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Resumen 

En Ecuador, un país megadiverso, cada año se descubren nuevas especies de plantas. Esto hace 

imposible estudiar muchas de ellas, en particular lo relacionado a sus metabolitos secundarios que 

pueden ser de interés médico terapéutico, como una alternativa a las drogas sintéticas. Esta tesis 

estudia la fitoquímica y la bioactividad de cuatro especies de plantas nativas del Ecuador en base a 

extractos metanólicos: Juglans neotropica, Duranta triacantha, Mikania sp. y Brugmansia aurea. 

Primero, se realizó un screening fitoquímico cualitativo para detectar fenoles, alcaloides y terpenos, 

así como sus derivados. Segundo, para la especie con mayor cantidad de resultados positivos en las 

pruebas cualitativas, se cuantificó los contenidos de flavonoides y fenoles. Además, se realizaron 

pruebas de bioactividad antibacteriana y antifúngica para las cuatro especies.  

De las cuatro especies, J. neotropica fue la que tuvo mayor rendimiento de extracción y presentó 

mayor presencia de metabolitos secundarios, a excepción de glicósidos cardiacos y cumarinas. 

Respecto a la cuantificación de flavonoides y fenoles de esta especie, se midieron 244.8 mg QE/g 

extracto y 225.8 mg GAE/g extracto, respectivamente. Además, resultó resultó ser moderadamente 

activa en contra de cepas bacterianas de Enterococcus faecalis, Staphylococcus aureus, Listeria 

monocytogenes, Escherichia coli y Pseudomonas aeroginosa, como también en contra de la cepa 

fúngica Candida albicans. Por otra parte, D. triacantha dio positivo para la mayoría de metabolitos 

secundarios probados, aunque no se detectaron ni fenoles ni alcaloides. Esta especie también mostró 

actividad antibacterial y antifúngica, pero solo en contra de Listeria monocytogenes y Aspergillus 

niger, respectivamente. Los extractos metanólicos de Mikania sp. y B. aurea presentaron metabolitos 

secundarios en común, como fenoles, taninos y saponinas, pero solo Mikania sp. tuvo bioactividad 

antibacteriana en contra de Staphylococcus aureus y Listeria monocytogenes y bioactividad 

antifúngica contra Aspergillus niger. 

En conclusión, todas las especies estudiadas podrían tener potenciales aplicaciones médicas. J. 

neotropica, por tener muchos metabolitos secundarios y gran actividad antibacteriana y antifúngica, 

podría ser utilizada para tratar enfermedades de piel. D. triacantha posee una interesante variedad de 

metabolitos secundarios, por lo que se pueden hacer más estudios al respecto, mientras que Mikania 

sp. y B. aurea, que presentaron pocos metabolitos secundarios, podrían ser objeto de desarrollo de 

hidrogeles por el mucílago que aparentemente presentan.  

 

Palabras clave: fitoquímica, metabolitos secundarios, bioactividad, Juglans neotropica, 

Duranta triacantha, Mikania sp., Brugmansia aurea.  
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Abstract 

In Ecuador, a megadiverse country, new plant species are discovered every year. This makes it 

impossible to study many of them, particularly in relation to their secondary metabolites that may be 

of medical therapeutic interest, as an alternative to synthetic drugs. This thesis studies the 

phytochemistry and bioactivity of four native plant species from Ecuador based on methanolic 

extracts: Juglans neotropica, Duranta triacantha, Mikania sp. and Brugmansia aurea. First, a 

qualitative phytochemical screening was performed to detect phenols, alkaloids and terpenes, as well 

as their derivatives. Second, for the species with the highest number of positive results in the 

qualitative tests, the flavonoid and phenol contents were quantified. In addition, antibacterial and 

antifungal bioactivity tests were performed for the four species.  

Among the four species, J. neotropica had the highest extraction yield and the highest presence 

of secondary metabolites, with the exception of cardiac glycosides and coumarins. Regarding the 

quantification of flavonoids and phenols of this species, 244.8 mg QE/g extract and 225.8 mg GAE/g 

extract, respectively, were measured. In addition, it was found to present moderate bioactive against 

bacterial strains of Enterococcus faecalis, Staphylococcus aureus, Listeria monocytogenes, 

Escherichia coli and Pseudomonas aeruginosa, as well as against the fungal strain Candida albicans. 

On the other hand, D. triacantha was positive for most secondary metabolites tested, although neither 

phenols nor alkaloids were detected. This species also showed antibacterial and antifungal activity, 

but only against Listeria monocytogenes and Aspergillus niger, respectively. The methanolic extracts 

of Mikania sp. and B. aurea had secondary metabolites in common, such as phenols, tannins and 

saponins, but only Mikania sp. had antibacterial bioactivity against Staphylococcus aureus and 

Listeria monocytogenes and antifungal bioactivity against Aspergillus niger. 

In conclusion, all the species studied could have potential medical applications. J. neotropica, 

having many secondary metabolites and high antibacterial and antifungal activity, could be used to 

treat skin diseases. D. triacantha possesses an interesting variety of secondary metabolites, so more 

studies can be done on this area, while Mikania sp. and B. aurea, which presented only a few 

secondary metabolites, could be the object of hydrogel development because of the mucilage they 

apparently exhibit. 

 

Keywords: phytochemistry, secondary metabolites, bioactivity, Juglans neotropica, Duranta 

triacantha, Mikania sp. and Brugmansia aurea.  
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CHAPTER I: INTRODUCTION 

1.1. Background 

The skin is the largest organ in the body and has several vital functions, such as keeping 

body fluids inside, protecting against bacteria and viruses and, regulating body temperature1. 

Being in contact with external and internal environments, it is more susceptible to disease than 

any other organ; in fact, skin diseases are the fourth largest non-fatal socio-economic burden in 

the world2, but they are not given the importance they need. Skin problems include a wide range 

of illnesses such as cancer, bacterial infections, viral infections, fungal infections, allergic 

reactions and parasites; some can be inherited while for others the reasons are still unknown3,4. 

The most commonly used treatments for skin conditions are synthetic drugs. For example, 

the acne treatment is based mainly on antibiotics such as benzoyl peroxide, tazarotene, 

adapalene, and isotretinoin, among others5. All synthetic drugs are known to have the potential 

to cause unwanted or adverse side effects6. To illustrate with an example, methotrexate, a 

standard medicine in the treatment of psoriasis, can cause life-threatening side effects; this 

medicine decreases the number of blood cells, which can lead to liver, stomach or lung damage. 

In addition, methotrexate can cause milder side effects, such as dizziness, drowsiness, 

headache, decreased appetite, and hair loss, among others7. These latter conditions are prevalent 

in most medications used for skin diseases or other ailments. The discovery of new treatments 

based on natural products is relevant, considering the great variety of plants that may have anti-

inflammatory and antibacterial properties to treat skin diseases. 

