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Abstract:

Background: Indonesia is an agricultural country and the third-largest rice producer in
the world. Pigmented rice tends to contain a lot of nutrients and bioactive compounds,
namely phenols, anthocyanins, fiber, amino acids, tocopherols, and y-oryzanol, and
has antioxidant properties. Phenols are bioactive compounds and antioxidants which
are beneficial for health. Since the synthetic antioxidants have carcinogenic properties,
natural antioxidants used in this study. One of the plants that have the potential to have
antioxidant activity and phenol content is black rice variety krisna from Sleman district,
DI Yogyakarta, Indonesia. The germination process in rice can theoretically increase its
bioactive compounds, thereby increasing the potential for antioxidant activity. Objective:
To analyze the antioxidant activity and total phenol content of the germinated black
rice extract variety krisna in Sleman district, D.I. Yogyakarta, Indonesia. Materials and
Methods: This type of research was quantitative with laboratory experimental methods.
The research sample was germinated black rice of a variety krisna from Indonesia. The
extraction method used maceration, the total phenol analysis method used the Folin-
Ciocalteu method, and the antioxidant activity analysis used the DPPH-method Free
Radical Scavenging Assay. Results and Discussion: The germinated black rice extract
of varieties krisna Indonesian has a total phenol content of 2269 mg/g and antioxidant
activity 71.05%. Conclusion: Germinated black rice extract of variety krisna Indonesian
contains total phenol and antioxidant activity so that it has the potential to have health

benefits.
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Introduction

Indonesia is an agricultural country where
significant part of the population plays a role in
the crop and food sector!. This is in line with the
BPS Research Report 2018, in which Indonesia
is the third-largest rice producer in the world”.
According to World Agricultural Production 2020,
rice is a staple food ingredient for some people
in the world and including Indonesia, with a total
rice consumption of 90%'**. Rice consists of

various types, namely white, brown, red, purple,
and black rice®. Pigmented rice tends to contain
a lot of nutrients and bioactive compounds,
namely phenols, anthocyanins, fiber, amino acids,
tocopherols, and y-oryzanols, therefore consuming
they will have health benefits because they are
antioxidants®.

Antioxidantcompounds in food are generally called
exogenous antioxidants’. Exogenous antioxidants
are needed by the body to prevent and reduce
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oxidative stress in the body®. The antioxidant
mechanism works, namely by giving one electron
to a compound that has oxidant properties.
Antioxidant activity is the ability of components
of a nutrient or bioactive compound to counteract
oxidation reactions from free radicals which can
be determined from the amount of antioxidants’.
Free radicals are compounds that have unpaired
electrons which are reactive, unstable, and cause
damage to important molecules and cells in the
body. The body can also produce free radicals in
the form of secondary oxygen from metabolism.
The body can also balance the production of
endogenous antioxidants, but if there is oxidative
stress, its activity can decrease’.

Phenolic compounds are secondary metabolite
bioactive compounds produced in shikimic acid
and pentose phosphate through phenylpropanoid
metabolism. Phenolic compounds are antioxidants
and have one or more hydroxyl groups attached
to the benzene ring and have variations from
simple molecules to complex polymers'®. Phenol
compounds are divided into several subgroups,
namely phenolic acids, flavonoids, tannins,
lignans, lignins, coumarins, and stilbenes'’.
These phytochemical compounds have many
functions such as giving color and taste to food
and are beneficial for health'?. Several studies
reported phenol compounds and antioxidant
activity to have many health benefits such as
antidiabetic, anti-inflammatory, anti-cancer, and
anti-hypertensive'>'”. Therefore, humans need
antioxidants to prevent and treat disease.

The human body does not have large amounts
of antioxidant reserves, so it is in dire need of
exogenous antioxidants. Antioxidants based on
the source consist of two, namely natural and
synthetic antioxidants. Natural antioxidants are
antioxidant compounds that are sourced from fruits,
vegetables, spices, and other plants'®. Meanwhile,
synthetic antioxidants are artificial antioxidants
such as Butylated Hydroxytoluene (BHT), Propyl
Galat (PG), and Butylated Hydroxyanisole (BHA).
These synthetic antioxidants are carcinogenic, so
it is feared that they can have side effects that are
harmful to health". There are concerns about the
side effects of synthetic antioxidants so that natural
antioxidants are an alternative to be developed in
this study. Plants that have antioxidant activity
and phenol compounds are mostly found in grain
plants®

One of the grains that have the potential to have

antioxidant activity and high phenol content is the
black rice krisna variety from Sleman district, DI
Yogyakarta, Indonesia.

