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Abstract: A pre-Columbian staple, Bactris gasipaes Kunth. is a palm tree domesticated around
4000 years ago, so appreciated that a Spanish chronicler wrote in 1545, “only their wives and children
were held in higher regard” by the Mesoamerican natives. The peach palm is an integral part
of the foodways and gastronomy of Ecuador, Colombia, Bolivia, Peru, Brazil, and other tropical
American countries; meanwhile, it is almost unknown in the rest of the world, except for hearts of
palm. Although abundant, the species faces anthropogenic threats. The purpose of this study is to
describe and summarize the physicochemical, nutritional, and bioactive characteristics of the peach
palm and its two main alimentary products: hearts of palm and fruits, highlighting the functional
and antioxidant potential of the latter, showing both ancestral and modern uses. There is active
research on peach palm products and coproducts that aim for better, more sustainable uses of its
traditional and recently found properties. The review and presentation of studies on this strategically
relevant species can motivate the protection of endangered populations and stimulate new lines of
research to advance development in the food, pharmaceutical, and cosmetic industries, with fair
trade, sustainable development goals, and adaptation to climate change in mind.

Keywords: palm; Bactris gasipaes; food sovereignty; Amazon; phytochemicals

1. Introduction

The Amazon is a multicultural and multiethnic space where natural resources have
been used ancestrally to provide housing, medicine, and food to its inhabitants [1]. Some
of these are fruits that are currently considered promising for their sensory, nutritional,
and ethnomedicinal characteristics [2—4]. Among these important species, palms are an
important family. Palm trees are considered to be more useful to mankind than any
other family, inspiring the tree of life motif [5]. An important palm in the Amazon and
tropical America is Bactris gasipaes Kunth., in the Areacaceae family, the most important
pre-Columbian American palm [6], a polyvalent pre-Columbian staple. This species, among
many others, is expected to undergo changes in the land area suitable for cultivation due to
climate change, with loss of current cultivation areas and the emergence of new ones [7].
This would not be the first climate event in Amazonia [8], and B. gasipaes overcame earlier
events.

There is abundant research published on B. gasipaes, including excellent review arti-
cles [9,10]. We found the need for an integrated, updated view that presents the current
knowledge of the food and phytochemical study of the species. Most research on the
species centers on its biology and agriculture.

Plants 2022, 11, 3134. https://doi.org/10.3390/plants11223134

https:/ /www.mdpi.com/journal/plants



Plants 2022, 11, 3134

20f17

This article discusses the ancestral and modern uses of B. gasipaes: food, pharmaco-
logical, and others, with emphasis on the fruit of the species. We aim to find research and
application opportunities in food and industrial production in the face of the food crisis
that favors a return to more ecological agroecosystems [11]. We also provide material for
action on the following Sustainable Development Goals (SDG): 1 No poverty, 2 Zero hunger,
9 Industry, innovation and infrastructure, 12 Responsible consumption and production, 13
Climate action, and 15 Life on land.

2. Methods

A narrative literature review was performed consulting the published literature in
English, Spanish, and Portuguese for “Bactris gasipaes” in the title, abstract, and keywords;
the last two languages were included because they are the main languages spoken in the
countries where the species grows. The scientific databases consulted were Scopus (413 re-
sults), Web of Science (218), Crossref (494), Dimensions (505), and SciELO (136). Among the
documents returned by the searches, those having to do with history, domestication, ances-
tral and modern food, and feed uses, ethnopharmacology, cultural aspects, phytochemical
composition, sustainability, and innovation were included in the review. Results from the
last fifty years were included in the search. Ad hoc searches were performed as needed to
supplement the information and relevant, earlier publications are also mentioned.

3. Taxonomy and Distribution

Bactris gasipaes Kunth. Belongs to the Bactris Jacq. ex Scop. genus of spiny palms in the
Arecaceae family, Cocoseae tribe. The genus includes seventy-nine species, of which several
are edible. B. gasipaes is the most used species as a food resource in the genus. There are two
accepted varieties of the species: Bactris gasipaes var. chichagui (H. Karst.) A.J. Hend. [12],
and Bactris gasipaes var. gasipaes [13,14]. The chichagui variety is mostly wild with smaller,
oilier fruit, and the gasipaes variety is cultivated, with larger and starchier fruit [15].

B. gasipaes currently extends throughout the Amazon basin and other humid lowlands
of the neotropics, with one population up to 1800 m above sea level in Colombia. The
species has been introduced to countries such as Australia, Indonesia, Malaysia, Reunion
island, and Hawaii [16-18] to relieve the pressure on local palms endangered by non-
sustainable production, especially where hearts of palm are produced.

