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Abstract

Objectives: Bioactive compounds of Piper crocatum Ruiz
& Pav, which have acted as antioxidants can be used to
prevent and treat degenerative diseases such as hyper-
glycemia, cancer, gout and hypertension. This research
aimed to determine the highest antioxidant activity from
extract and fractions of P. crocatum leaves and to identify
the active compounds such as antioxidants.
Methods: The extractionwasperformedbymacerationwith
70% ethanol and then the crude extract was fractionated
with three solvents, namely n-hexane, ethyl acetate and
water. The identification of antioxidant activity was carried
out using Rancimat and CUPRAC. The active compounds
was identified using LC-MS (liquid chromatography-mass
spectrometry).
Results: The highest of the Rancimat method was ob-
tained from the ethyl acetate fraction with a protective
factor value of 1.38. Ten compounds were identified in the
ethyl acetate fraction of P. crocatum leaves. An antioxidant
activity according to the CUPRAC method showed the
highest antioxidant activity in the sample of the n-hexane
fractionwith a value of 31.9 µmol Trolox/g extract. Thirteen
compounds were identified in the n-hexane fraction of
P. crocatum leaves.

Conclusions: The highest antioxidant activity was ob-
tained from ethyl acetate and n-hexane fraction. Various
active compounds was identified in the highest value
sample.

Keyword: bioactive compounds; ethanol extract; ethyl ac-
etate fraction; LC-MS; n-hexane fraction; water fraction.

Introduction

Free radicals are molecules with an unpaired electron in its
outer shell. Free radicals are considerably known as reac-
tive oxygen species (ROS). ROS are unstable and highly
reactive chemically, they will bind to the electrons from
other molecules to obtain their electron pairs. The increase
in ROS can modify cell signaling proteins that mediate
pathological processes such as atherosclerosis, diabetes,
inhibited growth, neurodegenerative diseases, intumes-
cence and ageing [1]. Antioxidants are oxidation-
preventing compounds that can prevent the activity of
free radicals in the body. Antioxidants inhibited the
oxidant compounds by donating an electron to the oxi-
dants compounds. Antioxidants are divided into enzymatic
antioxidants and non-enzymatic antioxidants. The
example of enzymatic antioxidants are superoxide dis-
mutase enzymes (SOD), catalase (CAT) and glutathione
peroxidase (GPx). Meanwhile, non-enzymatic antioxidants
are also found in plants [2].

Antioxidants come from plants that have proven to
inhibit free radicals and break down peroxides [3]. One of
the plants that can be used as a source of natural antioxi-
dants is the leaves of the red betel. Flavonoids, tannins and
alkaloids are the most important secondary metabolite
component from red betel leaves [4]. Ethanol extract from
red betel leaves contains polyphenolic compounds and
essential oil that may contribute to antioxidant activity [5].
Based on the results of the in vivo study, red betel leaf
extract at a dose of 1350 mg/kg bb during 14 days can
decrease blood glucose levels of 39%, increase insulin
levels of 41.5%, significantly increase the activity of SOD
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enzymes and red blood cells catalase (p<0.05), maintain
the normal blood lipid levels and improve rat’s pancreas
[6]. The 70% ethanol extract of red betel leaves has anti-
oxidant activity in inhibiting the oxidation of fatty acids
using malondialdehyde (MDA) and thiobarbituric (TBA)
methods with inhibitory power 80.40%, and it can reduce
the value of DPPH (diphenyl picrylhydrazin) radicals, that
is IC50 85.82 µg/mL [7].