According to research Wanti and Parnanto,?!
black rice (Oryza sativa L) contains components
of phytochemical compounds that can act as high
antioxidants compared to brown and white rice?'.
Black rice can also be enhanced the content of
bioactive compounds with process germination®.
Germination is a process of embryo growth that
causes physiological changes in black rice after
absorbing water. The germination process will
change the value of phytochemical compounds
and the nutritional content to be better’>. This
is because in germination an active enzymatic
process occurs, thus affecting changes in bioactive
compounds®. Therefore, germinated black rice
extract variety of krisna has the potential to
contain antioxidant activity and total phenol.
However, currently, the research that examines
the analysis on the germinated black rice extract
of krisna variety has never been carried out. Based
on this study, the researchers aimed to analyze the
antioxidant activity and total phenol content of
the germinated black rice extract krisna variety in
Sleman district, DI Yogyakarta, Indonesia.

Materials and Methods
Research Design

The type of research was quantitative with
laboratory experimental methods. Preparation of
germinated black rice, extraction of germinated
black rice, phenol analysis, and antioxidant
activity were carried out at the Laboratory of the
Center for Food and Nutrition Studies, Gadjah
Mada University, Yogyakarta, from March to May
2021. The rice samples used were local black rice
varieties krisna obtained from Sleman Yogyakarta,
Indonesia.

Materials

Perforated trays, flannelette, filters, digital scales,
containers, cabinet dryer, disk mill machines,
60 mesh filters, rotary evaporators, filter paper,
spatulas, measuring cups, micropipettes, orbital
shakers, black rice spectrophotometers, water,
germinated black rice flour, 80% ethanol, 3%
citric acid and distilled water.

Germination of Black Rice

Black rice was sorted and cleaned, then soaked
black rice with water (1: 1 = water: rice) for 6
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hours at room temperature then drain. In the next
stage, the black rice was sprinkled on a hollow
container that has been placed in a wet flannel and
covered with a wet flannel cloth. Every 12 hours,
flush with water for 48 hours. If the black rice has
germinated with a shoot length of 0.5-1 mm, then
the germinated black rice can be dried in a cabinet
dryer with a temperature of 50°C for 5 hours. Then
the germinated black rice was powdered with a
disk mill and filtered using a 60 mesh filter***.

Germinated Black Rice Extract

The germinated black rice flour weighed 100 g
and add 80% ethanol at a ratio of 1: 5. The solvent
was acidified with 3% citric acid (ratio 85:15 (v /
v) then let stand for 1 x 24 hours, and the solution
is stirred with an orbital shaker for 4 hours at a
speed of 150 rpm. Furthermore, the solution was
centrifuged at a speed of 4000 rpm for 30 minutes.
The supernatant was filtered with a paper filter and
rotary evaporator temperature of 50°C to obtain
germinated black rice extract®?>%,

Determination of Antioxidant Activity

Determination activity antioxidant extracts of
germinated black rice used DPPH-Free Radical
Scavenging Assay?’.

1. Determination of the maximum wavelength of
DPPH by measuring 4.0 ml of 50 ppm DPPH
solution with a Uv-Vis spectrophotometer in
the wavelength range (400-600 nm), so that the
maximum wavelength was found.

2. The extracted sample was diluted to a
concentration of 10 mg / mL using methanol
which was put into a test tube.

3. Reagent solution was added 1 mL of
2,2-Diphenyl-1- Picrylhydrazyl (DPPH) 200
uM.

4. The mixed solution was then incubated in a
dark room for 30 minutes.

5. The solution was further diluted to 5 ml used
methanol. Make a blank solution (1 ml of
DPPH solution + 4 ml of ethanol).

