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Abstract: Moringa leaves contain flavonoids, phenols, tannins, alkaloids, saponins, terpenoids, and steroids. The
flavonoid and phenol content has antioxidant activity. This research aimed to determine compounds in the ethanol
extract of Moringa leaves To determine the type of flavonoid content using FTIR and HPLC. FTIR analysis shows that
Moringa leaves possibly contain compounds from quercetin derivatives, which is supported by HPLC analysis. This
guercetin compound is a group of flavonols that are characterized by the presence of a hydroxyl group and a carbonyl
group. HPLC analysis was carried out by making a quercetin standard with a concentration of 200 ppm. The resulting
wavelength is 254 nm. The results of the quercetin standard chromatogram which contains one main peak obtained
from the quercetin standard. This peak shows the retention time at 3 minutes. The results of the standard chromatogram,
quercetin has an outer area of 44763473 and a sample area of 17455781 with 2 times dilution, so the % purity of fraction
9 for quercetin is 77.99 ppm. This HPLC analysis shows that Moringa leaves probably contain quercetin derivatives
which are characterized by the same retention time between the sample and the quercetin standard, namely at a
retention time of 3 minutes, and have a peak pattern that is almost the same as the quercetin standard.
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INTRODUCTION

The Moringa plant (Moringa oleifera L.) is a plant commonly used in spices, cosmetic oils, and various
treatments (Abdul Razis et al., 2014). The Moringa plant is known as the "miracle tree" because almost all
parts of the plant can be used as medicine. One of the contents of Moringa leaves is flavonoids (Farooq,
2012). Flavonoid compounds are compounds contained in Moringa leaves. Moringa plants contain 17
flavonoid compounds (Makita et al., 2016). The flavonoid compound content in Moringa leaves is known to
be used in medicine because of its pharmacological activity, one of which is as an antioxidant (Widiyarti et
al., 2018).

Antioxidants are compounds that can inhibit the oxidation process caused by free radicals (Makky et
al., 2021). Free radicals are very dangerous because they can react with important components of cells, for
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example, DNA and cell membranes. These free radicals can cause protein dysfunction, DNA damage, and
lipid peroxidation which can cause cell death (Sun et al., 2018). Based on research by Xu et al. (2019),
Moringa leaves extract has antioxidant activity with an 1C50 value of 1.02 + 0.13 mg/mL. IC50 (inhibitory
concentration) is a sample concentration that can inhibit half the maximum (50%) in the free radical oxidation
process (Julizan, 2019). Other research also states that Moringa leaf extract has antioxidant activity with an
IC50 value of 0.02 + 0.06 mg/mL (Gothai et al., 2017). Research by Vats and Gupta (2017) states that
Moringa leaves extract has antioxidant activity with an IC50 value of 0.12 mg/mL. Confirmed by research
conducted by Wright et al. (2017), the IC50 value of Moringa leaves extract ranges from 0.02 to 4.46 mg/ml.
Several studies have examined the flavonoids in Moringa leaves, however, the characteristics of flavonoid
compounds which act as antioxidants, especially in the ethanol extract of Moringa leaves, have not been
studied. Apart from that, determining the effect of total phenol and total flavonoid content on antioxidant
activity has not been widely studied. Based on this background, it is necessary to determine the
characteristics of flavonoid compounds from the ethanol extract of Moringa leaves to determine the
antioxidant activity and also determine the effect of the total phenol and total flavonoid content of the ethanol
extract of Moringa leaves on antioxidant activity.

METHODS

1. Tools and Materials

The tools used in this research are glassware commonly used in laboratories, dropper pipettes,
vials, stir sticks, watch glasses, test tubes, measuring glasses, measuring pipettes, measuring flasks,
sprayers, porcelain cups, filter paper, and Millipore membranes. 0.22 um, syringe, black cloth, container,
stirrer, crucible (Thermolyne), furnace (Thermolyne), analytical balance (Pioneer), maceration vessel,
clamp and stand, chromatography column, blender, vortex, centrifuge, moisture analyzer, rotary
evaporator, water bath, oven (Memmert), incubator (Memmert), HPLC (Thermos scientific), and FTIR.

