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Abstract: Nephelium lappaceum L., also known as “Chinese mamon” (mamon chino) or “rambutan”, is an
exotic fruit of tropical climate with a sweet flavor and aroma, which can be found in the territory of Costa
Rica in the Brunca and Huetar Atlantica regions. For the comparison of antioxidants, different electronic
tests were carried out with the red peel and the yellow peel of Nephelium lappaceum, taking ascorbic
acid as a base. In addition, Nephelium lappaceum peels, due to their antioxidant properties, allowed the
identification of the active components and their antioxidant activity by thin layer chromatography
and DPPH tests. The results of these tests show the presence of flavonoids, coumarins, glycosides, and
carotenoids, which are the primary metabolites of Nephelium lappaceum peels.
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1. Introduction

Nephelium lappaceum L. [1,2], better known as “rambutan” [3,4] or “Chinese mamon”
(chino mamon) [5], is a fruit native to Indonesia [6]. This fruit is cultivated in South-East
Asia, mainly in Indonesia, India, Finland, and Malaysia. The rambutan is a tropical fruit
known for its sweet flavor, oval shape, juiciness, brown seed, white flesh, and softness [7].
The tree is about 12 to 20 m high, and its red or yellow skin is covered by soft thorns [8].

In addition, the Nephelium lappaceum has excellent antioxidant power [9-14]. Costa
Rica has all the soil and climatic conditions necessary to produce this fruit, which favors
large-scale planting. The most significant Nephelium lappaceum at a national level is in
the Brunca and Huetar Atlantica regions; this large production has put the country in a
better position in Central America. The rambutan harvest time starts in July and ends in
October [15].

It is necessary to study all the compounds that can protect the body against substances
that cause oxidative damage that is caused by different free radicals [16-18] and, thus, to
know antioxidants such as vitamin C, carotenoids, and different polyphenolic compounds
found in plant substances with antioxidant properties, is of great importance [19-21].
Nephelium lappaceum seeds have polyphenols and fats that provide nutritious minerals and
healing quality [22-24].

Then, based on the research in the practical part for the comparisons of the antioxidant
power of the red shell against the yellow shell of Nephelium lappaceum, it is determined
through the realization of extractions and identification of secondary metabolites, using
a thin layer chromatography and different methods of electronic studies, such as UV
spectroscopy, and IR spectroscopy, among others.

In addition, during this process, the antioxidant capacity of ascorbic acid has been
taken as a basis to determine whether Nephelium lappaceum has a higher antioxidant power
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against Vitamin C and, in turn, identify which of the two Nephelium lappaceum peels has a
higher antioxidative concentration. Free radicals are different atoms or groups of atoms
with a free electron and are, therefore, very reactive, as they tend to capture an electron from
a molecule to achieve electrochemical stability [25,26]. Oxidative stress is the imbalance
between the production of different free radicals and the capacity of the organism to neutral-
ize them before causing any damage [27-29]. The evidence confirms that free radicals and
the set of different reactive species are associated with the central role in the homeostatic
balance, which is the normal functioning of the different regulatory mechanisms.

In the case of antioxidants, they can be found in the different parts of a plant, in
the peel of Nephelium lappaceum, and are characterized by having hydroxyl groups linked
together by benzene rings [30,31]. The antioxidant capacities that Nephelium lappaceum has
in the red and yellow peel are of great importance for our research since it is a waste with an
excellent opportunity to use and take advantage to obtain a pharmaceutical product with
beneficial qualities to counteract and combat oxidative stress in humans and to improve
the quality of life. Consuming it helps the body protect itself against possible radical
agents that cause an imbalance that favors a series of processes leading to cell death, thus
preventing the development and occurrence of diseases, such as cancer and cardiovascular
and immunological problems, among others.

The objective of the current study is to compare the antioxidant activity of red-shelled
and yellow-shelled Nephelium lappaceum with vitamin C by DPPH assay.

2. Description of Nephelium lappaceum
2.1. Origin and Distribution

Nephelium lappaceum L., also known as Rambutan, is a fruit native to the Asian con-
tinent, cultivated in Indonesia, Malaysia, Thailand, Vietnam, India, and the Philippines,
first introduced in Indonesia in 1912 [32]. In this country, it has been used for fresh and
industrial processes.

The name comes from the Malaysian word “rambut”, which means hair [33], referring
to the soft peel that covers the fruit and is one of the main characteristics that distinguishes
it from its consumers. This fruit belongs to the Sapindaceae family [34,35], including
about 150 genera and about 2000 species of trees, shrubs, and herbaceous plants [36]. The
Nephelium lappaceum family is known mainly through other species that produce edible
fruits and have long been cultivated in the areas of origin.

