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Abstract

The biodiversity of the Amazon region includes many oleaginous fruits, among them the Castanha-de-cutia,
whose great potential is its almonds, which have about 16.6% protein and 73% oil. What is also remarkable is
the exceptional amount of bioactive compounds in their chemical composition. This bibliographic review has the
objective of arousing interest in the consumption of the Castanha-de-cutia almonds in order to improve quality
of life. A systematic search was carried out for studies published between 1947 and 2016 that examined the
physical-chemical characteristics, nutritional composition, bioactive functions and industrial potential of the
almond from the Castanha-de-cutia. These studies included the use of this Amazonian fruit in the diet of
traditional populations in the Amazon region. The presence of essential fatty acids, tocopherols, carotenoids and
phenolic compounds strengthens the endogenous system, reducing oxidative stress and the risk of pathologies.
The high content of monounsaturated fatty acids was also verified. This demonstrated exceptional nutritional
value for the Castanha-de-cutia oil of Amazonian origin. The identification of the bioactive compounds of the
Castanha-de-cutia almond is of fundamental importance as an alternative source of such compounds, since these
desirable characteristics can be used in the prevention and treatment of metabolic diseases, as well as having
great socioeconomic potential in the paint, food and pharmaceutical industries.

Keywords: Couepia edulis, Chrysobalanaceae, bioactive compounds, chronic non-communicable diseases,
Amazon

1. Introduction

The Castanha-de-cutia (Couepia edulis Prance) (Figures 1 and 2), is a species of Amazonian origin and belongs
to the family Chrysobalanaceae. It has a fibrous fruit, elongated, ovoid, dark brown in color, formed by a thick,
smooth, hard, but spongy outer shell, which encloses a white almond with a dark, almost black, seed coat. The
average weight of a fruit is 82 g, and the average weight of an almond is 15.5 g (Pessoa et al., 2004).
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Figure 2. Amazonian oleaginous fruits of the Castanha-de-cutia tree

According to the Food and Agriculture Organization of the United Nations (FAO, 1987), the species is endemic
to the central region of the Brazilian Amazon, between the municipalities of Tefé and Coari on the Amazon River,
and can also be found on the Solimdes, Trombetas, Itui rivers, and in the municipality of Atalaia do Norte
(Leandro et al., 2014).

The almond from the Castanha-de-cutia has biologically active components that produce beneficial health
effects by correcting metabolic disorders, and therefore result in a reduction of the risk of chronic
non-communicable diseases (NCDs) (Mahan & Raymond, 2018).

In regards to the therapeutic properties of the oils found in the fruits from Castanha-de-cutia high levels of
unsaturated fatty acids (UFA) stand out, and these are known for having protective effects against dyslipidemia
(Falud et al., 2017; Santos et al., 2013; WHO, 2011), as long as they are associated with a balanced diet and a
healthy lifestyle (FAO/WHO, 2003).

When compared to a low-fat and high-carbohydrate diet, a high monounsaturated fatty acid (MUFA) diet
provides more favorable effects on triglyceride and high density lipoprotein HDL-c levels for the same degree of
high cholesterol reduction (NCEP Step II). Studies show that diets containing MUFA in substitution for
polyunsaturated fatty acids (PUFA) make low-density lipoprotein LDL-c less susceptible to oxidation, thereby
inhibiting the atherogenic process (Falud et al., 2017).

As for the lipid composition in a diet, there is substantial evidence that n-3 of vegetable origin (nuts, flaxseed or
canola oil) leads to anti-inflammatory effects similar to that caused by n-3 of marine origin (Salas-Salvado et al.,
2008). In several countries, the average fatty acid intake results in 10:1 to 20:1 ®-6:®-3 ratios, with records of up
to 50:1 occurring. Ratios of 2:1 and 3:1 have been recommended in the consumption of n-6:n-3 fatty acids,
reflecting those found in the Japanese and Mediterranean diets, where the incidence of cardiovascular diseases
has been historically low (Simpoulos, 2004). Figure 3 indicates the correct calculation of lipid proportions for a
healthy and balanced daily diet of 2,500 kcal (IOM, 2005).
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Carbohydrate —— 60% or 1,500 Kcal
Protein ——p 15% or 375 Kca

guidelines
69.4g or 100% Dietary )
lipids
~14g > <20% Saturated <7%TCV
~38g “«> 50% Monounsaturated 20% TCV
~17g 25% Polyunsaturated  6-10% TCV

