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Abstract

Oiti (Licania tomentosa Benth Friscth) belongs to the Chrysobalanaceae family; it’s native to the Brazilian tropical forest (Caatinga). Although existing studies
have demonstrated the antioxidant, anticholinesterase and antibacterial effects of its leaf extracts, a lack of knowledge about oiti fruits persist. The present study
aimed to analyse Oiti fruits. Oiti fruits collected from Natal city, Rio Grande do Norte, Brazil. They were separated into peel, pulp and seed. Macronutrients and
minerals were analysed. Minerals were studied by optical emission spectrometry with inductively coupled argon plasma. Peel and pulp hydroethanolic extracts
were evaluated for total phenolic content, total flavonoid content, antioxidant capacity and reducing power. Additionally, the phenolic profile of peel and pulp
extracts were analysed by high-performance liquid chromatography. As results, Oiti fruits showed around 36.14 + 7.86 g of weight with 65.82% of pulp, 21.8,
5.67 and 18.4% of fibre in the peel, pulp and seed, respectively, 0.79, 0.26 and 2.04% of protein in the peel, pulp and seed, respectively, and 3.73, 0.40 and
0.05% lipids in the peel, pulp and seed, respectively. The analysed pulp also contained 20.70 mg total sugar per 100 g fruit. Furthermore, phytochemical analysis
indicated that the total phenolic content in peel and pulp were not correlated to their antioxidant capacity, but that pulp extracts exhibit a moderate correlation with
reducing power. Gallic acid, catechin, rutin and kaempferol were quantified in fruit peel, gallic acid and kaempferol in pulp, being the flavonols main flavonoids
in Oiti fruits. Oiti fruits have potential for use in the food industry and their biological properties must be explored further to provide stimulus to its consumption.
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Introduction

Among the main volatile compounds identified in Oiti leaves are
ursolic acid (3b-hydroxyurs-12-en-28-oic acid), palmitic acid,
b-sitosterol and stigmast-5, 22-dien-3b-ol (stigmasterol).' Regarding
the composition of Oiti fruits, other studies were identified its main
volatile compounds as hexanal, hexanol, 3-hexanone-2-ol and butyl

The study of plants and their fruits with medicinal proprieties is
important for the development of new therapeutic strategies, as
well as to promote the preservation and sustainable use of native
plants'. Several exotic Brazilian fruits such as camu-camu,>* agai,*
jucara,’ grumixama,® uvaia’ and guajuru® have been proven to contain

compounds with relevant biological activities, such as antioxidant,
anti-inflammatory, antiproliferative and anti-diabetes activity, among
others, demonstrating the importance of studying exotic fruits.

Licania tomentosa Benth belongs to the Chrysobalanaceae family,
an order and superorder of Rosiflorae Rosales, and is also known as
Oiti. Licania species are known as oiti, and the oil extracted from
their seeds is used as a substitute for ink drying oil.” Furthermore,
oiti is a native plant of Caatiga, a type of Brazilian tropical forest.
The Chrysobalanaceae family is composed of 20 genera and about
500 species of shrubs and trees, with habitats distributed throughout
tropical and subtropical regions.'*!! Licania tomentosa Benth is widely
used in Brazilian garden squares to provide shadow.'? In addition,
its fruits are drupaceous, ellipticals, monospermics, succulents and
indehiscents with smooth and glabrous exocarp of yellow to orange
colouration, yellow and fibrous mesocarp, and membranaceous
endocarp'® The harvest period occurs from December to March.

butyrate.”” Oiti seeds have been shown to contain kaempferol,
kaempferol glycoside, quercetin, rutin, ellagic acid, epicatechin,
catechin, chlorogenic acid and gallic acid.'®

In further studies Oiti leaf extracts have been shown to display
antioxidant,'” anticholinesterase antibacterial activity'® and antiviral
effects.”” Seed extracts also exhibit antiviral activity.?

Several studies were focused on plants from the Chrysobalanaceae
family due to their biological activities. For example, the seed extracts
of Parinari curatellifolia have been shown to display hepatoprotection
against acetaminophen-induced damage, reduce lipid peroxidation in
liver tissue, and restore the activities of antioxidant enzyme systems
to normal levels.?! Licania licaniaeflora exhibits anti-inflammatory
and antioxidant activities.?? Furthermore, Licania rigida Benth — also
known as Oiticica — is used against diabetes in folk medicine.” The
main secondary metabolites of this plant family are usually triterpenes,
diterpenes, steroids and polyphenols like flavonoids and chromones.!'
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The present study aims to characterise the macro-composition of
Oiti fruits (lipid, moisture, fibre, sugar and protein), as well as
micronutrients and minerals (Ca, Cu, Fe, P, Mg Mn, K, Na and Zn).
In addition, total phenolic and flavonoid content of oiti peel and pulp
extracts are evaluated and in vitro antioxidant activities are assessed
using metal ion methods to provide free radicals. Finally, the phenolic
profile of oiti fruits is assessed for the first time.