The first consumption of this fruit occurred between the 1950s and 1960s in Mexico
and Central America; initially, this crop was kept as an exotic and ornamental plant [37].
Nephelium lappaceum is cultivated in different tropical areas of the world, such as Colombia,
Ecuador, Honduras, Mexico, Cuba, and Costa Rica; the cultivation of Nephelium lappaceum
was introduced in the 1960s by the transnational banana company United Fruit Com-

pany [6].

2.2. Botanical Description

The Nephelium lappaceum tree has free growth that can have a height of 15 to 20 m [38],
and when grafted, trees reach a height of 5 to 7 cm with a thickness of 60 cm in diameter;
the flowers are greenish-white with small short and thin pedicels. The fruits of Nephelium
lappaceum are oval and with a scale of colors ranging from light to intense, for example,
from red to yellow [8].

Nephelium lappaceum is a sweet fruit with white flesh that comes off quickly and is
large [39]. Different varieties of Nephelium lappaceum are cultivated in Costa Rica; the variety
R134 is characterized by the type of growth and rounded shape [15]. The varieties R162
and R167 have common characteristics; for example, they are oval fruits with red skin, but
part of the spines is yellow, and these varieties weigh between 34 and 42 g with a soluble
solids content of approximately 20 g.
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2.3. Cultivation Zones and Climate for Nephelium lappaceum Production in Costa Rica

In Costa Rica, the main rambutan growing areas are in the Brunca region, which
includes Pérez Zeledén, Osa, Golfito, Coto Brus, Corredores, Buenos Aires, Huetar Norte
region, San Carlos, Upala, and finally, the Huetar Atlantica region in the Valle de la Estrella,
Bataan, Pococi, and Sarapiqui [40]. The planting settled in these areas due to their humid
tropical climate being very similar to the country of origin. The Nephelium lappaceum should
grow at an ideal temperature of 26-32 °C, with good lighting throughout the year as it is
essential for fruit ripening, and with humidity of over 70% to ensure its quality as it is not
exposed to dehydration [41].

3. Materials and Methods
3.1. Methods of Substance Separation

A separation process allows to determine which substance is richer in components
of the mixture. For the separation of mixtures, physical, chemical, mass, and density
properties can be considered among the components that constitute the mixture.

3.2. Identification of Substances
3.2.1. Thin Layer Chromatography (TLC)

It is a fast and straightforward analytical technique that is used to determine the
degree of purity of the compound, such as, for example, the effectiveness of the purification
step, the comparison of one or more samples as they run through the plate, and finally,
the follow-up of the reaction when the reagents disappear, and the final products appear.
The solids, which are often used, are silica gel and alumina; this plate can be the size of
a laboratory slide, and the substance is placed on the end of the plate and then stored in
a stoppered vial. The solvent rises by capillary action through the differential partition
adsorbent and occurs between the components of the dissolved mixture of the adsorbent
stationary phase. Most chromatographic plates have a fluorescence indicator that allows
the visualization of compounds that are active in ultraviolet light of 254 nm.

The presence of an active compound in the UV prevents the indicator from absorbing
light in the area where the product is located. When the compound does not absorb UV
light, chromatography requires a developing agent.

3.2.2. Ultraviolet/Visible (UV /Vis)

Ultraviolet/visible spectroscopy must have a wavelength between 160 and 270 nm
per molecule with a type of energy used to determine the concentrations of the different
substances, and that is why it allows us to study and determine the rate equations for the
reactions. This type of spectroscopy is used in teaching laboratory analysis for quantitative
analysis of all molecules that absorb ultraviolet light and visible electromagnetic radiation.
There are different applications, such as analyzing biochemical samples, determining
metals in compounds, color measurements, and monitoring the kinetics of chemical and
biochemical processes.

4. Results and Discussion

An analytical experimental study was carried out on the shells of yellow and red
Nephelium lappaceum.

4.1. Botanical Material

Red and yellow Nephelium lappaceum peels obtained from Finca La China, located in
Perez Zeledon, La China, were used (Figures 1 and 2).
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Figure 2. Cascara amarilla del N. lappaceum.

4.2. Raw Material
Red and yellow Nephelium lappaceum husks.

4.3. Materials and Methods
4.3.1. Materials

The materials include samples of plants, lab instruments, and the following equipment:
Red Nephelium lappaceum shells; Yellow Nephelium lappaceum shells; a knife; a chopping
board; a blender; large and small glass jars; a spatula; a 250 mL beaker; a 500 mL beaker; a
1000 mL beaker; electric heater; infrared spectrometry equipment; reflux equipment; rotary
evaporator; cotton; reagents; a stirrer; test tubes; aluminum; UV lamp; labels; silica gel
plates; and capillaries.

4.3.2. Methods

- Reflux extraction equipment;
- Rotavapor equipment;

- Thin layer chromatography;
- UV/Visible spectroscopy;

- Infrared spectroscopy;

- Gas chromatography;

- Mass spectroscopy;

- DPPH test.