Figure 3. Example of a 2,500 kcal diet and the adequacy of the amounts of ®-6 and ®-3 in relation to the 5:1
ratio, respectively

Thus, functional foods are now a global research priority in order to elucidate the properties and effects that
these products can have on health promotion and treatment of metabolic diseases (Alasalvar & Shahidi, 2009;
Arranz et al., 2008).

2. Chemical Properties

The centesimal composition of the residue or pomace of the oily seeds, expresses, in general, the percentage of
the nutritional value present in 100 g of a sample as shown in Table 1.

Table 1. Centesimal composition of the Castanha-de-cutia almond, expressed in g 100™

Composition (%) Costa e Jorge (2011)* Cavalcante (1947)
Moisture at 105° C 9.24+0.08 3.6

Proteins 7.34+0.12 16.6

Lipids 68.89+0.09 73

Total Carbohydrates** 1.15 ND

Ashes 2.17+0.01 2.7

Fiber (g) 11.21 ND

Total Energetic Value (kcal) 653.97 ND

Note. * Values expressed in g.100", determinations in triplicate with their means and respective standard
deviations. The comparisons were made using the One-way ANOVA test followed by the Tukey post-test. **
Calculation by difference. ND: Not Determined.

This Amazonian oleaginous nut stands out for its high protein, lipid and fiber content (Leandro & Yuyama, 2008;
Pessoa & Leeuwen, 2006). The high level of lipids of the Castanha-de-cutia almond is superior to other
oleaginous nuts from the Amazon, as has been verified in studies which selected ten different edible nuts and
investigated them for lipid composition, richness of PUFA, and obtained values that ranged from 43.71% for
cashew nuts, to 66.71% for Brazil nuts (Venkatachalam & Sathe, 2006).

The almonds from the Castanha-de-cutia are excellent nutritional sources, and 100 g of fruit have an average
chemical composition of 18.6 g of protein; 254 mg of calcium; 475 mg of phosphorus; 4.4 mg of iron and 0.67
mg of vitamin B2. Therefore, consumption of the Castanha-de-cutia almonds can provide important amounts of
macronutrients and micronutrients needed for the human diet, in addition to being an excellent source of energy
(Carvalho et al., 2008).

Some authors exalt the protein content of Castanha-de-cutia almonds and consider it as a meat analogue since it
has around 17% protein, which is about five times the protein content of fresh bovine milk (Oliveira & Vosti,
1997; Nascimento & Romma, 1984).
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Dietary fiber has also been identified as an important component of a healthy diet and its consumption has been
associated with a reduced risk of chronic diseases (WHO, 2013a). The Castanha-de-cutia almond has a high
fiber content (11.2%) (ANVISA, 2012); in fact, it is higher than the total dietary fiber content found in cashew
nuts (3.7%) and Brazil nuts (7.5%) (TACO, 2011).

According to Table 2, Castanha-de-cutia almonds are good sources of unsaturated fatty acids (mono and
polyunsaturated), which have been shown to reduce metabolic diseases, particularly those that present
cardiovascular risks (Faludi et al., 2017; Alasalvar & Shahidi, 2009).

Table 2. Average fatty acid composition (%) of oils extracted from Brazil nuts

Oil sample n-6 n-3 Saturated Monounsaturated Polyunsaturated
Brazil nut* 20.5 0.04 15.1 24.6 20.6

Cashew nut* 83 0.1 8.3 25.5 8.4
Castanha-de-cutia almond** 12.39+0.03 0.0 38.1£0.05 40.39+0.02 12.39+0.03

Note. *Alasalvar and Shahidi (2009). **Costa-Singh et al. (2012). Mean values+standard error of the mean of
triplicate determinations.