Secondary metabolites can be found in nature, often playing an antibiotic role in the 

organisms responsible for their production. Among the main functions of these molecules is the 

fact that they act as a weapon against fungi, amoebae, insects and bacteria, which is an important 

factor in the development of new drugs based on natural products8. They are classified into 

three general groups according to where their metabolic pathway comes from. These are 

phenolic compounds derived from acetate and shikimic acid, alkaloids derived from amino 

acids, and terpenic compounds from the derivation of mevalonic acid9. 

Phenolic compounds which embrace simple phenols and phenolic acids such as cinnamic 

and benzoic acid derivatives, are characterized by the benzene ring in their structure with at 

least one hydroxyl group. These are subclassified into simple phenolic compounds, lignans, 

chromones, stilbenes, quinones, coumarins, flavonoids, tannins and benzofurans9–11. In the 
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plant kingdom these molecules are involved in plant pigmentation, act as coating agents against 

UV light, and behave as antioxidants, among others. The UV/VIS spectrophotometric method 

is widely used in laboratory techniques for colorimetric reactions of this type, by measuring the 

total content of phenolic hydroxyl groups in plant extracts. The method of action of these 

quantifications is by means of a blue complex formed by the redox reaction that occurs between 

the extract and the redox reagent. The concentration of phenols and the alkaline solution are 

dependent variables in determining the maximum absorbance of the chromophores10. 

Alkaloids are nitrogenous compounds that are subclassified according to the derivation 

depending on the nature of their chemical synthesis (for example, tyrosine and phenylalanine, 

nicotinic acid, tryptophan and ornithine, and lysine9).  

Terpenic compounds result from the polymerization that occurs between their 

dimethylallylpyrophosphate isomer and their isoprene units. These are subclassified into 

iridoids, monoterpenes, diterpenes, triterpenes, tetraterpenes, and sesquiterpenes9. 

The main components in natural products are flavonoids and phenolic acids, which are 

currently of great interest due to their great capacity to eliminate free radicals12. Because each 

plant species has a very characteristic chemical composition with uniform phenol groups 

present in all individuals, it is expected that  similar chemical structures provoke similar 

chemical interactions10. 

This project aims to evaluate extracts of four native Ecuadorian plant species through 

phytochemical studies and bioactivity assessments. These species are traditionally used to treat 

skin infections in some Ecuadorian cultures. This work may be useful for future applications of 

these extracts in some medical forms that might help obtain less invasive treatments for skin 

diseases. 

1.2. Problem Statement 

Ecuador is one of the countries with the greatest biodiversity globally; in fact, every year 

new species are discovered throughout the country13. This scenery, and the lack of resources 

for research in the country, means that there are many plants without scientific studies that 

validate the traditional medical knowledge accumulated over thousands of years13. Fortunately, 

at present, Ecuador has many scientists who have awakened the interest to assess the chemical 

and biological properties of native plants in order to explore medical applications with potential 

benefits to the society. 
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Plants are a potential source for creating pharmaceuticals based on natural products 

because of their biological properties13. Hopefully, this research will help to define potential 

treatments of certain skin diseases that affect millions of people worldwide. In this thesis, 

phytochemical evaluations of four native plant species from Ecuador are carried out, including 

qualitative and quantitative determinations of certain secondary metabolites, and the evaluation 

of antibacterial and antifungal biological activity of the different extracts. 

1.3. Objectives 

General Objective 

Evaluate the phytochemical composition and bioactivity of four focal native plant species 

known to be traditionally used to treat skin diseases. 

Specific Objectives 

• Conduct a methanolic extraction of each selected species. 

• Assess the composition of secondary metabolites of the extracts via qualitative 

phytochemistry experiments. 

• Quantify the content of flavonoids and phenols from the plant species with the 

strongest presence of secondary metabolites. 

• Analyze the biological activity of the extracts against bacterial and fungal strains. 
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CHAPTER II: MATERIALS AND METHODS 

2.1. Identification of Potential Taxa for Skin Diseases Treatment 

An exhaustive investigation was carried out using the “Enciclopedia de Plantas Útiles del 

Ecuador”, wrote by De la Torre et al. (2008)14. It presents traditional cures or treatments for 

certain diseases and ailments accumulated throughout the years by humans (ancestral 

knowledge). This book reports 82 types of skin diseases cure by many different plant species. 

Table 1 summarizes the number of species per family thereby reported. 

Table 1: Family and number of species traditionally used for skin diseases treatments. 

Family # spp. Family # spp. Family # spp. Family # spp. 