4.4. Procedure
4.4.1. Experimental Part

A rotary evaporator was used to identify the metabolites present in the Nephelium lap-
paceum peels to separate the solvents from the secondary metabolites. Nephelium lappaceum
red and yellow peels were washed and chopped, then crushed in the blender, and finally,
three aluminum pyrex were used to dry them in the oven at 60 °C for 2448 h. Then, 50 g
of Nephelium lappaceum peel was weighed into a 1000 mL beaker, then transferred into a
1000 mL volumetric beaker, and then 400 mL of Hexane was added, placed over the heater
to boil, then added Dichloromethane, and finally, methanol. We kept the mixture in each
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solvent for an hour and a half, making sure that the icebox had ice. The content of the
flat-bottomed volumetric balloon was allowed to cool to filter and separate the solvents.

4.4.2. Thin Plate Chromatography

A chromatographic plate of 4 cm x 10 cm was selected so that the extracts would be
sufficiently separated and would not mix, and the length of 10 cm was chosen to better
separate the metabolites in the stationary phase. Then, at 1.5 cm from the edges of the plate,
a line of origin was traced where the extracts of Nephelium lappaceum peel with its solvent
were located with the support of a capillary after having passed through the Rotavapor
and a final line. The chromatographic plate was labeled, and the different reagents were
identified. After that, a mobile phase was prepared with the solvents in a ratio of 4:4:2
(ethyl acetate: dichloromethane: hexane), which had a better separation of the metabolites.
A total amount of 5 mL was added in a 1000 mL beaker; the plates were introduced and
covered with aluminum foil, and the mobile phase was expected to reach the final line.
Finally, the thin layer of chromatographic plates was removed and allowed to dry; then,
the corresponding reagents were added to determine the presence of metabolites and
developed with a UV lamp.

4.4.3. Ultraviolet/ Visible Spectroscopy

The extracts of the red and yellow shells of Nephelium lappaceum had to be diluted to
prevent them from being highly concentrated and affecting the reading of the samples. The
UV /visible spectrophotometer Cary 60 Agilent was used, and in support of the cuvette
where the extracts were added to perform the reading of the wavelengths and determine
their absorption major (nm), it was washed at each change of the sample with methanol.
The white standard used was methanol.

4.4.4. Infrared Spectroscopy and Mass Spectroscopy

The identification of the samples of the extracts of the red and yellow shells of
Nephelium lappaceum was carried out. The spectroscopy tests were performed by the
UNIBE laboratory personnel.

4.4.5. Preparation of the Capsules of Red and Yellow Nephelium lappaceum Shells
Nephelium lappaceum

Both colors of Nephelium lappaceum shells were crushed to obtain a fine powder. The
shells of both colors were chopped and liquefied until they looked like small pieces. Then,
they were placed in an aluminum pyrex to dry in the oven at 60 °C. After that, capsules of
red Nephelium lappaceum husk powder were filled, stored in glass jars, and labeled. Finally,
capsules of yellow shell powder were filled, stored in glass jars, and labeled.

DPPH Antioxidant Activity Test

Some techniques have been described to test the antioxidant capacity of medicinal
plants, but the one that has received preferential attention is the technique that uses the
free radical 2,2-diphenyl-1-picrylhydrazyl, known by the acronym DPPH [42—44]. This
free radical is susceptible to react with antioxidant compounds by a reaction based on
the cession of a hydrogen atom provided by the antioxidant agent. Kinetic studies show
that this process occurs through a pseudo-first-order reaction which can be followed by
measuring the decrease in absorbance as a function of time. The reaction described above
between DPPH and an antioxidant can be represented as follows:

[DPPH#*] + [AOH] —> [DPPH-H] + [AO"].

1.  Preparation of the stock solution and DPPH working solution

A total of 0.101 g of DPPH was weighed into a 100 mL volumetric ball, and 50 mL of
methanol was added and dissolved. Then, it was gauged with methanol and wrapped with
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aluminum so that it was not exposed to sunlight. After that, from the previous process,
an aliquot of 10 mL was added to a 50 mL volumetric ball. Finally, it was gauged with
methanol and wrapped with aluminum to avoid the destabilization of the DPPH reagent.

2.

Preparation of the stock solution and ascorbic acid workup

A total of 0.101 g of ascorbic acid was weighed into a 100 mL volumetric ball, and
50 mL of methanol was added and dissolved. Then, it was gauged with methanol and
wrapped with aluminum. After that, from the previous process, an aliquot of 2.50 mL of
the ascorbic acid stock solution was poured into a 100 mL balloon. Finally, it was gauged
with methanol and wrapped with aluminum.

