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Abstract: Seeds of Araza and Acai, in addition to the byproduct of the Sacha inchi seed, after the extraction
of the oil known as Sacha Inchi oil press-cake (SIOPC), are considered wastes and often discarded; however,
they have valuable potential as sources of nutrients and bioactive compounds. We aimed to analyze, the
bromatological, and chemical composition of these three byproducts of the fruit industry. Further cytotoxic,
antioxidant, and antihypertensive activities of extracts ethanol: water were evaluated through in vitro tests.
The Bromatological test showed that SIOPC had a low protein content (8.1%), while AS had a high fiber content
(48.9%), however, were poorest in nutrients Ethanol: water extracts from all seeds exhibited diverse profiles of
secondary metabolites, with significant concentrations of polyphenols (155.88 g gallic acid/100 mg dry
weight), flavonoids (411.69 pug quercetin/100 mg dry weight), and carotenoids in AS (43.66 pg $3-carotene/100
mg dry weight). AS and ACS extracts excelled in ABTS and DPPH radical scavenging assays, and AS showed
high a-glucosidase inhibition, previously unreported in the literature. The results suggest that both seeds and
extracts are sources of nutritional and bioactive metabolites with high antioxidant and hypoglycemic activity.
that could be used in the food industry and the health sector. These by-products underline the importance of
sustainable harnessing these sources of the native Amazonian Region.

Keywords: Eugenia stipitata; Euterpe oleracea; Plukenetia volubilis; non-communicable diseases; bioactive
compounds; byproducts

1. Introduction

The Amazon rainforest, spanning eight South American countries (Bolivia, Brazil, Colombia,
Ecuador, Guyana, Peru, Suriname, and Venezuela), is a vital source of food for the people living
within and around it. Its rich biodiversity includes a wide variety of native fruits, as well as non-
native fruits that have been cultivated and adapted for local use by indigenous communities. These
fruits are primarily harvested from the wild or grown on small farms, and are typically sold and
consumed in local markets. This provides essential income for around 200,000 families, who rely on
the commercialization of native fruits for 10% of their household income [1].

Amazonian fruits, namely acai (Euterpe oleracea), Araza (Eugenia stipitata), and Sacha inchi
(Plukenetia volubilis), have garnered increasing global demand due to their notable nutritional
profiles. However, the escalating production of these fruits, largely driven by the juice industry,
results in a substantial accumulation of by-products, including seeds, peels, and residual pulp. These
by-products constitute an estimated 30-40% of the total fruit production [2]. The continued growth
of the fruit industry exacerbates the issue of agro-industrial by-product accumulation, presenting a
significant economic hurdle as current strategies for their valorization remain inefficient.

Hailing originally from Brazil, acai has attained recent popularity owing to its rich reservoir of
antioxidants, healthful fats, and dietary fiber,[3] however in the processing steps to obtain acai pulp,
generate a large volume of agro-industrial residues, mainly composed of seeds. This is a resource few
explored but rich in bioactive components that correspond near to 50% form the total biomass of the
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Acai fruit [4]. Araza, also recognized as “guayabo”, is a native fruit of the Peruvian Amazon
rainforest, distinguished by its elevated levels of vitamin C, dietary fiber, and minerals like iron and
calcium [2]. The AS takes 30% of the fruit volume, 22% of fresh weight, and 84% of dry matter [5],
however, studies about its nutritional and bioactive potential are still scarce. Lastly, Sacha inchi,
indigenous to the Peruvian Amazon, stands out for its wealth of omega-3 fatty acids, antioxidants,
and proteins[6]. Oil is the first product of Sacha Inchi seed, rich in alpha-linoleic, linoleic acids,
gamma- and delta-tocopherol. The main by-products after oil extraction are the shell and the press-
cake (SIOPC), representing up to 70% of the raw seeds. It contains important amounts of bioactive
compounds, such as proteins, carbohydrates, minerals, and lipids [7]

Agro-industrial byproducts derived from native fruit-bearing trees, such as AS, ACS, and
SIOPC, have garnered increasing attention in scientific research due to their rich and diverse
composition of bioactive metabolites. These compounds, including polyphenols, flavonoids, and
other phytochemicals, have demonstrated promising bioactivities in numerous studies, suggesting
potential applications in various industries®”. For instance, research has shown that SIOPC, exhibits
potent antioxidant and anti-inflammatory properties, making it a valuable ingredient in functional
foods and nutraceuticals (Gutiérrez et al., 2021). Similarly, extracts from AS and ACS possess
antioxidant antimicrobial and antitumor activities, highlighting their potential in pharmaceutical
development [8].