Many studies on the potential of 70% ethanol extract
as an antioxidant usingDPPHandMDA-TBAmethods have
been performed with different topics and titles. Neverthe-
less, it is still difficult to find a study of the potential of the
red betel leaf fraction and the component of its active
compounds that acts as an antioxidant. Therefore, this
study was conducted to evaluate the antioxidant activities
from either an extract or fraction using Rancimat and
CUPRAC (cupric reducing antioxidant capacity)methods to
find the highest antioxidant activity and identify the active
compounds that act as antioxidant in the red betel leaf
extract and fraction. This study aimed to determine the
highest antioxidant activity of 70% ethanol extract, water,
ethyl acetate, and n-hexane fractions of red betel leaves
using Rancimat and CUPRAC methods. In addition, the
active compounds contained in samples of red betel leaves,
which have the highest antioxidant activity, should be
determined by LC-MS (Liquid Chromatography-Mass
Spectrometry) analysis.

Materials and methods

Samples preparation

Red betel leaves collected fromTropical BiopharmacaResearch Center
(Trop BRC) were sorted and washed with the running water and
drained. The leaves were chopped and dried in an oven at 50 °C for
three days, then blended and filtered to obtain simplicia with a size of
60 mesh. Simplicia was stored in plastic at room temperature [4].

Measurement of simplicia’s moisture content

This stepwas determinedusing AOACmethod [8]. Ceramic bowlswere
rinsed and dried in an oven at 105 °C for 30 min and then put in the
desiccator for 30 min, the empty weight was weighed. One gram of
samples was dried in an oven at 105 °C until a constant weight was
obtained. Bowls containing the sample were removed from the oven,
stored in a desiccator for 30 min and were reweighed. The measure-
ment was conducted three times. As stated in Eq. (1), moisture content
is calculated by subtracting weight before drying (W1) with weight
after drying (W2) in gram

Moisture content = WI −W2
W1

× 100% (1)

Red betel leaves extraction was performed with the maceration
method with modification [7]. Simplicia was immersed in a solution
with a ratio of 1:4. The simplicia were extracted up to 25 g with 10 mL
70% ethanol (CAS 64-17-5, Merck) at 130 rpm and room temperature
for 24 h. The extract was filtered to obtain the filtrate and concentrated
using a rotary evaporator (the 1110S-WD eyela) at 50 °C to obtain a
crude extract. The extraction was performed twice. The yield extract
was presented in percent and calculated by the Eq. (2).

Yield extract = final sample weights
initial weights × (1 −water content) × 100% (2)

The fractionation was carried out using three solvents [9]
depending on the polarity degree, which was n-hexane (non-polar),
ethyl acetate (semi polar) and water (polar) as solvents. The frac-
tionations was performed with a volume ratio of 1:1 for each solvent.
One gram of 70% ethanol extract from red betel leaves was dissolved
in 75 mL distilled water and poured into a Pyrex 250 mL separating
funnel. The fractionation was then mixed with 75 mL n-hexane (CAS
110-54-3, EMSURE®) and homogenized by horizontal rotation within
5 min using the separating funnel. Subsequently, the funnel tap was
opened occasionally to release the air and decrease the air pressure.
The mixture was put aside for a few moments until a separate layer of
n-hexane andwaterwas clearly visible. The n-hexane andwater layers
were separated in different bottles. The fractionation was repeated up
to three times, and it was repeatedwith the same steps on ethyl acetate
(CAS 141-78-6, Merck) and water. In addition, the obtained n-hexane,
ethyl acetate, and water fractions from the fractionation results were
concentrated with a rotary evaporator (the 1110S- WD eyela) at 50 °C.

Determination of the total phenolic content

The total phenol content was detected with the Follin-Ciocalteu re-
agent [10]. The 0.2 mL of extracts and each fraction of (n-hexane, ethyl
acetate, and water), red betel leaves (with three replications),
concentrated using 200mg/L, 2.5 mL of Follin-Ciocalteu 10% reagents
(Merck) and 2 mL of Na2CO3 7.5% (CAS 497-19-8, Merck), were mixed
and incubated for 30 min. Measured the absorbance with a spectro-
photometer (Genesis 10 UV Thermo Scientific) at a wavelength of
765 nm. The total phenolic extract of red betel leaves was demon-
strated asmilligram (mg) equivalent gallic acid per gram of dry extract
weight (mg/GAE/g red betel leaves). Gallic acid was used at various
concentrations as the basis which was 0, 25, 50, 75, 100, 125 mg/L.