The materials used are Moringa leaves and the chemicals used are: Moringa leaves taken in the
Banyumanik area of Semarang, 96% ethanol (C2HsOH), chloroform (CHCIs), ammonia (NHs),
concentrated sulfuric acid (H2SOa4), Mayer's reagent, wagner, dragendorf, magnesium powder (Mg),
concentrated hydrochloric acid (HCI), distilled water (H20), anhydrous acetic acid ((CH3CO)-20), hexane
(CeHu4), ethyl acetate (CH3;CH,OCCHj5), GFzs4 TLC plate, aluminum chloride (AICI3), quarcetin, Folin—
Ciocalteu, ferric chloride (FeCls), potassium ferricyanide (KsFe(CN)e), potassium dihydrogen phosphate
(KH2POg4), sodium hydroxide (NaOH), trichloroacetic acid (C2HCIz032), vitamin C (CeHsgOs), potassium
acetate (KCHsCOO), Liebermann Burchard, boric acid (H:BO3s), oxalic acid (H,C,0O,), and n-butanol
(C4H100).

2. Sample Collection

Moringa leaves are collected and then wet sorted. After that, the leaves are washed with running
water and dried by drying them in the sun, covered with a black cloth for one week. In the next process,
the dried Moringa leaves are sorted dry, then quenched using a grinder, and then sifted to separate the
fine stalks, so that a fine powder is obtained (Robby et al., 2022). Moringa leaves that have been reduced
in size to powder are weighed and prepared for drying shrinkage testing using a moisture analyzer. To
use this tool, turn on the moisture analyzer, then wait 30 minutes and ensure that the tool has been
calibrated before use. When the tool is ready to be used, set the time, temperature, and heating mode.
Drying losses obtained from Simplicia must comply with quality requirements, namely < 10% (Farmakope
Herbal Indonesia, 2017).

3. Moringa leaves ethanol extract process

The extraction process is carried out using the maceration and remaceration method once. 500
grams of Moringa leaves powder was put into a maceration vessel, and then 1500 mL of 96% ethanol
solvent was added, the solvent was added little by little until all the samples were wetted. Then the
sample was left for 3x24 hours at room temperature (250C) and stirred. After 3x24 hours of soaking,
filter it to get the filtrate. The powder resulting from the previous soaking was macerated again by adding
1500 mL of 96% ethanol solvent, then the sample was left for 3x24 hours and stirred. The soaking results
are then filtered to obtain a second filtrate. The extract obtained was collected then filtered and
evaporated using a rotary evaporator at a temperature of 400C to produce a concentrated extract, then
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evaporated again using a water bath until a thick extract was obtained (Robby et al., 2022). Next, the
yield was calculated from the ethanol extract of Moringa leaves.

. Isolation of Flavonoid Compounds

The mobile phase used was the result of the mobile phase in the confirmation test using TLC to
determine the chemical content of flavonoids and the stationary phase used GFazss silica gel. The
chromatography column is filled with cotton, the stationary phase has been moistened with the mobile
phase, the sample, and the mobile phase. The hatch of the chromatography column was set at a flow
rate of 1 mL/minute. The fractions obtained from the results of column chromatography separation were
then identified using TLC to detect fractions containing flavonoids (Etika and Iryani, 2019)

Analysis of Flavonoid Compounds using FTIR

Determination of flavonoid compounds from isolated compounds was carried out using FTIR.
Fractions resulting from column chromatography separation were characterized using FTIR
spectroscopy. Interpretation of functional groups can be seen from the group strain at certain wave
numbers.

. Data Analysis

Data analysis using univariate, bivariate, and multivariate analysis. Univariate analysis is used to
analyze the chemical compound groups contained in extracts from the phytochemical screening results.
Apart from that, we also carried out results analysis to determine the purity of the isolate results by
analyzing the peak area and number of peaks produced. If the number of peaks is more than one, it can
be said that the resulting isolate is not pure. Meanwhile, the peak area is used to determine the purity of
the sample. Next, functional group analysis was carried out from the isolates containing the highest total
flavonoids which were analyzed using FTIR.