4.4.6. Preparation of the Ascorbic Acid Curve

The detail for the preparation of the ascorbic acid curve is shown in Table 1.

Table 1. Quantity of reagents to be used for the ascorbic acid curve.

Time Workmg.Volu.me Volume MeOH Volume DPPH Concentration
. Standard Ascorbic Acid
(Minutes) (mL) (mL) (mg/L)
(mL)

0:00:00 1 0.20 4.80 1.00 0.837
0:02:00 2 0.40 4.60 1.00 1.673
0:04:00 3 0.60 4.40 1.00 2.510
0:06:00 4 0.80 4.20 1.00 3.347
0:08:00 5 1.00 4.00 1.00 4.183
0:10:00 Blank control 0.00 5.00 1.00

— Blank 3.00 3.00 0.00

— MeOH 0.00 6.00 0.00

Preparation of the DPPH Inhibition Percentage Curve of the Red and Yellow Peel Extracts

of Nephelium lappaceum

The detail for the preparation of the DPPH curve is shown in Table 2.

Table 2. Quantity of reagents to be used to perform the % DPPH inhibition of Nephelium lappaceum
peel extracts.

Time Sample Volume Extract Volume MeOH Volume DPPH
(Minutes) (mL) (mL) (mL)
0:00:00 1 0.20 1.80 1.00
0:01:00 2 0.40 1.60 1.00
0:02:00 3 0.60 1.40 1.00
0:03:00 4 0.80 1.20 1.00
0:04:00 5 1.00 1.00 1.00
0:05:00 Blank control 0.00 2.00 1.00
0:06:00 Blank 2.00 1.00 0.00
— MeOH 0.00 3.00 0.00

Concentration of Ascorbic Acid and Nephelium lappaceum Peels

A formula was used to determine the concentrations used during the DPPH test to
use this data for the % inhibition graph. In the case of ascorbic acid concentrations, the
following equation was used:

Concentration = [Ascorbic Acid (25.25 mg/L)] x Aliquot
Volumen total patrén (6 mL)



Sustainability 2023, 15, 5188

7 of 25

Whereas, for Nephelium lappaceum shells, the following equation was used:

Concentration = [Ascorbic Acid] x Aliquot
Volumen total patrén (3 mL)

Equation of the % Inhibition of DPPH

It allows us to determine the percentage of DPPH inhibition of N. lappaceum peel
samples and ascorbic acid.

% Inhibition = (Abspcont&ol %0AbSsolvent) %o (AbssTp%Abspiank) X 100
AbsBcon&ol%Abssolvente

ADbs B. control: Absorbance of dissolution control blank

ADbs gjvent: Absorbance of solvent without DPPH

Abs gp: Standard absorbance or sample with DPPH

ADbS plank: Absorbance of ascorbic acid + Solvent are DPPH

4.4.7. Thin Plate Chromatography
Determination of the Mobile Phase for Thin Layer Chromatography (See Appendix A)

Four solvents at different proportions were used for three tests to obtain the mobile
phase. A silica gel plate was used as the stationary phase to determine the mobile phase.
The mixtures and proportions in each test were as follows:

Ethyl acetate: Dichloromethane: Hexane (4:4:2);
Ethyl acetate: Dichloromethane (60:40);
Ethyl acetate: Methanol (90:10).

Figure Al in Appendix A shows the behavior of the mobile phases when they were placed
in a UV chamber at 254 nm. The first chromatographic plate, Ethyl acetate: Dichloromethane:
Hexane, had the best separation between the three extracts (Dichloromethane, Hexane,
and Methanol). In plate number 2, Ethyl acetate: Dichloromethane, in the first column
(Dichloromethane), it was observed that it did not present a good displacement, causing
some overlapping of the secondary metabolites of the Nephelium lappaceum peel; in the second
column (Hexane) it was observed that it did not have a good displacement or separation; but
in the third column (Methanol) it did have a good displacement and separation.

In plate number 3, Ethyl acetate: Methanol, it could be observed that none of the three
columns had an adequate displacement and separation of the three extracts. Therefore,
the first test was selected as the mobile pass since it presented the best separation in the
three extracts.

Tests by Thin Layer Chromatography (See Tables A1l and A2 in Appendix A)

It allowed the identification of the secondary metabolites found in the red and yellow
Nephelium lappaceum shells through various tests or assays that, using a specific color
change, indicated whether it was positive for the presence of the metabolite.

4.4.8. UV /Visible Spectroscopy

UV /visible spectra were performed with the solvent methanol. Regarding the ex-
pected absorbance range due to the presence of polyphenols in the Nephelium lappaceum
shells being between 550460 nm in the visible region, while in the ultraviolet region,
between 280-270 nm, in the case of the aromatic systems, it would be around 200 nm,
and finally, the conjugated aromatic systems would be observed between 255-354 nm. In
Figure A2 in Appendix A, we can see that the result of the UV absorbance range of the red
shell was a peak of 255 nm, within the expected range due to the presence of polyphenolic
substances with conjugated systems. In the case of Figure A3 in Appendix A, it can be
observed that it presents the same absorbance range as the previous spectrum, 255 nm.
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Therefore, it is within the expected range in the presence of polyphenolic substances with
conjugated systems.