This study aims to comprehensively evaluate the chemical and nutritional composition of seed
extracts obtained from Amazonian fruit-bearing trees. Additionally, the research investigated the
cytotoxic, antioxidant, antidiabetic, and antihypertensive properties of ethanol: water extracts of
these byproducts. By delving into the complex characteristics of these native plants, this study seeks
to uncover their potential applications in promoting human health and well-being, ultimately
contributing to the development of novel and effective health-promoting products.

2. Results

2.1. Bromatological characterization

The results of the nutritional and elemental composition of the three species are shown in Table
1. The Sacha inchi seed showed the highest percentage of dry matter protein, followed by Acai with
5.04%, and Araza 4.96%. The highest fat content was obtained by Sacha inchi while for the other
species, the content was between 0.16 and 4.43%. A range of 2.27-48.9% of total fiber was observed,
highlighting the % of the fiber found in Acai having 48.9%

Table 1. Bromatological characterization of the seeds.

Seeds ACS AS SIOPC
% Ash 2,3 0,82 3,2
%Crude protein 5,04 4,96 8,1
Ethereal extract 443 0,16 33,9
% Crude fiber 48,9 2,27 13,5
% Nitrogen 0,5 0,78 1,3
% Ca 0,21 0,16 0,57
% Mg 0,03 2,27 0,17
Na (mg/kg) <0,03 1,02 75,5
% K 0,10 0,01 0,43
Fe (mg/kg) 22,7 20,2 34,5
Cu (mg/kg) 6,0 0,07 7,6
Mn (mg/kg) 141,2 21,6 7,4
Zn (mg/kg) 16,0 14,0 26,4
B (mg/kg) <0,03 5,51 31,3
% P 0,08 13,5 0,5

% S 0,04 <0,03 0,05
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Carbohydrates pug glucose/100 mg dry

, 45,39+0,1 13,80 + 0,1 21,07 +0,1
weight
_ Polyphenols 99,32+887 155,88+ 6,12 110 + 2,61
pg gallic acid/100 mg dry weight
Flavonoids . 74,77 €129 41,68 +8,13 92,11 + 4,52
ug quercetin/100 mg dry weight
B- Carotenoids 0,31+1,2 43,66+ 1,5 0,38+ 1,3

ug B-carotene/100 mg dry weight

2.3. Quantification of Metabolites

The presence of carbohydrates, proteins, polyphenols, flavonoids and carotenoids is evident in
the quantitative results of the ethanolic extracts of the three species. Polyphenols stood out as the
most representative metabolites, with values ranging from 99.32 to 155.88 ug of gallic acid/100 mg of
dry weight, closely followed by flavonoids, which were the main components within the
polyphenols. Carbohydrates were detected in all three extracts, consistent with the findings of total
fiber reported in the bromatological analysis. [>-carotenoids were quantified between 0.29 and 0.38,
except in the case of Araza, where 43.66 g of 3-carotene/100 mg of dry weight were recorded. Protein
was detected in all three extracts, showing the highest presence in the Sacha Inchi extract (0.744 +0.2).
For Araza and Acai, the detected values were 0.067 and 0.053, respectively.

2.4. Phenolic Profile

Table 3 presents the chemical profile of extracts from Amazonian fruits. The presence of different
phenols was evidenced in the three evaluated extracts, with catechin, caffeic acid, ferulic acid, and p-
coumaric acid being commonly found.

Table 3. Phenolic profile of Amazonian fruit seeds.

