya (Carica 

papaya [Caricaceae]). 

In addition, artificial diets have been developed for laboratory rearing of R. 

palmarum eggs and larvae (López-Luján et al., 2022), using a mixed diet based on 

sugar cane and pineapple (Giblin-Davis et al., 1989).Laboratory rearing of R. 

palmarum eggs and larvae is developed for use in laboratory bioassays (Santana et al., 

2014), because they are considered pests, no ethics committee was needed for their 

study in laboratories. 

2.1. Life Cycle 

The normal life cycle of the South American palm weevil (Rhynchophorus 

palmarum) (see Figure 4) lasts about 120 days (Restrepo et al., 1982), although there 

are records that under controlled laboratory conditions (20 - 35 C and 62 - 92% 

relative humidity), its life cycle extends to about 170 days. A female can lay an average 

of 254 +/- 155 eggs during a period of 30.7 +/- 14.3 days (EPPO, 2020). 

In the global database of the European and Mediterranean Plant Protection 

Organization, the incubation period of R. palmarum is 3.2 +/- 0.93 days. The larvae 

of R. palmarum then develop over a period of 52.0 +/- 10.0 days, during which time 

they have six to ten instars. The larvae then make cocoons using palm fibers, called the 

prepupal stage, which lasts 4 to 17 days. The pupal stage lasts 8 to 23 days, with the 

adults remaining in the cocoons for 7.8 +/- 3.4 days before complete metamorphosis. 

Furthermore, it is reported that female R. palmarum live for 40.7 +/- 15.5 days, while 

males live for 44.7 +/- 17.2 days (Mexzón et al., 1994; Schlickmann-Tank et al., 2020).  
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Figure 4.  

Life cycle of the Rhynchophorus palmarum 

 

Note. Life cycle of the Rhynchophorus palmarum from being an egg to forming into a mature weevil. 

2.2. Morphology 

The eggs (see Figure 5) are pale white, with a wrinkled surface and ovoid in 

shape, averaging 2.40 mm in length and 0.8 mm in width, until they reach the first 

instar, where their diameter increases slightly (Hagley, 1965). In addition, the eggs, 

which are protected by a brown waxy secretion, are individually located within the 

palm tissue 1 to 2 mm apart (Wattanapongsiri, 1966).  

Figure 5.  

Rhynchophorus palmarum eggs 

 

Note. Retrieved from: Rhynchophorus palmarum egg, Rhynchophorus palmarum (RHYCPA) 

[Photography], EPPO Global Database – Hoddle, 2022 (https://gd.eppo.int/taxon/RHYCPA/photos). 

Copyright by EPPO Global Database. CC BY-NC-ND 4.0.  

https://gd.eppo.int/taxon/RHYCPA/photos
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The larvae of R. palmarum are cannibalistic, legless and eruciform in shape. 

Initially, larvae may measure 2.40 - 2.65 mm in length, 0.94 mm in width and 1.9 mg 

in weight (Restrepo et al., 1982); they may reach 5 - 6 centimeters in length after 6 to 

10 larval stages of maturation (Mexzón et al., 1994). The larvae have a dark brown head 

(see Figure 6), very chitinous; they have sclerotized mouthparts with strong mandibles 

(EPPO, 2020). 

The thorax of R. palmarum larvae is divided into three sections. The aft 

terminal section is rigid and flat. The abdominal section is muscular, with folds that 

allow locomotion in the larva. Finally, the first section is surrounded by a semi-rigid 

ring behind the head (see Figure 6).  

Figure 6.  

Rhynchophorus palmarum larvae 

 

Note. Adapted from: Rhynchophorus palmarum life stages, Rhynchophorus palmarum (RHYCPA) 

[Photography], EPPO Global Database – Hoddle, 2022 (https://gd.eppo.int/taxon/RHYCPA/photos). 

Copyright by EPPO Global Database. CC BY-NC-ND 4.0.   

Before pupation begins, larvae move to the periphery of the trunk, leaf stalk or 

flower rachis where they decrease their feeding activity and begin to form their 

cocoons from interwoven plant fibers (see Figure 7A); pupation begins when the larva 

is completely enclosed in a closed, cylindrical-ovoid cocoon (see Figure 7B) 7-9 cm 

long and 3-4 cm in diameter (EPPO, 2020). 

https://gd.eppo.int/taxon/RHYCPA/photos


Chontacuro (Rhynchophorus palmarum larvae) fatty acids and their potential medical application 

against viral infections using bioinformatic tools                                                                                    13 

13 
 

Figure 7.  

Final stages of R. palmarum. 

  

A.  B.  

Note. The last two adult stages of R. palmarum can be observed. A. Rhynchophorus palmarum cocoon. 

B. Rhynchophorus palmarum pupa. Retrieved from: A. prepupal Rhynchophorus palmarum larvae 

extracted from its fibrous cocoon. This cocoon was found on the ground under a heavily infested P. 

canariensis in Tijuana Mexico [Photography], EPPO Global Database – Hoddle, 2022 

(https://gd.eppo.int/taxon/RHYCPA/photos). Copyright by EPPO Global Database. CC BY-NC-ND 

4.0.  Adapted from B. Rhynchophorus palmarum life stages. Rhynchophorus palmarum (RHYCPA) 

[Photography], EPPO Global Database – Hoddle, 2022 (https://gd.eppo.int/taxon/RHYCPA/photos). 

Copyright by EPPO Global Database. CC BY-NC-ND 4.0.   

Adults of R. palmarum are large, robust beetles (see Figure 8), mostly black, 

although small populations with orange marks have been reported, similar in 

appearance to R. ferrugineus (Löhr et al., 2015). Adult beetles can measure 3 - 5 cm in 

length and 1.2 - 1.4 cm in width, with an average weight of 1.6 - 2 grams. In addition, 

R. palmarum beetles exhibit sexual dimorphism, where males have hairs on the 

antero-central dorsal region, while females lack rostral setae (EPPO, 2020; Giblin-

Davis et al., 2013). 

https://gd.eppo.int/taxon/RHYCPA/photos
https://gd.eppo.int/taxon/RHYCPA/photos
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Figure 8.  

Adult male Rhynchophorus palmarum  

 

Note. Retrieved from: an adult male Rhynchophorus palmarum [Photography], EPPO Global 

Database – Hoddle, 2022 (https://gd.eppo.int/taxon/RHYCPA/photos). Copyright by EPPO Global 

Database. CC BY-NC-ND 4.0.  

2.3. Rhynchophorus Palmarum as a plague. 

Rhynchophorus palmarum is considered an economically important pest, 

because it not only affects commercial plantations such as oil and coconut palms, but 

also Amazonian palms such as chonta and morete palms, which are very useful for 

indigenous communities (Cartay, 2016) (Ponce-Méndez et al., 2022). The adult 

Rhynchophorus palmarum are attracted by wounds and rotting in the buds and stems 

of the palms (De La Mora Castañeda et al., 2022), where in the soft tissues, 

Rhynchophorus palmarum deposit their eggs (Solines Reyes, 2022). When the eggs 

are deposited, the palm becomes infected with the nematode Bursaphelenchus 

cocophilus (see Figure 9), which is the main cause of the red ring disease (see Figure 

2) (Flores-Pacheco et al., 2022).  

Bursaphelenchus cocophilus is an obligate migratory endoparasitic nematode, 

which causes red ring disease (Torres, 2021) and affects species of the Arecaceae 

family; these nematode lives all its life inside the palm, but does not multiply when it 

is inside the disseminating insect (Aldana de la Torre et al., 2015). The larva of 

Rhynchophorus palmarum acquires the nematode, and maintains it throughout its 

moults until it reaches its adult stage (Chinchilla & Escobar, 2007); then, when the 

adult R. palmarum leaves the palm, it can infect three or four healthy palms with the 

nematode (Sarria et al., 2020). At present, there are campaigns to combat and control 

https://gd.eppo.int/taxon/RHYCPA/photos
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this pest, using traps, where natural and synthetic pheromones are placed to attract 

the insects (De la Mora-Castañeda et al., 2022).  

Figure 9.  

Bursaphelenchus cocophilus 

 

Note. Adapted from: remarques sur les genres des sous-familles Bursaphelenchinae Paramonov 

[Graphical Representation], Nematoda: Aphelenchoididae.Revue de Nematologie – Baujard, 1989 

(http://nemaplex.ucdavis.edu/Taxadata/G145s3.aspx). Copyright by Howard Ferris. CC BY-ND 4.0. 

2.4. Rhynchophorus Palmarum as a food. 

The larvae of Rhynchophorus palmarum, collected from palm trees, are a great 

source of protein and fat for Amazonian Indians, who supplement their diet with them 

(Araujo & Beserra, 2007). There are records indicating low protein malnutrition in 

Amazonian communities, due to the high consumption of mushrooms, drupes, 

almonds and insects (Paucar-Cabrera, 2005; Smith, 1996). Amazonian villagers 

consume these fresh larvae, called chontacuros (chonta worms) either alive or dead, 

fried or roasted (see Figure 10) (Cartay et al., 2020). Furthermore, in the Ecuadorian 

Amazon, these larvae are marketed, either for consumption or breeding (Quinteros et 

al., 2022). 

The nutritional value of chontacuro has been recorded in numerous laboratory 

studies (Cartay et al., 2020; Vilharva et al., 2021; Espinosa et al., 2020). It has been 

found that the protein value of choncacuro is 76%, much higher than the protein 

content of beef, which is 50-57% (Cartay et al., 2020). In addition, its total caloric value 

ranges between 560 kcal/100 grams, which is higher than that of beef, which is 430 

kcal/100 grams (Neto & Ramos-Elorduy, 2006). As for the fat content of protein 

http://nemaplex.ucdavis.edu/Taxadata/G145s3.aspx
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sources, Rhynchophorus palmarum larvae have a percentage ranging from 21 to 54%, 

which is much higher than meat (17%) and fish (21%) (Cartay et al., 2020), and also 

have a better composition.  

Figure 10.  

Chontacuro skewers, a traditional dish from the Ecuadorian Amazon 

 

Note. Retrieved from: CHONTACURO, the best Amazonian food [Photography], Origenes EC – Ortega, 

2022 (https://origenesec.com/amazonia/chontacuro/). Copyright by Origenes EC. CC BY-ND 2.0. 

 

 

 

 

 

 

 

 

 

 

 

 

https://origenesec.com/amazonia/chontacuro/
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CHAPTER 3: Rhynchophorus Palmarum: Fatty acid composition and 

potential medical properties.  

In the present chapter, the variables used by Sancho et al., Espinosa et al., 

Maceda & Chiñi, Cerda et al., Vargas et al., Batalha et al., Vilharva et al. and Ahipo Dué 

et al. for food analysis and the characterization of the internal composition of R. 

palmarum larvae will be described. First, the definition of fatty acids, their 

classification (see table 3), ionization, saturation and metabolism within the human 

organism will be explained, as well as the most important fatty acids found in 

mammalian tissues (see table 4). Then, saturated, unsaturated, monounsaturated and 

polyunsaturated fatty acids will be described, because they are variables used to 

determine the degree of saturation of the fatty acids found in the larvae of R. 

palmarum (see table 5). Afterwards, the variables used to determine the proximal 

percentage composition of R. palmarum will be explained (see table 6), which are: 

humidity, ash, protein, total fat and carbohydrates; these obtained values serve to 

reveal the nutritional value of R. palmarum. In addition, the content in 100 grams of 

fat of the fatty acids identified in R. palmarum larvae by the aforementioned authors 

is presented (see Table 7). Finally, the potential medical properties of the different 

fatty acids identified in R. palmarum larvae by the aforementioned authors, whether 

antimicrobial, antioxidant and antiviral activity, will be explained. This is done in 

order to clarify the benefits that R. palmarum larvae possess and their potential harm 

to the human body.  

3.1.1. Fatty Acids  

The chemical formula representing the compounds known as fatty acids is as 

follows (Montgomery et al., 1999) and the different forms in which the fatty acids are 

represented can be seen in Figure 11: 

R – COOH 

where R is an alkyl chain consisting of hydrogen and carbon atoms 
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Figure 11.  

Different ways of representing fatty acids. 

 

Note. Retrieved from: Fatty Acid Structure | Examples | Types | Physical & Chemical Properties 

[Graphical Representation], iBiologia – Yaqoob, 2022 (https://ibiologia.com/fatty-acid-structure/). 

Copyright by iBiologia. CC-BY 4.0 

There is a diverse range of fatty acids of natural origin, more than 1000, these fatty 

acids with different structures and functional groups (see Figure 11), constitute the 

main components of waxes, oils, fats and other materials that are made up of lipids 

(Gunstone et al., 2007). In addition, the vast majority of naturally occurring fatty acids 

contain pair of carbon atom number.  