Antioxidant activity analysis using the Rancimatmethod

The antioxidant activity analysis using the Rancimat method [11]. To
each 1 mL extract and fraction of red betel leaves, added 10 mL of
soybean oil at a concentration 200mg/L and tween 80 (CAS 9005-65-6
Merck) up to 3 mL. The negative control was performed without
addition of extract and fraction. Meanwhile, the positive control was
invented with BHT addition (CAS 128-37-0 Merck) 200 mg/L. The
mixed solution was weighed up to 2.5 g in a test tube and placed in a
heating block. The air velocity was set to 18–20 L/h at a temperature of
110 °C. Themeasurement was determined during the calculation of the
incubation time, i.e., when the conductivity of electricity was rapidly
increased. Antioxidant activity was denoted as a protection factor (FP)
and accumulated by the Eq. (3).
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The FP = Incubation time of  soybean oil + sample(hour)
Induction time of  soybean oil(hour) (3)

Antioxidant activity analysis tested using the CUPRAC method
with modification [12]. The 0.5 mL of the sample was dissolved in
99.9% (Sigma Aldrich). The 50 µL sample solution, 50 µL CuCl2.2H2O
0.01 M (Sigma Aldrich), 50 µL ethanolic neucoprine 0.0075 M (Sigma
Aldrich) and 50 µL ammoniumacetate buffer 1 Mwith a pH of 7 (Sigma
Aldrich) weremixed and placed into amicro plate. The total volume of
each well was 200 µL. The sample solution was made with concen-
trations of 100, 200 and 300 ppm. The sample mixture and reagents
were homogenized and then incubated at darkroom temperature for
30 min. The absorbance was measured with an ELISA micro plate
reader (Epoch) at a wavelength of 450. Standard curves were gener-
ated using Trolox solution (Sigma Aldrich) with concentrations of 10,
20, 30, 40 and 50 µL. The antioxidant capacity was expressed in µmol
Trolox/g extract.

Red betel leaves active compound analysis

The most active samples in the total tannin and antioxidant assays
were analyzed using the LC-MS (Liquid Chromatography-Mass
Spectrometry) QMicro QAA 842 analytical technique and the MS-MS
Waters Quatro Micro detector [13]. The sample stock, which has the
highest total tannin and antioxidant activity, were dissolved in 5mL
of solution, and up to 5 µL was poured into the LC column with a
flow rate 0.2 mL/min. The sample was converted into a gas phase,
which would be ionized under vacuum. The ions were accelerated
by an electric or magnetic field, which was detected as a mass-to-
charge ratio (m/z). The column temperature used was 50 °C and the
final time was 35 min. The separation of chemical components was
performed inside the column using a pump pressure of 300 Bar. The
result obtained by LC followed by MS was to identify chemical
components in the solution-based mixture. A quadrupole analyzer
with a scanning time of 5 s was used. The obtained spectrum indi-
cated a mass-to-charge ratio (m/z).

Data analysis

The statistical technique against antioxidant activitieswas completely
randomized, namely the Analysis of Variance (ANOVA) at 95% accu-
racy and the α value (0.05). The data were analyzed using PASW 18.0
SPSS Statistical Programed for Social Science software program.

Results

The average yield obtained by the simplicia’s moisture
content was 6.85%, and 81.16% of fresh red betel leaves.
The yield from the extraction of red betel leaves macerated
with 70% ethanol as solvent was 10.85%. The most abun-
dant yield was detected within the water fraction of
48.50%. Meanwhile, the lowest yield was found within the
ethyl acetate fraction of 1.42% (Table 1).

The total phenolic measurement within 70% ethanol
extract and the three red betel leaves fraction (n-hexane,

ethyl acetate, and water) gave a contradictory result
(p<0.05). The highest total phenolic content obtained by
the ethyl acetate fractionwith a value of.198.372mgGAE/g,
whereas the water fraction had a total value of the lowest
phenolic content, which was 134.88 mg GAE/g (Table 2).