4.49. Infrared Spectroscopy

Samples of the diluted red and yellow shells were sent to the infrared to measure the
infrared radiation absorption of the samples to obtain and identify the functional groups
present in the Nephelium lappaceum “rambutan” shells. In Figure A4 in Appendix A, several
functional groups are observed. Among them are OH groups at 3390.0 cm ™! due to the
presence of phenolic groups and alcohols; in the range of 3006.1 cm ™!, there is an alkene
group (double bond); in the range 2929.3-2848.0 cm~! in the C-H sp3, there are alkyl
groups overlapped by the aromatics. However, they replicate at the end of the IR between
700-800 cm!; in 1400 cm ™}, the phenol is located at 1738.9 cm~L. In addition, an ester is
observed without pointing between 1738.9-1714.1 cm ! and a ketone at 1714.1 cm 1.

Figure A5 in Appendix A is similar to the previous spectrum but with a slight dis-
placement product of the solvent Dichloromethane and its polarity change. It is impossible
to read the double bond because the band is entirely broadened, shielding it. The fol-
lowing functional groups can be observed: OH groups at 3381.3 cm ™!, in the range of
2920.1-2851.6 cm™~!; in C-H sp3, there are alkyl groups; esters at 1738.2 cm~!; ketone at
1696.6 cm~! has a lower range and aromatics between 700-800 cm ! and at 1400 cm ..

In Figure A6 in Appendix A, the methanolic spectrum is shielded, so it cannot be
observed very well. Figure A7 in Appendix A is very similar to those of the red shell. Several
functional groups are observed: OH groups at 3326.0 cm ™!, in the range 2923.3-2848.7 cm ™!
at the C-H.

Figure A8 in Appendix A shows several functional groups: OH groups at 3390.2 cm !
In the range 2923.9-2852.1 cm ! in the C-H sp3, there are alkyl groups overlapped by
aromatics but replicated at the end of the IR between 700-800 cm~!. At 1400 cm !, the
carbonyl is located at 1739.6 cm ™!

4.4.10. Gas Chromatography
Gas Chromatography of the Red Shell of Nephelium lappaceum

In Figure A9 in Appendix A, the Nephelium lappaceum extract’s hexane gas chromatog-
raphy has retention times with significant peaks ranging from 18.725 min to 25.706 min. In
Figure A10 in Appendix A, the gas chromatography of the Nephelium lappaceum extract of
red peel Dichloromethane shows significant peaks at 24.153 and 24.731 min. Figure A1l
in Appendix A, in the gas chromatography of Nephelium lappaceum extract in methanol,
significant peaks ranging from 2.392 min to 12.815 min were obtained.

Gas Chromatography of Nephelium lappaceum Yellow Shell

In Figure A12 in Appendix A, gas chromatography of the Nephelium lappaceum ex-
tract in Hexane shows significant peaks ranging from 18.716 min to 25.674 min. In
Figure A13 in Appendix A, the gas chromatography of the Nephelium lappaceum extract in
Dichloromethane, peaks ranging in retention times from 16 min to 26 min were observed,
where the retention times 19.381 and 24.072 min predominated.

4.4.11. Mass Spectroscopy
Mass Spectroscopy of the Red Shell of Nephelium lappaceum

Appendix A shows the outcomes of mass spectroscopy of the red shell of Nephelium
lappaceum. In Figure A14, the Eicosane molecule has a retention time of 17.555 min, a percent
area of 3.25%, and an m/z of 429.1. Figure A15 shows a retention time of 18,720 min, a
percentage area of 7.84%, and an m/z 281.1 Eicosane Derivatives. In Figure A16, a retention
time of 24.113 min, a percentage area of 27.09%, and an m/z of 412.4 can be observed when
the Stigmasterol molecule is found. Figure A17 shows a retention time of 24.716 min, a
percentage area of 4.38%, and an m/z of approximately 430 for the Sitosterol molecule.
In Figure A18, a retention time of 25.148 min, a percentage area of 7.68%, and an m/z