Materials and methods
Raw material

Oiti fruit samples were collected from Natal, Rio Grande do Norte,
Brazil (04°38” S 37°30” W) in February 2011 and 2012. In total 245
fruits were collected from 5 different plants. Samples collected in
2011 (190 fruits) were used for physical and chemical analysis and
samples collected in 2012 (55 fruits) were used for phytochemical
characterization (total phenolic content, total flavonoid content,
antioxidant assays and phenolic profile analysis). The plant species
was identified by Prof* Dr* Maria Iracema Bezerra Loiola in the
Department of Botany Ecology and Zoology of UFRN.

Fruits collection and sample preparation

The fruits were separated according to the type of analysis, but all
were divided into peel, pulp and seed. 165 fruits were dried in an oven
at 105°C with forced ventilation, 25 fruits were random chosen and
analysed in nature, 55 fruits were dried at 40°C. The samples dried at
105°C were used to determine moisture, proteins, lipids, total fibre,
ash and mineral content. Samples dried at 40°C were used for high-
performance liquid chromatography (HPLC) analysis, total phenolic
analysis, flavonoid quantification and antioxidant assays. Samples in
nature were used to sucrose and reducing sugars quantification and
physical characterization.

Physical characterization

Individual measurements of mass, transverse and longitudinal
diameters were carried out on 190 fruits using a 300 mm universal
caliper (Kingtools). The fruit and seed weights (FW and SW,
respectively) were obtained by direct individual weighing on an
analytical balance (Tecnal MARK Model 210A), while pulp weight
(PW) was obtained from the difference between each FW and SW.
The pulp percentage was calculated using the formula:

pulp% = (PW/FW) x 100

Chemical characterization

The determination of moisture, ash and lipid content follow the
recommendations of the Instituto Adolfo Lutz (IAL).% Protein content
was quantified using the Kjedahl method (AOAC, n° 950.48). Sugar
content was measured using the 3,5-Dinitrosalicylic acid (DNS)
method.* Fibre content was measured using the Soxhlet method
(AOAC n° 945.16).

The mineral content was measured by optical emission spectrometry
with inductively coupled argon plasma (ICP/OES) method 6010c,
United States Environmental Protection Agency (USEPA). The
content of total reducing sugars was measured in pulp only, using the
DNS method® and the analytical curve of fructose—glucose in interval
concentrations of 0.25—1 mg mL™".

Total flavonoid content

The total flavonoid content for oiti fruit peel and pulp was

quantified using the method described by Marinova et al. (2005).
First, 1 mL of AICI, ethanolic solution (20 mg mL") was added to
I mL hydroethanolic extract (20 mg mL"). The final volume was
completed to 25 mL and vortexed for 10 seconds, before the mixture
was incubated for 40 min at 26 °C, and the solution absorbance was
measured at 429 nm (Shimadzu UV-Visible mod. 1650 PC, Kyoto,
Japan). Finally, the concentrations were quantified using the standard
curve of quercetin (Sigma-Aldrich, USA). Samples were analysed in
triplicate and data was expressed in mg equivalent of quercetin per g
of sample.?

Total phenolic content

The total phenolic content was evaluated by the Folin—Ciocalteu
method.”” To an aliquot of each extract (20 mg mL") 2.5 mL of
Folin—Ciocalteu reagent was added (1:10, v/v) before vortexing and
incubating for 2 min at room temperature. Subsequently, 2 mL of
Na,CO, 7.5% was added to the mixture, which was then incubated
for 15 min at 50 °C. Solution absorbance was measured at 760 nm
(Shimadzu UV-Visible mod. 1650 PC, Kyoto, Japan). Quantification
was performed by using the gallic acid standard curve (1.67—10 mg
L). Samples were analysed in triplicate and data was expressed in mg
equivalent of gallic acid per g of sample.

Reducing power

Aliquots of hydroethanolic extracts were diluted with phosphate buffer
(200 mM pH 6.6) in glass tubes to a final volume of 1,200 puL. Next,
200 pL of potassium ferricyanide solution 1% was added to each tube,
vortexed, and incubated at 50 °C for 20 min. Following incubation,
360 pL of trichloroacetic acid 10% was added. Then, to promote
potassium ferricyanide reduction 40 pL of 0.1% iron chloride solution
was added to all tubes. Finally, 3.0 mL of 200 mM phosphate buffer
pH 6.6 was added, the tubes were vortexed and absorbances were
measured at 700 nm (Shimadzu UV-visible mod. 1650 PC, Kyoto,
Japan). Results were expressed as a percentage of the absorbance of
100 pg/mL ascorbic acid solution!”