The Rancimat method resulted that the highest anti-
oxidant activity obtained by the ethyl acetate fraction with
a protection factor (FP) was 1.388, while the lowest FP
value obtained was 70% ethanol extract with 0.811. The
calculated FP BHT value was lower than the FP value of the
ethyl acetate and n-hexane fraction, which was 1.153
(Table 3). However, the statistical test not significantly
indicated a different result (p<0.05).

An antioxidant activity according to the CUPRAC
method showed that the highest antioxidant activity was
found in the n-hexane fraction sample, followed by the

Table : Moisture content, soaked extract, and soaked of red betel
leaves.

Materials (%)

Red betel leaves’ moisture content . ± .
Simplicia’s moisture content . ± .
% ethanol extract yield . ± .
Fraction yield
n-Hexane .
Ethyl acetate .
Water .

Table : Rancimat method antioxidant activity of extract and frac-
tion of P. crocatum.

Sample Protection factor value

% ethanol extract . ± .a

n-Hexane fraction . ± .a

Ethyl acetate fraction . ± .a

Water fraction . ± .a

BHT . ± .a

Different letters in the same column indicate significant differences
(p<.) after analysis of variance and a Duncan comparison test.

Table : Total phenolic content of extract and fraction of
P. crocatum.

Sample Total phenolic, mg GAE/g

% ethanol extract . ± .a

n-Hexane fraction . ± .ac

Ethyl acetate fraction . ± .d

Water fraction . ± .b

Different letters in the same column indicate significant differences
(p<.) after analysis of variance and a Duncan comparison test.
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ethyl acetate fraction and 70% ethanol extract. The lowest
antioxidant activity was found in the water fraction. Anti-
oxidant activity between the extract and the red betel leaf
fraction did not show significantly different result (p<0.05)
(Table 4).

The most active sample analyzed by the bioactive
compound using the Rancimat method was the ethyl ace-
tate fraction. Ten compounds were identified as having the
on the highest abundance (Table 5). Schisandrin B,
columbine and N-1, N-9-Bis [€-(2-nitrophenyl) methylene]
nonanedihydrazide compounds had the highest abun-
dance, that was 25.65% with retention time 7.54.

The most active sample analyzed by the bioactive
compound using the CUPRAC method has been found
within the n-hexane fraction. The data obtained by sample
analysis in the form of a chromatogram spectrum indicated
a mass-to-charge ratio (m/z). Thirteen compounds were
detected based on the highest abundance through chro-
matogram analysis results (Table 3).

Discussion

The moisture content of red betel leaves average value
obtained in this study was 6.75% (Table 1). It was lower
compared to the previous study, which was 8.22% [4], This
result showed that the simplicia of red betel leaves was
good since it was under 10%, based on the stated that the
maximum standard moisture content of simplicia is 10%
[14]. The moisture content below 10% could inhibit enzy-
matic processes and damage from microbes such as bac-
teria, mold and yeast [15]. Therefore, the simplicia of red
betel leaves were safely stored before being used for
maceration.

The average yield of 70% ethanol extract of red betel
leaves was 9.211% (Table 1). The yield value obtained in
this study was higher than the previous study which was
only 4.42% [7]. Based on the yield value of the fraction
obtained by the secondary metabolite compound, the red
betel leaves extract was extracted more strongly in polar
solvents, which was the water fraction (48.5%) (Table 1). It
was because the 70% solvent used in the fractionation
process was polar so that it would be easily mixed with
water that was also polar [16]. This results was higher than
the previous fractionation results study, which was 0.42%
for ethyl acetate, but it dropped to 1.03% n-hexane fraction
and water fraction was 4.56% [17].