Asteraceae 67 Brassicaceae 7 Betulaceae 3 Combretaceae 1 

Fabaceae 53 Plantaginaceae 7 Lauraceae 3 Coriariaceae 1 

Rubiaceae 49 Polygalaceae 7 Phytolaccaceae 3 Ebenaceae 1 

Gesneriaceae 43 Polygonaceae 7 Rutaceae 3 Iridaceae 1 

Solanaceae 39 Clusiaceae 6 Tropaeolaceae 3 Marcgraviaceae 1 

Euphorbiaceae 39 Cactaceae 6 Valerianaceae 3 Myricaceae 1 

Araceae 34 Clusiaceae 6 Achariaceae 2 Ochnaceae 1 

Piperaceae 34 Loranthaceae 6 Agavaceae 2 Olacaceae 1 

Amaranthaceae 23 Amaryllidaceae 5 Alismataceae 2 Oleaceae 1 

Malvaceae 23 Anacardiaceae 5 Alstroemeriaceae 2 Quinaceae 1 

Melastomataceae 20 Ericaceae 5 Asphodelaceae 2 Batidaceae 1 

Urticaceae 19 Cleomaceae 5 Calceolariaceae 2 Bixaceae 1 

Apocynaceae 17 Onagraceae 5 Cannabaceae 2 Bombacaceae 1 

Myristicaceae 17 Begoniaceae 5 Capparaceae 2 Dipsacaceae 1 

Lamiaceae 15 Lecythidaceae 5 Crassulaceae 2 Haemodoraceae 1 

Commelinaceae 14 Zingiberaceae 5 Cyperaceae 2 Heliconiaceae 1 

Acanthaceae 13 Meliaceae 4 Erythroxylaceae 2 Hippocrateaceae 1 

Poaceae 13 Myrtaceae 4 Menispermaceae 2 Hydrangeaceae 1 

Rosaceae 13 Sapotaceae 4 Musaceae 2 Hydrophylaceae 1 

Moraceae 12 Campanulaceae 4 Schlegeliaceae 2 Juglandaceae 1 

Cucurbitaceae 11 Costaceae 4 Berberidaceae 2 Linaceae 1 

Arecaceae 10 Cyclanthaceae 4 Dichapetalaceae 2 Linderniaceae 1 

Boraginaceae 10 Myrsinaceae 4 Dioscoreaceae 2 Loasaceae 1 

Apiaceae 8 Oxalidaceae 4 Lythraceae 2 Loganiaceae 1 

Orchidaceae 8 Salicaceae 4 Phyllanthaceae 2 Nyctaginaceae 1 

Marantaceae 8 Sterculiaceae 4 Picramniaceae 2 Picrodendraceae 1 

Verbenaceae 8 Bromeliaceae 4 Theophrastaceae 2 Plumbaginaceae 1 

Passifloraceae 8 Burseraceae 4 Alliaceae 1 Pontederiaceae 1 

Violaceae 8 Papaveraceae 4 Araliaceae 1 Portulacaceae 1 

Sapindaceae 7 Annonaceae 3 Aristolochiaceae 1 Primulaceae 1 

Gentianaceae 7 Caricaceae 3 Cannaceae 1 Proteaceae 1 

Geraniaceae 7 Convolvulaceae 3 Caryocaraceae 1 Ranunculaceae 1 

Scrophulariaceae 7 Monimiaceae 3 Caryophyllaceae 1 Rhamnaceae 1 

Bignoniaceae 7 Smilacaceae 3 Chloranthaceae 1 Tiliaceae 1 

2.1.1. Species and Individuals Selected for Phytochemistry and Bioactivity Studies 

Different but complementary criteria were used to select the four species focused in this 

study. Fist, the species had to present many records of traditional treatments or cures for skin 

diseases, according to De la Torre et al. (2008)14. Second, the number of scientific 
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phytochemistry studies reporting these species had to be low or nonexistent. Third, the natural 

distribution of the species selected had to occur in the province of Imbabura. Applying these 

criteria, four species were finally selected: Juglans neotropica, Duranta triacantha, Mikania 

sp. and Brugmansia aurea. 

Juglans neotropica Diels is a native and cultivated species of Ecuador commonly called 

“Nogal” or “Tocte” in Spanish. Traditionally, it has been used for food, beekeeping, as raw 

material, and social and medicinal purposes. The latter is of interest in the present research 

because this species has been used ancestrally to treat skin diseases such as gout, pimples, 

herpes, sores, rashes, and syphilis, and also as a healing agent14. The Juglandaceae family to 

which this species belongs comprises about 10 genera and 50 species. Trees belonging to this 

family are deciduous, monoecious, and resinous. The terminal buds are larger than the lateral 

buds. The aromatic leaves are alternate with serrated margins. This family has pistillate 

unisexual flowers, with fruits as nuts. The seeds do not contain endosperm, but have fleshy and 

oily cotyledons. This family is found in greater proportion in Central America, along the Andes, 

and in the temperate zone of Asia. The trees are of great economic importance as they are mostly 

fruit and timber producers15–17. For this study, a representative individual of this species was 

randomly selected and its shoots (stems and leaves) were collected at Yachay Tech University 

campus, at coordinates -78.1795890 (Longitude), 0.4105411 (Latitude), on October 14th., 2021. 

Duranta triacantha Juss. is a small shrub or tree with three long thorns with sympodial 

branching. This species is native to Ecuador and is commonly called “Espino Chivo” in Spanish 

or “Mote Kasha” in Spanish-Kichwa. Traditionally, it has been used for food, raw material, and 

environmental and medicinal purposes. The latter is vital in this research because this species 

has been used ancestrally to treat skin diseases such as dermatomycosis, spots and skin burns14. 

The Verbenaceae family to which this species belongs comprises around 91 genera and 2000 

species. In this family, we can find trees and climbing bushes whose leaves can be opposite 

without stipules and trifoliate. The inflorescences can be racemose, cymose, and terminal. One 

of the characteristics of their flowers is that they are bisexual or polygamous and not very often 

can be actinomorphic. Fertile stamens can be found inserted in the corolla. The fruits are small 

indehiscent capsules. Some genera are of economic importance because they are suppliers of 

gum, oil, tannins, and wood; while others have medicinal use18–20. For this study, a 

representative individual of this species was randomly selected and its shoots (leaves, stems 

and nascent flowers) were collected at Chachimbiro area, with coordinates -78.2189642 

(Longitude), 0.4601753(Latitude), on November 16th, 2021. 
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Regarding Mikania, the goal was to find Mikania micrantha Kunth, commonly named 

“Matico Silvestre” in Spanish, which has been traditionally used in the medicinal field because 

of its healing capacity for skin wounds, healing of sores, and infection control14. However, this 

species was not located in the field and thus another unidentified native species of Mikania was 

studied (hereby refered as Mikania sp.). The Asteraceae family to which this species belongs is 

of great importance due to its biological and morphological diversity, as it groups more than 

30,000 species. Its morphology includes herbs ranging from 1 cm in height to trees that can 

reach 30 m in height. Its flowers can present diverse forms, colors, and arrangements. The 

leaves can be alternate, spiral and rarely verticillate, lacking stipules. On the other hand, its 

flowers can be hermaphrodite, unisexual, or sterile, and its fruits are cypselae. The importance 

of this family lies in the fact that some species may contain latex and essential oils. Moreover, 

some phytochemical assays have revealed that this family contains oligosaccharides, 

polyacetylenes, aromatic oils, terpenoids, and lactones21,22. For this study, representative 

individuals of this species were randomly selected and their shoots (leaves and young 

unsuberized stems) were collected at “El Gallinazo” creek at the Yachay Botanical Garden 

(YBG), with coordinates -78.1821173 (Longitude), 0.4224937 (Latitude), on December 03rd, 

2021. 

Brugmansia aurea Lagerh. is native and cultivated in Ecuador, and is commonly called 

“Floripondio Amarillo”. Traditionally, it is used for environmental and ritual purposes, 

beekeeping, and as a source for natural medicine. It has been reported to cure rashes and control 

inflammations14.The Solanaceae family to which this species belongs comprises about 96 

genera and 2300 species. Most species in this family can be shrubs or perennial herbs, with 

stems showing heteroblastic growth, and often spines. Leaves are alternate and without stipules. 

The flowers are mostly hermaphrodite and pollination is entomophilous. The fruits can be 

berries or capsules, although drupes are also found. Some species can have alkaloids which 

makes them pharmaceutically interesting because they can contain scopolamine, atropine, 

nicotine, and hyoscyamine. This family has a wide geographical distribution, with many species 

found in Central and South America. In addition to the medicinal interest, many species also 

have value for nutrition23–25. For this study, a representative individual of this species was 

randomly selected and its shoots (leaves, stems and flowers) were collected at a house garden 

in Urcuquí town, with coordinates -78.1957379 (Longitude), 0.4179304 (Latitude), on 

December 03rd, 2021. 
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2.2. Laboratory Procedures 

2.2.1. Equipment 

Zuzi Spectrophotometer Model 4211/50, Ultrasons H-D Selecta Model E4211050, Hot 

& Stirrer MS300HS, Rotavapor Butchi R-210 w/ Heating Bath Butchi B4-91, Vacuum Pomp 

Butchi V-300, Vitrina de Gases FL6000, Estufa POL-EKO SLW115 STD, Balanza Gramera 

COBOS TX3202L, Balanza COBOS HR-150A, Metter Toledo GmbH MS105DU. 