Antioxidant capacity

Pulp and peel hydroethanolic extracts (20 mg mL™") were added to
tubes and the volume was completed to 500 pL. Subsequently, 500 uL.
of ammonium molybdate solution (40 mmol L\H,SO, 6 mol L") was
added to each tube, followed by 500 uL phosphate buffer (200 mM
pH 6.6) and 5 mL of deionized water. The mixture was then incubated
at 100 °C for 90 min. The tubes were cooled to room temperature
and absorbance was measured at 695 nm (Shimadzu UV-Visible mod.
1650 PC, Kyoto, Japan).'”

Extract preparation for HPLC analysis

Dried oiti peel and pulp were first cleaned with hexane to remove
the lipids present in the samples. Phenolic compounds were then
extracted with ethanol 70% (1:10, m/v), dried and resuspended with
methanol to the concentration of 5 mg of extract per mL of solution.

HPLC-DAD analysis

HPLC analysis was performed in a Varian liquid chromatograph, high
efficiency model LC 220, VARIAN detector UV/DAD, autosampler
with temperature control, quadripor bomb, using a Phenomenex C18
column (Phenomenex, 4.6 x 100 mm, 2.6 um) at room temperature
(at 26 °C), a flow rate of 1.3 mL/min, isocratic mode, and elution
solvents A (formic acid 0.1%) and B (Acetonitrile). Absorbance was
monitored at 280 nm and data was analysed with Galaxie software.
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Phenolic compounds were quantified using standard curves (0.453 to
100 pg/mL) for catechin, rutin, kaempferol and gallic acid (Sigma-
Aldrich, USA).®

Statistical analysis

Data was expressed in the form of mean and standard deviations.
Pearson correlations were performed using BioStat 5.0.

Results and discussion
Physical-chemical characterization

Physical parameters assessed for oiti fruits are described in Table 1.
Following the results, the analysed oiti fruits were 36.14 + 7.86 g in
weight, with 65.82% corresponding to pulp, and transversal (3.21 +
0.36 cm) and longitudinal (5.30 £ 0.60 cm) diameter values forming
its oval shape (Figure 1).

Table | Physical characterization of Oiti fruits (Licania tomentosa Benth).

. . . Amplitude
Physical Parameters Oiti Fruits . .
Minimum  Maximum
Transversal Diameter (cm) 3.21 £0.36 2.40 4.80
Longitudinal Diameter (cm) 5.30 + 0.60 4.10 7.20
Mass (g)

Fruit 36.14£7.86 18.58 53.75
Pulp 24.10 + 8.68 7.09 43.11
Seed 11.92 £ 471 435 3492
Pulp % 65.82 £13.10 27.62 88.84

Data expressed as mean * standard deviation; n=190, Samples collected
in February 201 1.

Figure | Oiti fruits (Licania tomentosa Benth).

Oiti fruits showed 34.76, 25.62 and 52.39 % of total carbohydrates
(non-reducing sugar, reducing sugar, fibers among other compounds)
for pulp, peel and seed samples respectively. Furthermore, Oiti
fruit pulp had a total sugar content of 21.53% (reducing and non-
reducing sugars) and 78.57% of sugar content were reducing sugars
such as fructose and glucose (Table 2). Considering carbohydrate
quantification by difference (100% less all other macro components
that not carbohydrates), the main carbohydrate source in peel were
fibers (85.1 % of total carbohydrates), in pulp were non-reducing and
reducing sugars (59.5 % of of total carbohydrates), and while in the
seed only 35.1 % of total carbohydrates were fibers. It’s importantly to
mention that Oiti fruits composition is likely also composed of other
structures such as pectin and starch. Oiti fruits had a moisture content
of 60.5, 72.3 and 44.4 g for peel, pulp and seed, respectively, the pulp
being the part of the Oiti fruit richest in water. However, peel was
found to be the richest part in lipids (3.73 g/100 g of fruit), and the
seed in proteins (2,039 mg/100 g of fruit).

Table 2 Macro and micronutrients content of Oiti fruits (Licania tomentosa
Benth).