It is known that lipids are, in one sense, important components of a healthy diet, and most of their harmful
effects on health are related to their type and excessive consumption. A high intake of fats, especially saturated
ones, has been linked to cardiovascular disorders, including atherosclerosis and thrombosis, as well as certain
types of cancer and diabetes. Lipids also have biological importance in the human diet since they make up part
of the group of macronutrients, and provide nutritional value to foods, thus making up the largest source of
metabolic energy, essential fatty acids and fat-soluble vitamins. They are also associated with a reduction in the
appearance of numerous metabolic diseases, when consumed in the recommended proportions (Faludi et al.,
2017; Lottenberg, 2009).

The physico-chemical properties of the oil extracted from the Castanha-de-cutia almonds shown in Table 3
demonstrate that they are comparable to those of conventional oils of good quality, according to the
recommendations for vegetable oils, with emphasis on the acidity index that is similar to that of refined oils, the
maximum being 0.6mg KOH.g"' (Codex, 2009; ANVISA, 2005).

Table 3. Physico-chemical characteristics of the oil from Castanha-de-cutia (Couepia edulis Prance) almonds,
according to Costa-Singh et al. (2012), Cavalcanti (1947) and Pesce (1941)

Characteristics Costa-Singh et al. (2012)* Cavalcanti (1947) Pesce (1941)
Density (15°) ND 0.9955 0.942
Acidity level 0.69+0.01 2.52% 1.63%
Peroxide Index (meq kg™') 0.02+0.01 ND ND
Thermo-sulfuric index (Tortelli) ND 37 ND
Refractive index 1.4763+0.0002 1.466 1.496
Melting point of fatty acids (initial) ND 32°C ND
Melting point of fatty acids (complete) ND 38°C 40.2°C
Saponification index (mg KOH g™) 187.73+0.89 214 187.5
Iodine Index 90.67+1.09 192.30 192.3
Glycerin (%) ND ND 9.95
Unsaponifiable (%) 0.38+0.01 ND 1.3
Acetyl Index ND ND 139.9
Ester Index ND ND 184.24
Crismer Index ND ND 327.4
Free fatty acids (%) 0.35+0.01 ND ND
Oxidative stability (hours) 1.54+0.02 ND ND

Note. *Mean valueststandard error of the mean of triplicate determinations. ND: Not Determined.

The proportions of the different saturated and unsaturated fatty acids in vegetable oils and fats vary according to
the plants from which they were obtained, and there are also variations determined by the climatic conditions
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and type of soil in which they are grown. The thermal stability of oils depends on their chemical structure, and
oils with saturated fatty acids are more stable than those with unsaturated ones (Faria et al., 2002).

The physicochemical properties of the oil extracted from the Castanha-de-cutia almonds present a high
percentage of polyunsaturated fatty acids (PUFA), and one of the main aspects related to the protective effect of
these compounds has been attributed, in part, to the presence of antioxidant compounds, among which total
phenolic compounds and important levels of tocopherols stand out, especially the isomers a-tocopherols and
carotenoids (Costa-Singh et al., 2012) (Table 4). Thus, it is a naturally functional food that aids in the
preservation of a healthy organism (Alasalvar & Shahidi, 2009).

Table 4. Average concentration of a-tocopherols, -carotene, total phenolic compounds (mg/100 g) and total
flavonoids (mg/100 g) of oils extracted from nuts

Oil sample a-tocopherols B-carotene Total phenolic compounds  Total flavonoids
(ng/g)* (mg/kg)****  (mg/100 g)** (mg/100 g)**

Brazil nut 82.9 62.50 169.2 107.8

Cashew nut 3.6 ND 316.4 63.7

Castanha-de-cutia Almond*** 274.27+2.02 ND 2.02(MG GAE g) ND

Note. * Yang (2009); ** Yang et al. (2009); *** Costa-Singh et al. (2012); **** Miraliakbari and Shahidi (2008).
GAE: Gallic acid equivalents per gram. ND: Not Determined.