2.2.2. Samples Collection and Preparation 

Juglans neotropica Diels (Juglandaceae) 

The fresh sample of J. neotropica weighed 1396.96 g and it was dried for three days at 

the plant dryer located at YBG. The sample dry weight was 470.4 g, from which 50.13 g were 

weighed to be used during the laboratory procedures. 

Duranta triacantha Juss. (Verbenaceae) 

The sample of D. triacantha was dried for one day at the plant dryer at YBG and three 

days at 40°C in an oven of the Chemistry Laboratory at Yachay Tech University. The sample 

dry weight was 93,73 g, from which 50,01 g were weighed to be used during the laboratory 

procedures. 

Mikania sp. (Asteraceae) 

The fresh sample of Mikania sp. weighed 208,20 g and it was dried for four days at 45°C 

in an oven of the Chemistry Laboratory at Yachay Tech University. The sample dry weight was 

45,18 g, from which 44,97 g were weighed for use during the laboratory procedures. 

Brugmansia aurea Lagerh. (Solanaceae) 

The fresh sample of B. aurea weighed 406.21 g and it was dried for four days at 45°C in 

an oven of the Chemistry Laboratory at Yachay Tech University. The sample dry weight was 

50,27 g, from which 50,03 g were weighed for use during the laboratory procedures. 

2.2.3. Extraction  

For each species, each plant sample of ca. 50 g was first placed in an Erlenmeyer flask, 

to which ca. 500 ml of methanol were added. The mixture was macerated on a magnetic stirrer 

for 24 hours. After that time period, the first extraction was collected by gravity filtering and 

stored in a glass bottle. The residual sample of the plant was put back in the Erlenmeyer flask 
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with more methanol added, always keeping the solvent level above the sample. After 24 hours 

of maceration, the gravity filtering procedure was repeated using the same glass bottle. This 

procedure was repeated one more time. Repetitive maceration and subsequent filtering for three 

days assured that most metabolites from the sample were successfully extracted. The filtered 

mixture (extract in methanol) was placed in a 1000 ml round bottom flask in order to evaporate 

the solvent (methanol) using a rotary evaporator configured at 38°C with a rotation speed of 5 

rpm. The sample was allowed to rotate for a few minutes until most of the solvent evaporated. 

The remaining mixture was transferred to a 100 ml round bottom flask previously weighed in 

order to evaporate the residual solvent for approximately 4 hours, using the rotary evaporator. 

The final dry extract was transferred to a glass vial, labeled and stored in a refrigerator for later 

use.  

2.2.4. Qualitative Phytochemical Screening 

The following phytochemical tests were carried out based on protocols described by 

Shaikh et al. (2020)26, Friedman (2004)27, Simoni et al. (2002)28, and Benedict (1909)29.  

Detection of Flavonoids  

Shinoda’s Test (Mg-hydrochloride reduction): In 5 ml of each methanolic extract, a few 

fragments of magnesium ribbon were added and 0,5 ml of concentrated hydrochloric acid. If 

the solutions turn into a pink to crimson color, the presence of Flavonal Glycosides will be 

confirmed. 

Concentrated H2SO4 Test: In 1 ml of each methanolic extract were added 0,5 ml of 

concentrated sulfuric acid. If the solutions turn into an orange color, the presence of Flavonoids 

will be confirmed. 

Alkaline reagent Test 1: In 1ml of each methanolic extract were added 1ml of 10% 

ammonium hydroxide solution. If the solutions turn yellow with fluorescence, the presence of 

Flavonoids will be confirmed. 

Ammonia Test: In 2ml of each methanolic extract were added 5ml of diluted ammonia 

solution and 3 drops of concentrated sulfuric acid. If the solutions turn into a yellow color, the 

presence of Flavonoids will be confirmed. 

Shibata’s reaction Test: In 2ml of each methanolic extract were added metal magnesium 

and 6 drops of concentrated hydrochloric acid. If the solutions turn into a red color, the presence 

of Flavonols will be confirmed. On the other hand, if solutions turn into an orange color, it will 
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be indicative of the presence of Flavones. 

Alkaline reagent Test 2: In 1ml of each methanolic extract were added 2ml of 10% NaOH 

solution and 5 drops of diluted hydrochloric acid. If the solutions turn into an intense yellow 

color at the first step and turn colorless at the second step, the presence of Flavonoids will be 

confirmed. 

Detection of Simple Phenolic Compounds 

Iodine Test: In 1ml of each methanolic extract were added 3 drops of diluted iodine 

solution. If the solutions turn into a transient red color, the presence of Phenols will be 

confirmed. 

Ferric Chloride Test: In 1ml of each aqueous solutions of methanolic extracts were added 

4 drops of 5% ferric chloride solution. If the solutions turn into a bluish black or dark green 

color, the presence of Phenols will be confirmed. 

Cartenoids Test: Each dry extract was added 10ml of chloroform, shaken, and carefully 

concentrated sulfuric acid was placed. If the solutions turn into a blue color at the interference, 

the presence of Cartenoids will be confirmed. 

Detection of Alkaloids 

Mayer’s Test: In 1ml of each methanolic extract were added 2 drops of Mayer’s reagent. 

If the solutions turn into a creamy yellow or white precipitate, the presence of Alkaloids will 

be confirmed. 

Wagner’s Test: In 1ml of each methanolic extract were added 2 drops of Wagner’s 

reagent carefully placed along the sides of a test tube. If the solutions turn into a precipitate of 

reddish or brown color, the presence of Alkaloids will be confirmed. 

Dragendroff’s Test: In 1 ml of each methanolic extract were added 1ml of Dragendroff’s 

reagent. If the solutions turn into a reddish-brown precipitate, the presence of Alkaloids will be 

confirmed. 

Iodine Test: In 3ml of each methanolic extract were added 3 drops of iodine solution, then 

heated. If the solutions turn into a blue color at the first step and turn colorless at the second 

step, the presence of Alkaloids will be confirmed. 

Detection of Carbohydrates 

Molish’s Test: In 2ml of each methanolic extract were added 2 drops of alcoholic 1-
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naphtol, then carefully along the sides of test tubes were added 1ml of sulfuric acid. If the 

solutions show a violet ring, the presence of Carbohydrates will be confirmed. 

Resorcinol Test: In 2ml of each aqueous solution of methanolic extracts, were added a 

few crystals of resorcinol and 2ml of hydrochloric acid, then heated. If the solutions turn into a 

rose color, the presence of ketones will be confirmed. 

Detection of Glycosides 

Borntrager’s Test: In 2ml of each methanolic extract were added 3ml of chloroform, 

stirred until two layers were obtained and then 1ml of 10% ammonia solution were added. If 

the extract layer turns into a pink solution, the presence of Glycosides will be confirmed. 