Phenolic compounds ACS AS SIOPC
Concentrations (pg/100 g DW)
Catechin 1.78 £0.142 90.02 +2.512 101.79 +7.112
Quercetin 2.11+0.23> ND 84.08 +2.35b
Myricetin 4.56 +0.11¢ ND ND
Kaempferol 34.90 £ 1.024 ND ND
Caffeic acid 12.93 £1.47¢ 10.57 £ 1.05b 35.37 +6.02¢
Syringic acid ND ND ND
p-Coumaric acid ND 38.27 £1.13¢ 127.64 + 4.434
Ferulic acid 0.83 +0.37 ND 148.42 + 8.26°

All data are shown as mean + SD of triplicate experiments. Values in the same column/group followed by
different letters significantly differ by LSD Fisher test (p < 0.05). DW: dry weight; ND: not detected.

d0i:10.20944/preprints202407.0670.v1
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2.5. Cytotoxic Activity: Cell Viability Reduction of MTT in Leukocytes

The results show that all the extracts evaluated (ACS, AS, and SIOPC) present some degree of
cytotoxic activity on leukocytes compared to the control (Figure 1). However, the magnitude of
cytotoxicity varies between the extracts, with the AS extract (84.29% * 0.4) having the lowest cytotoxic
effect, and the ACS extracts (75.79% =+ 0.2) and SIOPC (79.54% + 0.3) showing moderate cytotoxic
effects.
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Figure 1. Viability cellular.

2.6. Antioxidant Activity (AOX)

Six concentrations of the ethanol extracts were evaluated: Acai, Arazd, and Sacha inchi seed
water, obtaining the inhibition of the two evaluated radicals, DPPH and ABTS (Table 5).

Table 5. IC50 [9] of the ethanolic extracts of seeds to inhibit the DPPH and ABTS radicals.

Seed DPPH ABTS
eecs ICso ICso
ACS 52,37 +1,4a 21,31 +1,6b
AS 70,78 +1,8b 13,09 +1,7a
SIOPC 7212,85 + 2,4¢ 858,24 + 2,5¢

The ICs values indicates that the extracts present a greater inhibition of the ABTS radical, the
most effective extract to inhibit this radical, was the Araza extract with an ICso DE 13.09 followed by
Acai and the least effective was the extract of Sacha inchi (ICse= 858.24). Regarding the results
obtained in the inhibition of the DPPH radical, the results coincided with those found for the
inhibition of ABTS, finding then that Araza and Acai were the most effective while Sacha inchi
showed the highest ICso.

2.7. Hypoglycemic Activity

In Figures 2 and 3, the results of the inhibition of diabetes-related digestive enzymes are
observed.
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Figure 2. % inhibition of a-Amylase enzyme by extracts from Amazonian fruits.
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Figure 3. % inhibition of a

Figures 2 and 3 depict the behavior of the four concentrations of each evaluated extract. In all
cases, a dose-dependent response was observed, where higher concentrations led to increased
enzyme inhibition. Regarding a-amylase, the extracts showed results very similar to the control,

while for a-glucosidase, the control consistently exhibited a significant difference compared to any

concentration of the evaluated extracts.

2.8. Inhibition of ACE In Vitro

converting enzyme (ACE) inhibition are presented.

In Figure 4, the results of angiotensin
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Figure 4. Percentage inhibition of angiotensin-converting enzyme (ACE) from Amazonian fruit seeds
extracts.

Figure 4 illustrates the dose-dependent inhibition of angiotensin-converting enzyme (ACE) by
the extracts. All three extracts exhibited a dose-response relationship with similar results overall.
However, ACS extract demonstrated significantly greater inhibition of ACE compared to the other
two extracts. In contrast, AS extract exhibited the lowest inhibition under the assay conditions.

3. Discussion

The chemical and proximal composition of the AS, ACS, and SIOPC extracts shown in Table 1 is
generally comparable to some of the parameters for AS reported previously regarding ash, protein,
ether extract, and mineral content, except for the fiber content reported [5]and much lower than
reported by [10], which was 33.74%. For ACS, the greatest differences were found in fiber content,
which were lower than what was reported by [4], who reported a fiber content of 86%, while
[11]reported a total fiber content of 55.81%. SIOPC is generally recognized as an important source of
protein, which can range between 30 and 60% [12-14]. This fraction has high nutritional potential and
has been used both for characterizing the different protein fractions it contains [15] and for
incorporation into food formulations for humans and animals [13,16] [17]. Unlike these reports, we
found a low protein content (8.1%), while the other parameters fall within previously reported
ranges. These differences are likely related to environmental and agronomic factors, as well as
byproduct handling, since it is a material that is not valued within the production chain, often
abandoned, or left under uncontrolled conditions, affecting its chemical composition.