According to studies, it has been found that the chloroform/methanol extraction system provides oils with higher
amounts of antioxidant components, which exhibit higher activities than extracts of oils extracted with hexane,
and thus improve the stability of the oil and the potential for beneficial effects to health (Miraliakbari & Shahidi,
2008).

Therefore, a-tocopherol is the form of vitamin E with the highest biological activity (100%) in the human body
and prevents the oxidation of polyunsaturated fatty acids and lipid components of cells, followed by
B-tocopherol (50%), y-tocopherol (26%) and &-tocopherol (10%) (Ramalho & Jorge, 2006; Nogala-Kalucka et al.,
2005). Thus, o-tocopherol has the highest vitamin E activity, while y- and &-tocopherol have the highest
antioxidant activity (Schmidt & Pokorny, 2005).

As a result, the consumption of tocopherol plays an important role in improving immune function and in limiting
the incidence and progression of chronic non-communicable diseases (NCDs) (Vignini et al., 2011).

The Castanha-de-cutia almond has a high content of a-tocopherols when compared with the Brazil nut and the
cashew nut. However, the cashew nut cannot be classified as a food source of alpha-tocopherol, as it does not
contain more than 5% of the Dietary Reference Intakes (DRI) value, Recommended Dietary Allowances (RDA)
or Adequate Intake (AI) in a normal portion (IOM, 2000).

Carotenoids have pro-vitamin A activity, which are later transformed into retinol and antioxidant, reducing the
risk of cancers and cardiovascular diseases, among other degenerative diseases (Dias et al., 2009). Among the
carotenoids, a-carotene is the most abundant in foods and one which has the highest vitamin A activity (100%
activity), while y-carotene, a-carotene, 3-zeacarotene, B-cryptoxanthin and o—criptoxanthin present only 50% of
activity (Rodriguez-Amaya, 2008).

As with tocopherols, the increase in carotenoid levels in the body promotes the regulation of intercellular
communication, the modulation of hormones and improves immune response, thus decreasing the risk of NCDs
(Uenojo et al., 2007).

Phenolic compounds are widely found in plants and are a very diverse group of phytochemicals which are
derived from phenylalanine and tyrosine, and provide oxidative stability (Uenojo et al., 2007). This mechanism
of antioxidants in oleaginous fruits has a fundamental role in reducing lipid oxidation in tissues because, when
incorporated into human food, antioxidants reduce the risk of developing chronic pathologies (Ramalho & Jorge,
2006).

3. Antioxidant Activity

The Castanha-de-cutia almond possesses bioactive compounds, which are known for their functional action, for
example, isoprenoids, phenolic compounds, carotenoids, tocopherols, polyunsaturated fatty acids, essential
amino acids, fibers (Costa & Jorge, 2011), and which are particularly attributed to its antioxidant activities
(Huber et al., 2009; Silva et al., 2010).
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These antioxidant compounds exert various actions from the biological point of view, particularly in regards to
the modulation of detoxification enzymes, stimulation of the immune system, reduction of platelet aggregation,
antibacterial and antiviral activity, and contribute to the protection against the development of chronic diseases
(Nery-Numa et al., 2018; Zimmermann & Kirste, 2008).

Phenolic compounds are included in the category of free radical interrupters, and are very efficient in preventing
self-oxidation (Balasundram et al., 2006). In addition, phenolic compounds can act as protectors and
regenerators of primary antioxidants, such as ascorbic acid, tocopherol and -carotene (Silva et al., 2010; Huber
et al., 2009).

