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Abstract

Sinami (Oenocarpus mapora H. Karst) is a palm tree that grows in the South American
Amazon, whose fruits are highly valued for their sensory characteristics, attractive dark
purple color, and as a source of edible oil. However, little to no information is available
on the changes in the physicochemical properties, nutrients, chemical compounds, and
antioxidant capacity of O. mapora fruits throughout their four-week ripening period. The
results obtained showed that fruit weight, seed weight, and peel + flesh weight increased
slightly. The variables that showed a significant increase (p < 0.001) during ripening were
pH, TSS (◦Brix), TSS/TA ratio, and the a* coordinate. The lipid content increased substan-
tially from 0.46 to 31.47 g/100 g. Among the variations, the chlorophyll and carotenoid
content increased from harvest 1 to harvest 2, while the total anthocyanin content de-
creased from harvest 3 (1.65 mg c-3-g/g) to harvest 4 (1.00 mg c-3-g/g). Furthermore,
4-hydroxyphenylacetic acid and ferulic acid levels decreased, while gallic acid and rutin
levels increased. These results confirm that the fruits of O. mapora vary during the ripening
process. Harvests 3 and 4 contributed significantly with a higher content of bioactive com-
pounds and oil, which is important for the utilization and production of vegetable oil and
for promoting the use of byproducts such as seeds and the press cake after oil extraction.

Keywords: ripening stage; Arecaceae; pigments; lipids; antioxidants; undervalued Amazonian
fruit; biodiversity conservation

1. Introduction
Several palm trees of the Arecaceae family are of economic and ecological importance

for the South American Amazon [1]. The fruits of these palms are used for oil production,
such as those of Oenocarpus bataua (Mart.), Elaeis oleifera (H.B.K.) Cortés, Acrocomia aculeata
(Jacq.) Lodd. ex Mart., and Oenocarpus mapora (H. Karst.). Edible fruits include Astrocaryum
chambira Burret, Bactris gasipaes (H.B.K.), and Mauritia flexuosa L.f., while Euterpe precatoria
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(Mart.) is used for the production of palm hearts [2–4]. Sinami palm tree has been used
for different purposes including fresh consumption (fruits, ice cream, edible oil, palm
hearts, beverages, and edible weevil larvae Rhynchophorus palmarum “known as suri”);
rustic architectural material (straw roofs, mats, house posts, floor and walls); household
objects and hunting tools (fans, baskets, weaving tools, bows and spears); and medicinal
uses and ornamental [5,6]. Recently, the residue from juice extraction (Oenocarpus bacaba),
seeds, and bagasse from O. mapora fruit oil extraction have been used for various purposes,
including the production of gelatin, a bio-based functional ingredient for cosmetic products,
and as a partial substitute for reformulated flatbreads [7–9]. O. mapora (sinami) fruits share
many similarities with other palm trees such as O. bacaba (bacaba), O. bataua (ungurahui),
Oenocarpus distichus (bacaba-de-leque), Oenocarpus minor (bacabinha), Euterpe oleracea (açaí),
and Euterpe precatoria (huasaí) [10–13]. These fruits of the Arecaceae palm contain several
classes of bioactive substances that have demonstrated antioxidant and anticancer activity,
as well as cholinesterase inhibition [14,15]. Regarding its chemical composition, the fresh
pulp of sinami fruits provides a rich source of carbohydrates, lipids, fiber, protein, minerals
(K, Ca, Mg, and Na), and polyphenols [12]. The oil obtained from the pulp of sinami fruits is
rich in natural pigments and fatty acids such as oleic, palmitic, and linoleic acids [12,16,17].

However, nutrient levels, morpho-colorimetric aspects, physicochemical characteris-
tics, and antioxidant profiles depend on several factors such as climatic conditions, growing
region, fruit growth and development conditions, maturity degree, and post-harvest con-
ditions [18,19]. Of the main Oenocarpus species studied (O. bataua, O. bacaba, O. mapora,
O. distichus, and O. minor) for their edible fruits, vegetable oils, and phytochemical com-
pounds, the biochemical changes associated with the degree of ripeness of these fruits have
not yet been studied. Optimal harvesting conditions are essential for obtaining primary
products with good nutritional and sensory quality. In the case of oil extraction, the physi-
ological maturity point is important for achieving better yields and higher oil quality. In
recent years, there has been increased interest in studying sinami fruits from the Peruvian
Amazon to promote their consumption as fresh fruit and in various processed products,
extracting the oil, and adding value to the byproducts obtained from different industrial
processes [8,16–18,20].

The objective of the present research was to investigate the changes in the content of
nutrients, physicochemical properties, natural pigments, and phenolic compounds, as well
as the antioxidant capacity evaluation of sinami fruit (Oenocarpus mapora H. Karst) at four
different stages of maturity. The findings obtained from this study would be useful for
better management during the harvest and post-harvest of this fruit.

2. Materials and Methods
2.1. Fruit Harvesting and Processing

The sinami fruits were harvested from a private farm, Pedro Casanova Romero, on
the Rompeolas road, Km. 3.2 (Puerto Maldonado, Madre de Dios, Peru). The harvest
was carried out over 45 days (harvest 1: 15 November 2020; harvest 2: 30 November
2020; harvest 3: 15 December 2020; and harvest 4: 31 December 2020). Five sinami palm
trees were selected using non-probability convenience sampling due to their proximity
and accessibility [21]. The UTM coordinates (Z; E; N) of each palm tree were as follows:
palm tree 1 (19L; 478,015; 8,611,733); palm tree 2 (19L; 478,011; 8,611,726); palm tree 3 (19L;
478,008; 8,611,745); palm tree 4 (19L; 477,996; 8,611,745); and palm tree 5 (19L; 477,979;
8,611,722).