The main function of fatty acids is to serve as a source of metabolic energy; in 

addition, to act as structural elements for another class of lipids. The length of the 

carbon atom chain is usually the most accepted method for classifying fatty acids, as 

can be seen in Table 3, where human tissues and blood have the highest abundance of 

long-chain fatty acids (Montgomery et al., 1999). Besides, Table 4 shows the most 

important structural properties of the fatty acids in mammals, as well as their 

respective names.  

Table 3. Classification of fatty acids according to chain length 

Type Number of carbon atoms 

Short chain 2-4 

Medium chain 6-10 

Long chain 12-26 

 

https://ibiologia.com/fatty-acid-structure/
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Table 4. Important fatty acids in mammalian tissues  

Descriptive name Systematic name Carbon atoms Double bonds 

Acetic  2 0 

Lauric Dodecanoic 12 0 

Myristic Tretadecanoic 14 0 

Palmitic Hexadecanoic 16 0 

Palmitoleic Hexadecenoic 16 1 

Stearic Octadecanoic 18 0 

Oleic Octadecenoic 18 1 

Linoleic Octadecadienoic 18 2 

Linolenic Octadecatrienoic 18 3 

𝜸-Homolinolenic Eicosatrieneoic 20 3 

Arachidonic acid Eicosatetraenoic 20 4 

EPA* Eicosapentaenoic 20 5 

DHA* Docosahexaenoic 22 6 

*The descriptive name commonly used is in abbreviated form. 

3.1.2. Ionization 

Under normal conditions, the pH of the intracellular fluid is 7.0 and plasma 7.4 

(Hayata et al., 2014). Meanwhile, the 𝑝𝐾𝑎 of the carboxyl group of the fatty acid is 

approximately 4.8 (Quast, 2016). Therefore, almost all free fatty acid molecules (99%) 

present in body fluids are ionized, i.e., the fatty acid is in the form of an anion.   

(Rawling et al., 2020), possessing properties very similar to detergents to long-chain 

fatty acids; because the hydrocarbon end seeks a non-polarized environment and the 

ionized carboxyl group interacts with the aqueous medium (Murphy, 2015). 

𝑹𝑪𝑶𝑶𝑯 ↔  𝑹𝑪𝑶𝑶−  +  𝑯+ 
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3.1.3. Saturation  

Fatty acids can be classified as saturated or unsaturated. A saturated fatty acid 

can be defined as a fatty acid when the alkyl chain does not contain any double bonds 

(see Figure 12A). In contrast, unsaturated fatty acids are those with one or more double 

bonds (see Figure 12B) (Kenar et al., 2017). The structure of unsaturated fatty acids 

was reported in the 1890s. Although fatty acid cycling was discovered in the 1920s, 

fatty acids did not receive attention until the 1940s, when polymer chemistry and its 

understanding were in their infancy (List et al., 2017). 

Figure 12.  

Saturated and unsaturated fatty acids 

 

A.   

 

B.  

Note. A. Saturated fatty acids. B. Unsaturated fatty acids. Retrieved from: Fatty Acid Structure | 

Examples | Types | Physical & Chemical Properties [Graphical Representation], iBiologia – Yaqoob, 

2022 (https://ibiologia.com/fatty-acid-structure/). Copyright by iBiologia. CC-BY 4.0. 

Those naturally occurring fatty acids that have carbon-carbon double bonds along the 

backbone are known as unsaturated. If they contain one double bond, they are called 

monounsaturated (monoenoic) and if they have multiple double bonds along the alkyl 

chain, they are called polyunsaturated (polyenoic) (see Figure 13) (Kenar et al., 2017). 

In addition, unsaturated fatty acids having double bonds limits the rotation of the alkyl 

chain, causing isomerism around the double bond, manifesting a cis- or trans-

configuration (Park et al., 2023). Naturally occurring unsaturated fatty acids in 

mammals have the cis-configuration (Antwi-Boasiako & Sander, 2020).  

https://ibiologia.com/fatty-acid-structure/
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Figure 13.  

Structures of some monounsaturated and polyunsaturated 

 

Note. Retrieved from: Fatty Acids Chemistry, Synthesis, and Applications - Chapter 2 - Naturally 

Occurring Fatty Acids: Source, Chemistry, and Uses [Graphical Representation], Academic Press and 

AOCS Press - Kenar et al., 2017 (doi:10.1016/b978-0-12-809521-8.00002-7). Copyright by Elsevier Inc. 

CC BY-NC-SA 4.0. 

The definition of both polyunsaturated and monounsaturated fatty acids has 

been explained, but how are these fatty acids distributed within the kingdoms of 

nature? Bacteria possess unsaturated fatty acids, which are monounsaturated 

(Keweloh & Heipieper, 1996). Whereas, plants and mammals have both 

monounsaturated and polyunsaturated fatty acids. It is noteworthy that both fish and 

plants have higher amounts of polyunsaturated fatty acids than terrestrial mammals 

(Hulbert, 2021). Insects have monounsaturated and polyunsaturated fatty acids (Mori 

& Yoshinaga, 2011), but unlike terrestrial animals, they have higher concentrations of 

polyunsaturated fatty acids (Arrese & Soulages, 2010).  

In addition, it is important to mention that unsaturated fatty acids (UFAs) in 

plants (see Figure 14) and insects are considered general defense systems against 

different abiotic and biotic stresses  (He et al., 2018), because insects when feeding on 
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different plants capture these unsaturated fatty acids, metabolizing them in their 

digestive tract and adopting this antioxidant, antibacterial and antiviral defense 

mechanism coming from plants, serving as a vector, but not for disease transmission, 

but to adhere new defense mechanisms (Feng et al., 2020). Furthermore, in both 

plants and animals, unsaturated fatty acids are essential membrane components (Wu 

et al., 2009). 

Figure 14.  

Different roles of C18 unsaturated fatty acids in plants 

 

Note. The stress responses of polyunsaturated fatty acids in plants caused by viruses, bacteria, fungi, 

nematodes and arthropods can be observed. This ability to fight against these agents is captured by the 

insects that feed on these plants; in the case of R. palmarum larvae, they metabolize these 

polyunsaturated fatty acids and express them in their fat content as well as in their skin. Different roles 

of C18 unsaturated fatty acids in plants as a response to stress. Retrieved from: Plant Unsaturated Fatty 

Acids: Multiple Roles in Stress Response [Graphical Representation], Front. Plant Sci. – He & Ding, 

2020 (doi: 10.3389/fpls.2020.562785). Copyright by He & Ding. CC-BY 4.0. 

3.1.4. Fatty Acid Metabolism (Pelley, 2012) 

One of the objectives of this research work is to know the interaction that exists 

between the fatty acids registered in R. palmarum and the human organism, that is 

why it is important to know which is the metabolism that fatty acids follow in our 
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organism; because, as mentioned in the previous chapter, the route of administration 

used for the consumption of R. palmarum oils is the oral route.   

A transport process must precede each fatty acid metabolic pathway. This is 

because fatty acid chains are oxidized in the mitochondrial matrix and polymerized in 

the cytoplasm. In addition, it allows separate regulation of each pathway, as well as 

preventing pathway intermediates from carrying out competitive side reactions. 

Likewise, free fatty acids must be transported to the mitochondria for further 

oxidation. However, in order for acetyl-coenzyme A (CoA), which is the precursor of 

fat synthase, to bind to a fatty acid, it must be transported to the cytoplasm, because 

acetyl-CoA it originates in the matrix.  Reaction steps of the fatty acid synthesis 

pathway Acetyl-Coenzyme A to Palmitate: 

Scheme 1.  

Acetyl- Coenzyme A Shuttle 
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Note. Adaptated from: Fatty Acid and Triglyceride Metabolism [Book], Elsevier’s Integrated Review 

Biochemistry – Pelley, 2012 (doi:10.1016/b978-0-323-07446-9.00010-6). Copyright by Elsevier Inc.  

CC BY-NC-SA 4.0. 

Figure 15.  

Metabolic steps in the synthesis of fatty acids  

 

Note. Ketoacyl site contains an acetyl group during initiation, an acyl group during elongation, and 

palmitate before release as free palmitate. Step 1, citrate synthase; Step 2, citrate cleavage enzyme 

(citratelyase); Step 3, malate dehydrogenase; Step 4, malic enzyme; Step 5, acetyl-coenzyme A 

(CoA)–acyl carrier protein (ACP) transacylase; Step 6, acetyl-CoA carboxylase; Step 7, malonyl-CoA-

ACP transacylase. FAS, fatty acid synthesis. KS, 3-ketoacyl synthase; ADP adenosine diphosphate; ATP, 

adenosin triphosphate. Retrieved from: Fatty Acid and Triglyceride Metabolism [Book], Elsevier’s 

Integrated Review Biochemistry – Pelley, 2012 (doi:10.1016/b978-0-323-07446-9.00010-6). Copyright 

by Elsevier Inc. CC BY-NC-SA 4.0. 
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Scheme 2.  

Fatty Acid Polymerization Initiation 

 

Note. Adaptated from: Fatty Acid and Triglyceride Metabolism [Book], Elsevier’s Integrated Review Biochemistry – Pelley, 2012 (doi:10.1016/b978-0-323-

07446-9.00010-6). Copyright by Elsevier Inc. CC BY-NC-SA 4.0. 
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Figure 16.  

Elongation of fatty acid chains 

 

Note. Step 8, 3-ketoacyl synthase; Step 9, 3-ketoacyl reductase; Step 10, dehydratase; Step 11, enoyl 

reductase; Step 12, thioesterase. NADPH, nicotinamide adenine dinucleotide phosphate. Retrieved 

from: Fatty Acid and Triglyceride Metabolism [Book], Elsevier’s Integrated Review Biochemistry – 

Pelley, 2012 (doi:10.1016/b978-0-323-07446-9.00010-6). Copyright by Elsevier Inc. CC BY-NC-SA 4.0. 
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Scheme 3.  

β – Carbonyl Reduction 

 

Note. Adaptated from: Fatty Acid and Triglyceride Metabolism [Book], Elsevier’s Integrated Review 

Biochemistry – Pelley, 2012 (doi:10.1016/b978-0-323-07446-9.00010-6). Copyright by Elsevier Inc. 

CC BY-NC-SA 4.0. 

Scheme 4.  

Elongation Cycle  

 

Note. Adaptated from: Fatty Acid and Triglyceride Metabolism [Book], Elsevier’s Integrated Review 

Biochemistry – Pelley, 2012 (doi:10.1016/b978-0-323-07446-9.00010-6). Copyright by Elsevier Inc. 

CC BY-NC-SA 4.0. 
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Scheme 5.  

Triglyceride synthesis 

 

Note. Adaptated from: Fatty Acid and Triglyceride Metabolism [Book], Elsevier’s Integrated Review 

Biochemistry – Pelley, 2012 (doi:10.1016/b978-0-323-07446-9.00010-6). Copyright by Elsevier Inc. 

CC BY-NC-SA 4.0. 
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Figure 17.  

Assembly of a triglyceride 

 

Note. Step 13a, glycerol kinase; Step 13b, glycerol-3-phosphate dehydrogenase; Step 14, acetyl-

coenzyme A synthase; Step 15 and Step 16, acyltransferase. FFA, free fatty acid; DHAP, 

dihydroxyacetone phosphate; PPi ; inorganic pyrophosphate; Pi , inorganic phosphate. Retrieved from: 

Fatty Acid and Triglyceride Metabolism [Book], Elsevier’s Integrated Review Biochemistry – Pelley, 

2012 (doi:10.1016/b978-0-323-07446-9.00010-6). Copyright by Elsevier Inc. CC BY-NC-SA 4.0. 

3.2. Variables used for food analysis of the proximate composition of 

Rhynchophorus palmarum larvae. 

3.2.1. Moisture 

Moisture allows determining physical properties of materials; as well as powder 

properties, one of them is flowability (Hwabin et al., 2018). Therefore, moisture 

quantity testing is considered to be one of the most important and fundamental 

analytical procedures performed on food products (Bradley, 2010). 
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The amount of dry matter remaining after the removal of moisture is known as 

total solids (Ngamnikom & Songsermpong, 2011). This value is of utmost importance 

because water is considered an economic filler (Bradley, 2010). Scheme 6 indicates 

some of the important factors of moisture in food manufacturing. 

Scheme 6.  

Importance of moisture content in food processing. 

 

Note. Adaptated from: Food Analysis Fourth Edition - Chapter 6: Moisture and Total Solids [Book], 

Springer New York – Nielsen Suzanne - Bradley Robert, 2010 (https://doi.org/10.1007/978-1-4419-

1478-1). Copyright by Springer Science+Business Media, LLC 2010. CC BY-NC-SA 4.0. 

The drying method is the most commonly used method to determine moisture content. 

This method causes the evaporation of water at the boiling point (Kirk et al., 1996).  