Sustainability 2023, 15, 5188

9 of 25

of 451.1 can be observed when the «-Amyrin molecule is found. In Figure A19, with a
retention time of 25.710 min, a percent area of 14.35%, and an m/z of 451.2 is the x-Amyrin
molecule. Figure A20 shows a retention time of 24.153 min, a percentage area of 51.77 %,
and m/z of 412.4 for the ellagic acid glycoside molecule. Figure A21 shows a retention time
of 24.736 min, a percent area of 15.41%, and an m/z of 430 for the Sitosterol molecule. In
Figure A22, a retention time of 25.158 min, a percent area of 4.75%, and an m/z of 451.0
can be observed when the a-Amyrin molecule is found. Figure A23 shows a retention
time of 25,700 min, a percent area of 5.99%, and m/z of about 430 yields an isomer of
Amyrin. Figure A24 shows a retention time of 6.849 min, a percentage area of 31.49%, and
an m/z 126 molecules related to Flavonoids are obtained. In Figure A25, a retention time of
9.671 min, a percentage area of 17.80%, and an m/z 138.0 molecule derived from Flavonoids
type 3-hydroxy ketone can be observed in fractionation. In Figure A26, a retention time of
11.770 min, a percentage area of 20.62%, and an m/z of 172 are found derivatives related to
glycosides in the molecules with free OH groups.

Mass Spectroscopy of the Yellow Shell of Nephelium lappaceum

Appendix A shows the outcomes of mass spectroscopy of the yellow shell of Nephelium
lappaceum. In Figure A27, we can observe a retention time of 18.570 min, a percentage area
of 12.55%, and an m/z of 378.5 in the presence of the Heneicosanol molecule. Figure A28
shows a retention time of 18,720 min, a percent area of 9.70%, and an m/z of 429.1 in the
Eicosane molecule. Figure A29 shows a retention time of 20.036 min, a percentage area of
15.52%, and an m/z 431.1 in the presence of an Eicosanol derivative. Figure A30 shows
a retention time of 21.864 min, a percent area of 19.04%, and an m/z of 416.4 Tocopherol
(Vitamin E). Figure A31 shows a retention time of 24.073 min, a percent area of 18.82%, and
an m/z of 451 for Eicosane Derivatives. In Figure A32, the Steroid Precursor has a retention
time of 25.670 min, a percent area of 24.37%, and an m/z of 429.2. Figure A33 shows a
retention time of 19.383 min, a percentage area of 65.21%, and an m/z of 334 fractions of
the Geraniin molecule. Figure A34 shows a retention time of 24.073 min, a percentage area
of 34.79%, and an m/z 427 corresponding to the Stigmasterol molecule.

4.4.12. Test DPPH

The results for the antioxidant capacity using DPPH are shown for the ascorbic acid
(Table 3), Nephelium lappaceum red peel extract (Table 4) and Nephelium lappaceum yellow
peel extract (Table 5).

Table 3. Absorbance results and % inhibition of DPPH and ascorbic acid.

Standard Aliquot Concentration Absorbance % Inhibition

1 0.40 1.68 0.3611 15.5813024

2 0.60 2.53 0.2283 42.1094686

3 0.80 3.37 0.0847 70.7950459

4 1.00 4.21 —0.025 92.7087495

Blank control 0.4391

Blank —0.0615
MeOH —0.0615

Table 4. Absorbance results and % inhibition of DPPH and Nephelium lappaceum red peel extract.

Standard Aliquot Concentration Absorbance % Inhibition

1 0.40 0.013 0.0956 3.7820

2 0.60 0.020 0.0897 3.8084

3 0.80 0.027 0.0818 3.8438

4 1.00 0.034 0.0767 3.8666

5 1.20 0.040 0.0702 3.8957
Blank control 0.8755
Blank 0.0469

MeOH —0.0181
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Table 5. Absorbance results and % inhibition of DPPH and Nephelium lappaceum yellow peel extract.

Standard Aliquot Concentration Absorbance % Inhibition

1 0.20 0.007 0.0923 1.8700

2 0.40 0.013 0.0872 1.8828

3 0.60 0.020 0.0751 1.9132

4 0.80 0.027 0.0682 1.9305

5 1.00 0.034 0.0636 1.9420
Blank control 0.7768
Blank 0.0405

MeOH —0.0203

Reference to the Inhibition Percentages of Ascorbic Acid and the Extract of
Nephelium lappaceum

The mixed results support that both extracts of Nephelium lappaceum have higher
antioxidant capacity compared to ascorbic acid, with the yellow peel of Nephelium lappaceum
being predominant in antioxidant activity (Figures 3-5).

Percent inhibition of DPPH according to Ascorbic

: ; y=26.007x - 9.7183
Acid concentration R2=0.9973

100 /

Z
5 K
5 80 / 92.7087495
E -
2 60 / 70.79504594
e 40 b
© / 42.10946864

20

W 15.581300244
0
0.00 1.00 2.00 3.00 4.00 5.00 6.00
CONCENTRATION (mg/L)

Figure 3. Reference to the percentage inhibition of DPPH in ascorbic acid.