The fruit was harvested manually using an aluminum extendable ladder. Approxi-
mately 200 g of sinami fruit (between 40 and 60 units) was harvested from each palm on the
specified date. The fruit was placed in a resealable zip-lock bag with holes and then in a 4 L
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portable cooler for air transport from Puerto Maldonado to Lima, a flight of 1 h and 35 min.
The sinami fruits were cleaned, washed with soft water, and dried at room temperature.
Preliminary tests consisted of weighing the fruit, peel, flesh, and seeds. The peel + flesh was
then vacuum-dried at 60 ◦C for 3 h and 150 mbar. The dehydrated product was pulverized
using a knife mill at 5000 rpm for 20 s (Grindomix GM 200, Retsch, Düsseldorf, Germany).
Finally, the powdered sample was vacuum-packed and stored at −20 ◦C before the tests
described below.

2.2. Physicochemical Characterization

Approximately 5 g of the sample was diluted with 30 mL of distilled water and then
stirred with an immersion blender for 5 min. The sample was placed in a 50 mL tube and
centrifuged at 4033× g and 20 ◦C for 15 min (5810R, Eppendorf, Hamburg, Germany).
The supernatant was recovered and used to measure pH, ◦Brix, and titratable acidity.
pH analysis was performed using a digital potentiometer (pH 7110, InoLab, Wellheim,
Germany). Soluble solids (TSSs) were measured directly by placing a few drops onto
the prism of a refractometer (NAR-1T LIQUID, Atago Co., Tokyo, Japan). Titratable
acidity (TA) was measured using 10 mL of supernatant and titrated with 0.1 N sodium
hydroxide until the pH reached 8.2. Acidity results were expressed as a percentage of
citric acid [22]. The chromatic properties of the dried powdered sample (dry weight) were
measured using a Nix QC color sensor (NIX Sensor Ltd., Hamilton, ON, Canada). The
samples were placed in transparent plastic bags, and color measurements were taken at
different points on the surface of the sample [9]. The L* (L*, 0 = pure black; 100 = pure
white), a* (+a* = red; –a* = green), and b* (+b* = yellow; –b* = blue) color coordinates were
transmitted via Bluetooth to a mobile application (Apple App Store), while the chroma
(C*ab) and hue angle (Hab, 0◦ to 360◦) values were obtained from mathematical equations.
C*ab = (a*2 + b*2)0.5 and Hab = arctan b*/a* [9].

2.3. Analyses of Proximate Composition and Crude Fiber

Nutritional composition was determined according to the standard methods of the
Association of Official Agricultural Chemists [23]. Moisture content was determined using
2 g of the fruit, which was placed in a forced-air oven at 102 ◦C for 2 h, according to AOAC
Official Method 925.10. The ash content was determined by carbonizing the sample on
a heating plate (Type 2200, Thermo Scientific, Waltham, MA, USA) until ash formation,
then continuous incineration in a muffle furnace at 580 ◦C for 6 h (Lindberg/Blue M,
Thermo Scientific, Waltham, MA, USA), according to the AOAC Official Method 940.26.
Crude protein content was analyzed using the standard method of Johan Kjeldahl (AOAC
920.152). One gram of sample was previously digested in KJELDATHERM (KT-L 8s, Ger-
hardt, Königswinter, Germany), distilled, and titrated using a VAPODEST 500 (Gerhardt,
Königswinter, Germany). Total nitrogen content was converted to protein using a con-
version factor of 6.25 for meat products. Lipid content was determined using AOAC
Official Method 983.23. Approximately 2 g of sample was extracted with hexane using
an automated solid–liquid Soxhlet extractor (extraction unit E-816, Buchi). Total carbo-
hydrate content was determined by difference: 100 − (g/100 g moisture + g/100 g ash
+ g/100 g protein + g/100 g lipid) [24]. Crude fiber content was analyzed by acid and
alkaline digestion following the procedure described by Tsombou et al. [25].

2.4. Determination of the Total Phenolic Content

The polyphenol extraction was carried out following the procedure described by
Cutire et al. [20]. Approximately 2.5 g of sample was placed in a 15 mL centrifuge tube,
and then 10 mL of an 80% methanolic solution was added. Extraction was performed by
vortexing for 1 h (LP Vortex Mixer, Thermo Scientific, Waltham, MA, USA), followed by

https://doi.org/10.3390/applbiosci5030065

https://doi.org/10.3390/applbiosci5030065


Appl. Biosci. 2026, 5, 65 4 of 16

ultrasonic bath extraction at 40 kHz, 30 ◦C, and 30 min (CPX5800H-E, Bransonic, Danbury,
CT, USA). The extract was centrifuged at 5228× g for 30 min (5810R, Eppendorf, Hamburg,
Germany), and the supernatant was recovered and used for subsequent assays. A 100 µL
aliquot, previously diluted, was reacted with Folin–Ciocalteu’s phenol reagent (750 µL,
0.2 N) in Eppendorf tubes. The sample was vortexed for 5 min, and then 750 µL of a 7.5%
sodium carbonate solution was added. Subsequently, the 2 mL Eppendorf tubes containing
the sample were shaken at 1000 rpm for 2 h (LP Vortex Mixer, Thermo Scientific, Waltham,
MA, USA). Absorbance values were recorded at 765 nm (Jasco spectrophotometer, V-770,
Jasco, Tokyo, Japan). Total polyphenol content (TPC) was quantified using a calibration
curve with gallic acid concentrations ranging from 5 to 100 µg/mL. Results were expressed
in terms of mg of gallic acid equivalent per gram of sample (mg GAE/g dry weight).

