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Resumen 

 

Amazonas es el Departamento de mayor extensión en Colombia, poseedor de una gran 

diversidad natural a nivel mundial que contrasta con la situación económica y social de 

gran parte de sus habitantes. Por tradición, sus modelos económicos han estado basados 

en el extractivismo que genera pocos dividendos económicos y gran presión sobre los 

ecosistemas. Actualmente, y debido al creciente aumento de consumidores que prefieren 

productos de origen natural, el mercado de los Productos Naturales ofrece a lugares como 

el departamento de Amazonas la posibilidad de lograr un desarrollo económico sostenible. 

Sin embargo, este renglón es incipiente en el Departamento y no representa una alternativa 

clara dentro de los habitantes aun cuando la disponibilidad de recursos potenciales a ser 

usados, es tan alta. De este modo, esta tesis de doctorado desarrolla una estrategia para 

el diseño y análisis de procesos para la obtención de productos de valor agregado a partir 

de especies vegetales de origen amazónico con un enfoque sostenible. Es decir, el 

aprovechamiento de las materias primas en la obtención de productos de valor agregado 

con proyección industrial y aprovechamiento de residuos. Adicionalmente, esto conllevaría 

la generación de empleo y dividendo económicos sin agotar los recursos. Esta estrategia 

se utilizó para evaluar el potencial económico del Makambo (Theobroma bicolor), Aguaje 

(Mauritia flexuosa) y Cedro (Cedrela odorata) en el contexto amazónico, a partir de las 

evaluaciones técnicas, económicas y ambientales de dos escenarios posibles para cada 

especie.  

 

 

Palabras clave: Amazonas, simulación, productos naturales, materias primas, 

ingeniería de procesos. 
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Abstract 

 

The Amazonas is the Colombian province with the largest area, housing much of the 

biodiversity of our planet. This richness is in contrast to the low standard of living of the 

regional inhabitants. Traditionally, their economic structure has been based on extractive 

activities, which generate low economic income and creates pressure on the ecosystem. 

Currently, the increasing number of consumers who prefer natural products makes the 

Natural Products market an economic opportunity for places like the Amazonas. However, 

this direction is underdeveloped and does not represent a tangible opportunity to 

inhabitants even though the availability of the natural resources is significant. Thus, the aim 

of this dissertation has been to address the stated challenge by investigating and 

developing a strategy for the design and analysis of a sustainable approach consisting of 

processes that allows obtaining value-added products from Amazonian plants. The latter 

calls for utilization of natural raw materials for obtaining products of industrial significance 

while generating minimum waste. Such a concept is also aimed at generating employment 

and income to local populations without depleting the natural resources. This strategy was 

used to evaluate the economic potential of Makambo (Theobroma bicolor), Aguaje (Mauritia 

flexuosa) and cedar (Cedrela odorata) in the Amazonas context, and assess the technical, 

economic and environmental aspects of two potential scenarios for each of the botanical 

specie. 

 

 

 

Keywords: Amazonas, Simulation, Natural Products, Feedstock, Process 

engineering 
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Introduction 

The Amazonas is part of one of the Regions with the highest extent of biodiversity worldwide 

[1], [2]. However, even with the available biomass and the potential of their natural 

resources, Amazonas is characterized by having an economic system based on extractive 

practices from their natural resources. This generates low incomes and high pressure on 

the natural ecosystems [3]. Thus, in Amazonas the biological richness and the potential of 

its natural resources are contrasted by the poverty, lack of source of employment and the 

low standards of living of the regional inhabitants [4]. 

 

Historically, the economic system of Amazonian Region has been tied to extractive 

processes of natural resources, that have generated income, specially to others countries. 

Such was the case of quinine extraction in middle of 19th century, rubber extraction at the 

beginning of 20th century and recently the animal skins, wood and fish extractions [5]. 

Currently, the situation is the same, the extractive practices are the economic strategy of 

the productive activities in Colombian Amazon Region, which are based on the use of 

renewable and non-renewable natural resources as livestock, hydrocarbons, agriculture, 

timber, mining and fishing without considering the sustainability of the ecosystems [6]. 

 

For the period between 1990 and 2010, the forest deforestation reported an increase of 

further half million hectares due to the extractives activities, changes in the land uses, illicit 

crops, population growing, among others causing a negative ecological impact [7]. 

However, the current picture for Amazonas shows a positive image with potentialities 

regarding the biodiversity and climatic equilibrium, as well as an emerging economy that is 

attractive for investment. Therefore, the economic model has to vindicate and change, 

looking for alternatives based on the use of the natural resources with sustainable 

productive practices that not permit falling in the extractives models.    

 

The Non Timber Forest Products, NTFP, (fibers, oils, pigments, food, etc.) offer a valuable 

opportunity to consider because of their popularity among consumers [8], [9], in addition, 
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they have management techniques related directly with the conservation of the forest 

ecosystems and social inclusion in the projects.   

 

The Amazonian plants have traditionally been used, among other things, as a source of 

food, medicine, crafts supplies and wood [10]. The utilization of plants has been an 

economic source for local inhabitants [11], [12], however, this market is not considerable in 

Amazonas, due to the lack of organizational of agronomics chain. 

 

Attributable to the potential use of Amazonian plants in food, cosmetic and pharmaceuticals 

applications, they have been a subject of study for several years [10], [13]–[17]. However, 

the majority of these studies reported the traditional use and rarely reported about the 

development and assessment of technologies for industrial modes of utilization. 

Consequently, little attention has been paid to their transformation to value-added products. 

Therefore, one of the current challenges is to evaluate productive alternatives that allow an 

economic development without adversely affecting the natural and cultural resources of the 

region [18].   

 

Thus, looking for establishing the potential of Amazonas in the natural products market, it 

is necessary to develop methodologies that allow assessing productive approaches, using 

scientific, technical and engineering criteria. Last should take into account the logistics, 

regulatory and economic aspects, and based on results of assessments, to predict their 

cost-effectiveness and sustainability before investing and initiating efforts that are doomed 

to fail. 

 

Considering all of these challenges, the objective of this thesis is focused on the 

development of a strategy for the design and evaluation of processes in Amazonas context, 

looking forward to its sustainability. The strategy is based on process engineering 

approach, which includes the influence of feedstock, processing sequences, technologies, 

energy consumption on the technical, economic and environmental performance of the 

design. This thesis includes the assessment of processes based on three raw materials 

found in the Amazonas context. The thesis includes an experimental setup that supports 

the process design. 
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Thesis hypothesis  

 

Process engineering techniques allow conducting systematic analysis and assessment of 

the potential of Amazonian plants in order to be part of the natural products market. 

 

 

Thesis objectives  

General objective 

To design and assess technically, economically and environmentally processes for 

obtaining of natural products with industrial applications from Amazonian plants. 

 

Specific objectives 

1. To assess the potential of obtaining value-added natural products from Amazonian 

plants. 

2. To investigate and determine the chemical composition of the selected plants. 

3. To design and simulate different process configurations for producing value-added 

products from selected Amazonian plants  

4. To investigate and assess the technical feasibility, economic viability and 

environmental soundness of the proposed technological approaches and process 

configurations under Amazonas context. 
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1. Natural products: perspectives in the 
Amazon Region 

1.1 OVERVIEW 

Plants have traditionally been used as a source of food, medicine, crafts supplies and wood 

among others. In many cases such as Amazon Region, these have been exploited and 

marketed without an adequate management making this an issue that goes beyond the 

territorial boundaries of the region. Traditionally the use of many trees has been limited to 

timber use. This has restricted the usefulness of the trees without considering potential 

alternative uses such as the extraction of oils, resins, alkaloids, and dyes. These are some 

of the products that are considered “non wood forest products (NWFP)”. 

 

Nowadays, NWFP are in high demand by the pharmaceutical, food and cosmetics 

industries, because they contain compounds, known as Natural Products, that provide 

special benefits to the products as antitumor, anti-inflammatory, cytotoxic and antioxidant.  

1.2 Amazon Region 

The Amazon region is considered the richest biological reserve worldwide [6]. It is a 

reservoir of minerals, oil, gold and plants that are edible and some with medicinal, 

poisonous, and cosmetic potential. 

 

The Amazon region consists of territory belonging to nine nations: Bolivia, Brazil, Colombia, 

Ecuador, French Guiana, Peru, Suriname and Venezuela. The total area of the region 

depends on the criteria that are analyzed, Figure 1-1 shows the main cases: Amazon Biome 

(yellow limit) with 8.387.590 km2 [19], defined as the area covered predominantly by dense 
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moist tropical forest; and, Amazon Basin (red limit) with 7.352.112 km2 [20], a complex 

system formed by: rainforests, floodplain forests, savannas and rivers. 

 

 

Figure 1-1. Amazon Basin Region (red limit) and Amazon Biome Region (yellow limit). 

 Adapted from: [21]  

Indigenous, farmers and non-indigenous make up the population, which is estimated at 28 

million people, concentrated in urban areas. In the region there are approximately 385 

indigenous peoples with great linguistic diversity of almost 50 languages families [22].  

 

The population growth in the region has led to enhanced roads construction, exploitation of 

resources, and a greater demand for agricultural and forest products. This, in turn, resulted 

in adverse environmental effects such as deforestation and pollution of water sources that 

affect the natural equilibrium of the constituent ecosystems [23]. 

 

Amazonian biodiversity is the result of different continuous geological, climatic, 

hydrographic, biological and anthropogenic processes that have affected the Amazon 

rainforest [22]. A significant volume of data about the biodiversity in this region exists and 

highlights the region's wealth. Table 1-1 shows some of the existing biodiversity data 

available in the Amazon region. 
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Table 1-1. Amazonian biodiversity information 

Variety Species number 

Fishes 2000 

Reptiles 60 

Amphibians 3000 

Mammals 2121 

Birds 1800 

Vascular plants More than 30000 

Based on: [22], [24] 

 

The Amazonian Biodiversity is threatened by the inadequate management of the natural 

resources, giving rise to problems as deforestation, desertification, degradation of 

ecosystems, loss of water resources, and extinction of wildlife, among others [25]. 

 

Additionally, it has been found that there is a conflict between regulations related to 

economic aspects and those pertaining to conservation of natural resources. 

 

1.3 Forest products 

Forests are the habitat of many ecosystems and species with a variety of benefits and 

services for humanity. Forests cover water sources, they protect the soil, they help to 

reduce the floods and droughts, they prevent desertification also they provide products 

beyond the mere timber. Among the latter are:  waxes, oils, dyes, food, oxygen, fiber which 

have been used traditionally by the forest inhabitants [26]. 

 

FAO [7], [27] divided the forest products to: wood forest products (WFP), non-wood forest 

products (NWFP) and social and environmental services, as shown in Figure 1-2. 
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Figure 1-2. Forest products classification 

 [27] 

 

According to the World Bank [28] approximately 60 million indigenous inhabitants depend 

on forests and about 350 million people derive much of their livelihood and income from 

forests. Historically, forests have been seen as timber producer. Today their conservation 

is essential because it provides services to human well-being, they are often the "pharmacy 

and supermarket" of rural habitants. The Millennium Ecosystem Assessment estimated that 

up to 96% of the value of forests is derived from services and non-timber forest products  

[26]. 

 

Thus, the NWFP approach has been seen as an alternative for the authorities because it 

increases the value of forest, generating sources of job, reducing ecological and 

environmental risk through their extractives activities. 

1.3.1 Non Wood Forest Products from plants 

NWFP are “goods of biological origin derived from forests (different than wood), other 

wooded land and trees outside forests” [27], excluding all woody raw materials: wood chips, 

charcoal and firewood. This category includes biological materials that can be extracted 
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from the forest constituents (plants, fungi and animals). Among these are: foods, medicines, 

oils, resins, gums, latex, dyes, wildlife, ornamental plants, fuel wood, fibers, vines, etc.  

 

For plants, there are products that have great importance and potential in the market. Thus, 

these have been classified as shown below: [29]: 

 

• Essential oils and oleoresins: 

Essential oils: they are a hydrophobic liquid that contain the volatile compounds from plants.  

They are utilized in the food industry (flavor), cosmetic industry (fragrance) and 

pharmaceutical industry. 

 

Oleoresins: comprise essential oils, resins and others that form the volatile and no-volatile 

fractions of the species from which they are extracted. They carry flavor constituents and 

profiles of the original plant material and are commonly used in food industry principally. 

 

• Gums, resins and latex: 

Gums: polymeric material that can be used, dissolved in water, to modulate consistency 

and rheological properties of solutions and suspensions. They are classified into exudates 

and extracts of trees, seeds, roots, etc. 

 

Resins: Viscous liquid exudates of plants that are able to harden into transparent solid. 

Essential for the production of paints. Used in chemical industry, paints, inks, paper and 

tanneries. 

 

• Pigments and natural dyes: They are used in the color industry. 

 

• Spices and herbs: 

Spices: There are dried seed, fruit, bark used for flavoring, coloring or preserving food. 

Herbs: Are plants that are used for food, flavoring or medicine. 

 

Several NWFP are commercial products that provide economic benefits to the rural 

inhabitants. Some NWFP are widely used as ingredients and raw materials in food, 

cosmetics and pharmaceutical applications where the biological- and/or-pharmaceutical 
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properties of some of their constituent compounds are highlighted (Table 1-2). Processing 

NWFP allows generating by-products such as perfumes, creams, processed foods, food 

supplements, toiletries, medicaments, paints, and more. 

 

Table 1-2. Natural products from plants 

Potential use Compound Source 

Antioxidants Flavonoid Tea 

-carotene Papaya 

Colorants Anthocyanin Grapes 

Xanthophyll Orange peel 

Flavoring agents Essential oil Citrus 

Emulsifiers and stabilizers Lecithin Canola 

Aloe Aloe 

Fragrances Essential oil Roses 

Oils and fatty acids Oil Sunflower 

Pesticides Nicotine Snuff 

Based on: [30], [31] 

 

Thus, plants produce a wide range of chemical compounds some of them are known as 

Secondary Metabolites or Natural Products that have been tested and found to carry some 

potential health benefits. Among these are: antioxidants, antimicrobials, antitumor, among 

others; their use in the cosmetic, food, pharmaceutical industries has been recently 

increased  [32]. 

1.4 Natural products from plants and their potential  

Plants are power machines to produce a broad variety of Natural Products, also known as 

secondary metabolites. They represent a “metabolic waste” with an ecological functions 

such as predators repellent, pollinator attraction, etc. Many of the secondary metabolite 

exhibit specific biological activities that render them useful in a variety of applications such 

as antioxidants, antimicrobials, antitumor or agents against cancer, [32], [33]. 
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Because they present many structures, functions and bio-synthetic pathways, there is no 

single manner for their classification as Natural Products. [34]. Considering their 

biosynthetic source and their structures, Natural Products from plants can classified as: 

 Nitrogen- and/or sulfur-containing compounds. 

  

 Phenolic compounds: compounds were at least a hydroxyl group is attached to one 

or more aromatic rings in the structure. 

 

 Terpenoids: compounds containing isoprene as a structural unit. 

 

There are other compounds that are not included, such as a lignin, because of their 

complexity. Secondary metabolites are not homogeneously distributed throughout plant 

tissues. The latter has to be recognized when extraction of secondary metabolites is 

considered.  

 

Some general aspects of each of the major categories: 

 

 Nitrogen- and sulfur-containing compounds: 

Within the nitrogen compounds group are: alkaloids, amines, cyanogenic glycosides and 

capsaicinoids, among others.  

  

Alkaloids:  

Alkaloids constitute a diverse group of molecules having a basic nitrogen as a unifying 

factor. There are different systems of classification because they show variety in 

biochemical origin, chemical and pharmacological action. Some of them are toxic, 

spasmolytic blockers [35], neuromuscular [36], antimalarial [37], antiparasitic [38], 

antibacterial [39] and antifungal [40][41], among others. Some of them are used in cancer 

treatment [42]. 

 

Alkaloids are an important Natural Products, that carry pharmacological, medicinal and 

agrochemical importance. They act on the central nervous system and thus have 

physiological and toxicological properties. Thaiz and Zeyger reported 15000 alkaloids 

isolates from less than 20% of plants [34]. Alkaloids have been classified according to their 
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overall molecular structure (Table 1-3) or according to the position of their constituent 

nitrogen atom (Table 1-4). 

 

Table 1-3. Alkaloids classification according to chemical structure 

Group Sub-group i.e. Activity 

Non-heterocyclic 

alkaloids 

 Mescaline Hallucinogen 

 

 

 

 

Heterocyclic 

alkaloids 

Pyrrole and 

pyrrolidine 

Stachydrine Blood circulation 

Pyrrolizidine Senecionine Citotoxic 

Pyridine and 

piperidine 

Nicotine Parasympathomimetic 

Tropane Cocaine Stimulant 

Quinoline Quinine Antipyretic, 

antimalarial, 

analgesic, anti-

inflamatory. 

Isoquinoline d- Tubocurarine Neuromuscular-

blocking 

Aporphine Boldine Antioxidant 

Quinolizidine Sparteine Antiarrhythmic agent 

Indole or 

benzopyrrole 

Ergometrine Prevent bleeding  

Indolizidine Castanospermin

e 

Antiviral 

Imidazole or 

glyoxaline 

Pilocarpine Parasympathomimetic 

Purine Caffeine Stimulant 

Steroidal Conessine Histamine antagonist 

Terpenoid Aconitine Toxic 

Source from: [43] 
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Table 1-4. Alkaloids classification according to nitrogen position 

Alkaloids i.e. Activity Source 

Primary Mescaline Hallucinogen [44] 

Secondary Ephedrine Sympathomimetic 

effects 

[45] 

Tertiary Atropine Muscarinic 

antagonist 

[46] 

Quaternary Tubocurarine Neuromuscular-

blocking 

[47] 

Source from: [43] 

 

 

 Phenolic compounds: 

This group consists of substances that have one or more hydroxyl group (-OH) attached to 

an aromatic ring. Currently, more than 10.000 isolated phenolic compounds have been 

reported [34]. Some of them are sensitive to oxidation and most of them are water-soluble. 

The biological functions of this group are diverse: they attract pollinators (smell and color), 

they can inhibit germination, they can protect the species against ultraviolet radiation, they 

can protect against predators (toxic), and they contribute to the defense mechanisms 

against disease, etc.    

 

Phenolic compounds have different beneficial effect on human health, such as antioxidant, 

anti-thrombotic, anti-bacterial, anti-allergic, anti-flammatory [48].  Due to their  antioxidative 

activity, they might protect against cardiovascular disease [49]–[51] 

 

Phenolic compounds can be classified as:   

 

 Simple phenolics: 

They are composed of simple phenyl propanoids, coumarins and benzoic acid 

derivatives. They exhibit a diverse chemical activity as shown in Table 1-5. 
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Table 1-5. Subdivision-classification of simple phenolic compounds 

Sub - group Compounds 

(e.g.) 

Potential Source 

 

 

Simple phenyl 

propanoids 

Caffeic acid Antioxidant. Action against 

immunoregulation diseases, 

asthma and allergic reaction. 

[49] 

[48] 

Chlorogenic 

acid 

It acts as an antioxidant and 

inhibited carcinogen. 

[34], [52] 

Coumarins Coumarin Cytotoxic effects.  

Phytotoxic effects. 

[53] 

[38] 

Benzoic acid 

derivate 

Salicylic 

acid 

It participates in defense 

mechanisms. Anti-

inflammatory drug.  

[54] 

 

  Flavonoids and stilbenes: 

 

 

Table 1-6 shows the sub-groups into are divided the Flavonoids and stilbenes groups and 

some potential activities that have been found in this compounds. 

 

 Lignin: It is a complex and amorphous biopolymer. It is found especially in cell wall of 

plants, between cellulose and hemicellulose. Approximately, 30% of dry wood mass 

consists of lignin. It provides mechanical strength, defense, and regulates the transport 

of fluids in plants. It is resistant to degradation and it has a potential to the food industry 

due to antioxidant activity [55].  

 

 Tannins: These are astringent and amorphous substances distributed in plants, widely 

used in tannery processes. They occur in roots, leaves, fruits and, at high concentration 

in the peel of some plants. Research has suggested that some of these compounds 

exhibit antioxidant and antimicrobial activity [56].  
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Tannins are classified as: hydrolysable tannins and condensate tannins 

(proanthocyanidins). Studies have been carried out to test the potential of these 

compounds against cardiovascular diseases, carcinogenesis, neurodegeneration and 

skin deterioration [57]–[59].  

 

Table 1-6. Classification of flavonoids and stilbenes compounds 

Group Sub – group Activity E.g. Source 

 

 

 

 

Flavonoids 

Chalconoids Antitumor, anti-

inflammatory, 

cytotoxic, anti-

infective. 

Chalcone [60], [61] 

Flavanones Antioxidant, anti-

inflammatory, anti – 

cancer, inhibition of 

tumor development. 

Hesperetin [62] 

Isoflavones  Estrogenic activity Coumestrol [63], [64] 

Flavones Antioxidant, anti-

proliferative, anti-

tumor, anti-microbial, 

estrogenic. 

Apigenin 

Luteolin 

[65] 

Flavonols  Antioxidant, anti-

inflammatory, anti-

viral, anti-allegic. 

Myricetin 

Kaempferol 

[66], [67] 

Anthocyanins Pigments, UV 

protection, 

antioxidant. 

Cyanidin 

Delphinidin 

[68] 

Stilbenes  Antifungal  Resveratrol 

Viniferina 

[69] 

 

 Terpenes: 

They are a diverse group of compounds often with a strong smell and biochemical and 

pharmaceutical activity. Isoprene is the elementary unit. They are classified according 

of isoprene units as shown Table 1-7. 
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Table 1-7. Classification of terpenes 

Sub-group E.g. Activity Source 

Hemi terpene Isovaleraldehyde Toxic.  [70] 

Mono terpene Menthol 

Limonene 

Flavor  [71] 

Sesquiterpene Abscisic acid Hormone [72] 

Diterpene Taxol Anticancer [73] 

Triterpenes Amyrin Antidiabetic, 

antilipidemic, 

antimicrobial. 

[74] 

Tetraterpenes Carotenes Antioxidant, 

anticancer, 

cardiovascular 

disease.  

[75] 

Poyterpenes Polyisoprene “Rubber” [76] 

 

Thus, the benefits from plants and their extracts are huge. Historically, many natural 

products are used for human nutrition and health purposes. Besides, there are others which 

represent potentially new applications involving plants whose knowledge, in most of the 

cases, has been empirically established or still lacks scientific coverage [77]. 

1.5 International market for Amazonian NWFP and 
Natural Products 

NWFPs represent a promising sector worldwide because they are a natural resource, they 

are important for the well-being of rural inhabitants, contribute to the conservation of forest 

and their market exhibits a continuous growth. Although FAO and other agencies have been 

collecting information and statistics about NWFPs, the established data is only partial, 

insufficient and does not represent the actual potential. In addition, it is difficult to monitor 

the import and exports statistics and assess the impact of these products due to the fact 

that rather than being presented in a well classified manner, the international tariff codes 

present the NWFP groups with similar characteristics. For instances, In chapter 13 of 
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Harmonized Commodity Description and Coding System, also known as the Harmonized 

System (HS) of tariff nomenclature: Lac, gums, resins, vegetable saps and extracts is 

divided as shown below [78].  

 

13 – Lac, gums, resins, vegetable saps and extracts  

1301 – Lac; natural gums, resins, gum-resins & oleoresins  

130110 – Lac 

130120 - Gum Arabic 

130190 - Others natural gums, resins, gum-resins and balsam, except Arabic gum 

1302 – Vegetable saps & extracts 

130211 – Opium sap 

130212 – Liquorice extract 

130213 - Hop extract 

130214 – Pyretrum or roots of plants containing rotenone, extracts 

130219 – Others vegetable saps and extracts 

130220 – Pectic substances, pectinates & pectates 

130231 – Agar – agar 

130232 – Mucilages & thickeners derived from locust beans and seeds or guard seeds 

130239 - Mucilages & thickeners, modified or not, derived from vegetable plants 

 

Thus, this chapter does not allow the assessment of the market for differentiated amazon 

plants extracts. The same situation occurs with the other products.  

 

Table 1-8 shows some dates about the market of Natural Products into the world. From 

there, it is possible to note that Natural Products are a growing market. 

 

Table 1-8. Annual international market of Natural Products 

Item 1998 2003 2008 

Chemicals from natural plants (tons) 243.000 336.000 451.000 

Average price (US/kg) 7,78 8,74 9,96 

Demand for natural products (million US) 1890 2935 4495 

Extracts from plants (million US) 560 1120 1990 
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According to Euromonitor International in the 2012, in 54 countries the market of health and 

natural products amounted US $717,245 million with a rising trend. The market is 

dominated by Pacific Asia with US$ 196,320 million, followed by North America with US$ 

180,078 million and Occidental Europe US$ 172,099 million. Latin America is in the fourth 

position with US $ 83,966 million [79]. 

 

The market of Natural Products has exhibited growth because consumers prefer natural 

resources. However, the sector does not have clear regulation which generates problems 

as the illegality.  

1.6 Natural products extraction   

Although the chemical composition of plants varies, there are three common processing 

elements that are associated with extraction of natural products from plants: pretreatment, 

extraction and concentration and/or purification [31]. 

 

PRETREATMENT  

In order to attain high extraction yield, it is necessary to limit the degradation of target 

compounds and prepare the plant material for subsequent extraction procedures. 

Pretreatment unit operations include:  washing (separation of foreign particles), drying 

(moisture reduction), grinding (size reduction, increased mass transfer area) and sieving 

(particle size distribution adjustment).  

 

EXTRACTION 

The term extraction has reference to the separation of natural product using a solvent 

through standard procedures. Solid-liquid or liquid-liquid extractions are widely used for 

obtaining products from plants. Can be divided into traditional methods (such as Soxhlet, 

maceration, percolation) and recent methods (such as supercritical fluid extraction, 

microwave assisted with pressurized solvent) [80]. The extract obtained is a complex 

mixture of many metabolites, such as: alkaloids, glycosides and others. In order to be used, 

the extract has to be processed through purification or concentration techniques to isolate 

and/or concentrate the target compounds [81]. 
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The extraction process depends on the compounds to be obtained and the thermal stability 

of the material to be processed. However, traditional methods are associated with long time 

and low yields [82]. Thus, the extraction method contributes significantly to the quality of 

the product. Supercritical extraction technology shows to be a promising technology to 

extract components at high purity in a cleaner way; however, it is a demanding technology 

in terms of energy consumption for the compression and decompression of supercritical 

systems [83], [84].  

 

In the other hand, it is necessary to take into account the use of the product for the solvent 

selection, due to there are several regulations to be considered not only for the selection of 

the solvent but also for the maximal residue content in the extract [85]. 

 

Solvent extraction: 

Solvent extraction is the most commonly used technique for the recovery of natural 

products. The extraction efficiency and product quality are strongly dependent on the 

solvent. “Similar dissolved similar”, thus, some parameters that are taking in count for 

choosing the solvent are the affinity or structural similarity between solvent and solute 

(selected substance) and the polarity.  

 

The obtaining extracts can be divided in [34]: 

 Ether extract: It contains lipophilic compounds. E.g. Lipids, Essential Oil, and 

Carotenes.  

 Ethanolic extract: It contains hydrophilic compounds. E.g.: Simple sugar and 

phenolic compounds as tannins and flavonoids. 

 Aqueous extract: contain hydrophilic compounds. E.g.: Glycosides and salts’ 

alkaloids.  

 

These techniques are often limited by the long extraction time, which depends on the 

diffusion rates of solvents through the raw material [82], high energy cost [86]. The 

composition and long quantity of the solvent that require additional procedures to remove 

it [87].  Besides solubility, which is the most important variable in obtaining an extract with 

any solvent; the selectivity, recoverability of solvent, toxicity, flammability, corrosively, 
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thermal and chemical stability of solvent, availability, cost and environmental impact have 

to be consider [85]. 

 

Supercritical extraction 

The Supercritical fluid extraction, SFE, is an operation that used the capacity of dissolving 

of a fluid to temperature and pressure over its critical point liquid-vapor [88]. Fluids exhibit 

interesting properties: low viscosity, high diffusivity, density close to that of liquids [89]. The 

process consists in separate one component of interest from a matrix using supercritical 

fluids as the extracting solvent.    

 

The principle is based on the use of fluid in repeated steps of compression/depression in 

order to reaches the supercritical state. The raw material is loaded into an extractor which 

is equipped with temperature and pressure devices to keep the extraction conditions. The 

extraction begins once the supercritical conditions are achieved. The supercritical fluid pass 

through the raw material and load the plant extract. Once the extraction is finished, the fluid 

is transported to a separator where the system is depressurized increasing the temperature 

and decreasing the pressure. Thus, the product is separate and collected, the solvent is 

recycled before a purge [87].  

 

The SFE has advantages over solvent extraction such as increases selectivity, shorter 

extraction time, use low temperatures, and no solvent residues, which makes it an 

environmentally friendly process [80]. However, it is necessary to do a correct selection of 

the supercritical fluid, the extraction conditions and the pretreatment of the raw material 

[87], all these parameters have to be selected according the compound desired to extract. 

 

CO2 is the preferred solvent for SFE, it is inexpensive, abundant, chemically inert and non-

toxic, non-flammable, available in high purity and easy elimination of its traces from the 

obtained extract by depression [89]. Moreover, it has favorable physical properties as a 

density, which can vary with a little changes in the extraction pressures [88]. Besides, 

critical point is easily reached (Pc: 72,9 bar and Tc: 31,2°C). It has polarity limitations similar 

to the pentane which makes it suitable for extraction of lipophilic compounds. But, in this 

case and looking for alleviating the polarity limitations, then organic solvents (i.e. ethanol, 

methanol) are added [81]. The SFE is widely used commercially to obtain fragrances and 

flavors from plant materials, lipids [90], oils [91], decaffeinated coffee and tea [92] among 



Design and assessment of high technology processes for enhancing the viability of agribusiness based on 

the sustainable use of biomass in Amazonas 
37 

 

others. Many of them with value-added and extensively used as inputs in the food, cosmetic 

and pharmaceutical industries. The obstacle associated to this technology is the high cost 

of the equipment and their installations [89].  

 

CONCENTRATION AND/OR PURIFICATION 

After extraction, it is necessary to remove the solvent from the extract. Thus, unit operations 

as distillation, evaporation or membrane processes are carried out. The recovered solvent 

is recycled back to the extractor. Sometimes it is necessary to refine the product through 

processes such as crystallization or distillation [93].  

1.7 Perspectives 

The Amazon Region is uniquely rich in tropical and exotic species that serve as a source 

for natural products that can be authenticated and positioned to have authentic regional 

origin. These products have a great potential in the international marketplace for natural 

products. The production, trade and consumption of these products has increased 

significantly due to their suggested nutritional and therapeutic value [31], [32]. Processes 

for natural products, obtained from Amazonian fruits, have been studied by Cerón (2011, 

2013) and [15], [94], and results highlighted the importance of the bioactive properties of 

compounds that had been widely used by the indigenous communities.  

 

Historically the utilization of Amazonian plants has been dominated by activities of 

exploitation that affected the natural balance of the ecosystem, and have created 

environmental difficulties and challenges [3]. The benefits of species such as Uncaria 

tomentosa (uña de gato), Carapa guianensis (Andiroba), Euterpe precatoria (acai) and 

Myrciaria dubia (camu camu), among others, are widely recognized and exploited by some 

companies and pharmacological laboratories in countries that do not belong to Amazon 

Region. 

 

Thus, Amazon Region inhabitants and governments have been looking for productive 

initiatives, based on Natural Products as shown Table 1-9, to establish economic benefits 

in a sustainable way, while introducing added value to their products. 
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Table 1-9. Some Amazon enterprises based on Natural Products 

Country Enterprise Products Web page  

Brasil O Boticário Fragances, Perfumes http://www.boticario.com.br 

Natura Toiletries and cosmetics http://www.natura.net/br 

Granado Pharmácias Toiletries and cosmetics https://www.granado.com.br 

Multivegetal Toiletries http://www.multivegetal.com 

Peru Inkanat Cosmetic oil, essential oil, 

dietary supplements and 

others.  

http://www.inkanat.com 

Andes natura Dietary supplements.  http://www.andesnatura.co

m/la-empresa/ 

Colombia Mukatri Confectionery, cookies, jam. http://mukatri.com/ 

Waliwa Facial and body creams. http://www.waliwa.com 

Bolivia Madre Tierra 

Amazonia S.R.L. 

Species, food, dehydrated 

vegetables. 

http://www.productosmadret

ierra.com/ 

Noemi. Pensando en 

ti. 

Cosmetics. http://www.exclusivamenteb

oliviano.com/es/productos.a

sp?empresa=Cosmetica_no

emi&sector=Cosmeticos_B

olivia 

Cosnatval Cosmetics. http://cosnatval.com/product

os.htm 

Laboratorios 

Hanhnemann 

Pharmaceutical. http://www.labhahnemann.c

om/ 

 

Thus, NWFP and Natural Products markets have become a great alternative to the Amazon 

Region because it meets environmental objectives such as the conservation of biological 

diversity, allowing revenue generation for local communities without affecting food security. 

In addition, the researchers have been found in the Amazonian biodiversity, hundreds of 

products and inputs widely desired by consumers and industry.  However, it is necessary 

to integrate tools that allow to design and to assess productive initiatives in an 

environmentally friendly manner, integrating communities, looking for added-value products 

and taking caution in considering the implications of the extractive activities. 
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2. Amazonas and the NWFP market 

2.1 OVERVIEW 

The Amazonas is part of the Amazon Region, whose territory is made up entirely of humid 

forest. Amazonas is a biodiversity-rich territory that presents a great potential but its 

economic structure has a low level of productivity. In addition, there are some geographical, 

social and logistics difficulties that have been difficult the development of new economic 

models based on not only in the extractives practices of biodiversity available but also in 

process with any transformation.  

 

The trend of manufacturers and consumers to prefer exotics, tropical and natural products, 

present a potential opportunity for NWFP business in places such as the Amazonas. Thus, 

the challenge focuses on designing process based on local knowledge and scientific 

results. Then, to assess technical, economic and environmentally in order to generate 

arguments for their possible scale-up at industrial or semi-industrial levels. Opportunities 

that could encourage investment in the region that can strengthen the productive base of 

the economy and its inhabitants. 

2.2 Colombian Amazon Region  

The Colombian part of the Amazon Region consists of the provinces (“Departamentos”) of 

Amazonas, Caquetá, Guainía, Putumayo, Guaviare, Meta, Cauca, Nariño, Vaupés and 

Vichada as shown in Figure 2-1.  The Region consists of approximately 483.160 km2. The 

area is equivalent to 5.76% of the Amazon Region and 41.31% of the Colombia territory. 

Much of the biodiversity that exists in Colombia, is located in the Amazon region. Currently, 

there is a national and international interest in the region due to its role as a reservation of 
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biological resources and the opportunities that it presents, when mitigating climate change 

is considered. 

 

 

Figure 2-1. Political division of the Colombian Amazon region 

2.3 Amazonas 

2.3.1 Territory 

The Amazonas is located in the south of Colombia. It is the largest Colombian province, 

with an area of 109.665 km2, representing 9.61% of the country. Amazonas is a humid 

forest in its totality. The Amazon River Basin is housing of much of the planet's biodiversity 

and one of the largest reserves of water for humanity [95]. It borders the north with Caquetá 

and Vaupés, in the northwest with Putumayo, in the south with Brazil and in the east with 

Peru (Figure 2-1). It is the only province that is located on a Trans Amazonian Route, due 

to its access to the Amazon River. All of these, place Amazonas in a strategically 

geopolitical position. 

 

It is divided into two municipalities: Leticia (capital) and Puerto Nariño and nine small towns: 

El Encanto, La Chorrera, La Pedrera, La Victoria, Mirití-Paraná, Puerto Alegría, Puerto 

Arica, Tarapacá and Puerto Santander (Figure 2-2,Table 2-1). 
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      a        b          c  

Figure 2-2. a. Political division of Amazonas. b. National Natural Parks. c. Indigenous 

Reserves 

Adapted from: [96] 

 

Table 2-1. Political distribution 

Figure Area aprox. (ha) Percent (%) 

Municipalities 724.886 6,61 

Little towns 10.241.614 93,39 

TOTAL 10.907.395 100 

Source of: [97] 

 

Additionally, the land has been divided according to the use into National parks, Indigenous 

reserves, Subtracted area from the forest reserve and Forest reserves. The approximately 

area according to the figure land is presented in Table 2-2. The indigenous reserves 

(Resguardos indígenas) are considered to be a collective private property [97].  

 

Table 2-2. Figures land management in the Amazonas 

Figure Area approx. (Ha) Percent (%) 

National parks 1.868.380 17,04 

Indigenous reserves  9.708.867 88,53 

Subtracted area from the forest reserve 61.000 0,56 

Forest reserves 500.000 4,56 

Source of: [97] 
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According to the information presented in Table 2-2, it is important to highlight that National 

parks and Indigenous reserves overlap with each other. According to this organization, the 

land that is allocated for developing private projects is 61.000 Ha, corresponding to 0,56% 

of the total area.   

2.3.2 Population 

According to the 2005 census, for 2011 it was estimated a total of 72.887 inhabitants in 

Amazonas, distributed as is shown in Table 2-3. 

 

Table 2-3. Amazonas population data 

Municipality 2011 Percentage (%) 

Leticia 40.006 54,88 

Puerto Nariño 7.691 10,55 

El Encanto 4.663 6,40 

La Chorrera 3.662 5,02 

La Pedrera 4.447 6,10 

La Victoria 1.054 1,45 

Mirití Paraná 1.596 2,19 

Puerto Alegría 1.645 2,26 

Puerto Arica  1.389 1,91 

Puerto Santander 2.701 3,71 

Tarapacá 4.033 5,53 

Total 72.887 100 

Source of [98] 

 

The growing index population, combined with the natal index and migration, had been the 

higher in the country [99]. Currently, although Amazonas has a low population density of 

about 6,7 inhabitants per square kilometer it is important to be noted that 65,43% of the 

regional population is concentrated in the municipalities located along the Amazon River 

[98]. 

 

Considering the low availability of land for private projects mentioned above, Palacio and 

Nieto [98] offer an interesting discussion about land and its distribution, where they 
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concluded that “On a large scale there is a lot of land with few people, but a lot of people 

with limited land on a small scale”. 

 

For 2010, Amazonas registered for all the territory, 44,41% of Unsatisfied Basic Needs 

(UBN). For the 9 little towns the reported was of 100% due to there was not information 

sufficient to determine it [3].  This, permit to note that Amazonas has a lot of needs that 

have to be considered and attended.  

2.3.3 Connectivity  

The connectivity to and within Amazonas is complicated due to the significant spatial 

heterogeneity (forest complex and high density water networks) and limiting road 

infrastructure. Connectivity thus rely on air or river transportation means. 

 

Leticia is the capital and economic enclave of the region. It is located approximately 1085 

km from Bogotá DC (Colombia), 1107 km from Manaos (Brazil) and 500 km from Iquitos 

(Peru). There are air and river routes to and from Leticia (Figure 2-3), the routes are defined 

in Table 2-4. 

 

 

Figure 2-3. Commercial routes to Leticia 
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Table 2-4. Commercial routes1 

No. Route Type Time Used to Frequency 

 1 Tolu - Leticia Maritime - 

River 

20 – 25 days Goods For demand  

2 Manaus - Leticia River 4 - 5 days Passenger and goods Daily 

18 - 24 hours  Daily 

2 Manaus - Leticia Air 2 hours Passenger and goods Daily 

3 Iquitos – Leticia River 12 hours Passenger and goods Daily 

4 days Daily 

3 Iquitos – Leticia Air 2 hours Passenger and goods For demand 

4 Quito - Leticia River 15 days Goods 45 days 

approx.  

5 Bogota - Leticia Air 2 hours Passenger and goods Daily 

6 Villavicencio – 

Florencia 

Air 120 min approx. Passenger and goods Weekly 

7 Leticia - 

Araracuara 

Air 120 min approx. Passenger and goods Weekly 

8 La Chorrera - 

Leticia 

Air 90 min approx.  Passenger and goods Weekly 

9 Tarapacá - Leticia Air 35 min approx.  Passenger and goods Twice per 

week 

10 La Pedrera - 

Leticia 

Air 80 min approx.  Passenger and goods Twice per 

week 

11 Puerto Asís – 

Leticia 

Fluvial 8 - 15 days Goods Each 45 

days 

 

Amazonas has a river port in Leticia, on the Amazon River; hence by using a river taxi it is 

possible to travel to Iquitos (Peru) and Manaus (Brazil). It also has river ports in Tarapacá 

- Putumayo River and La Pedrera - Caquetá River. 

 

                                                
 

1 Sources: www.satena.com ; http://www.olca.com.co/  

http://www.satena.com/
http://www.olca.com.co/
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It is customary to send additional flights to small towns because the frequency and capacity 

of scheduled flights are low relative to demand.  

2.3.4 Economic Structure 

For 2012, Amazonas was positioned in the 25th national level of 29 according to 

competitiveness indicators of the Ministerio de Comercio, Industria y Turismo, evidencing 

difficulties in the actual economic models. 

 

The economic activity follows a social infrastructure in nine little town and two 

Municipalities. However and as say before, Leticia is the economic enclave in Amazonas. 

Industries are located in Leticia, they are limited and consist mainly of soft drinks, 

confectionery and yogurts manufacturers. Currently, the ecotourism is an emerging and 

growing activity that is gaining popularity among the inhabitants of communities along the 

Amazonas River. Fishing is an important industry to the economic well-being of many 

inhabitants [4]. Unfortunately, the miner activity and its adverse effects in Amazonas has 

been increasing.  

 

The timber exploitation is another economic activity. In 2014, the legal mobilization of forest 

products was 3.003,31 m3; 9,45% mobilized in Leticia, 24,91% in Puerto Nariño and 

65,64% in Tarapacá. Figure 2-4 presents the species mobilized according to the information 

provided by Corpoamazonia [100].  

 

Historically, the Amazonas economy has been tied to natural resource exploitation. 

Currently, the agricultural production is for inhabitants subsistence with low level of 

economic development attributed to the disarticulate economic, high prices for marketing, 

and the actual vision of environmental protection area according to the National model 

[101]. 
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Figure 2-4. Timber volume mobilized in Amazonas in 2014  

Adapted to: [100] 

 

Amazonas is considered as an inappropriate zone for agro system developing due to the 

precipitation, relativity humid, average temperature, chemical and topographic limitation of 

its soil [3]. Thus, for indigenous people, the major agricultural activity is the “chagra”, that 

is a small piece of land of 0.50 to 2 hectares, where they grow crops according to the 

traditional knowledge. Common cultivated species include fruits, casaba, banana, corn etc. 

(Dorfler, 2012). The Indigenous inhabitants are considered “pluriactives” because they 

have different ways to produce their essential goods: fisheries, agriculture, logging, hunting, 

gathering, etc.  [103]. Currently, the contact with non-indigenous society has created needs 

that have to be met by cash income. For example: hygiene items, fishing tools, pots, 

foodstuffs, medicines, school supplies, among others [3]. 

 

The non-indigenous population is dedicated to small scale agricultural activities (Ramírez, 

2012). Additionally, they are engaged in hunting, fishing, aquiculture, timber extraction and 

harvesting of non-wood forest products. The agricultural production is on a small-scale with 

a very low incomes, not only by the low levels of production but also for the absence of 

transformation into added-value products.  
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Thus, Amazonas has been promoting sustainable processes, what is reflected in various 

local and national regulations: La Agenda Interna para el Amazonas, suggests 

strengthening scientific and technological research, valuing local learning in the 

development of knowledge of biodiversity, promoting green markets, fostering scientific 

research and transfer of clean technologies for the establishment of production chains in 

the lines of Amazon fruits, resins, flavors, essences, medicines, crafts, spirits and food 

supplements, towards the national and international market [101]. It also highlights the 

recommendations made by the Comisión de Ciencia y Tecnología Departamental, who see 

the need to value traditional and new knowledge especially the biotechnology and 

bioinformatics to develop productive projects that improve the quality of life of the population 

without affecting the environment [101]. 

 

The “Plan de Desarrollo Departamental 2012 – 2015” “Por un buen vivir, somos pueblo, 

somos más!!” contemplated productive and sustainability inclusion strategies [4]. By other 

hand, “el Plan Nacional de Desarrollo 2010-2014”, seeks to stimulate the regional economy 

to enable sustainable development and sustained growth of the population, promoting 

value addition in agricultural production, forestry and fisheries with quality products. 

 

At the same time, the enforcement of free trade agreements which currently are available 

generate dynamics of integration, which provides opportunities to trade with other 

countries. However, these possibilities are to a lesser extent in places like Amazonas, which 

have low or limited agro industry development. 

2.4 The NWFP market from Amazonas  

Colombia is recognized as a biodiversed country. However, the lack of harmonized 

regulations associated with the international NWFP market and the development of new 

products  [8] make national market dynamic low in comparison  to the potential of its 

resources. In addition, according to Bio trade Colombian Fund, so far, Colombia has not 

implemented a tool that provides detailed information about the total number of species 

involved in the market of Natural Products, the raw material origin and approximate 

consumption. 
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According to studies that were conducted by the Alexander Von Humboldt Institute, in 2005, 

the Natural Products market was estimated in $ 25 million dollars in sales [8]. Currently, it 

is difficult to quantify the size of the Colombian market for natural products given the 

diversity of products and the high number of informal producers that are part of the sector. 

ASONATURA reports 9.200 health food stores, 25 phyto-pharmaceutical laboratories with 

National Surveillance Institute of Medicines and Foods, INVIMA permission, 40 

homeopathic laboratories, 100 integral food processers and 300 distributor companies in 

the country [104].    

 

Locally, the quantification of the sector is difficult too. Although the market is small, the 

Amazonas institutes do not have a complete information about the market for natural 

products. In 2012, the Amazonas Chamber of Commerce has recorded in its database six 

stores dedicated to selling natural products2. However, of these, only one sales regional 

NWFP such as "Abuta” (Abuta grandifolia), "Uña de gato" (Uncaria tomentosa), "Andiroba" 

(Carapa guianensis) and "chuchuhuasa" (Maytenus laevis), previously dried and ground. 

Others, marketed products processed and packed by different pharmacopoeias.  

 

It is clear that the NFWP market is mainly located in Leticia because it is the capital of 

Amazonas. Most of the marketing of these products is carried out in the "marketplace" 

(pulps, flours, oils, dried bark) or, in the case of handcrafts, anywhere suitable for this 

purpose. Thus, the Amazonas NWFP are characterized by their low processing 

(dehydration, reduction in size). Their trade is mostly locally, which makes it difficult to 

calculate the incomes and movement of this activity. 

 

In 2014, Corpoamazonia reported six Forest Harvesting permits of isolated trees, 

household trees and non-timber. In total 40 small and medium-sized enterprises associated 

with Green Business and Biotrade: 24 associated with handcraft, 4 with ecotourism, 4 with 

agroindustry, 4 tourist operators, 2 with forestry, 1 with environmental services and 1 with 

natural products. In addition, 72% of the initiatives are located in Leticia, 19% in Puerto 

Nariño, 5% in Tarapacá and 4% in Chorrera [100].  

 

                                                
 

2 The information was provided by telephone line. 
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2.5 Legal issues of Amazonian NWFP Market 

2.5.1 Environmental aspects 

Nation consider Forests as strategic resources, because they contain the biological, ethnic 

and environmental supply. Thus, knowledge, management and conservation must conform 

to the principles of sustainability. Which mean that the State, the community and the private 

sector should all seek to optimize the environmental, social and economic benefits that they 

provide. 