Common names for this species vary depending on the region, some of which are
presented in Table 1. Figure 1 shows the distribution of B. gasipaes in tropical America by
country, both as a native and as an introduced species.

Table 1. Common names of Bactris gasipaes according to location.

Country Names
Brazil Papunha; Pupunha; Pupunheira; Popunha.
.. Chonta; Palma de Castilla; Tembe; Chima; Anua; Mue; Huanima; Pupufia;
Bolivia JR
Témbi; Eat; Tempe.

Cachipay; Chantaduro; Chenga; Chonta; Chontaduro; Chichagai; Pijiguay;
Pupunha; Pupufia; Pejibd; Jijirre; Macanilla; Contaruro; Have; Pipire.

Costa Rica Pejibaye; Pejivalle.

Chonta; Chonta dura; Chontaduro; Chonta palm; Palmito; Chantaduro,
Puka chunta; Shalin chunta

Guyana Paripie; Parepon.

Chonta; Ruru; Pejwao; Pifuayo; Chonta Duro; Jod; Uyai; Mee; Pijuayo;
Pisho-Guayo; Sara-Pifuayo.

Suriname Amana; Paripe; Paripoe.

Bobi; Cachipaes; Macana; Peach; Pijiguao; Pixabay; Rancanilla; Gachipaes;

Pichiguao; Piriguao; Cachipay; Pachigaro.

Colombia

Ecuador

Peru

Venezuela

Adapted from [16,19].
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Figure 1. Distribution of Bactris gasipaes Kunth., in tropical Central and South America. Grey:
native; light blue: introduced (Trinidad and Tobago, El Salvador). Source: [19]. Shaded areas, main
complexes: red: Occidental; green: Maracaibo; brown: Upper Amazonia; yellow: Eastern Amazonia.
Source: [20].

4. Morphological Description

The species is characterized by being cespitose, i.e., several trunks (one to fifteen) with
heights from six to twenty meters stemming from the point of origin, smooth in appearance,
with evident internodes, surrounded by a ring of black thorns (Figure 2A) [16,20]. The
leaves, located at the top of the trunk, are arched and long (up to 100 cm), their sheath
covered with small white or dark brown spines; inflorescences appear in intrafoliar clusters
and are monoecious: female and male flowers emerge from the same stem; with some
structures, such as the peduncle, covered with spines. The species can produce up to ten
inflorescences per year [17,21].

Inside the trunk, the heart of palm can be found, a vegetable considered a delicacy:
cylindrical and sweet-tasting, it consists of the apical meristem, divided into basal, central
and apical with marked differences in texture due to the arrangement of the structural
fibers; its harvest results in the death of some species [22,23], but not in Bactris spp., and
other cespitose palms. This is why it has become a more sustainable prime source for hearts
of palm, together with Euterpe oleracea (Agai).

The fruits are spherical or ovoid in shape, and come in a variety of sizes; the largest
are up to10 cm long and up to 6 cm in diameter, they are clustered, green when unripe, and
from yellow to orange when ripe [5,24]. The inside of the pulp is floury or oily depending
on the variety, and in the center, there is a seed that resembles a very oily small coconut
(Figure 2B). According to the weight of the fruit, B. gasipaes is categorized as microcarpa (<20
g), mesocarpa (>21 g, <70 g) and macrocarpa (>70 g) (Figure 2C), and also as orange, yellow,
and lately, white varieties [25,26]. The fruit presents low polyphenol oxidase activity, which
makes it suitable for minimally processed products [18].
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B

Macrocarpa

Figure 2. Morphology of Bactris gasipaes: (A). Trunks showing internodes covered with thorns.
Source: David Stang (CC BY-SA 4.0); (B). Difference between macrocarpa and microcarpa fruits;
(C). B. gasipaes fruit, microcarpa variety, Cali Colombia. Source: Michael Hermann (CC BY-SA 3.0).

The similarity with other species suggests the species was domesticated in areas of
the Amazon through hybridization [5,27,28]. Its food use is mainly for its oil content, plus
the harvesting process has ethnic, cultural, and traditional value [5,15,28,29]; in addition, it
is attractive as a promising industrial resource for new products derived from the same
species (chonta, palm heart, wood) [30,31].