2.5. Determination of the Total Flavonoid Content

Total flavonoid content (TFC) was determined using the aluminum chloride colori-
metric method. A 100 µL aliquot was placed in an Eppendorf tube, and sodium nitrite
(75 µL, 5%) was added. Five minutes later, an aqueous solution of aluminum chloride
hexahydrate (150 µL, 10%) was added, and the sample was stirred for 5 min. Finally, 500 µL
of 1 M sodium hydroxide was added and the mixture was allowed to 15 min in darkness.
Absorbance values were recorded at a wavelength of 510 nm (Jasco spectrophotometer,
V-770, Jasco, Tokyo, Japan). The TFC was expressed as mg of catechin equivalent per gram
of sample (mg EC/g dry weight).

2.6. DPPH Assay Procedure

The DPPH assay was performed according to the procedure described by Brand-
Williams et al. [26]. DPPH reagent was prepared on the same day of use at a concentration
of 100 µmol/L in 80% methanol. A 50 µL aliquot of the extract was placed in an Eppendorf
tube, and 950 µL of DPPH solution was added. The sample was vortexed for 20 min
in darkness. Results were obtained using a calibration curve with Trolox concentrations
ranging from 25 to 800 µmol/L and the antioxidant capacity was expressed as mmol Trolox
equivalent per gram of sample (mmol TE/g dry weight).

2.7. ABTS Assay Procedure

The ABTS assay was performed following the methodology proposed by Re et al. [27]
with some modifications. The ABTS radical solution was generated by the reaction between
ABTS solution (7 mmol/L) and aqueous potassium persulfate solution (2.5 mmol/L) in
equal proportions (1:1 v/v). This reaction was carried out for 16 h in darkness. The ABTS
free radical was adjusted with distilled water to produce an absorbance of 0.90 ± 0.02 at
a wavelength of 734 nm. The measurement was carried out with 10 µL of the extract and
990 µL of the free radical. Results were obtained using a calibration curve with Trolox
concentration ranging from 25 to 400 µmol/L and antioxidant potential was expressed as
mmol Trolox equivalent per gram of sample (mmol TE/g dry weight).

2.8. Determination of the Total Anthocyanin Content

Anthocyanin content (TAC) analysis was performed according to the method described
by Lee et al. [28]. Anthocyanin extraction was performed using 250 mg of sample and 3 mL
of extractant solution (acetone/water/acetic acid 70:29.5:0.5 v/v/v) [29]. The extraction
was carried out at 3000 rpm for 1 h (LP Vortex Mixer, Thermo Scientific, Waltham, MA,
USA). Subsequently, the extract was centrifuged at 2465× g for 30 min (5810R, Eppendorf,
Hamburg, Germany), and the supernatant was recovered and used for the determination
of TAC. Two Eppendorf tubes were used, each containing 100 µL of the supernatant.
Subsequently, 800 µL of buffer solutions were added, one at pH 1 (0.025 M KCl adjusted
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with HCl) and the other at pH 4.5 (0.4 M CH3CO2Na adjusted with HCl). Afterward, the
samples were centrifuged at 9391× g for 5 min (Centrifuge 5425R, Eppendorf, Hamburg,
Germany). Absorbance values were recorded at 520 and 700 nm. Cyanidin-3-O-glucoside
was used as a reference standard (molecular weight = 449.2 g/mol; molar extinction
coefficient = 26,900 L/mol-cm). The total anthocyanin concentration (TAC) was expressed
in milligrams of cyanidin-3-O-glucoside per gram of sample (mg c-3-g/g dry weight).

2.9. Determination of Chlorophyll and Carotenoid Contents

Total chlorophyll (TChC) and carotenoid (TCC) content were determined according to
the procedure described by Lichtenthaler and Buschmann [30]. Approximately 500 mg of
sample was placed in a 15 mL centrifuge tube, and then 3 mL of 95% ethanol was added.
The tubes were protected from light with aluminum foil and then shaken at 1000 rpm
for 24 h. Finally, the samples were centrifuged at 2465× g for 30 min (5810R, Eppendorf,
Hamburg, Germany). The supernatant was collected and monitored between 400 and
700 nm using a Jasco UV–Visible/NIR spectrophotometer (Tokyo, Japan). Absorbance
readings at 470 nm correspond to carotenoids, while chlorophyll a and b were collected
at 664 and 649 nm, respectively. The results were determined as µg of the corresponding
pigment per gram of sample (µg/g dry weight).

2.10. HPLC Analysis of Phenolic Compounds

The content of individual polyphenols was analyzed according to the methodology
described by Barriga-Sánchez et al. [17]. Approximately 250 mg of sample was used for
extraction with 5 mL of 80% methanol. The extraction process continued as described in
Section 2.4. The supernatant was filtered and placed in vials for analysis by HPLC-DAD
(Hitachi High-Technologies Corporation, Tokyo, Japan). Analyte separation was carried out
using a LiChrospher® 100 RP-18 endcapped (5 µm) LiChroCART® 250 mm × 4 mm column
(Millipore, Darmstadt, Germany) at 30 ◦C, a constant flow rate of 1 mL/min, an injection
volume of 20 µL, and a run time of 60 min. The eluents were: (A) H2O/H3PO4 (99.5:0.5 v/v);
(B) CH3OH/CH3CN (50:50 v/v). The gradient system used was: (0 min) B 5% → (5 min)
B 30 → (25 min) B 38% → (40 min) B 45% → (45 min) B 52.5% → (50 min) B 100%, and
(55–60 min) B 5% to return to initial conditions. The identification of phenolic compounds
was carried out using the retention times of the respective standards. Quantification was
carried out using chromatograms recorded at 280 and 335 nm. The concentration of each
phenolic compound was expressed as mg of the corresponding standard per kilogram of
sample (mg/kg dry weight).