6. Then take the absorbance measurement
with a wavelength of 515 nm using a
spectrophotometer Uv-Vis.

7. The measurement of the percentage of free
radical scavenger (% total antioxidant activity)
was calculated used the equation:

(A0 — A1)

% Total Antioxidant Activity = 0

x 100%

AOQ: Absorbance Standard
Al: Absorbance Sample
Determination of Total Phenol Levels

Phenol levels were determined using the Folin-
Ciocalteu method, and the research of Chatatikun
et al. was referred®®. It was observed weighed a
sample of 50 pl of germinated black rice extract,
dissolved in 50 pl of distilled water, and made
with a concentration of 10,000 ppm. The solution
was added with 50 pl of 10% folin and 50 pl
of bicarbonate (60 g / L). The solutions were
incubated for 60 minutes at room temperature. The
absorbance was seen using a spectrophotometer at
a wavelength of 730 nm. The absorbance obtained
was recorded and then calculated using the phenol
standard curve. The standard solution for the total
phenol test used was phenolic acid 114 mg diluted
with 1000 ml distilled water at a concentration so
that the phenol solution used was 0.114 mg/ml.

Results

Data on percentage yield of germinated black
rice extract

Drypowderof germinated black rice was macerated
using 80% ethanol and 3% citric acid as solvents.
Maceration is done by soaking germinated black
rice powder with solvent and allowed to stand for
24 hours. The obtained filtrate was concentrated
to produce a thick extract of germinated black
rice with a dark purple color. The results of the
thick germinated black rice extract were listed in
Table 1. Table 1 shows that the percentage yield
of germinated black rice extract was 9.94%, from
the initial weight of 100g of Simplicia. After
becoming a thick extract, it was 9.94 g.

Table 1. Percentage results of yield germinated
black rice extract

Sample Flour Weight  Thick Extract Yield
Germinated ,
black rice 100 g 9.94 ¢ 9.94%

Data Antioxidant Activity Analysis

Antioxidant activity of the germinated black rice
extract was analyzed using the DPPH-Free Radical
Scavenging Assay parameters % method. Table
2 shows that analysis of the highest germinated
black rice extract was found in the second analysis,
which was 71.11%, while the second analysis of
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antioxidant activity was 71%. The results of the
analysis antioxidant activity of the two germinated
black rice extracts when averaged, results were
71.05%. Then, the standard deviation value from
the first and second analysis of antioxidant activity
was calculated, which was + 0.07.

Table 2. Antioxidant activity of germinated black
rice extract

Result Antioxidant activity Mean SD
Analysis 1 71.00%
71.05% +0.07
Analysis 2 71.11%

Data Total Phenol Analysis

Total phenolic extract germinated black rice was
analyzed by using the Folin-Ciocalteu method
by making a standard phenol curve to produce a
linear regression equation. Total phenolic content
was calculate using a regression linear presented
in Figure 1. Then the results of these equations
are used to calculate the total phenolic content in
the germinated black rice extract, by entering the
absorbance of the extracted sample obtained on
the spectrophotometer as the Y value. The results
of analysis total phenol are given in Table 3. Table
3 shows that the analysis of the highest germinated
black rice extract was found in the first analysis,
which was 227.4 mg/g, while the second analysis
of total phenol was 226.5 mg/g. The results of the
analysis of the total phenol of the two germinated
black rice extracts when averaged, the results were
226.9 mg/g. Next, the standard deviation value
from the first and second analysis of antioxidant
activity was calculated, which was + 0.63.

Table 3. Total phenol germinated black rice extract

Result Total phenol Mean SD
Analysis 1 227.4 mg/g
2269 mg/g +0.63
Analysis 2 226.5 mg/g

Discussion and Conclusion

The germinated black rice was used Krisna from
local varieties, Sleman, D.I. Yogyakarta, Indonesia.
The germination process is carried out to increase
the bioactive content of black rice. Cho et al.,”
found pigmented rice after germination process
would changed in bioactive chemical compound
so that it will affect the addition of new bioactive
chemical compounds, increased of bioactive
chemical compounds, and nutrients in germinating
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rice. After the black rice was germinated, the
drying process was carried out to reduce the
moisture content in the germinated black rice to
prevent damage and rot which is influenced by
enzymatic reactions, fungi, and bacteria®*'.