Both the total solids content of the food and the moisture content can be calculated as 

follows when using the oven drying method (Bradley, 2010): 

%𝑀𝑜𝑖𝑠𝑡𝑢𝑟𝑒 (
𝑤𝑡

𝑤𝑡
) =  

𝑤𝑡 𝑜𝑓 𝑤𝑒𝑡 𝑠𝑎𝑚𝑝𝑙𝑒 − 𝑤𝑡 𝑜𝑓 𝑑𝑟𝑦 𝑠𝑎𝑚𝑝𝑙𝑒

𝑤𝑡 𝑜𝑓 𝑤𝑒𝑡 𝑠𝑎𝑚𝑝𝑙𝑒
 × 100 

[1] 

Where: wt Weight 

https://doi.org/10.1007/978-1-4419-1478-1
https://doi.org/10.1007/978-1-4419-1478-1
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3.2.2. Ashes 

After the organic matter in a food product undergoes a complete oxidation or 

ignition process, the remaining inorganic residue is known as ash (AOAC, 2007). The 

main types used in incineration are two: wet incineration and dry incineration. Wet 

ashing, or oxidation, is used to analyze certain types of minerals. Dry ashing, on the 

other hand, is used to know the proximate composition and to analyze specific 

minerals (Marshall, 2010) (see Scheme 7). The ash content of foods can be expressed 

in either wet weight or dry weight, depending on the method used (Aurand et al., 

1987).  

Scheme 7.  

Methods to obtain ashes 

 

Note. Adaptated from: Food Analysis Fourth Edition - Chapter 6: Ash Analysis [Book], Springer New 

York – Nielsen Suzanne – Marshall Maurice, 2010 (https://doi.org/ 10.1007/978-1-4419-1478-1_7). 

Copyright by Springer Science+Business Media, LLC 2010. CC BY-NC-SA 4.0. 

https://doi.org/10.1007/978-1-4419-1478-1
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The importance of ash analysis lies in the fact that it indicates the total mineral 

content of the food. It is an essential part in determining the proximate analysis for 

proximate evaluation. The first step for a specific elemental analysis of a food sample 

is the ash. In products of animal origin, a constant elemental ash content is generally 

expected, whereas in products of vegetable origin the ash content is variable (Marshall, 

2010).  The ashes content is calculated as follows (Marshall, 2010): 

% 𝑎𝑠ℎ (𝑑𝑟𝑦 𝑏𝑎𝑠𝑖𝑠)

=  
𝑤𝑡 𝑎𝑓𝑡𝑒𝑟 𝑎𝑠ℎ𝑖𝑛𝑔 − 𝑡𝑎𝑟𝑒 𝑤𝑡 𝑜𝑓 𝑐𝑟𝑢𝑐𝑖𝑏𝑙𝑒

𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙 𝑠𝑎𝑚𝑝𝑙𝑒 𝑤𝑡 × 𝑑𝑟𝑦 𝑚𝑎𝑡𝑡𝑒𝑟 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡
 × 100 

[2] 

Where: 

dry matter coefficient  =
% solids

100
   

For example, if R. palmarum larvae is 87% dry matter, the dry matter 

coefficient would be 0.87. If ash is calculated on an as-received or wet weight basis 

(includes moisture), delete the dry matter coefficient from the denominator. If 

moisture was determined in the same crucible prior to ashing, the denominator 

becomes (dry sample wt - tared crucible wt). 

3.2.3. Fat Analysis  

The main structural constituents of food are lipids, proteins and carbohydrates 

(Wijaya et al., 2015). Those substances that are soluble in organic compounds are 

known as lipids (Senesi & Loffredo, 1998). Some lipids are hydrophobic, such as 

triacylglycerols; others have hydrophobic and hydrophilic fractions, such as di- and 

monoacylglycerols, and are therefore soluble in relatively polar solvents (Min & 

Ellefson, 2010). Lipids are a large group composed of substances of similar 

composition and common properties (Segré et al., 2001). The most dominant category 

of lipids are the triacylglycerols, which are composed of fats and oils. Oils refer, in 

general, to those lipids that are liquid at room temperature; whereas, lipids that are 

solids at room temperature are referred to as fats (Ellefson, 2017). The U.S. Food and 

Drug Administration (FDA), to facilitate nutrition labeling, has defined total fat as the 

sum of fatty acids from C4 to C24, categorizing them as triglycerides. The classification 

of lipids is specified in scheme 8. 
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Scheme 8.  

The general classification of lipids  

 

Note. Adaptated from: Food Analysis Fourth Edition - Chapter 8: Fat Analysis [Book], Springer New 

York – Nielsen Suzanne – Min & Ellefson, 2010 (https://doi.org/10.1007/978-1-4419-1478-1_8). 

Copyright by Springer Science+Business Media, LLC 2010. CC BY-NC-SA 4.0. 

Accurate nutrition labeling depends on accurate and precise quantitative and 

qualitative analysis of lipids in foods. In addition, they allow us to know whether the 

food we are about to consume complies with manufacturing and identity standards 

(Pomeranz, 2013).   

https://doi.org/10.1007/978-1-4419-1478-1_8%20,
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To calculate the amount of fats by the Soxhlet method, a semi-continuous 

extraction method, the following calculation is used (Min & Ellefson, 2010): 

% 𝐹𝑎𝑡 𝑜𝑛 𝑑𝑟𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 𝑏𝑎𝑠𝑖𝑠 = (
𝑔 𝑜𝑓 𝑓𝑎𝑡 𝑖𝑛 𝑠𝑎𝑚𝑝𝑙𝑒

𝑔 𝑜𝑓 𝑑𝑟𝑖𝑒𝑑 𝑠𝑎𝑚𝑝𝑙𝑒
) × 100 [3] 

3.2.4. Protein Analysis (Chang, 2010) 

An abundant component of cells are proteins, which are fundamental in cell 

structure and biochemical functions, except for storage proteins. These proteins are 

very complex and vary in size (from 5000 to more than 1 million Daltons). 

Proteins can be classified according to their structure, biological function, 

composition or solubility properties. The basic building blocks of proteins are the 

alpha-amino acids; peptide linkages are those that bind these amino acid residues in 

a protein. In addition, the most distinctive element present in proteins is nitrogen, 

which makes the analysis of proteins in foods difficult, because the non-protein 

nitrogen can preferentially come from small peptides, free amino acids, phospholipids, 

nucleic acids, porphyrin, amino sugars, alkaloids, uric acid, urea, ammonium ions, and 

some vitamins. The importance of protein analysis in food and guidance on when to 

perform protein analysis is described in Scheme 9. The calculations for calculating the 

amount of protein in food are as follows: 

𝑀𝑜𝑙𝑒𝑠 𝑜𝑓 𝐻𝐶𝐿 = 𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝑁𝐻3 

𝑀𝑜𝑙𝑒𝑠 𝑜𝑓 𝐻𝐶𝐿 = 𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝑁 𝑖𝑛 𝑡ℎ𝑒 𝑠𝑎𝑚𝑝𝑙𝑒 

 Nitrogen must be extracted from the sample in a reagent blank. 

% 𝑁 = 𝑁 𝐻𝐶𝑙 × 
𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑 𝑎𝑐𝑖𝑑 𝑣𝑜𝑙𝑢𝑚𝑒

𝑔 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒
 ×  

14 𝑔 𝑁

𝑚𝑜𝑙
 × 100 [4] 

Where: 

NHCL = Normality of HCl 

Corrected acid vol. = (ml standard acid for sample) – (ml standard acid for blank) 

14 = Atomic weight of nitrogen 
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The percentage of N must be converted into percentage of crude protein, using 

a factor. Most proteins contain 16% N. The conversion factor is percent N in protein 

(%N protein) divided by 100 (100 /%N protein = conversion factor). 

% 𝑁

0.16
= % 𝑝𝑟𝑜𝑡𝑒𝑖𝑛 [5] 

% 𝑁 × 𝑐𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 = % 𝑝𝑟𝑜𝑡𝑒𝑖𝑛 [6] 

Scheme 9. Importance of Protein Analysis 

 

Note. Adaptated from: Food Analysis Fourth Edition - Chapter 9: Protein Analysis [Book], Springer 

New York – Nielsen Suzanne – Chang Sam, 2010 (https://doi.org/10.1007/978-1-4419-1478-1_9,). 

Copyright by Springer Science+Business Media, LLC 2010. CC BY-NC-SA 4.0. 

3.2.5. Carbohydrate Analysis (BeMiller, 2010) 

One source of energy from food is carbohydrates, which, in order to be digested, 

must be converted into monosaccharides, which influence physiological processes 

such as dietary fibers. In the human diet, 70% of the caloric value is carbohydrates. In 



Chontacuro (Rhynchophorus palmarum larvae) fatty acids and their potential medical application 

against viral infections using bioinformatic tools                                                                                    36 

36 
 

addition, excluding lactose, which comes from milk, all carbohydrates are of vegetable 

origin. Similarly, D-glucose and D-fructose, known as simple sugars 

(monosaccharides), are found in large quantities. 

In alimentary industry, carbohydrates contribute to bulk, viscosity, body, 

emulsion stability, water-holding capacity, foaming, flavor, freeze-thaw stability, 

texture and satiety.  

In the small intestine, the only carbohydrates that can be absorbed are 

monosaccharides. While oligo- and polysaccharides must be hydrolyzed to 

monosaccharides, so that they can be absorbed and subsequently used. Humans with 

enzymes found in the small intestine can digest sucrose, lactose, 

maltooligosaccharides, maltodextrins and starch. In nature, about 90% of 

carbohydrates are found in the form of polysaccharides.  

In carbohydrate analysis, qualitative and quantitative tests are used to 

determine the composition of ingredients and foods. Qualitative analyses are those 

that ensure the exact composition of ingredient or food labels. Quantitative analyses 

are those that ensure that they are listed in the correct order. Both analyses serve as 

authenticators of ingredients and foods, because they serve to detect if there is any 

adulteration in the food.  

Scheme 10 shows the flow chart for sample preparation and extraction of mono- 

and disaccharides. In addition, to calculate the total soluble carbohydrate (Kuklinski, 

2003) content, a difference is made between the sum total of the values obtained for 

moisture, ash, protein and fat and the initial weight of the sample (Caravaca et al., 

2003). 

% 𝐶𝑎𝑟𝑏𝑜ℎ𝑦𝑑𝑟𝑎𝑡𝑒 = 100 −  (% 𝑚𝑜𝑖𝑠𝑡𝑢𝑟𝑒 +  % 𝑎𝑠ℎ + % 𝑓𝑎𝑡 + % 𝑝𝑟𝑜𝑡𝑒𝑖𝑛) [7] 
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Scheme 10. Sample preparation and extraction of mono- and disaccharides 

 

Note. Adaptated from: Food Analysis Fourth Edition - Chapter 9: Protein Analysis [Book], Springer 

New York – Nielsen Suzanne – BeMiller, 2010 (https://doi.org/10.1007/978-1-4419-1478-1_10). 

Copyright by Springer Science+Business Media, LLC 2010. CC BY-NC-SA 4.0. 

3.3. Food analysis of R. palmarum larvae 

The data obtained for the degree of saturation of skin oils and the digestive fat content 

of R. palmarum larvae (expressed in percentages of g/100 g of total fat) are presented 

below (see table 5). In addition, the proximal composition (physicochemical 

parameters) of R. palmarum larvae is presented (see table 6). The fatty acid profile 

found in R. palmarum larvae by the authors mentioned at the beginning of the chapter 

is also presented (see table 7). 

It is important to mention that the larvae of R. palmarun, used in different 

investigations carried out by the authors mentioned at the beginning of the chapter, 
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come from different species of palms; this is due to the fact that the type of palm 

influences the content of fatty acids found in the R. palmarum larvae. As shown in 

Table 5, the palm species from which the R. palmarum larvae were extracted for food 

analysis were: Oenocarpus bataua var. bataua, Jacaratia digitata, Mauritia 

flexuosa, Bactris gasipaes and Elaeis guineensis. For the proximate composition 

analysis, the palm species from which the R. palmarum larvae were obtained were 

Mauritia flexuosa, Bactris gasipaes, Oenocarpus bataua var. bataua and Jacaratia 

digitata. For the analysis of the fatty acid profile present in the R. palmarum larvae, 

the chontacurs were extracted from the following palm species: Elaeis guineensis, 

Mauritia flexuosa, Bactris gasipaes, Oenocarpus bataua var. bataua and Jacaratia 

digitata. In addition, Batalha et al. cultured the larvae of R. palmarum in the 

laboratory for analysis by sex. Meanwhile, Sancho et al. and Vilharva et al. collected R. 

palmarun larvae in the wild without taking into account the origin of the palm. 

3.3.1. Fatty acid composition of R. palmarum larval oil 

As can be seen in Table 5, R. palmarum larvae present high amounts of unsaturated 

and saturated fatty acids. The values vary due to the palm from which the R. 

palmarum larvae were extracted. 

Table 5.  

Degree of saturation of skin and digestive fat content oils from Rhynchophorus 

palmarum larvae, expressed in percentages of g/100 g of total fat  

Acid 

Fatty 

(%) 

Type of Palm 

O. 

Bataua 

J. 