Bivariate analysis was used to analyze the effect of total flavonoid content on antioxidant activity in
extracts and isolates containing flavonoids. In this data analysis, a normality test was carried out with
Shapiro Wilk, if the data was normally distributed (>0.05) then the Pearson correlation test was used and
if the data was not normally distributed (<0.05) the Kendall Tau correlation test was used. Multivariate
analysis was used to analyze the effect of total phenol content and total flavonoids on the antioxidant
activity of extracts and isolates containing flavonoids. If the data is normally distributed (>0.05) then the
Pearson correlation test is used and if the data is not normally distributed (<0.05) the Kendall-Tau
correlation test is used. This analysis was carried out using IBM SPSS Statistics 22.

RESULT AND DISCUSSION

1. Simplicia Preparation
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In this research, Moringa plants were taken from Banyumanik, Semarang, which is a moringa
cultivation site in Central Java. The location for collecting Moringa leaves was chosen because
Moringa can grow in the lowlands and highlands up to an altitude of £ 1000 meters above sea level.
The Banyumanik area is at an average altitude of 300 meters above sea level with an average air
temperature of 20 -22°C, so Moringa plants can grow well in this area. Moringa leaves can be
harvested after the plants are 6 to 12 months old. This harvesting is done by picking the leaves stalks
from the branches, in the morning at 09.00 so that the plant wounds dry quickly and to minimize the
loss of volatile compounds (Sudewo,2004)

2.5 kg of Moringa leaves were collected, then washed and wet sorted. The purpose of wet sorting
is to separate the leaves from dirt or gravel that is still attached and wash them with running water
until clean, then dry them. Drying is done by spreading it evenly on a container then drying it in the
sun and covering it with a black cloth. According to research from Green (2004), drying with a black
cloth has the highest flavonoid levels compared to the oven or without covering with a black cloth.
Drying in direct sunlight has lower levels of flavonoids because sunlight directly hits the simplicial, it
is thought that sunlight damages the flavonoids, drying in an oven also has lower levels because
drying in ovens has poor air circulation and this is one of the factors that can influence the drying
process (Green, 2004) (sahin et al, 2018).

Drying aims to reduce the water content still contained in the leaves. Water content that is too
high can affect the storage of simply because it can cause the leaves to rot quickly, becoming a
source of growth for microorganisms such as fungi. The next step is dry sorting which aims to
separate foreign objects such as unwanted plant parts and other impurities that are still present and
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left behind in the dried simplicia. The dried Moringa leaves are then reduced in size using a blender
until they become powder. A small or fine sample size can facilitate contact of the sample with a
larger solvent to obtain better yield results (Ali et al., 2018). The Simplicia powder was then tested for
water content using a moisture analyzer. The working principle of this tool is to measure the water
content of a sample directly using the loss on drying (LOD) technique. This LOD technique measures
the weight of the sample before and after drying and uses delta weight to determine the percentage
of water content as weight removed by the drying process compared to the initial weight of the sample
(Ohaus,2016).

Determining the water content of simplicia is very important to provide a maximum limit for the
water content in simplicia because high amounts of water can become a medium for the growth of
microorganisms which can damage the compounds contained in simplicia. Testing the water content
of Moringa simplicia leaves obtained a result of 7.31%. The same results were obtained from research
by Augustyn et al., (2017); Handayani et al,. (2018); and Listiani et al., (2023) which stated that the
resulting water content was between 7.80-9.57% (Handayani et al., 2018) (Augustyn et al., 2017)
(Listiani et al., 2023). The results obtained are by the standards of the Indonesian Herbal
Pharmacopoeia Edition 2 (2017), namely the requirement for water content in Simplicia <10%

. Extracts Processing

Extraction is the separation of plant parts that have medicinal properties using selective solvents
through standard procedures (Handa et al., 2008). The purpose of extraction is to separate soluble
plant metabolites or leave insoluble metabolites (residues) (Azwanida,2015). The extraction method
used is the cold extraction method because there is a group of flavonoid compounds that are not heat
resistant and are easily oxidized (Ramayani et al.,2021) According to research from Septiani et al.,
(2021), the total phenol content using the maceration method is greater than the soxhletation method
which is a hot method, namely 13.93 mgQE/g (1.39%) and 8.12 mgQE/g (0.81%) (Septiani e al.,
2021). The cold extraction method chosen is the maceration method. The choice of this method was
based on the effect of the differences in maceration and percolation extraction methods on higher
antioxidant activity with the maceration method compared to the percolation method, namely ICso
33.49 pg/mL and 83.89 ug/mL (Fatmawati,2019) . The advantages of the maceration method are that
it is effective for compounds that are not heat resistant (degraded due to heat), and the equipment
used is relatively simple, cheap, and easy to obtain (Naviglio,2019).