The germinated black rice flour used was 100g,
then extracted using the maceration method.
Maceration method was an extraction method
that used room temperature and recommended
for this study. In addition, hot extraction methods
will have an impact on decreasing the total phenol
content and antioxidant activity in germinated
black rice. In general, maceration extraction uses a
solvent. The function of solvent fluids was to push
out bioactive compounds from the cell through
the entry of solvents into the cell walls and into
the cell cavities in plants that have bioactive
substances®. In another study Dhianawaty et
al.,’?> observed that that maceration methods was
applied in isolating total phenolic and antioxidant
activity. In addition, maceration extraction yields
high yield amounts®¢,

The germinated black rice flour was then macerated
with 80% ethanol and 3% citric acid as a solvent
(85:15). Inasimilar study by Kristiana etal.,*’found
ethanol and citric acid solvents more effective than
others to binding phenol bioactive compounds,
in addition mold cannot live in ethanol. Ethanol
solvent compared to aquadesh has a high effect on
binding phenolic compounds®. The thick purple
extract results were listed in Table 1 showing the
amount of thick extract was 9.94 g and the yield of
germinated black rice extract was 9.94%.

The thick extract obtained in Table 1 has a dark
purple color with a yield of 9.94%. A recent study
stated the greater yield produced would more
efficient treatment applied without compromising
other properties®. The yield of this study was
higher than that of Maulida and Guntari®. it was
found that the average yield value of black rice
extract was 6.7%. The difference in results is
presumably because the filter size used was 20/40
mesh so that it affects the size of the simplicia
particles filtered. Ardyanti et al.,* reported that
different of yield influenced by particle size of
simplicia and maceration time so that our research
findings are in line with Antari’s study stated the
particle of simplicia with 60 mesh filtering had
the highest average yield value compared to the
simplicia particles filtering 40 mesh.
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Total Phenolic

The compounds are the largest group of distributed
secondary metabolites that have an aromatic
ring®. Phenolic compounds can be found in both
edible and non-edible plants. Phenolic bioactive
components are widely found in cell walls and
plant vacuoles which have a distinctive aroma and
function to prevent decay?**.

The analysis of the total phenolic content of
germinated black rice extract was shown in Table
2. These results were obtained using the Folin-
Ciocalteu method. This method was often used as a
standard in assessing total phenolic content because
it was a fast and simple method. The absorbance
of that suspension was Spectrophotometrically
measured at 730nm wavelength and then total
phenolic was calculated using a regression linear
Y = 8.137X + 0042, with a correlation value of
R2= 0.997. The linear calibration curve showed
in Figure 1.
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Figure 1: The linear calibration curve for phenol
standards

Based on the results of the calculation of the total
phenolic content in the germinated black rice
extract, it was 226.9 mg/g. Phenolic compounds
are bioactive substances that have antioxidant
properties, especially through their redox
properties, which allow phenolic compounds
to act as reducing agents, hydrogen donors, and
have biological activity that can help maintain the
body’s metabolic system™®.

Total phenolic of germinated black rice extract
in our study has potential to beneficial effects as
antioxidant.

Antioxidant Activity

The activity of phenolic compounds has different

structures such as OH bonds, dissociation energy,
delocalization of phenol radical resonances,
and steric inhibitions derived from hydrogen
substitution in an aromatic ring*. The Phenolic
compounds as antioxidants through their ability to
scavenge free radicals. The higher the percentage
of synthetic free radical inhibition, the greater the
antioxidant potential®.

DPPH is amethod of analyzing antioxidant activity
which is widely used in plants. DPPH oxidant
activity analysis method is to use stable free
radicals on DPPH which have unpaired electrons
on the nitrogen atomic bridge*®. The solvent used
in the DPPH analysis is methanol or methanol
buffer, each of which is appropriate as an analysis
of the antioxidant activity of extracts that are less
polar or nonpolar. DPPH assay is considered a
simple, easy, fast and sensitive method to applied
therefore it requires a small sample size. It is easy
to apply because the DPPH radical compound used
is relatively stable compared to other methods*’.

The working principle of the DPPH method is
through a donation of hydrogen atoms (H +) from
the substances tested on the DPPH radicals to
become non-radical compounds of diphenyl picryl
hydrazine which will be shown by color changes.
DPPH will react to the reducing agent according
to the electrons so that it becomes paired, and
the solution loses color stoichiometry depending
on the number of electrons taken*’*. The extract
contains antioxidant activity which can be seen
through its ability to reduce the purple color of the
DPPH radical so that it becomes a yellow color of
the DPPH-H compound which can be detected at
515-517 nm®.