 

With the issuance of Law 99 of 1993 [105], known as the General Environmental Law,  the 

Ministry of Environment was created as the highest environmental authority in Colombia, 

responsible for ensuring renewable natural resources and environmental management; 

defining policies to recover, preserve, protect, manage, operate and exploit these resources 

sustainably. 

 

Similarly, the Regional Autonomous Corporations were created, as the highest authorities 

at the regional level; that have to ensure the compliance with the regulations issued by the 

Ministry of Environment. Additionally, five Institutes and Centers for Environmental 

Research and the National Environmental System (SINA) were created in order to 

coordinate the compliance with the principles outlined in the Law. 

 

In the case of Amazonas, the Corporation for Sustainable Development of Amazonian 

South, Corpoamazonia, is the Regional Autonomous Corporation with a charge of 

“Conserve and administrate the renewable natural resources”. To promote knowledge of 

the natural resources, that is represented by the biological, physical, cultural and landscape 

diversity. To direct the sustainable use of resources facilitating the community participation 

into environmental issues”. 

 

Before starting any kind of activity, it is necessary to establish the use (timber or non-

timber), the geographical location and finally, establish the respective procedures according 

to the regulations. As follows: 
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Wood Forest Products harvesting: 

The National Decree 1791 of 1996 [106] regulates the regime for the use of forests. Thus, 

Forest harvesting is defined as the extraction of forests products, from harvesting to its 

transformation. At the same time, the forestry products are those that are extracted from 

non-wood wild plants as resins, seeds, rubber and bark, among others. 

 

Non-wood forest products harvesting: 

Corpoamazonia, as an environmental authority, issued the Resolution 0727 from 19 July of 

2010 [107], that regulates the sustainable use of non-wood forest products in the south of 

Colombian Amazon Region. 

 

According to this regulation, two types of of utilization modes are defined: 

 Domestic use: the products are used by satisfy the domestic needs and not by 

marketing. 

 

 Persistent use: it is classified in Type 1 (up to 500 kg or 300 L of product), Type 2 

(indigenous communities up to 2000 kg or 500 L of product) and Type 3 (more than 

500 kg or 300 L; more than 2000 kg or 500 L for indigenous communities). 

 

As soon as the producer defined the kind of use according his needs, he makes an 

application to the Corpoamazonia. It is necessary to attach the land ownerships papers and 

demonstrate the capacity to guaranty the resources management, the research and the 

efficient use of the products. For Type 1 or Type 2, Corpoamazonia does the Forestry 

Management Plan and issues the technical concept. 

 

For Type 3, the producer should develop the Forestry Management Plan (including the 

forest inventory and floristic census) and the Corporation issues the technical concept.  

 

In all cases, the Corporation issues the technical concept after conducting an inspection 

visit. Then, issues the Resolution and defines the technical specification of the products 

and the floristic census. 
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Forest product mobilization  

According to the Resolution 438 from 2001, it is mandatory that all forest products that are 

transported into the National territory should have a legal permit issued for the Regional 

Autonomous Corporation [108]. 

 

This document covers the mobilization to the place of transformation, industrialization, 

marketing or international port. It may be used just once and is valid only for 8 days from 

the issuance day.  

 

Additionally, the Law 1333 from 2009 sets the environmental penalizing procedures if do 

not comply with the regulations.   

2.5.2 Health aspects 

Health aspects are associated with the end use of the product: raw material, food, 

pharmaceutical or other. The main institution that is in charge to monitor the production and 

marketing is the Ministry of Health and Social Protection.  

 

Within the institutions that are in charge to carry out the surveillance and control are the 

National Institute for Medicine and Food Surveillance, INVIMA, and the Territorial Entities 

of Health. The first one conducts surveillance in the production, and the second one carries 

out surveillance of the distribution channels and sale outlets.  

 

The Decree 3075 from 1997 [109] and Decree 677 from 1995 [110] issue the health 

registration for food and pharmaceutical products.  

 

The Resolution 3131 from 1998 [111] adopting the Good Manufacturing Practices to 

pharmaceutical products from Natural Products resources. 

2.6 The NWFP status in Amazonas 

Amazonas has a great potential stemming from its plants richness, source of many natural 

products, widely used in food, cosmetics and pharmaceuticals industries. It has the 

traditional knowledge of the indigenous: they know the cycles of river flooding, the fruits 
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growing and harvest and ethno botany experts, among others. However, they have been 

characterized by a subsistence economy.  

 

In order to consolidate the traditional knowledge of Amazonian native people, time and 

effort have been invested to consolidate lists and botanical identification of the Amazonian 

plants. In the last century, the aims of some studies have been directed at physical and 

chemical characterization, agro-forestry conditions, productivity and economic studies 

related to the use of some species. However, the majority of these efforts reported the 

traditional use and rarely reported the development and assessment of technologies for 

industrial exploitation. 

 

Despite this, at present, the Amazonas lacks an information center that collects, organizes 

and provides the information to the students, employers and general public. Such center 

should pride access to current relevant and updated information about plant species and 

their potential utilization and applications. 

 

In addition, several logistical, social, legal, ecological and technological issues need 

attention. Among these are: 

 

 Forest dynamics in terms of abundance and phenology of the species to be 

harvested. 

 Traditional and seasonal agriculture with low levels of production and productivity. 

 Poor postharvest and post-gathering practices leading to poor quality raw material. 

 Production processes with outdated or low-level technology.  

 Low level of integral exploitation of natural resources. 

 Connectivity limited that restricted and made the transport of raw material, inputs 

and products expensive. Uncompetitive prices. 

 Absences or limited utilities and services. 

 Internet services are deficient. 

 Absences of collection, distribution and processes systems. 

 Absences of trained in natural products extraction and its industrial uses. 

 Low levels of information and commercial promotion systems. 
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 Low investment in academic researchers for development of process and products 

according to the Region. 

 Low availability of trained personnel. 

 The informality of the sector.  

 Unstructured regulation of forest resources use.  

 Low availability of land for private activities. 

 

Thus, in order to avoid productive initiatives failure and stress to the ecosystems, it is 

necessary to develop tools that allow assessment of the feasibility with anticipation and 

considering all of the issues that are mentioned above.     

 

Challenges:  

Although Amazonas has a lot of opportunities due to its biodiversity it also has some 

difficulties that present challenges for productive initiatives. Thus, the challenge in NWFP 

use focuses on creating initiatives that integrate local knowledge, validated results of 

scientific studies, new and advanced technological approaches. Additionally, the current 

resources regulations for the production, processing and marketing of value-added 

products have to be addressed. The enterprises should be designed to generate products 

according to the market needs while respecting the natural ecosystem balance.  

 

It is necessary to enhance a real coordination between economic and environmental 

legislation initiatives in order to protect and guard this region while offering a real productive 

option to local populations with tangible needs.  This effort has also to be designed to 

prevent illegal utilization and exploitation of the natural resources.  

 

Amazonas urgently requires the generation of high value-added products that can impact 

the market for its quality of "Amazonian”. Alternatives that could encourage investment in 

the region that can strengthen the productive base of the economy and its inhabitants. 

 

Thus, Amazonas has the resources to establish a supply chain for NWFP and Natural 

Products. However, it is necessary to generate methodologies that allow evaluating the 

initiatives with technical, economic and environmental criteria. It is necessary to develop 

approaches that integrate harvesting, processing, distribution and marketing aspects. 
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Additionally, it is necessary to consider all of the principles of alternative marketing such 

as: Fair-trade or Fail Wild, Good Manufacturing Practices, Good Agricultural Practices, 

organic seals, quality seals and recyclable packaging, because they have been suggested 

as development tools for sustainable strategies that can offer good products that are 

produced in agreement with environmental and social considerations [112].  

 

It is also necessary to integrate some agricultural practices to improve the quality of the 

product. Due to the low availability, it is necessary to establish a distribution channel that 

require the organization of the rural communities in charge of guarantee minimum of 

production.  Additionally, there are many plants that are not classified yet, which represent 

a research potential.  

 

Promoting the NWFP use has advantages because this activity has been considered as a 

familiar activity and an area of education, tradition and culture dissemination which close 

family ties inside indigenous families [113].  

 

Finally, it is important to highlight that there are so much work to do, but there need an 

interdisciplinary group of people that accept the challenge and work for do it a reality. 
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3. Methodology 

3.1 OVERVIEW 

This chapter describes the steps followed in the development of the present thesis. First, it 

was a literature survey, this theoretical exploration was carried out in order to identify and 

select the raw materials. Then, the experimental setup, that includes the methodologies 

used for the chemical characterization of the material and the experimental approach that 

was used for determining the extraction yields at lab. Finally, the consideration for modeling 

of the Scenarios for each raw material, followed by an economic and environmental 

assessment methodology.    

3.2 Methodological proposal for the design and 
evaluation of processes in Amazonas context 

In places like the Amazonas, the first problem is related to the raw material selection due 

to the high availability. The selection of the raw material was made according previous 

scientific studies (from the ecology, botanic, ethnobotanic, chemistry and social sciences), 

but looking for species representatives of the plants (Section 3.3. Raw material selection). 

From those results and the chemical characterization (Section 3.4 Experimental section), it 

was possible to identify the potential products and define the processes (Section 3.5. 

Process design). Three species were selected in order to evaluate the methodology 

proposed. 

 

To understand the real possibilities of creating new bio based industries using the three 

selected species it is very important to assess the economic and environmental feasibility 

of scaling-up the processes [114]–[118] (Section 3.6. Process simulation). Thus, the 

computer-aided process engineering was used it. Specialized software is a tool that has 
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been used by different investigators in supporting the conceptual design of processes 

systems and in addressing specific technical challenges [119], [120]. A knowledge-based 

approach, using Aspen Plus models with subsequent economic and environmental 

assessment has been utilized for the design and assessment of the processes under 

Amazonas context [31], [117], [121], [122]. In addition, the use of these kind of technological 

tools reduce the impact over ecosystems due to the limited experimental assays that are 

required.  

3.3 Raw material selection  

The Amazonian plants have been catalogued as a promising feedstock into chemical, 

pharmaceutical and food industry. However, the information about Amazonian plants in 

Amazonas is scarce, limited and scattered in different institutions being a barrier to carry 

out assessments or to launch economic initiatives involving these resources.  

 

The Non wood Forest Products, NWFP, is an economic potential opportunity for the 

Amazonas inhabitants. However, with the objective of using responsibly the biodiversity 

benefits, it is necessary to have sufficient and organized information, because this allows 

to realize the actual potential based on validated information and data. This, not only for an 

economic initiative but also for conservation.  

 

Time and effort have been invested to collect and document the traditional knowledge of 

Amazonian native people about plants and their benefits. However, currently in Amazonas 

it is difficult to access the information that has been established because it is scattered in 

different resources and although many scientific studies have been conducted in the region, 

their results are not shared. The communication related to these studies is limited and hard, 

in addition, there is no center where all the relevant data and information are stored in a 

way that allows analyzing the real potential of the field.  

 

In order to select the raw material which were representative for apply the methodology 

proposed, the first step of the present research was to attempt collecting as much 

information as possible. The process is summarized in  

Figure 3-1. However, it is important to mention that the amount of information is huge and 

thus this activity requires a very significant time investment and yet, significant volume of 
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information can be missed. Collecting relevant information, valuable but somewhat 

scattered, allowed generating some ideas and projections about utilization of plants that 

might be implemented in the region.  

  

 

 

Figure 3-1. Data collection methodology 

 

The aforementioned survey consisted of a compilation of the information that has been 

reported in books and dissertations that can be found at the “Biblioteca del Banco de la 

República” and the Library of the “Universidad Nacional de Colombia Sede Amazonia”.  

 

The collected information was used for constructing a “first list” with scientific name, 

botanical family, common names and traditional uses. The traditional uses of these 
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materials were organized according to several categories that reflect their applications. In 

the same way proposed by Cardenas [10], the categories selected were:  

 

Food: Species used as food by people and/or animals.  

Craft: Species used as dyes, fibers for basketry, wood used for crafts or decorative 

elements.  

Construction: Species used for roofing, moorings, fences what about houses, bridges and 

other construction modes. 

Medicinal: Species used to treat or prevent disease.  

Ornamental: Species used for decoration.  

Psychotropic: Species that produce effects on the nervous system.  

Toxic: Species recognized as harmful to humans or animals.  

Fuel: Species used as firewood or charcoal. 

 

After gathering as much information as possible, the redundant scientific names and 

species that did not have their full taxonomic identification were removed from the compiled 

data base (filter one). In order to validate the scientific names and the botanical families, a 

cross-checking was made using databases that are in the public domain: "Herbario 

Amazónico Colombiano (COAH)" and the "Herbario Nacional Colombiano". Those species 

that had not been collected or reported in either herbal for Amazonas, were excluded from 

the list (filter two). Then, the species that have been reported as included in Amazonas and 

are originary of other places were removed (filter three). 

 

Finally and considering the high quantity of information collected and with the aim of looking 

the trend into the scientific production about Amazonian plants, a cross-checking with 

Scopus database was carried out. Each scientific name was consulted in the Scopus 

database (first quarter 2013). There were selected only the papers related with the potential 

uses in the industrial sector or those that highlighted the potential use due to any chemical 

characteristic. 

 

The results, considered one of the most important and difficult task in this thesis, are 

presented in Chapter 4. The processed information that resulted from this activity allowed 

selecting the raw materials for the present research. Thus, a timber (Cedrela odorata), a 
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palm (Mauritia flexuosa) and a fruit (Theobroma bicolor) were selected as a representative 

species to the Amazonian plants. The selection discussion is presented in Chapter 4 too.   

3.4 Experimental section  

This section describes the methods used for the experimental procedures that supported 

the results not only of the chemical characterizations but also the experimental yields for 

EFS, mechanical extraction and Essential Oil extraction used in the different processing 

scenarios. According to the raw material, the experimental development is coupled with the 

logical sequencing approach and is discussed in the respective chapter. 

 

A brief description of the methods for chemical characterization, the Supercritical fluid 

extraction (SFE), lipid extraction and essential oil extraction procedures, the process design 

considerations and simulation procedure are including in this section. All this helps to 

understand the Scenarios and the results obtained in this thesis. 

 

The chemical characterization and the essential oil extraction were carried out in the 

Chemical Laboratory of Universidad Nacional de Colombia Sede Amazonia. The SFE and 

the lipids extractions were carried out in the Instituto de Biotecnología y Agroindustria de la 

Universidad Nacional de Colombia Sede Manizales. The partial phenolic compounds profile 

determination was carried out in the Universidad de Salamanca – España. 

3.4.1 Chemical characterization of the raw material  

The chemical characterization was carried out for whole fruit. The fruit was separated into 

seed, pulp and peel for the characterization. All assays were performed in triplicate.  Each 

part of the raw materials and the timber waste were chemically characterized in order to 

determine its moisture [123], ethanolic extractives [124], holocellulose [125], cellulose 

[125], acid-soluble lignin [125],  and ash [126] contents. The methods used is summarized 

in Figure 3-2 and described as follows: 
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Figure 3-2. Procedure for chemical characterization of the raw material 

 

3.4.1.1 Reagents 

The chemical reagents specification used for this thesis were: Ciacomeq S.A.S (Bogotá, 

Colombia) supplied ethanol absolute. Acetic acid and petroleum ether, reagent grade, were 

supplied by Panreac (Barcelona, Spain). Potassium chloride, technical grade was supplied 

by Merck (Germany) and sodium acetate, technical grade, was supplied by Panreac (USA).  

Folin-Ciocalteu reagent; sodium carbonate, technical grade; gallic acid, reagent grade, and 

DPPH (di(phenyl)-(2,4,6-trinitrophenyl) iminoazanium), reagent grade, were supplied by 

Sigma Aldrich (USA). Sulfuric acid (90% p/v) was supplied by Mallinckrodt. Sodium 

hydroxide, reagent grade; and anhydrous glucose were supplied by Merck (USA). Carbon 

dioxide (99,5% purity) was supplied by Oxígenos de Colombia S.A. 
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3.4.1.2 Sample preparation 

The Makambo fruits (Theobroma bicolor) were obtained from a farm located in the km. 17 

route Leticia-Tarapacá; the Aguaje fruits (Mauritia flexuosa) were obtained from the 

marketplace, and the Cedar (Cedrela odorata) of sawmill, all of them located in Leticia. In 

order to minimize interferences in subsequent compositional analysis, the fruits needed to 

be pretreated. Immediately after acquisition, fruits were sorted according to the degree of 

ripeness and external attributes (without bruises or blows), washed with fresh water, pulped 

and manually separated into: pulp, seed and peel and weighed. The Cedar was 

characterized as it was acquired. All the materials were storage the shortest time possible, 

in the dark in a freezer (-4°C) until use.  Drying, particle size reduction and sieving were 

necessary. A convection oven at 45°C was used for drying the samples (except for moisture 

determination). Then, samples must be milled with a hand miller, to particles size larger 

than 2 mm. The milling temperature has to be monitored, an overheated mill can cause 

extractable material to separate from the biomass and cause loss [127]. Sieving of a sample 

was necessary to have a uniform sample size particles.   

 

3.4.1.3 Moisture determination 

Moisture content is defined as the quantity of water contained in the raw material. In order 

to determine the moisture content, the procedure described by Ruiz [123] was carried out, 

a clean porcelain dish was dried for 2 hours and cooled in a desiccator to room temperature. 

In the container, previously weighed (Wcontainer), 3,0 to 10,0 g of raw material was placed 

and weighed (Wcontainer + sample). The container and biomass were dried at 105°C for 

12 h. Then, the container was placed in a desiccator and allowed to cool to room 

temperature. Then it was weighed and returned into the oven for 1 h. The container was 

removed and placed in a desiccator. The cool container was weighed and the operation 

was repeated to constant weight (Wcontainer + drybiomass). The moisture percent was 

calculated according Eq. 1. 

 

%𝑀𝑜𝑖𝑠𝑡𝑢𝑟𝑒= 
(𝑊 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑒𝑟+ 𝑠𝑎𝑚𝑝𝑙𝑒−𝑊 𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑒𝑟+𝑑𝑟𝑦𝑏𝑖𝑜𝑚𝑎𝑠𝑠)

(𝑊𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑒𝑟+𝑠𝑎𝑚𝑝𝑙𝑒−𝑊𝑐𝑜𝑛𝑡𝑎𝑖𝑛𝑒𝑟)
∗100 (Eq. 1) 
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3.4.1.4 Ash determination 

Ash are the inorganic residues left after dry incineration at 575°C. The procedure to 

determine the ash content in the raw material was based on what has been described by 

Sluiter et.al. [126]. A clean porcelain dish was dried for 30 minutes at 575°C and cooled in 

a desiccator to room temperature. In the container, previously weighed (Wcrucible) was 

added 0,5 – 2,0 g of sample and weighed (Wcrucible+sample). The sample was incinerated 

using the muffle oven with a ramping program: 105°C for 12 minutes, ramped to 250°C and 

maintained for 30 minutes, ramped to 575°C and kept for 180 minutes. Next, the 

temperature dropped to 105°C. Then, the crucible was placed into a desiccator and cooled. 

Finally, the crucible and ash were weighed (Wcrucible+ash). The ash percent was 

calculated according Eq. 2. 

 

%𝐴𝑠ℎ= 
(𝑊 𝑐𝑟𝑢𝑐𝑖𝑏𝑙𝑒+ 𝑎𝑠ℎ−𝑊𝑒𝑖𝑔ℎ𝑡 𝑐𝑟𝑢𝑐𝑖𝑏𝑙𝑒)

(𝑊 𝑐𝑟𝑢𝑐𝑖𝑏𝑙𝑒+ 𝑠𝑎𝑚𝑝𝑙𝑒−𝑊𝑒𝑖𝑔ℎ𝑡 𝑐𝑟𝑢𝑐𝑖𝑏𝑙𝑒)
∗(100−%𝑚𝑜𝑖𝑠𝑡𝑢𝑟𝑒)∗100 (Eq. 2) 

 

3.4.1.5 Ethanolic extractives determination 

Extractives are defined as the material in a biomass sample that is soluble in either water 

or ethanol during exhaustive extraction [124]. Extractives are constituted for the non-

structural components of biomass samples as sucrose, nitrates, nitrites, protein, ash and 

chlorophyll that could be solubilized by water additionally waxes and other components. 

Thus, an exhaustive ethanolic extraction determinates the soluble non-structural materials 

in a biomass sample [124].  

 

In order to determinate the ethanolic extractives from the raw material a method described 

by Sluiter [124] was carried out. Approximately 2 – 3 g of dry sample was placed in a clean 

extraction thimble that had been previously dried for 2 hours and cooled to room temp. and 

weighed (Wthimble). The loaded thimble (Wthimble+sample) was then placed in Soxhlet 

extraction unit. After this, 550 mL of ethanol absolute was disposed in the bottom flask of 

the apparatus along with several boiling chips. The Soxhlet extractor was assembled and 

the reflux was carried out at 73°C for 24 hours. When reflux time was completed, the solvent 

was recovered by vacuum extraction and the thimble with the extracted sample was dried 

at 105 °C for 2 hours in order to remove the ethanol. The thimble was cooled in a desiccator 

to room temperature. The thimble with extracted sample was weighed 
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(Wthimble+extractedsample) and the extractives content was calculated. The ethanolic 

extracts in fresh weigh of raw material, were calculated according Eq. 3. 

 

%𝐸𝑥𝑡𝑟𝑎𝑐𝑡𝑖𝑣𝑒𝑠= 
(𝑊 𝑡ℎ𝑖𝑚𝑏𝑙𝑒+𝑠𝑎𝑚𝑝𝑙𝑒−𝑊 𝑡ℎ𝑖𝑚𝑏𝑙𝑒+𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑒𝑑𝑠𝑎𝑚𝑝𝑙𝑒)

(𝑊 𝑡ℎ𝑖𝑚𝑏𝑙𝑒+𝑠𝑎𝑚𝑝𝑙𝑒−𝑊 𝑡ℎ𝑖𝑚𝑏𝑙𝑒)
∗(100−%𝑚𝑜𝑖𝑠𝑡𝑢𝑟𝑒)∗100 (Eq. 3) 

 

3.4.1.6 Holocellulose determination 

The combination of cellulose and the hemicellulose are called holocellulose, which are the 

carbohydrate portion (65 -70 % of dry weight) in the majority of plants [125]. The procedure 

for holocellulose determination was adapted from the Han & Rowell [125]. Sample, about 

2,5 g of dry sample and free of ethanolic extractives, was placed in a Erlenmeyer flask of 

250 mL into which  80 mL of hot distilled water, 0,5 mL acetic acid and 1,0 g of sodium 

chlorite were added and the mixture was stirred. The flask was maintained in a water bath 

at 70 ºC and was stirred periodically with a glass rod. After one hour, 0,5 mL acetic acid 

and 1,0 g of sodium chlorite were added and stirred. After each additional hour, it was 

necessary to add 0,5 mL acetic acid and 1,0 g of sodium chlorite until complete 6 additions. 

In order to achieve complete delignification, the reaction mixture was left until completed 

for 24 hours. Then, the sample was cooled and filtered under vacuum. The filter paper has 

to be previously weigh (Wfilter). The filtration process was carried out until the odor of 

chlorine dioxide was removed by washing with hot water. The filter plus holocellulose was 

dried at 105°C for 24 hours and placed in a desiccator for an hour and weighed (Wfilter + 

holocellulose). The holocellulose percent was calculated according Eq. 4. 

 

%𝐻𝑜𝑙𝑜𝑐𝑒𝑙𝑙𝑢𝑙𝑜𝑠𝑒= 
(𝑊𝑓𝑖𝑙𝑡𝑒𝑟+ ℎ𝑜𝑙𝑜𝑐𝑒𝑙𝑙𝑢𝑙𝑜𝑠𝑒−𝑊 𝑓𝑖𝑙𝑡𝑒𝑟 𝑝𝑎𝑝𝑒𝑟)

𝑊𝑒𝑖𝑔ℎ𝑡 𝑠𝑎𝑚𝑝𝑙𝑒
∗(100−%𝑚𝑜𝑖𝑠𝑡𝑢𝑟𝑒)∗100 (Eq. 4) 

 

3.4.1.7 Cellulose determination 

Cellulose is the major component of plant cell wall, consist of glucan polymer of D-

glucopyranose units and is the most abundant organic chemical on the earth face [125]. On 

a dry weight basis, most plants consist of approximately 45-50% cellulose [128]. After 

appropriate cellulose pre-treatment process, it is degraded and through fermentation 

processes it is possible to obtain lactic acid, formic acid, ethanol and acetic acid, among 

others [128], [129]. 
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The procedure followed by cellulose determination was adapted from the Han & Rowell 

[125]. In an Erlenmeyer flask of 250 mL was placed approximately 2,0 g of extracted 

sample. 25 mL of 17,5% NaOH solution was added and the sample was manipulated by 

pressing and stirring with a glass rod. Then, the flask was covered with a watch glass. After 

2 minutes, 5 mL of 17,5% NaOH was added and stirred. After 5 minutes the last procedure 

was repeated twice more. After 30 minutes, 33 mL of distiller waster was added and the 

reactive mixture was kept for 1 hour at room temperature. Then the mixed was filtered under 

vacuum. The filter paper has to be previously weigh (Wfilter). The Erlenmeyer was washed 

with 100 mL of 8,3% NaOH in order to transfer all the cellulose residue. The solids were 

washed with 15 mL of 10% acetic acid. Then, the filtered was washing with 250 mL of 

distilled water. The filter paper plus cellulose was dried at 105°C for 24 hours and placed 

in a desiccator for an hour and weighed (Wfilter + cellulose). The cellulose percent was 

calculated according Eq. 5. 

 

%𝐶𝑒𝑙𝑙𝑢𝑙𝑜𝑠𝑒= 
(𝑊𝑓𝑖𝑙𝑡𝑒𝑟+ 𝑐𝑒𝑙𝑙𝑢𝑙𝑜𝑠𝑒−𝑊 𝑓𝑖𝑙𝑡𝑒𝑟 𝑝𝑎𝑝𝑒𝑟)

𝑊𝑒𝑖𝑔ℎ𝑡 𝑠𝑎𝑚𝑝𝑙𝑒

∗(100−%𝑚𝑜𝑖𝑠𝑡𝑢𝑟𝑒)∗(%ℎ𝑜𝑙𝑙𝑜𝑐𝑒𝑙𝑢𝑙𝑜𝑠𝑒)

10000
 (Eq. 5) 

 

3.4.1.8 Hemicellulose 

Hemicellulose is a heterogeneous class of polymers representing 15-35% of plant. Xylans 

are the main hemicellulose components [130]. Depending on the treatment hemicellulose 

could be converted in fuel ethanol, xylitol, acetone, butanol, biomaterials, among others  

[130]–[132]. The hemicellulose percent was determined by the Eq.6. 

 

%ℎ𝑒𝑚𝑖𝑐𝑒𝑙𝑙𝑢𝑙𝑜𝑠𝑒=(
(100−%𝑚𝑜𝑖𝑠𝑡𝑢𝑟𝑒)∗(%ℎ𝑜𝑙𝑙𝑜𝑐𝑒𝑙𝑢𝑙𝑜𝑠𝑒)

100
)−(%𝑐𝑒𝑙𝑙𝑢𝑙𝑜𝑠𝑒) (Eq. 6) 

 

3.4.1.9 Lignin determination 

Lignin is an amorphous, highly complex, mainly aromatic, polymer of phenyl-propane units  

and usually divided according to their structural elements [125]. Lignin is present in 15-25% 

in plants and has little practical use due to the heterogeneity in its structure, which makes 

difficult its break [133].  
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The procedure followed by lignin determination was adapted from the Han & Rowell [125]. 

200 mg of extractive sample was weighed and disposal in a centrifuge tube. Then, 2 mL of 

72% (w/w) H2SO4 was added. The tube was stirred and incubated in a water bath at 30°C 

for 60 min. Then, 56 mL of distilled water was added. The tube was carried out an autoclave 

at 121°C, 15 psi for 1 hour. After that, the sample was filter keeping the solution hot. The 

residue was washed with hot water and dried at 105°C for 24 hours. The sample was cooled 

in a desiccator and weighed. The lignin percent was calculated according Eq. 7. 

 

%𝐿𝑖𝑔𝑛𝑖𝑛= 
(𝑊𝑒𝑖𝑔ℎ𝑡 𝑓𝑖𝑙𝑡𝑒𝑟 𝑝𝑎𝑝𝑒𝑟 𝑝𝑙𝑢𝑠 𝑙𝑖𝑔𝑛𝑖𝑛−𝑊𝑒𝑖𝑔ℎ𝑡 𝑓𝑖𝑙𝑡𝑒𝑟 𝑝𝑎𝑝𝑒𝑟)

𝑊𝑒𝑖𝑔ℎ𝑡 𝑠𝑎𝑚𝑝𝑙𝑒
∗(100−%𝑚𝑜𝑖𝑠𝑡𝑢𝑟𝑒)∗100 (Eq. 7) 

 

3.4.1.10 Lipids determination 

Lipids are defined as a heterogeneous group of compounds that are water-immiscible but 

soluble in non- polar organic solvents as petroleum ether [134].  In food, the first mode of 

spoilage is microbial follow by oxidation limiting shelf-life and degrading the quality of foods. 

Once initiated, the free radical chains of lipid oxidation are responsible of many oxidations 

that the overall effect is to alter physical properties, degrade molecular functions and  

destroy the taste of the foods  [135]. 

 

In order to determinate the lipids from the samples a method described in the NMX-F-089-

S-1978 [136] was carried out. A clean extraction thimble was dried for 2 hours at 105°C, 

cooled in a desiccator to room temperature and weighed (Wthimble). Approximately 2 – 3 

g of dry sample was placed into an extraction thimble and weighed (Wthimble+sample). 

Then the thimble was placed in the Soxhlet extraction unit. After this, 550 mL of petroleum 

ether was placed in the bottom flask of the apparatus with several boiling chips. The Soxhlet 

extractor was assembled and the reflux was carried out at 40°C for 6 hours. When reflux 

time was completed, the solvent was recovered by vacuum extraction and the thimble with 

the extracted sample was dried at 105 °C for 2 hours in order to remove the solvent. The 

thimble was cooled in a desiccator to room temperature. The thimble with extracted sample 

was weighed (Wthimble+extractedsample) and the extractives content was calculated. The 

lipid fraction was calculated according Eq. 8. 

 

%𝐿𝑖𝑝𝑖𝑑𝑠= 
(𝑊 𝑡ℎ𝑖𝑚𝑏𝑙𝑒+𝑠𝑎𝑚𝑝𝑙𝑒−𝑊 𝑡ℎ𝑖𝑚𝑏𝑙𝑒+𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑒𝑑𝑠𝑎𝑚𝑝𝑙𝑒)

(𝑊 𝑡ℎ𝑖𝑚𝑏𝑙𝑒+𝑠𝑎𝑚𝑝𝑙𝑒−𝑊 𝑡ℎ𝑖𝑚𝑏𝑙𝑒)
∗(100−%𝑚𝑜𝑖𝑠𝑡𝑢𝑟𝑒)∗100       (Eq. 8) 
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3.4.1.11 Total phenolic compounds 

Polyphenols have been extensively researched for their health-promoting potential 

because of their antioxidant potency and their ubiquity in a wide range of foods and 

vegetable [137]. In addition, they are essential to the human diet, are safe and non-toxic, 

and play an important role in diseases prevention [138]. Additionally, their levels depend 

on the type and quantity of plant [50]. 

 

The polyphenolic compounds from the extracts were determined by the Folin –Ciocalteu 

method [139]. A curve calibration was established. It was prepared with Gallic acid standard 

solution: 100, 200, 300, 400 and 500 mg/L. The blank was prepared with distilled water. 

 

Methanolic extracts: 

For raw material characterization it was necessary to get the methanolic extract [140]. This 

was prepared as follow: 1,00 g was placed in a centrifugal tube with 20 mL of 75% (v/v) 

methanol and mixed with a Polytrom® homogenizer. The mixture was centrifuged for 15 

min to 10.000 rpm at 15 °C. The supernatant was separated and the extraction was 

repeated twice. The combined supernatant was concentrated with a rotary evaporator and 

the concentrated extract was adjusted to 10 mL with distiller water. 

 

Polyphenolics compounds procedure:  

60 µL of sample (properly diluted extract, calibration solutions or blank) was pipetted into 

separate test tubes. 4,75 mL of distilled water and 300 µL of Folin 1N reagent were added 

to each tube. The mixtures were mixed well. After 2 minutes, 900 µL of 20% (w/v) sodium 

carbonate was added and mixed. The reaction time was 60 minutes and it a dark place. 

Absorbance was measured at 765 nm in a spectrophotometer. The total content of 

polyphenols was expressed as milligrams of Gallic Acid Equivalent (GAE) per dry weight of 

sample (mg GAE/g dw).  

 

3.4.1.12 Antioxidant activity by the Ferric Reducing Ability of Plasma. FRAP 

assay. 

Free radicals are responsible for causing a large number of diseases include cancer, 

Alxheimer’s disease, Parkingson’s disease; alcohol induced liver disease, among others 

(Wu et al, 2014). Some researches indicate that food containing antioxidants are important 
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to disease prevention and/or to improve the quality of life by preventing or postponing the 

onset of degenerative diseases [141]. 

 

FRAP method measures the antioxidant power in terms of the ferric reducing ability of 

plasma (FRAP). At low pH, when a ferric-tryipyridyltriazine (FeIII-TPTZ) complex is reduced 

to the ferrous (FeII) an intense blue color blue color with an absorption maximum at 593 

nm develops. FRAP assay is simple, fast, reproducible in aqueous solution [142]. 

 

Procedure: 

A calibration curve was required. It was made from Trolox standard solution: 100, 200, 300, 

400 and 500 mg/L. 3000 µL of freshly prepared FRAP reagent was pipetted into separate 

test tubes and warmed to 37°C and a reagent blank reading was taken (M1). 100 µL of 

sample (methanolic extract, properly diluted extract, calibration solutions or blank) was 

added to each tube, along with 30µL of water. The mixture was mixed well. The reaction 

time was 6 minutes. The reaction mixture has to be stored at 37°C in a dark place. 

Absorbance was measured at 593 nm in a spectrophotometer (M2). The M2-M1 was 

calculated for each sample. The antioxidant activity was expressed as milligrams of Trolox 

Equivalent (GAE) per dry weight of sample (mg Trolox/g dw).  

 

3.4.1.13 Chromatographic analysis of phenolic compounds profile 

Chromatographic analysis of the isolated compounds were performed  according to the  

procedure described by Quijada-Morín [143]. The analysis  was carried out on a reversed-

phase column Spherisorb ODS-2 (150 x 4.6 mm, 3 µm) from Waters (Milford, MA, USA) 

maintained at 25ºC. Mobile phases A and B were 0.25% acetic acid in water and 

acetonitrile, respectively. The following linear gradient was used to achieve the 

chromatographic separation: from 0 to 10% B in 5 min, from 10 to 14.5% B in 35 min, from 

14.5 to 19% B in 5 min, from 19 to 55% B in 5 min, hold at 55%B for 5 min, from 55 to 80% 

B in 5 min, hold at 80% B for 3 min, from 80 to 0% B in 2 min and hold at 0% B for 5 min. 

The flow rate and the injection volume were set at 0.5 mL min-1 and 100 mL, respectively. 

The UV- vis spectra were recorder from 220 to 600 nm with a bandwidth of 2 nm. The 

preferred detection wavelength was 520 nm. Phenolic compounds were identified 

according to their spectroscopic and chromatographic features which had been previously 
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acquired and the quantification was carried from the peak areas at the aforementioned 

preferred detection wavelength.  

3.4.2 Supercritical Fluid Extraction - SFE  

Supercritical fluid extraction was carried out in order to extract the phenolic compounds with 

antioxidant activity included in the raw material. The SFE were carried out in an equipment 

(Figure 3-3) consists of a stainless steel cylinder (1) of 122 mL of volume and a pump 

system (2) that can deliver a supercritical fluid CO2 (3). The temperature of water bath can 

range from 19,0 °C to 102,0 °C and 350 bar of pressure maximum. The extract is 

recuperated in a collector tank (4).  

 

CO2 was selected as the supercritical fluid because is a no-toxic fluid, environmental-

friendly, contamination-free and easily manipulated [144]. However, it has a poor solvent 

capacity. Because of that, it is recommended the addition of small quantity of organic 

solvent as a co-solvent in order to increase the solubility capacity [31]. Thus, in order to 

increase the solubility of the solvent in the phenolic compounds was used Ethanol as a 

cosolvent.  

 

 

Figure 3-3. Super critical extractor 

1 

2 

3

2 

4

2 



Design and assessment of high technology processes for enhancing the viability of agribusiness based on 

the sustainable use of biomass in Amazonas 
69 

 

Due to the lack of information about phenolic compounds in the raw material, the operation 

conditions for SFE were chosen according some reports available and the previously 

experiences in the PQCB group. Besides, it is important to highlight that SFE has many 

variables that were not considered in this thesis. Thus, and trying to fix a reference point 

for the simulations some criteria were used for reducing the variables to measure.  

 

Supercritical Fluids Extraction (SFE) has part of the high pressure technology, thus, this 

variable is very important for many technical and economic aspects of this process. 

Pressure is a variable with considerably wider manipulation margins than temperature; it is 

intimately related to solvent power due to affect directly the solvent density [77]. Thus, to 

prevent degradation of phenolic compounds and to achieve a broad saturation range for 

the solvent and co-solvent, the extraction temperature was 45°C. The extraction was 

carried out with carbon dioxide as solvent and ethanol (60% w) as co-solvent with a mass 

ratio of 3:1 respectively. Additionally, the feedstock to co-solvent ratio was 1:6 w:v [116]. 

The depressurization conditions were 27°C and 1 bar. Finally, three pressures (100, 230 

and 280 bar) were selected arbitrarily for the extraction. The conditions selected for the 

simulations were those, which reported the highest phenolic compounds in the extract.   

3.4.3 Mechanical butter extraction 

Mechanical butter extraction from Makambo seeds was carried out in an automatic 

mechanical press (Figure 3-4). Taking into account that a thermal treatment benefits the 

extraction due to the heating plus a humid content allows the formation of water film that 

covers the surface of the seeds helping to the diffusive butter [145]. Thus, 300 – 500 g of 

dry and ground raw material was extracted at 40°C and 70°C and 700 psi of pressure. 
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Figure 3-4. Mechanical press 

3.4.4 Essential oil extraction 

Essential oils from plants are obtained by several conventional and advanced methods. 

Conventional methods are based on water distillation as hydrodistillation, vapor-

hydrodistillation, steam distillation, hydrodiffusion, organic solvent extraction and cold 

pressing. Regarding to the advanced methods are included supercritical fluid extraction, 

subcritical extraction liquids, ultrasound assisted extraction, microwave assisted extraction, 

solvent free microwave extraction, microwave hydrodiffusion and gravity and microwave 

steam distillation and microwave steam diffusion [89].  

 

The disadvantages of conventional techniques are related with the thermolability of 

essential oils components, which should suffer chemical alterations due to the high-applied 

temperatures and longtime of extraction. Advanced methods have been developing in order 

to reduce deficiencies of conventional techniques like chemical alteration, long extraction 

time and high energy and water input; however, some of them are recently and high cost 

are associated with the installation and use [89]. 

 

Essential oil extraction was carried out by steam-distillation, that is one of the official 

methods for the obtaining essential oils [89]. The extraction was carried out in an equipment 

(Figure 3-5) consists of a stainless steel cylinder (1) of 10 L of volume which is coupled to 
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boiler of 10 L (2). The sample is located at a basket into the cylinder that prevent the contact 

between the sample and the condenser liquid. The steam and volatiles pass through a 

condenser (3) and the condensate is collected (4) in a tramp where is separated the 

essential oil by density differences.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3-5. Steam-distiller 

3.5 Process design  

The assessment included in the present thesis considers the continuous production 

process: factory gate - to – gate and thus does not consider the raw material or products 

storage. However, it is important for future work, to consider this fact, due to the seasonality 

of crops in Amazonas that affects availability of the specific biomass in question. The latter 

is likely to require storing some raw materials in order to maintain production capacity.  

3.5.1 Products selection  

The products selection for the scenarios were based on the chemical characterization and 

published data. Moreover, the selection not only of the products but also of the technologies 

were made according to the fruit potential and the logistical context of the region, giving 
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priority to those value-added products that can be transported easily and products that can 

be directly prepared in rural areas without large investments. 

 

In order to reduce of wastes during process, growing the economic process performance 

and generate possible products that are needed in the Region, wastes were considered as 

potential raw materials to be used as feedstock for reducing sugar production due to their  

cellulose and hemicellulose content [115], [117]. It has thought to be mentioned that in the 

case of the Amazonian context, it would be difficult to process the lignocellulosic feedstocks 

to produce sugars due to the lack of available technology at the desired scale, the costs 

associated with transportation, and therefore the high requirements of inputs to establish a 

lignocellulosic based-process. The potential use of this lignocellulosic complex should be 

focused on producing other type of products, which can easily be handled within the region 

constraints.  One particular case is the use of solid waste streams to produce biogas and 

biofertilizers and hence add value to streams that are generated within the same process 

[146]. The biogas and biofertilizer production is an economic activity that worth considering 

because they are products which are transported by river or plane making them expensive 

and sometimes insufficient in the Region. Besides, the raw material availability is low, thus, 

it is necessary to looking for products and processes that can be implemented.  

3.5.2 Scenarios definition  

For each raw material, benchmarking using two process configurations (scenarios) was 

considered. The selection of technologies was based on considering the logistics and 

operational capacity that are available in the region. Following parts provide a brief 

consideration of each scenario, the models used, and the assumptions made. These 

processes followed the process synthesis framework that had been presented by Moncada 

et al. [118] and considered the hierarchy, sequence and integration concepts. These tools 

permit to predict a real plant, to optimize or to enhance the process conditions [81] 

 

In both scenario (Scenario 1 and Scenario 2), three main process stages were considered: 

(i) pre-treatment (raw material conditioning), (ii) reaction or extraction, and (iii) separation 

(product recover). The selection of the products was made according to the raw material 

potential and the logistical context of the region, giving priority to those added-value 

products that can be transported and marketed as Amazonian seal. 
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Scenario 1: (base case) considers the production of products well-known for the 

inhabitants and/or those that can be directly obtained in rural spaces and do not require 

large investment in industrial capacity.  

 

Scenario 2: (extended Scenario 1) Scenario 2 considers the sustainable concept for this 

dissertation (that consist in integrate the whole use possible to the raw material into value-

added by-products). Thus, taking into account that all the production activities generate 

wastes that can be used as a raw material for preparing secondary by-products without 

competing with food security and land use. Scenario 2 was designed to increase the 

performance of the use of the raw material, extending the Scenario 1. As a consequence, 

it was defined to consider the use of peels and sawdust (currently considered as a waste) 

determining the contain of important compounds with potential for biorefineries, for instance 

the lignocellulosic complex and phenolics with antioxidant capacity (see Table 5-3). 

Currently, more than 10.000 isolated phenolic compounds have been reported [34]. 

Phenolic compounds have different beneficial effect on human health, such as antioxidant, 

anti-thrombotic, anti-bacterial, anti-allergic, anti-flammatory [48]. 

 

There are several factor for located the plant as Quality Factor Raiting (QRF) [147]. 

However, per availability of utilities, land, inputs, access to skilled labor and supplier, this 

Scenario is considered to be located in Leticia as a Capital of Amazonas.  

3.5.3 General process included in the scenarios design 

The general processes used in the different scenarios proposed are shown below: 

 

Pasteurized pulp: The process is aimed at separating the pulp from other parts of the fruit. 

The general process consists of a mechanical pulpilg of the fruit and separating the seed, 

peel and pulp into separate streams. Then, the pulp is mixed in order to get a uniform paste 

and is subjected to heat-treatment at 70°C for 30 seconds and frozen at 4 °C [148]. 

Pasteurization is a popular heat-treatment for food preservation, which objective is to 

extend the shelf-life killing all pathogenic bacteria. Typically, the product is subjected to 

temperatures 65-70°C for 15-30 min [149]. 
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Butter/oil extraction: The material is dried at 50°C. The drying temperature is an important 

cause for quality loss, especially of polyphenols which are products of interest in this thesis 

[150]. Polyphenols and polyphenols oxidase are sensitive to high temperatures. Oxidation 

of polyphenols reduce the astringent and bitter taste [151]. Finally, the butter/oil is extracted 

by mechanical compression.  

 

Essential oil extraction: Essential oil is extracted by steam-distillation. The fresh raw 

material is packed into the extractor and a steam pass throw the raw material. The volatile 

fraction is carried by the steam and then the stream is condensed and storage in a decanter. 

Two phases are obtained, and the essential oil fraction is separating and receiving in a 

tank, where is mixed with an anhydrous sodium sulfate in order to extract the moisture for 

the final product in a rate of 10:1 (w/w) respectively.   

 

Phenolic compounds extraction: Phenolic compounds extraction are obtained for SFE 

with supercritical carbon dioxide as a solvent and ethanol (60% v/v) as co-solvent. The 

process is analogous to the SFE at lab level. First the material is dried at 50 °C and milled 

until 80% of the material achieves the 8 mm [116]. The particle reduction increase the 

contact area, which is important for mass transfer and therefore the extraction yield [152]. 

The material is packed into an extractor unit. Ethanol is added a ratio of 1:6 w:v with to the 

raw material. The CO2 is fed a ratio of 1:3 w:w with the raw material. The extraction 

pressure influences the solubility of the compounds in the carbon dioxide [93], hence this 

parameter was selected according to the experimental results shown in the respect 

Chapter. The carbon dioxide was recovered in a separator column and recycled to the 

process after a purge.  

 

The extract was concentrated using a membrane system, middle pressure process, which 

is a technology that is widely used in the industry for clarification, concentration and/or 

separation. It offers advantages as selective separation, low energy consumption, easily to 

use among others [153]. In addition, the use of low temperatures offers advantages for the 

product quality. The membranes selection was  made taking into account the average 

molecular weight of the phenolic compounds. Thus, the membrane poro size was 5µm. The 

resulting retentate, fraction rich in protein, is discarded and the permeate is the phenolic 

compounds extract. The retentate stream could be considered as a product according to 

the protein content in. 
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The model for membrane system simulation was based on flux decline by membrane 

fouling in crossflow filtration [31]. It considers that ultrafiltration is a dynamic process that 

changes from a non equilibrium condition to an equilibrium condition, in which the cake 

layer thickness remains constant. Thus, the system is modeled by  Eq. 10. 

𝐽𝑝(𝑡)= 
(𝑇𝑀𝑃−∆𝑃𝑐)

𝜇𝑅𝑜
(1+

2𝑟𝑐(𝑇𝑀𝑃−∆𝑃𝑐)

𝜇2𝑅𝑜
2

𝐶𝑜

𝐶𝑔
𝑡)
−1/2

  Eq. 10 

 

Were: 

∆𝑃𝑐=
3𝑘𝑇

4𝜋𝑎𝑝
3𝑁𝐹𝐶 Eq. 11 

𝑟𝑐=180
(1−𝜀)2

𝑑𝑝
2𝜀3

 Eq. 12 

𝑎𝑝=(0,262(𝑀𝑊)
0,5−0,3)10−10 Eq. 13 

 

Where Jp is the permeate flux (m/s), TMP is the transmembrane pressure (Pa), µ is the 

dynamic viscosity of the permeate (kg/m.s), Ro is the initial membrane fouling resistance 

(1/m), rc is the specific resistance of the gel layer (kg/m3.s), Co is the feed concentration 

(kg/m3), Cg is the gel layer concentration (kg/m3), k is Boltzmann constant, T the absolute 

temperature, ap the particle radius, NFC is the critical filtration number. dp is a particle 

diameter, ε is a porosity of cake layer. 