The maceration method is most often used to extract active compounds in Moringa leaves. The
amount of raw material, solvent selection, and extraction time will affect the effectiveness of this
method. The extraction process using the maceration method is carried out by immersing the sample
in the extraction solvent (Patel, 2019). In the extraction process, 96% ethanol solvent was used,
because ethanol is polar so it can extract polar compounds in the sample (Hidayah et al, 2016).
Phenolic and flavonoid compounds are polar compounds so they will dissolve in polar solvents, by
the principle like dissolves like (Kemit et al, 2016). According to research from Zullaikah et al., (2019)
and Do et al., (2014), conducting research using various ethanol concentrations to determine extract
yield, total phenolic compounds, antioxidant activity, and the highest flavonoid content was obtained
with an ethanol solution concentration of 96%. The extract yield increased to 60.50% with an increase
in the ethanol solution concentration from 0% (solvent was water) to an ethanol solution concentration
of 96%.

The extraction process was carried out for 3 days and was stirred once every day so that the
contact between the simplicial and the solvent increased until it reached the saturation point of the
solution. The stirring process can increase the contact between simplicia and the solvent
(Chairunnisa et al., 2019). The liquid extract obtained is dark green because the ethanol solvent not
only extracts flavonoids and phenolic compounds but can also extract chlorophyll in Moringa leaves
samples (Kiorewoa et al, 2012). In the next process, to remove the remaining solvent in the liquid
extract, a rotary evaporator is used at a temperature of 40°C. The function of the rotary evaporator is
to evaporate the solvent in the macerate and only leave the extracted compound. To get a thick
extract, the extract is evaporated in a water bath at a temperature of 37°C until a thick extract is
obtained. The thick extract obtained during the extraction process was 52.59 grams with a yield of
10.52%. In research conducted by Mahdi et al., (2016) and Kiswandono (2011), using the same
method and solvent an extract yield of 9.98% - 25.02% was obtained.
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3.

Isolation of Flavonoid Compounds

The eluent or mobile phase used is the result of the mobile phase in the confirmation test using
TLC to determine the chemical content of flavonoids, namely n-butanol: acetic acid: water (4:1:5) and
the stationary phase used is silica gel GF254. The resulting fractions were 23 fractions. The fractions
obtained were then identified using TLC to detect fractions containing flavonoids. From the TLC
results, 5 fractions were obtained that had the same stain. The TLC results can be seen in Table 1.

Table 1. Results of Thin Layer Chromatography of Flavonoid Compounds Fraction 5 and

Fraction 6
Spraying*
Spot  Retention Before After
factor Visual UV254nm UVas6nm Visual UVas4nm UV366nm
1 0,56 - Blue - - Blue -
2 0,93 Greenish Greenish Magenta Greenish Greenish Magenta
yellow yellow purple yellow yellow purple

The results of the flavonoid test on fraction 5, fraction 6, fraction 7, fraction 8, and fraction 9
showed positive results for the presence of flavonoid compounds. The five fractions have a blackish-
yellow color. In fraction 5 and fraction 6, there is a color that glows blue under UV366 nm light with
the stain code (1). In fraction 7, fraction 8, and fraction 9 there is a color that glows blue under UV254
nm light with the stain code (1). The results of the flavonoid test in the research are by Hanani (2017)
who stated that the fluorescent light blue color is suspected to be flavonoids. Flavonoids are thought
to form bonds with a mixture of boric acid and citric acid on heating and are better known as
cytoroborate reagents (Sjahid,2016). Apart from that, looking at the Retention factor value, stain code
(1) has an Retention factor value of 0.56, which according to research conducted by Lim et al., (2019),
states that the Retention factor value of flavonoids is around 0.543

Analysis of Flavonoid Compounds using FTIR

FTIR absorption analysis was carried out to determine the functional groups contained in the fraction

containing the highest antioxidants. The sample transmission spectrum can be seen in Figure 1.