Tocopherols, carotenoids and phenolic compounds are bioactive compounds that have antioxidant activity in
vitro and in vivo (Costa-Singh et al., 2012; Rodriguez-Amaya, 2008). However, the technology needed in order
to make the consumption of these bioactive compounds possible must overcome some limiting factors to thus be
effective. The main obstacles are that they are influenced by light, presence of O,, the physical and chemical
properties of the food and the presence of possible initiators and catalysts of the reaction (Silva et al., 2010).
Furthermore, the temperature in the antioxidant activity of tocopherols decreases when its concentration exceeds
the optimum and may present a pro-oxidant effect, which can be more pronounced with the increase in
temperature (between 40 and 60 °C) (Evans & Addis, 2002). However, above 40 °C the process of degradation
of carotenoids and phenolic compounds begins (Rodrigues et al., 2013; Kechinski et al., 2010). Furthermore,
studies report that consumers have less preference for synthetic antioxidants. Therefore, there is growing interest
in obtaining antioxidant substances from plant products, which also present greater antioxidant activity than the
synthetic products (Silva et al., 2010).

4. Hypolipidemic Action

Essential fatty acids, the n-6 fatty acid series, derived from cis-linoleic acid (C18:2), and the n-3 series, derived
from a-linolenic acid (C18:3) (Das, 2006), present in Amazonian oleaginous fruits (TACO, 2011; Costa-Singh et
al., 2012), are compounds that give rise to other biologically active fatty acids, such as arachidonic,
eicosapentaenoic (EPA; C20:5) and docosahexaenoic (DHA; C22:6) acids (Das, 2006). EPA and DHA are the
two most important n-3 polyunsaturated fatty acids (greater than 18 carbons). In humans, the tissues that have
the ability to biosynthesize EPA and DHA are the liver, the gonads and, to a lesser extent, the brain and adipose
tissue, and do so from the precursor a-linolenic acid, via enzymatic systems of elongation and desaturation of the
hydrocarbon chain (Haag, 2003). Although these enzymes have a greater affinity for acids of the n-3 family, the
conversion of a-linolenic acid into DHA and EPA is strongly influenced by the levels of linoleic acid in the diet.
An excess of this fatty acid can reduce the synthesis of a-linolenic acid metabolites, such as eicosapentaenoic
acid (Vaz et al., 20006).

Jenkins and co-workers carried out studies on the effect of almond consumption on the human lipid profile
which examined 27 healthy or hyperlipidemic men and women, and these showed a reduction in the levels of
total cholesterol and LDL-c and an increase in the levels of the cholesterol fraction of high density lipoproteins
(HDL-c) when the intake of almonds per day was between 37 and 73 g (Jenkins et al., 2008).

Long-term randomized studies have confirmed the beneficial effects of regular consumption of nuts on the lipid
profile in type 2 diabetic and non-diabetic patients, however, no improvement in their blood glucose levels was
reported (Tapsell et al., 2004; Lovejoy et al., 2002).

Rajaram and co-workers evaluated the effect on the lipid profile in hyperlipidemic patients on diets enriched
with nuts or fish for four weeks and found that, in the group of patients who consumed a diet containing 42.5 g
of nuts per day, there was a greater reduction in total cholesterol levels. and LDL-c than in the control groups
(without nuts and fish) and the fish group (113 g salmon, twice a week), while, in the group that received a fish
diet, there was a reduction in plasma triglyceride levels and an increase in HDL-c levels (Rajaram et al., 2009).

5. Cardioprotective Effect

There are several nutritional strategies capable of maintaining cardiovascular health or reducing the risk of
cardiovascular damage; among them is through the diet itself. Encouraging the consumption of healthy foods
with adequate levels of ®©-3, ®-6 and ©-9 fatty acids, fibers, rational distribution of vitamins and minerals,
reduction of sodium content and the practice of regular physical activity has been proven to be extremely
beneficial (Faludi et al., 2017; Lottenberg et al., 2012). In addition, the substitution of foods rich in harmful fats
for others with more adequate fatty acid profiles has been adopted as an effective practice for preventing
cardiovascular disease (CVD) and diminishing the risk of coronary events (WHO, 2013a).
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CVD is one of the main causes of morbidity and mortality in the world, and multiple epidemiological studies
associate the composition of the diet with its main risk factors (WHO, 2011). The early diagnosis and the
reduction of elevated serum levels of triglycerides (TG), total cholesterol (TC) and LDL have contributed to a
significant decrease in mortality and the incidence of cardiovascular disease (Faludi et al., 2017).