5. Mythical Origins

There are several related origin myths for B. gasipaes in the traditions of Peruvian
(Ashaninka), Colombian (Yukuna Matapi), and Ecuadorian (Shuar Achuar) native peo-
ples [32-35]. A common motif is that chonta and maize come from the otherworld, stolen
by human or demigod visitors. In a Catio myth, the immortals of Armucurd, a planet below
earth, feed on the vapors of B. gasipaes, but it is the human visitors that return with seeds
for human cultivation and consumption [35]. In these stories, practical elements are trans-
mitted: the quality of the wood for the making of proper weapons; the food value of the
species; and the importance of not throwing the seeds away but saving them for cultivation.
The interdependence of the cultivated palm and humans is shown in these stories, pointing
to a domesticated species, no longer able to survive in the wild. Another example of how
ingrained B. gasipaes is in the local cultures is the calendar use: “Pupunha summer” is part
of the calendar of the indigenous peoples of the Tiquié river in Brazil [36], and the harvest
season between December and March is an important event. Today, chonta festivities that
reenact these myths survive and are becoming a community tourism product [37].

6. History

The origin of the species is unclear, but consensus points to the Bolivian amazon as
a possible origin [5]. Three hypotheses coexist: a southwestern Amazon domestication, a
northwestern South America domestication, and that of multiple origins. Two dispersals
are supported by genetic diversity patterns: one along the Ucayali river, northwestern
South America, and into Central America with a starchy, fermentable fruit used as a staple;
another, along the Madeira river into central and eastern Amazonia in which the smaller,
starchy, and oily fruit is used for snacking [15]. Similarity with other species suggests the
species was domesticated in areas of the Amazon through hybridization, with highest
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genetical diversity in northern Peruvian and Ecuadorian Amazon. The domestication
of the species is tentatively dated between 4000 and 3000 years BP, coincident with the
establishment of sedentary communities in Amazonia [5,27,28]. The earliest archaeological
remains of the species, presumably already cultivated, are dated 2300-1700 BC in Costa
Rica [38].

The records about the species date back to the fifteenth century, and it is presumed
that the beginning of its production under the Spanish was as timber, not as a food resource.
During the Spanish conquest, native crops such as B. gasipaes lost importance, due to the
massive native population loss [8] and the adoption of European productive systems. The
European contact in the fifteenth—sixteenth centuries in Central America is marked by
the awe of the Spaniards towards how appreciated the species was. Spanish chronicler
Godinez Osorio wrote in 1575 that, “only their wives and children were held in higher
regard” [39]. The timber of B. gasipaes was used in the early 1540s by the Spaniards to build
fortifications because of its hardness and the fact that the trunk is naturally covered by
thorns. It was also used as a weapon: more than 30,000 palms were cut down to submit the
natives to hunger [40]. The same chronicle attests to the consumption of hearts of palm by
a Chichimeca army under the orders of the Spaniards. Before the Spanish invasion, the fruit
of B. gasipaes was a staple, and the harvest was one of the most important events of the year,
with most births taking place nine months after it. Even today, 500 years later, the use of
the species has not reached back to its pre-Hispanic level [15,17,41]. B. gasipaes fruit has
been relegated pejoratively as a “fruit of the Indians”, a forgotten, neglected fruit [39,42];
however, in times of scarcity it has been used to provide food security [43], and it still is
today [9].

7. Traditional Uses

The main use of this species is timber. It is suggested that domestication of the species
was primarily because of its wood [32]. The species is also an important part of the Ama-
zonian and Central American foodways and ethnopharmacology, and material and social
uses are also listed [44]. The main morphological structure from an ethnopharmacological
perspective is the root, used to reduce inflammation and infections, and both to promote
female fertility and act as an aid during pregnancy [20].

From the alimentary perspective, the main products are hearts of palm and fruits. The
palm heart, already documented in the sixteenth century, is today one of the most important
non-timber products in South America [45], and probably the best-known part of B. gasipaes
worldwide, used in the preparation of salads, pizza, and even ceviche [46]. B. gasipaes
hearts of palm are replacing those of other species, often endangered by overharvesting,
mainly Euterpe spp. Being a cespitose species, the plant is not killed by prudent harvesting
and thus a more sustainable product can be obtained. Canned hearts of palm are currently
exported by several American countries. Ecuador and Bolivia are the largest exporters [47].

The fruit, despite not being produced in the same proportion, is a popular traditional
food that needs to be processed prior to consumption, due to its high oxalate and other
antinutrient content [48]: cooked fruit, flour, fermented chicha, slowly fermented silage [38],
and oil are among the traditional uses. The fruit and its processing byproducts have also
been used as animal and fish feed [5,49-51]. Larger fruit is less palatable than smaller
fruit, due to a coarse, dry texture. To compensate, the fruit is frequently consumed with
mayonnaise or sour cream.