Spectrum
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Figure 1. Fraction 9 FTIR Spectrum
Table 10. IR Spectrum Analysis
Absorption (cm™) Group Class Referential
3368,05 O-H stretching Hidroksil 3550-3200
2959,78 C-H stretching Alkana 3000-2840
1716,36 C=0 bending Karbonil 1725-1705
1650,05 C=C stretching Aromatics 1650-1475
1462,53 C-H bending Alkane 1500-1375
1258,82 C-O stretching alkyl aryl ether 1300-1100
951,12 C=C bending Alkene 980-960

221 | Science and Community Pharmacy Journal, Volume. 3, Number. 2, December 2024

ed>



In the FTIR spectrum of fraction 9 in Figure 1, the max peak at absorbance 3368.05 is the O-H bond
which is the hydroxyl group, and at absorbance 1716.36 is the C=0 bond which is the carbonyl group.
FTIR analysis shows that Moringa leaves possibly contain compounds from quercetin derivatives, which
is supported by HPLC analysis. This quercetin compound is a group of flavonols that are characterized
by the presence of a hydroxyl group and a carbonyl group. According to research conducted by Vergara-
Jimenez (2017), Moringa leaves contain flavonoid compounds such as quercetin. Supported by research
conducted by Lin et al, (2018), Moringa leaves contain flavonoid compounds such as quercetin.

5. HPLC analysis

The working principle of this instrument is the separation of analytes in a chromatographic column
based on the polarity of the mobile phase flow which carries the analyte mixture through the stationary
phase where the separation of the components occurs due to differences in the strength of interaction
between the solutes and the stationary phase resulting in differences in the transfer time of each
component in the mixture (Weston and Brown, 1997). HPLC analysis was carried out by making a
guercetin standard with a concentration of 200 ppm. The resulting wavelength is 254 nm. The results of
the quercetin standard chromatogram can be seen in Figure 2 which contains one main peak obtained
from the quercetin standard. This peak shows the retention time at 3 minutes. Fraction 9 is then injected
and measured at the same wavelength. The results of the chromatogram of fraction 9 can be seen in
Figure 3 which contains one main peak obtained from sample fraction 9. The peak of this chromatogram
also shows the retention time at 3 minutes. Based on the results of the standard chromatogram, quercetin
has an outer area of 44763473 and a sample area of 17455781 with 2 times dilution, so the % purity of
fraction 9 for quercetin is 77.99 ppm. This HPLC analysis shows that Moringa leaves probably contain
quercetin derivatives which are characterized by the same retention time between the sample and the
guercetin standard, namely at a retention time of 3 minutes, and have a peak pattern that is almost the
same as the quercetin standard.
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Figure 3. Chromatogram Fraction 9
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CONCLUSION

The ethanol extract of Moringa leaves used in this research is Moringa oleifera L. which is positive for
containing flavonoids. Moringa leaves ethanol extract has the characteristics of specific parameters and
non-specific parameters drying shrinkage of 5.65%, water content of 7.31%, total ash content of 6.20%, and
acid insoluble ash content of 0.47%. The flavonoid compound has a blue stain that fluoresces with TLC
under UV254 nm light, has an Retention factor value of 0.56, contains hydroxyl (-OH) and carbonyl (C=0)
groups which are thought to be derivatives of the quercetin compound.

CONFLIC OF INTEREST

The authors declare that they have no known competing financial interests or personal relationships that
could have appeared to influence the work reported in this paper.

ACKNOWLEDGEMENT

The Authors would like to thank the Department of Pharmacy, STIKES Telogorejo Semarang for
preparing this journal article based on the report. This work has been funded by the Pharmacy of STIKES
Telogorejo Semarang under the program of Research, and Community Service Grants 2021. The opinions
expressed here are those of the authors and do not necessarily reflect the views of the funding agency.

REFERENCES

Abdul Razis, A. F., Ibrahim, M. D., & Kntayya, S. B. (2014). Health benefits of Moringa oleifera. Asian Pacific
Journal of Cancer Prevention, 15(20), 8571-8576. https://doi.org/10.7314/apjcp.2014.15.20.8571

Ali, A. M. A., EI-Nour, M. E. M., & Yagi, S. M. (2018). Total phenolic and flavonoid contents and antioxidant
activity of ginger (Zingiber officinale Rosc.) rhizome, callus and callus treated with some elicitors.
Journal of Genetic Engineering and Biotechnology, 16(2), 677-682.
https://doi.org/10.1016/j.jgeb.2018.03.003