2.11. Statistical Analysis

Data were presented as the mean ± standard deviation (all analyses were performed in
triplicate except for the phenol profile, which was performed in duplicate). For comparison
between collection dates, analysis of variance (ANOVA) was used, followed by Duncan’s
Multiple Range test at a 0.05 level of significance. Statistical analyses were done using
a STATISTICA software package version 8.0 (StatSoft, Inc., Tulsa, OK, USA). Pearson
correlation and k-means clustering were conducted using MetaboAnalyst 6.0 (https://
www.metaboanalyst.ca; accessed on 1 September 2025) [31].

3. Results and Discussion
3.1. Physical Characteristics

Table 1 shows the fruit, seed and peel + flesh weights of sinami fruit at different harvest
times. The results did not differ significantly (p > 0.05) for the variable weight, weight per
unit, seed, and peel + flesh. On the other hand, small variations were observed between
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harvest 1 and harvest 2, with increases in weight of 1.81%, weight per unit of 1.81%, seed
of 3.01%, and peel + flesh of 4.95%. The changes between harvest 2 and harvest 3 varied
approximately 3% with respect to weight per unit, while the increase in seed was 6.88%,
and the difference in peel + flesh was 5.86%. In the last two stages, the difference between
harvest 3 and harvest 4 showed a greater increase in weight per unit of approximately 12%,
while seed weight remained constant and peel + flesh weight varied by approximately
18.19%. At this stage, the O. mapora fruits had a weight per unit of 5.35 ± 1.24 g, a seed
of 3.04 ± 0.74 g, and a peel + flesh of 1.84 ± 0.5 g. According to Best et al. [18], some
biometric characteristics of mature O. mapora fruits were reported, with an average weight
of 3.9 ± 0.5 g, while de Oliveira et al. [32] reported that the weight was 4.5 ± 0.86 g.

Table 1. Characteristics of sinami fruit, including fruit weight, seed weight and peel + flesh weight.

Harvest Time Weight per Unit (g) Seed (g) Peel + Flesh (g)

Harvest 1 4.52 ± 0.98 2.57 ± 0.56 1.34 ± 0.15
Harvest 2 4.60 ± 1.08 2.65 ± 0.49 1.41 ± 0.29
Harvest 3 4.73 ± 1.16 2.85 ± 0.76 1.50 ± 0.36
Harvest 4 5.35 ± 1.24 3.04 ± 0.74 1.84 ± 0.50
Average 4.80 ± 0.38 2.78 ± 0.21 1.52 ± 0.22
F-value 0.57 ns 0.53 ns 1.96 ns

ns Not significant.

Another Arecaceae species, Oenocarpus distichus, known in Brazil as bacaba-de-leque,
had a fruit mass of 2.54 g, a pulp mass of 0.86 g, and a seed mass of 1.68 g [33]. The seeds of
the ripe fruits of O. mapora represent approximately 56.76%, while the peel and flesh com-
prise approximately 34.06%. Best et al. [18] reported that the highest occurrence of ripe fruit
is during the rainy season, between November and April. Due to the high humidity and
temperature (around 88% and 30 ◦C, respectively) of the plant’s growing environment [18]
and its nutrient content, the ripe fruit is perishable and prone to microbial contamination.

3.2. Physicochemical Characteristics

Table 2 shows the results of the physicochemical characteristics of O. mapora fruits
in relation to harvest time. These results show that the pH increased from harvest 1 to
harvest 4, with values ranging from 3.90 to 4.65. The pH increase was also observed in
fruits of tropical palm trees such as butiá (Butia capitata), which showed pH values between
~3 and ~4 [34]. Consequently, the pH increases due to the metabolism of organic acids
such as citrate, malate, and others during the fruit ripening process, which contributes
to a decrease in acidity [35] and affects the sensory characteristics of texture, taste, and
overall appearance. Regarding titratable acidity (TA), an approximate decrease of ~60%
was observed, while total soluble solids (TSSs) (◦Brix) and the TSS/TA ratio increased by
about ~51% and ~275%, respectively. A similar ripening pattern is observed in several types
of fruit. For example, in the maturation and ripening of butiá and açaí, TSS, TSS/TA, and
pH values increase, while TA decreases [36]. These changes during harvest time are mainly
due to several factors, including characteristics of climacteric and non-climacteric fruits
(respiratory rate and ethylene), starch degradation, changes in organic acid composition
due to the decarboxylation of malic acid, oxaloacetic acid, and citric acid, changes in
fatty acid composition, and changes in the formation of volatile compounds through the
degradation of short-chain fatty acids [37,38]. In the case of sinami fruits (O. mapora) it is not
yet known whether they exhibit climacteric or non-climacteric maturation; however, many
Amazonian palm drupes show a non-climacteric respiration pattern during maturation.
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Table 2. pH, total soluble solids (TSSs), titratable acidity (TA), maturity index (TSS/TA) and chromatic
parameters during the maturity degree of sinami fruits.