Modified Borntrager’s Test: In 1ml of each methanolic extract were added 1ml of 5% 

ferric chloride solution and 1ml of hydrochloric acid, then the solutions were boiled into a water 

bath for 5 minutes and allowed to cool. 2ml of benzene were added, shaken, and allowed to 

stand. Then this benzene layer was removed. Finally, 1ml of ammonia solution were added. If 

the solutions turn into a blood red or rose-pink color, the presence of Glycosides will be 

confirmed. 

Aqueous NaOH Test: In each dry extract were added 1ml of water and 5 drops of aqueous 

NaOH solution. If the solutions turn into a yellow color, the presence of Glycosides will be 

confirmed. 

Concentrate H2SO4 Test: In 5ml of each methanolic extract were added 2ml of glacial 

acetic acid and 2 drops of 5% ferric chloride solution, then 3 drops of concentrated sulfuric acid 

were gently added. If the solutions show a brown ring, the presence of Glycosides will be 

confirmed. 

Detection of Cardiac Glycosides 

Keller-Killiani Test: In 1ml of each methanolic extract were added 1.5ml of glacial acetic 

acid and 1 drop of 5% ferric chloride solution. Along the side test tubes were placed 3 drops of 

concentrated sulfuric acid. If the acetic acid layer of solutions turns into a blue color, the 

presence of Cardiac Glycosides will be confirmed. 

Detection of Proteins and Amino Acids 

Ninhydrin Test: In a beaker were placed 2g of ninhydrin in 100ml of acetone in order to 

prepare the ninhydrin solution. In 2ml of each methanolic extract were added 2 drops of 

ninhydrin solution. If the solutions turn into a purple color, the presence of Amino Acids will 
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be confirmed. 

Xanthoproteic Test: In 1ml of each methanolic extract were added 4 drops of concentrated 

nitric acid. If the solutions turn into a yellow color, the presence of Proteins and Amino Acids 

will be confirmed. 

Detection of Tannins 

Braymer’s Test: In 1ml of each methanolic extract were added 3ml of distilled water and 

3 drops of 10% ferric chloride solution. If the solutions turn into a green or blue color, the 

presence of Tannins will be confirmed. 

10% NaOH Test: In 1ml of each methanolic extract were added 4ml of 10% sodium 

hydroxide solution and shaken well. If the solutions form an emulsion, the presence of 

Hydrolysable Tannins will be confirmed. 

Detection of Saponins 

NaHCO3 Test: In 1ml of each methanolic extract were added 0,5ml of sodium bicarbonate 

solution and 0,5ml of distilled water and shaken vigorously. If the solutions form a stable 

honeycomb like froth, the presence of Saponins will be confirmed. 

Foam Test 1: In each dry extract were added 2ml of distilled water and shaken vigorously. 

If the solutions form a persistent foam for 10 minutes, the presence of Saponins will be 

confirmed. 

Foam Test 2: In each dry extract were added 5ml of distilled water, shaken vigorously 

and heated to boiling. If the solutions create an appearance of creamy miss of small bubbles, 

the presence of Saponins will be confirmed. 

Detection of Phytosterols 

Salkowki’s Test: In 1ml of each methanolic extract were added 0,5ml of concentrated 

sulfuric acid, shaken well and allowed to stand. If the solutions turn into a red color at lower 

layer, the presence of Phytosterols will be confirmed. 

Detection of Coumarins 

NaOH Test: In 1ml of each methanolic extract were added 0,5ml of 10% sodium 

hydroxide solution and 0,5ml of chloroform. If the solutions turn into a yellow color, the 

presence of Coumarins will be confirmed. 
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2.2.5. Quantitative Phytochemical Screening  

Quantitative phytochemical screening was only conducted for methanolic extracts of 

Juglans neotropica, based on protocols described in Sepahpour et a. (2018)12. 

Quantification of Total Flavonoid Content (TFC)  

Three reagent solutions were prepared with 50ml of distilled water each one: 5% NaNO2 

solution (2.5g), 10% AlCl3 solution (5.10g), and 4% NaOH solution (2g). Solutions were stored 

in capped amber bottles and kept at room temperature. 

To prepare the Quercetin stock solution, weigh 10mg of it and dissolve it in 5ml of 96% 

EtOH, obtaining a concentration of 2mg/ml. With this, the points of the standard curve were 

prepared at different concentrations in mg/ml: 0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08, 0.09 and 

0.10. These solutions were stored at -20°C protected from light.  

Since the J. neotropica extract is not soluble in water, it is dissolved in methanol at a 

concentration of 1mg/ml and then diluted to obtain a concentration of 0.4mg/ml, which is ideal 

because it fits perfectly into the standard curve. 

The total flavonoid content protocol is followed with the 3 previously mentioned points 

ready. To each previously labeled test tube, add 1ml of distilled water and 250µl of the extract 

or quercetin, respectively (to the test tube corresponding to the blank, 250µl are distilled water). 

75µl of NaNO2 at 5% are added and it is shaken and then left to incubate for 5 minutes in the 

dark. Then 150 µl of 10% AlCL3 are added, shaken and left to incubate for 6 minutes in the 

dark. After that time, 500µl of 4% NaOH is added and it is stirred, then 3025µl of distilled 

water is added and it is stirred again to incubate for 15 minutes in the dark. In the end, the 

absorbance of each sample at 415nm is read in the spectrophotometer. 

The calibration curve was developed by triplication, obtaining excellent reproducibility. 

Different extract concentrations were tested until finding the appropriate concentration within 

the curve. The determination of the absorbance of the samples was carried out nine times to 

obtain the minimum error. 

Quantification of Total Phenolic Content (TPC)  

The Folin-Ciocalteu method was used for phenol counting. To prepare the calibration 

curve, Gallic Acid stock solutions are prepared from a concentration of 10 mg/ml. With this, 

the points of the standard curve were prepared at different concentrations in mg/ml: 0.02, 0.04, 

0.06, 0.08, 0.10 and 0.12. These solutions were stored at -20°C protected from light. 
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The Folin-Ciocalteu reagent is diluted in a 1:10 (v/v) ratio with distilled water. The extract 

of J. neotropica is prepared at 0.4mg/ml concentration in methanol. A 7.5% (w/v) sodium 

carbonate solution was prepared for the experiment. 

Having the previously mentioned points ready, continue with the total phenol content 

protocol. To each previously labeled test tube, add 300µl of the extract or gallic acid (for 

calibration curve), respectively (to the test tube corresponding to the blank, the 300µl are 

distilled water). 1500µl of the Folin-Ciocalteu solution are added and it is stirred and then left 

to incubate for 5 minutes in a dark place at room temperature. Then 1200 µl of the sodium 

carbonate solution are added, shaken and left to incubate for 30 minutes in the dark. After that 

time, the absorbance of each sample at 765nm is read in the spectrophotometer.  