Augustyn, G. H., Tuhumury, H. C. D., & Dahoklory, M. (2017). Pengaruh Penambahan Tepung Daun Kelor
(Moringa oleifera) Terhadap Karakteristik Organoleptik dan Kimia Biskuit MOCAF (Modified
Cassava Flour). AGRITEKNO, Jurnal Teknologi Pertanian, 6(2), 52-58.
https://doi.org/10.30598/jagritekno.2017.6.2.52

Azizah, D. N., Kumolowati, E., & Faramayuda, F. (2014). Penetapan Kadar Flavonoid Metode AICI3 pada
Ekstrak Metanol Kulit Buah Kakao (Theobroma cacao L.). Kartika Jurnal limiah Farmasi, 2(2).
https://doi.org/10.26874/kjif.v2i2.14

Azwanida. (2015). A Review on the Extraction Methods Use in Medicinal Plants, Principle, Strength, and
Limitation. Medicinal & Aromatic Plants, 4(3). https://doi.org/10.4172/2167-0412.1000196

Bag, G. C., Devi, P. G., & Bhaigyabati, T. H. (2015). Assessment of total flavonoid content and antioxidant
activity of methanolic rhizome extract of three Hedychium species of Manipur valley. International
Journal of Pharmaceutical Sciences Review and Research, 30(1), 154-159.

Blainski, A., Lopes, G., & De Mello, J. (2013). Application and Analysis of the Folin Ciocalteu Method for the
Determination of the Total Phenolic Content from Limonium Brasiliense L. Molecules, 18(6), 6852-
6865. https://doi.org/10.3390/molecules18066852

Chairunnisa, S., Wartini, N. M., & Suhendra, L. (2019). Pengaruh Suhu dan Waktu Maserasi terhadap
Karakteristik Ekstrak Daun Bidara (Ziziphus mauritiana L.) sebagai Sumber Saponin. Jurnal
Rekayasa Dan Manajemen Agroindustri, 7(4), 551.
https://doi.org/10.24843/JRMA.2019.v07.i04.p07

Do, Q. D., Angkawijaya, A. E., Tran-Nguyen, P. L., Huynh, L. H., Soetaredjo, F. E., Ismadji, S., & Ju, Y. H.
(2014). Effect of extraction solvent on total phenol content, total flavonoid content, and antioxidant
activity of Limnophila aromatica. Journal of Food and Drug Analysis, 22(3), 296-302.
https://doi.org/10.1016/j.jfda.2013.11.001

Etika, S. B., & Iryani, I. (2019). Isolation and Characterization of Flavonoids from Black Glutinous Rice
(Oryza Sativa L. Var Glutinosa). Eksakta: Berkala Illimiah Bidang MIPA, 20(2), 6-16.
https://doi.org/10.24036/eksakta/vol20-iss2/186

223 | Science and Community Pharmacy Journal, Volume. 3, Number. 2, December 2024

ed>


https://doi.org/10.7314/apjcp.2014.15.20.8571
https://doi.org/10.1016/j.jgeb.2018.03.003
https://doi.org/10.30598/jagritekno.2017.6.2.52
https://doi.org/10.26874/kjif.v2i2.14
https://doi.org/10.4172/2167-0412.1000196
https://doi.org/10.3390/molecules18066852
https://doi.org/10.24843/JRMA.2019.v07.i04.p07
https://doi.org/10.1016/j.jfda.2013.11.001
https://doi.org/10.24036/eksakta/vol20-iss2/186

Farooq, F. (2012). Medicinal properties of Moringa oleifera: An overview of promising healer. Journal of
Medicinal Plants Research, 6(27). https://doi.org/10.5897/JMPR012.279

Fatmawati, S. (2019). Pengaruh Perbedaan Metode Ekstraksi Maserasi Dan Perkolasi Terhadap Uji
Aktivitas Antioksidan Ekstrak Kulit Buah Naga Merah (Hylocereus Polyrhizus). Jurnal Industri
Pertanian, 2(1), 95-102.

Farmakope Herbal Indonesia. (2017). (2nd ed.). Departemen Kesehatan RI.