 

The mass integration was considered in the phenolic compound extraction. CO2 and the 

ethanol were recycled in the process. 

 

Biogas and biofertilizer production: All the solids wastes were mixed and subjected to 

anaerobic digestion at 32 °C where biogas and slurry were obtained as product streams. 

The kinetic expression to calculate the yield was described by Borja et al. [154]. The slurry 

was filtered and the solid stream is the biofertilizer. Although the digestate that is produced 

in the anaerobic digestion is considered as waste, it contains nutrients that are beneficial 

to plants growth, thus, it is possible to use it as liquid fertilizer [155]. This approach is 

interesting from the point of view of Amazonian soils characterized by having low nutrient 

levels [19]. However, it use requires more research and for this study, this effluent was 

considered as a waste. 
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3.6 Process simulation 

A process simulator is a tool that performs several tasks, including estimations, material 

and energy balances, physical property estimations and process optimization, among 

others. It permits to screen process alternatives to select the best solution in terms of 

economics, environmental aspects, energy consumption and flexibility [81]. In addition, as 

it says below the integration of the computer-aided process engineering as a tool, supports 

the conceptual design of the process and also to address specific technical barriers, which 

is relevant especially in the Amazonas context.  

3.6.1 Technologic assessment 

For each scenario, process-flow synthesis was carried out using process simulation. The 

objective of this procedure was to generate the mass and energy balances to calculate the 

requirements for raw materials, consumables, utilities, and energy needs. The main 

simulation tool used was the package Aspen Plus v8.0 (AspenTechnology,Inc.,USA). 

Specialized packages were also used to carry out mathematical calculations, especially for 

kinetic analysis, such as Matlab.  

 

The results obtained from the Scenarios simulations were used to generate their respective 

mass and energy balances sheets. Many of the compounds (i.e. lignine, ash, cellulose) 

involved in the different process were not available in the data bases of Aspen Properties, 

thus it was necessary to calculate their properties. The molecules were drawn with the user-

defined compound wizard of Aspen Plus v8.0 and then exported into the properties module, 

which uses experimental data reported by the National Institute of Standards and 

Technology (NIST). Some known properties were introduced such as the molecular weight, 

acentric factor, and critical properties. One of the most important issues to be considered 

during the simulation procedure is the appropriate selection of the thermodynamic models 

that describe the liquid and vapor phases. The Unifac Dortmund model [115] was used to 

predict liquid phases. The water enthalpy was calculated with NBS steam tables [156]. On 

the other hand, for those simulations involving ethanol the non-random two-liquid 

thermodynamic model (NRTL) model was applied to calculate the activity coefficients of the 

liquid phase and the Hayden O'Connell equation of state was used to describe the vapor 

phase [118], [129]. Models are summarized in Table 3-1. Additional data on the physical 

properties of components, which were required for the simulations, were obtained from 
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Wooley and Putsche [157]. The energy consumption estimation was performed based on 

the results of the mass and energy balances generated by the simulation, where the thermal 

energy required by the heat exchangers and reboilers was considered, as well as the 

electric energy needs of the pumps, compressors, mills, and other equipment. The yields 

were calculated experimentally.  

 

Table 3-1. Models calculation of the process simulation 

Model Equation Parameters 

 

Unifac 

Dortmund 
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c: number of components 

ϕi: moleculare volume 

ʘ:Surface fraction  

qj and rj: parameters calculated 

from the group volume and 

area parameters 

z: coordination number set to 

10 

x: molar composition 

R: volume parameter 

Q: area parameter 

vki: number of groups of type k 

in molecule i 

NRTL 
𝑙𝑛(𝛾𝑖)=
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𝐺𝑖𝑗=𝑒𝑥𝑝(−𝛼𝑖𝑗𝜏𝑖𝑗) 

𝛼𝑖𝑗=𝛼𝑖𝑗0+𝛼𝑖𝑗1𝑇 

𝛾: activity coefficient 

𝜏𝑖𝑗: empirical constant  

𝛼𝑖𝑗: empirical constant 

𝑥𝑗: liquid phase mole fraction 

T: Temperature 

Hayden 

O’Connell 

𝑦𝑖𝑗

𝑦𝑖𝑦𝑗

𝜑𝑖𝑗

𝜑𝑖𝜑𝑗
=𝐾𝑖𝑗 

𝑦𝑖𝑗: Mole fraction 

𝜑𝑖𝑗: fugacity coefficient 

𝐾𝑖𝑗: equilibrium constant on a 

pressure basis 
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3.6.2 Economic assessment 

The second evaluation is related to the economic process analysis and the product cost 

estimation. It is important to take into account that the selected products, technologies and 

the sequences for unit operations influence the economic outcome in either positive or 

negative way [118]. It was conducted using the commercial package Aspen Economic 

Analyzer v8.0. This analysis was estimated in US dollars for a 10-year period at an annual 

interest rate of 16.02% (typical for the Colombian economy), which considered the straight-

line depreciation method and 33% income tax. In addition, the raw material cost and utilities 

cost were used in the Amazonas context. The economic analysis also considered important 

data such as project capital escalation (5% per year), products escalation (5% per year), 

raw material escalation (3.5% per year), operating and maintenance labor escalation (3% 

per year), and utilities escalation (3% per year). The afore mentioned software estimated 

the capital costs of the process units, as well as the operating costs and other valuable 

data, by utilizing the mass and energy balances information provided by Aspen Plus and 

the data introduced by the user for specific conditions. Thus, the categories assesses in 

this thesis for the annualized cost were: raw materials, operating labor, maintenance, 

utilities, operating charges, plant overhead, general and administrative and capital 

depreciation for each scenario. Additionally, the assessment includes the analysis of three 

economic metrics: (i) net present value, (ii) profitability index, (iii) payout period in order to 

analyze the economic feasibility of each process. All of these economic metrics are related 

to cash flow and they provide an idea of the risk associated with implementing each 

process. Table 3-2 shows the prices of the utilities, raw materials, and products used in the 

economic analysis.  

 

Nonetheless, prices may vary widely during a year, thus a sensitivity analysis was 

conducted to analyze the price that affects the economic outcome the most (50% above 

and below). This allow establishing the effect of each value in the economic performance 

of the Scenario. The sensitivity analysis is important especially in this context, because the 

Amazonas is a Region that is characterized by the logistical difficulties. To determine the 

individual production costs of each product, allocation was considered on an economic 

basis [118]. By the use of allocation factors, the annualized cost is distributed among all 

products. The first step consisted in calculating the sales of each product per year. Then, 

the allocation factor is the share of each product in the total sales of the biorefinery.  
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Table 3-2. Price / cost of feedstock, utilities and products 

Item Unit Price Source 

Makambo fruit US$/kg 0,28 Local market (2015) 

Aguaje fruit US$/kg 0,40 Local market (2015) 

Cedar sawdust US$/kg 0,053 This thesis 

Ethanol US$/kg 0,84 [158] 

Propane refrigerant US$/kg 1 [159] 

CO2 US$/kg 1,01 Cryogas Indura (2015) 

Electricity US$/kWh 0,43 EASA (2014) 

Water US$/m3h 1,06 EMPUAMAZONAS (2014) 

High P. steam US$/ton 9,86 [160] 

Mid P. steam US$/ton 8,18 [160] 

Low P. steam US$/ton 1,57 [160] 

Operator labor USD/h 2,14 [161] 

Supervisor labor USD/h 4,29 [161] 

Pasteurized pulp of 

Makambo 

USD/kg 104 This thesis 

Pasteurized pulp of Aguaje USD/kg 102 This thesis 

Aguaje flour  USD/kg 2,88 [162] 

Aguaje oil USD/kg 28 [159] 

Cocoa mass of Makambo USD/kg 2 [159] 

Butter of Makambo USD/kg 5 [163] 

Phenolic comp. extract  USD/kg 8005 [129] 

Essential oil of cedar USD/kg 100 [164] 

Biofertilizer USD/kg 0,5 [116] 

Biogas USD/kg 0,116 [165] 

                                                
 

3 Cedar sawdush is a waste, for this study, the price was assigned considering the transportation 
to location (50 USD/tonne) 
4 For this study, the price for pasteurized pulp was selected arbitrarily because there are not official 
report for this item. This product is not marketed.  
5 Sigma Aldrich average price for the antioxidant mixture is 3497.5 USD/kg. For this study the 
Phenolics price was calculated arbitrary using 800 USD/kg (22.8 % of total price).  
6 Natural gas price used. 
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The total working hours per year was fixed at 8760. 

 

In the same way, the production scale affect the annualized cost of the process. Taking into 

account that Amazonas does not have extensive crops, it is included the analysis of 

production capacity, considering in all cases, flow rates of 3, 5, 7 and 10 tonne/day. 

 

It is important to highlight that this assessment is focused on evaluating the potential of the 

different raw material as an economic alternative in the Amazonas. Thus, some parameters 

as flows that were selected arbitrarily needs a fine assessment created on a sensitivity 

analysis, based on the input parameters to be changed during the process. 

3.6.3 Environmental assessment 

The waste reduction algorithm (WAR), developed by the National Risk Management 

Research Laboratory of the U.S. Environmental Protection Agency (EPA), was used to 

calculate the potential environmental impact (PEI). This method adds a reaction of 

conservation to the PEI based on the impact of the input and output flow rates (energy and 

mass) from a process. The PEI for a given mass or energy quantity may be defined as their 

(energy and mass) effects on the environment if they were discharged arbitrarily. The WAR 

GUI software incorporates the Waste Reduction Algorithm for measuring eight categories: 

human toxicity by ingestion (HTPI), human toxicity by dermal exposition or inhalation 

(HTPE), terrestrial toxicity potential (TTP), aquatic toxicity potential (ATP), global warming 

(GWP), ozone depletion potential (ODP), photochemical oxidation potential (PCOP), and 

acidification potential (AP). This tool considers the impact of mass effluents and the impact 

of the energy requirements of a chemical process based on the energy and mass balances 

generated in Aspen Plus. The weighted sum of all the impacts was the final impact per kg 

of products. It is very important to clarify that this environmental assessment only 

corresponds to the possible impact generated in the productive process stage (gate-to-gate 

analysis). 
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4. Raw material selection 

4.1 OVERVIEW 

The Amazonian plants have been a subject of many studies in different knowledge fields. 

However, this valuable information is scattered in this area. With the objective of selecting 

the raw material to validate the implementation of the methodology proposed in this thesis, 

it was necessary to have sufficient and organized information. 

 

This chapter presents the results obtained in the collection of information as well as a 

discussion about them. The assessment was focused in the uses modes, thus, the 

information was catalogued and evaluated according to that criteria. 

4.2 Status of the Amazon plants information in 
Amazonas 

The interest to explore, understand and enjoy the benefits of plant-derived materials and 

compounds has been significantly manifested throughout human evolution. Plants have 

been a source of food, medicines, fibers, oils, gums, extracts, etc. [85]. 

 

Amazonian plants from Colombia have been studied for several years. Studies such as the 

botanical explorations of Evans Schultes since 1941 [166] have resulted in significant 

contributions pertaining to taxonomy of species that were unknown at that time and their 

utilization. The “Proyecto Radargamétrico del Amazonas [167]” has provided the basic 

guidelines for investigations in the region [167]. Other publications, such as Acero [13], 

Duke & Vásquez [168], Cárdenas & López [10], Bernal [14], Hernández & Barrera [94], 

Prado [17] and Andoque et.al. [169], offer information about local species, their uses, 

physical and chemical characterizations and highlight the related national and international 
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potential for developing natural product. Those results are reflected in books, articles, field 

guides, thesis and unpublished material. However, one of the limitations for utilization of 

Amazonian plant-derived material  in cosmetic and food applications is the lack of 

information about its chemical and nutritional composition [170]. 

 

Recently, the interest in Amazonian plants has expanded beyond the regional boundaries. 

This is evident in a multitude of publications and scientific databases as: ScienceDirect 

[171], Pubmed [172], ACS [173], among others, and the growing of markets for Amazonian 

plants-derived products. 

 

As stated before, one of the objectives of the current research was to assess the state of 

information about Amazonian plants in Amazonas, using the methodology that has been 

described in Section 3.3. 

4.2.1  Data collection  

Following the protocol that has been described in Section 3.3., information about 

Amazonian plants has been collected and processed as depicted in Figure 4-1. 

 

 

Figure 4-1. Data collection results 

 



Design and assessment of high technology processes for enhancing the viability of agribusiness based on 

the sustainable use of biomass in Amazonas 
83 

 

A “first list” with 1246 species was established after gathering the information (almost four 

months). After processing the data through the “filtering procedures” the list, designated as 

“final list”, with only 924 species was obtained. It is important to highlight that the information 

available for Amazonas in the public domain: "Herbario Amazónico Colombiano (COAH)" 

and the "Herbario Nacional Colombiano" is largest than which is reported here. Besides, 

124 species were excluded due to they had not been collected or reported in either herbal 

for Amazonas. Thus, important material is available as point of departure for future 

researches in order to consolidate the knowledge of the Amazonas flora. 

 

Then the cross-checking with Scopus database was done. The scientific name was the key 

work to the search. The search was directed on establish the researches focused in the 

chemical potentialities with industrial use. Thus, it is important to highlight that valuable 

information as ecological or social academic results may not have been including. 

 

Finally, the “final list” was divided in non-timber (596 species) and timber (328 species) 

traditional use in order to facilitate the analysis of the information. The results are presented 

in Appendix A and B respectively.  Next, a general discussion regarding the results found 

is presented.   

4.2.2 General considerations per botanical family 

 

The 924 species (general list), have been grouped into 126 botanical families. Figure 4-2 

shows the 10 major botanical families with the larger biological diversity of species. 
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Figure 4-2. Botanical families with the larger number of  species 

 

The most abundant botanical family is Arecaceae with 65 species, corresponding to 7,0% 

of the total species. These are species that enjoy great popularity and recognition for their 

beauty, majesty and many potential applications. Among the latter are: food, ornamental, 

medicinal, fiber source, roofing sheets, craft, source of oil, etc. Thus, it is a group plant with 

great potential but its uses are limited to household and local market [174]. According to 

Henderson et.al. [175], there are identified in the Amazonian basin (Figure 1-1), 151 

species of palms, grouped in 34 genera, of which about 75% are endemic [176]. According 

to this search, 43% of these species, 65 species of palm, have been identified in Amazonas. 

In addition, the sale of palm products as pulp, seeds, oils, among others, represent cash 

income for many inhabitants [17], [176]. 

 

The different potential applications for the species included in the different identified 

botanical families are depicted in Figures Figure 4-3 to Figure 4-11. The dates were 

organized according to the traditional use application. 

 

Food applications 

Results (Figure 4-3) indicated that 60% of the species included in the Arecaceae family are 

catalogued as food. Popular fruits as Asai, Aguaje, Chontaduro, Milpesos belong to this 

group.  
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The second family with major representation is the Moraceae, 65,7% of their species are 

catalogues as food. Species as “árbol del pan” belong to Moraceae family.  

 

It is important to highlight that this group of application includes food and feed. It would be 

interesting to complete the uses differencing between foods and feed in order to stablish 

clearly the potential use into the market. 

 

 

Figure 4-3. Major botanical families with food applications 

 

Craft applications 

For craft applications, Figure 4-4 shows that 58,3% of palms are used as craft. As 

mentioned before, palms are source of fibers used for baskets making and yarn for knitting. 

The seeds are used in necklaces, bracelets and accessories in general.   

 

In this category it is possible to found species that are being used as pigments and species 

that are being used for tools construction.  
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Figure 4-4.  Major botanical families with applications in craft 

 

Construction applications 

For construction use (Figure 4-5), Arecaceae is the most representative family with 64,6% 

of its species. These plants are used for roofs, floors and interior walls.   

 

 

Figure 4-5. Major botanical families with applications in construction 

 

Medicinal applications 

Figure 4-6 shows the botanical families with major medicinal applications. 18 species 

corresponding to 27,7% of the species of Arecaceae family have been reported to have 
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some medicinal use.  However, it is important to highlight the trend of Piperaceae family, 

because 92,8% of these species have associated some medicinal use.   

 

Figure 4-6. Major botanical families with medicinal applications 

 

Ornamental applications 

Figure 4-7 shows the major botanical families with ornamental applications. All (100%) of 

the species reported for Heliconiaceae and Orchidaceae families, with their beautiful 

flowers, are classified as ornamental. Heliconiaceae is the most utilized in this way, followed 

by the Areacaceae family with its emblematic species. 

 

Figure 4-7. Major botanical families with application as ornamental 
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Toxic applications 

From all the results, just 39 species grouped in 20 botanical families have been reported to 

have some toxic applications. Figure 4-8 shows the results of the major families with toxic 

uses. 85,7% of Menispermaceae species are reported to have toxic use; species as curare, 

widely used for fishing and hunting, belongs to this group.  

 

 

Figure 4-8. Major botanical families with applications based on toxicity 

 

 

Psychotropic applications 

Psychotropic use has been reported for only 12 species, grouped in 8 botanical families. . 

Figure 4-9 shows the major families with psychotropic uses. 20,8% of Myristicaceae 

species have reported psychotropic use. Species known as “cumala” belong to 

Myristicaceae family.  
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Figure 4-9. Major botanical families with psychotropic use 

 

Fuel applications 

Just 9 botanical families report species with fuel use (Figure 4-10). 36,8% of Sapotaceae 

species report fuel use.  

 

 

Figure 4-10. Major botanical families that are utilized as fuel 
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Timber applications 

Even though timber use has been rep[orted for 42 of 126 (33,3%) families , this application 

is the most important one (Figure 4-11). The species belonging to Annonaceae botanical 

family are recognized for their edible fruits (guanabana) and also for their utilization as 

timber  [177]. Lauraceae which is positioned in the second place in the group with timber 

use with 28 of 29 species (96,5%) is widely used for perfume and essential oil production 

[177], [178]. Species as cinnamon (canela), laurel, camphor (alcanfor) and sassafras 

(sasafrás) belong to this botanical family.   

 

 

Figure 4-11. Major botanical families with applications as timber 

 

Thus, the Arecaceae botanical family is the most representative in the different categories 

of applications: food, craft, construction and medicinal. Additionally, Annonaceae and 

Moraceae are versatile families too; they have a significant participation in food craft, 

construction, medicinal, toxic and timber applications.  

 

On the other hand, Clusiaceae (with 15 sp.), Lecythidaceae (with 13 sp.), Chysobalanaceae 

(with 10 sp.) and Euphorbiaceae (with 8 sp.), are botanical families with the largest number 

of species for which traditional uses have not been reported.  
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4.2.3  General considerations per species 

According to this review, traditional modes of utilization have been documented for about 

92% of the reported species and have been based on indigenous theories, beliefs and 

experiences. Figure 4-12 shows the different uses that have been reported (for all species), 

and indicates that medicinal and timber applications have been the most reported modes 

of utilization. 

 

 

Figure 4-12. Species number according to traditional uses 

  

There are species for which more than one use has been reported. The traditional number 

of applications reported for species is depicted in Figure 4-13. The presented information 

indicated that for about 10% of the total species no applications have been reported. This 

sub-population presents a research opportunity, where the potential of applications for 

these species in other places can be assessed. 
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Figure 4-13. Number of traditional uses reported for species 

 

Among the species with more than three applications are the Bertholletia excelsa 

(Castaña), Couma macrocarpa (Juansoco), Euterpe precatoria (Asaí), Iriartea deltoidea 

(Bombona), Mauritia flexuosa (Canangucho). It is important to note that several of the 

species listed as timber, are characterized by having more than one use. Such is the case 

of the Bertholletia excelsa (Castaña), Carapa guianensis (Andiroba), Cedrela odorata 

(Cedro), Couma macrocarpa (Juansoco), among others; these are characterized by the 

quality of the wood but also for its medicinal properties, food and / or crafts applications. 

 

4.2.4 General considerations per Scopus reports 

Figure 4-14 and Figure 4-15 show the results based on publications that are reported in 

Scopus, associated with botanical families and species respectively. It is important to 

highlight that the search was focused on chemical or biological potentialities. There are 

many studies related to ecological and social objectives but these were not considered in 

this assessment. 

 

53%

22%

10%

5%

10%

One

Two

Three

More than three

No report



Design and assessment of high technology processes for enhancing the viability of agribusiness based on 

the sustainable use of biomass in Amazonas 
93 

 

 

Figure 4-14. Botanical families with Scopus reports 

 

83 botanical families have academic studies associated with some of their species. 

Annonaceae, Euphorbiaceae, Myristicaceae and Fabaceae, are the botanical families more 

addressed according to the Scopus reports.  

 

 

Figure 4-15. Species with Scopus reports 

 

280 species have been reported in some scientific studies where their chemical or biological 

potentiality have been highlighted a. The other species present an opportunity to encourage 

research and directed at further developing  the knowledge about Amazonian plants. The 

major species with reports associated are Theobroma bicolor, Uncaria tomentos, Aniba 

roseaodora, Carica papaya and Euterpe precatoria.  
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4.2.5  Plants with traditional use other than timber 

Appendix A summarizes the plant information for which non- timber traditional use has been 

reported. This list includes the 91 species that do not have any report for traditional use 

associated. 

 

 

Figure 4-16. Number of utilization modes reported for the non-timber plants 

 

Figure 4-16 shows the number of traditional different utilization modes of non-timber plants 

in Amazonas. Seven of the ten species that with four or more applications each are palms: 

Astrocaryum chambira, Attalea plowmanii, Euterpe precatoria, Geonoma macrostachys, 

Iriartea deltoidea, Mauritia flexuosa and Oenocarpus bataua. Thus, it is possible to confirm 

the significant potential of palms. 

4.2.6  Plants with traditional use as timber 

Appendix B summarizes the plants information for which timber traditional use has been 

reported. Figure 4-17 reveals that 44% (144 species) of the species are used only as timber, 

but the remaining 56% present opportunities in different applications, based on traditional 

applications. From those 144 species, 89 sp. have been subject of researches and 

associated to any paper available in Scopus database, that confirm the potentiality of them 

in others applications. 
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Figure 4-17.  Number of utilization modes reported for the timber plants 

4.3 Raw material selected  

Based on the results of Section 4.2. and to the aim of evaluating the methodological 

proposed for designing and evaluating of processes in Amazonas context (Section 3.2.), it 

was decided to divide the Amazonian plants into three groups and to select the following 

raw materials for the development of the present thesis: 

 

 Fruit: the exotic fruits market has shown a growing trend because of the preferences 

of consumers that are seeking natural products with nutritional and functional properties 

[179]. Amazonian fruits such as camu camu (Myrciaria dubia), asai (Euterpe oleorata) 

and araça (Eugenia stipitata) are known in the fruit market due to their properties [180]. 

Some other such as copoazú (Theobroma grandifolium), makambo (Theobroma 

bicolor) and zapote (Quararibea cordata) have been cataloged as potential in the 

Region, but these have not been widely utilized to obtain value-added products [31], 

[94], [116], [181]. Theobroma bicolor, well known as Makambo was selected as the firs 

raw material for this thesis. Makambo is an Amazonian fruit, that is normally cultivated 

by indigenous into their chagras [182]. 

 

 Palm: it is the most represented botanical family in the survey, the different species are 

characterized by different traditional modes of application and they are widely 

recognized by the inhabitants. Palm was selected as the second raw material for this 

thesis. Mauritia flexuosa, well-known as aguaje, was chosen because it is a fruit 
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representative to Amazon Region. Aguaje is part of the inhabitants diet and although it 

has a significant potential in different applications, these opportunities have not been 

explored or reported yet in Amazonas.  

 

 Timber plant: The lumber activity is one of the most important economic activity in 

Amazonas, especially in Puerto Nariño and Tarapacá. However, this activity does not 

promote supply chains, employment or income for the inhabitants [183]. In addition, this 

activity generates 60% of waste. These residues can be considered a second-

generation feedstock because they are lignocellulosic biomass in nature. They present 

an opportunity for production of bioethanol as well as biomolecules or by-products with 

significant added value [116]. Thus, with the aim of looking for recovering the waste 

generates in the lumber operations, it was selected as a plant that is widely used as a 

timber.  According to Corpoamazonia, cedar was one of the most marketed forest 

species in 2014 (Figure 2-4. Timber volume mobilized in Amazonas in 2014Figure 

2-4). Cedar or cedro is a well-known timber for its quality. Highly use for the construction 

of furniture. Besides, it is a specie available all year around.   

4.4 Conclusions  

To integrate the real available information is a power tool to stablish the themes and trend 

of the researches. It is interesting and important not only in the development of further 

researches but also for implementing projects based on those results. It is important to 

highlight that there is very large volume of valuable information exists but it needs to be 

completed with interdisciplinary, participative, concerted and applied research and studies 

in order to enhance the integrated knowledge pertinent to these resources.  

 

Although significant time was invested in the compilation of information, many results were 

missing due to the huge information available and new results that are published, almost 

daily. In this sense, it is necessary to create a center dedicated for compiling this 

information, taking into account that the connectivity in this Region is poor. 
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5. Theobroma bicolor - Makambo  

5.1 OVERVIEW 

Theobroma bicolor, Makambo or maraco in Spanish, is a plant that is included in the 

Sterculiaceae botanical family. The Makambo fruit has not been exploited yet in Amazonas. 

The fruit has a relatively low commercial demand in the local market, however makambo 

has a promising potential in the exotic fruits market. 

 

This chapter presents the chemical characterization of Makambo fruits, description of the 

proposed technological scenarios and the techno-economic and environmental simulation 

results. Finally, an overall discussion of the Scenarios is proposed.  The analysis assessed 

two scenarios for manufacturing Makambo-derived pasteurized pulp, butter, residual cake, 

phenolic compounds with antioxidant activity, biogas and biofertilizers.  

 

5.2 General information 

Theobroma bicolor, known as Makambo (Figure 5-1), maraca and cacao blanco is an 

Amazonian tree, which belongs to the Sterculiaceae family that grows in different regions 

of Central and South America [184].  Traditionally, its pulp has been used for direct 

consumption as food. The seeds are used as a kind of cocoa for hot beverage preparation 

and its peel is generally disposed as waste [185]. Makambo is associated to Theobroma 

cacao (Cocoa) and Theobroma grandiflorum (Copoazú) because they belong to the same 

botanical family, thus the Makambo seed can be processed to obtain products similar to 

cocoa [185], [186].  
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It is difficult to estimate the annual production of makambo fruit in Amazonas, however it is 

considered a potential exotic fruit that can be consumed fresh or processed into jam, sauce 

and nectar [94], [187]. 

 

 

a.                                                  b.                                                  c.  

Figure 5-1. Makambo fruit. a. Ripe fruit b. Internal fruit. c. Seed. 

 

 

Although Makambo is gaining popularity among consumers, it has not yet been properly 

positioned in the market place. There are only a few published studies about its chemical 

composition, chemical properties, post-harvest management, and/or data related to its 

potential use.  

5.3 Characterization  

The chemical composition of Makambo fruit is displayed in Table 5-1.  
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Table 5-1. Chemical composition of Makambo fruit 

Features Pulp (%) Seed (%) Peel (%) 

Fruit proportion 25,7 ± 3,7 36,0 ± 3,1 38,3 ± 4,3 

Moisture  84,90 ± 0,37 55,52 ± 0,64 52,88 ± 0,58 

Extractives  5,71 ± 0,03 0,24 ± 0,02 4,01 ± 0,01 

Lipids 

     Palmitic acid (%) 

     Stearic acid (%) 

     Oleic acid (%) 

     Linoleic acid (%) 

     Arachidic acid (%) 

     Behenic acid (%) 

- 15,65 ± 0,02 

7,56 

34,16 

44,51 

6,11 

4,23 

3,43 

- 

Hemicellulose  - 8,66 ± 1,84 10,58 ± 1,81 

Cellulose - 14,89 ± 0,02 11,98 ± 1,81 

Lignin  - 2,29 ± 0,52 16,67 ± 0,02 

Fiber  3,29 ± 0,03 - - 

Ash  6,10 ± 0,02 2,70 ± 0,11 3,88 ± 0,80 

Phenolic compounds (mgGAE/100 g dw) 

Phenolic comp. (mg Catechin/ 100 g dw) 

857,64 ± 0,02 

n.d. 

1520,94 ± 0,01 

n.d. 

2153,03 ± 0,01 

222,70 ± 0,30 

Antioxidant activity (meq Trolox/g dw) 0,073 ± 0,000 0,699 ± 0,002 0,797 ± 0,008 

n.d.: non-determined 

 

In comparison to the results previously reported for other Theobroma species (for Makambo 

there are partial information available in literature) as Copoazú [116] and Cocoa [188], 

Makambo fruit exhibits some differences. Makambo fruit has a smaller peel percentage 

(36,0%) compared to Cacao and Copoazú fruits, which have 75,0% and 54,3%, 

respectively. Besides, Makambo fruit presents the largest seed percentage. Cacao and 

Copoazú reported 21% and 14,48%, respectively [116], [188]. Regarding to the pulp 

percentage, it is similar to Copoazú and Makambo fruits, with only 2 and 4% higher for 

Copoazú and Cacao, respectively. The moisture, fiber and ash (mineral content) contents 

of Makambo pulp are higher.  
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Regarding to the lipids extracted from the seed, it  had been considered that they have 

good quality with 42.0% of C18:1 fatty acid such as oleic [189], [190] that is comparable  

with the results available in this study. In addition, in this study it was possible to determine 

a better fatty acid profile. Thus, it was determined that 50,61% of the lipids extracted from 

the Makambo seed consists of unsaturated acids (oleic and linoleic acids) compared to the 

37,3% of unsaturated acids reported for cocoa butter in Ecuador [191]. In addition, the 

content of linoleic acid, which is considered as an essential acid, is higher in Makambo 

6,1% compared with 0,1% reported for cocoa butter [191].     

 

In general, Makambo is a fruit with high moisture content (approx. 64%) and thus it requires 

attention when adverse effects of high moisture content on shelf life are considered [192] . 

Pulp is a potential product for direct consumption due to its high proportion in the fruit and 

its nutritious constituents with compounds with antioxidant activity, protein, fiber, moisture 

and mineral (ash) [94]. However, in the Amazonian region, the pulp product is not well 

known, probably because it is not widely available in the market. From a biorefinery 

perspective, the goal is to increase the use of the fruit by processing its waste streams. As 

shown in Table 5-1, Makambo peel is the fruit part with the highest content of phenolic 

compounds and antioxidant capacity. This confirm the use of peels as raw materials for the 

extraction of phenolics in Scenario 2 as described in section 1.4. Similarly, Makambo seeds 

contain interesting amount of phenolic compounds (177% higher than pulp) but 70 % lower 

than phenolics from peel. Considering this and due to the unique characteristics of the fruit 

(exotic fruit, small peel percentage, higher pulp percentage and availability of phenolic 

compounds in peel, pulp and seed with antioxidant activity), more value-added products 

can be obtained from this type products (e.g. phenolics). Therefore, it would be expected 

more efforts in research to gain knowledge to labeled them Origin seal products.  

5.3.1  Potential products from Makambo  

Bearing in mind the overall objective of developing products from Makambo fruit and in light 

of the limited available information pertinent to this specie, it was compared to Cacao and 

Copoazú products.  
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From the chemical characterization, it is possible to note that pulp is a potential product for 

direct consumption due to its high mass portion in the fruit and the fact that it contains 

compounds with antioxidant activity, protein (1,66% [94]), fiber, moisture and mineral (ash), 

thus providing relevant solutions to  food security challenges [94]. Additionally, the 

characteristic aroma of the pulp makes Makambo a suitable product for juice and direct 

consumption. As say before, currently, Makambo peel is considered a waste, however, it is 

important to highlight that the peels contains important compounds such as lignocellulosic 

complex and phenolic compounds with antioxidant capacity for which a potential for 

utilization in a biorefinery exist. Phenolic compounds have different beneficial effect on 

human health, such as antioxidant, anti-thrombotic, anti-bacterial, anti-allergic, anti-

flammatory [48]. Peel and seeds offer the possibility to prepare fractions rich in these 

compounds, thus diversifying the portfolio of products obtained from Makambo. Thus, 

Makambo is a fruit with potential not only “as is” in the exotic fruits market but also as a 

source for natural products market. 

 

Thus, the products selected are:  

 Pasteurized pulp: due to the high portion in the fruit. 

 Butter and residual cake (it is paste, that should be used as an ingredient in a food 

industry) as a substitute for cacao. 

 Phenolic compounds: due to the significant content in peel and seed, and their 

antioxidant capacity. 

 Biogas and biofertilizer: as an alternative use of waste. 

 

These assumptions and information, allow defining Scenarios 1 and 2 according to the 

discussion presented in section 5.3.3. It was necessary to carry out some experimental 

activities in order to establish the operation conditions for phenolic compounds extraction 

and butter extraction as well as to evaluate the technical feasibly for obtaining these 

products. The specific adopted procedures were descripted in Section 3.4.2. and Section 

3.4.3. respectively.  
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5.3.2  Experimental results  

Phenolic compounds extraction 

The results obtained from the phenolic compounds extraction according to the procedure 

descripted in Section 3.4.2., are summarized in Table 5-2. Figure 5-2 shows the 

respectively yields.   

Table 5-2. Phenolic compounds extraction by EFS from seeds and peel 

 

Fraction 

 

Extraction 

pressure (bar) 

Phenolic 

compounds 

(mg GAE/100g fw) 

Seed 100 190,65 ± 0,02 

Seed 230 249,13 ± 0,01 

Seed 280 289,51 ± 0,03 

Peel 100 367,25 ± 0,03 

Peel 230 399,12 ± 0,03 

Peel 280 406,07 ± 0,03 

 

 

 

Figure 5-2. Yield of phenolic compounds extraction by EFS from seeds and peel 

 

From these results, it is possible to note that concentration of phenolic compounds increase 

with increase extraction pressure. This performance is usual due to the enhancement of 

solvation power of CO2, which added to the raw material characteristics and the bed density 

influence the final yield extraction [193].  
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Butter extraction 

The results obtained from the butter extraction according to the procedure descripted in 

Section 3.4.3., are summarized in Table 5-3. 

 

 

Table 5-3. Butter extraction by mechanical press from seeds 

Temperature 

(°C) 

Yield  

(g Butter extracted/g 

Lipids in RM) 

40 0,55  ± 0,02 

70 0,82 ± 0,03 

 

From these results, it is possible to confirm that the increase in temperature favors the 

butter extraction. Taking into account that the residual cake generates before the butter 

extraction should be used as input for phenolic compound extraction, the heating was 

stopped at 70°C. The temperature selected for butter extraction (Figure 5-3) was 70°C. 

 

 

Figure 5-3. Butter of Makambo seed extracted at 70°C 

5.3.3  Scenario description 

Scenario 1 is considered the base case and Scenario 2 is an extension of Scenario 1 

including more products.  

 

 Scenario 1 (base case), considers the joint production of pasteurized pulp, butter and 

cocoa mass.  
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A simplified flow diagram of Scenario 1 is presented in Figure 5-4.  

 

 

Figure 5-4. Simplified process-flow Scenario 1 

The specific conditions used in each plant are summarized in Table 5-4. 

 

Scenario 2 (Sc. 2), in addition to pasteurized pulp, butter and residual cake, scenario 2 

considers an extract rich in phenolic compounds, biogas and biofertilizers as products. 

 

 

 

Figure 5-5. Simplified process flow for a biorefinery based on Makambo fruit, Scenario 2 
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 In this case, the peels and a fraction of cocoa mass are extracted with supercritical CO2 to 

obtain phenolic rich extracts according Section 3.4.2. Considering that the aim of this thesis 

is to determine the economic potential of Makambo, it was arbitrarily selected that 50% of 

residual cake is utilized for phenolic compounds extraction due to seeds have a 

considerable content of phenolic compounds and the sell price of antioxidant extract is 

higher than the residual cake (Table 3-2). Besides, the residual cake has a lower market 

value than that for a phenolic compounds extract. All solid residues resulting from the 

different processes were used to produce biogas and biofertilizers. The process flow for 

scenario 2 is depicted in Figure 5-5. 

 

The specific conditions used in each plant are summarized in Table 5-4. 

 

Table 5-4.  Main process data used for the modeling of Scenarios 1 and 2 

Section Subsection Description Value Unit 

Pasteurized pulp  Pulper 

Pasteurizer 

Particle diam. 

Temperature 

Temperature 

4 

90 

4 

cm 

°C 

°C 

Butter Dryer 

Crusher 

Press 

 

Crusher (flour) 

Temperature 

Particle diam. 

Temperature 

Yield 

Particle diam. 

50 

3,7 

70 

0,82 

2 

°C 

mm 

°C 

 

mm 

Phenolic compound Extractor 

 

 

Collector 

 

Pretreatment of CO2 

 

Temperature 

Pressure 

Yield 

Temperature 

Pressure 

Temperature 

Pressure 

50 

280 

0,93 

25 

1 

-30 

280 

°C 

bar 

°C 

bar 

°C 

bar 

Biogas and 

biofertilizers 

Digestion 

Biogas collector 

Temperature 

Temperature 

30 

27 

°C 

°C 
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5.3.4 Simulation results 

The modeling and simulation were carried out according to description given in Section 3.6. 

The results obtained from the simulations of Scenario 1 and 2 were used to generate their 

respective mass and energy balance sheets. 

 

Table 5-5. Material balance for Scenario 1 

  Material kg/day Products kg/day Residues kg/day 

 

 

 

Makambo 

fruit 

 

 

 

1.000,0 

Pasteurized pulp 

   Moisture (%) 

257,0 

87,9 

 

 

 

Water waste 

Solid waste 

 

 

 

185,8 

383,0 

Residual cake 

   Moisture (%) 

   Lipid (%) 

117,2 

1,20 

7,9 

Butter 

Moisture (%) 

   Lipid (%) 

56,9 

22,0 

74,3 

 

Table 5-5 and Table 5-6, show the mass balances for scenarios 1 and 2, respectively. In 

both cases the production of pasteurized pulp, residual cake and butter composition were 

similar. However, Scenario 2 had a lower volume production of residual cake than Scenario 

1 because a portion of this product was used as an input in the phenolic compound 

extraction process. The latter was due to the high content of phenolic compounds in seeds 

and considering that phenolic compounds extracts have more value-added than residual 

cake. The peel solids generated in Scenario 1 were used as a raw material in Scenario 2 

to produce phenolic compounds extracts, biogas and biofertilizers. Regarding the water use 

in the two scenarios, Scenario 1 requires no water due to the characteristics of the 

processes involved. However, for Scenario 2 it was necessary to supply water to the biogas 

and biofertilizer processes. In terms of waste water, in Scenario 1, the major contribution is 

due to the moisture content of the fruit. It is possible to consider the condensation and to 

define it as a product for Scenario 1. In Scenario 2, the waste water corresponds to the 

water recovered after the separation of biogas and the slurry from the fermentation (i.e. 

biofertilizer). This liquid stream corresponds to 41,0% of the waste water in Scenario 2.  
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It is important to note that carbon dioxide (98,99%) and ethanol (99,79%) were recycled as 

much as possible without affecting the process stability and maintaining their ration in the 

phenolic compounds extractor, in order to avoid increasing the cost associated with the 

transport of these inputs. 

 

 

Table 5-6. Material balance per section for Scenario 2 

Material kg/day Products kg/day Residues kg/day 

 

 

 

Makambo fruit 

Ethanol (60%) 

CO2 

Water 

 

 

 

1000,0 

1,7 

40,5 

232,8 

Pasteurized pulp 

   Moisture (%) 

257,0 

87,9 

 

 

 

Water waste 

CO2 

 

 

 

 

622,8 

40,2 

Residual cake 

   Moisture (%) 

   Lipid (%) 

58,6 

1,2 

7,9 

Butter 

Moisture (%) 

   Lipid (%) 

56,9 

22,0 

74,3 

Phenolic comp. extract 

   Moisture (%) 

   Phenolic comp. (%) 

5,4 

45,8 

53,6 

Biogas 

   CO2 (%) 

   CH4 (%) 

142,3 

30 

70 

Biofertilizer 91,4 

 

 

 

Table 5-7 shows the energy requirements for both scenarios. The incorporation of phenolic 

compounds technologies in Scenario 2, significantly increases the energy requirements for 

the equipment and operations associated to the SFE (pumps and heat interchanges for 

CO2 pretreatment for operational temperature and pressure) and ultrafiltration processes 

(pumps for filtration). Thus, for example the heating requirements were higher in Scenario 

2 than Scenario 1 by 453,7%. Additionally, the electricity consumption in Scenario 2 is 2% 

higher compared with scenario 1. 
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By the other hand, it is interesting to note how the energy requirements are redistributed 

with the inclusion of new products into the process and consequentially affecting the 

economic process performance. 

 

Table 5-7. Energy requirements for each scenario 

Source MJ/h 

 Scenario 1 Scenario 2 

Cooling 

      Pasteurized pulp (%) 

      Butter and residual cake (%) 

      Phenolic compounds (%) 

      Biogas and biofertilizers (%) 

20,52 

95,6 

4,4 

- 

- 

71,92 

26,4 

1,2 

71,8 

0,6 

Heating 

      Pasteurized pulp (%) 

      Butter and residual cake (%) 

      Phenolic compounds (%) 

      Biogas and biofertilizers (%) 

20,34 

98,8 

1,2 

- 

- 

92,29 

21,6 

0,2 

63,3 

14,9 

Electricity (required) 249,2 254,4 

 

 

Economic Assessment 

This assessment is focused on analyzing the different economic parameters for Scenarios 

1 and 2. It is important to take into account that the configuration of products, technologies 

and sequences highly influence on overall process the economic outcome in positive or 

negative ways [118]. Table 5-8 shows the annualized costs including raw materials, 

operating labor, maintenance, utilities, operating charges, plant overhead, general and 

administrative and capital depreciation for each scenario. Additionally, revenues, 

profitability index, payout period and net present value are also included.  
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Table 5-8. Annualized costs and economic metrics for each scenario 

Scenario Scenario 1 Scenario 2 

Feature USD/year Share 

(%) 

USD/year Share 

(%) 

Raw materials 102.270,00 16,49 118.048,00 12,47 

Operating labor cost 87.660,00 14,13 93.883,90 9,92 

Maintenance cost 7.516,85 1,21 18.518,20 1,96 

Utilities 60.762,90 9,80 62.363,70 6,59 

Operating charges 21.915,00 3,53 23.471,00 2,48 

Plant overhead 47.588,40 7,67 56.201,00 5,94 

General and 

administrative 

26.217,10 4,23 29.798,90 3,15 

Capital depreciation 266.339,00 42,94 544.000,00 57,49 

Total cost 620.269,25 100,00 946.284,70 100,00 

     

Revenues  1.141.960,00  2.701.880,00  

NPV 805.655,00  4.009.910,00  

Payout period (years) 7,33  5,11  

Profitability index  1,12  1,35  

 

Annualized cost for Scenario 2 is 53% higher than that of Scenario 1 (see Table 5-8). The 

capital depreciation increases 104% in Scenario 2 in comparison to Scenario 1.  The latter 

is associated with the extra equipment required to produce phenolic compounds, biogas 

and biofertilizer production in Scenario 2. This is also reflected in the remaining categories 

with an increase in Scenario 2 compared to Scenario 1. However, revenues for Scenario 2 

are approx. 2,4 times higher than those in Scenario 1 due to the diversification of products 

and the income generated by their sales. Thus, the payout period according to Scenario 2 

is 1,2 years shorter than in Scenario 1. In both scenarios, the NPV is positive and the 

profitability index is above the unity, hence giving an indication that both scenarios are 

feasible from the economic point of view. Nevertheless, it should be expected that there 

could be risks associated with the fluctuation of prices that can lead to unfeasible scenarios. 

This analysis will be discussed later by means of the sensitivity analysis described on 

Section 3.6.2. 
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To analyze the performance of all products in each scenario, their individual production 

costs were calculated. Table 5-9 summarizes the individual cost per product per scenario. 

For Scenario 1 the AFs were 0,83 for pasteurized pulp, 0,07 for cocoa mass and 0,10 for 

butter. Likewise for Scenario 2, 0,35 for pasteurized pulp, 0,02 for cocoa mass, 0,04 for 

butter, 0,582 for phenolic compounds, 0,002 for biogas and 0,006 for biofertilizer. After this, 

the annualized cost per product is calculated and finally the production cost (see Table 5-9). 

In the case of Scenario 1, the pasteurized pulp accounted for 83% of the total cost that is 

shown in Table 5-8. The latter reveals that the economics of Scenario 1 highly relies on the 

sale of pasteurized pulp. Consequently, it can be inferred that fluctuation in pulp price will 

strongly affect the feasibility of Scenario 1. This will be verified and discussed in the 

sensitivity analysis.  For Scenario 2, the production of phenolic compounds accounted for 

58,2% and pulp for 35%. In contrast to Scenario 1, Scenario 2 reduces the dependency on 

pulp sales by the inclusion of phenolic compounds as value-added product. However, it can 

be expected that fluctuation in prices of phenolic compounds may strongly affect the overall 

economics of Scenario 2, but it may not have the effect that pulp price can have in Scenario 

1. Again, this corroborates the importance of including sensitivity analysis and thus 

assessing what economic input has the greatest influence on the economic performance of 

the biorefinery. Taking into account that both Scenarios showed positive performances (see 

Table 5-8), it is expected that individual production costs are lower than the corresponding 

sale price shown in Table 3-2. This is confirmed by the calculated production costs 

displayed in Table 5-9. 

 

Table 5-9. Production cost per product 

 Scenario 1 Scenario 2 

Product USD/year USD/year 

Pasteurized pulp 5,43 3,50 

Cocoa mass 1,09 0,70 

Butter 2,72 1,75 

Phenolic compounds - 280,15 

Biogas - 0,04 

Biofertilizer - 0,18 
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As mentioned previously, sensitivity analysis was carried out to analyze what economic 

input affects the most the process economics. Figure 5-6 and Figure 5-7 present the results 

of the sensitivity analysis for Scenario 1 and 2, respectively. As discussed in the previous 

paragraph, pasteurized pulp has a very important effect on the economics of Scenario 1. 

The latter is reflected in the profitability index shown in Figure 5-6. It can be clearly seen 

that the Scenario 1 is very sensitive to changes in pulp price, and a decrease on approx. 

15 % lead to a profitability index of approx. 1 (see Figure 5-6). A decrease higher than 15% 

leads the system to be unfeasible from an economic point of view. The latter suggests that 

there is a high risk for Scenario 1 if pulp prices decrease. On the contrary, an increase in 

pulp sell price can lead to a more profitable scenario; however, it is unlikely to happen given 

the restrictions of the Amazonian market. It would be desirable to reduce product prices to 

make the products accessible in the region. In the case of Scenario 2, both pulp and 

phenolics prices have a high influence on the profitability index (See Figure 5-7). Phenolics 

price has a higher influence than pulp price, but even with a drastic decrease of 50%, the 

system is still feasible with a profitability index around 1,1 (See Figure 5-7). The price of 

pasteurized pulp also played an important role in Scenario 2 but not as high as Scenario 1. 

Bearing in mind, all aspects discussed for Scenario 2, it can be inferred that its risk is much 

lower because of its stability.  