An indirect alimentary use of the species is the use of the decomposing trunk after
felling the palm to raise chontacuros, the larvae of Rhynchophorus palmarum L., a “ ...
delicious, butter-tasting” delicacy [52] in the Ecuadorian and Peruvian Amazonia rich in
protein, vitamin E, and minerals, also used against cough, asthma, and other respiratory
affections [53-55].

Some Indigenous communities, such as the Colombian Uitoto, do not have access
to table salt, so they make “bush salt,” obtained from burning, dissolving, filtering, and
drying plant material, including the barkless stem of B. gasipaes. This process yields a
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mixture of salts: chloride, sulfate, and carbonate are the main anions, and potassium is the
main cation. These salts are not particularly good tasting because of the high carbonate and
low sodium content: their taste was described by Spanish chronicler Juan de Castellanos in
the sixteenth century as “almost having the taste of sardines and herrings.” There is also a
cosmic, alchemical, significance for communities, where extracting salt is considered to be
the cleansing of the evil and disease and converting them into human food [56].

In other uses, the wood is used in the manufacture of flooring, marimbas, bows and
arrows, spears, knives, and building material, the thorns are used as needles, the leaves
for roofing, the fruit is used together with Clibadium surinamense L. leaves to make fish
poison [53]. Table 2 summarizes traditional ethnomedical, alimentary, and other uses of
B. gasipaes. The use of the wood is so present that the verb achuntar (to hit the mark) has
entered the Spanish language from chunta, the quechua name for B. gasipaes, referring to the
use of the wood to make arrows [57].

Table 2. Traditional uses of B. gasipaes ordered by plant organs.

Plant Organ Applications Ref.

Ethnomedical

Body and head aches, inflammation of eyes and gall
Fruit bladder, galactagogue, infertility, cough, colds, psoriasis, [19]
tuberculosis.

Ear pain, epilepsy, baths that prevent premature birth,

Leaf .
energy cleansing.

[19]

Stomach, ear, menstrual and muscle pain, eye
inflammation, inguinal hernia, malaria, chickenpox,
hepatitis, childbirth problems, infertility, and uterine
infections, anemia, antiophidic, prevention of baldness,
galactagogue, sedative, hot hearts of palm are rubbed on
children to dispel panic attacks.

Palm, heart of palm [19,53]

Seed Stomach pain, cancer [19]

Urinary and menstrual problems, inguinal hernia,
uterine infections, colds and pneumonia, epilepsy, body,
stomach, and ear pains, diarrhea (decoction), eye
inflammation, vermicide, postpartum depression,
galactagogue (washed with cooked root), contraceptive,
prevention of baldness, hepatitis, malaria, mastitis,
prevention of abortions, hemorrhages in childbirth,
fertility, and aphrodisiac.

Root [19,53,58]

Alimentary

Cooked, roasted, dried, canned, jams and preserves,
Fruit flour. Drinks: “chucula” (mixed with banana), “chicha” [19,53]
and juices. Oil for human consumption.

It is consumed preferentially cooked due to the
Palm antinutrient content: as a side dish, salad, filling, ceviche. ~ [19,46,53,58]
Consumed dry or canned in brine.

Cooking oil, dried and ground to prepare a coffee-like
drink, toasted as a snack.

Other

Seed [19,53]

Cosmetic, fuel, and lubricating oil, fertilizer, hunting
Fruit and fishing bait, dye, animal feed, fish poison mixed [19,53,58]
with Clibadium surinamense leaves.

Cosmetic and soapmaking oil, body adornment, toy

Seed (marbles), handicrafts.

[19]
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Table 2. Cont.

Plant Organ Applications Ref.
Body adornment, thatching, baskets, mats, and fan
Leaf weaving, dying, wrapping, fuel, animal feed, paper, [19,53,58]
fertilizer.

Manufacture of marimbas, knives, blowguns, spears,
good luck charms, vessels, bows, arrows, looms, pylons,
macanas, walls and wall sidings, corrals, canoes, beds,
Wood weaving spindles, flooring (parquet), fishing rods and [53,58]
traps, ceremonial tables, and altars of healing, hollow
trunk as a conduit or trough, manufacture of paper and
fertilizers.