Gauchan, D. P., Kandel, S. L., Khatri Chhetri, R. B., Dhakal, D., Bk, G., Sapkota, R., & Jha, B. (2020).
Evaluation of antimicrobial, antioxidant and cytotoxic properties of bioactive compounds produced
from endophytic fungi of Himalayan yew (Taxus wallichiana) in Nepal. F1L000Research, 9, 379.
https://doi.org/10.12688/f1000research.23250.1

Gothai, S., Arulselvan, P., Tan, W. S., & Fakurazi, S. (2017). Chemical composition of Moringa oleifera ethyl
acetate fraction and its biological activity in diabetic human dermal fibroblasts. Pharmacognosy
Magazine, 13(51), 462. https://doi.org/10.4103/pm.pm_368_16

Green, R. J. (2004). Antioxidant Activity of Peanut plant Tissues. North Carolina State University:
Department of Food Science.

Handayani, S., Najib, A., & Wati, N. P. (2018). Uji Aktivitas Antioksidan Ekstrak Daun Daruju (Acanthus
ilicifolius L.) dengan Metode Peredaman Radikal Bebas 1,1-Diphenyil-2-Picrylhidrazil (DPPH).
Jurnal Fitofarmaka Indonesia, 5(2), 299-308. https://doi.org/10.33096/jffi.v5i2.414

Handa, S., Khanuja, S. P., Longo, G., & Rakesh, D. D. (2008). Extraction technologies for medicinal and
aromatic plants. United Nations Industrial Development Organization and the International Centre
for Science and High Technology.

Hidayah, N., Hisan, A. K., Solikin, A., Irawati, |., & Mustikaningtyas, D. (2016). Uji Efektivitas Ekstrak
Sargassum muticum Sebagai Alternatif Obat Bisul Akibat Aktivitas Staphylococcus aureus. Journal
of Creativity Student, 1(2). https://doi.org/10.15294/jcs.v1i2.7794

Julizan, N. (2019). Validasi Penentuan Aktifitas Antioksidan Dengan Metode DPPH. Kandaga— Media
Publikasi llmiah Jabatan Fungsional Tenaga Kependidikan, 1(1).
https://doi.org/10.24198/kandaga.v1i1.21473

Kemit, N., Widarta, I. W. R., & Nocianitri, K. A. (2016). Pengaruh jenis pelarut dan waktu maserasi terhadap
kandungan senyawa flavonoid dan aktivitas antioksidan ekstrak daun alpukat (Persea Americana
Mill). Jurnal llmu Teknologi Pangan, 5(2), 130-141.

Kiswandono, A. A. (2017). Perbandingan Dua Ekstraksi Yang Berbeda Pada Daun Kelor (Moringa oleifera,
Lamk) Terhadap Rendemen Ekstrak dan Senyawa Bioaktif Yang Dihasilkan. Jurnal Sains Natural,
1(1), 53. https://doi.org/10.31938/jsn.v1i1.13

Koirewoa, Y. A., Fatimawali, F., & Wiyono, W. (2012). Isolasi dan Identifikasi Senyawa Flavonoid dalam
Daun Beluntas (Pluchea indica L.).

Lim, Y. P., Pang, S. F., Yusoff, M. M., Abdul Mudalip, S. K., & Gimbun, J. (2019). Correlation between the
extraction yield of mangiferin to the antioxidant activity, total phenolic and total flavonoid content of
Phaleria macrocarpa fruits. Journal of Applied Research on Medicinal and Aromatic Plants, 14,
100224. https://doi.org/10.1016/j.jarmap.2019.100224

Lin, M., Zhang, J., & Chen, X. (2018). Bioactive flavonoids in Moringa oleifera and their health-promoting
properties. Journal of Functional Foods, 47, 469-479. https://doi.org/10.1016/}.jff.2018.06.011

Listiani, Y. P., Ayuwardani, N., & Erikania, S. (2023). Subcronic Toxicity Of Moringa Leaves Extract (Moringa
Oleivera L) On Histopathology Heart Organ Of Rats. Indonesian Journal of Pharmaceutical Science
and Technology, 10(1), 37. https://doi.org/10.24198/ijpst.v10i1.35662

Lyu, J. I, Kim, J. K., Kim, D. G., Kim, J. B, Kim, S. H., Cho, Y. G., & Kim, H. S. (2022). Comparative Study
on Phenolic Compounds and Antioxidant Activities of Hop (Humulus lupulus L.) Strobile Extracts.
Plants, 11(1), 135. https://doi.org/10.3390/plants11010135