The total phenolic measurement of the red betel leaves
sample obtained from the ethyl acetate fraction possessed
the highest value of 198.372 mg/g GAE, so that this fraction
had the most active compounds compared to other

Table : CUPRACmethod antioxidant activity of extract and fraction
of P. crocatum.

Sample Antioxidant activity, µmol Tr/g extract

% ethanol extract . ± .a

n-Hexane fraction . ± .ab

Ethyl acetate fraction . ± .ab

Water fraction . ± .a

Different letters in the same column indicate significant differences
(p<.) after analysis of variance and a Duncan comparison test.

Table : Bioactive compounds of ethyl acetate fraction by LC-MS analysis.

Peaks Retention
time

Molecular
weight, m/z

Suspect compounds Molecular
formula

%
abundance

 . . XOZSPD CHO .
. . Ethyl L-serinate hydrochloride CHNOCl .

 . . Schisandrin B CHO .
. . Columbin CHO .
. . N-,N--Bis[€-(-nitrophenyl)methy lene]nonanedihydrazide CHNO .

 . . -(-Methoxy-phenylamino)-,-dihydro-H-a,-diaza-cyclo-
penta(b)fluorine--carbonitrile

CHNO .

. . -Amino--[-(benzylox xny)phenyl]--tert-butyl-
,-dihydropyrano[,-c]pyrazole--carbonitrile

CHNO .

. . -Amino--[-(benzyloxy)phenyl]--tert-butyl-,-dihydropyrano
[,-c]pyrazole--carbonitrile

CHNOS .

. . -({,-Bis[(R,S)-,-diamino--piperydinyl]-,,-triazin--yl}
amino)benzene sulfonamide

CHNOS .

 . . ,′-(,-Butanediyl)bis{,-dimethyl--[(-methyl-
,-benzothiazol-(H)-ylidene)methyl]pyridinium

CHNS .
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samples. The water fraction possessed a total value of the
lowest phenol, 134.8805 mg/g GAE. The difference value
was influenced by the level of solvent contamination used
against compounds of themetabolites found in the sample.
Phenolic compounds were readily soluble in polar sol-
vents, however, phenolic compounds were not only polar
but also several free aglycones of this compound that were
semi polar [18]. The total phenolic content contained in
ethyl acetate extract of Indian Plum (Flacourtia jangomas L.)
was higher than that of methanol and chloroform extracts
[19]. If the phenolic content in the sample was high, it indi-
cated that the antioxidant activity was also high [20].

Measurement of antioxidant activities of red betel
leaves using the Rancimatmethod showed different results
between fractions and 70% ethanol extract. The highest
antioxidant activity obtained by ethyl acetate fraction with
a protection power (FP) was 1.38 (Table 3). The results
obtained in this study were higher compared to [21], where
the ethyl acetat extract of dragon fruit tendrils had an FP
value of 1.28. The existence of antioxidant activity in the
ethyl acetate fraction was due to the content of phenolic
compounds, including the class or its dominant class,
namely flavonoid compounds, which had oxidation-
preventing effects [22]. Phenolic compounds were classi-
fied as primary antioxidants. They acted as free radical
scavengers (FRS) to delay or inhibit the initiation phase or
to disrupt the lipid oxidation propagation stage, thereby
reducing the formation of volatile decomposition products
such as aldehydes and ketones that cause rancid odors.
The delocalization of unpaired electrons stabilized
phenolic radicals throughout the aromatic ring involved in
the termination reaction. Phenolic antioxidants could

contribute hydrogen atoms for lipid radicals and produce
lipid derivatives and antioxidant radicals that were more
stable and could not cause autoxidation [23].

Ten compounds were identified based on the highest
abundance in the ethyl acetate fraction (Table 2). The
second peak with a retention time of 07.54 and abundance
of 25.65% was identified as a compound with a molecular
weight of 401.1957 m/z, namely Schisandrin B (C23H28O6).
Sch B (Schisandrin B) was one of the most abundant and
most active dibenzocyclooctadiene derivatives found in
Schisandra Chinensis fruit. Sch B compounds have been
proven to prevent or reduce damage to fat molecules
(oxidized fats) due to CC14 exposure to liver cells. Sch B
had also been shown to reduce liver transaminase levels.
The mechanism of hepatoprotective function possessed by
this compound by improving liver function as an anti-
inflammatory and antioxidant [24].