Digitata 
Mauritia Flexuosa Bactris gasipaes 

Elaeis 

Guineensis 

Santivañez & Paucar, 2021 

Vargas et al., 

2013 
Espinosa et al., 

2020 

Sancho et al., 

2015 

Ahipo Dué et 

al., 2009 

Skin DFC Skin DFC 

TUFA 44,48 45,77 48,08 46,90 45,56 Not reported No reported 54,90 55,00 

TFSA 55,51 53,03 50,82 53,10 54,44 56,21 55,70 36,8 45,06 44,97 

MUFA 43,40 44,73 44,99 43,85 42,58 41,27 42,05 60,4 47,53 48,77 

PUFA 1,10 1,05 3,10 2,05 2,98 2,88 2,65 1,5 7,37 6,24 

 

Where: 

 

 

 

DFC Digestive fat content 

TUFA Total unsaturated fatty acid 

TFSA Total saturated fatty acid 

MUFA Monounsaturated fatty acid 

PUFA Poly unsaturated fatty acid 
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3.3.2. Proximal composition of Rhynchophorus palmarum larvae 

As can be seen in Table 6, the amount of total fat presented by R. palmarun is relevant, 

indicating that they are a great source of energy. In addition, insects that are in the 

larva stage accumulate the greatest amount of fat, in order to use it while they go 

through their metamorphosis to become beetles (Espinosa et al., 2020). 

Table 6.  

Proximal chemical composition (100g) of R. palmarum larvae 

 

3.3.3. Fatty acid composition of R. palmarum larvae sorted by palm type 

As can be seen in Table 7, the fatty acid profile depends on the palm species from which 

the R. palmarum larvae were obtained or whether they were cultured in wild or 

laboratory media. In addition, the fatty acid composition is given as a percentage based 

on g/100 g of the total fatty acids in the skin oil and digestive fat content of R. 

palmarum larvae. 

All the studies that have been carried out show that R. palmarum larvae have essential 

fatty acids for the organism, such as oleic, linolenic and linoleic acids in significant 

quantities. In addition, since palmitic oil is present in large quantities, it can be used 

as an energetic food. In industry, palmitic oil is used for the manufacture of margarines 

and soaps (Vargas et al., 2013) 

 

 

 

Physicochemical 
parameters 

Content 100 g 

Type of Palm 

M. Flexuosa 
B. 

Gasipaes 
O. Batauta J. Digitata 

Sancho et 
al., 2015 

Espinosa et 
al., 2020 

Maceda & 
Chiñi, 2021 

Cerda et 
al., 2001 

Vargas et 
al., 2013 

Espinosa et 
al., 2020 

Maceda & 
Chiñi, 2021 

Maceda & 
Chiñi, 2021 

Ash 0,64 0,85 0,5 2,1 1,38 0,76 0,3 1,1 

Carbohydrates  1,53 1,44 7,3 8,2 7,81 1,71 6,56 4,4 

Moisture 69,88 66 67,2 57,33 71,50 65,20 69,5 94,1 

Protein  3,84 8,68 0,6 3,87 13,06 8,72 0,6 0,3 

Total fat 24,11 23,02 24,40 28,5 6,31 23,61 23,04 19,42 
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Table 7.  

Fatty acid composition of skin oil and digestive fat content of Rhynchophorus palmarum larvae according to the type of palm of 

origin (g/100 g of the total fatty acids) 

Fatty 
Acid  
(%) 

Laboratory Wild Mode 
E. 

Guineensi
s 

M. Flexuosa 
B. 
Gasipaes 

O. 
Batauta 

J. 
Digitata 

Batalha et al., 
2020 

Sancho et 
al., 2015 

Vilharva et 
al., 2021 

Ahipo Dué 
et al., 2009 

Espinosa et 
al., 2020 

Vargas et al., 
2013 

Maceda & 
Chiñi, 2021 

Espinosa et 
al., 2020 

Maceda & 
Chiñi, 2021 

Maceda & 
Chiñi, 2021 

Skin DFC Skin + DFC Skin + DFC Skin + DFC Skin + DFC Skin DFC Skin + DFC Skin + DFC Skin + DFC Skin + DFC 

C:8 -------- -------- -------------- -------------- -------------- ---------- ------ ------ ------------ -------------- -------------- 0,26 

C:10 -------- -------- -------------- -------------- -------------- ---------- ------ ------ ------------ -------------- -------------- 0,29 

C:12 -------- -------- 0,1 0,1 -------------- ---------- ------ ------ ------------ -------------- -------------- 0,28 

C:14 -------- 2,47 2,8 5,4 2,54 3,11 1,91 2,27 2,08 3,85 2,11 2,56 

C:16 -------- 1,90 28,0 42,7 40,44 45,30 41,78 43,65 41,81 45,45 44,56 43,91 

C: 16:1 5,35* 37,06 1,2 6,3 -------------- 1,79 0,75 1,01 1,45 3,10 1,34 1,72 

C:17 -------- -------- -------------- -------------- -------------- ---------- ------ ------ 0,26 -------------- -------------- -------------- 

C:18 -------- -------- 5,9 3,1 1,99 7,80 9,41 8,52 5,95 6,40 8,13 5,16 

C: 18:1w-9 11,75* 38,33 59,2 40 46,71 38,70 43,10 41,57 43,54 38,15 42,06 43,01 

C 18:2w-6 5,37* 4,77 1,1 1,1 6,24 1,83 2,00 1,93 1,96 1,60 0,67 0,76 

C 18:3w-3 -------- -------- 0,3 -------------- -------------- 1,05 ------ ------ 1,14 1,05 0,43 0,29 

C 18:2 -------- -------- -------------- -------------- -------------- ---------- 1,05 1,05 ------------ -------------- -------------- -------------- 

C:20 0,06 0,73 -------------- 0,9 -------------- 0,78 ------ ------ 0,72 0,80 0,72 0,58 

C:21 0,49 -------- -------------- -------------- -------------- ---------- ------ ------ ------------ -------------- -------------- -------------- 

C:22 60,21* -------- -------------- -------------- -------------- ---------- ------ ------ ------------ -------------- -------------- -------------- 

C:23 0.22 -------- -------------- -------------- -------------- ---------- ------ ------ ------------ -------------- -------------- -------------- 

* Fatty acid present only in female R. palmarum larvae.            
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3.4. Medical properties of fatty acids identified in R. palmarum larvae. 

3.4.1.        Caprylic acid (Octanoic acid) 

Caprylic fatty acid (see Figure 18) was discovered bound to ghrelin in the 

stomach of a purified rat (Rioux, 2016). It is a short-chain saturated fatty acid (C:8) 

(Nair et al., 2005), which is part of the medium-chain saturated fatty acids (MCFA) 

(Lemarié et al., 2016). This short-chain fatty acid is found naturally in palm kernel, 

coconut oil (Lemarié et al., 2016), bovine milk, and breast milk (Jensen et al., 1990). 

Furthermore, in 1995 a group of scientists, while investigating the antimicrobial 

activity of lipids present in breast milk, bovine milk and infant formula, discovered 

that both caprylic fatty acid and monocaprylin, monoglyceride, are effective in 

disabling infant pathogens. The viruses reported to be disabled by caprylic acid are: 

respiratory syncytial virus, Group B streptococci, herpes simplex virus and 

Haemophilus Influenzae (Charles et al., 1995).  

Figure 18.  

Caprylic acid, PubChem CID: 379 

 

A.  

 

B.  

Note. A. 2D structure. B. 3D structure is built in the Avogadro program, in order to add the protonation 

state to the molecule and then optimize it for molecular docking. Retrieved from: A. PubChem 

Compound Summary for CID 379, Octanoic acid [Graphical Representation], PubChem, 2022 

(https://pubchem.ncbi.nlm.nih.gov/compound/Octanoic-acid). Copyright by National Library of 

Medicine - National Center for Biotechnology Information - PubChem. CC-BY 4.0. 

 

https://pubchem.ncbi.nlm.nih.gov/compound/Octanoic-acid
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3.4.2.        Capric Acid (Decanoic acid) 

Found naturally in coconut oil and palm oil (Katdare et al., 2019), capric acid 

(C:10) (see Figure 19) is a saturated straight chain fatty acid belonging to the medium 

chain fatty acid (MCFA) group. Capric acid is used as an anti-inflammatory and 

antibacterial agent as well as a plant and human metabolite (National Center for 

Biotechnology Information, 2022).  

Capric oil has been reported to possess divergent immunomodulatory 

propensities, providing positive regulation of GPR84 and PPARγ (proteins associated 

with immune responses) (Sam et al., 2021). In addition, it has been reported as a fuel 

for treating neutrophilic disorders (Gagnon et al., 2018), due to boosting hepatic 

production of ketone bodies, elevating mitochondrial proton leakage, being involved 

in metabolic coupling of neurons, astrocytes (Andersen et al., 2021) and in human 

osteoblastic cells (MG63) (Venugopal et al., 2017). In turn, it has been reported to 

mitigate properties of porcine epidemic diarrhea virus (PEDV), thus showing an 

antiviral effect (Gebhardt et al., 2020). In addition, the growth of Candida albicans is 

inhibited when in contact with capric acid (Bergsson et al., 2001).  

Figure 19.  

Capric acid, PubChem CID: 2969 

 

A. 

 

B. 

Note. A. 2D structure. B. 3D structure is built in the Avogadro program, in order to add the protonation 

state to the molecule and then optimize it for molecular docking. Retrieved from: A. PubChem 

Compound Summary for CID 2969, Decanoic acid [Graphical Representation], PubChem, 2022 
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(https://pubchem.ncbi.nlm.nih.gov/compound/Decanoic-acid). Copyright by National Library of 

Medicine - National Center for Biotechnology Information - PubChem. CC-BY 4.0. 

3.4.3.        Lauric Acid (Dodecanoic acid) 

Both coconut oil and palm oil have lauric acid (C:12) (see Figure 20) as their 

main component (Dayrit, 2015). Which is a fatty acid with a chain of twelve carbon 

atoms (National Center for Biotechnology Information, 2022), making it a medium 

chain triglyceride (MCT) (Dayrit, 2015). Lauric acid is used against gram-positive 

bacteria (S. aaureus) (Lieberman et al., 2006), viruses (vesicular stomatitis [VSV], 

herpes simplex [HSV], visna [VV]) and fungi, such as C. albicans (Nitbani et al., 2022). 

Figure 20.  

Lauric acid, PubChem CID: 3893 

 
A.  

 

 

B.  
 

Note. A. 2D structure. B. 3D structure is built in the Avogadro program, in order to add the protonation 

state to the molecule and then optimize it for molecular docking. Retrieved from: A. PubChem 

Compound Summary for CID 3893, Lauric acid [Graphical Representation], PubChem, 2022 

(https://pubchem.ncbi.nlm.nih.gov/compound/Lauric-acid) Copyright by National Library of 

Medicine - National Center for Biotechnology Information - PubChem. CC-BY 4.0. 

3.4.4.        Myristic Acid (Tetradecanoic acid) 

Found in butterfat, coconut and palm oil (Kalaimathi et al., 2022), myristic acid 

(see Figure 21) (C:14) is a long-chain saturated fatty acid (National Center for 

Biotechnology Information , 2022). Reports indicate that in liver and blood plasma it 

increases the concentration of docosahexaenoic acid (DHA) and eicosapentaenoic acid 

https://pubchem.ncbi.nlm.nih.gov/compound/Lauric-acid
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(EPA) with increasing myristic acid intake (Balvers et al., 2010). Also, in brain tissues, 

it increases DHA and arachidonic acid (AA) concentrations (Kalaimathi et al., 2022). 

Similarly, myristic acid, along with other long-chain fatty acids, regulate embryonic 

neural stem cells (eNSCs)  (Mahmoudi et al., 2019).  

Another activity reported for myristic acid is the inhibition of biofilm formation 

in bacteria and fungi (Kim et al., 2021), demonstrating antimicrobial and antifungal 

activity. Antioxidant activity is also reported (Mohd et al., 2021), against oxidative 

damage produced by diabetes mellitus in the testicles (Henry et al., 2002). In addition, 

its consumption attenuates hyperglycemia, because it increases glucose uptake in 

skeletal muscles (Takato et al., 2017). 

Figure 21.  

Myristic acid, PubChem CID: 11005 

 
A.  

 

 

B.  
 

Note. A. 2D structure. B. 3D structure is built in the Avogadro program, in order to add the protonation 

state to the molecule and then optimize it for molecular docking. Retrieved from: A. PubChem 

Compound Summary for CID 11005, Myristic acid [Graphical Representation], PubChem, 2022 

(https://pubchem.ncbi.nlm.nih.gov/compound/Myristic-acid). Copyright by National Library of 

Medicine - National Center for Biotechnology Information - PubChem. CC-BY 4.0. 

https://pubchem.ncbi.nlm.nih.gov/compound/Lauric-acid
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3.4.5.        Palmitic Acid (Hexadecanoic acid) 

Found in meats, cheese, butter, milk, palm oil and palm kernel oil (National 

Center for Biotechnology Information, 2022), palmitic acid (C:16) is the most common 

saturated fatty acid found in microorganisms, plants and animals (Gunstone et al., 

2007); it is the most common fatty acid found in the human body (Carta et al., 2017).  