 

 

Figure 5-6. Sensitivity analysis of the prices in Scenario 1 
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Figure 5-7. Sensitivity analysis of the prices in Scenario 2 

 

 

Additionally, it is important to mention that the total investment cost could be affected by 

energy integration. Thus, additional configurations can be proposed in order to extend the 

biorefinery concept but it may influence the economic impact in either positive or negative 

way. Similarly, the production scale affects the annualized cost of the process. Thus, it is 

included as an assessment for Scenario 1 and 2 for the purpose of evaluating the impact 

of the capacity on the project viability. Figure 5-8 shown the variation in the production cost 

with plant capacity for Scenario 1 and 2 respectively. The production cost decreases when 

the plant capacity increase. However, between 1 and 5 tonne/day plant production, the 

production cost is directly affected by the plant capacity, but, for a higher plant capacity the 

function decreases and the cost production is stabilized.  This gives an idea about the 

benefits that can be obtained from the economy of scale and thus both processes can be 

more stable at larger scales. 
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Figure 5-8. Annualized cost for different production scale 

 

 

Figure 5-9 and Figure 5-10 show the distribution of the annualized cost by the Scenario 1 

and 2 respectively. Figure 5-9 shows for Sceario1, that for 1 ton/day (base case), the 

variable which affects the annual cost the most was the capital depreciation. However, 

when the production capacity increases the raw material and operating labor cost impact 

are high in the final production cost. Besides, the cost associates with the equipment, 

depreciation and maintenance cost, impacts decreases in the final production cost. 

 

According to Figure 5-10, Scenario 2 has the same trend that is exhibited by Scenario 1. 

For low production, the capital depreciation is the most important feature, however this cost 

decreases for 5 ton/day by almost 20% and the raw material increases by 7%. In addition, 

the contribution of capital depreciation is always higher than Scenario 1 due to the extra 

equipment required in all cases. 
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Figure 5-9. Annual cost distribution for different production scale for Scenario 1 

 

 

Figure 5-10. Annual cost distribution for different production scale for Scenario 2 

 

Environmental Assessment 

The environmental assessment is based on the criteria of the potential environmental 

impacts described in the Chapter 3. The results of the potential environmental impact per 

kg of products are presented in Figure 5-11. This figure shows that the best scenario from 

the environmental point of view is the Scenario 2. This can be explained by the use of the 

solid wastes generated in Scenario 1.  In Scenario 1, the HTPI and TTP are the highs 

impacts due to the organic wastes present in the process, such as peel, that have effects 

over human, terrestrial and aquatic ecosystems. Moreover, the integration approach 

considered for Scenario 2 reduces the waste generated. Besides, Scenario 2 has a higher 
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AP, due to the oxides emitted by the high use of external energy.  Additionally, PCOP 

increases in Scenario 2, 1,5X104 times, due to the liquid stream waste obtained from the 

biofertilizer production.       

 

 

Figure 5-11. Potential environmental impact (PEI) of Scenario 1 and 2 

5.4 Conclusion 

The Makambo is considered an exotic fruit that presents a great business opportunity for 

local producers not only for the interest of consumers to get products with different flavors 

but also for the diversity of products that can be obtained. 

 

In the present chapter, two Scenarios were evaluated under Amazonas Colombia context, 

in order to establish the potential of the using of Makambo fruit. The chemical 

characterization and the simulation results indicated that Makambo have potential not only 

for the diverse value add derived products but also for the technological, economic and 

environmental performance. However, according to these results it is necessary to diversify 

the process under biorefinery concept in order to increase the project feasibility. 

 

The biorefinery concept offers a good opportunity for Makambo exploitation because it is 

possible to obtain bioenergy, biomolecules, natural chemicals and food products while 

reducing the waste generation. Additionally, obtaining different products under biorefinery 

concept could help reducing the risk and influence associated with the area’s logistic and 
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the transport of the reagents. Besides, it is necessary to promote the marketing of this fruit 

into consumers. 

  

From the experimentation, economic and environmental results, this work shows that 

Makambo fruit should be an alternative for Cocoa in terms of industry uses (cacao 

production, candy production, butter extraction) based on its lipids content. However, 

currently it is not possible that Makambo  replaces quickly the Cacao specie, even though 

overcomes the technologic challenges, because of the requirements in raw material 

quantity should be very high and it needs the development of advanced agronomic studies.  

 

Several adjustments have to be made in order to implement this project at an industrial 

scale. However, the presented form of analysis can serve as the basis for making 

recommendations to facilitate the efficient development and conceptual assessment of 

economic projects in the Region. Thus, Makambo fruit is a good raw material to be 

considered for use under biorefinery concept in the Colombian Amazonas.  
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6. Mauritia flexuosa - Aguaje 

6.1 OVERVIEW 

Mauritia flexuosa, buriti palm or Aguaje in Spanish, is a plant from the Arecaceae family. It 

is one of the most important palm in the Amazonian Region due to the multiple modes of 

its utilization and the income generated from its sales.  

 

This chapter presents the chemical characterization of Aguaje fruit, description of the 

proposed technological scenarios and the techno-economic and environmental simulation 

results. Finally, an overall discussion of the Scenarios is provided.  The analysis assessed 

two scenarios for manufacturing Aguaje-derived pasteurized pulp, oil pulp, flour, phenolic 

compounds with antioxidant activity, biogas and biofertilizer.  

6.2 General information 

Mauritia flexuosa, known as Aguaje, canangucho or buriti in Brazil (Figure 6-1), is an 

Amazonian tree, that grows in Brazil, Colombia, Ecuador, Bolivia, Venezuela and Peru 

[194]. The tree grows in an ecosystem called “cananguchales” or “aguajales” that consists 

of swamps and poorly drained land that are often flooded.  

 

Aguaje is a versatile specie that adapts very easily to different soils and is suitable for 

multiple applications and mode of utilization [147]. Amazonian inhabitants have been using  

its leaves, petioles, fruits, seeds and even its roots, there are 22 reported  uses for this 

specie [147]. Aguaje is very important in the foundation of the tropical food chain. For 

example,  76% of the diet of tapir (Tapirus terrestris), the largest Amazonian ungulate, 

comes from Aguaje fruit [194]. Besides, the utilization by many Amazonian locations is 

based on the natural offer of this resource [195]. 
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Figure 6-1. Aguaje fruit 

 

Aguaje pulp is a highly nutritional and is consumed fresh or as a juice or ice-cream by the 

inhabitants. It is a natural source of Vitamin A which content is five times higher than that 

in carrot [147], [176]. Pulp oil is a natural moisturizer [196] and some research suggests 

that it has potential as a material for polymer production [197]. In Iquitos (Peru), were 

Aguaje is particularly appreciated, its estimated market demand ranges from 15 to 20 

tonne/day [147], [176]. Its sales provide incomes to hundreds of inhabitants, specially 

woman [147]. Even though, it is the most important fruit in South Amazonian, it is not 

processed at an industrial level in Amazonas [147].  

 

A mature palm, 10 – 12 years old, produces  about five bunches with an average weight of 

153 kg of fruit [197]. Fruit production yields in the Colombian Amazon is up to 9,07 

mtonne/ha [198].  

 

Some publications pertaining to botanical information  and harvest are available [194], 

[197].  However, there is a limited knowledge about some ecology-related topics (population 

dynamics, seed dispersers) [176]. Harvesting is a destructive practice (logging of the three), 

that has been a problem because affecting the population and the availability of the 

resource. [195]. The logging of female plants in 2007, in order to satisfy the demand in 

Iquitos, was estimated to be about 24000 palms [199]. In addressing this and similar 

challenges some initiatives, aimed at to promoting sustainable palm management, have 

been developed and implemented in several local communities [176].  
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The “aguajales” are a large storehouse of carbon. Its storage is about 532 – 632 

Tonne/hectare approximately [194], [197].  

6.3 Characterization  

Table 6-1 shows the results for the chemical composition of Aguaje fruit, according to the 

methodology described in Section 3.4.1.  

 

Table 6-1. Chemical Mauritia flexuosa composition 

Features Pulp (%) Seed (%) Peel (%) 

Fruit proportion 25,7± 2,06                                                                                                                                                                                                                                             51,8 ± 0,46 22,5 ± 1,60 

Moisture  55,84 ± 0,81 50,32 ± 0,37 56,39 ± 0,25 

Extractives  4,82 ± 0,34 1,14 ± 0,78 4,36 ± 0,15 

Lipids 18,52 ± 0,38 - - 

Hemicellulose  - 22,86 ± 0,82 18,11 ± 0,95 

Cellulose - 17,38 ± 0,42 11,68 ± 0,32 

Lignin  - 5,29 ± 0,51 6,62 ± 0,93 

Fiber  17,15 ± 0,71 - - 

Ash  3,71 ± 0,99 3,03 ± 0,18 2,83 ± 0,03 

Phenolic compounds (mgGAE/100 g dw) 

mg Cathechin/ 100 g dw 

451,72 ± 0,00 

n.d.  

176,63 ±0,00 

n.d. 

3400,59 ± 0,01 

204,86 ± 3,39 

Antioxidant activity (m eq Trolox/ g dw) 0,051 ± 0,000 0,048 ± 0,000 1,443± 0,003 

 

Comparing the results of characterization of this fruit with other reports is difficult, due to 

the partial information available. Results are limited and often only pulp-specific data is 

provided. Besides, for this study, seed was considered as the endocarp and a fiber 

mesocarp because the fiber is a small portion that is separated along with the seed together 

when the fruit is pulped. Villachica (1996) reports similar results for peel portion (23-30%) 

and endocarp plus endosperm portion (52-64%) that the obtained in this study [200].  

 

Currently, the fruit’s pulp is the useful fraction in Amazonas, it represents just a quarter of 

the fruit mass and the rest is wastes. Although pulp is a well-known product to inhabitants, 
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the lipid is a significant fraction that is recognized in the Natural Products and hence 

represents a potential extractable product. Several reports about the phenolic compounds 

and the antioxidant activity exist. Candido et.al. reported 435,08 and 362,90 mg GAE/100 

g fw for two samples of Aguaje from different origins (Cerrato and Pará – Brazil), and 38 

µmol of TE/g fw and 28 µmol of TE/g fw respectively [201]. In comparison to the results 

reported by Pará-Brazil (362,90 mg GAE/100 g fw), phenolic compounds and the 

antioxidant activity obtained from Amazonas Aguaje are 45% and 19% lower respectively.   

 

According to the results (see Table 6-1), the extractive fractions of seed and peel are 

relatively low, but the peel presents high content of phenolic compounds and antioxidant 

activity. However, comparing the phenolic compounds content and antioxidant activity of 

this fruit’s peel and seed of that in other reports is difficult. However, in comparison to Asai 

pulp (Euterpe olerata), that is another recognized Amazonian palm for its antioxidant activity 

and phenolic compounds content, Aguaje peels contain 2% less phenolic compounds 

(3400,59 mg GAE/100 g dw) than ripe pulp of Asaí (3437 mg GAE/100 g dw) and thus, this 

“waste’ is a potential source of phenolic compounds. Peels are the Aguaje portion that 

contain the higher phenolic compounds and antioxidant activity.  

 

Regarding seeds, they have low extractive compounds and ash (minerals) which limited 

the possibilities of extracting value-added byproducts from them. Thus, seeds are a 

potential lignocellulosic raw material, due to the high content of hemicellulose and cellulose.  

6.3.1 Potential products from Aguaje  

Aguaje is a popular fruit among the Amazonian inhabitants, especially in Peru. Nowadays, 

products such as frozen pulp, juice, ice cream, oil and capsules of dehydrated pulp are 

marketed [194], [197]. From the commercial products and the chemical characterization 

results, the products selected for technological scenarios are:  

 

 Pasteurized pulp: due to be the most well-known product into inhabitants. 

 Pulp Oil: due to the high portion into the pulp and commercial product. 

 Flour for animal meal from the residual cake after pulped (peel and pulp): due to 

nutritional composition which offer the possibility to consider as a base for animal 

feed.   
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 Phenolic compounds: due to the significant content in peel and their antioxidant 

capacity. 

 Biogas and biofertilizer: as an alternative use of waste. 

 

These assumptions and previous information allow defining Scenarios 1 and 2 according 

to the discussion presented in section 3.5.3. It was necessary to carry out some 

experimental activities in order to establish the operation conditions for phenolic 

compounds extraction as well as to evaluate the technical feasibly for obtaining these 

products. The specific adopted procedures were descripted in section 3.4.2.  

6.3.2  Experimental results  

The results obtained from the phenolic compounds extraction, according to the procedure 

described in Section 3.4.2., are summarized in Table 6-2 and the yields obtained in the 

different extractions are presented in Figure 6-2. 

  

Table 6-2. Phenolic compounds extraction by SFE from peel 

 

Fraction 

Extraction 

pressure (bar) 

Phenolic compounds 

(mg GAE/100g fw) 

Peel 150 1222,88 ± 0,06 

Peel 230 1160,24 ± 0,02 

Peel 280 959,33 ± 0,00 

 

 

 

Figure 6-2. Yield of phenolic compounds extraction by SFE from peel 
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From these result, it is possible to note that the concentration of phenolics decreased with 

increasing extraction pressure. Raw material characteristics and the bed density influenced 

the extraction. Low mass-transfer rates at high pressures may be attributed to the low 

dispersion coefficient of the fluid; when increasing the pressure, the extraction fluid density 

and viscosity increase and thus reduce the ability of the fluid to penetrate the raw material 

and interact with the extractable components [202], [203].  

6.3.3 Scenario description 

 Scenario 1 (base case), considers the production of pasteurized pulp. The fruits 

undergo to the softening process at 50°C for 30 minutes [204]. Then, the pulp and peel 

(several small flakes) are separated from the seed together. Finally, a pulp fraction 

(approx. 30%) is lossed with peel.    

 

A simplified flow diagram of Scenario 1 is presented in Figure 6-3.  

 

 

 

Figure 6-3. Simplified process-flow Scenario 1 

 

The specific conditions used in each plant are summarized in Table 6-3. 

 

Scenario 2 (Sc. 2), in addition to pasteurized pulp, scenario 2 considers the co-production 

of  pulp oil, flour for animal feed, extract rich in phenolic compounds, biogas and biofertilizer. 

The flow process for scenario 2 is display in Figure 6-4. 

 



Design and assessment of high technology processes for enhancing the viability of agribusiness based on 

the sustainable use of biomass in Amazonas 
123 

 

 

Figure 6-4. Simplified process-flow for a biorefinery based on Aguaje fruit, Scenario 2 

 

As stated before, Aguaje is a foundation species in the tropical food chain. Feed for animal 

as other products are transported by river and thus, flour for animal feed was considered 

as a product from the waste that is generated by the oil extraction process. Protein content 

was not determined in this study and because of its important nutritional value, the protein 

content reported by Guerra et.al. [205]: 6,9% in pulp, 4,6% in peel and 4,2% in seed (on 

dry base) were used for simulations in this study.  

 

In order to include the oil pulp as a product and taking into account that pulp oil has a higher 

market value than pulp, 50% of the initial pulp fraction was arbitrarily directed to pasteurized 

pulp production and the other 50% fraction and peels were mechanically extracted 

according Section 3.5.3. The extraction conditions were reported by Quispe et.al. [145]. 

After oil extraction, 30% of the resulting residual cake (70% peel approx.) was used to 

produce flour for animal feed, and the other fraction was used for phenolic compounds 

extraction. The pressure for phenolic compounds extraction was selected experimentally 

(Table 6-2). All solid residues resulting from the different processes were used to produce 

biogas and biofertilizer. The specific conditions used in each plant are summarized in Table 

6-3. 
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Table 6-3.  Main process data used for the modeling of Scenarios 1 and 2 

Section Subsection Description Value Unit 

Pasteurized pulp  Washer 

Crusher 

Pasteurizer 

Temperature 

Particle diam. 

Temperature 

Temperature 

50 

4 

90 

4 

°C 

cm 

°C 

°C 

Oil and flour Dryer 

Crusher 

Press 

 

Crusher (flour) 

Temperature 

Particle diam. 

Temperature 

Yield 

Particle diam. 

50 

3,7 

60 

0,827 

2 

°C 

mm 

°C 

 

mm 

Phenolic compound Extractor 

 

 

Collector 

 

Pretreatment of CO2 

Temperature 

Pressure 

Yield 

Temperature 

Pressure 

Temperature 

Pressure 

50 

150 

0,82 

25 

1 

-30 

280 

°C 

bar 

°C 

bar 

°C 

bar 

Biogas and 

biofertilizers 

Digestion 

Biogas collector 

Temperature 

Temperature 

30 

27 

°C 

°C 

6.3.4 Simulation results 

The modeling and simulation process were carried out according to description given in 

Section 3.6. The results obtained from the Scenario 1 and 2 are shown in Table 6-4, Table 

6-5 and Table 6-6.   

Table 6-4. Material balance for Scenario 1 

  Material kg/day Products kg/day Residues kg/day 

Aguaje fruit 

Water 

1.000,00 

1.000,00 

Pasteurized pulp 

   Moisture (%) 

184,31 

53,96 

Water waste 

Solid waste 

976,19 

892,16 

 

                                                
 

7 Source from: [145] 
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Scenario 1 had a higher pasteurized pulp production than Scenario 2 because in Scenario 

2 part of the pulp was used as raw material for the oil extraction. The solid wastes (seed 

and peel) generated in Scenario 1 were used as a raw material in Scenario 2 to produce 

flour, phenolic compounds extract, biofertilizers and biogas production. Thus, solid wastes 

are not produced in Scenario 2. Regarding the water use, in both Scenarios it was 

necessary to feed water in order to blanch the fruit and allow pulping. However, Scenario 2 

required more water for biofertilizer production. Thus, leading to a higher generation of 

waste water in Scenario 2. However, from the environmental and economic points of view, 

it is necessary to consider, in both Scenarios, water recycling in the processes. Thus, it is 

necessary to treat the organic load of the streams in order to allow recycling. 

 

 

Table 6-5. Material balance per section for Scenario 2 

Material kg/day Products kg/day Residues kg/day 

 

 

 

Aguaje fruit 

Ethanol (60%) 

CO2 

Water 

 

 

 

1000,0 

196,6 

17,8 

1119,1 

Pasteurized pulp 

   Moisture (%) 

131,7 

53,9 

 

 

 

Water waste 

CO2 

 

 

 

 

1792,6 

17,8 

Oil 

   Moisture (%) 

32,9 

5,8 

Flour 

Moisture (%) 

  Lipid (%) 

  Protein (%) 

47,7 

14,1 

4,4 

5,2 

Phenolic compounds extract 

   Moisture (%) 

   Phenolic compound (%) 

5,7 

37,1 

62,9 

Biogas 

   CO2 (%) 

   CH4 (%) 

236,7 

30 

70 

Biofertilizer 68,5 
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Table 6-6. Energy requirements for each scenario 

Source MJ/h 

 Scenario 1 Scenario 2 

Cooling 

      Pasteurized pulp (%) 

      Oil and flour (%) 

      Phenolic compounds (%) 

      Biogas and biofertilizers (%) 

0,93 

100 

- 

- 

- 

25,27 

2,6 

- 

97,4 

- 

Heating 

      Pasteurized pulp (%) 

      Oil and flour (%) 

      Phenolic compounds (%) 

      Biogas and biofertilizers (%) 

1,53 

100 

- 

- 

- 

111,20 

1,0 

1,1 

21,4 

76,5 

Electricity (required) 208,52 270,32 

 

Table 6-6 shows the energy requirements for both scenarios. Incorporating the phenolic 

compounds technologies in Scenario 2, significantly increased the energy requirements for 

the equipment and operations associates with the SFE (pumps and heat interchanges for 

CO2 pretreatment for operational temperature and pressure) and ultrafiltration processes 

(pumps for filtration). Thus, for example the cooling requirements for Scenario 1 represents 

the 3,6% of the cooling requirements for Scenario 2.  

 

 

Economic Assessment 

This assessment is focused on analyzing the different economic parameters for Scenarios 

1 and 2.  

 

Table 6-7 shows the annualized costs including the categories mentioned in section 3.6.2. 

for each scenario. Additionally, revenues, profitability index, payout period and net present 

value are included.  

 



Design and assessment of high technology processes for enhancing the viability of agribusiness based on 

the sustainable use of biomass in Amazonas 
127 

 

 

Table 6-7. Annualized costs and economic metrics for each scenario 

Scenario Scenario 1 Scenario 2 

Feature USD/year Share 

(%) 

USD/year Share 

(%) 

Raw materials 150.951,00 26,03 173.016,00 12,87 

Operating labor cost 56.365,40 9,72 109.575,00 8,15 

Maintenance cost 3.298,21 0,57 50.294,90 3,74 

Utilities 50.780,60 8,76 66.031,20 4,91 

Operating charges 14.091,30 2,43 27.393,80 2,04 

Plant overhead 29.831,80 5,14 79.935,00 5,95 

General and 

administrative 

24.425,40 4,21 40.499,70 3,01 

Capital depreciation 250.118,00 43,13 797.789,00 59,34 

Total cost 579.861,71 100,00 1.344.534,60 100,00 

     

Revenues  678.567,00  2.600.150,00  

NPV -763.449,00  607.936,00  

Payout period (years) NA  9,72  

Profitability index  0,79  1,01  

 

Annualized cost for Scenario 2 is 231% higher than that of Scenario 1 (seeTable 6-7). The 

maintenance cost is the category with high increment, it increases 3,8 times in Scenario 2 

compared to Scenario 1. This value is associated with the extra equipment required to 

produce, oil, flour, phenolic compounds, biogas and biofertilizer in Scenario 2. This is also 

reflected in the remaining categories with an increase in Scenario 2 compared to Scenario 

1. However, revenues for Scenario 2 are approx. 4,6 times higher than Scenario 1 due to 

the diversification of products and the income generated by their sales. For Scenario 1, the 

profitability index (negative), payout period (a longer period of 10 years) and the net present 

value (less than 1) give an indication that this Scenario are infeasible from the economic 

point of view. However, Scenario 2 has an opposite performance. The NPV is positive and 

the profitability index is above the unity, hence giving an indication that it is feasible from 

the economic point of view. Nevertheless, it should be considered that the performance that 
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both scenarios could be affected by the fluctuation of prices. This analysis will be discussed 

later by means of the sensitivity analysis described on Section 3.6.2. 

 

To analyze the performance of all products in each scenario, their individual production 

costs were calculated. Table 6-8 summarizes the individual cost per product per scenario. 

For Scenario 1, that only considers the production of pasteurized pulp; the AFs were 1 for 

that product. Likewise for Scenario 2, 0,184 for pasteurized pulp, 0,138 for pulp oil, 0,033 

for flour, 0,636 for phenolic compounds, 0,004 for biogas and 0,005 for biofertilizer. After 

this, the annualized cost per product is calculated and finally the production cost (Table 

6-8).  

 

In the case of Scenario 1, the pasteurized pulp accounted for 100% of the total cost that is 

shown in the Table 6-7. Consequently, it can be inferred that fluctuation in pulp price will 

strongly affect the feasibility of Scenario 1. This will be verified and discussed in the 

sensitivity analysis.  Besides, Table 6-8 shown that production cost for pasteurized pulp is 

8,5 USD/kg, which is low that the 10 USD/kg consider as sell prices (Table 3-2). This 

suggest that, although the project is unfeasible in the 10 years (life project) it could change 

over this time.  

 

For Scenario 2, the production of phenolic compounds accounted for 63,6% and oil for 

13,8%. Scenario 2 reduces the dependency on pulp sales (18,4%) by the inclusion of 

phenolic compounds as value-added product. However, it can be expected that fluctuation 

in prices of phenolic compounds may strongly affect the overall economics of Scenario 2, 

but it may not have the effect that pulp price can have in Scenario 1. Again, this corroborates 

the importance of including sensitivity analysis and thus assessing what economic input 

has the greatest influence on the economic performance of the biorefinery. Scenario 2 

showed positive performances (see Table 6-7), thus, it is expected that individual 

production costs are lower than the corresponding sale price shown in Table 3-2. This is 

confirmed by the calculated production costs displayed in Table 6-8. 

. 
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Table 6-8. Production cost per product 

 Scenario 1 Scenario 2 

Product USD/kg USD/kg 

Pasteurized pulp 8,55 5,10 

Pulp oil - 15,29 

Flour - 2,55 

Phenolic compounds - 407,84 

Biogas - 0,06 

Biofertilizer - 0,25 

 

 

Figure 6-5 presents the results of sensitivity analysis for Scenario 1 (Fig. 6-5 a.) and 2 (Fig. 

6-5 b) to 1 tonn/day of plant capacity. As discussed above, for Scenario 1, pasteurized pulp 

price affected the overall economic performance, thus, if this value increases by 37% (13,7 

USD/kg), the project is feasible for the period of time that is assess from economic point of 

view.   

 

For Scenario 2, both phenolic compounds, oil, pasteurized pulp and Aguaje prices have 

influence on the profitability index (Figure 6-5 b). It is important to highlight that Scenario 2 

at 1 tonne/day of plant production is feasible from the economic point of view, but, it is very 

unstable because an increase of 0,51 USD/kg of the Aguaje makes the project unfeasible. 

At the same time, if prices of phenolic compounds, pasteurized pulp and oil pulp are 

reduced by 0,25%, 8,16% and 10,2% respectively, the project is rendered unfeasible. 

However, phenolic compounds prices have a high influence. Taking into account that, 

although Scenario 2 is feasible at 1 tonne/day of plant capacity, it is very sensitive to the 

fluctuation of the prices; A sensitivity analysis at 2 tonne/day of plant capacity was including 

(Figure 6-6). 
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Figure 6-5. Sensitivity analysis of the prices to 1 tonn/day of production. a. Scenario 1. b. 
Scenario 2 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6-6. Sensitivity analysis of the prices to 2 tonn/day of production. a. Scenario 1. b. 
Scenario 2 

 

According to Figure 6-6, it is possible to note, both Scenario 1 and 2 are feasible from this 

point of view. Now, Scenario 1 (Figure 6-6 a) is feasibility, even if the pulp price is reduced 

to 8,54 USD/kg or Aguaje fruit price increases to 0,8 USD/kg. Regarding Scenario 2 (Figure 
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6-6 b), it is interesting to note that even reducing 50% the products prices or increasing 

50% the Aguaje fruit, the project is feasible. Thus, it is possible to conclude that the project 

risk is much lower at a plant capacity of 2 tonne/day because of its stability for both Scenario 

1 and Scenario 2. 

 

Results have indicated that the scale of production affects the annualized cost and the 

feasibility of the process. Thus, it is included as an assessment for Scenario 1 and 2 for 

evaluating the impact of the capacity on the project viability. Figure 6-7, shown the variation 

in the production cost with plant capacity for Scenario 1 and 2 respectively. The production 

cost decreases significantly, when the plant capacity increases between 1 and 3 tonne/day.  

Scenario 2 is affected the most by the increase with plant capacity compared with Scenario 

1. Thus, it is possible to note that, up to 7 tonne/day the production cost is not established 

yet for Scenario 2. The production cost is directly affected by the plant capacity, but for a 

higher plant capacity, the function decreases and the cost production is stabilized.  This 

gives an idea about the benefits that can be obtained from the economy of scale and thus 

both processes can be more stable at larger scales. 

 

 

Figure 6-7. Annualized cost for different production scale 

 

Figure 6-8 and Figure 6-9 show the distribution of the annualized cost by the Scenario 1 

and 2 respectively. For Scenario 1 (see Figure 6-8), the capital depreciation affects 

significantly the total annualized cost for a 1 tonne/day. However, when the plant capacity 
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increases the capital depreciation decreases and the raw material cost becoming more 

significance in the production cost. Regarding Scenario 2, Figure 6-9 shows that the 

contribution of capital depreciation is always higher. 

 

 

Figure 6-8. Annual cost distribution for different production scale for Scenario 1 

 

 

Figure 6-9. Annual cost distribution for different production scale for Scenario 2 

 

Environmental Assessment 

The environmental assessment is based on the criteria of the potential environmental 

impacts described in the Chapter 3. The results of the potential environmental impact per 
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kg of products are presented in Figure 6-10. This figure shows that the Scenario 2 is more 

environmental-friendly. This can be explained by the use of the solid wastes generated in 

Scenario 1. In the Scenario 1, the HTPI and TTP have the higher impacts due to the organic 

wastes present in the process, as peel and seed. For Scenario 2, the PCOP is related to 

the liquid stream waste obtained from the biofertilizer production.       

 

 

Figure 6-10. Potential environmental impact (PEI) of Scenario 1 and 2 

6.4 Conclusion 

Two Scenarios were evaluated under Amazonas Colombia context, in order to establish 

the potential of the using of Aguaje fruit. The chemical characterization and the simulation 

results indicated that Aguaje have a high potential to be used for different purposes in the 

industry for obtaining diverse value- add products.  

 

The biorefinery concept offers a good opportunity for Aguaje utilization because it is 

possible to obtain bioenergy, biomolecules, natural chemicals and food products while 

reducing the waste generation. Additionally, obtaining different products under biorefinery 

concept could help reducing the risk and influence associated with the region’s logistic and 

transport of the reagents.  

  

From the technological, economic and environmental point of view, it was possible to 

evidence that it is possible to use the Aguaje under the biorefinery concept to small scale 
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(1 tonne/day) or large scale (10 tonne/day). Thus, Aguaje is an interesting new raw material 

to be included into future economic projects. 

 

Several adjustments have to be made in order to implement the results of this project at an 

industrial scale. The presented form of analysis can serve as the basis for making 

recommendations to facilitate the efficient development and conceptual assessment of 

economic projects in the Region. Thus, Aguaje fruit is a good raw material to be consider 

for use under biorefinery concept.  
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7. Cedrela odorata - Cedar 

7.1 OVERVIEW 

 

Cedrela odorata, cedar or cedro in Spanish, is a plant from the Meliaceae family. It is one 

of the most important timber trees in Latin America. The excellent quality of the wood makes 

it one of the most expensive in the market. It has become an overexploited species during 

recent years. 

 

This chapter presents the chemical characterization of Cedar waste, description of the 

proposed technological scenarios and the techno-economic and environmental simulation 

results. Finally, an overall discussion of the Scenarios is proposed.  The analysis assessed 

two scenarios for manufacturing Cedar-derived essential oil, phenolic compounds with 

antioxidant activity, biogas and biofertilizer.  

7.2 General information 

Cedrela odorata, known as Cedar is a tree that can reach 35 m in height and 2 m in 

diameter. Its external bark is dark brown and heartwood soft brown, fibrous and bitter. In 

light of its commercial importance, information about some relevant ecological issues and 

species management has been established and published. For example, The Instituto 

amazónico de investigaciones científicas -. SINCHI, has published some research data that 

is relevant to the Amazonas region that had been developed by Castaño et. al. [206], López 

and Montero [207], and by López and Cardenas [16].  

 

Although wood is the main mode of utilization of the tree, infusions made with its leaves 

and bark have been traditionally recognized and used to treat bronchitis, stomach pain and 
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bleeding [208]. Wood have been effective against parasites the Schistosoma genera [208]. 

In addition, some academic studies have been establishing the medicinal activity of the 

extracts from cedar bark as antifeedant (substance that adversely affects insects or other 

animals that eat them) and helps to reduce blood sugar levels [209], [210]. The Cedar’s 

essential oil possess antiseptic, astringent, diuretic and insect repelling properties [211]; it 

is rich in sesquiterpenes such as: calamenene, alpha-copaene, alpha-cubone and Terrell 

[209], [212].  

 

It is estimated that 292 cubic meters was marketed into Amazonas by 2014 [100]. According 

to information provided by an owner’s sawmill, cedar is cutting into the forest and 

transported to sawmill as logs or planks form. Sometimes the timber needs to be dried. 

Thus, the material is not uniform. They cut them in planks and laths for selling. Wastes are 

conformed by sawdust, shaving and little pieces of wood (Figure 7-1). Currently, these 

wastes are discarded or used in the floor of chicken houses. 

 

 

Figure 7-1. Cedar sawdust 

7.3 Characterization  

Table 7-1 shows the chemical composition of Cedar sawdust. 
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Table 7-1. Chemical composition of Cedrela odorata sawdust 

Component Percent (%) 

Moisture 8,41± 0,24 

Extractives 7,51 ± 0,05 

Ash 2,75 ± 0,93 

Lignin 15,48 ± 1,65 

Cellulose 42,21 ± 1,79 

Hemicellulose 23,64 ± 1,52 

Phenolic compounds (mgGAE/100 g dw) 

mg Cathechin / g dw 

970,48 ± 0,64 

2,549 ± 0,049 

Antioxidant activity (mmol eq Trolox/ g dw) 0,388 ± 0,001 

 

According to these results lignin, cellulose, hemicellulose and ash content are low 

compared to those in other sawmill residues 26,5%, 46,3%, 28,3% and <1% respectively 

[213].  The main component of cedar sawdust is cellulose. Cellulose is an attractive 

feedstock for the production of chemicals, because glucose can be generated via hydrolysis 

of cellulose [214]. Glucose is a versatile precursor to valuable chemicals such as ethanol 

(fuel), furfural (diesel full), levullinic acid (precursor to plastics), 5-Hydroxymethylfurfurfal 

(precursor to plastics), poly(3-hydroxybutyrate (biodegradable plastic) and sorbitol (source 

of polymers and medicines food additive), among others [214]. Hence, the conversion of 

cellulose has attracted worldwide interest; however, and although a large number of 

strategies have been applied to degrade the cellulose high costs are associated with them. 

Additionally, the feasibility of these processes is associate with large plant capacities that 

are not available in Amazonas. 

 

Regarding to the phenolic compounds, many studies support a positive relationship 

between consumption of fruits and vegetables rich in phenolic compounds [215]. Thus, 

fruits that contain phenolic compounds are recognized as source of natural antioxidant 

[215]. Many plants and trees have been suggested as source of medicinal agents, in recent 

years, and several studies have been carried out in order to determe the potential of the 

biomass residues, particularly bark [216]. Bark, in almost all cases, is simply burned 

although it has been knowed to be a promising resource of phenolic compounds  [217]. E.g. 

Pycnogenols, a commercial product, refers to a specific blend of compounds extracted from 
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the bark of the Pinus maritima. The main constituents are divided into monomers (cathechin 

and epicatechin) and condensed flavonoids [218]. Thus, the phenolic compounds fraction 

of cedar sawdust, with a representative portion (26%) of flavonols as catechin by-products, 

evidences a potential for their extraction and use.  

7.4 Potential products from Cedar  

From the commercial products and the chemical characterization results, the products 

selected for scenarios are:  

 

 Essential oil: a marketable commercial product.   

 Phenolic compounds: due to the significant content and their antioxidant capacity. 

 Biogas and biofertilizer: as an alternative use of waste. 

 

This assumptions and previous information allow defining Scenarios 1 and 2 according to 

the discussion presented in Section 3.5.2. It was necessary to carry out some experimental 

activities in order to establish the operation conditions for phenolic compounds extraction 

and essential oil extraction as well as to evaluate the technical feasibly for obtaining these 

products. The specific adopted procedures were described in Section 3.5.3.  

7.4.1  Experimental results  

Phenolic compound extraction 

The results of the phenolic compounds extraction (according to the procedure described in 

Section 3.4.2, are summarized in Table 7-2 and Figure 7-2. 

  

Table 7-2. Phenolic compounds extraction by EFS from seeds and peel 

Extraction pressure 

(bar) 

Phenolic compounds 

(mg GAE/100g fw) 

150 738,60 ± 0,01 

230  740,54 ± 0,00 

280 767,81 ± 0,03 
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Figure 7-2. Yield of phenolic compounds extraction by EFS from seeds and peel 

 

From these results, it is possible to note that concentration of phenolic compounds 

increases with increase of extraction pressure. This performance is usual due to the 

enhancement of solvation power of CO2, which added to the raw material characteristics 

and the bed density influence the final yield extraction [193]. 

 

Essential oil extraction 

The results of the essential oil extraction (according to the procedure described in Section 

3.4.2.), are summarized in the Figure 7-3 and the Table 7-3. 

 

 

Figure 7-3. Yield of essential oil by steam distillation from cedar sawdust  
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Table 7-3. Essential oil extraction by hydro-distillation from cedar sawdust after 120 min 

Assay Yield 

 (mL EO/g RM) 

1 0,014 

2 0,008 

3 0,012 

Mean 0,011 

Standard dev. 0,003 

 

From these results the time of distillation and the relation of water from the extraction from 

the flux (33,3 mL/min) was defined. 120 minutes was selected because with longer time the 

volume of oil extracted decreases and the yield is almost constant. Besides, long time of 

extraction produce chemical modifications of terpenic molecules by prolonged contact with 

boiling water [89]. Yields for essential oil () extraction from the different assays are 

summarized in Table 7-3.  

 

  

 

 

 

 

 

 

Figure 7-4. Essential oil from cedar 

7.4.2  Scenario description 

 Scenario 1 (base case), considers the production of essential oil from sawdust. Taking 

into account that the raw material for this proposal is the wastes generated of timber 

activity, it was considered a mill process before the extraction. A process-flow of 

Scenario 1 is presented in Figure 7-5. 
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Figure 7-5. Simplified process-flow Scenario 1 

 

Scenario 2 (Sc. 2), in addition to essential oil, scenario 2 considers an extract rich in 

phenolic compounds, biogas and biofertilizer as products. After milling, the stream is 

divided in two. One for essential oil extraction and the other for phenolic compound 

extraction. The raw material has to be divided because the essential oil extraction is carried 

out at 100°C. This temperature degrades the phenolics compounds. The pressure for EFS 

were selected experimentally (Table 7-2). All solid residues resulting from the two 

processes were used to produce biogas and biofertilizer. The process-flow for scenario 2 

is display in Figure 7-6. 
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Figure 7-6. Simplified process-flow for Scenario 2 based on cedar sawdust 

The specific conditions used in each plant are summarized in Table 7-4. 

 

Table 7-4.  Main process data used for the modeling of Scenarios 1 and 2 

Section Subsection Description Value Unit 

Essential oil  Crusher 

Extractor 

Particle diameter (max.) 

Temperature 

0,5 

100 

cm 

°C 

Phenolic 

compound 

Extractor 

 

 

Collector 

 

Pretreatment of 

CO2 

Temperature  

Pressure 

Yield 

Temperature 

Pressure 

Temperature 

Pressure 

50 

280 

0,75 

25 

1 

-30 

280 

°C 

bar 

 

°C 

bar 

°C 

bar 

Biogas and 

biofertilizers 

Digestion 

Biogas collector 

Temperature 

Temperature 

30 

27 

°C 

°C 

 

7.4.3. Simulation results 

The modeling and simulation process were carried out according to description given in 

Section 3.6.  

 

Table 7-5 and Table 7-6, show the mass balances for scenarios 1 and 2, respectively. 

Scenario 1 had a higher essential oil production than Scenario 2 because in Scenario 2, 

50% of the sawdust was used as raw material for the phenolic compound extraction. In 

Scenario 2, the solid waste streams that were generated in essential oil and phenolic 

compounds extractions were used to biofertilizers and biogas production. Sodium sulfate 

at the process end was considered a waste; however, it could be recovered, dried and 

recycled into the process. Scenario 2 does not produce solid waste. Regarding to the water 

use, in both Scenarios it was necessary to feed water for essential oil extraction and 

although the water was recycled, significant quantity of it was discarded with the extracted 

sawdust. In addition, water requirements in Scenario 2 were higher for biofertilizer 

production.  



Design and assessment of high technology processes for enhancing the viability of agribusiness based on 

the sustainable use of biomass in Amazonas 
143 

 

 

 

Table 7-5. Material balance for Scenario 1 

 

  Material kg/day Products kg/day Residues kg/day 

Cedar sawdust 

Water 

Anhydrous sodium sulfate  

1.000,00 

408,43 

1,25 

 

Essential oil 

 

 

12,58 

 

Sulfate waste 

Humid solid 

waste 

1,29 

1395,82 

 

 

Table 7-6. Material balance per section for Scenario 2 

Material kg/day Products kg/day Residues kg/day 

 

Cedar sawdust 

Ethanol (60%) 

CO2 

Water 

Anhydrous 

sodium sulfate 

 

1000,0 

233,3 

23,8 

2608,6 

0,3 

Essential oil 6,3  

 

Sulfate waste 

Water waste 

CO2 

 

 

 

0,4 

2814,8 

23,8 

Phenolic compounds extract 

   Moisture (%) 

   Phenolic compound (%) 

7,2 

47,6 

52,4 

Biogas 

   CO2 (%) 

   CH4 (%) 

786,8 

30 

70 

Biofertilizer 226,7 

 

 

Table 7-7 shows the energy requirements for both scenarios. The energy requirements for 

cooling and heating in Scenario 1 are higher compared than those in Scenario 2. The 

requirements for condensing the steam-essential oil are significant. For Scenario 2 the 

requirements are lower because the raw material was divided. Hydro distillation is an 

operation that requires large quantities of energy associated with cooling and heating that 

is confirmed from these results. Thus, although the phenolic compounds technologies were 

incorporated in Scenario 2, 99,5% of the requirements for cooling in Scenario 2 are 

associated with the essential oil extraction. From heating, the requirements are distributed 

in all the process. It is interesting to note that electricity requirements are high for Scenario 

2; this is associated with the equipment for phenolic compounds extraction.  
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Table 7-7. Energy requirements for each scenario 

Source MJ/h 

 Scenario 1 Scenario 2 

Cooling 

   Essential oil (%) 

   Phenolic compounds (%) 

   Biogas and biofertilizer (%) 

477,10 

100 

- 

- 

196,27 

99,53 

0,47 

0 

Heating 

   Essential oil (%) 

   Phenolic compounds (%) 

   Biogas and biofertilizer (%) 

61,94 

100 

- 

- 

43,35 

57,81 

15,17 

27,02 

Electricity (required) 188,35 223,30 

 

Economic Assessment 

This assessment is focused on analyzing the different economic parameters for Scenarios 

1 and 2. Table 7-8 shows the annualized costs including the categories mentioned in 

Section 3.6.2. for each scenario. Additionally, revenues, profitability index, payout period 

and net present value are included.  

 

Annualized cost for Scenario 2 is 215% higher than that of Scenario 1 (see Table 7-8). The 

maintenance cost is the category with high increment, it increases 14,7 times in Scenario 

2 compared to Scenario 1. This value is associated with the extra equipment required in 

Scenario 2. This is also reflected in the remaining categories with an increase in Scenario 

2 compared to Scenario 1. However, revenues for Scenario 2 are approx. 5,2 times higher 

than Scenario 1 due to the diversification of products and the income generated by their 

sales. For Scenario 1, the profitability index (negative), payout period (a longer period of 10 

years) and the net present value (less than 1) indicating that this Scenario 1 is unfeasible 

from the economic point of view. However, Scenario 2 has an opposite performance. The 

NPV is positive and the profitability index is above the unity, hence indicating that it is 

feasible from the economic point of view. Nevertheless, it should be considered that the 
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performance of both scenarios could be affected by the fluctuation of prices. This analysis 

will be discussed later by means of the sensitivity analysis described on section 3.6.2. 

 

Table 7-8. Annualized costs and economic metrics for each scenario 

Scenario Scenario 1 Scenario 2 

Feature USD/year Share 

(%) 

USD/year Share 

(%) 

Raw materials 19.915,00 3,89 80.631,70 7,31 

Operating labor cost 65.745,00 12,85 93.883,90 8,51 

Maintenance cost 2.772,25 0,54 40.761,90 3,70 

Utilities 50.777,20 9,92 56.457,40 5,12 

Operating charges 16.436,30 3,21 23.471,00 2,13 

Plant overhead 34.258,60 6,69 67.322,90 6,11 

General and 

administrative 

15.192,30 2,97 29.002,30 2,63 

Capital depreciation 306.712,00 59,93 711.042,00 64,49 

Total cost 511.808,65 100,00 1.102.573,10 100,00 

     

Revenues  463.195,00  2.416.760,00  

NPV -1.514.470,00  1.238.860,00  

Payout period (years) NA  8,55  

Profitability index  0,59  1,07  

 

To analyze the performance of all products in each scenario, their individual production 

costs were calculated. Table 7-9 summarizes the individual cost per product per scenario. 

For Scenario 1, considering only the production of essential oil, the AFs were 1 for that 

product. Likewise for Scenario 2, 0,096 for essential oil, 0,874 for phenolic compounds, 

0,013 for biogas and 0,017 for biofertilizer. Then the annualized cost per product was 

calculated and finally the production cost was derived at (see Table 7-9).  

 

In the case of Scenario 1, the essential oil accounted for 100% of the total cost that is shown 

in Table 7-8. As a consequence, it can be anticipated that fluctuation in essential oil price 

will strongly affect the feasibility of Scenario 1. This will be verified and discussed in the 
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sensitivity analysis.  Besides, Table 7-9 shows that production cost for essential oil is 

110,50 USD/kg, which is larger than 100 USD/kg consider as sell prices (Table 3-2). This 

suggests that, the project is unfeasible during and over the life project. Thus, under these 

conditions, Scenario 1 is unfeasible. 

 

For Scenario 2, the production of phenolic compounds accounted for 87,4% and essential 

oil for 9,6%. Scenario 2 reduces considerably the dependency on essential oil sales 

(99,9%) by the inclusion of phenolic compounds as value-added product. However, it can 

be expected that fluctuation in prices of phenolic compounds may strongly affect the overall 

economics of Scenario 2, but it may not have the effect that essential oil can have in 

Scenario 1. Again, this highlights the importance of including sensitivity analysis and thus 

assessing what economic input has the greatest influence on the economic performance of 

the biorefinery. Scenario 2 showed positive performances (see Table 7-8), thus, it is 

expected that individual production costs are lower than the corresponding sale price shown 

in Table 3-2. This is confirmed by the calculated production costs displayed in Table 7-9. 

 

Table 7-9. Production cost per product 

 Scenario 1 Scenario 2 

Product USD/kg USD/kg 

Essential oil 110,50 45,62 

Phenolic compounds - 364,98 

Biogas - 0,05 

Biofertilizer - 0,23 

 

Figure 7-7 and Figure 7-8 present the results of sensitivity analysis for Scenario 1 and 2, 

respectively. As discussed above, for Scenario 1, essential oil as single product, affected 

the overall economic performance. In this case, it is interesting to note that even if the sale 

price is increasing by 50%, the project is unfeasible during the period of time that is assess 

from the economic point of view. On this point, to consider the benefits that can be obtained 

from the economy of scale can be important in order to determinate the feasibility of the 

Scenario 1 to larger plant capacity. 

 



Design and assessment of high technology processes for enhancing the viability of agribusiness based on 

the sustainable use of biomass in Amazonas 
147 

 

 

Figure 7-7. Sensitivity analysis of the prices in Scenario 1 

 

For Scenario 2, price of essential oil reduces significantly the influence on the profitability 

index compared to Scenario 1. In this case, phenolic compounds price has a high influence 

on the profitability index (Figure 7-7) than the other products. Thus, with drastic phenolic 

compounds price decrease of 7,7% the project is unfeasible (see Figure 7-8). While, even 

with a reduction of 50% in oil price, the project is still feasible. The price of pasteurized pulp 

also plays an important role in Scenario 2, but not as high as in Scenario 1. Thus, it can be 

concluded that Scenario 2 presents more stability that Scenario 1. 

 

 

Figure 7-8. Sensitivity analysis of the prices in Scenario 2 
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Figure 7-9 shown the variation of the profitability index with plan capacity for Scenario 1 

and 2 respectively. The profitability index increases with plant capacity. Scenario 1 is 

unfeasible at 1 and 2 tonnes/day (under unit). Regarding to Scenario 2, according to this 

economic metric, in all the assessments the Scenario is feasible; besides, the stability of 

the project is improved. 

 

 

Figure 7-9. Profitability index for different scale production for Scenario 1 and Scenario 2 

 

Figure 7-10 shows the variation in the production cost with plant capacity for Scenario 1 

and 2 respectively. The production cost decreases when the plant capacity increases. 