Parameters
Harvest Time (Dry Weight)

F-Value
Harvest 1 Harvest 2 Harvest 3 Harvest 4

pH 3.90 ± 0.23 c 4.20 ± 0.12 b 4.39 ± 0.21 b 4.65 ± 0.15 a 15.07 ***
TA (g/100 g) 0.65 ± 0.09 a 0.45 ± 0.08 b 0.32 ± 0.06 c 0.26 ± 0.03 c 30.96 ***
TSS (◦Brix) 5.74 ± 0.37 c 6.98 ± 0.53 b 8.04 ± 0.48 a 8.68 ± 0.72 a 28.46 ***

TSS/TA ratio 8.98 ± 1.30 c 16.12 ± 3.52 c 25.61 ± 4.47 b 33.75 ± 4.93 a 40.21 ***
L* 57.94 ± 2.65 a 45.53 ± 3.22 b 32.98 ± 3.84 c 28.84 ± 2.02 d 286.99 ***
a* 1.40 ± 0.18 d 4.30 ± 0.22 c 6.60 ± 0.40 a 5.46 ± 0.63 b 474.55 ***
b* 19.62 ± 1.23 a 17.66 ± 1.07 b 8.34 ± 0.20 c 7.92 ± 0.13 c 832.15 ***

C*ab 19.67 ± 1.23 a 18.18 ± 1.04 b 10.64 ± 0.30 c 9.63 ± 0.35 d 565.07 ***
Hab 85.91 ± 0.59 a 76.26 ± 1.02 b 51.69 ± 1.78 d 55.52 ± 3.22 c 1084.8 ***

TSS, total soluble solids; TA, titratable acidity (citric acid equivalent). L* (lightness), a* (red–green axis), b* (yellow–
blue axis), chroma (C*ab) and hue angle (Hab). Results followed by different letters are significantly different
from Duncan’s Multiple Range test. Significant effect at p < 0.001 ***.

Regarding the chromatic parameters, the a* value increases from 1.4 (harvest 1) to
6.60 (harvest 3), while in harvest 4, it decreases slightly to 5.46 units. These a* values are
very similar to those found in some fruits whose ripening process begins in the green stage
(green color) and progresses to the mature stage (purple–black color). For example, in
Solanum species in the fresh, green state (30% maturity), negative a* values ranged from
−5.90 to −1.45, while maturity stage II (fruit color 40–60% purplish–violet) and stage III
(fruit color 100% black–blue) showed positive a* values between 1.27 and 8.93 units [39].
The changes in the a* coordinate of sinami fruits are due to the decomposition of green
chlorophyll in the early stages of harvesting; the change in color to purple–black was due
to the synthesis and accumulation of anthocyanins (a subclass of water-soluble flavonoids)
that appear in the last two harvests. The values of L*, b*, C*ab, and Hab decrease during
the ripening of sinami (O. mapora) fruits. The L* (lightness) values in harvest 1 averaged
57.94 (green fruit), while the average in harvest 4 was 28.94 (purple–black). On the other
hand, the color parameters b* and C*ab varied from 19.62 to 7.92 units and from 19.67
to 9.63 units, respectively. Several fruits undergo similar changes during the ripening
process from the green stage (more green) to the ripe stage (black, blue, or purple skin). The
parameters b* and C*ab (colorfulness or saturation) decreased as the ripening of the sinami
fruit progressed. These b* and C*ab values decreased when the fruits ripened to red, purple,
or black, indicating the presence of anthocyanins. Generally, the b* and C*ab parameters
are associated with the presence of yellow and orange–red pigments, an indicator of the
presence of xanthophylls and carotenes. On the other hand, the hue angle (color groups)
in sinami (O. mapora) fruits from different harvest times varied from 85.91◦ (harvest 1) to
51.69◦ (harvest 3), with a slight increase in harvest 4 (55.52◦). The change in hue angle from
greater to lesser could be due to anthocyanin biosynthesis, since an orientation towards 0◦

produces color changes from purple to magenta.

3.3. Nutritional Composition of Sinami Fruit at Harvest

Table 3 shows the results of the nutritional composition of the sinami fruit at harvest.
The moisture content during the ripening process increased slightly from harvest 1 to
harvest 2 (15 days after the first harvest) and then decreased until harvest 4 (45 days after the
first harvest). Some fruits, such as jabuticaba (Myrciaria sp.), experienced similar variations
in fruits harvested 10 days after anthesis, with an increase on day 18 and a reduction in
moisture at 34 days. According to Garcia et al. [40], this increase in moisture content is due
to cell wall thickening, while the decrease may be associated with transpiration during
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fruit ripening. The degree of moisture loss is related to soil and climate conditions and the
permeability of the fruit peel [41].

Table 3. Proximate composition and antioxidant parameters during the maturity degree of sinami fruits.