Macronutrients Peel Pulp Seed
Moisture (%) 60.5+150 72309 444+ 1.10
Ash (%) 0.22 + 0.00 1.41 £0.01 1.18 £ 0.01
Lipids (g/100g) 3.73 £0.09 0.40 + 0.04 0.05 + 0.00
Protein (mg/100 g) 793 £ 1.00 258 +2.00 2039 + 49.00
Reducing Sugars
(mg/100g)’ NA 16.26 £ 0.23 NA
Non-reducing and
Reducing Sugars NA 20.70 = 0.24 NA
(mg/100 g)'
Fibers (g/100 g) 21.8+0.20 5.67 £0.16 18.4 +0.90
Total
Carbohydrates? 25.62 + 0.02 3476 £ 0.12 5239 +0.14
Micronutrients
(mg/100g) Peel Pulp Seed
Calcium 92.60 + 2.07 4622 + 1.92 115.61 +2.18
Copper 0.20 + 0.00 0.28 + 0.0l 0.32 £ 0.00
Iron 1.66 + 0.02 0.90 + 0.03 0.55 + 0.0l
Phosphorus 44780+ 1.30  293.70 + 2.30 425.00 + 4.50
Magnesium 23.44 £ 0.38 27.88+ 0.48 110.70 + 0.40
Manganese 0.19 £ 0.01 0.1 £0.00 0.52 £ 0.02
Potassium 627.60 £ 420  848.00 + 8.80 584.80 = 9.10
Sodium 27.02 £ 0.35 38.96 £ 0.33 27.02 £ 0.35
Zinc 0.38 + 0.00 0.36 + 0.00 0.43 £ 0.02

Data expressed as mean * standard deviation; minerals determined by ICP/
OES, samples analysed in triplicate. |: Non-reducing sugar measured by DNS
method; 2: Reducing sugar (glucose and fructose) measured by DNS method;
3: total carbohydrates = 100 — (Protein, moisture, ashes and lipids content).

Mineral content

Table 2 presents the results of the calcium, copper, iron, phosphorus,
magnesium, manganese, potassium, sodium and zinc content
measured from the peel, pulp and seed of Oiti fruits. The peel and
seed had the highest calcium content (92.60 +2.07 and 115.61 +2.18
mg/100 g of fruit) and phosphorus content (447.80 + 1.30 and 425.00
+ 4.50 mg/100 g of fruit). The seed showed the highest contents of
magnesium (110.70 £ 0.40 mg/100 g of fruit) and manganese (0.52 +
0.02 mg/100 g of fruit).

Considering the Reference Daily Intake (RDI) provided by the Food
and Drug Administration (FDA), an intake of 100 g peel, pulp or
seed would contribute to 29.78, 20.88 and 26.00% of calcium RDI,
13.33, 18.67 and 21.33% of copper RDI, 55.98, 53.13 and 36.71%
of phosphorous RDI, 11.86, 6.43 and 3.93% of iron RDI, 31.38,
42.40 and 29.24% of potassium RDI, and 9.50, 5.50 and 26.00% of
manganese RDI, respectively. Other minerals would provide a lower
contribution.

Total phenolic content, total flavonoid content and
antioxidant assays

Peel showed the highest values of phenolic compounds and
flavonoids (Table 3) compared to pulp; this was expected due to its
defence function in fruit physiology.?*** However, the total flavonoid/
total phenolic content ratio indicates that flavonoids represent 55%
and 41% of total phenolic compounds in peel and pulp, respectively.
Besides flavonoids other compounds also known as polyphenols
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or phenolic compounds, such as proanthocyanidins, ellagitannins,
saponins and terpenes, compounds previously described by other
studies on its seed'®. Oiti peel also showed high antioxidant capacity
(142.24 + 0.88 mg/g of extract) and reducing power (101.14 %);
however, a weak correlation was observed between total phenolic
content and antioxidant capacity (R*=0.15) and reducing power
(R*=0.27). Meanwhile, pulp showed a weak correlation to total
phenolic content and antioxidant capacity (R>=0.37) and a moderate—
strong correlation to reducing power (R?>=0.83). These results could
be due to different mechanisms of free radical scavenging. However,
it should be remembered that other phenolic compounds besides
flavonoids are part of the fruit composition, and they may also play a
role in the antioxidant capacity and reducing power of Oiti peel and
pulp extracts.

Another fruit from the Chrysobalanaceae family is the Guajuru
(Chrysobalanus icaco L.), which is also rich in polyphenols
exhibited antioxidant activity.’! It also shows antidiabetic effects in
rats,’? as well as antiproliferative and anti-inflammatory activities,?
demonstrating the potential of fruits from this family as a source of
bioactive compounds, which includes Oiti fruits.