However, stroke is still the second leading cause of death in the world, and was responsible for 6.7 million
deaths in 2012 (WHO, 2017). In Brazil, among the main causes of death, cerebrovascular diseases are the most
common, followed by acute myocardial infarction (Brazil, 2017). The World Health Organization estimates that
by 2030 strokes will still be the second leading cause of deaths in the world and responsible for 12.2% of the
deaths predicted for the year (WHO, 2013b).

The Institute of Medicine recommends that diets have the lowest possible content of cholesterol, trans fatty acids
and saturated fats, in view of the positive correlations of the intake of these types of lipids, related to elevated
plasma LDL-c, and the increased risk cardiovascular diseases (IOM, 2005). However, since vegetable oils
contain essential fatty acids and significant levels of other bioactive compounds, they contribute to the
prevention of cardiovascular diseases through several mechanisms that can be attributed to their antioxidant
effects that protect biomolecules from the action of free radicals (Santos et al., 2013; Lottenberg, 2009).

Currently, there are many types of drugs capable of controlling hyperlipidemia, however, this type of treatment,
however efficient it may be, has a high cost and is not exempt from side effects. These side effects tend to be
proportional to the size of the dose of the medication prescribed. In light of this fact, the Brazilian population has
sought palliatives for such treatments, and many have included foods in their diet that have cardioprotective
properties (Gongalves et al., 2006).

Excessive consumption of oils containing saturated fatty acids with 12 to 16 carbon chains increases the
concentration of low density lipoproteins (LDL-s) in the blood and increases the risk of cardiovascular diseases.
Stearic acid is considered neutral in relation to its effect on blood lipids (Kris-Etherton et al., 2005), while
monounsaturated and polyunsaturated fatty acids tend to have an inverse relationship with the incidence of
coronary heart disease (Binkoski et al., 2005).

The consumption of monounsaturated vegetable oils, rich in oleic acid (C18:1, n-9) has also been recommended
because these oils are also associated with a reduction in the incidence of heart disease. Although not considered
an essential fatty acid, oleic acid has been shown to have a neutral effect on cholesterolemia. However, diets rich
in oleic acid have been observed to increase the level of the cholesterol fraction of high density lipoproteins
(HDL-c) and reduce the level of the cholesterol fraction of low density lipoproteins (LDL-c) (Santos et al.,
2013).

Epidemiological studies have demonstrated distinct relationships between the type of fat ingested and changes in
blood pressure. Changes in the proportions of fats, with a reduction in saturated fatty acids (SFA) and an increase
in MUFA may contribute to a reduction in blood pressure and possibly play a relevant role in lowering the risk of
coronary artery disease. However, this beneficial effect can be reversed if the total consumption of fat is
excessive (Santos et al., 2013; Mente et al., 2009; Rasmussen et al., 2006).

6. Anti-inflammatory Properties

Studies have found that metabolism and immunity are interdependent and that excessive food intake contributes
to a greater risk of inflammatory diseases and, therefore, adequate nutrient consumption is essential to preserve
immune function (Lottenberg et al., 2012). Thus, obesity, diabetes mellitus and dyslipidemia are pro-atherogenic
conditions (Wellen & Hotamisligil, 2005).

These NCDs favor the development of atherosclerosis, which is a chronic inflammatory disease of multifactorial
origin that occurs in response to endothelial aggression and consequently induces the onset of chronic
inflammatory processes that are accompanied by the absence of vasodilator and antithrombotic factors and an
increase in vasoconstrictor and prothrombotic products, which characterizes endothelial dysfunction
(Thomazella et al., 2011).