Percentage inhibition of DPPH according to
concentration of N. lappaceum red peel extract

3.920
y=4.1977x + 3.7268 2890

R* = 0.9965

3.900
3.880
3.860
3.840
3.820

% INHIBITION

3.800

3.780

3.760

0.000  0.005 0.010  0.015 0.020 0.025 0.030 0.035 0.040 0.045
CONCENTRATION (mg/L)

Figure 4. Percent inhibition of DPPH with N. lappaceum extract.
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Percentage inhibition of DPPH according to
the concentration of yellow peel extract from
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Figure 5. Percentage inhibition of DPPH with N. lappaceum extract.

5. Conclusions

Nephelium lappaceum presented high concentrations of antioxidants, which is an ad-
vantage for free radical scavenging. A literary study of Nephelium lappaceum peels and the
extraction of the main components of Nephelium lappaceum using reflux equipment and
a rotary evaporator was carried out to be later identified by thin layer chromatography
with the support of reagents. It was possible to determine the structure of the different
secondary metabolites using different electronic media. When analyzing the comparison of
the results of the DPPH tests, it was obtained as a result that the yellow Nephelium lappaceum
peel has great antioxidant power. A pharmaceutical preparation was made, which were the
red and yellow Nephelium lappaceum peel capsules for preventive use of oxidative stress.

DPPH tests were performed with both shells since the ability to react and donate with
other compounds is only quantified by the absorbances seen in the different UV /visible
spectra. The correct equipment handling and the necessary precautions before ascorbic
acid guarantee a good result favoring the correct calibration curve.

For the DPPH test with methanol extracts, an activated carbon filter was used for a
better UV /visible reading so that the extract’s color did not interfere with the absorption
reading of the samples. The Vanillin test was performed very carefully because sulfuric
acid can react with the primary medium, so test tubes that have not previously been in
contact with essential substances should be used. DPPH and ascorbic acid were handled
with great care because they are photosensitive, so they can become unstable and affect the
procedure if they are exposed to sunlight for too long.
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Appendix A

Figure A1. Plate chromatography with UV light at 254 nm.

Abs
9

255.0

354.0

wlle

200 400 600
Wave length (nm)

Figure A2. UV /Visible absorption spectrum of the red shell of N. lappaceum.
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Figure A3. UV /Visible absorption spectrum of the yellow shell of N. lappaceum.
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Figure A4. IR spectra of the red shell of N. lappaceum with hexane solvent.
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Figure A5. IR spectrum of the red shell of N. lappaceum with the solvent dichloromethane.
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Figure Aé6. IR spectra of the red shell of N. lappaceum with the solvent methanol.
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Figure A7. IR spectrum of the yellow shell of N. lappaceum with hexane solvent.
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Figure A8. IR spectrum of the yellow shell of N. lappaceum with the solvent dichloromethane.
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Figure A9. Gas chromatography of N. lappaceum with hexane solvent.
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Abundance TIC: 410-2 MAMON CH2CL2 D\data.ms
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Figure A10. Gas chromatography of N. lappaceum with the solvent Dichloromethane.
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Figure A11. Gas chromatography of N. lappaceum with the solvent methanol.
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Abundance TIC: 410-4 MAMON HEXAMNO.D\data.ms
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Figure A12. Gas chromatography of N. lappaceum with hexane solvent.
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Figure A13. Gas chromatography of N. lappaceum with the solvent dichloromethane.
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Abundance Scan 1580 (17.555 min): 410-1 HEXANO.D'data. ms
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Figure A14. Mass spectroscopy of N. lappaceum extract with Hexane solvent.

Abundance Scan 1706 (18.720 min); 410-1 HEXANO.D'data.ms i

AT y4y0 ann

2071 253.1 281.1 3094 3411 380540514291 455.1479.2
m/z--= 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500

Figure A15. Mass spectroscopy of N. lappaceum extract with Hexane solvent.

Abundance Scan 2243 (24.113 min): 410-1 HEXANO.D'data.ms

451.2 4791
M2 0 20 40 &0 80 100 120 140 160 130 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500

Figure A16. Mass spectroscopy of N. lappaceum extract with Hexane solvent.

Abundance Scan 2303 (24.716 min): 410-1 HEXANO.D'data.ms b

451.1 4791
miz-—-» 0 20 40 &0 B0 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500

Figure A17. Mass spectroscopy of N. lappaceum extract with Hexane solvent.

Abundance Scan 2346 {25,148 min): 41041 HEXANO D¥data ms |

1 36933934 4284451 1 4791
miz—» 20 40 BO 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500

Figure A18. Mass spectroscopy of N. lappaceum extract with Hexane solvent.
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Abundance Scan 2402 (25.710 min): 410-1 HEXAND.D\data.ms i
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Figure A19. Mass spectroscopy of N. lappaceum extract with Hexane solvent.