Antioxidant activities using the CUPRAC method
showed that the highest antioxidant activity was found
within the non-polar n-hexane fraction sample and the
lowest antioxidant activity has been discovered in the po-
lar water fraction (Table 4). The previous research showed
that the antioxidant test results using the DPPH method
differed from the results obtained by the CUPRAC method
[25], possibly due to the differences in solvent and
method sensitivity. The CUPRAC method had selective re-
agents and a low reduction potential value of 0.17 V [26].
Bioactive compounds that acted as antioxidants in the
n-hexane fraction were methyl eugenol, protocatechuic
acid, L-(+)-arginine hydrochloride (Table 6). People have
made beneficial use of methyl eugenol as it plays roles as a
stabilizer and an antioxidant, not to mention as a natural

Table : Bioactive compounds of n-hexane fraction by LC-MS analysis.

Peaks Retention
time

Molecular weight,
m/z

Suspect compounds Molecular
formula

%
abundance

 . . ,-(Dimethoxyphenil)--propene (methyl eugenol) CHO .
. . -methoxyindole CHNO .

 . . Leusil leusin amide hydrochloride (:) CHClNO .
 . . -isopropyl--pyrazolidine carbohydrazide hydrochloride CHClNO .

. . H-Pyrazole--carboxamidine hydrochloride CHClN .
. . Protocatechuic acid CHO

. . N-(-metil isosazol-) ethane diamide CHNO .
 . . -amino-(aminooxy)--propanil N-(,-diamino-,,-triazine)

glycinate ihydrochloride
CHClNO .

 . . -(-morpholinyl methyl) aniline sulfate CHNOS .
. . ,,,-tetra metil-,-diokso-,-dioksa-,-diazatridekan

metana sulfonat
CHNOS .

. . L-(+)-arginine hydrochlorine CHClNO .
 . . -(,-ditian--metil)--(-metoksi propil) tiourea CHNOS .

. . -(,-dimethoxyphenyl)-ethoxy--methoxy--naphtol CHO .
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attractant. Male fruit flies were strongly attracted bymethyl
eugenol because it was a sex pheromone compound
naturally produced by female fruitflies [27]. Protocatechuic
acid compounds possessed an antioxidant activitywith the
IC50 stood at 1.32 µg/mL [28], which indicated that this
compound had a potent antioxidant activity. Proto-
catechuic acid participated in DPPH radical inhibitory ac-
tivity [29]. Protokatekuat acid was one of the type of
phenolic acid, which was more effective in the activity
of donating hydrogen and radical inhibitory reactions.
L-(+)-arginine hydrochloride was one of the complex
amino acids that were often found on active sites in pro-
teins and enzymes because of the side chains that contain
amine groups. Arginine was found to be able to prevent or
treat heart disease and stimulate the immune system.
Arginine hydrochloride functioned as a precursor for the
synthesis of nitric oxide (NO) and other critical biological
compounds involved in cellular homeostasis [30].

The highest antioxidant activity of the Rancimat
method was obtained from the ethyl acetate fraction with a
protective factor value of 1.38. Ten compounds were
identified in the ethyl acetate fraction of P. crocatum
leaves. An antioxidant activity according to the CUPRAC
method showed the highest antioxidant activity in the
sample of the n-hexane fraction with a value of 31.9 µmol
Trolox/g extract. Thirteen compounds were identified in
the n-hexane fraction of P. crocatum leaves.