Thorn Removal of other thorns, sewing needles, witchcraft. [53,58,59]

8. Modern Uses

Aside from the traditional uses, new applications are being found for B. gasipaes.
Chonta pulp, in combination with other materials, is being implemented in the decon-
tamination of water of minerals such as lead and cadmium [29,60]. Sensory evaluation
and consumer acceptance analysis has been performed: oily fruit is more attractive and
less averse than starchy fruit [61]. This may influence genetic development of the species
and also guide the manufacture of food products from the fruit. Food products are being
produced and marketed other than hearts of palm: jam, jelly, wine, flour and flour products
(bread, pudding, pasta, etc.) [62,63].

There is a variety of alimentary and industrial applications and new uses for B. gasipaes,
both as product and from the industry byproducts: functional food ingredients, brewing,
dyes, and others. Some examples are listed in Table 3.

Table 3. Modern uses for B. gasipaes.

Plant Organ Use Ref.
Fruit Microwave assisted extraction, extract emulsified [64]
for improved carotenoid bioavailability.

Fruit Fermentable substrate for lager beer brewing. [65]
Peel Natural food dye from peel flour. [66]
Peel Emulsified flavoring paste. [67]
Peel, pulp Functional food additives. [68]
Plant B. gasipaes industrial waste as substrate for [69]

xylanase production.
B. gasipaes and Theobroma cacao residues used as

Plant substrate for edible mushroom cultivation. [70]
In combination with other materials, heavy
Pulp metal decontamination of water. [29,60]

9. Nutritional Composition

The fruit of the peach palm, macrocarpa variety, is a starchy, ancestral staple, while
meso and microcarpa varieties are used as snacks due to their smaller size, and to obtain
oil. In order to consume the fruit, it is necessary to ferment or cook it for 1-3 h, usually in
salt water, to remove the irritating oxalate crystals usually found in red drupes and reduce
other antinutrients, such as phytates and tannins [20,71,72]. The nutritional composition of
the fruit is summarized in Table 4 and that of the flour in Table 5.

The fruit of B. gasipaes is characterized by the amount of carbohydrates and fats
contained that tend to increase when cooked. The oil obtained from the mesocarp is rich in
unsaturated fatty acids, particularly oleic acid, while saturated fatty acids such as lauric
acid are found in the seed [73,74]. The fruit is also high in dietary fiber, and although
the protein content is low, all essential amino acids are present. Essential minerals are
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also present: K (12%), Se (9%), and Cr (9%) are the most abundant [5,24]. In addition, the
bromatological characterization of the epicarp or peel shows: protein, 2.3%; ash, 2.3%; raw
fiber, 8.2%; detergent acid fiber, 13.4%; and detergent neutral fiber, 63.6%. This composition
supports the use as raw material for the production of flour [75,76].

The industrialization of products derived from this fruit has been increasing in recent
years. The production of flour obtained from the mesocarp of the fruit, in combination with
other flours such as wheat, corn, or quinoa and technological adjuvants, are acceptable
by consumers and can be used in different matrices (sandwiches, cakes, pasta), the high
carotenoid content makes the flour a potentially functional ingredient [66,77,78]. Nutritional
composition of fruit from different origins is summarized in Table 4.

Table 4. Nutritional composition of B. gasipaes fruit from different origins.

Parameter (per 100 Colombia Costa Rica Peru Brazil [63] Brazil,

g Cooked Fruit) [79] [71] [80] White [25]
Energy (Cal) 358 185-196 184 - 266.6
Carbohydrates (%) 19.0 37.641.1 41.0 24.05-44.16 43.76 £ 1.76

Moisture (%) 48.2 50.5-52.2 52.3 47.98-63.96 28.85 + 0.57
Lipids (%) 25.7 4446 3.2 2.62-6.88 7.80 £1.85
Protein (%) 6.3 2.6-3.3 2.8 2.00-3.90 5+1

Fiber (%) 12.7 1.0-14 13 - 10+1
Calcium (mg) 81 14-23 23 21.8+24 150 £+ 18
Phosphorus (mg) 47 - 20 - 86 + 12
Iron (mg) 0.7 0.7-1.0 0.65 - 23+057

There is variability in the nutritional values that can be explained by the different B.
gasipaes varieties, size, and starch—oil composition of the fruit. The nutritional parameters
of flours from different origins are shown in Table 5. Flour from macrocarpa and seedless
varieties show higher carbohydrate content. Additionally, flour from seedless fruits has a
higher protein content.

Table 5. Nutritional parameters, B. gasipaes flour.