Discovered in saponified palm oil in 1840 (Frémy, 1842), palmitic fatty acid (see 

Figure 22) is often considered harmful to health because it favors the development of 

obesity and related diseases, such as insulin resistance, as well as its significant 

increase in the hypothalamus in mice, altering insulin signaling in neurons (Ávalos et 

al., 2022). But not all, are disadvantages for palmitic fatty acid, because it is an 

essential component in cell membranes, as well as in transport and secretory lipids. It 

also plays indispensable roles in palmitoylated signaling molecules as well as in 

protein palmitoylation (Agostonia et al., 2016). Furthermore, it has been shown that 

in human umbilical vein endothelial cells (HUVEC), C:16 increased the expression of 

ANGPTL4, a protein involved in the regulation of angiogenesis and in the arrest of 

cardiac diseases (Zhan et al., 2022) 

Figure 22.  

Palmitic acid, PubChem CID: 985 

 

A.  

 

B.  

Note. A. 2D structure. B. 3D structure is built in the Avogadro program, in order to add the protonation 

state to the molecule and then optimize it for molecular docking. Retrieved from: A. PubChem 

Compound Summary for CID 985, Palmitic Acid [Graphical Representation], PubChem, 2022 

(https://pubchem.ncbi.nlm.nih.gov/compound/Myristic-acid). Copyright by National Library of 

Medicine - National Center for Biotechnology Information - PubChem. CC-BY 4.0. 

https://pubchem.ncbi.nlm.nih.gov/compound/Lauric-acid
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3.4.6.       Palmitoleic Acid ([Z]-Hexadec-9-enoic-acid) 

Found in Pterodon emarginatus and Dryopteris assimilis (National Center for 

Biotechnology Information , 2022), palmitoleic acid (C16:1n-7) (see Figure 23) is a 

monounsaturated fatty acid, in the human body, it is found in serum, adipose tissue 

and liver (Frigolet & Gutiérrez-Aguilar, 2017). Palmitoleic acid has been reported to 

have antimicrobial activity against pathogenic gran-negative bacteria as well as gram-

positive bacterial infections (Wille & Kydonieus, 2003).    

Figure 23.  

Palmitic Acid, PubChem CID: 445638 

 

A.  

 

B.  

Note. A. 2D structure. B. 3D structure is built in the Avogadro program, in order to add the protonation 

state to the molecule and then optimize it for molecular docking. Retrieved from: A. PubChem 

Compound Summary for CID 445638, Palmitoleic acid [Graphical Representation], PubChem, 2022 

(https://pubchem.ncbi.nlm.nih.gov/compound/Palmitoleic-acid). Copyright by National Library of 

Medicine - National Center for Biotechnology Information - PubChem. CC-BY 4.0. 
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3.4.7.        Margaric Acid (Heptadecanoic acid) 

Found in ruminant milk fat (National Center for Biotechnology Information, 2022) 

and in M. flexuosa palm (Maceda & Chiñi, 2021), margaric acid (see Figure 26), an 

odd long-chain saturated fatty acid (Xu et al., 2019), serves as a biomarker for milk fat 

intake (Pfeuffer & Jaudszus, 2016). In addition, margaric fatty acid has been shown to 

be an effective agent against non-small cell lung carcinomas (NSCLC), because it 

prevents cell migration and proliferation; at the same time, it promotes cell apoptosis 

of PC-9 (derived from a human adenocarcinoma of the lung tissue that remains 

differentiated) (Xu et al., 2019). 

Figure 24.  

Margaric acid, PubChem CID: 10465 

 

A.  

 

B.  

Note. A. 2D structure. B. 3D structure is built in the Avogadro program, in order to add the 

protonation state to the molecule and then optimize it for molecular docking. Retrieved from: A. 

PubChem Compound Summary for CID 10465, Heptadecanoic acid [Graphical Representation], 

PubChem, 2022 (https://pubchem.ncbi.nlm.nih.gov/compound/Heptadecanoic-acid). Copyright 

by National Library of Medicine - National Center for Biotechnology Information - PubChem. CC-

BY 4.0. 
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3.4.8.        Stearic Acid (Octadecanoic acid) 

Found in various animals and plants (National Center for Biotechnology 

Information, 2022), stearic acid (C:18)  (see Figure 25) is a saturated fatty acid (Loften 

et al., 2014), which serves to prevent alcohol-induced liver damage by improving 

intestinal barrier and regulating intestinal microbiota (GM) (Nie et al., 2022). 

Figure 25.  

Stearic acid, PubChem CID: 5281 

 

A.  

 

B.  

Note. A. 2D structure. B. 3D structure is built in the Avogadro program, in order to add the protonation 

state to the molecule and then optimize it for molecular docking. Retrieved from: A. PubChem 

Compound Summary for CID 5281, Stearic acid [Graphical Representation], PubChem, 2022 

(https://pubchem.ncbi.nlm.nih.gov/compound/Stearic-Acid). Copyright by National Library of 

Medicine - National Center for Biotechnology Information - PubChem. CC-BY 4.0. 

3.4.9.        Oleic Acid (cis-9-Octadecenoic acid) 

Found in Gladiolus italicus, Prunus mume (National Center for Biotechnology 

Information , 2022) and other vegetable fats and oils (Liebert, 1987), 

monounsaturated fatty oleic acid (18:1 cis-9) (see Figure 26) possessing a double bond 
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at C-9 (Chaves et al., 2020). It has been reported that oleic acid serves to modulate 

various biological functions; as well as, in aiding wound healing (Sales-Campos et al., 

2013). Oleic acid also has anti-inflammatory potential (Carrillo et al., 2012), lowers 

systolic blood pressure and myocardial infarction (Karacor & Cam, 2015).  

Figure 26.  

Oleic acid, PubChem CID: 445639 

 

A.  

 

B.  

Note. A. 2D structure. B. 3D structure is built in the Avogadro program, in order to add the protonation 

state to the molecule and then optimize it for molecular docking. Retrieved from: A. PubChem 

Compound Summary for CID 445639, Oleic acid [Graphical Representation], PubChem, 2022 

(https://pubchem.ncbi.nlm.nih.gov/compound/Oleic-acid). Copyright by National Library of Medicine 

- National Center for Biotechnology Information - PubChem. CC-BY 4.0. 

3.4.10. Linoleic Acid ([9Z-12Z]-octadeca-9,12-dienoic acid) 

Found mainly in vegetable oils, linoleic acid (C18:2 Δ9,12) (see Figure 27) is an 

essential polyunsaturated fatty acid (National Center for Biotechnology Information, 
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2022), has pro-inflammatory properties (Choque et al., 2014), resulting in adverse 

health effects (Jandacek, 2017). Despite this, linoleic acid is used to treat skin 

disorders related to its deficiency. Furthermore, due to the composition of linoleic 

acid, it confers a certain degree of fluidity to the lipid membrane and in turn 

participates in cell signaling (Whelan & Fritsche, 2013). It has also been reported that 

both innate and adaptive immune function is modulated by linoleic acid (O'Shea et al., 

2004). 

Figure 27.  

Linoleic acid, PubChem CID: 5280450 

 

A.  

 

B.  

Note. A. 2D structure. B. 3D structure is built in the Avogadro program, in order to add the protonation 

state to the molecule and then optimize it for molecular docking. Retrieved from: A. PubChem 

Compound Summary for CID 5280450, Linoleic acid [Graphical Representation], PubChem, 2022 

(https://pubchem.ncbi.nlm.nih.gov/compound/Linoleic-acid). Copyright by National Library of 

Medicine - National Center for Biotechnology Information - PubChem. CC-BY 4.0. 
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3.4.11. Alpha-Linolenic Acid 

Natural origin, alpha-linolenic acid (C:18) (see Figure 28) is an essential 

polyunsaturated omega-3 fatty acid (Stark et al., 2008), with 3 cis double bonds; it has 

anticancer, metabolic anti-syndrome and intestinal flora regulating functions (Yuan et 

al., 2021). In addition, alpha-linolenic acid serves as a neuroprotector, because it 

protects the brain from strokes (Blondeau et al., 2015). There are also records that 

alpha-linolenic acid improves cardiovascular functions, as well as regulates blood 

pressure (Gogna et al., 2022), preventing and coping with coronary heart disease 

(Lorgeril & Salen, 2004).  

Figure 28.  

Alpha-Linolenic acid, PubChem CID: 184021992 

 

A.  

 

B.  

Note. A. 2D structure. B. 3D structure is built in the Avogadro program, in order to add the protonation 

state to the molecule and then optimize it for molecular docking. Retrieved from: A. PubChem 

Substance Record for SID 175267648, alpha-linolenic acid [Graphical Representation], PubChem, 2022 

(https://pubchem.ncbi.nlm.nih.gov/substance/175267648). Copyright by National Library of Medicine 

- National Center for Biotechnology Information - PubChem. CC-BY 4.0. 
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3.4.12.  Arachidonic acid  

Found in animal and human fat as well as in liver, glandular organs and brain 

(National Center for Biotechnology Information , 2022), arachidonic acid (C20:4(ω-

6)) (see Figure 29) is a polyunsaturated fatty acid with four cis double bonds (Tallima 

& Ridi, 2017); it participates, as a precursor, in the biosynthesis of thromboxanes, 

Bosetti leukotrienes and prostaglandins, thus participating in the functions of 

vasodilator, vasoconstrictor and bronchoconstriction (Davies, 2008). In addition, 

there are records that arachidonic acid participates in cardiovascular diseases and 

inflammatory diseases, as well as in carcinogenesis, asthma and arthritis (Wang et al., 

2021). Also, polyunsaturated fatty acid is involved in cell signaling to regulate TRP 

channel activities (TRPV1 and TRPV4) (Luo & Hu, 2014) 

Figure 29.  

Arachidonic acid, PubChem CID: 444899 

 

A.  

 

B.  
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Note. A. 2D structure. B. 3D structure is built in the Avogadro program, in order to add the protonation 

state to the molecule and then optimize it for molecular docking. Retrieved from: A. PubChem 

Compound Summary for CID 444899, Arachidonic acid [Graphical Representation], PubChem, 2022 

(https://pubchem.ncbi.nlm.nih.gov/compound/Arachidonic-acid). Copyright by National Library of 

Medicine - National Center for Biotechnology Information - PubChem. CC-BY 4.0. 

3.4.13. Heneicosanoic acid 

Present in Rhizophora apiculata, Aloe africana and other plant products (Batalha 

et al., 2020), heneicosanoic acid (C:21) (see Figure 30) is a long-chain saturated fatty 

acid (National Center for Biotechnology Information , 2022); it is used as a biomarker 

because it is unusual in biological systems (Universal Biologicals, 2022). In addition, 

heneicosanoic acid has been shown to have inhibitory effects on the p53 protein. 

(Iijima et al., 2006). 

Figure 30.  

Heneicosanic acid, PubChem CID: 16898 

 

A.  

 

B.  

Note. A. 2D structure. B. 3D structure is built in the Avogadro program, in order to add the protonation 

state to the molecule and then optimize it for molecular docking. Retrieved from: A. PubChem 

Compound Summary for SID 16898, Heneicosanoic acid [Graphical Representation], PubChem, 2022 

(https://pubchem.ncbi.nlm.nih.gov/compound/Heneicosanoic-acid). Copyright by National Library of 

Medicine - National Center for Biotechnology Information - PubChem. CC-BY 4.0. 
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3.4.14. Behenic acid (Docosanoic acid) 

Found in  Staphisagria macrosperma and Tripneustes ventricosus, behenic 

acid (C:22) (see Figure 31),  is  a very long chain monounsaturated fatty acid with a cis 

link at C13 (National Center for Biotechnology Information, 2022), it has properties 

as an antiviral and antimicrobial agent (Liang et al., 2020).  However, it has negative 

effects against cardiac muscle, thus being considered as a natural toxin (Vetter et al., 

2020). 

Figure 31.  

Behenic acid, PubChem CID: 8215 

 

A.  

 

B.  

Note. A. 2D structure. B. 3D structure is built in the Avogadro program, in order to add the protonation 

state to the molecule and then optimize it for molecular docking. Retrieved from: A. PubChem 

Compound Summary for CID 8215, Docosanoic acid. [Graphical Representation], PubChem, 2022 

(https://pubchem.ncbi.nlm.nih.gov/compound/Docosanoic-acid). Copyright by National Library of 

Medicine - National Center for Biotechnology Information - PubChem. CC-BY 4.0. 

 

https://pubchem.ncbi.nlm.nih.gov/taxonomy/104301#section=Natural-Products
https://pubchem.ncbi.nlm.nih.gov/taxonomy/105367#section=Natural-Products
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3.4.15. Tricosanoic acid  

Considered as a plant and human metabolite, tricosanoic fatty (C:23) (see 

Figure 32) acid is a very long chain saturated fatty acid (National Center for 

Biotechnology Information, 2022). 