Regarding the presence and quantity of secondary metabolites, as shown in Table 1, the most
abundant metabolite groups in all analyzed by-products were phenols, corresponding with the
values of polyphenol and flavonoid content presented. AS showed the highest total phenol content
(155.88 + 6.12), and SIOPC had an intermediate total phenol content but the highest flavonoid content
(92.11 £ 4.52). ACS had a polyphenol content of 99.32 + 8.87 and an intermediate flavonoid content.
These results are higher than previously reported for all by-products analyzed in this study.
Rawdkuen et al., 2016 reported total phenol content of 0.51 mg GAE/g for SIOPC, half of what was
found in our study, and for ACS, Alves et al., 2022 found appreciable concentrations of tannins and
anthocyanins, but no carotenoids were detected. Furthermore, the content of phenolic compounds
showed that kaempferol was higher for ACS, the content of catechin was higher for AS and the
content of ferulic acid was higher for SIOPC. Unlike the results shown by [18], the content of these
metabolites was lower in this study.
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Additionally, low antioxidant capacity was found by the FRAP and ABTS methods, contrasting
with the good antioxidant capacity observed in this study. Finally, for AS, our results show a lower
total phenol content than reported by Alvarez et al., 2018 for AS samples from the Colombian Andean
Region, although the antioxidant capacity by DPPH and ABTS methods was comparable to our
findings. It is important to highlight that the content and type of phenols found in these three by-
products vary depending on the type of study and analytical technique used for identification,
making comparisons somewhat challenging. Additionally, differences related to the extraction
method used, the type and polarity of the solvent, or the mixture of solvents used in the extraction
also exist. Nonetheless, studies have reported higher phenol content in AS, ACS, and SIOPC
compared to other parts of the plant or fruit pulp, and the presence of phenolic acids, flavonoids, and
other polyphenols, some of which were identified in the samples we analyzed.

The research we present advances with the evaluation of cytotoxic, antidiabetic, and
antihypertensive activities, providing a more comprehensive view of the potential of these by-
products in nutraceutical and pharmacological applications [19]. The cell viability results exceed 70%,
indicating that the identified chemical compounds were not toxic to the cells used. Previous research
has indicated that the chemical compounds present in these extracts generally lack cellular toxicity
[20] and have even been described as protective against oxidative stress and inflammation [21], an
aspect related to the observed antioxidant capacity and its incidence in the reduction of diseases and
biochemical markers associated with the onset of metabolic diseases [22] . However, further studies
using more specific cell models should be conducted to gain more detailed knowledge of the toxic
potential of the extracts used.

The hypoglycemic activity was dose-dependent for the inhibition of a-Amylase and a-
Glucosidase enzymes, comparable to acarbose, a drug commonly used in the control of type 2
diabetes mellitus that acts as a reversible inhibitor of a-Glucosidase, thereby controlling the intestinal
absorption of simple monosaccharides [23]. This inhibition mechanism has been reported for
phenolic compounds such as flavonoids in various studies [24] [25]. Studies with ACS extracts
performed on rats reduced blood glucose, insulin resistance, leptin, and IL-6 levels, and increased the
expression of insulin signaling proteins, among other positive related effects [26]. Similarly,
methanolic extracts of the whole fruit showed inhibition of a-Amylase and a-Glucosidase enzymes,
comparable to acarbose [27]. On the other hand, ACS extracts have shown to be effective in blood
pressure control through various mechanisms at the endothelial, renal, and antioxidant function
levels [28], which is consistent with the ACE inhibition results presented in this study. There are no
reports on the hypoglycemic and ACE inhibitory activity of AS, although the latter was very low.
However, studies related to the fruit show that phenolic compounds of the flavonoid type are
associated with its antidiabetic capacity [10] making this work the first report regarding these effects.
By-products such as Shell and Husk derived from Sacha Inchi have also shown considerable
inhibition of ACE and a-Glucosidase enzymes, but low inhibition of a-Amylase, likely related to their
phenol content [29]. Similarly, protein hydrolysates from the seed obtained with pepsin and
Flavourzyme, with molecular weight ranges between 1-3 KDa, were effective in inhibiting a-Amylase
and a-Glucosidase enzymes, showing their potential application as functional foods [30]. In contrast,
this study showed that SIOPC extracts exhibit high inhibitory potential of ACE under in vitro
conditions.