However, Scenario 2 is affected more than Scenario 1 by the increase in plant capacity 

Thus, for Scenario 2 it is possible to note that the production cost is not stabilized up to 10 

ton/day yet.   

 

Figure 7-10. Annualized cost for different production scale 
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Figure 7-11 and Figure 7-12 shown the distribution of the annualized cost by the Scenario 

1 and 2 respectively. For Scenario 1 (see Figure 7-11), the capital depreciation affects 

significantly the total annualized cost at a 1 tonne/day. When the plant capacity increases 

the capital depreciation decreases and the operating labor cost becomes more significant 

in the production cost but the capital depreciation is the most significant in the annualized 

cost yet. Regarding to Scenario 2, Figure 7-12 shows that the contribution of capital 

depreciation is always higher. 

 

 

Figure 7-11. Annual cost distribution for different production scale for Scenario 1 

 

 

Figure 7-12. Annual cost distribution for different production scale for Scenario 2 
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Environmental Assessment 

The environmental assessment is based on the criteria of the PEI described in the Chapter 

3. The results of the potential environmental impact per kg of products for Scenario 1 and 

Scenario 2 are presented in Figure 7-13a. and b., respectively. The PEI in Scenario 2 is 

reduced 145,5 times compared to Scenario 1 due to the reutilization of the waste generated 

in Scenario 1. Thus, Scenario 2 (Figure 7-13 b.) is more environmental-friendly. Besides, 

the raw material uses into the essential oil extraction process is very low, thus, almost all 

the raw material is generated as humid waste; additionally, the energy consumption is very 

high as shown before.  

 

Thus, in the Scenario 1 (Figure 7-13 a.), the HTPI and TTP have the higher impacts due to 

the organic wastes generated in the process. Besides, although the AP potential is 

represented in both Scenarios, in Scenario 1 was high due to the consumption of external 

energy.  Regarding to the PCOP, in Scenario 2 is high due to the liquid stream waste 

obtained from the biofertilizer production.  

 

 

 

 

 

 

 

 

 

 

 

Figure 7-13. Potential environmental impact (PEI) of Scenario 1 and 2 
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simulation results indicated that Cedar sawdust has potential for the diverse value-add 

products under biorefinery concept. However, according to these results it is necessary to 

diversify the process under biorefinery concept in order to be feasible from the economic 

and environmental points of view. 

 

The biorefinery concept offers a good opportunity for Cedar utilization because it is possible 

to obtain bioenergy, biomolecules and natural chemicals while reducing the waste 

generation. Additionally, obtaining different products under biorefinery concept could help 

to reduce the risk and influence associated with the area’s logistic and the transport of the 

reagents. 

  

Several adjustments have to be made in order to to implement results of this project at an 

industrial scale, but the presented set of analysis can serve as the basis for making 

recommendations to facilitate the efficient development and conceptual assessment of 

economic projects into the Region.  
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8. Conclusions and recommendations 

8.1 Conclusions 

Amazonas is a territory designated for conservation, where the biodiversity richness is 

contrasted by the unmet basic needs of its inhabitants. Even if the region includes high 

extension of land, just 0,56% is available for inhabitant uses. A Province where the 

communities ask for productive alternatives in order to generate incomes. This doctoral 

dissertation assessed productive alternatives based on Amazonian plants. The results 

obtained at different scales (1 to 10 tonne/day) indicated some possible opportunities to 

improve the competitiveness of Amazonas in the agroindustrial fields. These opportunities 

are substantiated on legal activities. Additionally, it was considered the extraction and 

production of products from Amazonian region that prove value-added beneficial for 

marketing (Makambo and Aguaje cases). Those, in the future could represent an economic 

growth for Amazonas and quality improvements of life of their inhabitants. 

 

Taking into account the conservationist situation of Amazonas, it is necessary to consider 

an integrated vision; this includes raw material and products. Therefore, this doctoral 

dissertation clearly indicated that biorefinery concept is a feasible alternative for using the 

Amazonian raw materials for the production of value added products and byproducts with 

a low waste generation. 

 

Thus, the development of a design strategy is a key result for the evaluation of processes 

in the Amazonas context. The assessed processes at lab scale and through simulation 

reflect the real scales of production and even though this is a preliminary evaluation, allow 

evidencing the viability of those projects with real arguments and considering the production 

of high added-value products. 
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Results demonstrated the potential of Amazonian plants to serve as raw material in 

producing cost-effective natural products. However the selection of the technologies and 

potential products require attention because of production, technologies impact directly the 

economic investments. Nowadays many technologies for extracting operations are 

available, however the poor availability of utilities in Amazonas, limits the selection of 

operations.   

 

This work contributes to the discussion related to the appreciation of the biodiversity. 

Through the methodology proposed in this work it is possible to assess the economical 

potential of different plants. In addition, to the presented research demonstrates the real 

potential of Amazonas for producing natural products. Moreover, the large requirements of 

energy for extracting add-value products are associated with the low concentrations of 

these compounds in the raw material. 

 

In this work three Amazonian plants (Aguaje, Makambo and Cedar) were selected and two 

Scenarios for obtaining added-value products were proposed. Scenario 1 was considered 

to be installed in rural areas and Scenario 2 (an extension of Scenario 1) was finally 

considered to be installed in Leticia due to the availability of utilities and transportation 

means. Process extraction associated with the solvent use had to be limited due to the 

constraints attached with illicit traffic. In addition, the selection of EFS increases the cost 

but good yields. 

 

The application of the methodology allowed assessing processes (two scenarios per 

specie) from Makambo, Cedar and Aguaje.  For the case of Makambo, both configuration 

process were feasible.  

 

Taking into account that the biodiversity need to be approach to provide the inhabitants, 

indigenous and non-indigenous, with economic resources. Nations are generating policies 

in order to generate sustainable scenarios, including environmental and social topics into 

marketing and production activities. 

 

Regarding the capacity assessment, it is necessary to take into account that 0,56% of the 

total Amazonas area is available for developing private projects. The remaining area is for 
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conservation.  This fact, limited the expansion of the initiatives and thus, the assessments 

were conducted for low plant capacities. However, the scale increase could be a reasonable 

suggestion for other regions in Colombia where the Amazonian plants assessed can be 

produced, taking into account the climatic and edaphic conditions.  

8.2 Recommendations 

Even though all the biorefineries assesses in this study were feasible from the economic 

point of view, optimization processes are necessary in order to reach production cost lower 

with high yields. Additionally, it is important to mention that the total investment cost could 

be affected by energy integration. Additional configurations can be proposed in order to 

extend the biorefinery concept but it may influence the economic impact in either positive 

or negative ways. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

A. Appendix: Non timber information 

No Scientific name Family Common name 
Growth 
habit 

TRADITIONAL USES 
Cultivated 

References 
Tradicional 

uses 

References 
Scientific 

uses Food Craft Const. Med. Orn. Tóx. Psyc. Fuel 

1 Abuta grandifolia Sandwith Menispermaceae 
Buta, mamutuka, abuta, 
bejuco de veneno, chiri-
caspi 

Bush X     X X X       
1, 2, 3,4, 5, 6 44, 45, 46 

2 Abuta imen Eichler Menispermaceae 
Curare, bejuco de polvo 
amarillo 

Bejuco           X       
3, 4, 5   

3 Acacia auriculiformis A. Cunn ex. Benth Mimosaceae Acacio Tree                   7 47, 48, 49 

4 Acanthella sprucei Hook.f. Melastomataceae Carbonero Bush         X         3, 4   

5 Adenocalymna purpurascens Rusby Bignoniaceae   Bejuco       X           8   

6 Adiantum tomentosum Klotzsch Pteridaceae   Herb       X   X       3, 4, 8, 9   

7 Aechmea contracta Baker Bromeliaceae Bromilia Herb         X         3, 4   

8 Aechmea corymbosa M Bromeliaceae Sacha piña Herb X       X         3, 4   

9 Aechmea mertensii Schult. F.Schult & Sch Bromeliaceae   Herb         X         3, 4   

10 Aechmea nivea L.B.Sm. Bromeliaceae   Herb         X         3, 4   

11 Aechmea rubiginosa Mez Bromeliaceae Piña de monte Herb X   X             2, 3, 4   

12 Alchornea castaneifolia (Willd.) A. Juss Euphorbiaceae Ipururu Bush       X           3, 4 50 

13 
Alibertia edulis (L. C. Rich) A. Rich. Ex 
DC. 

Rubiaceae Perita, puruí Tree X                 
2, 4, 10 51, 52 

14 Alibertia macrohylla K. Schum. Rubiaceae Guayapala Tree X                 3   

15 Amaranthus spinosus L. Amaranthaceae Ataco, cancer espinoso S.I.       X           
3, 11 

53, 54, 55, 
56, 57 

16 Ambelania occidentalis Zarucchi Apocynaceae Cucaracha caspi Tree X                 3, 11 58 

17 Ampelozizyphus amazonicus Ducke Rhamnaceae 
Sanango huasca, 
legezamisima 

Bejuco       X           
3, 4, 8 

59, 60, 61, 
62 

18 Anacardium occidentale L. Anacardiaceae 
Marañón, anacardo, merey, 
paujil, 

Bush X     X           
3, 4, 6, 9, 12, 

13, 14 
63, 64, 65, 

66 

19 Anacardium parvifolium Ducke Anacardiaceae Marañon de breo Tree X                 3, 4   
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20 Ananas comosus L. Merr Bromeliaceae Piña Herb X     X           3, 4, 6, 9, 12, 
15 67 

21 
Anaxagorea dolichocarpa Sprague & 
Sandwith 

Annonaceae   Tree           X       
4, 9 

68, 69, 70, 
71 

22 Andropogon bicornis L. Poaceae 
Cola de caballo, cola de 
zorro 

Herb       X           
3, 4   

23 Aniba rosaeodora Ducke Lauraceae Palo de rosa Tree                   
3, 4, 16 

72, 73, 74, 
75, 76 

24 Annona hypoglauca Mart. Annonaceae 
Anón de pescado, 
Chirimoya 

Tree X                 
3, 4, 6 77, 78 

25 Annona montana Macf. Annonaceae Guanabana cimarrona Tree X     X           3, 4, 13 79, 80 

26 Annona muricata L. Annonaceae 
Guanabana, Guanabana, 
catuche, graviola  

Tree X     X           3, 4, 6, 9, 13, 
14, 17 

81, 82, 83, 
84 

27 Annona nitida Mart. Annonaceae Guanabana Herb                   4   

28 Anthurium acutangulum Engl Araceae   Bejuco       X           3, 4   

29 
Anthurium atropurpureum R.E. Schult & 
Maguire 

Araceae 
Corona de adán, col de 
monte 

Herb       X X         
3, 4, 6   

30 Apeiba tibourbou Aubl Tiliaceae Peinemono Tree                   4, 7 85 

31 Aphelandra aurantiaca (Scheidw) Lindl Acanthaceae Puca sisa Herb         X         3, 4   

32 Aphelandra pilosa Leonard Acanthaceae   Bush       X X         3, 4   

33 Arachis hypogaea L. Fabaceae Mani Herb X                 3, 4, 9 86 

34 Aristolochia acutifolia Duch. Aristolochiaceae Zapatito de difunto, carare Bejuco       X X         3, 4, 6   

35 Aristolochia iquitensis O.C. Schmidt Aristolochiaceae Zapatito de difunto Bejuco         X         3, 4   

36 Arrabidaea chica (Humb. & Bonpl) Verl. Bignoniaceae   Bejuco   X   X           2, 8, 11 87, 88, 89 

37 Arrabidaea florida A. Dc. Bignoniaceae   Bejuco       X           8, 11   

38 
Artocarpus communis J.R. Forst & 
G.Forst. 

Moraceae Arbol del pan, frutapan Tree X                 
3, 9, 10, 12 90, 91, 92 

39 Astrocaryum aculeatum G. Mey. Arecaceae Cumare, tucuma Palm X X             X 2, 3, 4, 18 93, 94 

40 Astrocaryum chambira Burret Arecaceae 
Chambira, Corombolo, 
cumare 

Palm X X X X           3, 4, 6, 9, 18, 
19, 20, 21 95 

41 Astrocaryum ferrugineum Kahn & Millán Arecaceae   Palm   X X X           4, 18, 20   

42 Astrocaryum gynacanthum Mart. Arecaceae Chambira Palm X                 2, 3, 4, 18, 20   

43 Astrocaryum jauari Mart. Arecaceae   Palm   X X             4, 18, 20 96 

44 Astrocaryum sciophilum (Miq.) Pulle Arecaceae Coco de puerco Palm X     X           3, 8, 11, 20   

45 Attalea butyraceae (Mutis) Wess Arecaceae   Palm X   X             11, 18, 20   

46 Attalea insignis (Mart) Drude Arecaceae   Palm X X               11, 18, 20   

47 Attalea maripa (Aubl.) Mart Arecaceae 
Palma real, palma amarga, 
guichire 

Palm X X X             
2, 3, 11, 18, 

20, 22, 23, 24   

48 Attalea microcarpa Mart. Arecaceae   Palm X   X             11, 18, 20   

49 Attalea phalerata Mart. Ex Spreng Arecaceae   Palm X   X X           11, 18, 20   

50 Attalea plowmanii Zona Arecaceae   Palm X X X X           11, 18, 20   

51 Attalea racemosa Spruce Arecaceae Coco Palm X X               3, 11, 18, 20 97 

52 Attalea septuagenata Dugand Arecaceae   Palm X X               18, 20   
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53 Averrhoa carambola L Oxalidaceae Carambola Tree X                 3, 4, 6, 15, 
17, 25 98, 99 

54 Axonopus scoparius Kuhlm Poaceae Pasto imperial Herb                   9, 11   

55 Bactris acanthocarpa Arecaceae   Palm   X X             4, 18, 20   

56 Bactris bidentula Spruce Arecaceae Corozo Palm X   X             3, 4, 18   

57 Bactris brongniartii Mart Arecaceae   Palm X X X             4, 18, 20   

58 Bactris corosilla H. Karst Arecaceae   Palm   X               4, 20   

59 Bactris fissifrons Mart. Arecaceae Chontilla sitanó Palm X X               4, 18, 20   

60 Bactris gasipaes H.B.K. Arecaceae 
Chontaduro, pijuayo, 
cachipay, chonta 

Palm X X X           X 
3, 4, 5, 6, 7, 

9, 12, 18, 20, 
21, 23, 24, 26 

100, 101, 
102, 103 

61 Bactris hirta Mart. Arecaceae Chontilla de monte Palm X                 4, 18, 20   

62 Bactris macroacantha Mart. Arecaceae Coco Palm X                 3, 4, 18   

63 Bactris maraja Mart. Arecaceae Chotadurillo, chontilla Palm X X               2, 4, 18, 20   

64 Bactris riparia Mart. Arecaceae   Palm X                 4, 20   

65 Bactris simplicifrons Mart. Arecaceae   Palm X   X             4, 20   

66 Banisteropsis caapi C.V. Morto Malpighiaceae Yagé, Ayahuasca Bejuco       X     X     3, 6, 11, 27, 
28   

67 Batocarpus amazonicus (Ducke) Fosberg Moraceae Arbol del pan propio Tree X                 2, 3, 4   

68 Bauhinia guianensis Aublet Caesalpiniaceae 
Bejuco mariposa, Escalera 
de chucha, escalera de 
ángel 

Bejuco     X X           
3, 4, 6, 8   

69 Bauhinia outimouta Aubl. Caesalpiniaceae Cadena Bejuco       X           3, 4   

70 Bellucia pentamera Naudin Melastomataceae 
Guayaba de mico, 

pomarroso 
Bush X     X           

2, 4, 6, 8   

71 Besleria aggregata (Mart.) Hanst Gesneriaceae Flor de picaflor Bush         X         3, 4   

72 Bidens pilosa L. Asteraceae Pega pega Herb       X           
3 

104, 105, 
106, 107 

73 Bixa orellana Linn. Bixaceae 
Achote, achiote de monte, 
anatto, bicha 

Bush X X   X           2, 3, 4, 6, 9, 
14, 21, 27 

108, 109, 
110, 111, 

112 

74 Bocageopsis canescens R.E.Fr. Annonaceae Carguero no propio Tree                   4   

75 Bombacopsis quinata Bombacaceae Cedro macho S.I.                   7   

76 Bonnetia martiana Maguire Bonnetiaceae   S.I.         X         11, 21   

77 Bonnetia paniculata Theaceae   Bush         X         4, 21   

78 Borojoa duckei Steyerm. Rubiaceae Cariganoó S.I. X                 3   

79 Borojoa sorbilis (Ducke) Cuatr. Rubiaceae Borojo Tree X                 3, 4, 13   

80 Borreria alata (Aubl.) DC. Rubiaceae Pintura roja Herb       X           3, 4   

81 Brosimum acutifolium Huber Moraceae Mururé Tree X     X           
1, 3, 4 

113, 114, 
115 

82 Brosimum parinarioides Ducke Moraceae Baco, caucho macho Tree   X   X           3, 4, 24   

83 Brownea ariza Benth Caesalpiniaceae 
Palo cruz, palo de la cruz, 
palo rosa 

Tree       X           
4, 14 116 

84 Brownea cauliflora (Poepp.) Huber Caesalpiniaceae Palo cruz Tree       X           3, 4   
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85 Brownea grandiceps Jacq Caesalpiniaceae Palo cruz Tree       X X         3, 4   

86 Brownea longipedicellata Huber Caesalpiniaceae Ají de barbasco Tree       X           3, 11   

87 Brugmansia sanguínea Solanaceae Borrachero S.I.       X           27, 14 117 

88 Brugmansia suaveolens Bercht & J. Presl Solanaceae Borrachero Bush       X X         3, 4 118 

89 Brunfelsia grandiflora D.Don Solanaceae Chiri sanango Bush       X X         3, 4, 6   

90 Buchenavia reticulata Combretaceae Acabí Tree                   21   

91 Byrsonima crassifolia (L.) Rich Malpighiaceae Indano,  chaparro, cimarron Tree X     X X         
11, 13 

119, 120, 
121, 122 

92 Caladium macrotites Schott Araceae   S.I.       X           3, 11   

93 Calathea allouia (Aubl.) Lindl Marantaceae Dale dale, agua bendita Herb X   X X X         3, 4, 6, 13   

94 Calathea fucata H. Kenn Marantaceae   Herb         X         3, 4   

95 Calathea lanata Petersen Marantaceae   Herb         X         3, 4   

96 Calathea loeseneri Macbride Marantaceae   S.I.   X               9, 11, 21   

97 
Calathea microcephala (Poepp & Endl) 
Korn 

Marantaceae Bijauillo Herb         X         
3, 4   

98 
Callichlamys latifolia (L.C. Rich) 
Schumann 

Bignoniaceae Poitanó blancuzco Bejuco       X   X       
3, 4, 8 123 

99 Calyptranthes bipennis O. Berg Myrtaceae Guayaba Tree X     X           3, 4   

100 Calyptranthes lanceolata O. Berg Myrtaceae   Tree       X           3, 4   

101 Campomanesia lineatifolia (R&P.) Myrtaceae Palillo, guayaba de leche Tree X                 
11, 13, 21 

124, 125, 
126 

102 Campsiandra angustifolia Spruce ex Benth Caesalpiniaceae Huacapurana, acapurana Tree       X           4, 21   

103 Campsiandra comosa Caesalpiniaceae   Tree       X           3, 4, 21 127, 128 

104 
Cananga odorata (Lam.) Hook.f.& 
Thomson 

Annonaceae   Tree                   
4 

129, 130, 
131 

105 Canna indica L. Cannaceae Achira, tamarindo Herb X X   X           3, 4, 6 132 

106 Capsicum annum L. Solanaceae Ají, ajidulce Bush X     X X X       
6, 11, 13, 29 

133, 134, 
135 

107 Capsium chinense Jacq. Solanaceae Ají dulce Herb X     X           3, 4, 9, 29   

108 Carica papaya L. Caricaceae 
Papaya, árbol de melón, 
lechosa, mamón 

Bush X     X           2, 3, 4, 6, 12, 
17 

133, 136, 
137, 138, 
139, 140 

109 Cariniana domestica (Martius) Miers Lecythidaceae Papelillo Tree                   
4, 30, 31 

141, 142, 
143 

110 Carludovica palmata Ruiz & Pav. Cyclanthaceae Bombonaje, iraca Herb   X X             3, 6, 11   

111 Carpotroche amazonica Mart. Ex Eichler Flacourtiaceae   Tree       X           4, 21   

112 Carpotroche integrifolia Kuhlm Flacourtiaceae   Tree       X           3, 4   

113 Carpotroche longifolia (Poepp.) Benth. Flacourtiaceae Champa huayo Bush   X   X           3, 4, 21   

114 Caryocar microcarpum Ducke Caryocaraceae Castaña, almendro bajo Tree X                 3, 4 144 

115 Caryocar nuciferum L. Caryocaraceae Barbasco Tree           X       3, 4   

116 Caryodendron orinocense H. Karst Euphorbiaceae Inchi, cacay Tree X                 3, 4, 6, 7, 21, 
32 145, 146 

117 Cassia grandis L.F. Caesalpiniaceae Cañafistola Tree                   7, 11   

118 Castilla ulei Warb Moraceae Caucho Tree   X   X       X   3, 4, 6, 10, 33   
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119 Cecropia latiloba Miq. Cecropiaceae   Tree                   4, 16   

120 Cecropia sciadophylla C. Mart. Cecropiaceae 
Yarumo macho, cetico 
colorado 

Tree X     X       X   
2, 3, 4, 6, 22   

121 Celosia argentea L. Amaranthaceae   Herb                   

4 

147, 148, 
149, 150, 
151, 152 

122 Chamaedorea pauciflora Mart. Arecaceae Halago Palm         X         4, 18, 20, 23   

123 Chamissoa altissima (Jacq.) Kunth Amaranthaceae Ará de soga Bejuco                   4   

124 Chenopodium ambrosioides L. Chenopodiaceae Mastruz, paico Herb       X           
6, 10, 11 

153, 154, 
155, 156 

125 Chrysochlamys weberbaueri Engl. Clusiaceae Icainé Bush X     X           3, 4   

126 Chrysophyllum cainito L. Sapotaceae Caimo de monte S.I. X                 3, 4   

127 
Chrysophyllum sanguinolentum (Pierre) 
Baehni 

Sapotaceae 
Quinilla, palo de cangrejo, 
caimo 

Tree X             X   
3, 4, 5, 6   

128 Chrysophyllum superbum T.D.Penn. Sapotaceae Caimo negro Tree X                 3, 4   

129 Cissampelos pareira L. Menispermaceae Sacha abuta S.I.       X           
3, 11 

157, 158, 
159, 160 

130 
Citrullus lanatus (Thunb.) Matsum. & 
Nakai 

Cucurbitaceae Sandia Bejuco X                 
3, 4 

161, 162, 
163, 164 

131 Citrus maxima (Rumph. Ex Burm.) Merr Rutaceae Lima S.I. X     X           3, 11 165 

132 Citrus sinensis L. Osbeck Rutaceae Naranja Tree X     X           
4, 6, 9 

166, 167, 
168, 169 

133 Clathrotropis nitida (Benth) Harms Fabaceae Avina, paya, palo de piedra Tree           X   X   3, 4, 7, 21   

134 Clibadium asperum (Aubl.) DC. Asteraceae Barbasco de hoja, veneno S.I.           X       3, 6, 11 170 

135 Clibadium sylvestre (Aubl.) Baill. Asteraceae Barbasco de lagartija Bush       X           3, 4 171 

136 Clusia columnaris Engl. Clusiaceae Palo blanco Tree         X         3, 4, 21 172 

137 Clusia loretensis Engl. Clusiaceae   Tree       X           3, 4   

138 Clusia mocoensis Cuatrec Clusiaceae   Tree         X         11, 21   

139 Cochlospermum orinocense Steud Cochlospermaceae   Tree   X     X         4, 21   

140 Cocos nucifera L. Arecaceae Coco Palm X X   X         X 
3, 4, 9, 18 

173, 174, 
175, 176 

141 Coix lacryma-jobi L. Poaceae 
Trigo amazónico, lágrima de 
Job 

Herb X X               
3, 4, 6 177, 178 

142 Colocasia esculenta (L.) Schott Araceae 
Mafafa, mafafa de charapa, 
yota 

Herb X                 
3, 4, 6 179, 180 

143 Columnea ericae Mansf. Gesneriaceae Raton de tucan Herb       X X         3, 6, 11   

144 Conceveibastrum martianum Pax & Hoffm Euphorbiaceae   S.I.       X           11, 21   

145 Copaifera reticulata Ducke Caesalpiniaceae Copaiba Tree       X           
1, 3, 4 

181, 182, 
183, 184 

146 Cordia alliodora (Ruiz & Pavón) Oken Boraginaceae Laurel Tree                   7, 11 46 

147 Costus arabicus L. Costaceae Caña agria Herb       X           3, 4 185, 186 

148 Costus villosissimus Zingiberaceae Caña agria Herb       X           11, 14, 22   

149 Couepia chrysocalyx Benth. Ex Hoo Chrysobalanaceae Doroje, reventillo ordinario Tree X                 3, 4   
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150 Couepia elata Ducke Chrysobalanaceae Canena Tree                   4, 30   

151 Couepia krukovii Standley Chrysobalanaceae Palo de manteca Tree                   30   

152 Couepia paraensis (Mart. Ex Zucc) Benth Chrysobalanaceae   Tree               X   3, 4   

153 Couepia subcordata Benth. Ex Hook. F Chrysobalanaceae Umarí Tree X                 4, 21   

154 Couma utilis Muell. Arg. Apocynaceae 
Sorba pequeña, couma, 
juansoco 

Tree X                 
3, 4, 13, 21 187 

155 Couratari oligantha A. Smith Lecythidaceae 
Carguero de rebalse, 
cachimbo caspi 

Tree   X               
3, 4, 31   

156 Coussapoa tessmannii Mildbr. Cecropiaceae Mata palo, renaco blanco Tree   X               3, 4   

157 
Crepidospermum cuneifolium (Cuatrec.) 
Daly 

Burseraceae   Tree       X       X   
3, 4   

158 Crepidospermum prancei Daly Burseraceae Copal blanco Tree       X           3, 4   

159 Crescentia cujete L. Bignoniaceae Totuma, huingo Bush   X   X           2, 3, 4, 6, 9, 
10 188, 189 

160 Croton cajucara Benth. Euphorbiaceae Sacaca, vara blanca Tree       X           
10 

153, 190, 
191, 192 

161 Croton cuneatus Klotzsch Euphorbiaceae Yacuruna caspi Tree       X           3, 11   

162 Croton lechleri Mull. Arg Euphorbiaceae Sangre grado, drago Tree       X           
1, 3, 6, 11 

193, 194, 
195 

163 Cucumis melo L. Cucurbitaceae Melón S.I. X                 
3, 11 

196, 197, 
198, 199 

164 Cucurbita maxima Duch. Cucurbitaceae Zapallo, ahuyama Bejuco X     X           6, 11, 13 200, 201 

165 Curarea tecunarum Barneby & Krukoff Menispermaceae Curare, parupi, veneno Bejuco           X X     2, 3, 4, 5, 6   

166 
Curarea toxicofera (Wedd.) Barneby & 

Krukoff 
Menispermaceae Curare Bejuco           X       

3, 4, 6   

167 Curcuma longa L. Zingiberaceae Azafrán Herb X X   X           
1, 4, 6 

50, 202, 
203, 204 

168 Cyclanthus bipartitus Poit. Cyclanthaceae Sangapilla Herb   X     X         3, 4, 20   

169 Cymbopogon citratus (DC.) Stapf. Poaceae Limoncillo, capim-santo Herb X     X           3, 6, 9, 10, 
11, 14 205, 206 

170 Cymbosema roseum Benth. Fabaceae Cipó Bejuco   X   X           4, 34 207 

171 Cyperus luzulae (R.) Retz Cyperaceae Coquito Herb                   4, 9 208 

172 Dacryodes roraimensis Cuatrec. Burseraceae Laurel Tree X                 3, 4   

173 Desmodium intortum Papilonaceae Pega pega, cadillo S.I.       X           11, 14 209 

174 Desmoncus mitis Mart. Arecaceae Atajadanta Pal   X               3, 4, 18   

175 Desmoncus polyacanthos Mart. Arecaceae 
Diente de culebra, 
atajadanta, vara casha 

Palm   X X             
3, 4, 18, 20   

176 Dichapetalum pedunculatum (DC) Baillon Dichapetalaceae   Bush       X           3, 4, 30   

177 Dictyocaryum ptarianum H.E. Moore Arecaceae   Palm   X X             3, 4, 18   

178 Didymopanax morototoni Dec & Planch Araliaceae Tortolito S.I.                   7, 11 210 

179 Dieffenbachia humilis Poepp. Araceae   Herb           X       3, 4   
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180 Dioscorea alata L. Dioscoreaceae Ñame, sacha papa Bejuco X                 

3, 11 

50, 133, 
211, 212, 

213 

181 Dioscorea trifida L. Dioscoreaceae 
Ñame,  ñame morado, 
sachapapa morada 

Herb X     X X         
3, 6, 9, 11, 13   

182 Diospyros glomerata Spruce Ebenaceae   Bush           X       3, 4   

183 Diplotropis martiusii Benth Fabaceae Guayuje Tree       X           3, 4   

184 Doliocarpus major J.F. Gmel Dilleniaceae Bejuco agraz, soga de agua Bejuco       X           3, 4   

185 Drymonia affinis (Mansf.) Wiehler Gesneriaceae   Bejuco       X           3, 4   

186 Drymonia coccinea (Aubl.) Wiehler Gesneriaceae 
Renaquillo, arco, hierba de 
sarna 

Bush       X X         
3, 4, 6   

187 Drymonia pendula (Poepp.) Wiehler Gesneriaceae Renaquillo Herb         X         3, 4   

188 Drymonia serrulata (Jacq.) Mart Gesneriaceae   Herb       X           3, 4 214 

189 Duckesia verrrucosa (Ducke) Cuatr. Humiriaceae Uxi, Uchi Bush X                 13   

190 Duguetia calycina Benoist Annonaceae   Tree                   4   

191 Duguetia cauliflora R.E.Fr Annonaceae   Tree                   4   

192 Duguetia flagellaris Huber Annonaceae   Bush       X           3, 4 215 

193 Duguetia riparia Huber Annonaceae   Tree                   4 215 

194 Duguetia spixiana C. Mart. Annonaceae   Tree X X               2, 4 216 

195 Duroia genipoides Hook. F. es K. Schum. Rubiaceae   Bush X                 2, 11, 34   

196 Duroia hirsuta (Poepp. & Endl) K. Schum. Rubiaceae Supai huayo, solimán Bush X X   X           2, 3, 4, 6, 21 217 

197 Duroia maguirei Steyerm. Rubiaceae   Tree X                 2, 3, 4   

198 
Ecclinusa lanceolata (Mart. & Eichler) 
Pierre 

Sapotaceae Caimitillo Tree                   
3, 4   

199 Echinochloa polystachya (Kunth) Hitchc. Poaceae 
Gramalote capo, pasto de 
yulo 

Herb                   
3, 4 218 

200 Eichhornia azurea (Sw.) Kunth Pontederiaceae Putu putu Herb         X         3, 11 219 

201 Eichhornia crassipes (Mart.) Solms Pontederiaceae Putu putu, mureru Herb         X         
3, 4, 34 

220, 221, 
222, 223 

202 Enterolobium schomburgkii Benth Mimosaceae   Tree                   4, 21   

203 
Epidendrum ibaguense Humb. & Bonpl. 
Ex Kunth 

Orchidaceae   Herb         X         
3, 11   

204 Epidendrum longicolle Lindl. Orchidaceae   Herb         X         3, 4   

205 Epidendrum microphyllum Lindl. Orchidaceae   Herb         X         3, 4   

206 Epidendrum nocturnum Jacq. Orchidaceae   Herb         X         3, 4   

207 Epidendrum orchidiflorum Salzm. Ex Lindl. Orchidaceae   Herb         X         
3, 4   

208 Episcia reptans Mart Gesneriaceae Papelillo Herb         X         3, 4   

209 Erisma calcaratum (Link.) Warm. Vochysiaceae Cacahuillo Tree       X           3, 4   

210 Eryngium foetidum L. Apiaceae Culantro, chicoria Herb X     X           3, 4, 6, 9, 10, 
13, 14 

224, 225, 
226 

211 Erythroxylum coca L. Erythroxylaceae Coca Bush       X X   X     3, 6, 9, 10, 14 227 

212 Eschweilera albiflora (A. DC.) Miers Lecythidaceae Palo de gavilán Tree               X   3, 4, 5, 31   
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213 Eschweilera andina (Rusby) J.F. Macbr Lecythidaceae Carguero Tree               X   3, 4, 31   

214 
Eschweilera gigantea (R. Knuth) J. F. 
Macbr 

Lecythidaceae 
Matamatá, fonoblanco, 
machimango, castaño 

Tree   X               
3, 4, 31   

215 Eschweilera itayensis R. Knuth Lecythidaceae 
Popai de rebalse, 
machimango 

Tree               X   
3, 4, 31   

216 Eschweilera juruensis R. Knuth Lecythidaceae   Tree                   4, 21, 30, 31   

217 Eschweilera laevicarpa S.A. Mori Lecythidaceae   Tree                   4, 30, 31   

218 Eschweilera ovalifolia (A. DC.) Nied Lecythidaceae Carguero Tree                   4, 5, 31   

219 Eschweilera revoluta S.A. Mori Lecythidaceae   Tree                   4, 30, 31   

220 Eschweilera rufifolia S.A. Mori Lecythidaceae 
Carguero, machimango 
colorado, fono colorado 

Tree   X   X       X   
3, 4, 5, 6, 31   

221 Eschweilera tenuifolia (O. Berg) Miers Lecythidaceae   Tree                   4, 31   

222 Euceraea nitida Mart. Flacourtiaceae   Bush           X       9, 11   

223 Eucharis grandiflora Planch & Linden Liliaceae Tumara Herb         X         3, 4 228 

224 Eugenia florida DC. Myrtaceae Camu camu de altura Tree X     X           3, 4 229, 230 

225 Eugenia malaccensis L. Myrtaceae Pomarrosa, pera Tree X                 11, 12, 14, 17 231 

226 Eugenia patrisii Vahl Myrtaceae Sacha guayaba Bush X                 4, 13 232 

227 Eugenia stipitata Mc. Vaugh Myrtaceae Araza Bush X                 3, 4, 6, 13, 
15, 25, 35 

233, 234, 
235, 236 

228 Euterpe catinga Wallace Arecaceae Asaí de sabana Palm X   X X           4, 18, 20   

229 Euterpe precatoria  Mart. Arecaceae Asai Palm X X X X X       X 

1, 2, 3, 4, 5, 
6, 9, 11, 12, 
13, 17, 18, 
19, 20, 21, 

23, 24 

237, 238, 
239, 240, 

241 

230 Evodianthus funifer Lindm. Cyclanthaceae   Bejuco   X               4, 20   

231 Fevillea cordifolia L. Cucurbitaceae Shacapa Bejuco X X               3, 4 242 

232 Ficus guianensis Desv. Ex Ham Moraceae Higuerón Bush       X           4, 5, 22   

233 Ficus maxima Mill Moraceae Yanchama blanca Tree X X               3, 4, 19, 21   

234 Ficus piresiana Vasq. Avila & C.C. Berg Moraceae Palo de guayuco Tree   X               3, 4   

235 Ficus trigona L.f. Moraceae Renaco Tree       X           3, 4   

236 Garcinia acuminata Planch. & Triana Clusiaceae Madroño Tree X                 3, 4   

237 Garcinia brasiliensis C.Mart. Clusiaceae Madroño Tree X                 
3, 4 

243, 244, 
245, 246, 

247 

238 Garcinia macrophylla Mart. Clusiaceae 
Bakurí, madroño, 
charichuelo grande 

Tree X             X   
2, 3, 4, 6   

239 Garcinia spruceana (Engl.) Hammel Clusiaceae Madroño Tree X                 3, 4   

240 Genipa spruceana Steyerm. Rubiaceae 
Yacuruna huito, cabo de 
hacha, huito 

Tree X X   X           
3, 4, 6, 34 248 

241 Geonoma arundinacea Mart. Arecaceae   Palm         X         3, 4   

242 Geonoma brongniartii Mart. Arecaceae   Palm     X   X         3, 4, 18   

243 Geonoma camana Trail Arecaceae Sangapilla Palm         X         3, 4, 18   
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244 Geonoma deversa (Poit.) Kunth Arecaceae Palmicha, molinillo Palm   X X   X         2, 3, 4, 18, 23   

245 Geonoma interrupta (Ruiz&Pav.) Mart Arecaceae 
Palmiche, sampablo, 
marayón 

Palm   X X             
4, 20, 23   

246 Geonoma laxiflora Mart. Arecaceae   Palm         X         3, 4   

247 Geonoma macrostachys Mart. Arecaceae Calzón panga, horquetilla Palm   X X X X         3, 4, 18, 20, 
23   

248 Geonoma maxima (A. Poit.) Kunth Arecaceae Palmicha, osopanga Palm   X X             3, 4, 18, 20, 
23   

249 Geonoma poeppigiana Mart. Arecaceae Palmicha, oso panga Palm     X   X         3, 4, 6, 18   

250 Geonoma stricta (Poit) Kunth Arecaceae Palmilla de fruto azul Palm     X   X         3, 4, 18, 20, 
23   

251 Gliricida sepium (Jacq.) Kunth ex Walp Fabaceae Matarratón, madre cacao Bush       X           3, 6, 11, 14   

252 
Gloeospermum sphaerocarpum Triana & 
Planch 

Violaceae   Bush X                 
4, 9   

253 Gnetum leyboldii Tul. Gnetaceae Fayodé Bejuco X                 3, 4, 5   

254 Gossypiun herbaceum L. Malvaceae Algodón Bush   X               3, 6, 10, 11   

255 Graffenrieda patens Triana Melastomataceae Bejuco del sol Herb       X   X       4, 8   

256 Grias neuberthii J.F. Macbr. Lecythidaceae Cocoro, sacha mango Tree X       X         3, 6, 11, 31   

257 Grias peruviana Miers Lecythidaceae Sachamango S.I. X       X         11, 13, 31   

258 Guadua angustifolia Kunth Poaceae Guadua Tree   X X             3, 4, 6 249, 250 

259 Gustavia augusta L. Lecythidaceae   Tree                   4, 31 251 

260 Gustavia hexapetala (Aubl.) A. Sm. Lecythidaceae Mortecino Tree                   4, 6, 31   

261 Gustavia longifolia Poepp. Ex O. Berg. Lecythidaceae   Tree                   4, 31   

262 Gustavia poeppigiana O. Berg. Lecythidaceae   Tree                   4, 31   

263 Gustavia santanderiensis R. Knuth Lecythidaceae   S.I.                   11, 31   

264 Gynerium sagittatum (Aubl.) P. Beauv. Poaceae 
Caña brava, verada, 
cañabrava 

Herb   X X X           
2, 3, 11 252 

265 Hedychium coronarium J.Konig Zingiberaceae Flor de cementerio, jengibre Herb         X         
3, 6, 11 

253, 254, 
255, 256 

266 Heliconia acuminata Rich. Heliconiaceae Platanillo, situlli Herb         X         3, 4, 6   

267 Heliconia chartacea Lane ex Barreiros Heliconiaceae Platanillo, situlli blanco Herb         X         3, 4, 6   

268 Heliconia densiflora Verl Heliconiaceae Platanillo Herb         X         3, 6 257 

269 Heliconia hirsuta L.f. Heliconiaceae Platanillo, situlli Herb       X X         3, 4, 6, 22 257 

270 Heliconia juruana Loes Heliconiaceae Platanillo, situlli Herb         X         3, 4 257 

271 Heliconia marginata (Griggs) Pittier Heliconiaceae Platanillo, situlli Herb         X         3, 4 257 

272 Heliconia psittacorum L.f. Heliconiaceae Platanillo Herb         X         3, 4 258 

273 Heliconia schumanniana Loes Heliconiaceae Platanillo Herb         X         3, 4, 6   

274 Heliconia spathocircinata Aristeg Heliconiaceae Platanillo, situlli Herb         X         3, 4, 6 259 

275 Heliconia standleyi J.F. Macbr Heliconiaceae Platanillo, situlli Herb         X         3, 4   

276 Heliconia stricta Huber Heliconiaceae Platanillo, situlli Herb         X         3, 4, 6   

277 Heliconia tenebrosa J.F. Macbr. Heliconiaceae Platanillo Herb         X         3, 4   
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278 Heliconia velutina L.Andersson Heliconiaceae Platanillo Herb         X         3, 4, 6   

279 Herrania nitida (Poepp.) R.E. Schult Sterculiaceae Cacao de boruga, cacahuillo Bush X                 3, 4, 6   

280 Heteropsis flexuosa (Kunth) G.S. Bunting Araceae Yaré Bejuco   X               3, 4   

281 Heteropsis oblongifolia Kunth Araceae Bejuco yaré Bejuco   X               3, 4, 5, 6   

282 Heteropsis spruceana Schott Araceae Bejuco yaré Bejuco   X               3, 4, 5   

283 Heteropsis steyermarkii Bunting Araceae Bejuco yaré Bejuco   X               3, 4   

284 Heteropsis tenuispadix G.S. Bunting Araceae Yaré Bush   X               2, 11   

285 
Heterostemon conjugatus Spruce ex 
Benth 

Caesalpiniaceae Bahui Tree         X         
3, 4   

286 Hevea benthamiana Mull. Arg Euphorbiaceae Siringa, caucho Tree                   3, 4   

287 
Hevea brasiliensis (Willd. Ex A. Juss) Mull. 
Arg. 

Euphorbiaceae 
Siringa verdadera, borracha, 
caucho 

Tree X X   X           3, 4, 7, 10, 
24, 33, 36 

260, 261, 
262, 263 

288 Hevea pauciflora Mull. Arg Euphorbiaceae Siringa, siringa maposa Tree                   3, 6, 11, 33   

289 
Hevea rigidifolia (Spruce ex Benth.) Mull. 
Arg 

Euphorbiaceae Yeca Tree                   
33   

290 Hevea spruceana (Benth.) Mull. Arg Euphorbiaceae Siringa Tree                   3, 33   

291 
Himatanthus sucuuba (Spruce ex Mull 
Arg) Woodson 

Apocynaceae Bellaco caspi Tree       X           
3, 4, 11, 24 

153, 264, 
265 

292 Hirtella duckei Huber Chrysobalanaceae   Bush                   4, 30   

293 Hygrophila costata Nees Acanthaceae   Herb                   4   

294 Hyospathe elegans Mart. Arecaceae Chontilla Palm   X X X           4, 18, 20, 23   

295 Hyptis mutabilis (Rich.) Briq. Lamiaceae Alfavaca, soro sacha Herb       X           3, 4 266, 267 

296 Ichnanthus breviscrobs Doll Poaceae   Herb   X               2, 11   

297 Ichnanthus panicoides P. Beauv. Poaceae   Herb       X           3, 4   

298 Ilex guayusa Loes Aquifoliaceae Guayusa Tree       X           3, 11, 14   

299 Impatiens balsamina L. Balsaminaceae Besitos, trujillo Herb         X         
3, 6, 11 

268, 269, 
270, 271 

300 Indigofera suffruticosa Mill Fabaceae   Bush           X       
4, 9 

272, 273, 
274 

301 Inga alba (Sw) Wild. Mimosaceae Guamo Tree   X               2, 3, 4   

302 Inga brachystachys (Ducke) Ducke Mimosaceae 
Guamillo, palo de bostezo, 
guamo de sapo venenoso 

Tree X                 
3, 4, 5   

303 Inga edulis Mart. Mimosaceae 
Guama, guaba, inga, rabo 
de mico, guamo largo 

Tree X X   X         X 3, 4, 5, 6, 9, 
13 

275, 276, 
277, 278 

304 Inga fastuosa (Jacq.) Will Mimosaceae Guamo, Pacay Tree X     X           2, 4, 14   

305 
Inga macrophylla Humb. & Bonpl. Ex 
Willd. 

Mimosaceae Guamo Tree X                 
3, 4   

306 Inga multijuga Benth. Mimosaceae Guama de churuco Tree X                 3, 4   

307 Inga pruriens Poepp. Mimosaceae   Bush X                 3, 4   

308 Inga ruiziana G. Don Mimosaceae Guama de sapo venenoso Tree X                 4, 5, 21   

309 Inga thibaudiana DC. Mimosaceae Guama de mico Tree X                 3, 4   
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310 Ipomoea batatas (L.) Lam Convulvulaceae Batata Bejuco X                 
2, 3, 4, 6, 12 

279, 280, 
281, 282 

311 Iriartea deltoidea Ruiz&Pav. Arecaceae Bombona, pona, barrigona Palm X X X X X         2, 3, 4, 6, 18, 
20, 22, 23   

312 Iriartella setigera (Mart.) H. Wendl. Arecaceae   Palm   X               2, 3, 11   

313 Iryanthera crassifolia A.C. Sm. Myristicaceae Cumala colorada S.I.             X     3, 4   

314 Ischnosiphon arouma (Aubl.) Korn Marantaceae Sacha bombonaje, guarumo Herb   X               1, 2, 3, 4, 6, 
9, 21   

315 Isertia hypoleuca Benth Rubiaceae Asarquiro Tree       X           3, 4   

316 Itaya amicorum H.E. Moore Arecaceae   Palm     X             4, 18, 20   

317 Jatropha curcas L. Euphorbiaceae Piñón blanco Bush       X X         
3, 4, 10 

283, 284, 
285, 286 

318 Jatropha gossypiifolia L. Euphorbiaceae Piñón rojo Bush                   
4, 10 

284, 287, 
288, 289 

319 Justicia pectoralis Jacq. Acanthaceae Insulina Herb       X           2, 3 , 4 290, 291 

320 
Lacistema aggregatum (P.J. Bergius) 
Rusby 

Lacistemataceae Palo de perezoso Tree   X               
3, 4   

321 
Lacmellea arborescens (Mull. Arg.) 
Markgr. 

Apocynaceae 
Pega-pega, chicle, palo 
carcomido 

Tree X                 
3, 4, 5, 6   

322 Lacmellea foxii (Stapf) Markgr. Apocynaceae Siringa negra Tree                   3, 4, 5   

323 Lacmellea gracilis (Mull. Arg) Markgr. Apocynaceae   Tree                   3, 4   

324 Lacmellea lactescens (Kuhlm.) Markgr. Apocynaceae 
Chicle, chicle huayo con 
espinas 

Tree X                 
3, 4   

325 Lagenaria siceraria (Molina) Standl. Cucurbitaceae   Bejuco   X               2, 11 292, 293 

326 Lantana camara L. Verbenaceae Sacha oregano, venturosa Bush       X           3, 4, 6 294, 295 

327 Lecythis chartacea O. Berg Lecythidaceae   Tree                   11, 31   

328 Lecythis zabucajo Aubl Lecythidaceae   Tree                   11, 31   

329 Leopoldina piassaba Wallace Arecaceae Piassava, marama Palm X X               4, 9, 10, 11, 
21   

330 Lepidocaryum allenii Spruce Arecaceae   Palm   X               9, 11   

331 Lepidocaryum tenue Mart. Arecaceae 
Caraná, puy, puy de rajar, 
irapaya 

Palm     X X           
1, 3, 4, 18, 20   

332 Licania apetala (E. Mey.) Fritsch Chrysobalanaceae 
Palo de cemento, 
apacharama, arrayan 

Tree   X           X   
3, 4, 5, 6   

333 Licania blackii Prance Chrysobalanaceae   Tree                   4, 30   

334 Licania brittoniana Fritsch Chrysobalanaceae   Tree                   4, 30   

335 Licania jaramilloi Prance Chrysobalanaceae   Tree                   4, 30   

336 Licania licaniiflora (Sagot) S.F. Blake Chrysobalanaceae   Tree                   4, 30   

337 Licania longipedicellata Ducke Chrysobalanaceae   Tree                   4, 30   

338 Licania parviflora Benth. Chrysobalanaceae   Tree               X   3, 4   

339 Licania triandra C. Mart. Ex Hook. F. Chrysobalanaceae Palo de manteca Tree X                 3, 4   

340 Limnocharis flava (L.) Buchenau Limnocharitaceae Putu putu Herb         X         3, 4   
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341 Lindsaea ulei Hieron Lindsaeaceae Higado de pava Herb       X           3, 4   