Figure 32.  

Tricosanoic acid, PubChem CID: 17085 

 

A.  

 

B.  

Note. A. 2D structure. B. 3D structure is built in the Avogadro program, in order to add the protonation 

state to the molecule and then optimize it for molecular docking. Retrieved from: A. PubChem 

Compound Summary for CID 17085, Tricosanoic acid [Graphical Representation], PubChem, 2022 

(https://pubchem.ncbi.nlm.nih.gov/compound/Tricosanoic-acid). Copyright by National Library of 

Medicine - National Center for Biotechnology Information - PubChem. CC-BY 4.0. 
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CHAPTER 4:  ACE2 Receptor for SARS-CoV-2 

In early 2020, the WHO declared pandemic of COVID 19 (World Health 

Organization, 2022) began, and the SARS-CoV-2 strain was identified as the 

cause of the pandemic. SARS-CoV-2, in a general way, it is composed of several 

structural proteins that encapsulate a positive single-stranded genomic RNA. The 

structural proteins are: nucleocapsid protein (N), envelope protein (E), 

membrane protein (M), spike protein (S) and hemagglutinin esterase-dimer 

(showed in Figure 33).  

Figure 33.  

Structure of the SARS-CoV-2 virus 

  

Note. Schematic diagram of the SARS-CoV-2 structure and its several accessory proteins. A. Spike 

Glycoprotein (S), mediates the receptor binding and membrane fusion between the virus and host 

cell. B. Envelope (E), involved in virus assembly. C. Membrane Protein (M), is responsible for the 

transmembrane transport of nutrients, the bud release and the formation of envelope. D. 

Hemagglutinin Esterase-dimer, is used as invading mechanism. E. Single-stranded RNA genome 

of SARS-CoV2. F. Nucleocapsid (N), is used to protects the viral RNA. Adapted from: Immune-

mediated approaches against COVID-19 [Graphical Representation], Nature Nanotechnology - 

Florindo et al, 2020 (https://doi.org/10.1038/s41565-020-0732-3). Copyright by Springer 

Nature Limited – Nature Nanotechnology. CC BY-NC 4.0. 3D structures were obtained from the 

RCSB Protein Data Bank - COVID-19/SARS-CoV-2 Resources, 2023 [Crystal Structure 

Representation] (RCSB.org/covid19). Copyright by RCSB Protein Data Bank. CC BY-SA 4.0.  
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In the SARS-CoV-2 strain, as with all viruses in the Coronaviridae family 

(Ou et al., 2020), the protein called Spike (S) [~1300 amino acids], is responsible 

for host cell recognition and adhesion. (Khan et al., 2020; Li F. , 2016).  Six 

different receptors have been identified in various human cell membranes that 

are recognized by the Spike (S) protein trimer (see Figure 34), which are: furin 

(amino acid cleavage convertase proteins]), sialic acid (component of 

glycoproteins [monosaccharide]), aminopeptidase N (hydrolyze the amino 

terminus residue of peptides [peptidase enzyme]), heat shock protein A5 

(HSPA5) (cause cellular stress [proteins]), heparan sulfate proteoglycans 

(selective interaction with ligands [proteins]) and angiotensin-converting 

enzyme 2 (ACE2) (control blood pressure [enzyme]) (Belouzard et al., 2012; 

Hasan et al., 2020; Hofmann et al., 2005; Huang et al., 2015; Ibrahim et al., 

2020). 

Figure 34.  

Main membrane receptors that interact with the Spike (S) protein trimer 

 

Note. The crystal structures were obtained from the PDB (Protein Data Bank). Furin. Adapted 

from X-ray structure of furin in complex with the dichlorophenylpyridine-based inhibitor 1 

[Crystal Structure Representation], RCSB Protein Data Bank (PDB 7QY0) - Dahms et al., 2022 

(DOI: 10.2210/pdb7QY0/pdb). Copyright by RCSB Protein Data Bank. CC BY-SA 4.0. 

Aminopeptidase N. Adapted from: Crystal Structure of Aminopeptidase N from Escherichia 

coli [Crystal Structure Representation], RCSB Protein Data Bank (PDB 2DQ6) – Nakajima et al., 

2006 (DOI: 10.2210/pdb2DQ6/pdb). Copyright by RCSB Protein Data Bank. CC BY-SA 4.0. Heat 

shock protein A5. Adapted from Crystal structure of the human 70kDa heat shock protein 5 
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(BiP/GRP78) ATPase domain in complex with ADP [Crystal Structure Representation], RCSB 

Protein Data Bank (PDB 3IUC) – Wisniewska et al., 2009 (DOI: 10.2210/pdb3IUC/pdb). 

Copyright by RCSB Protein Data Bank. CC BY-SA 4.0. Angiotensin-converting enzyme 2. 

Adapted from Native Human Angiotensin Converting Enzyme-Related Carboxypeptidase (ACE2) 

[Crystal Structure Representation], RCSB Protein Data Bank (PDB 1R42) – Towler et al., 2004 

(DOI: 10.2210/pdb1R42/pdb). Copyright by RCSB Protein Data Bank. CC BY-SA 4.0. Spike 

Glycoprotein (S). Structure of SARS-CoV-2 spike at pH 4.0 [Crystal Structure Representation], 

RCSB Protein Data Bank (PDB 6XLU) – Zhou et al., 2020 (DOI: 10.2210/pdb6XLU/pdb). 

Copyright by RCSB Protein Data Bank. CC BY-SA 4.0. Sialic acid. Adapted from SMILE code 

obtained from PubChem Compound Summary for CID 906, Sialic acid [Graphical 

Representation], PubChem, 2020 (https://pubchem.ncbi.nlm.nih.gov/compound/Sialic-acid). 

Copyright by National Library of Medicine - National Center for Biotechnology Information - 

PubChem. CC-BY 4.0. Heparan Sulfate Proteoglycans. Adapted from Exploiting Heparan 

Sulfate Proteoglycans in Human Neurogenesis—Controlling Lineage Specification and Fate 

[Graphical Representation], Frontiers in Integrative Neuroscience. - Yu et al., 2017 

(https://doi.org/10.3389/fnint.2017.00028). Copyright by Yu, Griffiths and Haupt. CC-BY 4.0. 

The present research focused on the angiotensin-converting enzyme 2 

(ACE2) receptor, because by selecting ligands based on the RBD-SARS-CoV-2 

sequence (Lan J. et al., 2020), different polyunsaturated (Kothapalli et al., 2020; 

Rogero et al., 2020) and monounsaturated fatty acids were found to interact 

(Yaqoob, 2002) and interfere more effectively with binding to the ACE2 receptor 

– and the SARS-CoV-2 Spike protein (Baral et al., 2022; Hathaway et al., 2020). 

The union between the spike of the SARS-CoV-2 virus and the ACE2 enzyme 

causes fusion between the cell membrane and the viral capsid, which allows entry 

of the virus (see Figure 35A) (Hoffmann et al., 2020; Jaimes et al., 2020; Lippi et 

al., 2020).  

The virus-membrane binding and fusion mediators are S1 and S2, which 

are the units that make up the transmembrane glycoprotein S (spike protein) 

(Hathaway et al., 2020). The S1 subunit contains the binding to the ACE2 

receptor, in its N-terminal domain (NTD) (Lan J. et al., 2020). When this binding 

occurs, the S2 subunit undergoes a conformational change, specifically the 

regions of heptad repeats (HR); which are transformed into an intra-hairpin-

helical structure, this structure has six bundles of helices (Bosch et al., 2003; Xu 

et al., 2020) (see Figure 35B). After the conformational change in the human cell 

membrane, the fusion peptide is attached, causing the nucleocapsid protein to be 

delivered into the cell by the virus.  
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Figure 35.  

Union between the spike of the SARS-CoV-2 virus and the ACE2 enzyme in 

membrane cell 

 

 

Note. Schematic of the SARS-CoV-2 S protein binding to the ACE2 enzyme to enter the 

cell cytoplasm for replication. A. The S protein binds to the receptor ACE2. B. The binding 

and virus–cell fusion process mediated by the S protein. The graphical representation A 

was made in biorender.com. B. Adapted from: Structural and functional properties of 

SARS-CoV-2 spike protein: potential antivirus drug development for COVID-19 

[Graphical Representation], Acta Pharmacol Sin – Huang et al., 2020 

(https://doi.org/10.1038/s41401-020-0485-4) Reproduced with permission from 

Springer Nature. 

A. 

B. 
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CHAPTER 5: Methodology  

5.1      Structural retrieval 

The structures of the natural compounds identified by various authors 

from the larva R. palmarum, specified in section 3.4. and identified by 

composition in Table 7, were retrieved from the PubChem database (Kim et al., 

2019), are specified in Table 8, together with their SMILE code, formula and 

molecular weight. The identification number of each organic compound (CID) is 

given in section 3.4. The SMILES code is used for the design of the fatty acids 

identified in R. palmarum larvae in the Avogadro software. 

Table 8. Chemical structures of the fatty acids identified in the larvae of R. 

palmarum 

Section SMILES 
Molecular 
Formula 

Molecular 
Weight 
(g/mol) 

3.4.1. CCCCCCCC(=O)O C8H16O2 144.21 

3.4.2. CCCCCCCCCC(=O)O C10H20O2 172.26 

3.4.3. CCCCCCCCCCCC(=O)O C12H24O2 200.32 

3.4.4. CCCCCCCCCCCCCC(=O)O C14H28O2 228.37 

3.4.5. CCCCCCCCCCCCCCCC(=O)O C16H32O2 256.42 

3.4.6. CCCCCC/C=C\CCCCCCCC(=O)O C16H30O2 254.41 

3.4.7. CCCCCCCCCCCCCCCCC(=O)O C17H34O2 270.5 

3.4.8. CCCCCCCCCCCCCCCCCC(=O)O C18H36O2 284.5 

3.4.9. CCCCCCCC/C=C\CCCCCCCC(=O)O C18H34O2 282.5 

3.4.10. CCCCC/C=C\C/C=C\CCCCCCCC(=O)O C18H32O2 280.4 

3.4.11. O=C(O)CCCCCCC/C=C\C/C=C\C/C=C\CC C18H30O2 278.43 

3.4.12. CCCCC/C=C\C/C=C\C/C=C\C/C=C\CCCC(=O)O C20H32O2 304.5 

3.4.13. CCCCCCCCCCCCCCCCCCCCC(=O)O C21H42O2 326.6 

3.4.14. CCCCCCCCCCCCCCCCCCCCCC(=O)O C22H44O2 340.6 

3.4.15. CCCCCCCCCCCCCCCCCCCCCCC(=O)O C23H46O2 354.6 

Note. The column section refers to the fatty acids described in section 3.4. 

https://pubchem.ncbi.nlm.nih.gov/#query=C8H16O2
https://pubchem.ncbi.nlm.nih.gov/#query=C10H20O2
https://pubchem.ncbi.nlm.nih.gov/#query=C12H24O2
https://pubchem.ncbi.nlm.nih.gov/#query=C14H28O2
https://pubchem.ncbi.nlm.nih.gov/#query=C16H32O2
https://pubchem.ncbi.nlm.nih.gov/#query=C16H30O2
https://pubchem.ncbi.nlm.nih.gov/#query=C17H34O2
https://pubchem.ncbi.nlm.nih.gov/#query=C18H36O2
https://pubchem.ncbi.nlm.nih.gov/#query=C18H34O2
https://pubchem.ncbi.nlm.nih.gov/#query=C18H32O2
https://pubchem.ncbi.nlm.nih.gov/#query=C20H32O2
https://pubchem.ncbi.nlm.nih.gov/#query=C21H42O2
https://pubchem.ncbi.nlm.nih.gov/#query=C22H44O2
https://pubchem.ncbi.nlm.nih.gov/#query=C23H46O2
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5.2. Molecular Docking Studies 

5.2.1. Structure of natural compounds  

The three-dimensional structures of the different fatty acids were 

constructed using Avogadro (see Figure 36) (Hanwell et al., 2012), where their 

protonation state was constructed by adding hydrogens per pH 7.4 

[physiological] (see Figure 37). Then, an optimization was executed, performing 

a molecular mini-dynamics, to determine the coordinates and spacing of the 

atoms; in these dynamics we used the chemical force field MMFF94, made by 

Merck research laboratories (Halgren, 1996); where, what is sought, is the lowest 

energy state of the molecule given by kJ/mol, while the derivative of the energy 

(energy change that is happening), tends to be zero (see Figure 38). In the end, 

the molecule is obtained in its proper protonation state and conformation. 

Figure 36.   

Construction of linoleic acid in Avogadro   

 

Figure 37.  

Protonation state of linoleic acid in Avogadro 
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Figure 38.  