Based on the results obtained from both the chemical and bromatological characterization and
the evaluation of biological activities, the demonstrated potential of extracts derived from
Amazonian fruit seeds is emphasized. The potential nutritional and pharmacological effects are
supported by representative contents of nutrients, minerals, and bioactive compounds, especially
phenolic compounds. This study highlights the importance of valuing these species in the
development of nutraceutical and pharmacological products, thereby contributing to the utilization,
especially of ACS, AS, and SIOPC, which, despite increasing research on their nutritional and
bioactive uses, are still considered by-products. Particularly, AS is a by-product with very few studies
exploring its chemical composition and bioactive potential, making the results generated from this
research an important basis for the development of future studies on this by-product.
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4. Materials and Methods

4.1. Extract Preparation

The seeds of the three Amazonian fruits (Acai; Araza; and Sacha inchi) were obtained from
byproducts of processing companies of these fruits in the city of Florencia, department of Caqueta
(Colombia). They were dried in an oven (48 h, 40 °C) and ground. Then they were stored to determine
the nutritional value of each species and prepare the extracts. The extraction was carried out by
ultrasound with pulses of 59 seconds and 10 seconds of rest, with a power of 50 and for a time of 15
minutes. For this, 20 g dry seeds were used and cut (crushed) into small pieces that were mixed with
a mixture of ethanol: water (70:30) in a 1:20 ratio. Subsequently, the extracts were concentrated in a
rotary evaporator, eliminating most of the ethanol, and finally, they were lyophilized for later use.

4.2. Nutritional Value and Mineral Element Composition

The nutritional value (protein, fat, ash content, and dietary fiber) was determined according to
AOAC procedures[31]. Macro-Kjeldahl method (N x 6.25) was used to determine the protein content.
The crude fat was determined using a Soxhlet apparatus, extracting the sample with petroleum ether.
Ash content was estimated by incineration at 600 + 15 °C for 5 h. Dietary fiber was analyzed by a
gravimetric method. Mineral constituents comprising potassium (K), magnesium (Mg), iron (Fe),
calcium, copper (Cu), manganese (Mn), zinc (Zn), and phosphorus (P) were determined by an Atomic
Absorption Spectrophotometry (SHIMADZU A A-6300)

4.3. Characterization and Quantification of Metabolites

4.3.1. Analysis of Phenolic Profile

The [32] technique. et al. (2020) was followed without modification for the study of phenolic
profile. Before, injecting the extract into high-performance liquid chromatography (HPLC) (with
previously described conditions and a gradient elution method), 0.5 g of dry seeds with acid were
mixed with methanol. The HPLC chromatogram was obtained by means of wavelength detections
for the detection of flavonoids at 338 and 368 nm and phenolic acid at 280 and 325 nm.

4.3.2. Qualitative Chemical

Subsequently, the extracts were characterized by drop-by-drop chemical tests that allowed us to
determine the presence of chemical compounds such as polyphenols (Folin Ciocalteu test),
carbohydrates (Molish and Benedict test), flavonoids (Shinoda test), terpenes (Lieberman and
Salkowski test), saponins (Foam and Rosenthaler test), tannins (ferric chloride and gelatin-salt) and
alkaloids (Tanred, Dragendorff, Valser, and Mayer test)[31].

4.3.3. Quantification of Metabolites

o Carbohydrate Quantification: Total carbohydrates were quantified using the Antrone
method[33]. An Antrone reagent was prepared by dissolving 0.2 g of Antrone in 100 mL of
concentrated sulfuric acid (98%). An anhydrous glucose curve was used as the standard, and
absorbance was measured at 625 nm.

o Total Carotenoids: Carotenoids were extracted using a hexane-acetone solution. [3-carotene was
used as a standard to create a calibration curve. Absorbance was measured at 450 nm.