Acknowledgments: The authors thank to the Penelitian
Unggulan Perguruan Tinggi 2013 Programme for funding
this research by contract number 2013.089.521219.
Author contributions: Mega Safithri conducted the sample
preparation, extraction and fractionation process. Didah
Nur Faridah conducted Rancimat and LCMS process. Fitri
Ramadani assisted in conducting the CUPRAC process.
Rahadian Pratama performed the statistical analysis and
data visualization.
Conflict of interest: Authors have no conflict of interest.
Informed consent: Non applicable.
Ethical approval: Non applicable.

References

1. Zhang J, Wang X, Vikash V, Ye Q, Wu D, Liu Y, et al. ROS and
ROS-mediated cell signaling. OxidMedCell Longev 2016;2016:1–18.

2. Zulaikhah ST. The role of antioxidant to prevent free radicals in
the body. Sains Medika 2017;8:39–45.

3. Kasote DM, Katyare SS, Hegde MV, Bae H. Significance of
antioxidant potential of plants and its relevance to therapeutic
applications. Int J Biol Sci 2015;11:982–91.

4. Safithri M, Kurniawati A, Syaefudin. Formula of Piper crocatum,
Cinnamomum burmanii, and Zingiber officinale extracts as a
functional beverage for diabetics. IFRJ 2016;23:1123–30.

5. Lestari ABS, Dwiatmaka Y. Aktivitas antioksidan ekstrak daun
sirih merah (Piper crocatum) hasil optimasi pelarut ethanol-air.
JIFI 2014;12:75–9.

6. Safithri M. Kajian mekanisme antihiperglikemik campuran
ekstrak daun sirih merah dan kulit kayu manis yang berpotensi
sebagai minuman fungsional [Ph.D. thesis]. Bogor, ID: Institute
Pertanian Bogor; 2012c.

7. Alfarabi M, Bintang M, Suryani SM. The comparative ability of
antioxidant activity of Piper crocatum in inhibiting fatty acid
oxidation and free radical scavenging. HAYATI J Biosciences 2010;
17:201–4.

8. Association of Official Analytical Chemists. Official method of
analysis of the association of official analysis chemist.
Gaithersburg: AOAC; 2012.

9. Firdausi I, Retnowati R, Sutrisno. Fraksinasi ekstrak metanol
daunmangga kasturi (Mangifera casturi Kosterm) dengan pelarut
n-butanol. J Kim Stud 2015;1:785–90.

10. Javanmardi J, Stushnoff C, Locke E, Vivanco JM. Antioxidant
activity and total phenolic content of Iranian Ocimumaccessions.
J Food Chem 2003;83:547–50.

11. Tensiska WCH, Andarwulan N. Aktivitas antioksidan ekstrak
buah andaliman (Zanthoxylum acanthopodium DC) dalam
beberapa sistem pangan dan kestabilan aktivitasnya
terhadap kondisi suhu dan pH. J Teknol Indust Pangan 2003;
14:29–39.

12. Apak R, Guclu K, Ozyurek M, Celik SE. Mechanism of antioxidant
capacity assays and the CUPRAC (cupric ion reducing antioxidant
capacity) assay. Microchim Acta 2008;160:413–9.

13. Fitrilia T. Ekstrak daun benalu cengkeh (Dendrophthoe pentandra
(L.) Miq) sebagai agen antioksidan dan antidiabetes secara
in vitro [MSc. thesis]. Bogor, ID: Institut Pertanian Bogor; 2015.

14. Badan Pengawas Obat dan Makanan Republik Indonesia.
Peraturan Kepala Badan Pengawas Obat dan Makanan Nomor 12
Tahun 2014 tentang Persyaratan Mutu Obat Tradisional. Jakarta
(ID): BPOM RI; 2014.

15. [Depkes] Depertemen Kesehatan. Farmakope Herbal Indonesia,
2nd ed. Jakarta, ID: DepKes RI; 2017.

16. Stoker HS. General, organic, and biological chemistry, 7th ed.
Boston, US: Cangage Learning; 2016.

17. Weni M. Penambatan molekuler dan studi in vitro senyawa
bioaktif ekstrak dan fraksi daun sirih merah (Piper crocatum)
sebagai inhibitorα-glukosidase [MSc. thesis]. Bogor, ID: Institute
Pertanian Bogor; 2019.