Parameter (per Microcarpa [63]  Mesocarpa [63]  Macrocarpa [63]  Seedless [81]

100 g Flour)
Carbohydrates (%) 67.32 + 0.4 66.68 £ 0.92 75.02 £0.23 7624038
Moisture (%) 1221 £ 041 12.58 £ 0.51 9.60 +0.17 6.94 + 0.04
Lipids (%) 7.40 4+ 0.20 473 £0.04 3.95+0.13 78+07
Protein (%) 4.62 £0.03 3.20 £0.02 2.46 +0.02 6.9+0.1
Fiber (%) 547 +0.70 10.82 £0.43 7.67 £ 0.18
Energy (kcal) 300.07 £ 2.46 326.67 £+ 2.01 321.28 +1.64 403 +2

The oil obtained from B. gasipaes is rich in mono and polyunsaturated fatty acids,
particularly oleic, with the presence of w-3 and w-6 acids and bioactive lipids. It can be
considered a heart-healthy oil [82,83].

10. Biological Activity

The information derived from research on the biological activity of the fruit of B.
gasipaes (pulp, seed, peel, or whole fruit) has been summarized in Table 6—antioxidant
activity, and Table 7—other biological activity. Most studies focus on antioxidant and
protective activity, due to the presence of carotenoids. There are other studies on its
biological activity that are not related to its traditional use. Within these activities we can
mention the hypoglycemic capacity, modulation of lipid metabolism, cytotoxic activity, and
its effect on sperm motility [84].
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Table 6. Antioxidant activity of B. gasipaes.
MS Material Model Method Result Ref.
Aqueous . ABTS 88 + 1%; SCs0 30.5 £ 0.6
Pulp ethanolic In vitro - ng/mL CE [85]
tract -
extrac ORACE, 602 £ 20 pmol TE/g DE
Dehydrated Hexane . 3 45.56 = 1.96 umol TE/g of
pulp extract In vitro H-ORAC dehydrated fruit (711
Crude: Costa Rican
Raw and Varieties of In vitro DPPH C:i(l;lteetr}lloigf/ ;Lr‘lgL [86]
cooked pulp countries (ICsp)

Cooked: Bolivian variety
24.1 pg carotenoids/mL

MS: Morphological structure. DPPH: 2,2-diphenyl-1-picrylhydrazyl. ICs5p: Maximum inhibitory concentration
(50%). ABTS: 2,2 azino bis (3-ethylbenzothiazolin-6-sulfonic acid). CE: Crude extract. H-ORACE: Absorbance
capacity of hydrophilic oxygen radicals—fluorescein. TE: Trolox equivalents. DE: Dry extract.

Table 7. Biological activity of Bactris gasipaes.

Activity MS Product/Model Mechanism Result Ref.
In vivo Post-prandial glucose Smaller Glycemic
Hvpoelveemic Pul Healthy measured at 30, 60, 90 and index than bread 87]
YPO&Ly P individuals (18-51 120 min after ingesting25g 80 + 9 mg/dI-60 to
years) of pulp. 90 min
Commercial rat In.f ant group:
<weight gain and
food
supplemented Daily feeding with the BMI, cholesterol and
HDL increase Pulverized fruit SHpP . Y 8 >HDL cholesterol [88]
with red B. gasipaes mixture for 30 days. .
fruit Post-infant group:
/Rat <triglycerides and
am >HDL cholesterol
Fruit flour and Percentage of ﬂoqr (©, 16, Addition of flour in
. and 32) and lysine (0 o .
lysine and 0.27) 16% and lysine
Hypolipemiant Pulp and seed In vivo T 0.17%-meat with [89]
. . <lipid content
16 pigs, fattening . >dry matter content
Improves the properties of -
phase for 35 days lean meat and moisture <
ETHOS Viability o.f MCR-5 when .
- . exposing cells to Causes death in
Cytotoxicity Pulp In vitro . ¢ 11 1l [85]
MCR-5 cells concentrations of 6.25 to normal lung cells.
200 pg/mL/72h
Aqueous extract Progressive agglutination of Non-permanent
Effect on sperm . . sperm . .
i Pulverized pulp In vitro - e action, thermolabile [84]
motility Reduces its rectilinear o .
Sperm . . I at 100 °C for 1 min
velocity and linearity index.
Liver tissue of each rat .
octed t idative st Hepatoprotective
Acetone extract subjected to oxidative stress effect against
. with HPTB and then o
. . In vivo . oxidative stress
Liver protection Pulp measure the reactive . [87]
5 Sprague-Dawley . . <Cl5g with a
substances to thiobarbituric -
rats concentration of 10.9

acid—the final product of
lipid peroxidation.