Parameters
Harvest Time (Dry Weight)

F-Value t-Value
Harvest 1 Harvest 2 Harvest 3 Harvest 4

Moisture (g/100 g) 6.85 ± 0.17 b 7.29 ± 0.11 a 6.10 ± 0.09 c 5.51 ± 0.14 d 185.28 ***
Protein (g/100 g) 5.62 ± 0.51 b 6.67 ± 0.14 a 6.60 ± 0.16 a 6.48 ± 0.21 a 13.23 **
Lipid (g/100 g) 0.46 ± 0.05 d 6.03 ± 0.05 c 22.37 ± 1.61 b 31.47 ± 3.16 a 326.63 ***
Ash (g/100 g) 2.2 ± 0.09 a 2.19 ± 0.04 a 2.20 ± 0.08 a 2.09 ± 0.15 a 2.25 ns

Carbohydrate (g/100 g) 84.83 ± 0.68 a 77.82 ± 0.20 b 62.73 ± 1.64 c 54.45 ± 3.28 d 275.01 ***
Fiber (g/100 g) 27.97 ± 0.14 b 28.29 ± 0.11 a 18.03 ± 0.16 d 18.59 ± 0.19 c 6681.2 ***

TPC (mg GAE/g) 30.80 ± 0.36 a 30.71 ± 0.29 a 28.64 ± 0.27 b 20.63 ± 0.25 c 1323.1 ***
TFC (mg CE/g) 52.62 ± 0.46 c 65.60 ± 0.40 a 58.87 ± 0.34 b 36.50 ± 0.41 d 4683.4 ***

TAC (mg c-3-g/g) N.D 0.29 ± 0.01 c 1.65 ± 0.25 a 1.00 ± 0.03 b 112.97 ***
TChC (µg/g) 1 69.08 ± 1.21 b 80.88 ± 1.39 a N.D N.D 14.34 ***
TCC (µg/g) 1 19.95 ± 0.23 b 23.70 ± 0.23 a N.D N.D 25.77 ***

DPPH (mmol TE/g) 4.89 ± 0.32 c 5.61 ± 0.06 a 5.35 ± 0.05 b 4.76 ± 0.09 c 27.72 ***
ABTS (mmol TE/g) 10.27 ± 0.36 c 12.89 ± 0.28 a 11.43 ± 0.28 b 5.95 ± 0.12 d 599.74 ***

TPC, total polyphenols content; TFC, total flavonoid content; TAC, total anthocyanin content; TChC, total
chlorophyll content; TCC, total carotenoid content; DPPH, 1,1-diphenyl-2-picryl-hydrazil; ABTS, 2,2′-azinobis-
(3-ethylbenzothiazoline-6-sulfonic acid. N.D, not detected. Results followed by letters are significantly different
from Duncan’s Multiple Range test. Significant effect at p < 0.01 **, <0.001 *** and ns not significant. 1 The t-student
test was used to compare two samples.

Regarding protein content, an increase was observed from harvest 1 (5.62 g/100 g)
to harvest 2 (6.67 g/100 g). No significant differences were observed between harvest 2,
harvest 3, and harvest 4. For example, the fruit of Schisandra sphenathera at three stages of ma-
turity (unripened, semi-ripened, and fully ripened) showed a slight but significant decrease
in weight between unripened (1.34 g/100 g FW) and fully ripened (1.18 g/100 FW) [42].
Proteins during the ripening process are associated with physiological, biochemical, and
organoleptic changes, such as the biosynthesis and regulation of primary and secondary
metabolites, texture, color, odor, and aroma, leading to improved fruit quality and resis-
tance to environmental challenges [43]. Some palm fruits from the Arecaceae family, such
as O. mapora, O. bataua, Euterpe oleracea, and Euterpe precatoria, showed protein contents
between 6.96 and 12.73 g/100 g [12].

The ash content was not significant and showed similar levels across the four harvests,
ranging from 2.09 to 2.20 g/100 g. Vargas-Arana et al. [12] reported ash content in fruits of
native palm trees from the Peruvian Amazon ranging from 0.83 to 1.54 g/100 g.

On the other hand, the total carbohydrate content showed a decrease from harvest 1
(84.83 g/100 g) to harvest 4 (54.45 g/100 g), while the crude fiber content increased slightly
between harvest 1 (27.97 g/100 g) and harvest 2 (28.29 g/100 g), with a very marked
decrease in harvests 3 and 4. A similar response is observed in various types of fruit during
ripening, where the complex carbohydrates are hydrolyzed into simple sugars, while the
components of dietary fiber are broken down by the presence of enzymes. Furthermore,
the firmness decreases, resulting in softer and more easily digestible fruit [44].

The ripening process contributes to an increase in total lipid content. During the
ripening of the sinami fruit (O. mapora), a substantial increase in lipid content is observed
from harvest 1 (0.46 g/100 g) to harvest 4 (31.47 g/100 g). The 3- to 5-fold increase in lipids
in harvests 3 and 4 compared to harvest 2 promotes the development of aroma-active flavor
compounds. Sinami oil is rich in oleic acid (~57 to ~61%), palmitic acid (~16 to ~21%),
linoleic acid (~16%), and stearic acid (~2%) [17]. These fatty acids are precursors of various
volatile compounds [45] that characterize the flavor of sinami fruits.
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3.4. Polyphenols, Natural Pigments, and Antioxidant Capacity of Sinami Fruit at Harvest

Table 3 summarizes the bioactive components and in vitro antioxidant capacity of O. mapora
fruits in relation to harvest time. The total polyphenol content (TPC) decreases from harvest 1
(30.80 mg GAE/g) to harvest 4 (20.63 mg GAE/g). The loss of TPC over the four harvests was
33.02%. The decrease in TPC during the ripening process is consistent with several types of fruits
that, upon ripening, are orange, red, purple, blue, or black, as is the case with red raspberry var.
Himbo-Top and peach “Jinlinghuanglu” (Prunus persica L.) [46,47]. On the other hand, the total
flavonoid content (TFC) increases in harvest 2 and then decreases in harvest 3 and harvest 4. For
example, in peach fruits (P. persica L.) at different stages of ripening, there is a significant decrease
in flavonoids and phenolic acids, and they show a positive correlation with TPC [47].