Table 3 Total phenolic, total flavonoids content and antioxidant analysis of
hydroethanolic extract of peel and pulp Oiti fruits (Licania tomentosa Benth).

Peel Pulp
Parameters
(mglg)*  (mglg)® (mglg)*  (mglg)®
. 1.03 £ 0.59 + 0.14 +
Total Phenolic 0.0l 0.30 £ 0.00 0.02 0.0l
. 057 + 024 + 0.06 +
Total Flavonoids 0.05 0.17 £ 0.02 0.00 0.00
TF/TP 0.55 0.56 0.41 0.43
Antioxidant 14224+ 4120 % 101.14 22.06 +
Capacity 0.88 0.31 9.62 1.80
Reducing 829 + 4.04 + 094 +
Power (%) 0.17 240005 0.05 0.0l

a: mg/g of extract; b: mg/g of sample; TP:Total phenolic content; TF:
Total flavonoids content; Data expressed in mg equivalent of gallic
acid/g of extract or g of fresh sample, mean * standard deviation,

samples analysed in triplicate.

Phenolic profile

The Oiti peel (Figure 2A) showed the richest polyphenol profile in
comparison to Oiti pulp (Figure 2B). In peel, 4 peaks were tentatively
identified by their retention time and absorbance spectrum as gallic
acid (peak 1), catechin (peak 2), rutin (peak 3) and kaempferol (peak
6), while two compounds were identified as unknown 1 (peak 4) and
unknown 2 (peak 5) (Figure 2A). However, their absorbance spectrum
indicates that they could be flavonols (flavonoid class) (Figure 2C).

In pulp it was possible to identify only gallic acid, kaempferol and
unknown 2. Considering the flavonoid classes found in peel and pulp,
88.69% were flavonols and 11.31% flavanols (catechin) in peel, while
94.25% of compounds found in pulp were flavonols (Table 4). In other
studies, these classes of flavonoids were also found in Oiti seeds.'
To the best of our knowledge no previous work conducts polyphenol
characterization of Oiti fruit (peel and pulp).

The present data corroborate observations from other species in the
Chrysobalanaceae family, such as Licania licaniaeflora, Licania
pittieri and Licania pyrifolia, in which the main flavonoids were
myricetin, quercetin and kaempferol, all classified as flavonols.*
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Figure 2 HPLC chromatograms from peel (A) and pulp (B) of Oiti fruits
at 335 nm and the absorbance spectrum for each marked peak (C): Peak
|: Gallic acid, Peak 2: Catechin, Peak 3: Rutin, Peak 4: Unknown |, Peak 5:
Unknown2, Peak 6: Kaempferol.

Flavonols are flavonoids that have 3-hydroxyflavone as the backbone
structure. This subclass of flavonoid includes isorhamnetin, fisetin,
morin and galangin, in addition to the above-mentioned quercetin,
myricetin and kaempferol.** The structural difference between
quercetin and kaempferol is an additional phenolic hydroxyl group
(-OH) in the 3’ position of the quercetin structure.> The compound
identified as rutin is also known as quercetin 3-O-rutinoside, a
glycosylated form of quercetin. Other studies have demonstrated
that flavonol holds great potential to prevent chronic disease such as
cancer,* diabetes®” and cardiovascular diseases.®
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Table 4 Quantification of phenolic compounds in Qiti fruits (Licania tomentosa Benth) by HPLC-DAD.

Compound RT Peel(mglg) Pulp(mg/g) % A (nm)
Galic Acid* 1.62 Tr 0.15+0.04 5.71 295
Catechin* 6.99 0.59 £ 0.07 11.31 ND - 241/282/373
Rutin* 9.11 0.82 £ 0.11 15.84 ND - 258/352
Unknown| 16.85 1.37 £ 0.02 26.41 ND - 258/348
Unknown2 17.52 I.15 £ 0.09 2225 1.20 £ 0.04 47.02 266/343
Kaempferol* 18.68 1.26 £0.10 24.19 1.20 £ 0.01 47.23 241/380
Total 5.19 2.55 100

*Identified by retention time and absorbance spectrum. % considered only the quantified compounds. Unknown| and Unknown2
were quantified as quercetin due to them absorbance spectrum indicated they are flavonols. RT: retention time; duplicated of

extraction.

Conclusion

In conclusion, the collected fruits have uniform length, diameter and
a great variation in weight. Given the carbohydrate and lipid contents
observed for Oiti fruit, they can be considered a good source of
nutrients, such as carbohydrates and lipids, and flavonoids, especially
flavonols as myricetin, quercetin and kaempferol. Thus, the Oiti
fruit could be used by the food industry as a source of nutrients and
antioxidant compounds.
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