The results of our study reported that germinated
black rice extract has ability to scavenging free
radicals showed in Table 3. The data show that the
inhibitory ability of phytochemical compounds
in germinated black rice extract was 71.05% +
0.07 and it is caused germinated blck rice extract
has phenolic compounds. Phenolic compounds
have been shown to provide hydrogen atoms to
purple DPPH free radicals to form yellow DPPH
compounds. The presence of antioxidant activity
in germinated black rice extract shows potential as
a source of antioxidants.

The balance of oxidants and antioxidants is very
important because it is related to body health.
Antioxidants will protect the body’s cells against
oxidative damage and inhibit the formation of
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oxidative products. The imbalance resulting from
high oxidants compared to antioxidants has an
impact on the production of Reactive Oxygen
Species (ROS) and excess oxidative stress cause
several degenerative diseases®®’!. Several studies
have also stated that antioxidants have many
health benefits such as anti-diabetes, anti-obesity,
anti-aging anti-inflammatory, anti-hypertension,
prevention of cardiovascular disease, and
Alzheimer’s’> %,

Conclusion

Based on the results and discussion of this study,
it can be concluded that the germinated black rice
extract of the Indonesian krisna variety has a total
phenol content of 226.9 mg/g and an antioxidant
activity value of 71.05%. Germinated black
rice extract also has the potential to have health
benefits such as anti-diabetes, anti-dyslipidemia,
anti-obesity, and other health benefits due to its
phenolic content and antioxidant activity.

Recommendations

It is necessary to carry out further research related
to the effect of giving germinated black rice extract
on various degenerative diseases.

Acknowledgement: The authors gratefully
acknowledge all staff at the Central Laboratory
of Food and Nutrition Studies, Gadjah Mada

University Yogyakarta, Indonesia who help in
this study, the germinated black rice, extraction of
germinated black rice, and analysis of bioactive
compounds.

Conflict of interest: The authors declare there is
no conflict in the publication of this article.

Ethical Approval Issue: This research has not
used human and animal subjects

Funding Statement: None declared.

Authors’ contribution: Sudana Fatahillah
Pasaribu conceived and planned the experiments,
carried out the experiment, wrote the manuscripted.
Both Budiyanti Wiboworini and Lilik Retna
Kartikasari authors contributed to the final version
of the manuscript. All authors discussed the results
and contributed to the final manuscript.

Data gathering and idea owner of this study:
Sudana Fatahillah Pasaribu

Study Design: Sudana Fatahillah Pasaribu

Writing and submission of manuscript: Sudana
Fatahillah Pasaribu, Budiyanti Wiboworini, Lilik
Retna Kartikasari.

Editing and approval of final draft: Sudana
Fatahillah Pasaribu, Budiyanti Wiboworini, Lilik
Retna Kartikasari.

132



International Journal of Human and Health Sciences Vol. 06 No. 01 January’22

References

L.

10.

11.

12.

Setyawati F, Juliprijanto W and Jalunggono G.
Produksi
Konsumsi Beras Terhadap Impor Beras Di Indonesia
Tahun 1999-2017. Din Dir J Econ 2019;1(4):383—
398.

Analisis Pengaruh Kurs, Beras Dan

Badan Pengkajian dan Penerapan Teknologi.
Ringkasan eksekutif luas panen dan produksi beras di
Indonesia 2018. Jakarta: BPS press, 2018: 1-25.

Ekowati N and Purwestri Y. Analisis kandungan
gamma aminobutyric acid (GABA), fenol total dan
aktivitas antioksidan “beras kecambah” kultivar
lokal (Oryza sativa L.) di Yogyakarta. Agicola

2016;6(2):117-127.

World Agricultural Production. World Rice Production
2020/2021; 2020. Accesed 8 April 2021. Availabel
online at: http://www.worldagriculturalproduction.
com/crops/rice.aspx/

Mbanjo EGN, Tobias K, Huw J, Nelzo E, Christopher
B, Lesley AB and NS. The Genetic Basis and
Nutritional Benefits of Pigmented Rice Grain. Front
Genet 2020;11(229):1-18.

Ito VC and Lacerda L. Black rice (Oryza sativa
L): A review of its historical aspects, chemical
composition, nutritional and functional properties,
and applications and processing technologies. Food
Chem 2019;(301):1-13.