In the case of natural pigments, total carotenoids (TCCs) and total chlorophylls (TChCs)
are present in harvest 1 (19.95 and 69.08 µg/g, respectively) and harvest 2 (23.70 and
80.88 µg/g, respectively). Finally, these pigments disappear in the last two harvests. Several
types of fruit undergo similar changes during ripening, especially those that change from
green (chlorophyll and carotenoids) to red, purple–blue (accumulation of anthocyanins),
such as plums, berries, red pears, red apples, prunes, eggplants, and grapes [48,49]. On the
other hand, the anthocyanin content (TAC) was detected in harvest 2 (0.29 mg c-3 g/g), in-
creased in harvest 3 (1.65 mg c-3-g/g), and decreased in harvest 4 (1.00 mg c-3-g/g). These
results are comparable with Oenocarpus distichus from three locations in the Amazonian re-
gion of Brazil, which showed values between ~0.031 and ~0.68 mg cyanidin 3-rutinoside/g.
Some anthocyanins, identified as cyanidin and cyanidin 3-O-rutinoside derivatives, were
found in concentrations of 1.80 to 17.35 mg/kg and 48.47 to 196.51 mg/kg, respectively [50].
A similar effect is observed in Liriope spicata berries during ripening, where TAC increases
rapidly from ripening stage 3 (dark green fruit) to ripening stage 5 (dark fruit). The TAC in
these fruits was ~68 µg/g, and the biosynthesis of the main anthocyanins involved cyanidin
and delphinidin derivatives [51]. The biochemical changes during the ripening of sinami
fruits, related to natural pigments such as chlorophyll, carotenoid, and anthocyanin content,
may be primarily due to climacteric respiration, the formation of secondary metabolites
from primary metabolites, and their role in biological processes [47].

Regarding the antioxidant capacity evaluated by DPPH and ABTS, a slight increase
was observed during the ripening of O. mapora fruits from harvest 1 to harvest 2. Subse-
quently, a slight but significant decrease was observed towards harvest 4 for the DPPH
radical (15%), while for the ABTS radical, it was more pronounced (~53%). De Sousa
et al. [50] reported a high antioxidant capacity of O. distichus genotypes in the ripe state,
and this bioactivity is associated with various phenolic compounds such as flavonoids,
phenolic acids, and anthocyanins. A similar effect was observed during the ripening of
Andean blackberries (Rubus glaucus Benth.), where the antioxidant capacity measured by
FRAP and ABTS decreased significantly from the first stage of ripening (less than 50%
pigmented) to the third stage of ripening (fully ripe) [52].

3.5. Phenolic Compounds Profile of Sinami Fruit at Harvest

Figure 1 summarizes the phenolic compound profile during the ripening of O. mapora
fruits. Some of these compounds were identified and quantified in Oenocarpus distichus
Mart., including 3,4-dihydroxybenzoic acid, chlorogenic acid, ferulic acid, cyanidin deriva-
tives, syringic acid, rutin, and flavonol derivatives [50]. During ripening, some phenolic
compounds, such as 3,4-dihydroxybenzoic acid, chlorogenic acid, vanillic acid, sinapic acid,
and 2-hydroxycinnamic acid, showed no significant difference (p < 0.05). On the other hand,
the phenolic compounds that showed significant differences depending on the ripening
of the O. mapora fruits were gallic acid, rutin, 4-hydroxyphenylacetic acid, and ferulic
acid. The first two polyphenols (gallic acid and rutin) show increases during ripening of
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50.58% and 37.21%, respectively. Furthermore, they remain constant in the last two harvests.
Similar effects were observed in some berries, such as blueberries (Vaccinium spp.) from
four different cultivars “Powderblue,” “Gardenblue,” “Baldwin,” and “Bright Well,” which
showed increases in gallic acid, rutin, quercetin, and catechin derivatives [53]. On the other
hand, the last two phenolic acids (4-hydroxyphenylacetic acid and ferulic acid) show a
decrease during ripening, with reductions of 58.55% and 27.20%, respectively. In some
olive varieties, such as Gemlik and Sarıulak, a decrease in these compounds was observed
during ripening, with 4-hydroxyphenylacetic acid showing the greatest changes [54,55].
Several of these bioactive compounds identified in the fruits of Oenocarpus species have
demonstrated potential biological effects, including antioxidant properties, antimalarial
activity against Plasmodium falciparum, anti-obesity activity, and antiproliferative activity
against human tumor and non-tumor cell lines [56–58].
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Figure 1. Simple phenolic compounds by HPLC-DAD during the harvest time of sinami fruits.
(A) gallic acid, (B) 3,4-dihydroxybenzoic acid, (C) 4-hydroxyphenylacetic acid, (D) chlorogenic acid,
(E) vanillic acid, (F) ferulic acid, (G) sinapic acid, (H) rutin, and (I) 2-hydroxycinnamic acid. Results
followed by letters are significantly different from Duncan’s Multiple Range test. Significant effect at
p < 0.01 **, <0.001 *** and ns not significant. Harvests (H1, H2, H3, and H4).

3.6. Correlations and K-Means Clustering

Figure 2 shows the correlation matrix between the different bioactive compounds
and the antioxidant capacity of sinami (O. mapora) fruits harvested at different times. The
correlations between the different variables are consistent with the empirical scale proposed
by Asuero et al. [59].
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Figure 2. Heatmap of the Pearson correlation matrix between antioxidant capacity, phenol content,
and plant pigments. Total phenolic content (TPC), total flavonoid content (TFC), total anthocyanin con-
tent (TAC), total chlorophyll content (TChC), total carotenoid content (TCC), DPPH and ABTS radical
scavenging activities, gallic acid (GA), 3,4-dihydroxybenzoic acid (3,4-DHBA), 4-hydroxyphenylacetic
acid (4-HPA), chlorogenic acid (ChA), vanillic acid (VA), ferulic acid (FA), sinapic acid (SA), rutin
(RU), and 2-hydroxycinnamic acid (2-HCA).