The calibration curve was developed by triplication, obtaining excellent reproducibility. 

Different extract concentrations were tested until finding the appropriate concentration within 

the curve. The determination of the absorbance of the samples was carried out nine times to 

obtain the minimum error. 

2.2.6. Biological Activity 

Assessment of Antibacterial and Antifungal Bioactivity 

The antibacterial activity of the extracts against Gram-positive bacteria was evaluated 

following protocols by Valarezo et al. (2022)30: Enterococcus faecalis ATCC ® 19433, 

Enterococcus faecium ATCC ® 27270, Staphylococcus aureus ATCC ® 25923 y Listeria 

monocytogenes ATCC ® 19115 as well as in Gram-negative bacteria: Escherichia coli 

(O157:H7) ATCC ® 43888, Pseudomonas aeruginosa ATCC ® 10145, Salmonella enterica 

subs enterica serovar Typhimurium WDCM 00031, derived ATCC ® 14028.  The antifungal 

activity was evaluated against the following yeast and sporulated fungi: Candida albicans 

ATTC ® 10231 and Aspergillus niger ATCC ® 6275. These analyses were conducted with the 

collaboration of Universidad Técnica Particular de Loja. 

For this, the microdilution broth method was used. The incubation of the bacterial strains 

was carried out in a Müeller-Hinton (MH) broth. For the positive control Ampicilin (1 g/ml), 

Ciprofloxacin (1 mg/ml) and Amphotericin B (250 µg/ml) were used; while for negative 

control, Dimethylsulfoxide (DMSO 5%) were used. Strains were placed in fluid thioglycolate 

medium supplemented with 5% horse serum for reactivation. A portion of a cryogenic stock 

was resuspended in thioglycolate and incubated in a microaerophilic atmosphere at 37°C for 

48h. 40mg of each extract was separately dissolved in 1ml of DMSO. The medium used for the 
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assay was in a Müeller-Hinton (MH) broth at pH 7.3 with 5% lysed horse blood, where double 

serial dilutions of decreasing concentrations of each extract from 2000 to 500 MCI in µg/ml 

were placed. The inoculum was prepared from the thioglycate culture by adjusting it to 0.5 

McFarland. In an atmosphere of 5% CO2 of an Oxoid CampyGen (microaerophilic), the 

microplate was incubated at 37°C for 48h. With the same range of concentrations of the 

extracts, a blank was prepared to carry out measurements at 405nm to rule out TTZ reduction 

due to contamination.  
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CHAPTER III: RESULTS AND DISCUSSION 

First, the yield of the extractions will be calculated. Then, a phytochemical screening of 

all extracts will be performed, followed by a quantitative analysis (total flavonoid and phenol 

content) of the most promising plant. Finally, an analysis of the antibacterial and antifungal 

activity of all extracts will be carried out. 

3.1. Extraction  

Table 2 shows the yields obtained for each plant by the methanol maceration method. It 

can be seen that J. neotropica gave the highest yield of the four extractions with 20.39% 

followed by D. triacantha with 17.95%. While Mikania sp. was the lowest yielding with 

10.62%, together with B. aurea with 14.02%. The polarity of the solvent causes the extraction 

yield of the plants to vary, however in this study the same solvent (methanol) was used for the 

four plants, so the difference in extraction yields between the species probably reflects 

differences in bioactive compounds or their concentrations31. In other words, the variation in 

the extraction yields of the four plants studied in this work is related to quantitative and/or 

qualitative differences in the components32. 

Table 2: Yields obtained from methanolic plant extracts 

Sample Plant (g) Extract (g) Yield (%) 

Juglans neotropica 50.13 10.22 20.39 

Duranta triacantha 50.01 8.98 17.95 

Mikania sp. 45.18 4.80 10.62 

Brugmansia aurea 50.27 7.05 14.02 

 

Unlike the first two, a dry powder extract was not obtained from the latter two, but rather 

a sticky mass which is why it can be said that these two species could contain mucilage, which 

by definition is a substance or soluble fiber of viscous texture from plants that are coagulable 

to alcohol33. Several applications have been reported for mucilage as a natural emulsifier, 

thickener, or an alternative for synthetic additives and polymers since they present hydrogen 

bonds between different functional and polar groups. One application that could be given to 

Mikania sp. and Brugmansia aurea extracts is the development of mucilage-based hydrogels 

for healing skin wounds. They are biocompatible, non-toxic, and biodegradable. This substance 

is a polysaccharide polymeric complex composed mainly of carbohydrates and glycoproteins. 

Tannins, alkaloids, and steroids are also reported34. 
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Table 3: Qualitative phytochemical screening in extracts of Juglans neotropica, Duranta 

triacantha, Mikania sp. and Brugmansia aurea. 
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3.2. Qualitative Phytochemical Screening 

Table 3 shows the results of each test for each secondary metabolite and methanolic 

extract. Table 4 summarizes the secondary metabolites that tested positive to one or more of 

the colorimetric tests applied to each extract; as well as the negative results of these tests. 

 

Table 4: Summary of secondary metabolites (based on Table 3) detected in extracts of 

Juglans neotropica, Duranta triacantha, Mikania sp. and Brugmansia aurea. 

  

EXTRACT 

J. neotropica D. triacantha Mikania sp. B. aurea 

     

S
E

C
O

N
D

A
R

Y
 M

E
T

A
B

O
L

IT
E

S
 

FLAVONOIDS + + - + 

PHENOLS + - + + 

ALKALOIDS + - - - 

CARBOHYDRATES + + + - 

PROTEINS AND AMINOACIDS + - - - 

GLYCOSIDES + + + - 

CARDIAC GLYCOSIDES - + - - 

TANNINS + + + + 

SAPONINS + + + + 

COUMARINS - + - - 

PHYTOSTEROLS + + - - 
      

 

The analysis of the results will be carried out for the extracts of each species. Starting 

with J. neotropica, where a positive result can be observed for most of the metabolites tested 

except for cardiac glycosides and coumarins. It is also worth noting that, compared to the other 

species studied in this work, J. neotropica has the highest number of secondary metabolites. 

Other species of the genus Juglans have been recorded: J. Regia, J. Cathayensis, J. 

Mandshurica, J. Sigillata, J. Nigra, and J. Sinensis; according to the literature, they present 

flavones, terpenes, and glycosides. In addition, quinones and polyphenols are abundant in any 

part of the plant. Finally, hydrolyzable tannins have also been reported in Juglans species35. 

With all this background, the qualitative phytochemical analysis of J. neotropica can be 

confirmed, adding the presence of alkaloids, saponins, and phytosterols in this species. 