ug carotenoids/mL

Note. The acronyms correspond to: SM: Morphological structure. min: Minutes. N: Number. BMI: body mass
index. ETHOS: Microwave extraction with aqueous ethanol solution. MCR-5: A cell line of human lung fibroblasts.

h: Hours.
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11. Phytochemical Composition

According to the bibliographic data collected; the phytochemical composition of
fruit pulp in concentrations greater than 1 mg/100 g, comprises 16 phytochemical com-
pounds (Table 8 and Figure 3), which include: one ester, one aldehyde, four alcohols,
four carotenoids, five fatty acids, and one aromatic compound. However, compounds
in nanogram quantities have also been identified through ultra-high performance liquid
chromatography coupled to tandem mass spectrometry with quadrupole analyzer (UHPLC-
MS/MS), i.e., protocatechuic acid (30 ng/g), chlorogenic acid (20 ng/g), p-coumaric acid
(16.6 ng/g), ferulic acid (160 ng/g). In addition, flavonoids such as myricetin (20 ng/g),
apigenin (2.1 ng/g) [85], and also rutin, catechin [90], vicenin-2, and schaftosides [26].

The analysis carried out by [82] from the pulp oil analyzed by gas chromatography,
identified minoritarian fatty acids: myristic acid (0.10%), margaric acid (0.11%), arachidonic
acid (0.24%), and linolenic acid (1.17%). Fatty acid composition changes by variety [91]

In the comparisons among the lipid extraction from of pulp (2 g) of four varieties of
Colombia, obtained by Soxhlet extraction using hexane and analyzed by gas chromatogra-
phy (GC) with flame ionization detector, shows that the fatty acids present, respectively,
are: lauric (0.014 and 0. 015%), myristic (0.12, 0.14, 0.13, and 0.10%), palmitic (34.9, 34,
39.9, and 34.5%), palmitoleic (7.9, 8.3, 9.5, and 10.8%), stearic (1.5, 1.6, 1.4, and 1%), oleic
(51.9, 45.8, 38, and 46.4%), linoleic (2.4, 8, 8.6, and 5.3%), linolenic (0.2, 0.9, 1.5, and 0.9%),
saturated fatty acids (36.8, 36.1, 41.7, and 36.2%), and polyunsaturated fatty acids (2.6, 8.9,
10.1, and 6.2%) [92].

Today there is an interest in the food industry in replacing synthetic dyes such as
tartrazine (yellow-orange color) as additives due to adverse reactions related to hypersensi-
tization to salicylic acid, complications in respiratory diseases, and long-term genotoxic
effects [93] of dyes such as (-carotenes, although they are not as stable in extreme con-
ditions [94,95]. However, carotenes have an added value due to the great diversity of
biological activities they present, mainly as antioxidants. From the raw and cooked pulp,
a-carotene, E-y-carotene, and E-lycopene have been identified using high-resolution liquid
phase chromatography with a diode network detector and visible ultraviolet spectroscopy
(HPLC-DAD-UV/Vis) [86], and HPLC with a photodiode-array detector (PDA) coupled to
mass spectrometry with an ion trap analyzer (MS) and ultraviolet spectroscopy (UV /Vis).
The concentration of these components varies according to the place of origin of the sample,
where the ones originating in Bolivia are those that presented higher concentrations [96,97],
while Santos [98] have reported the identification of lutein (11.9 mg/Kg) and cis lutein (2.22
mg/Kg) using HPLC-PDA-UV /Vis.

A comparison of carotenoid extraction from pulp, between supercritical fluids, tradi-
tional methods of methanolic extraction, and the Soxhlet extraction method using petroleum
ether was performed [99]. The highest extract yield was that obtained by Soxhlet extraction,
followed by methanolic extraction, and finally supercritical fluids with extraction condi-
tions of 300 bar and —60 °C. The concentration of carotenoids (mg/g of extraction) differs
from the yield, with the order of highest to lowest extraction: Soxhlet, supercritical fluids,
and methanolic extraction. However, the antioxidant activity evaluated by spectroscopic
techniques compared to caffeic acid and quercetin show that the best antioxidant activity
is that of the extract using the Soxhlet extraction, then methanolic extraction, and finally
supercritical fluids, most likely the type of carotenoids obtained differs with the type of
extraction.