Regarding the specific effect of fatty acids on inflammation, several studies have found a strong association
between trans and saturated fat intake and the synthesis of inflammatory biomarkers (Baer et al., 2004). An
epidemiological study of overweight individuals showed an increase in interleukin-6 with diets high in saturated
fat (Lopez-Garcia et al., 2005). The danger in high consumption of saturated fatty acids is related to lipotoxicity,
which affects several organs and increases the risk of diabetes and cardiovascular diseases as a result of its
strong relationship with inflammation and insulin resistance (Garbarino & Sturley, 2009).
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Therefore, unsaturated fatty acids have been shown to have protective effects in such disorders, since studies
have shown their ability to modulate monocytes in the stimulation of epithelial cells, which contributes to their
protective effects against chronic inflammatory disorders (Luu et al., 2007).

Studies have shown that consumption of MUFA is related to improvements in endothelial function and
monocytic adhesion, in addition to reductions in inflammatory markers and platelet aggregation, thereby
providing protection against thrombogenesis and oxidative stress (Santos et al., 2013; Delgado-Lista et al.,
2011).

In view of the mechanisms involved in the formation of atherosclerotic plaque, the main objectives of therapies are
the control of dyslipidemia and inflammation, in addition to protecting the vascular endothelium. Thus, the
treatment of atherosclerosis requires a broad and simultaneous approach in relation to all risk factors, prioritizing
initially a change in lifestyle that includes nutritional therapy (Lorente-Cebrian et al., 2013). Epidemiological
studies have reported that supplementation with polyunsaturated fatty acids (PUFA) would have an inverse
correlation with the incidence of atherosclerosis, limiting the inflammatory process, the progression of
atheromatous plaques and reducing vulnerability to rupture phenomena, with possible clinical benefits (Moreno &
Mitjavila, 2003).

Furthermore, oil from Castanha-de-cutia almond has, in its chemical composition, fatty acids with a higher
percentage of unsaturated fatty acids and relevant levels of bioactive compounds, with emphasis on phenolic
compounds and a-tocopherols, which are associated with a reduction in the risk of a variety of chronic diseases
due to the oil’s anti-inflammatory, antimicrobial, anticarcinogenic, antiallergic and antiviral properties
(Costa-Singh et al., 2012).

7. Type 2 Diabetes Melitus (DM 2)

DM 2 is an important and growing health problem in all countries, regardless of their level of development. It is
estimated that 46% of adult diabetes cases are undiagnosed and that 83.8% of all undiagnosed diabetes cases are
in developing countries (ADA, 2017). The World Health Organization (WHO) estimates that high blood sugar is
the third most important factor in the cause of premature mortality, surpassed only by increased blood pressure
and tobacco use (ADA, 2013).

Diabetes is also associated with higher rates of hospitalizations and greater use of health services, due to a higher
incidence of cardiovascular and cerebrovascular diseases, blindness, kidney failure and non-traumatic lower limb
amputations, thus one can predict the burden that this increase in diabetes will represent in the coming years for
the health systems of all countries, regardless of their level of economic development (ADA, 2015).

Most countries spend between 5 and 20% of their total health expenditure on treating diabetes. With this high
cost, diabetes is an important challenge for health systems and an obstacle to sustainable economic development
(ADA, 2017).

Furthermore, most individuals with DM2 suffer from obesity, high blood pressure and dyslipidemia, and
interventions by health services must address these multiple metabolic abnormalities in order to reduce mortality
(DSBD 2017-2018). Randomized, controlled clinical studies have shown that individuals can decrease their rate
of development of diabetes via interventions in their lifestyle (ADA, 2017; DPP, 2002).

The consumption of bioactive compounds is associated with the prevention and control of NCDs, and these
compounds, which are present in the Castanha-de-cutia almond, have exceptional biological properties. These
include antioxidant, antimicrobial, anti-inflammatory properties and vasodilatory actions, which are all important
for protection against the effects of type 2 DM (Costa-Singh et al., 2012). Thus, an increase in the levels of
polyphenols and carotenoids (pro vitamin A) in the diet can have profound effects on inflammatory suppression
and on the reduction of oxidative damage in the islets of Langerhans. Inverse correlations between insulin
resistance and dietary intake of fat-soluble antioxidant vitamins were found in research conducted with
individuals, with an average age of 47 years, at various levels of insulin resistance and normal glucose tolerance
(Luna & Costa, 2013).