342 Lippia alba (Mill.) N.E.Br Verbenaceae Pronto alivio Herb       X           

6, 10, 11, 14 

296, 297, 
298, 299, 

300 

343 Lomariopsis prieuriana Fée Lomariopsidaceae   Herb       X           3, 4   

344 Lonchocarpus nicou (Aubl.) DC Fabaceae Barbasco sembrado Tree           X       2, 3, 4, 6   

345 Lorostemon bombaciflorum Ducke Clusiaceae Madroño breo Tree   X               3, 11   

346 Lycopersicon esculentum Mill Solanaceae Tomate Tree X                 
3, 11 

301, 302, 
303 

347 Machaerium floribundum Benth Fabaceae Uña de gato, cumaca Tree       X           3, 4 304 

348 Mangifera índica L. Anacardiaceae Mango Tree X     X           3, 4, 9, 12, 
14, 17 

305, 306, 
307, 308 

349 Manicaria saccifera Gaertn. Arecaceae Coco, bucu, ubucu Palm X X X             3, 4, 10, 18, 
20   

350 Manihot dulcis Euphorbiaceae Yuca dulce Bush                   11, 17 309, 310 

351 Manihot esculenta Crantz Euphorbiaceae Yuca Bush X     X           3, 4, 6, 9, 12, 
17 

311, 312, 
313 

352 Manihot utilissima Pohl. H. Euphorbiaceae   S.I.       X           
9, 11 

314, 315, 
316 

353 Manilkara inundata (Ducke) Ducke Sapotaceae Balata Bush                   3, 4   

354 Mansoa standley (Steyerm.) A.H. Gentry Bignoniaceae Ajo sacha Bejuco       X           11   

355 Maquira guianensis Aubl Moraceae Leche chiva Tree X             X   2, 4, 6   

356 Maranta ruiziana Korn Marantaceae   Herb X                 3, 4, 6   

357 Martinella obovata K. Schum Bignoniaceae Lipichi Bejuco           X       4, 9 317 

358 Matayba macrolepsis Radlk. Sapindaceae   Tree       X           3, 4   

359 Matisia bracteolosa Ducke Bombacaceae Lúa, manchin sapote Tree   X               3, 4   

360 Matisia calimana Cuatrec. Bombacaceae   Tree       X           3, 4   

361 Matisia cordata Bonpl. Bombacaceae Zapote, sapote Tree X                 3, 6, 9, 10, 
11, 21   

362 Matisia glandigera Triana & Planch Bombacaceae   Tree X                 3, 4   

363 Matisia lasiocalyx K. Schum Bombacaceae Abuelo de cacao Tree                   4, 37   

364 Mauritia flexuosa L.f Arecaceae Canangucho, aguaje Palm X X X X X         

1, 2, 3, 4, 6, 
9, 12, 13, 18, 

19, 20, 21, 
22, 23, 38, 39 

318, 319, 
320, 321, 

322 

365 Mauritiella aculeata (Kunth) Burret Arecaceae Cananguchillo, aguajillo Palm X X X             3, 11, 18, 20   

366 Mauritiella armata Burret Arecaceae Cananguchillo Palm X   X             4, 6, 18, 20, 
37   

367 Maxillaria discolor (Lodd. Ex Lindl.) Rchb.f. Orchidaceae   Epiphyte       X X         3, 11   

368 Maxillaria villosa (Barb. Rodr.) Cogn. Orchidaceae   Epiphyte         X         3, 11   

369 Memora cladotricha Sandwith Bignoniaceae 
Palo fosforescente, talco, 
mata caballo 

Bush       X           
3, 4, 6   

370 Micrandra siphonioides Benth. Euphorbiaceae 
Siringa de sabana, sacha 
siringa 

Tree X                 
3, 4   
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371 Micropholis obscura T.D. Penn Sapotaceae Palo de erizo Tree               X   3, 4   

372 Mikania puberula Gardner Asteraceae Yayamajuna Bejuco       X           3   

373 Molongum lucidum Zarucc Apocynaceae Juansoquillo Bush X                 3, 4   

374 Momordica charantia L. Cucurbitaceae Balsamina, papailla S.I.       X           

3, 11 

133, 323, 
324, 325, 

326 

375 Monopteryx uaucu Spr. Ex Benth Fabaceae Ahuiñé Tree X X   X           3, 4   

376 Monotagma juruanum Loes Marantaceae Bijahuillo Herb         X         3, 4   

377 
Monotagma laxum (Poepp. & Endl.) 
Schum 

Marantaceae Bijahuillo Herb   X     X         
3, 4   

378 Montrichardia arborescens (L.) Schott Araceae 
Bore de raya, raya balsa, 
aninga 

Herb X X   X           
3, 4, 11   

379 Mouriri cauliflora Mart. Ex DC Melastomataceae   Tree X                 2, 4   

380 Mucoa duckei (Marckgr.) Zarucchi Apocynaceae Falso juan soco Tree X                 3, 4 327 

381 Musa paradisiaca L. Musaceae Platano hartón Herb X     X           
3, 4, 6, 9 

50, 328, 
329 

382 Myrciaria dubia (H.B.K.) Mc Vaugh Myrtaceae Camu camu Tree X       X         3, 4, 6, 13, 
21, 40 

330, 331, 
332 

383 Naucleopsis concinna (Standl.) C.C. Berg Moraceae Capinuri de altura Tree       X           3, 4   

384 Naucleopsis glabra Spruce ex Pittier Moraceae Puma chaqui Tree X                 3, 4 46 

385 Naucleopsis imitans (Ducke) C.C. Berg Moraceae Motelo chaqui Tree   X               3, 4   

386 Naucleopsis ulei (Warb.) Ducke Moraceae Lechero, Capinuri Tree X                 2, 3, 4   

387 Navia acaulis Mart ex Schult. F. Bromeliaceae   Herb       X           3, 4   

388 Navia caulescens Mart ex Schult. F. Bromeliaceae   Herb       X           3, 4   

389 Neea divaricata Poepp. & Endl. Nyctaginaceae Tupamaqui Tree   X               3, 4   

390 
Neocouma ternstroemiacea (Mull. Arg.) 
Pierre 

Apocynaceae Cucuy de monte Tree X                 
3, 4   

391 Neoregelia eleutheropetala (Ule) L.B. Sm. Bromeliaceae Sacha piña Herb         X         3, 4   

392 Nicotiana tabacum L. Solanaceae Tabaco Herb       X     X     2, 3, 4, 6, 9 333 

393 Niphidium crassifolium Lellinger Polypodiaceae   Herb       X           2, 4   

394 Nymphaea glandulifera Rodschied Nymphaeceae Mureru, loto Herb                   4, 34   

395 Nymphaea odorata Aiton Nymphaeceae Loto S.I.         X         3 334, 335 

396 Ocimum basilicum L. Lamiaceae Albahaca, basílico, ocimo S.I.       X           
3, 10, 11, 14 

336, 337, 
338, 339 

397 Ocimum campechianum Mill. Lamiaceae Albahaca , pichana albaca Herb X     X           3, 4, 6   

398 Oenocarpus bacaba Mart. Arecaceae Mil pesillos, bacaba Palm X   X             2, 3, 4, 5, 10, 
18 340, 341 

399 Oenocarpus balickii Kahn Arecaceae Milpesillo Palm X X               4, 18, 20   

400 Oenocarpus bataua Mart. Arecaceae Milpesos, seje Palm X X X X           
3, 4, 6, 9, 13, 

18, 19, 20, 
23, 24 342, 343 

              

  



168 Design and assessment of high technology processes for enhancing the viability of agribusiness based on  

the sustainable use of biomass in Amazonas 

 

Continuation Appendix A: Non timber information 

401 
Oenocarpus makeru Bernal, Galeano & 
Henderson 

Arecaceae Makeru Palm X                 
4, 18, 20   

402 Oenocarpus mapora H. Karst. Arecaceae Milpesillo, popere, bacaba Palm X   X             1, 2, 3, 4, 11, 
20   

403 Oenocarpus minor Mart. Arecaceae 
Milpesillo, bacaba, seje 
pequeño 

Palm X   X X           
4, 18, 20, 23   

404 Olyra latifolia L. Poaceae   Herb       X           3, 4   

405 Omphalea diandra L. Euphorbiaceae   Bejuco                   3, 4   

406 Ormosia coccinea (Aubl.) Jackson Fabaceae Chocho, huayruro colorado Tree   X   X           3, 4, 11   

407 Ormosia macrophylla Benth Fabaceae Chocho Tree       X   X       4, 6, 9   

408 
Orthomene schomburgkii Barneby & 
Krukoff 

Menispermaceae Bejuco de culebra Bejuco           X       
4, 9   

409 Oryza grandiglumis (Doll) Prod. Poaceae Arrozrana, arrierana S.I.                   11, 34   

410 Oryza sativa L. Poaceae Arroz S.I. X                 3, 11, 17 344, 345 

411 Ouratea chiribiquetensis Sastre Ochnaceae   Tree               X   3, 4   

412 Oxandra mediocris Diels Annonaceae Popai de culebra Tree               X   3, 4   

413 Pachira brevipes (Robyns) Alverson Bombacaceae Algodón de cerro, punquilla Tree   X               3, 4   

414 Pachira fuscolepidota W.S. Alverson Bombacaceae Algodón de sabana Bush   X               3, 4   

415 Pachira nukakica Fern.Alonso Bombacaceae   Tree   X               2   

416 Pachyrhizus tuberosum (Lam.) Spreng Fabaceae Frijol de tuberculo Herb X                 3, 4   

417 
Paepalanthus moldenkeanus R.E. 

Schultes 
Eriocaulaceae Flor del Guaviare S.I.         X         

3, 11   

418 Palicourea triphylla DC. Rubiaceae   Bush   X               3, 4   

419 Panicum pilosum Sw. Poaceae Nudillo Herb       X           3, 4   

420 Parahancornia oblonga Monac Apocynaceae Juansoquillo Tree X                 3, 4   

421 Parahancornia peruviana Monach. Apocynaceae Naranjo podrido Tree X                 3, 4   

422 Parinari klugii Prance Chrysobalanaceae Palo de manteca Tree X                 3, 4, 30   

423 Parinari occidentalis Prance Chrysobalanaceae   Tree                   4, 30   

424 Parinari parilis J.F. Macbr. Chrysobalanaceae Palo de manteca, parinari Tree X                 3, 4   

425 Parinari rodolphii Huber Chrysobalanaceae   Tree                   4, 30   

426 Parkia nitida Miq. Mimosaceae   Tree X                 3, 4   

427 Paspalum conjugatum Bergius Poaceae Nudillo Herb       X           3, 4   

428 Paspalum orbiculatum Poir. Poaceae   Herb                   4, 34   

429 Passiflora edulis Sims Passifloraceae Granadilla, maracuya S.I. X     X           
3, 6, 11 

346, 347, 
348 

430 Passiflora nitida H.B.K. Passifloraceae 
Granadilla de olor, 
granadilla 

Bejuco X                 
3, 4, 13 349 

431 Passiflora quadrangularis L. Passifloraceae Granadilla, badea Bejuco X                 3, 4, 6   

432 Passiflora vitifolia Passifloraceae Granadilla de monte Bejuco X                 2, 4   

433 Paullinia cupana Kunth Sapindaceae Guarana, cupana S.I. X     X           3, 10, 11, 13 350, 351 

434 Paullinia serjaniifolia Triana & Planch. Sapindaceae   Bejuco       X           3, 4   

435 Paullinia yoco R.E. Schult & Killip Sapindaceae Yoco Bejuco       X     X     6, 11, 14, 41   
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436 Pausandra trianae Baill Euphorbiaceae Tujaná Tree               X   2,4   

437 Peperomia macrostachya (Vahl.) A. Dietr. Piperaceae Golocero Herb       X           3, 4, 6 352 

438 Pepinia corallina Varad. & Gilm. Bromeliaceae   Herb         X         3, 4   

439 Pepinia uaupensis (Baker) Varad. & Gilm. Bromeliaceae   Herb         X         3, 4   

440 Perebea angustifolia C.C. Berg Moraceae   Tree X                 2, 4   

441 Petiveria alliaceal L. Phytolaccaceae 
Anamu, hierba de las 
cabras,  

Herb       X           
4, 6, 14   

442 Philodendron megalophyllum Schott Araceae   Epiphyte       X           3, 5, 11   

443 Philodendron solimoesense Araceae Huambé Herb     X             1, 4   

444 Pholidostachys synanthera H.E. Moore Arecaceae   Palm     X             4, 18, 20   

445 Phoradendron crassifolium Eichler Viscaceae Suelda con suelda Herb       X           3, 4 353 

446 Phthirusa retroflexa (Ruiz & Pav.) Kuijt Loranthaceae   S.I.       X           3, 11   

447 Phyllanthus stipulatus (Raf.) Webster Euphorbiaceae Chancapiedra Herb       X           3, 4, 9 354, 355 

448 Phytelephas macrocarpa Ruiz & Pav. Arecaceae Yarina, tagua Palm X   X X           4, 9, 18, 20   

449 Phytolacca rivinoides Kunth & C.D.Bouché Phytolacaceae Guagua, antusara, airambo Herb       X           3, 4 356 

450 Picramnia latifolia Tul Simaroubaceae Chocanari Tree   X               3, 4 357 

451 Picramnia sellowii Planch. Simaroubaceae Jagao Tree                   3, 4   

452 Picrolemma sprucei Hook.f. Simaroubaceae Barbasco Tree       X   X       3, 4 358 

453 Pinzona coriacea Mart. & Zucc. Dilleniaceae Bejuco chaparro Tree       X           3, 4   

454 Piper arboreum Aubl. Piperaceae Cordoncillo Bush       X           3, 4 359, 360 

455 Piper cililimbum Yunck. Piperaceae Cordoncillo, lengua de picón Bush       X           3, 4, 6   

456 Piper consanguineum C.DC. Piperaceae Cordoncillo Herb       X           3, 4   

457 Piper demeraranum (Miq.) C.DC. Piperaceae Cordoncillo Herb       X           3, 4 361 

458 Piper dumosum Rudge Piperaceae Santamaría Bush       X   X       4, 6, 9 362 

459 Piper hispidum H.B.K. Piperaceae   Bush           X       4, 9   

460 Piper macrotrichum C.DC. Piperaceae Cordoncillo Bush       X           3, 4   

461 Piper obliquum Ruiz & Pav. Piperaceae Cordoncillo Herb       X           3, 4   

462 Piper obtusilimbum C.DC. Piperaceae Cordoncillo, anestesia, cara Herb       X           3, 4, 6, 11   

463 Piper peltatum L. Piperaceae Santa Maria Herb       X           3, 4, 6 363, 364 

464 Piper phytolaccifolium Opiz Piperaceae   Bush       X           3, 4 365 

465 Piper subnitidum C.DC. Piperaceae   Herb       X           3   

466 Pitcairnia sprucei Baker Bromeliaceae Pinilla S.I.         X         3, 11   

467 Plantago lanceolata L. Plantaginaceae Llantén Herb       X           9, 11, 14 366, 367 

468 Pogonophora schomburgkiana Benth. Euphorbiaceae Nono, cura Tree                   4, 21   

469 Poraqueiba sericea Tul. Icacinacea Umarí Tree X     X       X X 3, 4, 5, 6, 7, 
13, 21, 42   

470 Portulaca oleracea L. Portulacaceae Verdolaga Herb       X           
3, 6, 11 

368, 369, 
370, 371 

471 Posadaea sphaerocarpa Cucurbitaceae Tarralí Bejuco   X               2, 11   

472 
Posoqueria latifolia (Rudge) Roem. & 
Schult. 

Rubiaceae Yolombillo, huitillo Tree         X         
3, 4   
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473 Potalia amara Aubl Loganiaceae 
Maticuaja, curarina, 
cumarina 

Tree       X           
3, 4, 6   

474 Pothomorphe peltata (L) Miq Piperaceae   S.I.       X           9, 11 372 

475 Poulsenia armata Standl. Moraceae 
Yanchama roja, Yanchama 
colorada 

Tree   X               
4, 11, 19 373 

476 Pouraqueiba sericea Tul Icacinacea Guacaré Tree                   11, 12   

477 Pourouma cecropiaefolia Mart. Cecropiaceae Uvilla, uva caimarona Tree X     X           3, 4, 6, 9, 13, 
21   

478 Pourouma melinonii Benoist Cecropiaceae Uva de orilla Tree X                 3, 4   

479 Pourouma tomentosa Mart. Ex Miq Cecropiaceae Uvilla, sacha uvilla Tree X                 3, 4   

480 Pouteria lucuma (R. & P.) Kuntze Sapotaceae Lucuma Tree                   11 374 

481 Pouteria retinervis T.D. Penn Sapotaceae Quinilla, carapae Tree X                 3, 4   

482 Pouteria torta (Mart.) Radlk. Sapotaceae 
Caimo de lombriz, caimo de 
gucamaya 

Tree X                 
3, 4, 5 375 

483 Prestoea schultzeana (Burret) H.E. Moore Arecaceae   Palm     X X           3, 20   

484 Protium altsonii Sandwith Burseraceae 
Incienso, copal, palo de 
breo 

Tree   X               
3, 4, 5   

485 Protium aracouchini (Aubl.) Marchand Burseraceae Copalillo Tree     X X       X   3, 6, 11   

486 Protium crassipetalum Cuatrec. Burseraceae   Tree X                 2, 4   

487 Protium glabrescens Swart Burseraceae   Bush       X           3, 4 376 

488 Protium grandifolium Engl. Burseraceae Copal caraña, breo Tree       X           3, 4 377 

489 Protium hebetatum Daly Burseraceae 
Anime, breo toro, copal 
blanco 

Tree   X               
3, 4, 5 378 

490 Protium heptaphyllum Marchand Burseraceae Breo Tree                   
10, 11 

359, 379, 
380 

491 Protium klugii J.F. Macbr. Burseraceae Copal Tree       X           3, 4   

492 Protium krukoffii Swart Burseraceae Copal Tree               X   3, 4   

493 Protium laxiflorum Engl. Burseraceae Palo de incienso Tree       X           3, 4   

494 Protium urophyllidium Daly Burseraceae   Tree               X   3, 4   

495 
Pseudobombax munguba (Mart. & Zucc.) 
Dugand 

Bombacaceae 
Palo de algodón, punga 
colorada 

Tree   X               
3, 4   

496 Pseudoconnarus macrophyllus Radlk. Connaraceae Bejuco de venado, yage Bejuco       X   X       3, 4, 5, 6   

497 Pseudoconnarus rhynchosioides Prace Connaraceae   Bejuco           X       3, 4, 5   

498 Psidium guajava Linn Myrtaceae Guayaba Tree X     X           
3, 4, 6, 9 

133, 381, 
382, 383 

499 
Psychotria borjensis Humb. & Bonpl. Ex 
Kunth 

Rubiaceae   Bush       X           
3, 4   

500 Psychotria urceolata Steyerm Rubiaceae Oreja de guara Bush       X           3, 4   

501 Pterocarpus santalinoides Linn Fabaceae   Tree   X               4, 9 384 

502 Renealmia alpinia (Rottb) Maas Zingiberaceae Mishquipanga, sarandango Herb X X     X         3, 4, 6, 9, 21 385 

503 Renealmia krukovii Maas Zingiberaceae Mishquipanga Herb       X           3, 4   

504 Renealmia thyrsoidea Poepp. & Endl Zingiberaceae Mishquipanga Herb X     X           3, 4   

505 Rhabdadenia macrostoma (Beth) Müll. Arg Apocynaceae Cipó Tree                   11, 34   

506 Rinorea racemosa (Mart.) Kuntze Violaceae Coca del creador Tree             X     3, 4   
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507 Rollinia mucosa (Jacq.) Baillón Annonaceae Anona, anón amazónico Tree X     X X         3, 4, 6, 9, 13 386, 387 

508 Ruta graveolens L. Rutaceae Ruda Bush       X           6, 11, 14 388 

509 Ryania speciosa Vahl Flacourtiaceae   Tree       X           3, 4   

510 Saccharum officinarum Linn Poaceae Caña de azucar Herb X                 2, 3, 4, 6, 9 389, 390 

511 Salacia impressifolia A.C. Sm. Hippocrateaceae Gueva de tigre Bejuco X                 2, 4   

512 Salix humboldtiana Willd. Salicaceae Sauce Tree       X           3, 11   

513 Salpinga secunda Schrank & Mart. Ex DC Melastomataceae   Herb       X           3, 4   

514 Sambucus nigra L. Caprifoliaceae Sauco, sabugueiro Bush                   10, 11, 14 391, 392 

515 Sapium glandulosum (L.) Morong Euphorbiaceae Shiringarana Tree       X           3, 4   

516 Sarcaulus brasiliensis (A. DC.) Eyma Sapotaceae Semilla lisa, quinilla Tree X             X   3, 4, 6 393, 394 

517 Scheelea attaleoides Karst Arecaceae   Palm X   X             9, 11, 21   

518 Schizaea elegans (Vahl) Sm. Schizaeaceae   Herb         X         3, 4   

519 Schizaea incurvata Schkuhr Schizaeaceae   Herb         X         3, 4   

520 Schoenocephalium martianum Seub Rapateaceae 
Estrella del sur, flor de 
inirida 

Herb         X         
3, 4, 9, 21   

521 Scoparia dulcis L. Scrophulariaceae Paico silvestre Herb       X           
3, 4, 6 

395, 396, 
397 

522 Senna reticulata H.S. Irwin & Barneby Caesalpiniaceae Matapasto Bush                   4, 16   

523 Sida rhombifolia L. Malvaceae Escobilla Herb       X           4, 9 50, 398 

524 Siparuna decipiens Monimiaceae Uamao Bush       X X         2, 4, 6   

525 Siparuna guianensis Aubl Monimiaceae Limoncillo, picho huayo Tree       X           
3, 4 

359, 399, 
400 

526 Sloanea durissima Spruce ex Benth Elaeocarpaceae Cepanchina Tree       X           3, 4   

527 Sloanea parviflora Planch. Ex Benth Elaeocarpaceae Guigú Tree   X               3, 4   

528 Socratea exorrhiza (Mart.) H.A. Wendl Arecaceae 
Pona, ponilla, zancona, 
bombona, chonta, rayadora 

Palm   X X X           
1, 2, 3, 4, 5, 
6, 9, 13, 18, 

20, 21   

529 Solanum altissimum Benitez Solanaceae Lulo silvestre Tree       X           3, 4   

530 Solanum circinatum Bohs Solanaceae Pepinillo Bejuco X     X           3, 4   

531 Solanum nigrum L. Solanaceae Hierba mora Herb       X           

11, 14 

133, 401, 
402, 403, 

404 

532 Solanum sessiliflorum Dunal Solanaceae Cocona, lulo grande Bush X     X           3, 4, 6, 10, 
13, 15, 25 405, 406 

533 Solanum stramoniifolim Jacq Solanaceae 
Lulo, coconilla con espinas, 
lulo de charapa 

Bush X                 
3, 4, 6   

534 
Spathiphyllum cannifollum (Dryand.) 
Schott 

Araceae   Herb       X           
3, 11   

535 Spigelia anthelmia L Loganiaceae Ravadilla de guara Herb       X           3, 4 407, 408 

536 Spilanthes oleracea L. Marantaceae Jambu, yambu S.I. X     X           10, 13 409 

537 Spondias dulcis Parkinson Anacardiaceae Canllarana Tree                   4 410 
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538 Spondias mombin L. Anacardiaceae Ubos, Ciruela (amarilla) Tree X     X           1, 3, 4, 13, 
17, 43 

411, 412, 
413, 414 

539 Spondias venosa Martius ex. Colla Anacardiaceae Canyarana, cancharana Tree X                 3, 4, 9   

540 
Strychnos erichsonii M.R. Schomb. Ex 
Progel 

Loganiaceae Palo veneno Bejuco           X       
3, 4 415 

541 Strychnos mitscherlichii M.R.Schomb. Loganiaceae Veneno Bejuco           X       3, 4   

542 Strychnos peckii B.L. Rob. Loganiaceae Veneno, pico de paujil Bush   X X     X       3, 4, 6   

543 Strychnos subcordata Spruce & Benth Loganiaceae Veneno Bejuco           X       3, 4   

544 Strychnos toxifera R.H. Schomb. Ex Benth Loganiaceae Veneno Bush           X   X   3, 4 416 

545 
Stryphnodendron porcatum D.A. Neill & 
Occhioni f. 

Mimosaceae   Tree               X   
3, 4   

546 Swartzia racemosa Benth Fabaceae Paleta de perico Tree               X   3, 4, 5   

547 Syagrus smithii (H.E. Moore) Glassman Arecaceae Ponilla Palm X   X             3, 4, 18, 20   

548 Symmeria paniculata Benth. Polygonaceae Carauacú Tree                   4, 34   

549 
Syzygium malaccense (L.) Merr. & L.M. 

Perry 
Myrtaceae Pomarrosa, pera, mamey Tree X       X         

3, 6, 9 
50, 417, 

418 

550 Tabernaemontana cf. Rimulosa Apocynaceae Sanango S.I.       X           1   

551 
Tabernaemontana siphilitica (L.f.) 
Leeuwenb. 

Apocynaceae Ucho sanango Bush   X   X           
1, 3, 4   

552 Tachia occidentalis Maguire & Weaver Gentianaceae Carambola caspi Bush       X           3, 4   

553 Tachigali formicarum Harms Caesalpiniaceae Tangarana colorada Tree   X               3, 4, 6   

554 Tapura acreana (Ule) Rizzini Dichapetalaceae   Tree                   4, 30   

555 Tapura capitulifera Spruce ex Baillon Dichapetalaceae   Tree                   4, 30   

556 Tapura peruviana K. Krause Dichapetalaceae   Tree                   4, 30   

557 Telitoxicum minutiflorumm Moldenke Menispermaceae Bejuco de veneno Bejuco           X       4, 5, 9   

558 Theobroma bicolor H.B.K. Sterculiaceae 
Maraco, makambo, maraca 
de popai 

Bush X                 3, 4, 6, 9, 12, 
15 

419, 420, 
421, 422, 
423, 424 

559 Theobroma cacao L. Sterculiaceae Cacao Tree X     X           3, 4, 6 425 

560 Theobroma glaucum H. Karst. Sterculiaceae 
Cacao de monte, maraca de 
danta 

Tree X                 
2, 3, 4, 6   

561 
Theobroma grandiflorum (Willd. Ex 
Spreng) K. Schum 

Sterculiaceae Copoazú Tree X                 3, 4, 6, 9, 13, 
15, 17, 21 

420, 426, 
427, 428 

562 
Theobroma obovatum Klotzsch ex 
Bernoulli 

Sterculiaceae Maraca de monte Tree X                 
2, 3, 4, 6 421 

563 Theobroma subincanum Mart Sterculiaceae Cacao de monte, zapotillo Tree X     X           2, 3, 4, 6, 7, 
21   

564 Thoracocarpus bissectus Harling Cyclanthaceae Yaré macho, puño huasca Herb   X               4, 6, 20   

565 Thyrsodium herrerense Encarn. Anacardiaceae Achoojoco Tree                   4   

566 Tovomita schomburgkii Planch & Triana Clusiaceae   Tree               X   3, 4   

567 Trattinnickia glaziovii Swart Burseraceae Incienso hembra Tree       X           2, 3, 4   

568 Trattinnickia lawrancei Standl. Burseraceae   Tree       X           3, 11   
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569 Trichilia septentrionalis C.DC Meliaceae Requia blanca Tree               X   3, 4   

570 
Trichomanes ankersii C.Parker ex Hook. & 
Grev. 

Hymenophyllaceae   Herb       X           
3, 4   

571 Trichomanes elegans Rich. Hymenophyllaceae   Herb         X         3, 4, 6 429 

572 Trichomanes hostmannianum Kunze Hymenophyllaceae   Herb       X           3, 4   

573 Triplaris americana L. Polygonaceae Varasanta Tree       X X         3, 4, 6   

574 
Triplaris peruviana Fisch. & C.A.Mey.ex 
C.A. Mey 

Polygonaceae Tangarana Tree       X           
3, 4   

575 
Trymatococcus amazonicus Poepp. & 
Endl 

Moraceae   Tree X                 
3, 4   

576 Tynanthus panurensis (Bureau) Sandwith Bignoniaceae 
Bejuco candela, clavo 
huasca 

Bejuco       X           
3, 4, 11 

430, 431, 
432 

577 Uncaria guianensis (Aubl.) J.F. Gmel. Rubiaceae 
Bejuco de anzuelo, uña de 
gato 

Bejuco   X   X           

3, 4, 6, 24 

433, 434, 
435, 436, 

437 

578 
Uncaria tomentosa  (Willd. Ex Roem. & 
Schult.) DC. 

Rubiaceae Uña de gato Bejuco       X         X 

1, 3, 4, 14 

434, 436, 
438, 

439,440, 
441 

579 Urena lobata L. Malvaceae Uacima Bush   X               
10, 11 

442, 443, 
444, 445 

580 Urera baccifera (L) Gaudich. Ex Wedd Urticaceae Pringamoza Bush       X           4, 6, 14 133, 446 

581 Urera caracasana (Jacq.) Griseb. Urticaceae Pringamosa Tree       X           3, 4, 6   

582 Vellozia tubiflora Humb. & Bonpl. Ex Kunth Velloziaceae   Bush         X         3, 4   

583 Victoria amazonica (Poepp.) Soerby Nymphaeceae Sabana del lagarto Herb         X         3, 4 447 

584 Virola surinamensis (Rol. Ex Rottb.) Warb. Myristicaceae Sangretoro de bajo Tree       X       X   
3, 4, 10 

448, 449, 
450 

585 Vismia baccifera H.G. Reich Clusiaceae Lacre Tree   X   X           
4, 6, 9 

451, 452, 
453, 454 

586 Vismia guianensis Pers. Clusiaceae   Bush   X               4, 21 144, 455 

587 Vismia macrophylla Kunth Clusiaceae Lacre Tree       X           3, 4, 6 455, 456 

588 Vismia sandwithii Ewan Clusiaceae Palo de chicharra Tree               X   3, 4   

589 Vitex klugii Moldenke Verbenaceae Paliperro Tree       X           3, 4   

590 Vitex orinocensis H.B.K. Verbenaceae Nocuito Tree     X             4, 7, 21   

591 Warszewiczia coccinea (Vahl.) Klotzsch Rubiaceae 
Barbas de gallo, cresta de 
gallo 

Tree       X           
3, 11 457 

592 Xanthosoma sagittifolium L. Araceae 
Uncucha, malanga, huitina, 
mafafa 

Herb X                 
4, 13 458, 459 

593 Xylopia nitida Dunal Annonaceae Espintana, pelador Tree   X               3, 4   

594 Zamia hymenophyllidia D.W. Stev. Zamiaceae Abenca Herb         X         3, 11   

595 Zea maiz L. Poaceae Maíz Herb X     X           1, 3, 4, 6, 9, 
17 460, 461 

596 Zygia latifolia (L.) Fawc. & Rendle Mimosaceae Guama de sapo venenoso Bush               X   3, 4   
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No. 
Ref. 

Name Author Year  

1 
Oferta de productos forestales maderables y no maderables con potencial económico en 
un bosque de tierra firme de la Amazonia Colombiana 

Arias J. C. 2005 
Tesis Maestría en Estudios Amazónicos Universidad 
Nacional de Colombia – Sede Amazonia 

2 
Territorio, movilidad, etnobotánica y manejo del bosque de los Nukak Orientales. 
Amazonia Colombiana 

Cardenas D. & G. G. Politis 2000 
Instituto Amazónico de Investigaciones Científicas - 
SINCHI Universidad de los Andes 

3 
Plantas útiles de la Amazonia colombiana - Departamento del Amazonas - Perspectivas 
de los productos forestales no maderables 

Cardenas D. & R. López 2000 
Instituto Amazónico de Investigaciones Científicas - 
SINCHI 

4 www.sinchi.org.co Consultado abril y mayo de 2013     

5 Fruit availability and seed dispersal in terra firme rain forests of colombian amazonia Parrado A.  2005 Tropenbos-International 

6 
Plantas útiles en dos comunidades del Departamento de Putumayo Cárdenas D. et.al. 2002 

Instituto Amazónico de Investigaciones Científicas - 
SINCHI 

7 

La agroforestería en la Amazonia norte Colombiana - Desarrollo y perspectivas Giraldo B. et.al. 

  

Instituto Amazónico de Investigaciones Científicas, 
SINCHI Ministerio de Ambiente, Vivienda y Desarrollo 
Territoral Programa Nacional de Transferencia de 
Tecnología Agropecuaria, PRONATTA 

8 Plantas medicinales de la gente de hacha Andoque H. et.al. 2009 Asociación Centro de Orientación Educativo ACOE 

9 
Uso múltiple y sostenible de la diversidad vegetal en el área muestra Leticia - Río 
Calderón (Dpto. Amazonas - Colombia) 

Torres C. 1995 
Tesis Pregrado Universidad Nacional de Colombia. 
Facultad de Ciencias. Departamento de Biologia 

10 Amazonia, uma perspectiva interdisciplinar Rivas A. et.al. 2002 Edua 

11 
Manual de identificación de especies no maderables del corregimiento de Tarapacá, 
Colombia 

López R. et.al. 2006 
Instituto Amazónico de Investigaciones Científicas - 
SINCHI 

12 
Observaciones sobre la utilización estacional del bosque húmedo tropical por los 
indígenas del Rio Mirití 

Walschburger T. &, P. Von Hildebrand 1988   

13 Frutales y hortalizas promisorias de la Amazonia Villachica H. 1996 Tratado de cooperación Amazónica TCA. Lima Perú 

14 Utilización de las plantas medicinales en el chamanismo como cultura Amazónica Montañez A. 1999 Fondos mixtos para la promoción de la cultura y las artes 

15 
Bases técnicas para el aprovechamiento agroindustrial de especies nativas de la 
Amazonia 

Hernández M.S. & J. A.Barrera 2004 
Instituto Amazónico de Investigaciones Científicas - 
SINCHI 
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16 
História Natural, Ecologia e conservacao de algumas espécies de plantas e animais da 
Amazonia 

Cintra R. 2004 Edua 

17 
Investigaciones para la Amazonia, INPA III 

Instituto Geográfico Agustín Codazzi. 
Subdirección agrícola. 

1996 Instituto Geográfico Agustín Codazzi 

18 
Etnobotánica de Palmas en la Amazonia Colombiana: comunidades indígenas Piapocos 
del río Guaviare, como estudio de caso 

Mesa L.I. 2011 
Tesis Maestría en Estudios Amazónicos Universidad 
Nacional de Colombia – Sede Amazonia 

19 

Ecología, aprovechamiento y manejo sostenible de nueve especies de plantas del 
departamento del Amazonas, generadoras de productos maderables y no maderables 

Castaño N. et.al. 2007 
 Instituto Amazonico de Investigaciones Cientificas 
SINCHI Corporación para el Desarrollo Sostenible del Sur 
de la Amazonia CORPOAMAZONIA 

20 
Las palmas en la comunidad tikuna de San Martín de Amacayacu, conocimiento y usos Prado M.L.  2008 

Tesis Maestría en Estudios Amazónicos Universidad 
Nacional de Colombia – Sede Amazonia 

21 Propiedades, usos y nominación de especies vegetales de la Amazonia Colombiana Acero L.E. 1982 Corporación Araracuara 

22 
Aporte al conocimiento y sostenibilidad del agroecosistema intervenido de la Amazonia 
colombiana 

Ramírez B.L. et.al. 2004 Universidad de la Amazonia 

23 
Plantas del centro experimental Amazónico - CEA- Mocoa, Putumayo Peñuela M.C. & E. Jiménez 2010 

Universidad Nacional de Colombia - Sede Amazonia : 
Corpoamazonia 

24 

Frutales y plantas útiles en la vida amazónica Shanley P et.al. 2012 
Organización de las Naciones Unidas para la Alimentación 
y la Agricultura, el Centro para la Investigación Forestal 
Internacional y Pueblos y Plantas Internacional 

25 
Aspectos biológicos y conservación de frutas promisorias de la Amazonia Colombiana Hernández M.S., et al 2004 

 Instituto Amazónico de Investigaciones Científicas, 
SINCHI Universidad de la Amazonia 

26 
Contribución al conocimiento etnobotánico de la región amazónica: El chontaduro, una 
planta en el contexto cultural Huitoto 

Macuritofe V & N. C. Garzón 1986   

27 
Enfermedades, epidemias y medicamentos. Fragmentos para una historia 
epidemiológica y sociocultural 

Gómez A.J. & H. A. Sotomayor 2008 Universida Nacional de Colombia 

28 Medicina tradicional del pueblo indígena Kamentsa Biya del Valle de Sibundoy Jacanamejoy M.I. 2010 Mocoa 

29 
Memorias. Primer taller: Bases del desarrollo de la Cadena agroproductiva de Capsicum Hernandez M.S. et.al. 2002 

Instituto Amazónico de Investigaciones Científicas 
(SINCHI) Universidad Nacional de Colombia 

30 

Pre-diagnóstico de la investigación en la Amazonia Colombiana en el área de las 
Ciencias Naturales 

Currea A. 2005 Trabajo de grado. Universidad Nacional de Colombia. 

31 
Estudio botánico y del potencial de uso de la familia Lecythidaceae para la Amazonia 
Colombiana (Araracuara y Leticia) 

Bernal R.A. 2000 
 Trabajo de grado. Universidad Nacional de Colombia. 
Facultad de Ciencias. Departamento de Biologia 

32 Observaciones fenológicas del Inchi o Cacay Durán E. 1988   

33 Amazonia colombiana, economía y poblamiento Dominguez C. 2005 Publicaciones Universidad Externado de Colombia 

34 
Anatomia e Morfologia de Plantas Aquáticas da Amazonia. Utilizadas como potencial 
alimento por peixe-boi amazonico 

Gil M. et.al. 2008 Instituto de Desenvolvimento Sustenável Mamirauá 

35 
Manual de manejo de cosecha y postcosecha de frutos de arazá (Eugenia Stipitata Mc. 
Vaught) en la Amazonia Colombiana 

Hernández M.S. et.al. 2007 
Instituto Amazónico de Investigaciones Científicas, 
SINCHI  

36 Anexo 1. Contexto Nacional de la Amazonia       

37 
Producción de raíces finas en dos bosques de tierra firme sobre suelos diferentes en la 
Amazonia Colombiana 

Jimenez E.M.  2007 
Tesis Maestría en Estudios Amazónicos Universidad 
Nacional de Colombia – Sede Amazonia 

38 
Aguaje. La maravillosa palmera de la Amazonía del Castillo D. et.al. 2006 Instituto de Investigaciones de la Amazonía Peruana 

39 
Dinámica del aprovechamiento de los recursos naturales de la cuenca media - alta del 
río Nanay, Loreto, Perú base para los lineamientos de un desarrollo rural sostenible 

Cabudivo A. 2008 Universidad Nacional de Trujillo 
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40 Plan de mejoramiento genético de Camu camu Pinedo M. et.al. 2004 Instituto de Investigaciones de la Amazonía Peruana 

41 
Airo Pai Yoco - El uso tradicional al comercio de biodiversidad Bolivar E.E. 2005 

 Tesis Maestría en Estudios Amazónicos Universidad 
Nacional de Colombia – Sede Amazonia 

42 
Diferentes alternativas de procesamiento del Umarí (poraqueiba sericea Tul.) en el 
trapecio amazónico colombiano 

Aguilar A.  2005 
 Tesis Especialista en Estudios Amazónicos Universidad 
Nacional de Colombia – Sede Amazonia 

43 
Manual de identificación de especies forestales en bosques naturales con manejo 
certificable por comunidades 

López R. & M. Montero 2005 
Instituto Amazónico de Investigaciones Científicas, 
SINCHI  

44 New cholinesterase inhibiting bisbenzylisoquinoline alkaloids from Abuta grandifolia Cometa M. F. et.al. 2012 Fitoterapia Vol 83, Ap 2012, P 476-480 

45 
Saponins and alkaloids from Abuta grandifolia Sayagh Ch. et.al. 2012 
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Research Journal of Pharmaceutical, Biological and 
Chemical Sciences 3 (3) , pp. 695-705 

158 
Investigation of in-vitro anthelmintic activity of Cissampelos pareira linn against 
Pheretima posthuma 

Shukla, P., et.al. 2012 
International Journal of Pharmaceutical Sciences 3 (1) , 
pp. 265-267 

159 

In vitro and in vivo hepatoprotective activity of Cissampelos pareira against carbon-
tetrachloride induced hepatic damage 

Surendran, S., et.al. 2011 
Indian Journal of Experimental Biology 49 (12) , pp. 939-
945 

160 
Antimalarial effect of Tinospora cordifolia (Willd.) Hook.f. & Thoms and Cissampelos 
pareira L. On Plasmodium berghei 

Singh, V.& Banyal, H.S. 2011 Current Science 101 (10) , pp. 1356-1358 

161 
Evaluation of anti-ulcer activity of citrullus lanatus seed extract in Wistar albino rats Bhardwaj, A. et.al. 2012 

International Journal of Pharmacy and Pharmaceutical 
Sciences 4 (SUPPL. 5) , pp. 135-139 

162 

Quantitative determination, Metal analysis and Antiulcer evaluation of Methanol seeds 
extract of Citrullus lanatus Thunb (Cucurbitaceae) in Rats 

Lucky, O.O., et.al. 2012 
Asian Pacific Journal of Tropical Disease 2 (SUPPL2) , pp. 
S804-S808 

163 
Some physico-chemical properties of edible and forage watermelon seeds Acar, R., et.al. 2012 

Iranian Journal of Chemistry and Chemical Engineering 31 
(4) , pp. 41-47 

164 

Anti-inflammatory activities of cucurbitacin e isolated from Citrullus lanatus var. citroides: 
Role of reactive nitrogen species and cyclooxygenase enzyme inhibition 

Abdelwahab, S.I., et.al. 2011 Fitoterapia 82 (8) , pp. 1190-1197 

165 Compositions of the volatile oils of Citrus macroptera and C. maxima Rana, V.S. & Blazquez, M.A. 2012 Natural Product Communications7 (10) , pp. 1371-1372 

166 

Evaluation of bioefficacy of three Citrus essential oils against the dengue vector Aedes 
albopictus (Diptera: Culicidae) in correlation to their components enantiomeric 
distribution 

Giatropoulos, A., et.al. 2012 Parasitology Research 111 (6) , pp. 2253-2263 

167 
Trypsin inhibitory potential and microbial transformation of rutin isolated from Citrus 
sinensis 

Raza, M.A.& Shahwar, D. 2012 Medicinal Chemistry Research , pp. 1-5 

168 

Larvicidal, pupicidal, repellent and adulticidal activity of Citrus sinensis orange peel 
extract against Anopheles stephensi, Aedes aegypti and Culex quinquefasciatus 
(Diptera: Culicidae) 

Murugan, K., et.al. 2012 Parasitology Research 111 (4) , pp. 1757-1769 
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169 

Phytochemical screening and activities of hydrophilic and lipophilic antioxidant of some 
fruit peels 

Zulkifli, K.S., et.al. 2012 
Malaysian Journal of Analytical Sciences 16 (3) , pp. 309-
317 

170 Sesquiterpenoid and acetylenic constituents of seven Clibadium species Czerson, H., et.al. 1979 Phytochemistry 18 (2) , pp. 257-260 

171 
Bioactivity of aqueous extracts of Clibadium sylvestre (Aubl.) Baill. and Derris amazonica 
Killip on the aphid Myzus persicae (Sulzer, 1776) (Hemiptera: Aphididae) 

Filgueiras, C.C., et.al. 2011 Ciencia e Agrotecnologia 35 (6) , pp. 1059-1066 

172 Flavonoids, benzophenones and a new euphane derivative from Clusia columnaris Engl Compagnone, R.S et.al. 2008 Brazilian Journal of Pharmacognosy 18 (1) , pp. 6-10 

173 
Effects of coconut water on carbohydrate metabolism and pancreatic pathology of 
alloxan induced diabetic rats 

Preetha, P.P., et.al. 2013 European Journal of Integrative Medicine 

174 
Alteration of Interfacial Stability of Oil-in-Water Emulsions Using Bio-Derived Additives Lad, V.N. & Murthy, Z.V.P. 2013 

Journal of Dispersion Science and Technology 34 (1) , pp. 
78-83 

175 
Dietary coconut sprout beneficially modulates cardiac damage induced by isoproterenol 
in rats 

Chikku, A.M. & Rajamohan, T. 2012 Bangladesh Journal of Pharmacology 7 (4) , pp. 258-265 

176 
Protective and curative effects of Cocos nucifera inflorescence on alloxan-induced 
pancreatic cytotoxicity in rats 

Renjith, R. & Rajamohan, T. 2012 Indian Journal of Pharmacology 44 (5) , pp. 555-559 

177 
Neuroprotective effects of Cambodian plant extracts on glutamate-induced cytotoxicity in 
HT22 cells 

Keo, S., et.al. 2012 Natural Product Sciences 18 (3) , pp. 177-182 

178 
Inhibitory activity of three varieties of adlay (Coix seed) on adipocyte differentiation in 
3T3-L1 cells 

Lee, M.K., et.al. 2010 Natural Product Sciences 16 (4) , pp. 291-294 

179 
Antihypertensive and Diuretic Effects of the Aqueous Extract of Colocasia esculenta 
Linn. Leaves in Experimental Paradigms 

Vasant, O.K., et.al.. 2012 
Iranian Journal of Pharmaceutical Research 11 (2) , pp. 
621-634 

180 
Antioxidant and alpha-amylase inhibitory activity of methanol extract of Colocasia 
esculenta corm 

Kasote, D.M., et.al. 2011 Pharmacologyonline 2 , pp. 715-721 

181 

Eficácia in vitro de coriandrum sativum, lippia sidoides e copaifera reticulata sobre 
leishmania chagasi | [In vitro efficacy of Coriandrum sativum, Lippia sidoides and 
Copaifera reticulata against Leishmania chagasi] 

Rondon, F.C.M., et.al. 2012 
Revista Brasileira de Parasitologia Veterinaria 21 (3) , pp. 
185-191 

182 

Copaiba oil-resin treatment is neuroprotective and reduces neutrophil recruitment and 
microglia activation after motor cortex excitotoxic injury 

Guimarães-Santos, A., et.al. 2012 
Evidence-based Complementary and Alternative Medicine 
2012 , art. no. 918174 

183 

Ultrastructural alterations in larvae of Aedes aegypti subject to labdane diterpene 
isolated from Copaifera reticulata (Leguminosae) and a fraction enriched with tannins of 
Magonia pubescens (Sapindaceae) 

Valotto, C.F.B., et.al. 2011 
Revista da Sociedade Brasileira de Medicina Tropical 44 
(2) , pp. 194-200 

184 
Avaliação da toxicidade aguda e potencial neurotóxico do óleo-resina de copaíba 
(Copaifera reticulata Ducke, Fabaceae)  

Sachetti, C.G., et.al. 2009 Brazilian Journal of Pharmacognosy 19 (4) , pp. 937-941 

185 
In vitro antibacterial, phototoxic, and synergistic activity of ethanol extracts from costus 
cf. arabicus L. 

Cunha, F.A.B., et.al. 2011 Journal of Medicinal Food 14 (9) , pp. 964-968 

186 
Evaluation of the in vitro anticancer, antimicrobial and antioxidant activities of some 
Yemeni plants used in folk medicine 

Mothana, R., et.al.. 2009 Pharmazie 64 (4) , pp. 260-268 

187 
Solid state NMR study of Couma utilis seeds Nascimento, A.M.R. et.al. 2007 

International Journal of Polymeric Materials 56 (4) , pp. 
365-370 

188 
New iridoids from the fruits of Crescentia cujete Wang, G., et.al. 2010 

Journal of Asian Natural Products Research 12 (9) , pp. 
770-775 

189 
Intoxicações por plantas em ruminantes e equídeos no Sertão Paraibano | [Plant 
poisonings in ruminants and equidae in the Sertão of Paraiba, Brazil] 

Assis, T.S., et.al. 2009 Pesquisa Veterinaria Brasileira 29 (11) , pp. 919-924 

190 

Treatment with aqueous extract from croton Cajucara Benth reduces hepatic oxidative 
stress in Streptozotocin-diabetic rats 

Rodrigues, G.R., et.al. 2012 
Journal of Biomedicine and Biotechnology 2012 , art. no. 
902351 
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191 
Antimicrobial activity of the essential oils from the leaves of two morphotypes of Croton 
cajucara Benth 

Azevedo, M.M.B., et.al. 2012 Journal of Essential Oil Research 24 (4) , pp. 351-357 

192 
Composição química do óleo essencial das cascas de croton ajucara Bentham | 
[Chemical composition of essential oil from the bark of croton cajucara Bentham] 

da Silva, F.R., et.al. 2012 Acta Scientiarum - Technology 34 (3) , pp. 325-329 

193 
Croton lechleri sap and isolated alkaloid taspine exhibit inhibition against human 
melanoma SK23 and colon cancer HT29 cell lines 

Montopoli, M., et.al. 2012 ournal of Ethnopharmacology 144 (3) , pp. 747-753 

194 Antitumor effect of Croton lechleri Mull. Arg. (Euphorbiaceae) Alonso-Castro, A.J., et.al. 2012 Journal of Ethnopharmacology 140 (2) , pp. 438-442 

195 
Crofelemer for the treatment of secretory diarrhea Cottreau, J., et.al. 2012 

Expert Review of Gastroenterology and Hepatology 6 (1) , 
pp. 17-23 

196 

Phytochemical and in vitro total antioxidant capacity analyses of peel extracts of different 
cultivars of Cucumis melo and Citrullus lanatus 

Asghar, M.N., et.al. 2013 Pharmaceutical Biology 51 (2) , pp. 226-232 

197 

Anti-hyperlipidemic activity of Cucumis melo fruit peel extracts in high cholesterol diet 
induced hyperlipidemia in rats. 