Another promising method is ultrasound-assisted extraction, in this case to obtain
total carotenoids from the peel of the chonta fruit and optimize extraction conditions: ultra-
sonic intensity (1528 W/m?), temperature (35 °C), and time (30 min), obtained 163.47 mg
carotenoids per 100 g fruit [100], which is considered a significant amount of carotenoids.



Plants 2022, 11, 3134 11 0f 17
Table 8. Phytochemical composition of the fruit of Bactris gasipaes.
No. Compound I A PO Method Reference
Ester
. ETHOS;
1 Methyl salicylate X Raw pulp HS-SPME/GC-MS [85]
Aldehyde
ETHOS;
2 Nonanal Raw pulp HS-SPME,/GC-MS [85]
Alcohols
ETHOS;
3 2-phenylethanol X Raw pulp HS-SPME/GC-MS
ETHOS;
4 1-Hexanol X Raw pulp HS-SPME/GC-MS (85]
. ETHOS;
5 2,3-Butanodiol X Raw pulp HS-SPME,/GC-MS
ETHOS;
6 1-Nonanol X Raw pulp HS-SPME/GC-MS
Carotenoids
7 [3-carotene X Raw and boiled pulp HPLC-DAD-UV/Vis
Xanthophyll X Raw and boiled pulp HPLC-DAD-UV/Vis [86]
9 y-carotene X Raw and boiled pulp HPLC-DAD-UV/Vis
10 Lycopene X Raw and boiled pulp HPLC-DAD-UV/Vis
Fatty acids
11 Stearic acid X Pulp (oil) SOX; GC-MS
12 Oleic acid X Pulp (oil) SOX; GC-MS
13 Linoleic acid X Pulp (oil) SOX; GC-MS 1821
14 Palmitic acid X Pulp (oil) SOX; GC-MS
15 Palmitoleic acid X Pulp (oil) SOX; GC-MS
Other
16 -ionone X Raw pulp ETHOS; [85]

HS-SPME/GC-MS

Note. I: identified; A: isolated; PO: plant organ. Methods are indicated with an acronym, corresponding to:
ETHOS: Microwave extraction with aqueous ethanol solution. HS-SPME/GC-MS: Microextraction in solid

phase in headspace mode (HS-SPME) coupled to gas chromatography/mass spectrometer. HPLC-DAD-UV /Vis:

high resolution liquid phase chromatography (HPLC) and visible ultraviolet spectroscopy (UV/Vis). SOX:
Soxhlet (solid liquid) extraction method, using petroleum ether. GC-MS: gas chromatography coupled to mass

spectrometry.
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Figure 3. Phytochemical composition of Bactris gasipaes fruit. Major compounds.

12. Sustainable Development Goals (SDG)

B. gasipaes cultivation and uses are linked to several SDGs through food and non-food
initiatives. Examples include farming, products recovered from waste, and food safety are
shown in Table 9. The main SDGs are Responsible Consumption and Production (nine
publications), Life on Land (five), and Climate action (three).
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Table 9. Sustainable Development Goals (SDG) initiatives including B. gasipaes.

Initiative SDG Ref.

Agroforestry indigenous farming 1,2,13,15 [101]

Recovery of biological pigments with alternative solvents 9 [102]

B. gasipaes recovered carotenoid supplements 9,12 [103]
Production of antioxidant xylooligosaccharides from B. gasipaes waste 12 [104]
Ethanol production 12 [105]

Dietary diversity through underutilized species 1,15 [106]

Materials for jewelry 13 [107]

Integration into circular economy 12 [108]

SDG: 1-No poverty; 2-Zero hunger; 9-Industry, innovation, and infrastructure; 12-Responsible consumption and
production; 13-Climate action; 15-Life on land.

13. Major Concerns

Even though the species is widely spread, there is concern for the loss of populations
due to soybean cultivation, forest clearance, and road building [109], as well as genetic
erosion due to centuries of neglect [38]. Lately the forest fires due to anthropogenic action
and climate change have risen as a concern. The modification of current cultivation areas,
with an allover descent in surface due to the climate crisis [7] is also a major concern.

14. Conclusions

The peach palm is a very important species in tropical America, especially as a food
source that not only provides food safety but also several opportunities for sustainable
industrial production. The fruit is a rich source of bioactive compounds with signifi-
cant antioxidant capacity, and nutritional, both macro and micronutrient, and functional
properties.

Prudent cultivation and use of B. gasipaes in a way respectful of traditional methods,
coupled with sustainable innovation has potential for advancing the SDGs.

Despite its widespread cultivation area, populations, and genetic diversity of the
species, they are at risk due to deforestation, neglect, and the climate crisis.
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