18. Harborne JB. Translator.Metodefitokimia, penuntun caramodern
mengekstraksi tumbuhan. Bandung: Penerbit ITB; 2006.

19. Rahman M, Habib R, Hasan R, Islam AMT, Khan IN. Comparative
antioxidant potential of different extracts of flacourtia jangomas
lour fruits. Asian J Pharmaceut Clin Res 2012;5:73–5.

20. Toripah S, Jemmy SA, Frenly W. Aktivitas antioksidan dan
kandungan total fenolik ekstrak daun kelor (Moringa Oleifera
Lam.). JIF 2014;3:37–43.

21. Lestari. Aktivitas antioksidan ekstrak sulur buah naga putih
(ylocereus undatur) dengan metode DPPH dan Rancimat. Bogor,
ID: Institut Pertanian Bogor; 2016.

22. Kanopa IU, Momuat LI, Suryanto E. Aktivitas antioksidan tepung
pisang goroho (Musa spp) yang direndam dengan beberapa
rempah-rempah. J Mipa Unstrat Online 2012;1:29–32.

800 Safithri et al.: Antioxidant activity of ethanol extract and fractions of P. crocatum with Rancimat and cuprac methods



23. Shahidi f, Ambigaipalan P. Phenolics and polyphenolics
in foods, beverages and spices: antioxidant activity
and health effects-a revies. J Funct Foods 2015;18:
820–97.

24. Kwan HY, Wu J, Su T, Chao XJ, Yu H, Liu B, et al. Schisandrin B
regulates lipid metabolism in subcutaneous adipocytes. Sci Rep
2017;7:10266.

25. Widyastuti N. Pengukuran Aktivitas Antioksidan dengan Metode
CUPRAC, DPPH, dan FRAP serta Korelasinya dengan Fenol dan
Flavonoid pada Enam Tanaman Obat [BSc. thesis]. Bogor, ID:
Institute Pertanian Bogor; 2010.

26. Apak R, Guclu K, Demirata B, Ozyurek M, Celik SE, Bektasoglu B,
et al. Comparative evaluationof various total antioxidant capacity
assay applied to phenolic compounds with the CUPRAC assay.
Mol 2007;12:1496–547.

27. Reyza N. Transformasi metil eugenol menjadi senyawa 3-
(3,4-dimetoksi fenil)- 1 propanol dan uji aktivitasnya sebagai
antibakteri terhadap Escherichia coli [BSc. thesis]. Semarang, ID:
Universitas Negeri Semarang; 2012.

28. Sukandar D, Umedi IU, Nurbayti S, Rudiana T, Fathoni A.
Protocatechuic acid from ethyl acetate extract of honje (Etlingera
elatior) seeds and antioxidant activity test. Jurnal Kimia Valensi
2018;4:52–6.

29. Setiawati H,MarsonoY, Sutedja AM. Kadar antosianindanaktivitas
antioksidan flake beras merah dan beras ketan hitam dengan
variasi suhu perebusan. J Food Technol Nutr 2013;12:29–38.

30. Abu-serie MM, El-Gamal EA, El-Kersh MA, El-Saadani.
Investigation into the antioxidant role of arginine in the treatment
and the protection for intralipid-induced non-alcoholic
steatohepatitis. Lipids Health Dis 2015;14:128.

Safithri et al.: Antioxidant activity of ethanol extract and fractions of P. crocatum with Rancimat and cuprac methods 801


	Antioxidant activity of ethanol extract and fractions of Piper crocatum with Rancimat and cuprac methods
	Introduction
	Materials and methods
	Samples preparation
	Measurement of simplicia’s moisture content
	Determination of the total phenolic content
	Antioxidant activity analysis using the Rancimat method
	Red betel leaves active compound analysis
	Data analysis

	Results
	Discussion
	Acknowledgments
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 35
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