Bidkar, J.S., et.al. 2012 
Journal of complementary & integrative medicine 9 , pp. 
Article 22 

198 
β-carotene and antioxidant analysis of three different rockmelon (Cucumis melo L.) 
cultivars 

Norrizah, J.S., et.al. 2012 Journal of Applied Sciences 12 (17) , pp. 1846-1852 

199 Novel topical treatment in vitiligo Buggiani, G., et.al. 2012 Dermatologic Therapy 25 (5) , pp. 472-476 

200 
Characterization of the seed and seed extracts of the pumpkins Cucurbita maxima D. 
and Cucurbita pepo L. from Macedonia 

Srbinoska, M., et.al. 2012 
Macedonian Journal of Chemistry and Chemical 
Engineering 31 (1) , pp. 65-78 

201 

Effect of hydro-alcoholic extract of cucurbita maxima, fruit juice and glibenclamide on 
blood glucose in diabetic rats 

Lal, V.K., et.al. 2011 
American Journal of Pharmacology and Toxicology 6 (3) , 
pp. 84-87 

202 
Antidepressant-like effects of curcumin in WKY rat model of depression is associated 
with an increase in hippocampal BDNF 

Hurley, L.L., et.al. 2013 Behavioural Brain Research 239 (1) , pp. 27-30 

203 Curcumin reduces cisplatin-induced neurotoxicity in NGF-differentiated PC12 cells Mendonça, L.M., et.al. 2013 NeuroToxicology 34 (1) , pp. 205-211 

204 
Curcumin induces cell death and restores tamoxifen sensitivity in the antiestrogen-
resistant breast cancer cell lines MCF-7/LCC2 and MCF-7/LCC9 

Jiang, M., et.al. 2013 lecules 18 (1) , pp. 701-720 

205 Formulation of methanolic extract of Cymbopogon citratus tablets: In vitro evaluation Chime, S.A., et.al. 2012 Drug Invention Today 4 (7) , pp. 397-400 

206 
Larvicidal effects of Cymbopogon citratus (lemon grass) extract against Culex 
quinquefasciatus qularvae (Diptera, Culicidae) 

Adakole, J.A. & Adeyemi, A.F.F. 2012 
International Journal of Applied Environmental Sciences 7 
(2) , pp. 187-192 

207 

Structural basis for both pro- and anti-inflammatory response induced by mannose-
specific legume lectin from Cymbosema roseum 

Rocha, B.A.M., et.al. 2011 Biochimie 93 (5) , pp. 806-816 

208 Screening of Panamanian plants for molluscicidal activity Marston, A., et.al. 1996 Pharmaceutical Biology 34 (1) , pp. 15-18 

209 
Condensed tannins from Sesbania sesban and Desmodium intortum as a means of 
Haemonchus contortus control in goats 

Debela, E., et.al. 2012 
Tropical Animal Health and Production 44 (8) , pp. 1939-
1944 

210 
Molluscicidal activity of plants from Puerto Rico Meléndez, P.A.& Capriles, V.A. 2002 

Annals of Tropical Medicine and Parasitology 96 (2) , pp. 
209-218 

211 
Effect of the mode of incorporation on the disintegrant properties of acid modified water 
and white yam starches 

Odeku, O.A.& Akinwande, B.L. 2012 Saudi Pharmaceutical Journal 20 (2) , pp. 171-175 

212 

Antidiabetic activity of ethanolic extract of tubers of Dioscorea alata in alloxan induced 
diabetic rats 

Maithili, V., et.al. 2011 Indian Journal of Pharmacology 43 (4) , pp. 455-459 

213 
Evaluation of starches obtained from four Dioscorea species as binding agent in 
chloroquine phosphate tablet formulations 

Okunlola, A. & Odeku, O.A. 2011 Saudi Pharmaceutical Journal 19 (2) , pp. 95-105 

214 
Efectos analgésicos y antiinflamatorios de Drymonia serrulata (Jacq.) Mart. | [The 
analgesic and anti-inflammatory effects of Drymonia serrulata (Jacq.) Mart.] 

Espósito Avella, M., et.al.. 1993 Revista medica de Panama 18 (3) , pp. 211-216 
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215 Essential oil composition from duguetia species (annonaceae) Maia, J.G.S., et.al. 2006 Journal of Essential Oil Research 18 (1) , pp. 60-63 

216 
Alcaloïdes des annonacées, 78. Alcaloïdes des écorces d'un Duguetia spixiana de 
bolivie 

Rasamizafy, S., et.al. 1987 Journal of Natural Products 50 (4) , pp. 674-679 

217 New 3-methyoxyflavones, an iridoid lactone and a flavonol from Duroia hirsuta Aquino, R., et.al. 1999 Journal of Natural Products 62 (4) , pp. 560-562 

218 
Accumulation and localization of cadmium in Echinochloa polystachya grown within a 
hydroponic system 

Solís-Domínguez, F.A., et.al. 2007 Journal of Hazardous Materials 141 (3) , pp. 630-636 

219 Screening of antifungal activity of extracts present in Entre Ríos flora species Vivot Lupi, E.P., et.al. 2009 Revista Cubana de Farmacia 43 (4) , pp. 74-84 

220 

Larvicidal and pupicidal activity of extracts and fractionates of Eichhornia crassipes 
(Mart.) Solms against the filarial vector Culex quinquefasciatus 

Jayanthi, P., et.al. 2012 Parasitology Research 111 (5) , pp. 2129-2135 

221 
Biochemical characterization of consortium compost of toxic weeds Parthenium 
hysterophorus and Eichhornia crassipe 

Khaket, T.P., et.al. 2012 Bioresource Technology 123 , pp. 360-365 

222 Secondary metabolites of Eichhornia crassipes (Waterhyacinth): A review (1949 to 2011) Lalitha, P., et.al. 2012 Natural Product Communications 7 (9) , pp. 1249-1256 

223 
Accumulation of metals in selected macrophytes grown in mixture of drain water and 
tannery effluent and their phytoremediation potential 

Kumar, N., et.al. 2012 Journal of Environmental Biology 33 (5) , pp. 923-927 

224 
Volatile chemical composition of the essential oil from Colombian Eryngium foetidum L. 
and determination of its antioxidant activity 

Jaramillo, B.E., et.al. 2011 
Revista Cubana de Plantas Medicinales 16 (2) , pp. 140-
150 

225 Eryngium foetidum L.: A review Paul, J.H.A., et.al. 2011 Fitoterapia 82 (3) , pp. 302-308 

226 
Eryngium foetidum suppresses inflammatory mediators produced by macrophages. Mekhora, C., et.al. 2012 

Asian Pacific journal of cancer prevention : APJCP 13 (2) , 
pp. 653-664 

227 Coca: Traditional herbal remedy versus narcotic Anagnostou, S. 2011 Zeitschrift fur Phytotherapie 32 (4) , pp. 191-194 

228 

Determining acetylcholinesterase inhibitory activity in Plant extracts using a fluorimetric 
flow assay 

Rhee, I.K., et.al. 2003 Phytochemical Analysis 14 (3) , pp. 145-149 

229 
Purification of betulinic acid from Eugenia florida (Myrtaceae) by high-speed counter-
current chromatography 

Frighetto, N., et.al. 2005 Phytochemical Analysis 16 (6) , pp. 411-414 

230 Essential oil composition of Eugenia florida and Eugenia mansoi Apel, M.A., et.al. 2004 Journal of Essential Oil Research 16 (4) , pp. 321-322 

231 

A novel antimicrobial lectin from Eugenia malaccensis that stimulates cutaneous healing 
in mice model 

Brustein, V.P., et.al. 2012 Inflammopharmacology 20 (6) , pp. 315-322 

232 
Essential oils of twelve species of Myrtaceae growing wild in the sandbank of the Resex 
Maracanã, State of Pará, Brazil 

Pereira, R.A., et.al. 2010 
Journal of Essential Oil-Bearing Plants 13 (4) , pp. 440-
450 

233 

Determination of carotenoids, total phenolic content, and antioxidant activity of Arazá 
(Eugenia stipitata McVaugh), an amazonian fruit 

Garzón, G.A., et.al. 2012 
Journal of Agricultural and Food Chemistry 60 (18) , pp. 
4709-4717 

234 

Optimization of the crossflow microfiltration of arazá juice (Eugenia stipitata) under 
different operation modes 

Ramirez L, A.G., et.al. 2011 Vitae 18 (2) , pp. 153-161 

235 Extraction and activity of peroxidase in arazá (Eugenia stipitata Mc Vaugh) pulp fruit Narváez-Cuenca, C.E. 2008 Quimica Nova 31 (8) , pp. 2047-2051 

236 
Composition of the Bioactive Essential Oils from the Leaves of Eugenia stipitata 
McVaugh ssp. sororia from the Azores 

Medeiros, J.R., et.al. 2003 Journal of Essential Oil Research 15 (4) , pp. 293-295 

237 
Bioactivities of açaí (Euterpe precatoria Mart.) fruit pulp, superior antioxidant and anti-
inflammatory properties to Euterpe oleracea Mart. 

Kang, J., et.al. 2012 Food Chemistry 133 (3) , pp. 671-677 

238 
Inhibition of hepatitis B virus and human immunodeficiency virus (HIV-1) replication by 
Warscewiczia coccinea (Vahl) Kl. (Rubiaceae) ethanol extract 

Quintero, A., et.al. 2011 Natural Product Research 25 (16) , pp. 1565-1569 

239 
Phytochemical composition and thermal stability of two commercial açai species, 
Euterpe oleracea and Euterpe precatoria 

Pacheco-Palencia, et.al. 2009 Food Chemistry 115 (4) , pp. 1199-1205 

240 Antioxidant and cytotoxic activities of 'Açaí' (Euterpe precatoria mart.) lotta, A.L.Q.A., B et.al. 2008 Quimica Nova 31 (6) , pp. 1427-1430 
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241 
Chemical constituents from roots and leaf stalks of açaí (Euterpe precatoria Mart., 
Arecaceae) 

De Assis Galotta, A.L.Q. & Boaventura, 
M.A.D. 

2005 Quimica Nova 28 (4) , pp. 610-613 

242 
Constituents of Fevillea cordifolia: New norcucurbitacin and cucurbitacin glycosides Achenbach, H., et.al. 1993 

Journal of Natural Products (Lloydia) 56 (9) , pp. 1506-
1519 

243 
Leishmanicidal, antiproteolytic and antioxidant evaluation of natural biflavonoids isolated 
from Garcinia brasiliensis and their semisynthetic derivatives 

Gontijo, V.S., et.al. 2012 European Journal of Medicinal Chemistry 58 , pp. 613-623 

244 

Isolation and evaluation of the antioxidant activity of phenolic constituents of the Garcinia 
brasiliensis epicarp 

Gontijo, V.S., et.al. 2012 Food Chemistry 132 (3) , pp. 1230-1235 

245 

Antinociceptive and anti-inflammatory properties of 7-epiclusianone, a prenylated 
benzophenone from Garcinia brasiliensis 

Santa-Cecília, F.V., et.al. 2011 European Journal of Pharmacology 670 (1) , pp. 280-285 

246 Natural products from Garcinia brasiliensis as Leishmania protease inhibitors Pereira, I.O., et.al. 2011 Journal of Medicinal Food 14 (6) , pp. 557-562 

247 Anti-inflammatory and antinociceptive effects of Garcinia brasiliensis Santa-Cecília, F.V., et.al. 2011 Journal of Ethnopharmacology 133 (2) , pp. 467-473 

248 Genipatriol, a new cycloartane triterpene from Genipa spruceana Hossain, C.F., et.al. 2003 Journal of Natural Products 66 (3) , pp. 398-400 

249 
Determination of the antioxidant potential in Guadua angustifolia Kunth vinegar extracts 
for food applications] 

Echavarría, C., et.al. 2012 
Revista Cubana de Plantas Medicinales 17 (4) , pp. 330-
342 

250 
Extraction of fractions with anti-oxidant activity in Guadua angustifolia Kunth leaves] 

Valencia, M., et.al.Durango, S., Pinillos, J.F., 
Mejía, C.A., Gallardo-Cabrera, C.C. 

2011 
Revista Cubana de Plantas Medicinales 16 (4) , pp. 364-
373 

251 Chemical constituents of Gustavia augusta L. (lecythidaceae)] Leão De Souza, A.D., et.al. 2001 Quimica Nova 24 (4) , pp. 439-442 

252 Flavonoids and isoflavonoids from Gynerium sagittatum Benavides, A., et.al. 2007 Phytochemistry 68 (9) , pp. 1277-1284 

253 

Labdane-type diterpenoids from the rhizomes of Hedychium coronarium inhibit 
lipopolysaccharide-stimulated production of proinflammatory cytokines in bone marrow-
derived dendritic cells 

Van Kiem, P., et.al. 2012 Chemical and Pharmaceutical Bulletin 60 (2) , pp. 246-250 

254 

Chemical constituents of the rhizomes of Hedychium coronarium and their inhibitory 
effect on the pro-inflammatory cytokines production LPS-stimulated in bone marrow-
derived dendritic cells 

Kiem, P.V., et.al. 2011 
Bioorganic and Medicinal Chemistry Letters 21 (24) , pp. 

7460-7465 

255 
Antimicrobial, mosquito larvicidal and antioxidant properties of the leaf and rhizome of 
Hedychium coronarium 

Ho, J.-C. 2011 
Journal of the Chinese Chemical Society 58 (4) , pp. 563-
567 

256 
Chemical composition and antibacterial activity of rhizome oils from Hedychium 
coronarium Koenig and Hedychium spicatum Buch-Ham 

Prakash, O., et.al. 2010 
Journal of Essential Oil-Bearing Plants 13 (2) , pp. 250-
259 

257 
Heliconias of the Baixo Juruá Extractive Reserve: Economical potential for Amazonian 
traditional population 

Arruda, R., et.al. 2008 Acta Amazonica 38 (4) , pp. 611-616 

258 
Heliconia psittacorum responds to variations of nitrate/ammonium ratios under 
hydroponic conditions 

Gómez-Merino, F.C.,  et.al. 2012 Acta Horticulturae 947 , pp. 261-268 

259 

Treatment of domestic wastewater in tropical, subsurface flow constructed wetlands 
planted with Canna and Heliconia 

Konnerup, D., et.al. 2009 Ecological Engineering 35 (2) , pp. 248-257 

260 
Rubber Elongation Factor (REF), a Major Allergen Component in Hevea brasiliensis 
Latex Has Amyloid Properties 

Berthelot, K., et.al. 2012 PLoS ONE 7 (10) , art. no. E48065 

261 Chemical constituents of the seed shell of Hevea brasiliensis Ren, F.-Z., et.al. 2012 Chinese Journal of New Drugs 21 (19) , pp. 2311-2315 

262 
Two-stage processes of homogenous catalysed transesterification of high free fatty acid 
crude oil of rubber seed 

Thangaraj, B. & Paul Raj, S. 2013 International Journal of Sustainable Energy 

263 
Anti-proliferation effect of Hevea brasiliensis latex B-serum on human breast epithelial 
cells 

Lee, Y.K., et.al. 2012 
Pakistan Journal of Pharmaceutical Sciences 25 (3) , pp. 
645-650 
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264 
Leishmanicidal activity of Himatanthus sucuuba latex against Leishmania amazonensis Soares, D.C., et.al. 2010 Parasitology International 59 (2) , pp. 173-177 

265 
Spirolactone iridoids might be responsible for the antileishmanial activity of a Peruvian 
traditional remedy made with Himatanthus sucuuba (Apocynaceae) 

Castillo, D., et.al. 2007 Journal of Ethnopharmacology 112 (2) , pp. 410-414 

266 Essential oils from the Hyptis genus - A review (1909-2009) McNeil, M., et.al. 2011 Natural Product Communications 6 (11) , pp. 1775-1796 

267 
Antimicrobial activity and composition of Hyptis mutabilis essential oil Oliva, M.M., et.al. 2006 

Journal of Herbs, Spices and Medicinal Plants 11 (4) , pp. 
57-63 

268 

Anti-gastric adenocarcinoma activity of 2-Methoxy-1,4-naphthoquinone, an anti-
Helicobacter pylori compound from Impatiens balsamina L. 

Wang, Y.-C. & Lin, Y.-H. 2012 Fitoterapia 83 (8) , pp. 1336-1344 

269 Antinociceptive activity of methanol extract of flowers of Impatiens balsamina Imam, M.Z., et.al. 2012 Journal of Ethnopharmacology 142 (3) , pp. 804-810 

270 Comparison of antimicrobial activities of naphthoquinones from Impatiens balsamina Sakunphueak, A., et.al. 2012 Natural Product Research 26 (12) , pp. 1119-1124 

271 
A new cytotoxic dinaphthofuran-7,12-dione derivatives from the seeds of Impatiens 
balsamina 

Pei, H., et.al. 2012 
Zhong yao cai = Zhongyaocai = Journal of Chinese 
medicinal materials 35 (3) , pp. 407-410 

272 
Oviposition and embryotoxicity of indigofera suffruticosa on early development of aedes 
aegypti (Diptera: Culicidae) 

Vieira, J.R.C., et.al. 2012 
Evidence-based Complementary and Alternative Medicine 
2012 , art. no. 741638 

273 Immunostimulatory and cytotoxic activities of Indigofera suffruticosa (Fabaceae) Lopes, F.C.M., et.al. 2011 Natural Product Research 25 (19) , pp. 1796-1806 

274 

Indigofera suffruticosa Mill as new source of healing agent: Involvement of prostaglandin 
and mucus and heat shock proteins 

Luiz-Ferreira, A., et.al. 2011 Journal of Ethnopharmacology 137 (1) , pp. 192-198 

275 
Improving the desorption of Inga edulis flavonoids from macroporous resin: Towards a 
new model to concentrate bioactive compounds 

Silva, E.M., et.al.. 2012 Food and Bioproducts Processing 

276 
Purification of phenolic compounds from inga edulis leaves using solid-phase extraction: 
major compounds quantification and antioxidant capacity evaluation] 

De Sousa Dias, A. et.al. 2010 Quimica Nova 33 (1) , pp. 38-42 

277 
Identification and antioxidant activity of several flavonoids of Inga edulis leaves Souza, J.N.S., et.al. 2007 

Journal of the Brazilian Chemical Society 18 (6) , pp. 
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402 
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403 
Antihistaminic and antiallergic actions of extracts of Solanum nigrum berries: Possible 
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Dias, A.M.A., et.al. 2012 Journal of Supercritical Fluids 61 , pp. 62-70 

410 Peroxidase activity in spondias dulcis Souza, D.P.B., et.al. 2010 Acta Scientiarum - Technology 32 (4) , pp. 341-345 

411 

Pharmacological potential of crude aqueous extract of Spondias mombin stem bark 
(Anacardiaceace) on isolated rabbit duodenum, a medicinal plant used in the traditional 
treatment of the digestive disorders 
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Da Silva, A.R.A., et.al. 2012 Pharmaceutical Biology 50 (6) , pp. 740-746 

414 

Development of mixed beverages made of caja (Spondias mombin l.) and cashew apple 
(Anacardium occidentale) added of Fructooligosaccharides and Inulin 

Da Silva, L.M.R., et.al. 2011 
Archivos Latinoamericanos de Nutricion 61 (2) , pp. 209-
215 

415 
Fruit consumption, seed dispersal and seed fate in the vine Strychnos erichsonii in a 
French Guianan forest 

Julien-Laferrière, D. 1999 Revue d'Ecologie (La Terre et la Vie) 54 (4) , pp. 315-326 

416 
An antimicrobial diketopiperazine alkaloid and co-metabolites from an endophytic strain 
of Gliocladium isolated from Strychnos cf. toxifera 

Koolen, H.H.F., et.al. 2012 Natural Product Research 26 (21) , pp. 2013-2019 

417 
Inhibition of aldose reductase by herbs extracts and natural substances and their role in 
prevention of cataracts 

Guzmán, Á. & Guerrero, R.O. 2005 Revista Cubana de Plantas Medicinales 10 (3-4) 

418 
Evaluation of the hypoglycemic, hypolipidemic and hepatic glycogen raising effects of 
Syzygium malaccense upon streptozotocin induced diabetic rats 

Bairy, K.L., et.al. 2005 Journal of Natural Remedies 5 (1) , pp. 46-51 

419 
Analysis of Volatile compounds of cacao maraco (Theobroma bicolor Humb. et Bonpl.) 
fruit 

Quijano, C.E. & Pino, J.A. 2009 Journal of Essential Oil Research 21 (3) , pp. 211-215 
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No Scientenfic name Family Common name 
Growth 
habit 

TRADITIONAL USES 
Cultivated 

Reference 
Traditional 

uses 

Reference 
Scientific 

uses Food Craft Const. Med. Orn. Tox. Psyc. Fuel 

1 Abarema auriculata Barneby & J.W. Grimes Mimosaceae Guarango maní Tree X   X         X   1, 2, 3   

2 Agonandra silvatica Ducke Opiliaceae Gomo Tree                   1, 2   

3 Alchornea triplinervia Mull. Arg Euphorbiaceae 
Algondocillo, reventillo, 
zancudo caspi 

Tree                 X 1, 2, 4, 5, 6 30, 31, 32 

4 Aldina heterophylla Spruce ex Benth. Fabaceae Macucu, bucuri Bush                   5, 7   

5 Ampelocera edentula Kuhlmann Ulmaceae   Tree                   2, 5, 8 33 

6 Anacardium giganteum Hancock & Engl. Anacardiaceae 
Marañon gigante, cashu 
caspi 

Tree X     X         X 1, 2, 5, 6, 8   

7 Anacardium spruceanum Benth ex Engl. Anacardiaceae   S.I.                   7, 9   

8 Anadenanthera peregrina Speg. Mimosaceae Yopo, parica Tree             X     1, 2, 10 34 

9 Anaueria brasiliensis Koesterm. Lauraceae   Tree X                 1, 2   

10 Andira inermis (W. Wright) Kunth ex DC Fabaceae Manteco, congo Tree       X   X       1, 2, 11 35 

11 Aniba canelilla (H.B.K.) Mez Lauraceae Casca preciosa, aguacatillo Tree       X           
2, 3, 5, 7, 
10 

36, 37, 38, 
39 

12 Aniba hostmanniana (Nees) Mez Lauraceae 
Amarillo, moena de hoja 
grande 

Tree                   1, 2   

13 Aniba panurensis (Meins) Mez Lauraceae Mirataba Tree                   2, 12 40 

14 Annona dolichophylla R.E.Fr Annonaceae Matafrio de pava Tree                   1, 2   

15 Anthodiscus amazonicus Gleason & A.C. Sm. Caryocaraceae Acapú macho Tree                   1, 2, 5   

16 Aparisthmium cordatum Euphorbiaceae 
Guacamayo, palo de 
garrapata 

Tree X     X           13 41, 42 

17 Apeiba aspera Aubl. Malvaceae Peine mono Tree X X               1, 9, 11, 13   

18 Apeiba membranacea Spruce ex Benth Tiliaceae Peinemono Tree                   2, 8, 14   

19 Aptandra tubicina Benth.ex Miers Olacaceae   Tree                   1, 2   

20 Apuleia molaris Spruce ex Benth Caesalpiniaceae   Tree                   5, 9   
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21 Aspidosperma album (Vahl) Benoist Apocynaceae   Tree                   5, 7, 9   

22 
Aspidosperma darienense Woodson ex 
Dwyer 

Apocynaceae Costillo Tree                   1, 2   

23 
Aspidosperma desmanthum Benth. Ex 
Mull.Arg 

Apocynaceae Quillo bordón Bush                   1, 2 43 

24 Aspidosperma excelsum Benth. Apocynaceae Castillo Tree   X X X           1, 2, 3, 15   

25 
Aspidosperma spruceanum Benth. Ex Mull. 
Arg 

Apocynaceae Remo caspi, costillo Tree X     X           1, 2, 16 44 

26 Batesia floribunda Spruce ex. Benth Fabaceae Chocho Tree                   2, 5   

27 Batocarpus orinocensis Moraceae 
Arbol del pan, árbol del pan 
de danta 

Tree X                 13   

28 Bellucia grossularioides  (L.) Triana Melastomataceae 
Guayabo, guayaba de 
morrocoy 

Tree X               X 1, 2, 5, 8   

29 Bertholletia excelsa H.B.K. Lecythidaceae 
Castaña, castaña de Brasil, 
nuez del brasil 

Tree X X X X           
1, 2, 3, 18, 
19, 20 

  

30 Bocageopsis multiflora R. E. Fr Annonaceae   Tree X   X             5, 9   

31 Brosimum guianense (Aubl.) Huber Moraceae 
Palo de pepas de pava, 
lechechiva 

Tree X   X             2, 3, 6, 15   

32 Brosimum lactescens (S. Moore) C.C. Berg Moraceae 
Arbol vaca, manchinga, pepa 
de pava 

Tree X     X           1, 2, 5   

33 Brosimum rubescens Taubert Moraceae Palisangre, granadillo Tree   X X             
1, 2, 3, 5, 
6, 7, 21 

  

34 Brosimum utile (H.B.K.) Pittier Moraceae Mari mari, árbol vaca Tree X X   X       
  

  
1, 2, 3, 4, 
5, 6, 13, 21 

47 

35 Buchenavia amazonia Alwan & Stace Combretaceae Yacushapana Tree                   1, 2   

36 Buchenavia congesta Ducke Combretaceae   Tree                   2, 5   

37 Byrsonima japurensis A.Juss. Malpighiaceae   Tree                   2, 5 48 

38 Calophyllum brasiliense Cambess. Clusiaceae 
Cachicamo, aceite maria, 
ungüento  

Tree       X           
1, 2, 3, 6, 
7, 11 

49, 50 

39 Calophyllum longifolium Willd. Clusiaceae Lagarto, lagarto caspi Tree                   1, 2   

40 Calophyllum pachyphyllum Planch & Triana Clusiaceae Jacarauva Tree       X           2, 5   

41 Calycophyllum megistocaulon C.M. Taylor Rubiaceae Capirona de altura Tree       X       X   1, 2, 3   

42 Calycophyllum obovatum Ducke Rubiaceae Guayabete Bush                   2, 12   

43 Capirona decorticans Spruce Rubiaceae Capirona Tree           X       1, 2   

44 Caraipa densifolia Mart. Clusiaceae Aceite caspi Tree                   1, 2 51 

45 Carapa guianensis Aubl Meliaceae Andiroba Tree       X           
1, 2, 5, 9, 
10, 11, 20, 
21 

52, 53, 54, 
55 

46 Cariniana decandra Ducke Lecythidaceae 
Abarco, carguero, tabari, 
cachimbo 

Tree   X X             
1, 5, 9, 19, 
171 

  

47 Cariniana multiflora Ducke & Kunth Lecythidaceae Machimango colorado Tree   X   X           
1, 5, 8, 9, 
19 

  

48 Caryocar glabrum (Aubl.) Pers. Caryocaraceae Castañita, almendro colorado Tree X X       X       
1, 2, 3, 5, 
8, 15 

  

49 Caryocar gracile Wittm Caryocaraceae   Tree                   2, 5   

50 Caryocar pallidum A.C.Smith Caryocaraceae   Tree                   2, 7   
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51 Caryocar villosum Pers. Caryocaraceae Almendro Tree X X               7, 9, 18, 20 56 

52 Casearia ulmifolia Salicaceae Vara blanca Tree       X           13   

53 Catostemma cavalcantei Bombacaceae   S.I.                   5   

54 Catostemma commune Sandwith Bombacaceae Yolombo Tree                    1, 2   

55 Catostemma sclerophyllum Bombacaceae   Bush                    5   

56 Cedrela odorata L. Meliaceae Cedro, cedro colorado Tree       X           
1, 2, 3, 11, 
12, 21, 22, 
23 

57, 58, 59 

57 Cedrelinga cateniformis (Ducke) Ducke Fabaceae 
Achapo rosado, cedro 
achapo, tornillo 

Tree       X           
1, 2, 5, 7, 
12, 13, 15, 
21, 24 

  

58 Ceiba pentandra (L.) Gaertn. Bombacaceae Ceiba, lupuna Tree   X   X           
1, 3, 9, 10, 
11, 15 

60, 61, 62, 
63, 64 

59 Cespedesia spathulata (Ruiz & Pav.) Planch Ochnaceae Leyo, palo canoa Tree   X     X         
1, 2, 3, 5, 
11 

  

60 Chaetocarpus schomburgkianus Euphorbiaceae   Tree                   5   

61 Chaunochiton kappleri Ducke Olacaceae   Tree                   2, 5 65 

62 Chaunochiton loranthoides Benth. Olacaceae Achumuco Tree                   8   

63 Clarisia racemosa Ruiz & Pavón Moraceae Arracacho, pelacara Tree X X X             1, 2, 3, 5, 7 56 

64 Clathrotropis macrocarpa Ducke Fabaceae Fariñero Tree       X           
1, 2, 5, 6, 
8, 15 

  

65 Couepia dolicopoda Prance Chrysobalanaceae 
Aguire, hamaca huayo, maiz 
tostado 

Tree X                 1, 2, 3, 171   

66 Couepia longipendula Pilger Chrysobalanaceae   Tree X                 1, 5, 8, 9 66 

67 Couma catingae Ducke Apocynaceae Sorba, pendare Tree       X           1, 2, 5   

68 Couma macrocarpa Barb. Rodr. Apocynaceae 
Surba, Juansoco, palma 
popa, sorba 

Tree X X   X X         

1, 2, 3, 4, 
5, 6, 8, 10, 
11, 15, 21, 
25, 26 

  

69 Couratari guianensis Aubl. Lecythidaceae Papelillo, cachimbo Tree   X               1, 2, 15, 19   

70 Couratari stellata A.C. Smith Lecythidaceae Mata mata, carguero negro Tree X X X             
1, 5, 8, 9, 
19, 23, 171 

67 

71 Couroupita guianensis Aubl. Lecythidaceae Ayahuma Tree   X   X X         1, 5, 9, 19 
68, 69, 70, 
71, 72 

72 Coussapoa trinervia Spruce ex Mildbr. Cecropiaceae Cupi, renaco del bajial Tree X X               1, 2, 5   

73 Croton matourensis Aubl. Euphorbiaceae 
Lengua de vaca, madera 
blanca, drago 

Tree                   2, 5, 13   

74 Croton monachinoensis Jabl. Euphorbiaceae   Tree                   2, 5   

75 Curupira tefeensis Olacaceae   Tree                   5   

76 Dacryodes chimatensis Steyerm. & Maguire Burseraceae Laurel, copalillo Tree X     X           
1, 2, 6, 12, 
15 

  

77 Dacryodes nitens Cuatrec Burseraceae Anime, laurel, copalillo Tree X                 1, 2, 5   
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78 Dacryodes peruviana (Loes) J.F. Macbr. Burseraceae 
Ibapichuna grande, laurel, 
copal huayo 

Tree X X   X         X 
1, 2, 6, 12, 
13, 15 

  

79 Dialium guianensis (Aublet) Sandw. Caesalpiniaceae 
Tres tablas, Algarrobillo, 
tamarindo de monte 

Tree X                 
1, 3, 5, 7, 
9, 15 

  

80 Diclinanona calycina (Diels) R.E.Fr Annonaceae Sacha anona Tree                   1, 2 65 

81 Diplotropis purpurea C. Rich. Fabaceae Balsamo negro Tree       X X         
3, 5, 7, 9, 
16 

56 

82 Dipteryx magnífica Ducke Fabaceae   Tree                   2, 7   

83 Dipteryx micrantha Harms. Fabaceae   Tree               X   2, 5, 8 73 

84 Dipteryx odorata (Aublet) Willd Fabaceae Sarrapio, cumaru, charapilla Tree X X   X           
1, 2, 5, 7, 
10, 20 

56 

85 Dipteryx polyphylla Huber Fabaceae Palo de grulla Tree X                 1, 2, 5   

86 Duguetia latifolia R.E.Fr. Annonaceae Tortuga caspi Tree       X           1, 2   

87 Duguetia macrophylla R.E.Fr Annonaceae Carahuasca Bush       X           1, 2   

88 Duguetia odorata (Diels) J.F. Macbr Annonaceae Tortuga caspi Tree                   1, 2 74 

89 Duguetia quitarensis Benth. Annonaceae Tortuga caspi Tree X     X           1, 2, 15   

90 Emmotum nitens Miers Icacinacea   Tree                   2, 5   

91 Endlicheria anomala (Nees) Mez Lauraceae Yacumuena Tree                   1, 2 75 

92 Endlicheria formosa A.C. Sm. Lauraceae Yacumuena, caimo Tree                   1, 2, 3   

93 Endlicheria klugii O.C.Schmidt Lauraceae   Tree                   5   

94 Endlicheria multiflora (Miq.) Mez Lauraceae   Tree                   1, 2   

95 Endlicheria paniculata J.F. Macbr. Lauraceae Muena Tree                   1, 2   

96 Endlicheria tessmannii O.C. Schmidt Lauraceae Muena Tree                   1   

97 Enterolobium cyclocarpum (Jacq.) Griseb Mimosaceae 
Caracaro, dormilón, 
jaboncillo 

Tree                   5, 9 
57, 76, 77, 
78 

98 Eperua leucantha Benth Caesalpiniaceae Yévaro sabanero Tree         X         5, 9 79 

99 Eperua purpurea Benth Caesalpiniaceae   Tree X       X         2, 5 80 

100 Erisma bicolor Ducke Vochysiaceae Quillo sisa Tree               X   1, 2, 5   

101 Erisma bracteosum Vochysiaceae   S.I.                   2, 5   

102 Erisma japura Spruce ex Warm Vochysiaceae Oreja de chimbe Tree X                 1, 9   

103 Erisma splendens Slafleu Vochysiaceae   Tree         X         2, 5   

104 Erisma uncinatum Warm. Vochysiaceae 
Milpo, oreja de chimbe, 
arenillo 

Tree X                 
1, 2, 3, 5, 
12 

81 

105 Eschweilera alata A.C. Smith Lecythidaceae 
Matamatá blanco, carguero 
de gavilán 

Tree   X   X           
1, 2, 19, 
21, 27 

  

106 Eschweilera amazonica R. Knuth Lecythidaceae   S.I.   X               5, 9, 19   

107 Eschweilera bracteosa Miers Lecythidaceae Fono, machimango Tree       X           1, 2, 4, 19   

108 Eschweilera chartaceifolia S.A. Mori Lecythidaceae Machimango de hoja menuda Tree                   1, 2, 19   
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109 Eschweilera coriacea (A. DC.) S.A. Mori Lecythidaceae 
Chirú, machimango negro, 
carguero, fono blanco 

Tree X X   X           
1, 2, 3, 6, 
11, 13, 16, 
19 

72, 82 

110 Eschweilera parvifolia Martius Ex A.P. Lecythidaceae 
Huasca, carguero de gavilán, 
fono negro 

Tree     X             
2, 3, 6, 7, 
19 

  

111 Eschweilera punctata S.A. Mori Lecythidaceae 
Matamatá cascudo, palo 
viche 

Tree   X   X           
1, 2, 6, 19, 
21 

  

112 Eschweilera tessmannii R. Knuth Lecythidaceae Popai, machimango colorado Tree               X   1, 2, 6, 19   

113 Ficus insipida Willd. Moraceae Ojé , higuerón Tree   X   X   X       
1, 2, 3, 11, 
22, 28 

  

114 Garcinia madruno (Kunth) Hammel Clusiaceae Madroño, charichuelo chico Tree  X             X X 1, 2, 3, 6 83, 84 

115 Genipa americana L. Rubiaceae Huito, wito Tree X X   X           1, 2, 11 85, 86 

116 Goupia glabra Aublet Celastraceae Parature Tree   X   X           2, 5, 7, 27   

117 Guarea grandifolia DC Meliaceae Envirera, bolia requia Tree                   1, 2   

118 Guarea guidonia (L.) Sleumer Meliaceae Requia del bajo Tree                   1, 2 87, 88 

119 Guarea kunthiana A. Juss Meliaceae Peri, requia Tree                   1, 2, 3 89, 90, 91 

120 Guarea purusana C. DC. Meliaceae Bilibil, requia Tree                   1, 2, 5   

121 Guatteria acutissima R.E.Fr Annonaceae Carahuasca Tree                   1, 2   

122 
Guatteria atabapensis Aristeg. Ex D.M. 

Johnson & N 
Annonaceae Carguero Tree                   1, 2   

123 Guatteria decurrens R.E.Fr. Annonaceae 
Limoncillo, carahuasca, 
carguero 

Tree   X   X           1, 2, 3   

124 Guatteria megalophylla Diels Annonaceae Carahuasca Tree                   1, 2   

125 Guatteria multivenia Diels Annonaceae Carahuasca Tree                   1, 2   

126 Guatteria schomburgkiana Mart. Annonaceae Espintana peluda Tree       X           1, 2 92 

127 Heisteria barbata Cuatrec. Olacaceae   Tree                   1, 2, 6   

128 Heisteria maytenoides Spruce ex Engl Olacaceae   Tree                   5   

129 Helicostylis scabra (J.F. Macbr.) C.C. Berg Moraceae Misho chaqui, ojo de culebra Tree X     X           1, 2, 5, 6   

130 
Helicostylis tomentosa (Poepp. & Endl.) 
Rusby 

Moraceae 
Amaji, leche perra, ojo de 
culebra 

Tree X X   X   X       
1, 2, 6, 13, 
15 

93 

131 Henriquezia nitida Spruce ex Benth Rubiaceae   Tree                   5, 9   

132 Henriquezia verticillata Spruce ex Benth. Rubiaceae   Tree                   5, 9   

133 Hevea guianensis Aubl. Euphorbiaceae 
Siringa común, siringa 
cauchosa 

Tree                   
1, 2, 5, 6, 
8, 23, 26 

  

134 Hevea nitida Mart. Ex Mull. Arg Euphorbiaceae Siringa, caucho Tree                   1, 2, 5, 26   

135 Hieronyma alchorneoides Phyllanthaceae Chaparro, motilón rosado Tree X     X           13   

136 Himatanthus articulatus (Vahl) Woodson Apocynaceae 
Platanote, caimito platano, 
perillo blanco 

Tree       X           2, 5, 11 94, 95, 96 

137 Himatanthus bracteatus (A.DC)Woodson Apocynaceae   Tree                   2, 5   

138 Hirtella bicornis Mark & Zucc Chrysobalanaceae Mohoque Tree                   2, 5   

139 Humiria balsamifera Aubl. Humiriaceae Loro shungo Tree X                 1, 2, 5 97 

140 Hura crepitans L. Euphorbiaceae Tronador, catahua Tree                   1, 2 98, 99 
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141 Hymenaea courbaril L. Caesalpiniaceae 
Jatobá, algarrobo, jataí, 
nazareno 

Tree X     X       X   2, 7, 20 
80, 100, 
101, 102 

142 Hymenaea oblongifolia Huber Caesalpiniaceae 
Algarrobo, Azucar huayo, 
polvillo, incienso 

Tree X X   X           1, 2, 3, 11   

143 Hymenaea parvifolia Huber Caesalpiniaceae Algarrobo Tree X     X           1, 2, 5, 27   

144 Hymenaea reticulata Ducke Caesalpiniaceae   Tree                   2, 5   

145 Hymeneae oblongofolia Huber Caesalpiniaceae Algarrobo Tree X                 5, 9, 15   

146 Inga acrocephala Steud. Mimosaceae 
Guamo, palo de sabalo, 
guama de churuco 

Tree X                 
1, 2, 4, 5, 
8, 23 

  

147 Iryanthera coriaceae Ducke Myristicaceae Mamita Tree                   6, 7   

148 Iryanthera elliptica Ducke Myristicaceae 
Mamita fruto grande, 
sangretoro 

Tree X             X   2, 3, 6, 7   

149 Iryanthera juruensis Warb. Myristicaceae Marimá, cumala colorada Tree X                 1, 2 103, 104 

150 Iryanthera laevis Markgr. Myristicaceae 
Puna, Ichapú, cumala 
colorada, mamita 

Tree X     X     X     
1, 5, 6, 7, 
8, 9, 14 

105 

151 Iryanthera lancifolia Ducke Myristicaceae 
Sangretoro, cumala colorada, 
cabo de hacha 

Tree X X X       X     1, 2, 3 
106, 107, 
108 

152 Iryanthera macrophylla (Benth.) Warb. Myristicaceae Cumala blanca Tree                   1, 2   

153 Iryanthera paraensis Huber Myristicaceae Mamita Tree X                 2, 5, 6 109 

154 Iryanthera sagotiana (Benth.) Warb. Myristicaceae Beapazca Tree                   5, 29 110 

155 Iryanthera tessmannii Markgr. Myristicaceae Cumala colorada Tree                   1, 2   

156 Iryanthera tricornis Ducke Myristicaceae Tres cascaras, pucuna caspi Tree X                 1, 2, 5   

157 Iryanthera ulei Warb. Myristicaceae Mamita, cumala, cumalilla Tree X     X           1, 2, 15 111 

158 Jacaranda copaia (Aubl.) D.Don Bignoniaceae 
Pavito,  huamanzamana, 
canalete común 

Tree X X   X           
1, 2, 3, 5, 
11, 12, 13 

112, 113, 
114 

159 Jacaranda obtusifolia Bonpl. Bignoniaceae Gualanday Tree       X           2, 3, 5 
112, 113, 
114 

160 Lacmellea floribunda (Poepp.) Benth. Apocynaceae Arbol vaca Tree X                 5, 9   

161 Lecythis minor Jacq. Lecythidaceae 
Coco mono, cocuelo, olla de 
mono 

S.I.       X           9, 11, 19   

162 Lecythis pisonis Cambess Lecythidaceae 
Castaña de monte, nuez del 
paraiso 

Tree X                 
1, 2, 9, 18, 
19 

115, 116 

163 Licania arachnoidea Fanshawe & Maguire Chrysobalanaceae Aguacate zorro Tree X             X   1, 2, 3   

164 Licania egleri Prance Chrysobalanaceae   Tree                   2, 5, 9   

165 Licania gracilipes Taub. Chrysobalanaceae   Tree                   5, 9   

166 Licania harlingii Prance Chrysobalanaceae Parinari colorado, arrayan Tree           X   X   1, 2, 3   

167 
Licania heteromorpha (C. Mart. Ex Hook. F.) 
Benth 

Chrysobalanaceae 
Cucama, guacari danta, culo 
de vieja 

Tree X X               
1, 2, 3, 5, 
6, 13 

117 

168 Licania hypoleuca Benth Chrysobalanaceae   Tree                   2, 5   

169 Licania macrocarpa Hook f. Chrysobalanaceae   Tree X             X   3, 5, 8, 9   

170 Licania micrantha Miq Chrysobalanaceae Yuhurá, arrayan Tree   X           X   1, 2, 3, 5   

171 Licania octandra Kuntze Chrysobalanaceae 
Apacharama, arrayan, 
cemento,  

Tree   X               1, 2   

172 Licania unguiculata Prance Chrysobalanaceae   Tree   X               2, 5   

                
                



202 Design and assessment of high technology processes for enhancing the viability of agribusiness based on  

the sustainable use of biomass in Amazonas 

 
 

Continuation Appendix C:Timber information 
 

173 Licaria aurea (Huber) Kosterm Lauraceae   Tree                   1, 2   

174 Licaria cannella (Meisn.) Kosterm. Lauraceae Canella, amarillo piedro Tree X   X         X   1, 2, 3, 5   

175 Licaria guianensis Aublet Lauraceae Palo de espanto Tree                   2, 6, 7   

176 Licaria macrophylla (A.C.Sm.) Kosterm. Lauraceae Muena Tree                   1, 2   

177 Mabea nitida Spruce ex Benth Euphorbiaceae Seringaí Tree                   2, 5, 28   

178 Macoubea guianensis Aubl. Apocynaceae Ucuye, cucuy, jarabe huayo Tree X               X 
1, 2, 3, 5, 
6, 15, 21 

  

179 Macoubea witotorum Apocynaceae   S.I. X                 5, 9   

180 Macrolobium acaciifolium (Benth.) Benth. Caesalpiniaceae 
Pashaco colorado, arapari, 
pipa 

Tree       X           1, 2, 28   

181 Macrolobium microcalyx Ducke Caesalpiniaceae Jagenirai Tree                   5   

182 Malouetia tamaquarina (Aubl) A. DC Apocynaceae Molonga, cuchara caspi Tree           X       1, 2 118 

183 Manilkara bidentata (A.DC.) A.Chev Sapotaceae 
Balata, chicle, quinilla, 
níspera 

Tree X   X             
1, 2, 3, 5, 
8, 10, 11, 
26 

  