Among the parameters for this metabolic syndrome (MS), insulin resistance is undoubtedly the primary factor
for its occurrence and the individual components that define MS include dyslipidemia (elevated triglycerides and
LDL-cholesterol), impaired fasting glucose, high blood pressure and abdominal obesity (Alberti et al., 2009).

Human studies demonstrate that short-term interventions, such as replacing PUFA with MUFA, or the simple
increase in MUFA consumption, can lead to improvements in insulin resistance, when associated with fiber
consumption and a healthy lifestyle (Lopez et al., 2011; Paniagua et al., 2007; Xiao et al., 2006).
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Studies regarding Mediterranean diets, in which nuts are regularly consumed, demonstrated an association
between Mediterranean diet scores and the risk of MS. The diet was inversely associated with abdominal
circumference, systolic blood pressure and triglycerides, and in a direct manner associated with HDL-
cholesterol, insulin resistance and fasting glucose (Kesse-Guyot et al., 2013).

Thus, the inclusion of nuts in nutritionally balanced diets has significant and consistent protection in relation to
the occurrence of the main chronic diseases, and is recommended in the Dietary Guidelines for Americans
(DeSalvo et al., 2016) and also adopted by Brazilian Guidelines (DSBD, 2017; Faludi et al., 2017; Santos et al.,
2013).

8. Industrial Potential

The Castanha-de-cutia tree adapts well in the poor, clayey soils of the upland rainforest, including areas that
normally flood. In Manaus, Brazil, this species blooms between February and November and bears fruit between
February and August (Leandro et al., 2014; Pessoa et al., 2004).

This oleaginous Amazonian fruit grows well in a monoculture system and, so far, there has been no news of
pests or diseases. In fertile soils, an adult tree can produce more than 2,400 fruits, equivalent to 200 kg (FAO,
1987), which equates to 38 kg of almonds or 28 kg of oil. In a plantation with 100 trees/ha, the equivalent of 20
t/ha/year of fruit can be produced (3.8 t of almonds or 2.8 t of oil) (Pessoa & Leeuwen, 2006).

One study described more than 120 oily seed species from the Amazon region and stated that Couepia edulis is
undoubtedly one of the most interesting seeds in this region, both for its percentage in oil and for the quality of
its oil, which is very clear, edible and easily refined (Pesce, 1941).Thus, the oil extracted from the almonds is
clear, odorless, can be used for cooking. This oil of this nut of Amazonian origin is classified as a curing agent,
with great prominence in the industry of paints, varnishes, lacquers, linoleum, can be used for waterproofing
leather, and in all branches of printing and similar industries (Leandro and Yuyama, 2008; Pessoa and Leeuwen,
2006) and is similar to China wood oil (Aleurites sp.) and oiticica oil (Licaniarigida Benth) in terms of specific
weight and its high refractive index (Cavalcante, 1947).

The almonds of this Amazonian species can be eaten roasted, or mixed with manioc flour. They taste similar to
the Brazil nut (Bertholletia excelsa), though with a slightly softer texture (Pessoa et al., 2004), and in
combination with other cereals and fruits they produce countless processed snacks that are popular with
consumers (Carvalho et al., 2008).

9. Conclusions

The bioactive properties of Castanha-de-cutia almonds include high levels of PUFAs, with emphasis on MUFAs,
proteins, fibers, micronutrients and antioxidant compounds and cause stimulation of the immune system in the
protection against metabolic diseases, which makes them comparable to regular almonds (Prunus dulcis) which
are widely traded on the national and international markets. Castanha-de-cutia almonds are also promising for
the sustainable socioeconomic development (bioeconomy) of the Amazonian population. Therefore, this
oleaginous Amazonian fruit is promising for the production of foods with special health purposes, industry, as
well as the pharmaceutical industry.
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