Optimization of linoleic acid in Avogadro  

 

5.2.2. Crystal structure of the SARS-CoV-2 protein spike (S) 

trimer and angiotensin-converting enzyme receptor 2 

(ACE2) 

The 3D structures of the organic molecules will interact with the crystal 

structure of the angiotensin-converting enzyme receptor 2 (ACE2), which is 

bounding to the SARS-CoV-2 protein spike (S) trimer (PDB code: 6M0J) (Lan J. 

et al., 2020) (see Figure 39), this structure was obtained from the Protein Data 

Bank (Berman et al., 2021). 
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Figure 39.  

Structure of the SARS-CoV-2 spike receptor binding domain bounding to the 

ACE2 receptor. 

 

Note. Adapted from: Crystal structure of SARS-CoV-2 spike receptor-binding domain bound with 

ACE2 [Crystal Structure Representation], RCSB Protein Data Bank (PDB 6M0J) – Wang et al., 

2020 (DOI: 10.2210/pdb6M0J/pdb). Copyright by RCSB Protein Data Bank. CC BY-SA 4.0.  

By literature search, six crystal structures of the ACE2 receptor were 

available. Their PDB codes are: 1R4L - 2AJF - 5E84 - 6ZB5 - 7CAI - 6M0J 

respectively. The crystal structure 6M0J was chosen because of its resolution, 

which is 2.45 Å, lower than all the structures mentioned above; knowing that the 

lower the resolution, the better the crystal is for molecular docking. In addition, 

as shown in the Figure 40 the R-Value Free is 0.227, R-Value Work is 0.192 and 

R-Value Observed is 0.194.  

The R values indicate the quality of the model, tending that an R equal to 

0.63, would be the maximum value that can be obtained. In addition, this value 

would indicate that the model has a totally random distribution, so that 

something in the crystal would not be distinguishable. On the other hand, an R 

equal to 0, would be a perfect R; this value is impossible to find because the 

proteins are still vibrating, therefore, they will have a degree of disorder. The most 

important value to decide which crystal structure is better to perform a correct 

SARS-CoV-2 spike protein 

ACE2 receptor 
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molecular docking is the Free R-value (Atomistic Resolution Model), because this 

value is calculated. When calculating the crystal structure model, 10 percent of 

the observed data is removed. While, with the remaining 90 percent a model is 

constructed, in order to make a prediction of the remaining 10 percent. Finally, it 

is observed whether the observed and calculated values fit together.   

Figure 40.  

Experimental Data Snapshot of Crystal structure of SARS-CoV-2 spike receptor-

binding domain bound with ACE2 

 

Note. The experimental data snapshot is obtained from Crystal structure of SARS-CoV-2 spike 

receptor-binding domain bound with ACE2 [Crystal Structure Representation], RCSB Protein 

Data Bank (PDB 6M0J) – Wang et al., 2020 (DOI: 10.2210/pdb6M0J/pdb). Copyright by RCSB 

Protein Data Bank. CC BY-SA 4.0.  

Another parameter to take into account is the Clashscore, which is 4 (see 

Figure 41). This parameter indicates the number of atom pairs that are unusually 

close, which is incorrect. Because, there are physical forces, such as Van der Walls 

and electrostatic forces that maintain an average distance between pairs of atoms, 

so that they are not overlapping. The lower the Clashscore value, the better the 

quality of the crystal.  

The next parameter is Ramachandran outliers, which is 0.1% and it is a 

percentage of residues in the favored regions of the Ramachandran plot (see 

Figure 41). An outlier is something (variable, residual) that deviates from 

standard conditions or the normal distribution. In an amino acid chain, there is 

a C-terminus and an N-terminus; at each of these, peptide bonds are forming, 

which link one amino acid to another amino acid. In this peptide bond a dihedral 

angle is formed; this angle will be in motion because proteins are not static. 

Between two peptide bonds two angles are formed, φ and ψ. These angles have 

an interval in which they are constantly moving. The Ramachandran outliers 
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refer to these two twisting angles φ and ψ; where the Ramachandran plot makes 

a correlation between the two angles, to know which links have the standard or 

normal angles and which angles do not have a proper conformation, i.e., they may 

be twisted or very far apart.  

Figure 41.  

Overall quality of Crystal structure of SARS-CoV-2 spike receptor-binding 

domain bound with ACE2 

 

Note. The experimental data snapshot is obtained from Crystal structure of SARS-CoV-2 spike 

receptor-binding domain bound with ACE2 [Crystal Structure Representation], RCSB Protein 

Data Bank (PDB 6M0J) – Wang et al., 2020 (DOI: 10.2210/pdb6M0J/pdb). Copyright by RCSB 

Protein Data Bank. CC BY-SA 4.0.  

5.2.3. ACE2 protein optimization 

The 6M0J crystal structure will be visualized in UCSF Chimera, which is a 

protein database (PDB) file viewer and molecular analysis program (see Figure 

42) (Pettersen et al., 2004). The crystalline structure is visualized, where it can 

be seen that it is made up of several ligands and two molecules, one is the SARS-

CoV-2 spike receptor (E chain - red color) (see Figure 42) and the ACE2 enzyme 

(A chain - blue color) (see Figure 42). The target chain is ACE2, therefore, waters, 

E-chain and unwanted molecules are removed (see Figure 43). 
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Figure 42.  

UCSF chimera visualization of the 6M0J crystal structure 

 

Figure 43.  

Visualization of them cell membrane receptor for angiotensin converting 

enzyme 2 - ACE2  

 

 Note. The structure starts with its C-terminal chain (blue) and ends with its N-terminal chain 

(red). This crystalline structure is used in molecular docking.  
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5.2.4. Revalidation of the crystal structure. 

After optimizing the 6M0J crystal structure, the ACE2 enzyme alone was 

obtained. Now, the obtained model must be validated. To carry out the validation, 

MolProbity (see Figure 44) (Williams et al., 2018), an online software, is used, 

which allows to perform a validation of the new structure, in this case the ACE2 

enzyme obtained in the Chimera software (see Figure 43). 

The validation performed by the MolProbity (Williams et al., 2018) software is 

shown in Figure 45, despite having 2 negative variables, while the other 

parameters are in an acceptable range. Therefore, the ACE2 enzyme, the new 

structure created, is valid for molecular docking. 

The negative variables are due to the crystalline model of the ACE2 enzyme 

having side chains with high energy, therefore they are in a more rigid state than 

normal. This causes the angles of some peptide bonds to be outside the normal 

range (Ramachandran outliers). Nevertheless, the ACE2 enzyme model shows a 

very good Clashscore and score (see Figure 45). 

Figure 44.  

ACE2 protein uploaded in the MolProbity online program 

 

Note. The validation of the model was performed using the open-source online software 

MolProbity, which has a BSD and Apache license. The operation of the MolProbity program is 

specified at MolProbity: More and better reference data for improved all-atom structure 

validation [Scientific Paper], Duke University School of Medicine – Richardson Laboratory - 

Williams et al., 2018 (doi: 10.1002/pro.3330). The software can be found at 

https://github.com/rlabduke/MolProbity.  
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Figure 45.  

Validation of the crystal with the ACE2 protein with the online program 

MolProbity 

 

Note. The operation of the MolProbity program is specified at MolProbity: More and better reference data 

for improved all-atom structure validation [Scientific Paper], Duke University School of Medicine – 

Richardson Laboratory - Williams et al., 2018 (doi: 10.1002/pro.3330). The software can be found at 

https://github.com/rlabduke/MolProbity. 

5.2.5. Evaluate binding sites and pharmacological potential 

After validating our ACE2 protein model. We proceeded to carry out an 

identification of binding sites and the pharmacological potential, to execute a 

directed docking. In the crystal structure 6M0J, they indicated the sites where 

the spike protein of SARS-CoV-2 interacted with the enzyme ACE2 (see Figure 

46). The receptor-binding domain (RBD) of the SARS-CoV-2 virus is linked to the 

ACE2 enzyme receptor, by a receptor-binding motif (RBM) (see Figure 47) which 

is made up of amino acids 436 to 506 in SARS-CoV-2 and in ACE2 are Q24, T27, 

F28, D30, K31, H34, E35, E37, D38, Y41, Q42, L79, M82, Y83, N330, K353, G354, 

D355, R357 and R393 (Lan J. et al., 2020). 
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Figure 46.  

Overall structure of SARS-CoV-2 RBD bound to ACE2 

 

Note. SARS-CoV-2RBD core is shown in cyan, RBD is ACE2 is shown in green and the RBM is 

shown in red. Adapted from: Crystal structure of SARS-CoV-2 spike receptor-binding domain 

bound with ACE2 [Crystal Structure Representation], RCSB Protein Data Bank (PDB 6M0J) – 

Wang et al., 2020 (DOI: 10.2210/pdb6M0J/pdb). Copyright by RCSB Protein Data Bank. CC BY-

SA 4.0.  

Figure 47.  

Summary topology of the SARS-CoV-2 spike monomer 

 

Note. Adapted from: Crystal structure of SARS-CoV-2 spike receptor-binding domain bound with 

ACE2 [Crystal Structure Representation], RCSB Protein Data Bank (PDB 6M0J) – Wang et al., 

2020 (DOI: 10.2210/pdb6M0J/pdb). Copyright by RCSB Protein Data Bank. CC BY-SA 4.0.  

DoGSiteScorer (Volkamer et al., 2010, 2012), a tool from the Center for 

Bioinformatics at the University of Hamburg, was used to predict ACE2 protein 

(see Figure 48) binding sites (Figure 49A). In addition, the properties of the 

binding site were evaluated, highlighting the pharmacological potential (see 

Figure 49B). 
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Figure 48.  

ACE2 protein observed from the DoGSiteScorer program 

 

Note. The DoGSiteScorer program is part of the ProteinsPlus program, which is supported by the 

BMBF as part of the de.NBI - German Bioinformatics Infrastructure Network, which is free for 

commercial and academic use. This program is responsible for predicting binding sites and 

estimating their pharmacology between proteins and ligands. The software operation is explained 

in Analyzing the topology of active sites: on the prediction of pockets and subpockets and in 

Combining global and local measures for structure-based druggability predictions [Scientific 

Paper], Chem Inf Model - Volkamer et al. 2010-2012 (DOI: https://doi.org/10.1021/ci100241y ; 

DOI: https://doi.org/10.1021/ci200454v).  

Figure 49.  

ACE2 protein binding site predicted by DoGSiteScorer software. 

 
A.  

https://doi.org/10.1021/ci100241y
https://doi.org/10.1021/ci200454v
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B.  

 
C.  

Note. A. and B. ACE2 protein binding site predicted by DoGSiteScorer software. C. The 

pharmacological potential of 0.83 is observed. The DoGSiteScorer program is part of the 

ProteinsPlus program, which is supported by the BMBF as part of the de.NBI - German 

Bioinformatics Infrastructure Network, which is free for commercial and academic use. This 

program is responsible for predicting binding sites and estimating their pharmacology between 

proteins and ligands. The software operation is explained in Analyzing the topology of active sites: 

on the prediction of pockets and subpockets and in Combining global and local measures for 

structure-based druggability predictions [Scientific Paper], Chem Inf Model - Volkamer et al. 

2010-2012 (DOI: https://doi.org/10.1021/ci100241y ; DOI: https://doi.org/10.1021/ci200454v). 

 

https://doi.org/10.1021/ci100241y
https://doi.org/10.1021/ci200454v
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5.2.6. Docking with Autodock Vina and USCF Chimera 

After determining the binding site of the ACE2 enzyme, we proceeded to 

perform molecular docking using Autodock Vina (Eberhardt et al., 2021) (Trott 

& Olson, 2010) for calculations and USCF Chimera (Pettersen et al., 2004) for 

ligand visualization. It should be noted that the docking process was performed 

for each of the 15 fatty acids identified in the larvae of R. palmarum. 

After performing the steps explained in sections 5.2.1. and 5.2.3. we 

proceed to visualize the ACE2 protein with a ligand (fatty acid explained in 

section 3.4.) from Table 7 (see Figure 50).  

Figure 50.  

Ligand and protein visualization using UCSF Chimera software 

 

In order to perform docking by means of Autodock Vina (Eberhardt et al., 

2021; Trott & Olson, 2010), the protein must be prepared. In the tool’s menu of 

the UCSF Chimera program (Pettersen et al., 2004), there is an option that 

allows us to prepare the protein called Dock Prep (see Figure 51A). The 

configuration that was performed is shown in the Figure 51B, then, the hydrogens 

must be added to the protein (see Figure 51C). Then, the charges must be assigned 

to the protein (see Figure 51D), where the mechanical force field is chosen for the 

standard residues AMBER ff14SB and for the other residues AM1-BCC is chosen, 

which is a database of added charges, but not calculated. The protein ready to 

interact with the ligand is obtained using the Autodock Vina program (see Figure 

51E).  
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Figure 51.  