Palupi NSB and Slamet KR. Aktivitas Antioksidan
dan Antiproliferasi Sel Kanker Kolon WiDr dari
Makaroni Beras

Berbasis Hitam dan Kacang

Berpigmen. IPB University, 2021.

Mareta CA. Efektifitas Pegagan (Centella asiatica)
Sebagai Antioksidan. ] Med Hutama 2020;2(1):390—
394.

Ramadhan H, Baidah , Lestari NP and Yuliana KA.
Aktivitas Antioksidan Ekstrak Etanol 96% Daun,
Buah dan Kulit Terap (Artocarpus odorratissimus)
Menggunakan Metode CUPRAC. Farmasains J Ilm
Ilmu Kefarmasian 2020;7(1):7-12.

Singh B, Singh JP, Kaur and Singh N. Phenolic
composition and antioxidant potential of gain legume
seeds: A review. Food Res Int 2017;(101):1-16.

Kumar N and Goel N. Phenolic acids: Natural versatile
molecules with promising therapeutic applications.
Biotechnol Reports 2019;1(24):1-10.

Diniyah N and Lee S. Komposisi Senyawa Fenol
Dan Potensi Antioksidan Dari Kacang-Kacangan. J
Agroteknologi 2020;14(1):91-102.

133

13.

14.

15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

Wei Q, Yishu Z, Bingzhi C, BaoguiX, Ting F,
Sadhana R and Jiang Y. Assessment of antioxidant
and antidiabetic properties of Agaricus blazei Murill
extracts. Food Sci Nutr 2020;8(1):332-339.

Tungmunnithum D, Areeya T, Apinan P and Yangsabai
A. Flavonoids and other phenolic compounds from
medicinal plants for pharmaceutical and medical
aspects: An overview. Medicines 2018;5(3):1-16.

Luo Y, Bin P, Weigian W, Xiaofei T and Wu
Z. Antioxidant
polysaccharides
2019;24(7):1-14.

and anti-diabetic activities of

from guava leaves. Molecules

Shahidi F and Yeo J. Bioactivities of phenolics
by focusing on suppression of chronic diseases: A
review. Int J Mol Sci 2018;19(1573):1-16.

Al-Ishaq RK, Abotaleb M, Kubatka, Kajo, and
Biisselberg D. Flavonoids and their anti-diabetic
effects: cellular mechanisms and effects to improve
blood sugar levels. Biomolecules 2019;9(430):1-35.

. Tahir M, Asriani S and Rahim Y. Potensi Aktivitas

Antioksidan Ekstrak Etanol Dan Fraksi n-Heksan
Buah Jeruk Pamelo (Citrus maxima (Burm) Merr)
Asal Kabupaten Pangkep. J2urnal Fitofarmaka
Indones 2020;7(2):18-22.

Katrin BA. Aktivitas Antioksidan Ekstrak, Fraksi dan
Golongan Senyawa Kimia Daun Premna oblongata
Miq. Pharm Sci Res 2015;2(1):21-31.

Diniyah N and Lee SH. Komposisi Senyawa Fenol
Dan Potensi Antioksidan Dari Kacang-Kacangan. J
Agroteknologi 2020;14(1):91-102.

Wanti S, Andriani MA and Parnanto NHR. Pengaruh
berbagai jenis beras terhadap aktivitas antioksidan
pada angkak oleh Monascus purpureus. Asian J Nat
Prod Biochem 2015;13(1):1-5.

Aminah S and Wikanastri H. Karakteristik kimia
tepung kecambah serealia dan kacang-kacangan
dengan variasi blanching. Pros Semin Nas Int
2012;1(1):209-217

Pertiwi SF and Aminah S. Aktivitas Antioksidan,
Karakteristik Kimia, Dan Sifat Organoleptik Susu
Kecambah Kedelai Hitam Berdasarkan Variasi Waktu
Perkecambahan. J Pangan dan Gizi 2014;4(2):1-8.

Nurhidajah N and Nurrahman N. Efek hipoglikemik
kecambah beras merah pada tikus yang diinduksi STZ-
NA dengan parameter kadar insulin, indeks HOMA-
IR dan HOMA B. agriTECH 2017;36(4):433—-439.