Abundance Scan 2247 (24.153 min): 410-2 CH2ZCL2 Didata.ms |
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Figure A20. Mass spectroscopy of the N. lappaceum extract with the solvent Dichloromethane.

Abundance Scan 2305 (24.736 min): 410-2 CHzCL2 Didata ms |
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Figure A21. Mass spectroscopy of the N. lappaceum extract with the solvent Dichloromethane.

Abundance Scan 2347 {25158 min): 410-2 CH2CL2 D\data_ms i
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Figure A22. Mass spectroscopy of the N. lappaceum extract with the solvent Dichloromethane.

Abundance Scan 2401 (25.700 min): 410-2 CH2CL2 Didata.ms i
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451.2 473.2
miz-z 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500

Figure A23. Mass spectroscopy of the N. lappaceum extract with the solvent Dichloromethane.
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Abundance Scan 524 (6.849 min): 410-3 MEOH.D\data.ms i

126.0
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Figure A24. Mass spectroscopy of the N. lappaceum extract with the solvent methanol.

Abundance Sgan BOS (9.671 min): 410-3 MEOH.DVdata.ms |
13B.0 |

167.0 197.12231 2631 281.0 3271 355.1380.2405.2 4463 479.0
miz-—-» 0 20 40 80 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 48D 500

Figure A25. Mass spectroscopy of the N. lappaceum extract with the solvent methanol.

Abundance Scan 1014 (11.770 min): 410-3 MEOH Didata ms b

116.1
14509721

2071 2420 2810 32603551 401.2 446.7 4792
/22 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500

Figure A26. Mass spectroscopy of the N. lappaceum extract with the solvent methanol.

Abundance Scan 1691 (18.570 min): 410-4 HEXANO.D'data ms |
1 971

2811
2530 378B.5 405.1430.1455.0479.1

M2 0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 450 480 500

31513410

Figure A27. Mass spectroscopy of N. lappaceum extract with Hexane solvent.

Abundance Scan 1706 (18720 min): 410-4 HEXANO. D'data ms

2071

257 1 2811

327.0 355.1 380 5405.1429.1453 0 479.1
/2> 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500

Figure A28. Mass spectroscopy of N. lappaceum extract with Hexane solvent.
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Abundance Scan 1837 (20.036 min): 410-4 HEXANO.D'data ms i

207.0
2811
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miz--» 0 20 40 &0 B8O 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500

Figure A29. Mass spectroscopy of N. lappaceum extract with Hexane solvent.

Abundance Scan 2019 {21864 min): 410-4 HEXANO Didata ms |

3271 3552 ag12 451 2 4791
miz-= 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 450 480 500

Figure A30. Mass spectroscopy of N. lappaceum extract with Hexane solvent.

Abundance Scan 2239 (24.073 min): 410-4 HEXAND. Didata.ms |

55.1 20F.0

4124

327.03551
451147491

m/ze= 20 40 B0 B0 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560

Figure A31. Mass spectroscopy of N. lappaceum extract with Hexane solvent.

Abundance Scan 2398 (25670 min): 410-8 HEXAMO.Ddata ms i
20f 1

a77.1 405.1429.2 4e5 0475 2
miz-> 20 40 60 80 100 120 140 160 1B0 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500

Figure A32. Mass spectroscopy of N. lappaceum extract with Hexane solvent.

Abundance Scan 1772 (19.387 min): 410-5 CH2CL2 Didata.ms i
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154.1 182 1207-0 2403 2811 3083 3974 477 4 4051429.2453.4479 1

miz:== 0 20 40 60 BO 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500

Figure A33. Mass spectroscopy of N. lappaceum extract with Dichloromethane solvent.
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Abundance Scan 2239 (24.073 min): 410-5 CH2CL2 D'data.ms |
2070

2811
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Figure A34. Mass spectroscopy of the N. lappaceum extract with the solvent Dichloromethane.

Table Al. Identification tests for the presence of secondary metabolites from the red shell of
Nephelium lappaceum.

Test Outcome Report
Concentrated ammonia Positive for coumarin
~
O e i T o T2 =)
O A5l Ll
Reagent Positive for tripertene
Liebermann Burchard (presence of green tone)

Positive for glycosides
Vanillin (presence of pink-purplish
tone)

Positive to tannins

fron (IIl) Chloride Assay (presence of dark blue tone)
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Table A2. Identification tests for the presence of secondary metabolites of Nephelium lappaceum

yellow peel.

Test

Outcome Report

Concentrated ammonia

Lieberman Biirchard Reagent

Vanillin

Iron (IIT) Chloride Assay

Positive for coumarin

Positive for tripertene
(presence of green tone)

Positive for glycosides
(presence of pink-purplish
tone)

Positive for tannins (presence
of dark blue tone)
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