Preparation of ACE2 protein in USCF Chimera software for Docking 

 

A. Protein and ligand. 

 

B. ACE2 protein configuration. 

 

C. Addition of hydrogens to ACE2 

protein 

 

D. Load assignment for ACE2 

protein. 
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E. ACE2 protein prepared for docking with added hydrogens and fillers. 

Now, we must prepare the ligand (see Figure 52A), to which the charges 

must be added using the UCSF Chimera program. The ligand is selected, and in 

tools, in the Structure Editing option, we proceed to add the charges. The added 

loads are added using the Gasteiger method, which calculates the loads to be 

added (see Figure 52B).  

Figure 52.  

Preparation of the ligand for docking in Autodock Vina 

 

A. Ligand selected to add loads. 

 

B. Load aggregation process by 

means of the Gasteiger method. 
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Finally, we open Autodock Vina. The first thing to do is to find the 

document saving site. Then, establish which is the receptor and the ligand. Later, 

the volume in which the protein-ligand interactions will take place must be 

determined (see Figure 53A; 53B). This interaction box was determined in section 

5.2.5. Then, the receptor, ligand and advanced options are established, where 10 

binding modes, 8 nuclei in the exhaustivity of the interaction search and a 

maximum energy difference of 3 kcal/mol (see Figure 53C) were chosen. 

Figure 53.  

Protein and ligand configuration in AutoDock Vina and USCF Chimera 

 

A.  Ligand-protein interaction grid 
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B.  

Configuration for performing 

Molecular Docking in Autodock 

Vina 

 

 

C.  

Configuration of the advanced options 

chosen for docking using the Autodock Vina 

software. 

In UCSF Chimera, each of the 10 ligands interacting with the protein is 

obtained visually (see Figure 54). In addition, a table indicates the existing 

interaction strength (SCORE), which the more negative the higher the binding 

strength between the protein and the ligand. Also, Root mean square deviation 

(RMSD) values measuring the average distance between atoms of a position 

relative to the best fitting position, are calculated using only movable heavy 

atoms. Two variants of RMSD metrics are provided, rmsd/lb (RMSD lower 

bound) and rmsd/ub (RMSD upper bound), differing in how the atoms are 

matched in the distance calculation: rmsd/ub matches each atom in one 

conformation with itself in the other conformation, ignoring any symmetry. 

rmsd’matches each atom in one conformation with the closest atom of the same 

element type in the other conformation rmsd/lb is defined as follows: rmsd/lb 

(c1, c2) = max (rmsd’ (c1, c2), rmsd’ (c2, c1)), with cn conformation n. 
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Figure 54.  

Visualization of a ligand conformation obtained by Autodock Vina and 

visualized in USCF Chimera 

 

Figure 55.  

Results obtained from the Docking performed by Autodock Vina 
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CHAPTER 6:  Results and Analysis 

As mentioned in chapter 3, in the section on fatty acids identified inside R. 

palmarum larvae, they have been reported to have pharmacological properties, 

showing that they influence physiological and biochemical processes. Figure 56 

(A to K) shows the representative interactions of various fatty acids in R. 

palmarum larvae. In addition, Table 9 indicates the SCORE of each fatty acid 

identified in R. palmarum larvae, as well as the hydrogen bonds formed with 

ACE2 enzyme. Also, Table 9 and Figure 57, classify in increasing order, which are 

the fatty acids that have greater interaction with the ACE2 protein. For the 

analysis, all those fatty acids with a score less than or equal to 5 are discarded.  

It is observed from Figure 58 that arachidonic acid is the fatty acid 

identified in R. palmarum larvae that has the greatest attraction force with the 

ACE2 protein, with a score of -6.4. While linoleic (-5.8), oleic (-5.6), caprylic (-

5.4), alpha-linoleic (-5.4), behenic (-5.4), palmitic (-5.3), tricosanoic (-5.3), 

myristic (-5.2), margaric (-5, 2) and palmitoleic (-5.1), indicating that these fatty 

acids to a greater or lesser extent can counteract the binding of the ACE2 enzyme, 

exposed in the cell, to the SARS-CoV-2 spike; preventing the recognition of the 

virus.  

Figure 56.  

Representation of the conformation of the fatty acids identified in R. palmarum 

larvae bound to the ACE2 protein 

 

A. Caprylic Acid  
 

B. Capric Acid  
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C. Lauric Acid 

 

D. Myristic Acid  

 

E. Palmitic Acid  

 

F. Palmitoleic 

 

G. Margaric Acid 

 

H. Stearic Acid  
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I. Oleic Acid 

 

F. Linoleic Acid 

 

G. Alpha-Linoleic Acid 

 

H. Arachidonic Acid 

 

I. Heneicosanoic Acid 

 

J. Behenic Acid 

 
K. Tricosanoic Acid  

 

 



Chontacuro (Rhynchophorus palmarum larvae) fatty acids and their potential medical 

application against viral infections using bioinformatic tools                                                     81 

81 
 

Table 9.  

Molecular docking results of each fatty acid identified in R. palmarum larvae 

with the ACE2 protein 

Compound 
AutoDock score 

(kcal/mol) 

Caprylic Acid -5.4 

Capric Acid -4.9 

Lauric -4.9 

Myristic -5.2 

Palmitic -5.3 

Palmitoleic -5.1 

Margaric -5.2 

Stearic -5.0 

Oleic -5.6 

Linoleic -5.8 

Alpha-linoleic -5.4 

Arachidonic -6.4 

Heneicosanoic -3.8 

Behenic -5.4 

Tricosanoic -5.3 

 

Chapter 4 explained the relationship between the SARS-CoV-2 spike 

protein and the ACE2 enzyme. In addition, it was mentioned that there is a 

conformational reorganization in the cell membrane and in the SARS-CoV virus, 

which causes the S1 and S2 subunits of the spike protein (S) to increase their 

sensitivity to be degraded or ingested (proteolytic digestion) (Hamming et al., 

2004) (Li et al., 2006). In turn, it is important to note that angiostin converting 

enzyme 2 (ACE2) is expressed in vascular endothelial cells, in a selected subset of 

lung cells and in macrophages (Lake, 2020; Tay et al., 2020; Lan J. et al., 2020; 

Kleinehr et al., 2021). 

The highest score value is that of arachidonic acid with -6.4 kcal-mol, 

which indicates that it has a higher inhibitor binding efficiency in the viral RBD 

chain, because as mentioned in the Methodology chapter, the docking that was 

performed to the crystal structure of the ACE2 enzyme was directed to the 

binding site with a higher pharmacological potential (Figure 51-52), which also 

coincided with the viral RBD of binding between the Spike protein and the ACE2 

enzyme.
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Figure 58. Molecular docking results of each fatty acid identified in R. palmarum larvae with ACE2 protein from highest interaction to lowest 

interaction (blue) and hydrogen bonds formed in the protein (ACE2)-ligand (fatty acid) interaction (orange). 
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Now, as described in section 3.4.12, it is known that omega-6 arachidonic 

fatty acid participates in inflammatory and immune responses (Natto et al., 

2019); due to the fact that in immune cells, the cell membrane contains mostly 

arachidonic acid (Innes & Calder, 2020). In addition, this fatty acid is a main 

precursor of the synthesis of eicosanoids, which produce prostaglandins, which 

in turn regulate inflammation (Dennis & Norris, 2015). In SARS-CoV-2 viral 

infection, there are records that the use of non-steroidal anti-inflammatory drugs 

(Mazaleuskaya et al., 2015), increases the expression of ACE2 in the intestine, 

kidneys and lungs, causing the infection to be more aggressive (Hoffmann et al., 

2020). This is caused by the fact that this type of medication selectively or not 

inhibits COX-1 (cytoprotective enzyme) and COX-2 (participates in the 

mechanisms of inflammation, inflammation and pain), which in turn block the 

cascade reactions of arachidonic acid for the formation of prostaglandins 

(Mazaleuskaya et al., 2015). This influence on viral control is also recorded in 

other types of viruses such as influenza and herpes (Kohn et al., 1980) (Tormar 

et al., 1987). 

In the case of linoleic fatty acid (score = -5.8 kcal/mol), it also has a decent 

interaction, although inferior to arachidonic acid (score = -6.4 kcal/mol), with 

the ACE2 enzyme, coinciding with reports of in vivo experiments indicating 

inhibitory efficacy in viral binding between the spike protein (S) of SARS-CoV-2 

and the ACE2 enzyme (Goc et al., 2021). Oleic acid (score = -5.6 kcal/mol), one 

of the two most abundant fatty acids in R. palmarum larvae (Table 7), indicates 

that it also has a decent interaction with the ACE2 enzyme, since this fatty acid 

also has anti-inflammatory potential and modulates biological functions of 

viruses (section 3.3.9). Behenic, caprylic and alpha-linoleic acids have a score of 

-5.4 kcal/mol, their interaction with the enzyme is lower than those mentioned 

above. The alpha-linoleic acid, which is particulate in inflammatory diseases 

(Pászti-Gere et al., 2016), while caprylic acid is effective against pathogens and 

viruses as well as behenic acid (section 3.3.1), the latter being considered as a 

toxin for cardiac muscle (Vetter et al., 2020). Palmitic, tricosanoic, myristic, 

margaric (-5.3 kcal/mol) and palmitoleic (-5.1 kcal/mol) acids do not have such a 

pronounced affinity for the ACE2 enzyme, but even so, antiviral properties (Goc 

et al., 2021) are reported, which suggests that despite not reacting to a great 



Chontacuro (Rhynchophorus palmarum larvae) fatty acids and their potential medical 

application against viral infections using bioinformatic tools                                                     84 

                                                   

84 
 

extent with the ACE2 protein, they interact with pathogens that enter the human 

body (section 3.4.1 – 3.4.7 - 3.4.6 - 3.4.4.), with the exception of palmitic acid 

which participates in the regulation of angiogenesis (section 3.4.5.). 

Finally, a protocol described in Chapter 5 was developed, in which anyone 

with basic knowledge of bioinformatics can perform molecular docking to 

determine protein-ligand interactions. 
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CHAPTER 7: Conclusions   

In-silico, studies need to have a long context to be accepted by the scientific 

community, in addition to the verification of the silicon studies themselves. In the 

present research, a different approach to the in-silico study was proposed, 

prioritizing the safety of the people who consume the R. palmarum larvae to 

verify their potential pharmaceutical activity. A historical context was established 

to show how insects have served as a source of medicine throughout the history 

of mankind, finding that insects have helped to fight bacterial and viral infections. 

Then, as observed in chapter 2, the biology of the species Rhynchophorus 

Parlmarum is presented, thus discovering that the beetle of the Curculionidae 

family is considered a pest for palm plantations, being a vector of the nematode 

Bursaphelenchinae Paramonov, which causes the red ring disease. However, the 

larvae of R. palmarum are a source of food for the Ecuadorian Amazon 

populations because they are considered a great source of protein. 

Upon learning about these properties, a bibliographic review of the food analysis 

developed by different authors in chapter 3 was carried out, where it was found 

that when insects consume plants, they metabolize the fatty acids found in these 

plants in their digestive tract and adopt the antioxidant, antibacterial and 

antiviral defense mechanism.  Tables 5 and 6 show the food analysis of R. 

palmarum larvae by palm species. Table 7 shows the fatty acid profile found in 

R. palmarum larvae depending on the origin of the larvae; either from wild 

origin, specific type of palm or from the laboratory. It was concluded that the 

origin and diet of the R. palmarum larvae influence the content in their digestive 

tract and skin. After knowing the fatty acid content of R. palmarum larvae, an 

analysis of the medical properties (Chapter 3) of each one of them was carried 

out, finding that they possess antioxidant, antibacterial and antiviral activity. In 

addition, 3D reconstructions and optimizations of the fatty acids that will be used 

for molecular docking are presented. Therefore, from the bibliographic review, it 

is concluded that R. palmarum larvae are not only a high source of proteins, but 

also have a potential antiviral activity due to their composition.  

For the initiation of the in-silico molecular docking studies, the ACE2 

protein was chosen as the study target, because it is one of the enzymes that are 
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recognized by the protein S of the SARS-CoV-2 virus in the cell membrane. After 

establishing the target enzyme, we proceeded to reconstruct 3D and optimize the 

fatty acids found in R. palmarum larvae, using the Avogadro program. 

Meanwhile, the ACE enzyme was obtained from the PDB database. For its 

selection, as shown in Chapter 5, a validation of each model chosen was carried 

out, from a total of six models. A total of 15 molecular couplings were performed, 

where it was found that arachidonic (-6.4), linoleic (-5.8), oleic (-5.6), caprylic (-

5.4), alpha-linoleic (-5.4), behenic (-5.4), palmitic (-5.3), tricosanoic (-5.3), 

myristic (-5.2), margaric (-5.2), palmitoleic (-5.1) and stearic (-5.1) have relevant 

interactions against the ACE2 enzyme, which is part of the SARS-CoV-2 virus 

replication cycle, allowing it to enter the cell cytoplasm. In conclusion, 

chontacuro does have potential antiviral activity. 
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