Putri D. Ekstraksi Antosianin Beras Hitam (Oryza
Sativa L.) Dengan Berbagai Pelarut Dan Evaluasi



26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

International Journal of Human and Health Sciences Vol. 06 No. 01 January’22

Stabilitasnya Pada Suhu Tinggi. Universitas Gadjah
Mada, 2015.

Chaiyasut C, Sivamaruthi BS, Pengkumsri N,
Keapai W, Kesika P, Saelee M, Tojing P, Sirilun S,
Chaiyasut K, Peerajan S and Lailerd N. Germinated
Thai black rice extract protects experimental diabetic
rats from oxidative stress and other diabetes-related
consequences. Pharmaceuticals 2017;10(1):1-16.

Adaramola B and Onigbinde A. Effect of extraction
solvent on phenolic content, flavonoid content and
antioxidant capacity of Cove Bud. IOSR J Pharm Biol
Sci 2016;11(3):33-38.

Chatatikun M and Chiabchalard A. Phytochemical
screening and free radical scavenging activities of
orange baby carrot and carrot (Daucus carota Linn.)
root crude extracts. ] Chem Pharm Res 2013;5(4):97—
102.

Cho DW and Lim ST. Germinated brown rice
and its bio-functional compounds. Food Chem
2016;196:259-2571.

Wahyulianingsih HS and Malik A. Penetapan kadar
Flavonoid Total Ekstrak Daun Cengkeh (Syzygium
aromaticum(L.) Merr dan Perry. J Fitofarmaka
Indones 2016;3(2):188—-193.

Yulianingtyas A and Kusmartono B. Optimasi volume
pelarut dan waktu maserasi pengambilan flavonoid
daun belimbing wuluh (Averrhoa bilimbi L.). J Tek
Kim 2016;10(2):61-67.

Dhianawaty D. Kandungan Total Polifenol dan
Aktivitas Antioksidan dari Ekstrak Metanol Akar
Imperata cylindrica (L) Beauv(Alang-alang). Maj
Kedokt Bandung 2015;47(1):60—64.

Suhendra S, Corry PI, Wayan RW and Wiadnyani
AAIS. Pengaruh konsentrasi etanol terhadap aktivitas
antioksidan ekstrak rimpang ilalang (Imperata
cylindrica (L) Beauv.) pada ekstraksi menggunakan
gelombang ultrasonik. J Ilmu dan Teknol Pangan

2019;8(1):27-35.

Hianawaty D. Kandungan Total Polifenol dan
Aktivitas Antioksidan dari Ekstrak Metanol Akar
Imperata cylindrica (L) Beauv. (Alang-alang). Maj
Kedokt Bandung 2015;47(1):60—64.

Mukhriani M. Ekstraksi, Pemisahan Senyawa, dan
Identifikasi Senyawa Aktif. J Kesehat 2014;7:361—
367.

Hasnaeni H and Wisdawati W. Pengaruh Metode
Ekstraksi Terhadap Rendemen Dan Kadar Fenolik
Ekstrak Tanaman Kayu Beta-Beta (Lunasia amara

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

134

Blanco). Galen J Pharm 2019;5(2):175-182.

Kristiana HD, Ariviani S and Khasanah L. Ekstraksi
pigmen antosianin buah senggani (Melastoma
malabathricum auct. Non linn) dengan variasi jenis
pelarut. J Teknosains Pangan 2012;1(1):105-109.

Dewatisari WF and Rumiyanti LR. Rendemen dan
Skrining Fitokimia pada Ekstrak Daun Sanseviera sp.
J Penelit Pertan Terap 2017;17(3):197-202.

Maulida R and Guantarti . Pengaruh Ukuran Partikel
Beras Hitam (Oryza Sativa L.). J Pharm 2015;5(1):9—
16.

Ardyanti NKNT, Suhendra L and Puta GG. Pengaruh
Ukuran Partikel dan Lama Maserasi terhadap
Karakteristik Ekstrak Virgin Coconut Oil Wortel
(Daucus carota L.) sebagai Pewarna Alami. J
Rekayasa dan Manaj Agroindustri 2020;8(3):423—
434.

Antari  NMRO, Wartini NM and Mulyani S.
Pengaruh ukuran partikel
terhadap karakteristik ekstrak warna alami buah
pandan (Pandanus tectorius). J Rekayasa dan Manaj
Agroindustri 2015;3(4):30-40.

dan lama ekstraksi

Dhurhania CE and Novianto A. Uji Kandungan
Fenolik Total dan Pengaruhnya terhadap Aktivitas
Antioksidan dari Berbagai Bentuk Sediaan Sarang
Semut (Myrmecodia pendens). J Farm dan Ilmu
Kefarmasian Indones 2018;5(2):62—68.