The extract of D. triacantha was positive for flavonoids, carbohydrates, glycosides, 

cardiac glycosides, tannins, saponins, coumarins, and phytosterols. A study by Luna (2015)36 
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confirms the presence of tannins and flavonoids in the genus Duranta. According to the review 

by Puri (2018)37, the genus also contains saponins, alkaloids, and glycosides. From the same 

genus, but in different species such as D. Repens and D. Erecta, in addition to the secondary 

metabolites already mentioned, the presence of steroids, terpenoids, triterpenes, and phenols is 

reported37,38. This allows us to compare the main secondary metabolites of the genus and those 

of the species in question. In the colorimetric study, no alkaloids were detected in the extract, 

so it could be said that there is no presence of alkaloids in the leaves, stems, or nascent flowers 

of the plant. 

Mikania sp. extract presents phenols, carbohydrates, glycosides, tannins, and saponins. 

The main chemical groups of the genus Mikania according to Rufatto et al. (2012)39 are 

coumarins, sesquiterpenes lactones, sesquiterpenes, diterpenes, flavonoids, and terpenoids. 

Medeiros et al. (2018)40 reported Mikania glomerata rich in coumarins. According to several 

sources, the main metabolite of this genus is coumarins and their derivatives; however, we can 

note that it does not possess this compound in the colorimetric analysis of the collected species. 

The methanolic extract of B. aurea showed the lowest number of secondary metabolites 

in the colorimetric analysis: flavonoids, phenols, tannins, and saponins are the main chemical 

groups of this species. Some studies support that B. aurea possesses alkaloids such as atropine, 

hyoscyamine, and scopolamine41,42. Literature on the genus Brugmansia suggests the presence 

of alkaloids, terpenes, and flavonoids as the main components of the genus43. However, 

colorimetric tests were negative for these types of secondary metabolites. These results may be 

because the alkaloids of this species are not found in the aerial part of the plant, but the bark or 

fruit. 

3.3. Quantitative Phytochemical Screening in Juglans neotropica Methanolic Extract 

 3.3.1. Quantification of Total Flavonoid Content (TFC) 

Figure 1 shows the calibration curve obtained with quercetin giving a Pearson coefficient 

of R2=0.9987, which implies a very accurate preparation of the solutions with the pipetting 

technique. The points of the absorbance of the J. neotropica extract at 0.4 mg/ml, which are in 

orange color, were also plotted to show that they fall within the calibration curve. Values are 

expressed as mg quercetin equivalent (QE) per gram of dry sample. 
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Figure 1. Calibration Curve to calculate TFC values 

The equation obtained through linear regression is as follows: 

𝒚 = 𝟏. 𝟎𝟏𝟑𝟑𝒙 (Eq.1) 

Where: 

y = Absorbance average value of J. neotropica extract. 

x = Quantification of flavonoids in the sample at 0.4 mg/ml. 

With the nine absorbance values of the sample, a total average of 0.0992 nm was obtained. 

Performing the calculation of Eq.1, an x of 0.0978 mg of QE/0.4 ml extract is obtained, 

therefore the corresponding conversion was done and it is obtained that the total flavonoid 

content in the methanolic extract of J. neotropica is 244.8 ± 0.003 mg of QE/g extract. 

The total flavonoid content in the Folin-Ciocalteau assay confirms the presence of flavone 

compounds in the extract of J. neotropica as we could observe in the qualitative phytochemical 

screening performed previously. The dielectric constant of methanol is 32.78 at 25°C, 

indicating good solvent polarity, which stimulates the polar components of the extract to 

dissolve quickly in alcohol12. 

Qu et al. (2016)44 quantified flavonoids in dried nuts of J. regia obtaining 53.66µg/ml 

values. Evaluations of leaves and stems of the mentioned species were performed by Muzaffer 

et al. (2018)45 in methanolic extracts reporting a TFC of 144.62 ± 2.40 mg/g. The same research 

work reports previous studies on the same species with TFC of 48.90 ± 0.7 mg QE/g of extract45. 

Another study shows that the TFC of aerial parts of J. regia resulted in a value of 149.00 ± 2.55 

mg QEs/g46. 
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3.3.2. Quantification of Total Phenolic Content (TPC) 

Figure 2 is the calibration curve obtained with gallic acid giving a Pearson's coefficient 

of R2 = 0.9998, which supposes a very exact and excellent preparation of the solutions with the 

pipetting technique. The points of the absorbance of the J. neotropica extract at 0.4 mg/ml that 

are in orange color were also plotted to demonstrate that they fall within the calibration curve. 

The values are expressed as mg gallic acid equivalent (GAE) per gram of dry sample. 

  

Figure 2. Calibration Curve to calculate TPC values 

The equation obtained through linear regression is as follows: 

𝒚 = 𝟗. 𝟓𝟖𝟖𝟓𝒙 (Eq.2) 

Where: 

y = Absorbance value of J. neotropica extract. 

x = Quantification of phenols compounds in the sample at 0.4 mg/ml. 

With the nine absorbance values of the sample, a total average of 0.866 nm was obtained. 

Performing the calculation of Eq.2, an x of 0.0903 mg of GAE/0.4 ml extract is obtained, 

therefore the corresponding conversion was done and it is obtained that the total content of 

phenolic compounds in the methanolic extract of J. neotropica is 225.8 ± 0.04 mg GAE/g 

extract. 

The total phenol content in the Folin-Ciocalteau assay confirms the presence of phenolic 

compounds in the extract of J. neotropica; as we could observe in the qualitative phytochemical 

screening performed previously. 
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Qu et al. (2016) 44 quantified phenols in dried nuts of J. regia obtaining values of 589 

µg/ml. However, evaluations to leaves and stems of the mentioned species were performed by 

Muzaffer et al. (2016)45 in methanolic extracts reporting a TPC of 129.76 ± 3.11 mg/g. In the 

same research work they report previous studies on the same species with TPC of 116.39 ± 5.63 

mg GAE/g45. Another study shows that the TPC of aerial parts of J. regia resulted in a value of 

267.30 ± 2.19 mg GAEs/g46. 

3.4. Biological Activity 

3.4.1. Antibacterial Bioactivity 

The evaluation results of antibacterial activity against the strains previously mentioned in 

section 2.2.6. are reflected in Table 5. It can be seen that the extract that showed the greatest 

activity against most of the bacteria was that of J. neotropica, giving positive antibacterial 

results for Enterococcus faecalis, Staphylococcus aureus, Listeria monocytogenes, Echerichia 

coli and Pseudomonas aeroginosa. On the other hand, no antibacterial activity was found in the 

B. aurea extract for any of the strains tested at the mentioned concentrations. Mikania sp. was 

only positive for Staphylococcus aureus and Listeria monocytogenes. Finally, the extract of D. 

triacantha has a moderate antibacterial activity against the gram-positive rod bacteria Listeria 

monocytogenes. It should be noted that none of the extracts tested showed antibacterial activity 

against Enterococcus faecium and Salmonella enterica bacteria strains at concentrations tested. 

Table 5: Antibacterial capacity of methanol extracts against pathogenic reference strains 

measured as minimum inhibitory concentration (MIC) and expressed in µg/ml.  