184 Maprounea guianensis Aubl. Euphorbiaceae   Tree       X           1, 2, 5 119 

185 Maquira coriacea (H.Karst.) C.C. Berg Moraceae Capinurí Tree X     X           1, 2, 5, 21 120 

186 Matisia malacocalyx W.S. Bombacaceae Machin sapote, sapotillo Tree X     X           1, 2, 3   

187 Maytenus laevis Reissek Celastraceae Chuchuhuaza Tree       X           
1, 2, 3, 5, 
21 

121, 122, 
123 

188 Meliosma herbertii Rolfe Sabiaceae   Tree                   1, 2   

189 Mezilaurus itauba (Meisn) Mez & Taub. Lauraceae 
Itauba, palo para cama de 
ratón 

Tree                   1, 2, 5, 6, 8   

190 Mezilaurus synandra (Mez.) Kostern Lauraceae   Tree                   7 56 

191 Miconia chryosophylla Urb. Melastomataceae   Tree X                 2, 5   

192 Miconia pilgeriana Ule Melastomataceae Coronillo, dormidero Tree   X   X           13 124 

193 Micrandra spruceana (Baill.) R.E. Schultes Euphorbiaceae 
Siringa blanca, sacha 
shiringa 

Tree X                 
1, 2, 5, 6, 
8, 15, 16 

  

194 Micrandra sprucei (Mull. Arg.) Schult. Euphorbiaceae   Tree                   5   

195 Micropholis guyanensis (A. DC.) Pierre Sapotaceae 
Popai, balata, cafeto, 
caimitillo 

Tree X   X         X   
1, 2, 3, 5, 
13, 15 

  

196 Minquartia guianensis Aublet Olacaceae 
Cuyubí, acaricuara, acapú, 
ahumado, huacapú 

Tree X X X X           
1, 2, 3, 5, 
7, 9, 12, 13 

125, 126 

197 Moronobea coccinea Aubl. Clusiaceae   Tree X   X             2, 5, 6, 8 127 

198 Mouriri crassifolia Sagot Melastomataceae   Tree                   5, 9   

199 Mouriri nigra (DC) Morley Melastomataceae Chontaduro, caimito Tree X   X             1, 2, 3, 5   

200 Naucleopsis caloneura (Huber) Ducke Moraceae   Tree                   2, 7   

201 Naucleopsis krukovii Moraceae   Tree X                 2, 5   

202 Nealchornea yapurensis Huber Euphorbiaceae Huira caspi Tree                   1, 2, 5   

203 Neea floribunda Poepp. & Endl. Nyctaginaceae Garopa, chontilla Tree   X   X           1, 2, 3   
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204 Neea parviflora Poepp. & Endl. Nyctaginaceae Chontilla Bush                   1, 2, 3   

205 Ochroma pyramidale (Cav ex Lam) Urb. Bombacaceae Balso, palo de balsa Tree   X   X           
1, 2, 3, 8, 
9, 11 

  

206 Ocotea aciphylla (Nees) Mez Lauraceae Loiro negro, muena amarilla Tree   X X         X   1, 2, 3, 12   

207 Ocotea argyrophylla Ducke Lauraceae 
Tortuga, moena de hoja 
marrón, aguacatillo 

Tree                   1, 2, 3, 6   

208 Ocotea bofo Kunth Lauraceae Loiro blanco Tree                   2, 12 128 

209 Ocotea cujumari Mart. Lauraceae   Tree                   7   

210 Ocotea cymbarum H.B.K. Lauraceae   Tree                   2, 7, 10   

211 Ocotea esmeraldana Moldenke Lauraceae   Tree                   2, 5   

212 Ocotea javitensis (Kunth) Pittier Lauraceae 
Medio comino, canela 
muena, aguarras, laurel 

Tree X X   X           1, 2, 3, 13   

213 Ocotea myriantha Mez Lauraceae   Tree                   2, 5   

214 Ocotea pauciflora (Nees) Mez Lauraceae Yacumuena Tree                   1, 2   

215 Ocotea quixos (Lam.) Kostermaus Lauraceae Canelo de Andaquies Tree               X   1, 2, 3 
129, 130, 
131 

216 Ocotea rubrinervis Mez Lauraceae   Tree   X               1, 2, 3   

217 Ormosia coarctata Jacks Fabaceae   Tree                   2, 5   

218 Ormosia paraensis Ducke Fabaceae   Tree                   5, 9   

219 
Osteophloeum platyspermum (Spruce ex 
A.DC.) Warb. 

Myristicaceae 
Caracolí, cumala blanca, 
propio palo de sanbre roja, 
sagretoro 

Tree X     X           
1, 2, 3, 5, 
6, 8, 11, 13 

  

220 Oxandra leucodermis Warm Annonaceae   Tree                   1, 2   

221 Oxandra polyantha R.E.Fr. Annonaceae Carguero de cananguchal Tree                   1, 2   

222 Oxandra xylopioides Diels Annonaceae Espintana, golondrino Tree     X X           1, 2, 3 132, 133 

223 Pachira aquatica Aubl. Bombacaceae 
Cabeza de tigre, ceibo, cedro 
macho 

Tree X                 
1, 2, 4, 5, 
8, 11 

  

224 Panopsis rubescens Rusby Proteaceae   Tree                   2, 5 134 

225 Parahancornia surrogata Zarucchi Apocynaceae Juansoquillo Tree X                 1, 2   

226 Parinari montana Aublet Chrysobalanaceae   Tree X                 
1, 2, 5, 15, 
171 

  

227 Parkia auriculata Mimosaceae   Tree                   5, 9   

228 Parkia igneiflora Ducke Mimosaceae Goma pashaco, teboro Tree                   1, 2, 5   

229 Parkia multijuga Benth. Mimosaceae Guarango, guamillo, curipiyu Tree X X               
1, 2, 5, 13, 
15 

135 

230 Parkia pendula (Willd.) Benth. Ex Walp Mimosaceae   Tree                   1, 2, 5 135 

231 Parkia velutina Benoist Mimosaceae   Tree                   2, 5   

232 Perebea guianensis Aubl. Moraceae Chimicua Tree X                 1, 2, 15   

233 Perebea mollis (Poepp. & Endl.) Huber Moraceae 
Chimicua, nalga de araña de 
tierra 

Tree X                 1, 2   

234 Perebea xanthochyma H. Karst. Moraceae Chimicua, gure, lechoso Bush X                 1, 2, 13   

235 Persea americana Mill Lauraceae Aguacate de fantasma, palta Tree X     X         X 1, 2, 3, 8 136, 137 

236 Piranhea trifoliata Baill. Euphorbiaceae   Tree                   5   

237 Platonia insignis Mart. Clusiaceae Bacuri, matazona Tree X     X           6, 9, 18, 20 138 
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238 Polygonanthus punctulatus Kuhlm. Anisophylleaceae   Tree                   2, 5   

239 Poraqueiba guianensis Aubl Icacinacea   Tree X                 2, 5, 8   

240 Pourouma acuminata Mart. Ex Miq Cecropiaceae Uva de monte Tree X                 1, 2, 5   

241 Pourouma bicolor Mart, Cecropiaceae Uva silvestre Tree X     X           
1, 2, 3, 13, 
15 

  

242 Pouteria caimito (Ruiz & Pav.) Raldk Sapotaceae 
Caimo, Caimito, cauje, 
maduraverde 

Tree X     X         X 
1, 2, 3, 5, 
6, 8, 12, 
18, 24, 25 

139 

243 Pouteria campanulata Baehni Sapotaceae Yugo, caimito Tree X             X   1, 2,3   

244 Pouteria cladantha Sandwith Sapotaceae 
Yugo de pescado, quinilla, 
caimo 

Tree                   1, 2   

245 Pouteria cuspidata (A.DC.) Baehni Sapotaceae Quinilla blanca, tabacajao Tree X   X         X   1, 2,3   

246 Pouteria hispida Eyma Sapotaceae Quinilla, caimo Tree X             X   1, 2,3   

247 Pouteria laevigata Sapotaceae Marupá Tree                   2, 21   

248 Pouteria ucuqui Pires & Schultes Sapotaceae Yugo Tree X                 
1, 2, 5, 8, 
12, 25 

  

249 Protium amazonicum (Cuatrec.) Daly Burseraceae   Tree   X   X           5, 13   

250 Protium decandrum (Aubl.) Marchand Burseraceae Laurel, copalillo Tree X                 1, 2 140 

251 Protium guianensis (Klotzsch) C.DC. Burseraceae 
Caraño, anime blanco, 
guarapayo, galbano 

Tree   X   X       X   3, 4, 9, 13   

252 Protium llanorum Cuatrec. Burseraceae   Tree                   2, 5   

253 Protium minutiflorum Cuatrec Burseraceae   Tree                   5, 9   

254 Protium nodulosum Swart Burseraceae 
Peri, laurel, brea caspi, copal, 
galbano 

Tree X X   X       X   1, 2, 3, 13   

255 Protium polybotrium (Turcz.) Engl. Burseraceae   Tree                   2, 5, 6   

256 Pseudolmedia laevigata Trecul Moraceae 
Chimicua, palo de pepa 
blandita, capinurí, lechechiva 

Tree X   X X           
1, 2, 3, 5, 
6, 13 

  

257 Pseudolmedia laevis (Ruiz & Pav.) J.F.Macbr. Moraceae Capinuri Tree X X               
1, 2, 5, 13, 
15 

  

258 Pseudoxandra leiophylla (Diels) R.E.Fr Annonaceae   Tree                   1, 2   

259 Pseudoxandra polyphleba (Diels) R.E.Fr Annonaceae Espintana Bush                   1, 2   

260 Pterocarpus amazonumAmshoff Fabaceae Palo de bejuco Tree                   1, 2, 5   

261 Pterocarpus officinalis Jacq. Fabaceae Sangre grado Tree       X           2, 11, 24   

262 Qualea acuminata Spruce ex Warm Vochysiaceae   Tree X                 1, 2, 5   

263 Qualea ingens Warm. Vochysiaceae 
Arenillo de cananguchal, 
arrayan 

Tree     X         X   1, 2, 3   

264 Qualea paraensis Ducke Vochysiaceae Yesca caspi, arenillo piedro Tree                   1, 2, 3, 5   

265 Rhigospira quadrangularis (Mull. Arg.) Miers Apocynaceae 
Juansoco de alacrán, 
juansoquillo 

Tree X                 1, 2, 6   

266 Rollinia cuspidata Mart Annonaceae Anonilla, macaco Tree X     X           1, 2   

267 Ruizterania retusa Marc Berti Vochysiaceae Arenillo casposo Tree                   1   

268 Sacoglottis guianensis Benth. Humiriaceae   Bush                   5   

269 Sacoglottis mattogrossensis Malte Humiriaceae   Bush                   5, 9   

270 Sapium marmieri Huber Euphorbiaceae   Tree                   2, 5   
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271 Scleronema micranthum (Ducke) Ducke Bombacaceae 
Yolombo, castaña, mango 
silvestre 

Tree       X           
1, 2, 6, 7, 
21, 27 

  

272 Scleronema praecox Ducke Bombacaceae Cataño Tree                   2, 5, 14   

273 Simarouba amara Aublet Simaroubaceae Nogal, marupa Tree   X   X           1, 2, 3, 7, 8   

274 Simira rubescens (Benth) Bremek ex Steyerm Rubiaceae Pucaquiro Tree       X           1, 2, 3   

275 Sloanea laxiflora Spruce ex. Benth Elaeocarpaceae   Tree                   2, 5   

276 Sloanea synandra Spruce ex. Benth Elaeocarpaceae   Tree                   2, 5   

277 Sorocea muriculata Miq. Moraceae Leche de chiva Tree                   1, 2, 4 141 

278 Sterculia colombiana Sprague Sterculiaceae   Tree   X               2, 5   

279 Sterculia pilosa Ducke Sterculiaceae   S.I. X                 1   

280 Sterculia rugosa R. Br. Sterculiaceae Liquico Tree   X           X   1, 2, 5   

281 Sterigmapetalum obovatum Kuhlm Rhizophoraceae   Tree                   2, 3, 5   

282 Swartzia polyphylla DC Fabaceae Cumaceba Tree     X X           1, 2 
135, 142, 
143 

283 Swartzia schomburgkii Benth Fabaceae 
Costillo blanco, costilla de 
mal olor 

Tree   X   X           1, 2, 5, 6 144 

284 Swartzia simplex (Sw.) Spreng Fabaceae Sacha aji Tree   X               1, 2   

285 Swartzia tessmannii Harms Fabaceae   Tree                   2, 5   

286 Symphonia globulifera Linn Clusiaceae 
Brea, breo, azufre caspi, 
tierra amarilla 

Tree   X           X   
1, 2, 3, 8, 
11, 21 

145, 146 

287 Symphonia microphylla Clusiaceae   Tree                   5, 9   

288 Tabebuia barbata (E.Mey) Sandwith Bignoniaceae   Tree                   5, 9 147 

289 Tabebuia obscura Sandwith Bignoniaceae   Tree       X           2, 5   

290 Tabebuia rosea (Bertol.) D.C Bignoniaceae Roble, guayacan rosado Tree                   2, 12 
148, 149, 
150 

291 Tabebuia serratifolia (Vahl.) Nicholson Bignoniaceae Palo de arco, tahuari amarillo Tree       X           1, 2, 5, 7, 9 150, 151 

292 Tachigali cavipes J.F. Macbr. Caesalpiniaceae   Tree                   2, 5, 9   

293 Tachigali paniculata Aubl. Caesalpiniaceae Tangarana blanca Tree                   1, 2   

294 Tapirira guianensis Aubl. Anacardiaceae Palo balsudo Tree X X           X   
1, 2, 3, 5, 
13 

152, 153, 
154, 155 

295 Taralea oppositifolia Aubl. Fabaceae   Tree         X         2, 5, 8   

296 Terminalia amazonia (J.E.Gmel) Exell Combretaceae Muchilero Tree   X               
1, 2, 3, 5, 
11, 12 

  

297 Terminalia dichotoma G. May Combretaceae   Tree                   2, 5   

298 Tetragastris panamensis Kuntze Burseraceae   Tree X                 2, 5   

299 Tovomita spruceana Planch & Triana Clusiaceae Naranjillo Tree                   1, 2   

300 Trattinnickia peruviana Loes. Burseraceae Caraño, gallinazo copal Tree       X           1, 2   

301 Trattinnickia rhoifolia Burseraceae Caraño Tree     X X           3, 9, 12 156, 157 

302 Trichilia micrantha Benth Meliaceae Palo balsudo, requia blanca Tree                   1, 2   

303 Unonopsis floribunda Diels Annonaceae Icoja Tree       X           1, 2   

304 Unonopsis guatterioides (A.DC.) R.E. Fr Annonaceae Carguero de rebalse Tree                   1, 2   
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305 Unonopsis spectabilis Diels Annonaceae 
Anón de monte, espintana, 
cuerinegro 

Tree X X               1, 2, 3   

306 Unonopsis stipitata Diels Annonaceae Icoja, carguero negro Tree       X           1, 2   

307 Unonopsis veneficiorum R.E. Fries Annonaceae Icoja Tree       X   X       1, 2, 8   

308 Vatairea guianensis Aubl Fabaceae 
Palo de gallinazo, chonta 
quiro 

Tree   X               1, 2, 5 
158, 159, 
160 

309 Vaupesia cataractarum R. E. Schult. Euphorbiaceae Yecha Tree X                 2, 5, 25   

310 Virola calophylla (Spruce) Warb. Myristicaceae 
Sangretoro de montaña, 
cumala colorada 

Tree       X     X X   1, 2, 3, 7 161 

311 Virola carinata (Spr ex Benth) Warb Myristicaceae   Tree X     X           2, 5, 6, 8 162, 163 

312 Virola duckei A. C. Sm. Myristicaceae 
Carne de vaca, pepiadero, 
sangre toro blanca 

Tree X     X           3, 13   

313 Virola elongata (Benth.) Warb. Myristicaceae 
Cumala colorada, mamita de 
ambil de monte 

Tree X X   X     X X   
1, 2, 3, 6, 
11 

164, 165 

314 Virola flexuosa A. C. Sm. Myristicaceae 
Sangretoro, soto, virola 
amarilla 

Tree       X           5, 9   

315 Virola multinervia Ducke Myristicaceae 
Cumala colorada, quirico, 
sangretoro 

Tree                   1, 2, 3, 7   

316 Virola pavonis (A.DC.) A.C. Sm. Myristicaceae 
Mamita de cananguchal, 
sangretoro blanco 

Tree               X   1, 2, 3, 5 166 

317 Virola peruviana (A. DC) Warb. Myristicaceae Virola, cumalilla Tree       X           1, 2, 5, 12   

318 Virola sebifera Aubl. Myristicaceae Cumalilla Tree                   1, 2 167, 168 

319 Virola theiodora Warb. Myristicaceae Sangre toro Tree       X           5, 8, 9, 14   

320 Vismia angusta Miq Hypericaceae Pichirina Tree                   1, 9   

321 Vochysia lomatophylla Standley Vochysiaceae Quillosisa, palo seco Tree                   1, 2, 3   

322 Warszewiczia elata Ducke Rubiaceae   Tree         X         5   

323 Wittmackanthus standleyanus Kuntze Rubiaceae Hueso, mantequillo Tree               X   3, 5, 9   

324 Xylopia amazonica R.E.Fr Annonaceae Espintana Tree X                 1, 2, 5, 9 169 

325 Xylopia cuspidata Diels Annonaceae Espintana Bush                   1, 2   

326 Xylopia frutescens Aubl. Annonaceae Espintana Tree                   1, 2 169, 170 

327 Xylopia micans R.E.Fr. Annonaceae Venado espintana Tree                   1, 2   

328 Xylopia spruceana Benth. Ex Spruce Annonaceae Palo de piquiña Tree                   1, 2   
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D. Appendix: References of timber information 

No. 
Ref. 

Name Author Year  

1 
Plantas útiles de la Amazonia colombiana - Departamento del Amazonas - Perspectivas de los 
productos forestales no maderables 

Cardenas D & R. López 2000 
Instituto Amazónico de Investigaciones 
Científicas, SINCHI 

2 www.sinchi.org.co Consultado abril y mayo de 2013     

3 
Plantas útiles en dos comunidades del Departamento de Putumayo Cárdenas D., et.al. 2002 

Instituto Amazónico de Investigaciones 
Científicas, SINCHI 

4 
Aporte al conocimiento y sostenibilidad del agroecosistema intervenido de la Amazonia 
colombiana 

Bertha Leonor Ramírez Pava et al. 2004 Universidad de la Amazonia 

5 Propiedades, usos y nominación de especies vegetales de la Amazonia Colombiana Acero Duarte L.E. 1982 Corporación Araracuara 

6 Fruit availability and seed dispersal in terra firme rain forests of colombian amazonia Parrado A. 2005 Tropenbos-International 

7 
História Natural, Ecologia e conservacao de algumas espécies de plantas e animais da 
Amazonia 

Cintra R. 2004 Edua Manaos 

8 

Uso múltiple y sostenible de la diversidad vegetal en el área muestra Leticia - Río Calderón 
(Dpto. Amazonas - Colombia) 

Torres C. 1995 
Tesis Pregrado Universidad Nacional de 
Colombia. Facultad de Ciencias. Departamento 
de Biologia 

9 
Manual de identificación de especies no maderables del corregimiento de Tarapacá, Colombia López R.  et al 2006 

Instituto Amazónico de Investigaciones 
Científicas - SINCHI 

10 Amazonia, uma perspectiva interdisciplinar Rivas A. & C. E. de Carvalho Freitas 2002 Edua Manaos 

11 
Manual de identificación de especies forestales en bosques naturales con manejo certificable 
por comunidades 

López R. & M. Montero 2005 
Instituto Amazónico de Investigaciones 
Científicas, SINCHI, Fundación Chemonics 

12 

La agroforestería en la Amazonia norte Colombiana - Desarrollo y perspectivas Giraldo B. et. al. 

2004 

Instituto Amazónico de Investigaciones 
Científicas, SINCHI Ministerio de Ambiente, 
Vivienda y Desarrollo Territoral Programa 
Nacional de Transferencia de Tecnología 
Agropecuaria, PRONATTA 

13 
Plantas del centro experimental Amazónico - CEA- Mocoa, Putumayo Peñuela M.C. & E. Jiménez 2010 

Universidad Nacional de Colombia - Sede 
Amazonia : Corpoamazonia 

14 Investigaciones para la Amazonia, INPA III Instituto Geográfico Agustín Codazzi 1996  Instituto Geográfico Agustín Codazzi 

     
     



208 Design and assessment of high technology processes for enhancing the viability of agribusiness based on  

the sustainable use of biomass in Amazonas 

 
Continuation Appendix D:Reference of timber information 

 

15 
Territorio, movilidad, etnobotánica y manejo del bosque de los Nukak Orientales. Amazonia 
Colombiana 

Cardenas D. & G. G. Politis 2000 
Instituto Amazónico de Investigaciones 
Científicas - SINCHI Universidad de los Andes 

16 

Producción de raíces finas en dos bosques de tierra firme sobre suelos diferentes en la 
Amazonia Colombiana 

Jimenez E.M. 2007 
 Tesis Maestría en Estudios Amazónicos 
Universidad Nacional de Colombia – Sede 
Amazonia 

17 

Etnobotánica de Palmas en la Amazonia Colombiana: comunidades indígenas Piapocos del río 
Guaviare, como estudio de caso 

Mesa L.I. 2011 
Tesis Maestría en Estudios Amazónicos 
Universidad Nacional de Colombia – Sede 
Amazonia 

18 
Frutales y hortalizas promisorias de la Amazonia Villachica H. 1996 

Tratado de cooperación Amazónica TCA. Lima 
Perú 

19 
Estudio botánico y del potencial de uso de la familia Lecythidaceae para la Amazonia 
Colombiana (Araracuara y Leticia) 

Bernal R.A. 2000   

20 

Frutales y plantas útiles en la vida amazónica Shanley P., et.al. 2012 

Organización de las Naciones Unidas para la 
Alimentación y la Agricultura, el Centro para la 
Investigación Forestal Internacional y Pueblos y 
Plantas Internacional 

21 

Oferta de productos forestales maderables y no maderables con potencial económico en un 
bosque de tierra firme de la Amazonia Colombiana 

Arias J.C. 2005 
 Tesis Maestría en Estudios Amazónicos 
Universidad Nacional de Colombia – Sede 
Amazonia 

22 

Ecología, aprovechamiento y manejo sostenible de nueve especies de plantas del 
departamento del Amazonas, generadoras de productos maderables y no maderables 

CastañoN. et.al. 2007 

Instituto Amazonico de Investigaciones 
Cientificas SINCHI Corporación para el 
Desarrollo Sostenible del Sur de la Amazonia 
CORPOAMAZONIA 

23 Anexo 1. Contexto Nacional de la Amazonia       

24 
Utilización de las plantas medicinales en el chamanismo como cultura Amazónica Montañez A. 1999 

Fondos mixtos para la promoción de la cultura y 
las artes 

25 
Observaciones sobre la utilización estacional del bosque húmedo tropical por los indígenas del 
Rio Mirití 

Walschburger T. & P. Von Hildebrand 1988   

26 
Amazonia colombiana, economía y poblamiento Dominguez C. 2005 

Publicaciones Universidad Externado de 
Colombia 

27 
Plantas medicinales de la gente de hacha Andoque H., et.al. 2009 

Asociación Centro de Orientación Educativo 
ACOE 

28 
Anatomia e Morfologia de Plantas Aquáticas da Amazonia. Utilizadas como potencial alimento 
por peixe-boi amazonico 

Gil M., et.al. 2008 
Instituto de Desenvolvimento Sustenável 
Mamirauá 

29 
Flavonoids from Iryanthera sagotiana Dulce H.S., et.al. 1997 

 Phytochemistry 
Volume 46, Issue 3, October 1997, Pages 579–
582 

30 
Effects of the ethyl acetate fraction of Alchornea triplinervia on healing gastric ulcer in rats Lima, Z.P., et.al. 2011 

Pharmaceuticals Volume 4, Issue 11, 2011, 
Pages 1423-1433 

31 
Anti-inflammatory activity of Alchornea triplinervia ethyl acetate fraction: Inhibition of H2O2, NO 
and TNF-α 

Mascia Lopes, F.C., et.al. 2010 
Pharmaceutical Biology Volume 48, Issue 12, 
December 2010, Pages 1320-1327 

32 
Phenolic compounds in leaves of Alchornea triplinervia: Anatomical localization, mutagenicity, 
and antibacterial activity 

Calvo, T.R., et.al. 2010 
Natural Product Communications Volume 5, 
Issue 8, 2010, Pages 1225-1232 

33 
Antileishmanial activity of a tetralone isolated from Ampelocera edentula, a Bolivian plant used 
as a treatment for cutaneous leishmaniasis 

Fournet, A., et.al. 1994 
Planta Medica Volume 60, Issue 1, 1994, Pages 
8-12 

34 
Kinetic parameters of adhesives produced from tannin Anadenanthera peregrina and 
Eucalyptus grandis 

Carneiro, A.C.O. , et.al. 2012 
Revista Arvore Volume 36, Issue 4, July 2012, 
Pages 767-775 
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35 
Antiplasmodial activity of isoflavones from Andira inermis Kraft C., et.al. 2000 

Journal of Ethnopharmacology Volume 73, 
Issues 1–2, November 2000, Pages 131–135 

36 
Vasorelaxant effects of 1-nitro-2-phenylethane, the main constituent of the essential oil of Aniba 
canelilla, in superior mesenteric arteries from spontaneously hypertensive rats 

de Fátima L., et.al. 2013 
European Journal of Pharmaceutical 
SciencesAvailable online 10 January 2013 

37 
Biomass production and essential oil yield from leaves, fine stems and resprouts using pruning 
the crown of Aniba canelilla (H.B.K.) (Lauraceae) in the Central Amazon 

Manhães, A.P. , et.al. 2012 
Acta Amazonica Volume 42, Issue 3, September 
2012, Pages 355-362 

38 
Antinociceptive activity of 1-nitro-2-phenylethane, the main component of Aniba canelilla 
essential oil 

Anderson B. de Lima, et.al. 2009 
Phytomedicine Volume 16, Issues 6–7, June 
2009, Pages 555–559 

39 

Cardiovascular effects of 1-nitro-2-phenylethane, the main constituent of the essential oil of 
Aniba canelilla, in spontaneously hypertensive rats 

de Fátima L., et.al. 2011 
Fundamental and Clinical Pharmacology 
Volume 25, Issue 6, December 2011, Pages 
661-669 

40 
Essential oils composition from aniba and licaria species and their antioxidant and antiplatelet 
activities 

Alcântara, J.M., et.al. 2010 
Quimica Nova Volume 33, Issue 1, 2010, Pages 
141-145 

41 
Gastroprotective effect of aparisthman, a diterpene isolated from Aparisthmium cordatum, on 
experimental gastric ulcer models in rats and mice 

Hiruma-Lima C.A., et.al. 2001 
Phytomedicine Volume 8, Issue 2, 2001, Pages 
94–100 

42 
Theoretical and experimental study of aparisthman: A natural product with anti-ulcer activity Brasil, D.S.B., et.al. 2006 

International Journal of Quantum Chemistry 
Volume 106, Issue 13, 5 November 2006, Pages 
2706-2713 

43 

In vitro inhibition of Plasmodium falciparum by substances isolated from Amazonian antimalarial 
plants 

De Andrade-Neto, et.al. 2007 
Memorias do Instituto Oswaldo Cruz Volume 
102, Issue 3, June 2007, Pages 359-365 

44 

In vitro antimalarial activity of six Aspidosperma species from the state of Minas Gerais (Brazil) Dolabela, M.F., et.al. 2012 
Anais da Academia Brasileira de Ciencias 
Volume 84, Issue 4, December 2012, Pages 
899-910 

45 

Fast pyrolysis of Amazon tucumã (Astrocaryum aculeatum) seeds in a bubbling fluidized bed 
reactor 

Lira, C.S., et.al. 2013 
Journal of Analytical and Applied Pyrolysis 
Volume 99, January 2013, Pages 23-31 

46 
The use of tucumã of amazonas kernel oil in the biodiesel production Barbosa, B.S., et.al. 2009 

Acta Amazonica Volume 39, Issue 2, 2009, 
Pages 371-376 

47 
New cytotoxic isoflavone from the root bark of Brosimum utile Ferrari, F., et.al. 2005 

Natural Product Research Volume 19, Issue 4, 
June 2005, Pages 331-335 

48 

Anti-inflammatory, anti-hyperalgesic, antiplatelet and antiulcer activities of Byrsonima japurensis 
A. Juss. (Malpighiaceae) 

Guilhon-Simplicio, F., et.al. 2012 
Journal of Ethnopharmacology Volume 140, 
Issue 2, 27 March 2012, Pages 282-286 

49 

Intramuscular and topical treatment of cutaneous leishmaniasis lesions in mice infected with 
Leishmania amazonensis using coumarin (-) mammea A/BB 

Tiuman, T.S., et.al. 2012 
Phytomedicine Volume 19, Issue 13, 15 October 
2012, Pages 1196-1199 

50 

Evaluation of antiulcer activity of chromanone fraction from Calophyllum brasiliesnse Camb Lemos, L.M.S., et.al. 2012 
Journal of Ethnopharmacology Volume 141, 
Issue 1, 7 May 2012, Pages 432-439 

51 
Secondary plant substances in various extracts of the leaves, fruits, stem and bark of Caraipa 
densifolia Mart. 

da Silveira, C.V., et.al. 2010 
Food and Chemical Toxicology Volume 48, 
Issue 6, June 2010, Pages 1597-1606 

52 
Limonoids isolated from fruits of Carapa guianensis Aublet (Meliaceae) Silva, S.G., et.al. 2012 

Quimica Nova Volume 35, Issue 10, 2012, 
Pages 1936-1939 

53 
Carapanolides A and B: Unusual 9,10-seco-mexicanolides having a 2R,9S-oxygen bridge from 
the seeds of Carapa guianensis 

Inoue, T., et.al. 2012 Tetrahedron Letters 53 (49) , pp. 6685-6688 

54 
Action of andiroba oil (Carapa guianensis) on Rhipicephalus sanguineus (Latreille, 1806) (Acari: 
Ixodidae) semi-engorged females: Morphophysiological evaluation of reproductive system 

Vendramini, M.C.R., et.al. 2012 
Microscopy Research and Technique 75 (12) , 
pp. 1745-1754 
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55 
Antiplasmodial activity of the andiroba (Carapa guianensis Aubl., Meliaceae) oil and its 
limonoid-rich fraction 

Miranda R.N.C., et.al. 2012 
Journal of Ethnopharmacology 142 (3) , pp. 679-
683 

56 
Decay susceptibility of Amazon wood species from Brazil against white rot and brown rot decay 
fungi 

Carneiro, J.S., et.al. 2009 Holzforschung 63 (6) , pp. 767-772 

57 Antifungal Activity of 10 Guadeloupean Plants Biabiany, M., et.al. 2012 Phytotherapy Research 

58 
Ethnobotanical survey and antibacterial activity of plants used in the Altiplane region of Mexico 
for the treatment of oral cavity infections 

Rosas-Piñón, Y., et.al. 2012 
Journal of Ethnopharmacology 141 (3) , pp. 860-
865 

59 

Antileishmanial, antitrypanosomal, and cytotoxic screening of ethnopharmacologically selected 
Peruvian plants 

González-Coloma, A., et.al. 2012 Parasitology Research 110 (4) , pp. 1381-1392 

60 
Screening of plants used in Mayan traditional medicine to treat cancer-like symptoms Caamal-Fuentes E., et.al. 2011 

Journal of Ethnopharmacology Volume 135, 
Issue 3, 1 June 2011, Pages 719–724 

61 

Evaluation of some Samoan and Peruvian medicinal plants by prostaglandin biosynthesis and 
rat ear oedema assays 

Andersson Ch., et.al. 1997 
Journal of Ethnopharmacology Volume 57, Issue 
1, June 1997, Pages 35–56 

62 
Antioxidant and antihemolytic activities of Bombax ceiba pentandra spike and fruit extracts Divya, N., et.al. 2012 

International Journal of Pharmacy and 
Pharmaceutical Sciences 4 (SUPPL. 5) , pp. 
311-315 

63 
Analgesic and antipyretic effects of Ceiba pentandra L. Seed extracts Alagawadi Kallangouda, R. & Shah Amol, S. 2012 

International Journal of Pharmaceutical 
Research 4 (1) , pp. 46-49 

64 
Evaluation of phytochemixcals and antioxidant activities of Ceiba pentandra (Kapok) seed oil Kiran, C.R., et.al. 2012 

Journal of Bioanalysis and Biomedicine 4 (4) , 
pp. 68-73 

65 
In vitro screening of amazonian plants for hemolytic activity and inhibition of platelet aggregation 
in human blood 

Oliveira, V.M.A., et.al. 2009 Acta Amazonica 39 (4) , pp. 973-980 

66 
Occurrence of conjugated fatty acids in the seed oil of couepia longipendula 
(chrysobalanaceae) 

Spitzer, V., et.al. 1991 
Journal of the American Oil Chemists' Society 
68 (6) , pp. 440-442 

67 Do Lecythidaceae specialists (Coleoptera, Cerambycidae) shun fetid tree species? Berkov, A., et.al. 2000 Biotropica 32 (3) , pp. 440-451 

68 

Quantification of quercetin and stigmasterol of couroupita guianensis aubl by HPTLC method 
and in-vitro cytototoxic activity by MTT assay of the methanol extract against HeLa, NIH 3T3 
and HepG2 cancer cell lines 

Prabhu, V., Ravi, S. 2012 
International Journal of Pharmacy and 
Pharmaceutical Sciences 4 (4) , pp. 126-130 

69 
Antimicrobial, antimycobacterial and antibiofilm properties of Couroupita guianensis Aubl. fruit 
extract 

Al-Dhabi, N.A., et.al. 2012 
BMC Complementary and Alternative Medicine 
12 , art. no. 242 

70 
Antioxidant & anticancer activities of isatin (1H-indole-2,3-dione), isolated from the flowers of 
Couroupita guianensis Aubl 

Premanathan, M., et.al. 2012 
Indian Journal of Medical Research, Supplement 
136 (NOV) , pp. 822-826 0 

71 
Antidepressant like effect of couroupita guianensis Aubl. flowers in animal model of depression Gupta, V.H., et.al. 2012 

International Journal of Toxicological and 
Pharmacological Research 4 (2) , pp. 12-16 

72 
The volatiles from flowers of Couroupita guianensis Aubl., lecythis usitata miers. var. paraensis 
(Ducke) R. kunth. and eschweilera coriacea (A. P. DC.) Mori (Lecythidaceae) 

Andrade, E.H.A., et.al. 2000 
Journal of Essential Oil Research 12 (2) , pp. 
163-166 

73 
Antimicrobial activity of some medicinal barks used in Peruvian Amazon Kloucek, P., et.al. 2007 

Journal of Ethnopharmacology. Vol 111, Issue 2, 
May 2007, P 427-429 

74 Inhibition of the G2 DNA damage checkpoint by oliveroline isolated from Duguetia odorata Brastianos, H.C., et.al. 2007 Journal of Natural Products 70 (2) , pp. 287-288 

75 
Antidiabetic and antiradical activities of plants from Venezuelan Amazon Rodríguez, M., et.al. 2008 

Brazilian Journal of Pharmacognosy 18 (3) , pp. 
331-338 

76 
Chemical composition and dry matter degradation characteristics of multi-purpose trees and 
shrubs in the humid lowlands of southeastern Nigeria 

Anyanwu, N.J. & Etela, I. 2012 Agroforestry Systems , pp. 1-8 

77 Extraction and characterization of starch from Enterolobium cyclocarpum seeds] Jiménez-Hernández, J., et.al. 2011 CYTA - Journal of Food 9 (2) , pp. 89-95 
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78 
Optimization and kinetic studies on biodiesel production from underutilized Ceiba Pentandra oil Sivakumar, P., et.al. 2013 Fuel 103 , pp. 693-698 

79 
A new clerodane-type diterpenoid from Eperua leucantha Avila, D., et.al. 1992 

Journal of Natural Products (Lloydia) 55 (7) , pp. 
845-850 

80 
Constituents of the seed pods of Eperua purpurea Avila, D. & Medina, J.D. 1993 

Journal of Natural Products (Lloydia) 56 (9) , pp. 
1586-1589 

81 
Nasutitermes sp. (Isoptera, Termitidae) response to extracts from four Brazilian woods Peres Filho, O., et.al. 2006 

Scientia Forestalis/Forest Sciences (71) , pp. 
51-54 

82 
Investigating glucosyltransferase inhibitory activities of polyphenols from kapur (Dryobalanops 
sp.) heartwood extracts 

Kuspradini, H., et.al. 2007 
Journal of Natural Medicines 61 (4) , pp. 462-
467 

83 
Phytochemical characterization of a biflavonoid fraction from Garcinia madruno: Inhibition of 
human LDL oxidation and its free radical scavenging mechanism] 

Osorio D, E., et.al. 2009 Vitae 16 (3) , pp. 369-377 

84 
Antibacterial and cytotoxic activity of Brazilian plant extracts - Clusiaceae Suffredini, I.B., et.al. 2006 

Memorias do Instituto Oswaldo Cruz 101 (3) , 
pp. 287-290 

85 
Three new monoterpenoids from the fruit of Genipa americana Ono, M., et.al. 2007 

Chemical and Pharmaceutical Bulletin 55 (4) , 
pp. 632-634 

86 
Volatile constituents from headspace and aqueous solution of genipap (Genipa americana) fruit 
isolated by the solid-phase extraction method 

Pinto, A.B., et.al. 2006 
Flavour and Fragrance Journal 21 (3) , pp. 488-
491 

87 
Minor sesquiterpenes from the volatile oil from leaves of Guarea guidonia Sleumer (Meliaceae) Brochini, C.B., et.al. 2009 

Natural Product Research 23 (17) , pp. 1615-
1620 

88 Sesquiterpenes from the seeds of Guarea guidonia (Meliaceae) Soares, L.R., et.al. 2012 Quimica Nova 35 (2) , pp. 323-326 

89 
In vitro activities of plant extracts from the Brazilian Cerrado and Pantanal against 
Rhipicephalus (Boophilus) microplus (Acari: Ixodidae) 

Barbosa, C.d.S., et.al. 2013 Experimental and Applied Acarology , pp. 1-10 

90 
Insecticidal activity of cerrado plant extracts on Rhodnius milesi Carcavallo, Rocha, Galvão & 
Jurberg (Hemiptera: Reduviidae), under laboratory conditions 

Coelho, A.A.M., et.al. 2006 Neotropical Entomology 35 (1) , pp. 133-138 

91 
Antileishmanial and trypanocidal activity of Brazilian Cerrado plants De Mesquita, M.L., et.al. 2005 

Memorias do Instituto Oswaldo Cruz 100 (7) , 
pp. 783-787 

92 
Essential oils of the species of Annonaceae growing wild in the state of Para, Brazil: Guatteria 
schomburgkiana Mart. and Pseudoxandra cuspidata Maas] 

Trigo, J.R., et.al. 2007 
Revista Brasileira de Plantas Medicinais 9 (3) , 
pp. 113-116 

93 
Preliminary pharmacological evaluation of extracts of Takini: Helicostylis tomentosa and 
Helicostylis pedunculata 

Buckley, J.P., et.al. 1973 Lloydia 36 (3) , pp. 341-345 

94 
The antigenotoxic activity of latex from Himatanthus articulates Rebouças, S.O., et.al. 2012 

Brazilian Journal of Pharmacognosy 22 (2) , pp. 
389-396 

95 
Antiproliferative effect of a traditional remedy, Himatanthus articulatus bark, on human cancer 
cell lines 

Rebouas, S.D.O., et.al. 2011 
Journal of Ethnopharmacology 137 (1) , pp. 926-
929 

96 

Antibacterial and antifungal activity of extracts and exudates of the Amazonian medicinal tree 
Himatanthus articulatus (Vahl) Woodson (common name: Sucuba) 

Sequeira, B.J., et.al. 2009 
Memorias do Instituto Oswaldo Cruz 104 (4) , 
pp. 659-661 

97 Chemical constituents and preliminary antimalarial activity of Humiria balsamifera Da Silva, T.B.C., et.al. 2004 Pharmaceutical Biology 42 (2) , pp. 94-97 

98 

Effects of Hura crepitans and its active ingredient, daphne factor F3, on dihydrotestosterone-
induced neurotrophin-4 activation and hair retardation 

Uchiyama, C., et.al. 2012 
Biological and Pharmaceutical Bulletin 35 (1) , 
pp. 42-47 

99 

Minimum inhibitory concentrations of medicinal plants used in Northern Peru as antibacterial 
remedies 

Bussmann, R.W., et.al. 2010 
Journal of Ethnopharmacology 132 (1) , pp. 101-
108 

100 Characterization and antioxidant activity of Amazonian woods Suzuki, R., Matsushita, et.al. 2008 Journal of Wood Science 54 (2) , pp. 174-178 
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101 
Screening of Brazilian medicinal plants for antiviral activity against rotavirus Cecílio, A.B., et.al. 2012 

Journal of Ethnopharmacology 141 (3) , pp. 975-
981 

102 
Chemical constituents and larvicidal activity of Hymenaea courbaril fruit peel Aguiar, J.C.D., et.al. 2010 

Natural Product Communications 5 (12) , pp. 
1977-1980 

103 
Biological activities of lignoids from amazon Myristicaceae species: Virola michelii, V. 
mollissima, V. pavonis and Iryanthera juruensis 

Morais, S.K.R., et.al. 2009 
Journal of the Brazilian Chemical Society 20 (6) 
, pp. 1110-1118 

104 
Lipoperoxidation and cyclooxygenases 1 and 2 inhibitory compounds from Iryanthera juruensis Silva, D.H.S., et.al. 2007 

Journal of Agricultural and Food Chemistry 55 
(7) , pp. 2569-2574 

105 
A search for natural bioactive compounds in Bolivia through a multidisciplinary approach. Part I. 
Evaluation of the antimalarial activity of plants used by the Chacobo Indians 

Muñoz, V., et.al. 2000 
Journal of Ethnopharmacology 69 (2) , pp. 127-
137 

106 
Structure and estrogenic activity of new lignans from Iryanthera lancifolia Mesa-Siverio, et.al. 2008 

Bioorganic and Medicinal Chemistry 16 (6) , pp. 
3387-3394 

107 
Antimicrobial activity of selected Peruvian medicinal plants Rojas, R., et.al. 2003 

Journal of Ethnopharmacology 88 (2-3) , pp. 
199-204 

108 
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E. Appendix: Amazonian base line 

Colombian Amazon Region is in South-Eastern area of Colombia. Territories of the 

provinces of Amazonas, Caquetá, Guainía, Putumayo, Guaviare, Meta, Cauca, Nariño, 

Vaupés and Vichada are conforming this Region.  Approx. 60% of the terrestrial 

international limits of Colombia correspond to these provinces [99]. Additionally, this is a 

Region that has been protected with considerable suspicion through the creation of National 

Parks, Protected Forestry Reserves, Districts of Integrate Management, Districts of Soils 

Conservation and Forestry Reserves of “Ley 2 de 1959” [219]. However, the population 

growth rate combined with the migration, are the largest into the country [99]. 

 

As Franco affirmed [99] “the actual Amazon Region is more than any natural region with 

high biological and ethnic biodiversity, of fragile ecosystems. It is an essential supplier into 

the global climate change and source of riches without exploitation. It is a large Cuenca 

that is shared for seven south-American countries.  But, first and foremost, it is the scenario 

of the most serious social, environmental and territorial conflicts derived to the people 

movements without organization, resources exploitation and extraction, and public 

programs and mistaken regulation or lacked of them” [99]. 

 

Until the beginning of 1900 the indigenous population was the predominant population. In 

1930, the Colombo – Peruvian conflict generated a considerable colonization process into 

Amazon Region [6] with the movement of military personnel in order to strengthen the 

military bases. In the middle of this century, the migration of Colombians and Peruvians 

people into Amazon Region started, motivated by the quine and rubber extraction. At the 

end of this century occurred the “rubber boon” which caused the decreasing of indigenous 

population and one of the most important changes into traditional organization [6]. These 

colonizers not only looted the natural richness but also appropriated the lands [6].  
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Additionally with equal importance, it is registered the timber exploitation during XX century 

[220]. 

 

During the 1980´s the coca boom spread through the Amazon Region. Guaviare, Caquetá 

and Amazonas forests were transformed. Trees were cut down in order to plant coca and 

install the “coca laboratories” [221]. At the end of the 80´s an air commercial route was 

created into Amazonas, which facilitated the mobilization of students and institution 

interested in develop researches into the Region. At the same time, some 

telecommunications equipment were installed into the Region. Both, the air route and the 

improvement in communication encouraged the conditions of the inhabitants  [221].  

 

At the 90’s the mining boom started in Amazonas and Vaupes with arriving of mining rafts 

to Caquetá, Putumayo and Cothué Rivers. This phenomena caused the mobilization of 

illegal armed groups, natives, researches and non-native habitants  [221]. 

 

In this century, the economic activities are encouraged in urban spaces over rural spaces 

due to the spatial organization. The private economic activities are basically based on 

services delivery, trade and informal activities [99]. Besides, a substantial fraction of 

Amazonian population is conformed by persons who arrived into the Region in order to 

meet qualified labor needs into different public institutes [6].   

 

Huge amounts of land are not explored yet for research. However, the use of satellite 

technology has been allowing extrapolate some inferences related to plants and/or fauna  

[221].  
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¿What about Amazonas? 

 

 

 

 

 

 

 

 

 

 

 

  

Figure C-8-1. GDP growth in Amazonas 2001-2012 

Source: [222] 

 

According to this figure, the average GDP for Amazonas between 2001-2012 was 3,4% 

that is lower than the National GDP, 4,3%. This behavior is attributed to the low 

telecommunication and weak road infrastructure, that difficult the articulation with the 

market centers and increase the transport costs and availability of supplies [9].     

 

In the 1993 – 2003 period, the productive activities associate with fish and its products had 

the largest participation into GDP. At 2003, banking, hotels, tourist activities and delivering 

services had great contribution to the GDP [9]. 

 

Regarding to the livestock activities, cattle raising has been declining year by year. Poultry 

and swine are traditional practices that require transference of technology. Fishing activities 

(ornamental and commercial) have been associated with the Region over time. Leticia was 

the highest fish  collection and market center in Colombia [9]. However, day by day, the 

access to this resource is more difficult due to the ecosystem damages. 
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Agriculture activities are especially based on cassava, plantain, corn and rice. Amazonas 

is considered as an inappropriate area for agricultural production systems due to the high 

precipitations, relative humidity, temperatures and low soils quality.Last involves heavy-

duty deep soils usually drained with low fertility and high acids content, among others [9]. 

 

Currently, the institutions associated with Amazonas and the Amazon Region in general, 

as “Instituto Humboldt”, “SINCHI”, “Corpoamazonia” and the “Ministerio de Ambiente, 

Vivienda y Desarrollo Territorial” and “Universidad Nacional de Colombia” are looking for 

strategies that consider the use of the biodiversity under sustainable concepts as “bio trade” 

and “green markets”. In addition, the “Planes integrales de vida” (integral life plans) 

developed for indigenous organizations, collet the initiatives of those communities 

according to the vision into the present and future actions.  
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