The associations that showed a very high correlation (r ≥ 0.9) were the antioxidant
capacity measured by ABTS with total flavonoid content (TFC) (r = 0.992; p-value < 0.001),
and ABTS vs. TPC (r = 0.908; p-value < 0.001). A similar correlation was observed between
total carotenoid content (TCC) and total chlorophyll content (TChC) (r = 0.999; p-value
< 0.001). On the other hand, correlations between 0.7 ≥ r ≤ 0.89 correspond to a high
correlation. In this range the variables were: TPC vs. TFC (r = 0.881; p-value < 0.001), DPPH
vs. TFC (r = 0.837; p-value < 0.001), ABTS vs. DPPH (r = 0.829; p-value < 0.001), gallic
acid vs. rutin (r = 0.743; p-value < 0.001), and vanillic acid vs. chlorogenic acid (r = 0.724;
p-value < 0.001). Furthermore, a moderate correlation between 0.5 ≥ r ≤ 0.69 was observed
between the variables, TAC vs. rutin (r = 0.683; p-value < 0.001), TAC vs. gallic acid
(r = 0.631; p-value = 0.003), TPC vs. ferulic acid (r = 0.589; p-value = 0.006) and DPPH
vs. TPC (r = 0.547; p-value = 0.012). Generally, several scientific reports have indicated a
strong correlation between TFC, TPC, and antioxidant capacity (r = 0.731 to 0.993) during
ripening [60]. On the other hand, individual phenols such as ferulic acid, gallic acid, and
rutin are responsible for the antioxidant capacity during ripening in O. mapora fruits. For
example, Li et al. [47] found a high correlation between the antioxidant capacity measured
by FRAP and ABTS with procyanidin B2, procyanidin C1, caffeic acid, quinic acid, and
epicatechin in peach fruits at different stages of ripening. In the case of natural pigments in
the fruits of O. mapora, a very high and significant correlation is observed between TCC
and TChC during ripening. These results are consistent with Motilva and Romero [61],
who reported similar correlations in olive fruits of the Farga and Arbequina varieties at
different ripening stages.

Figure 3 shows the clustering of the k-means algorithm. In this test, the k-mean algo-
rithm was fed with total phenolic content, total flavonoid content, total anthocyanin content,
total chlorophyll content, total carotenoid content, DPPH and ABTS radical scavenging
activities, gallic acid, 3,4-dihydroxybenzoic acid, 4-hydroxyphenylacetic acid, chlorogenic
acid, vanillic acid, ferulic acid, sinapic acid, rutin, and 2-hydroxycinnamic acid. The first
two PCs explained 83.8% of the variance in the data. PC1 alone explained 68.8% of the
variation; PC2 explained 15%. The loading plot shows membership in the corresponding
group in the PCA. The fruits from harvest 1 (cluster 1) and harvest 2 (cluster 3) are very
distinct, while the fruits from harvest 3 and harvest 4 show a somewhat similar composition
(cluster 2).
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Figure 3. Cluster plot obtained after application of the k-means clustering on the PC1 and PC2
derived from data of TPC, TFC, TAC, TChC, TCC, DPPH, ABTS, GA, 3,4-DHBA, 4-HPA, ChA, VA,
FA, SA, RU, and 2-HCA. PC1 and PC2 explained 68.8% and 15% of the total variance, respectively.

4. Conclusions
These results show that the physicochemical properties, nutrients, chemical com-

position, and antioxidant capacity differed significantly across the four harvest times.
Regarding the physicochemical properties, it was confirmed that pH, TSS (◦Brix), TSS/TA
ratio, and the a* coordinate increased during the ripening of O. mapora (sinami) fruits.
A slight increase is observed in protein content, while carbohydrate and crude fiber content
decrease rapidly in harvests 3 and 4. It should be noted that the lipid content increased
rapidly to 30% in harvest 4. Furthermore, TPC, TFC, and antioxidant capacity decreased,
while chlorophyll and carotenoid content were present in harvest 1 and harvest 2 and then
disappeared in the last two harvests. On the other hand, the ripening of O. mapora fruits
is accompanied by an increase in anthocyanin content. Regarding individual phenols, a
significant increase was observed for gallic acid and rutin. 4-Hydroxyphenylacetic acid
and ferulic acid decrease significantly, while the remaining phenolic acids do not show
significant differences during ripening. Very high positive correlations were found between
TPC, TFC, ABTS, and DPPH, with values ranging from 0.829 ≥ r ≤ 0.992.

The importance of these results, based on their nutrients and bioactive components
obtained from preliminary studies, helps to understand the relationship between these
and the harvest time. These results contribute substantially to the possibility of promoting
the commercial value and use of sinami fruits as a source of vegetable oil. Although
there is currently no large-scale exploitation of this Amazonian palm, conservation is
being promoted to prevent indiscriminate logging for other non-food purposes. There
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is the valorization of byproducts, especially the sinami cake obtained after oil extraction.
Based on our results, we propose harvesting sinami fruits in December to obtain ripe
fruit and avoid over-ripening, damage caused by birds, or fungal infections. These results
contribute significantly to the utilization of O. mapora (sinami) fruits for oil extraction and
their subsequent use in the food and cosmetic industries.
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