Adawiah DS and Muawanah A. Aktivitas antioksidan
dan kandungan komponen bioaktif sari buah

namnam. J Kim Val J Penelit dan Pengemb Ilmi Kim
2015;1(2):130-136.

Hadad ND
Kandungan Senyawa Antioksidan Dalam Rosella
(Hibiscus Sabdariffa L.). Farmaka2 2019;17(1):17—
23.

and Patihul H. Review: Penentuan

Sedjati S, Suryono S, Adi S, Endang S and Ridlo
A. Aktivitas Antioksidan dan Kandungan Senyawa
Fenolik Makroalga Coklat Sargassum sp. urnal
Kelaut Trop 2017;20(2):124—130.

Widyawati PS, Sutedja AM, Suseno TIP, Monika P,
Saputrajaya W and Liguori C. Pengaruh perbedaan
warna pigmen beras organik terhadap aktivitas
antioksidan. Agit J Teknol Pertan 2014;34(4):399—
406.

Rahmawati R, Muflihunna A and Sarif LM. Analisis
aktivitas antioksidan produk sirup buah mengkudu
(Morinda Citrifolia L.) dengan metode DPPH. J
Fitofarmaka Indones 2015;2(2):97-101.



48.

49.

50.

51.

52.

International Journal of Human and Health Sciences Vol. 06 No. 01 January’22

Azizah Z, Zulharmita Z and Zulfian E. Uji Aktivitas
Antioksidan dan Penetapan Kadar Vitamin C Ekstrak
Buah Naga Merah Keunguan (Hylocereus lemairei
(Hook.)Britton & Rose) Secara Spektrofotometri UV-
Vis. J Farm Higea 2017;9(1):41-47.

Anokwuru CP, Esiaba I, Ajibaye O, and Adesuyi
AO. Polyphenolic content and antioxidant activity
of Hibiscus sabdariffa calyx. Res J Med Plant
2011;5(5):557-566.

Situmorang N and Zulham Z. Malondialdehyde
(MDA)(Zat Oksidan Yang Mempercepat Proses
Penuaan). J Keperawatan Dan Fisioter 2020;2(2):117—
123.

Berawi BKN and Theodora A. Efek Aktivitas Fisik
pada Proses Pembentukan Radikal Bebas sebagai
Faktor Risiko Aterosklerosis. J Major 2017;6(2):86—
91.

Ali AM, Gabbar MA, Abdel-Twab SM, Fahmy EM,
EbaidH, Alhazza IM and Ahmed OM. Antidiabetic
potency, antioxidant effects, and mode of actions
of Citrus peel hydroethanolic
extract, hesperidin, and quercetin in nicotinamide/

reticulata  fruit

53.

54.

55.

56.

streptozotocin-induced wistar diabetic rats. Oxid Med
Cell Longev 2020;1-21.

Wilson DW, Paul N, Harpal SB, Keith G, Ram
S, Fabien DM, Rie H and Toru T. The role of food
antioxidants, benefits of functional foods,
influence of feeding habits on the health of the older
person: An overview. Antioxidants 2017;6(4):1-20.

and

Grosso G, Urszula S, Agnieszka M, Magdalena K,
Denes S, Martin B and Andrzej P. Dietary polyphenol
intake and risk of hypertension in the Polish arm of the
HAPIEE study. Eur J Nutr 2018;57(4):1535-1544.

Vernarelli JA and Lambert JD. Flavonoid intake is
inversely associated with obesity and C-reactive
protein, a marker for inflammation, in US adults. Nutr
Diabetes 2017;7(5):276-276.

de-Andrade TRB, Diniz TC, Costa PTC, de Oliveira
Junior RG, Gama e Silva M, de Lavor EM, Fernandes
AWC, de Oliveira AP, de Almeida RFPR, da Silva
AAM and Cavalcante TC. Flavonoids as therapeutic
agents in Alzheimer’s and Parkinson’s diseases: A
systematic review of preclinical evidences. Oxid Med
Cell Longev 2018;1-21.

135