Protein Determination: The Bradford method was used with a BSA standard and sodium
phosphate buffer. Absorbance was measured at 590 nm and 450 nm.

o Polyphenols Quantification: The method of [34] was employed using the Folin-Ciocalteu reagent
and gallic acid as a standard. Absorbance was measured at 760 nm.

o Flavonoids Quantification: The test by [35] was used with quercetin as a standard. Absorbance
was measured at 510 nm.

d0i:10.20944/preprints202407.0670.v1
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4.4. Bioactivities

4.4.1. Cytotoxicity: Cell Viability Measurement Using MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium Bromide, a Tetrazole) Assay

Blood samples were taken after informed consent was obtained. For this, the leukocytes were
separated following the protocol of [22]; four concentrations of the extracts were used (156.25 to 1250
pL/mL). For the assay, microplates were used with 25 pL of leukocytes + 25 uL of extracts + 50 uL of
MTT, which were mixed and incubated at 37 °C for 1 hour. After this time, DMSO [23] was added,
and it was stirred for 10 minutes to dissolve the formazan crystals. Finally, the microplates were read
at 570 nm. This assay was performed to assess the viability of the cells [24]. Each sample was
measured in triplicate. The mean and standard deviation were calculated. The means of the viability
obtained for each of the extracts were used for the graphs.

4.4.2. Antioxidant Activity (AOX)

ABTS Radical Cation Decolorization Assay

The ABTS assay was based on the method of[36], slightly modified by[37]. Briefly, a radical
solution (3.5 mM ABTS and 1.25 mM potassium persulfate) was prepared in sterile water and left to
stand in the dark for 24 h. This solution was then diluted with ethanol at 70% to obtain an absorbance
of 0.7 £ 0.02 at 734 nm. For the AOX analysis, it was mixed in the ratio 1:49; extract: radical. It was
found to be between 25 and 200 mg/L. The change in optical density was measured in a
spectrophotometer (Thermo, Evolution 260) at 734 nm after 6 min. The ABTS scavenging capacity of
Et-AME was compared with the standard Trolox curve between 0.0312 and 1 pg/mL. AOX was
calculated as the percentage inhibition of absorbance by the following formula:

AABTS - A6min

AOXABTS = ( ) X 100

ApgTs

where AABTS is the absorbance of ABTS radical in sterile water and Aé6min is the absorbance of
ABTS radical solution mixed with sample extract/standard. Each sample was measured in triplicate.
The mean and standard deviation were calculated.

DPPH Radical Cation Decolorization Assay

The methodology proposed by [38] was followed with some modifications. A 0.5 mL aliquot of
a 0.02% DPPH solution, in ethanol (99%) was added to 0.5 mL of each Et-AME. The mixture was
stored in the dark (30 min) and the absorbance at 517 nm against a blank (solvent and DPPH) was
measured. The standard curve was prepared with Trolox (0.0039 to 0.0625 pg/mL). The percentage
inhibition of DPPH of the test sample and known solutions of Trolox were calculated by the following
formula:

AO_

A
AOXDPPH = ( ) X 100
0

where AOQ is the absorbance of DPPH radical in ethanol (blank) and A is the absorbance of DPPH
radical solution mixed with sample extract/standard. Each sample was measured in triplicate. The
mean and standard deviation were calculated.

4.4.3. Hypoglycemic activity

Inhibitory Activity of a-Glucosidase Enzyme

The a-glucosidase enzyme (0.075 units) was mixed with the extract at different concentrations
(50-200 pg/mL). Subsequently, 3 mM p-nitrophenyl glucopyranoside (pNPG) was added as a
substrate, and the reaction mixture was homogenized to initiate the reaction[39]. The reaction
mixture was incubated at 37°C for 30 minutes, and the reaction was stopped by adding 2 mL of
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Na2COs. The a-glucosidase activity was determined by measuring the release of p-nitrophenol from
PNPG at 400 nm[40]. The inhibitory activity of a-glucosidase was calculated using the following
formula:

Abs Control — Abs Samples
Abs Control

% Inhibicién = ( ) 100

Inhibitory Activity of a-Amylase Enzyme

The a-amylase enzyme was mixed with different concentrations of the extracts (50-200 pg/mL).
A 0.5% starch solution was added as a substrate to initiate the reaction. The reaction mixture was
incubated at 37°C for 5 minutes and then terminated by adding 2 mL of DNS reagent (3.5
dinitrosalicylic acid). The reaction mixture was heated for 15 minutes at 100°C and then diluted with
10 mL of distilled water in an ice bath[39]. Finally, the a-amylase activity was determined by
measuring the absorbance at 540 nm[40]. The inhibitory activity of a-amylase was calculated using
the following formula:

Abs Control — Abs Samples
Abs Control

% Inhibicion = ( ) * 100

4.4.4. Inhibition of ACE in vitro

To 100 mL of the substrate HHL (prepared in 0.1 M sodium borate buffer, with 0.3 M NaCl at
pH 8.3), 40 pL of each sample to be evaluated are added. Subsequently, 2 mU of the ACE enzyme
(EC3.4.15.1, 5.1 U/mg), dissolved in 50% glycerol, is added. The reaction is carried out at 37°C for 30
minutes. The enzyme is deactivated by lowering the pH, adding 150 mL of 1 N HCI. The formed
hippuric acid is extracted with 1000 pL of ethyl acetate. After agitation and subsequent centrifugation
at 4,000 x g for 10 minutes at room temperature, 750 uL of the organic phase is taken. This volume is
evaporated by heating at 95°C for 15 minutes. The residue of hippuric acid is dissolved in 800 pL of
distilled water, and after shaking, it is measured at 228 nm. The ACE activity is calculated as the
amount of soluble protein needed to inhibit 50% of the enzyme. The activity of each sample is
determined in triplicate.

Abs Control — Abs Samples
Abs Control — Abs blank

Where: Abs control: Absorbance of hippuric acid formed after the action of ACE without

inhibitor; Abs blank: Absorbance of HHL that has not reacted and that has been extracted with ethyl

acetate; Abs sample: Absorbance of hippuric acid formed after the action of ACE in the presence of
inhibitory substances.

%IECA=< >*100

4.5. Statistical Analysis

The data were analyzed using analysis of variance (ANOVA) to compare the mean for each
concentration and replicates, with a significance level of 95%, using the LSD test. Furthermore, a
probabilistic model was conducted to determine the IC50 of the Et-AME using Stat graphics® Plus
5.1 statistical program. The graphs were created using the statistical software package OriginPro
2023.

5. Conclusions

This research analyzed three Amazonian fruit seeds, evaluating their nutritional value, chemical
profile, cytotoxicity, and pharmacologically relevant bioactivities. The obtained results underscore
the exceptional potential of these native species in terms of nutritional value, attributed to their
significant contributions of proteins, fibers, and minerals. Furthermore, the chemical composition
analysis revealed a notable coincidence in the presence of biologically important metabolites, such as
polyphenols, flavonoids, and [-carotenes, compounds widely recognized as precursors to diverse
biological activities. The cytotoxicity assessment showed no significant evidence of adverse effects in
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any of the analyzed extracts, however further studies will be done to support their potential use in
pharmacological and nutraceutical applications.

Concerning the antioxidant activities, diverse outcomes were observed in the extracts, such as
their capacity to stabilize ABTS and DPPH radicals, with the AS extract excelling in the former and
the ACS extract in the latter. In the realm of digestive enzyme inhibition, the AS extract exhibited
significant inhibition with the lowest ICs0 values, even when compared to the control. In the context
of antihypertensive activity, the SIOPC extract demonstrated a high inhibitory potential for ACE
under in vitro conditions. The results of this study underscore the remarkable potential of seed
extracts from native Amazonian species, not only in terms of nutritional value but also in their
bioactive properties. These findings emphasize the utility of these native seeds, both nutritionally
and pharmacologically, promoting their utilization and contributing to sustainable usage in a circular
economy context. Furthermore, the hypoglycemic and antihypertensive activities suggest that these
extracts could be beneficial in managing metabolic diseases. Overall, this research highlights the
importance of exploring and valuing these Amazonian seed extracts for the development of
nutraceutical and pharmacological products.
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