  Gram-positive cocci  Gram-positive rod  Gram-negative rods 

 

 

E. 

faecalis 

ATCC ® 

19433 

E. 

faecium 

ATCC ® 

27270 

S. 

aureus 

ATCC ® 

25923 

 
L. 

monocytogenes 

ATCC ® 19115 

 E. 

coli 

ATCC ® 

43888 

P. 

aeruginosa 

ATCC ® 

10145 

S. 

enterica 

ATCC 

® 14028 

S
A

M
P

L
E

 Juglans neotropica 1000 - 1000  1000  2000 1000 - 

Duranta triacantha - - -  2000  - - - 

Mikania sp. - - 2000  1000  - - - 

Brugmansia aurea - - -  -  - - - 

           

C
O

N
T

R
O

L
 (

+
) Ampicillin 

(1 g/mL) 
0.7812 <0.3906 <0.3906 

 
n/a 

 
n/a n/a n/a 

Ciprofloxacin 

(1 mg/mL) 
n/a n/a n/a 

 
1.5625 

 
1.5625 <0.3906 <0.3906 

Amphotericin B 

(250 µg/mL) 
n/a n/a n/a 

 
n/a 

 
n/a n/a n/a 

           

C
O

N
T

R
O

L
 (

-)
 

Dimethylsulfoxide 

(5%) 
+ + + 

 

+ 

 

+ + + 
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According to Bi et al. (2016)35, the species of the genus Juglans mentioned previously in 

section 4.2. present antioxidant, antitumor, and especially antibacterial activity due to the 

presence of Juglone, a quinone derivative found in walnut leaves46. Due to the antibiotic 

resistance that many organisms have developed, the use of natural antimicrobial compounds is 

of great interest, and several researchers have demonstrated the antimicrobial activity of 

phenolic extracts. The antibacterial activity of the male flower of J. regia showed significant 

antibacterial activity against strains of Staphylococcus aureus and Escherichia coli45. It is 

important to know that Staphylococcus aureus strains cause the majority of skin infections47, 

so finding natural products that are positive for antibacterial assays is a great advance for the 

future development of new therapeutic options that are much less invasive for the human body. 

3.4.2. Antifungal Bioactivity 

The evaluation results of antifungal activity against the strains mentioned in section 2.3.5. 

are reflected in Table 6. The B. aurea extract showed no fungal activity against the tested two 

strains at the mentioned concentrations. The sample of J. neotropica showed moderate 

antibacterial bioactivity against Candida albicans fungi, while the methanolic extracts of D. 

triacantha and Mikania sp. were positive for Aspergillus niger fungi. 

Table 6: Antifungal capacity of methanol extracts against pathogenic reference strains 

measured as minimum inhibitory concentration (MIC) and expressed in µg/ml  

  Yeast and sporulated fungi 

 
 

Candida albicans  

ATTC ® 10231 

Aspergillus niger 

ATCC ® 6275 

E
X

T
R

A
C

T
 Juglans neotropica 2000 - 

Duranta triacantha - 1000 

Mikania sp. - 2000 

Brugmansia aurea - - 

    

C
O

N
T

R
O

L
 (

+
) Ampicillin 

(1 g/mL) 
n/a n/a 

Ciprofloxacin 

(1 mg/mL) 
n/a n/a 

Amphotericin B 

(250 µg/mL) 
<0.098 <0.098 

    

C
O

N
T

R
O

L
 (

-)
 

Dimethylsulfoxide 

(5%) 
+ + 
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The aerial part of the genus Juglans shows favorable results in curing ringworm35, a skin 

disease caused by the zoophilic dermatophyte Trichophyton verrucosum48 and is highly 

contagious in humans49. Circular gray lesions characterize this fungal infection48, especially on 

the scalp, ears, neck, and shoulders49. The antibacterial activity of the male flower of J. regia 

showed significant antifungal activity against Candida albicans strains45. 

Although the methanolic extracts of B. aurea studied in this work were negative for 

antifungal activity in the mentioned strains at the concentrations tested, an antifungal study of 

this same species by Singh et al. (2017)41 confirmed a high degree of bioactivity for endophytic 

fungi due to the presence of the ketoacyl synthase domain and concluded that this species has 

great potential in the production of therapeutic compounds. The species B. candida Pers. has 

been recorded as an antifungal as one of the therapeutic applications50.  
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CHAPTER IV: CONCLUSIONS AND RECOMMENDATIONS 

Among the four plants studied, Juglans neotropica was the one that gave the best results, 

starting with the highest yield (20.39%) when extracted. This same species tested positive for 

many of the secondary metabolites analyzed, among the main ones: flavonoids, phenols, 

alkaloids and carbohydrates and with the exception of cardiac glycosides and coumarins. The 

results of flavonoid and phenol counts in J. neotropica were very favorable with 244.8 ± 0.003 

mg QE/g extract and 225.8 ± 0.04 mg GAE/g extract respectively. This species presents 

moderate bioactivity for antibacterial procedures against strains of Enterococcus faecalis (1000 

MIC µg/ml), Staphylococcus aureus (1000 MIC µg/ml), Listeria monocytogenes (1000 MIC 

µg/ml), Escherichia coli (2000 MIC µg/ml) and Pseudomonas aeruginosa (1000 MIC µg/ml) 

and antifungal processes against the fungus Candida albicans (2000 MIC µg/ml), which makes 

this extract an excellent candidate for possible treatments for certain skin diseases caused by 

the aforementioned strains. 

Duranta triacantha extract was positive for flavonoids, carbohydrates, glycosides, 

cardiac glycosides, tannins, saponins, coumarins, and phytosterols; although neither phenols 

nor alkaloids were detected. It also showed moderate antibacterial bioactivity against Listeria 

monocytogenes strains (2000 MIC µg/ml) and antifungal bioactivity against Aspergillus niger 

fungi (1000 MIC µg/ml).  

The extracts of Mikania sp. and Brugmansia aurea had secondary metabolites in common 

such as phenols, tannins and saponins, but only Mikania sp. had moderate antibacterial 

bioactivity against Staphylococcus aureus (2000 MIC µg/ml) and Listeria monocytogenes 

(1000 MIC µg/ml) and antifungal bioactivity against Aspergillus niger (2000 MIC µg/ml). 

Mikania sp. and B. aurea, which presented only a few secondary metabolites, could be 

the object of hydrogel development because of the mucilage they apparently exhibit, this will 

contribute to a better comprehension of these species. 

For future work it is suggested to continue with the counting of flavonoids of D. 

triacantha and B. aurea; and also, the counting of phenols of Mikania sp. and B. aurea to 

complete the phytochemical profiles of the missing plants. 

It is suggested to carry out studies of antioxidant and anti-inflammatory activity of the 

methanol extracts of the four plants studied here. For the most active plant, it is suggested to 

perform a bioguided fractionation for the isolation of specific secondary metabolites.  
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