Maesaroh, K., Kurnia, D., & Al Anshori, J. (2018). Perbandingan Metode Uiji Aktivitas Antioksidan DPPH,
FRAP dan FIC Terhadap Asam Askorbat, Asam Galat dan Kuersetin. Chimica et Natura Acta, 6(2),
93. https://doi.org/10.24198/cna.v6.n2.19049

Mahdi, H., Yousif, E., Khan, N., Mahmud, R., Murugaiyah, V., & Asmawi, M. (2016). Optimizing Extraction
Conditions of Moringa Oleifera Lam Leaves For Percent Yield, Total Phenolics Content, Total
Flavonoids Content And Total Radical Scavenging Activity. International Journal of Advanced
Research, 4(11), 682-695. https://doi.org/10.21474/IJAR01/2133

Makita, C., Chimuka, L., Steenkamp, P., Cukrowska, E., & Madala, E. (2016). Comparative analyses of
flavonoid content in Moringa oleifera and Moringa ovalifolia with the aid of UHPLC-qTOF-MS

224 | Science and Community Pharmacy Journal, Volume. 3, Number. 2, December 2024

ed>


https://doi.org/10.5897/JMPR012.279
https://doi.org/10.12688/f1000research.23250.1
https://doi.org/10.4103/pm.pm_368_16
https://doi.org/10.33096/jffi.v5i2.414
https://doi.org/10.15294/jcs.v1i2.7794
https://doi.org/10.24198/kandaga.v1i1.21473
https://doi.org/10.31938/jsn.v1i1.13
https://doi.org/10.1016/j.jarmap.2019.100224
https://doi.org/10.1016/j.jff.2018.06.011
https://doi.org/10.24198/ijpst.v10i1.35662
https://doi.org/10.3390/plants11010135
https://doi.org/10.24198/cna.v6.n2.19049
https://doi.org/10.21474/IJAR01/2133

fingerprinting. South African Journal of Botany, 105, 116-122.
https://doi.org/10.1016/j.sajb.2015.12.007

Makky, E. A., AlMatar, M., Mahmood, M. H., Ting, O. W., & Qi, W. Z. (2021). Evaluation of the Antioxidant
and Antimicrobial Activities of Ethyl Acetate Extract of Saccharomyces cerevisiae. Food Technology
and Biotechnology, 59(2), 127-136. https://doi.org/10.17113/fth.59.02.21.6658

Malrianti, Y., Kasim, A., Asben, A., & Yeni, G. (2020). Kenaikan nilai aktivitas antioksidan nanokatekin
dibanding katekin sediaan konvensional dan peluang aplikasinya pada hard candy. Jurnal Litbang
Industri, 10(1), 7. https://doi.org/10.24960/jli.v10i1.6111.7-14

Mammen, D., & Daniel, M. (2012). A critical evaluation on the reliability of two aluminum chloride chelation
methods for quantification of flavonoids. Food Chemistry, 135(3), 1365-1368.
https://doi.org/10.1016/j.foodchem.2012.05.109

Megawati, M., Fajriah, S., Supriadi, E., & Widiyarti, G. (2021). Kandungan Fenolik dan Flavonoid Total Daun
Macaranga hispida (Blume) Mull. Arg sebagai Kandidat Obat Antidiabetes. Jurnal Kefarmasian
Indonesia, 1-7. https://doi.org/10.22435/jki.v11i1.2846

Muflihah, Y. M., Gollavelli, G., & Ling, Y.-C. (2021). Correlation Study of Antioxidant Activity with Phenolic
and Flavonoid Compounds in 12 Indonesian Indigenous Herbs. Antioxidants, 10(10).
https://doi.org/10.3390/antiox10101530

Naviglio, D., Scarano, P., Ciaravolo, M., & Gallo, M. (2019). Rapid Solid-Liquid Dynamic Extraction
(RSLDE): A Powerful and Greener Alternative to the Latest Solid-Liquid Extraction Techniques.
Foods, 8(7), 245. https://doi.org/10.3390/foods8070245

Ohaus. (2016). A Guide to Moisture Content Analysis. OHAUS Corporation.

Patel, S. (2019). Techniques Adopted for Extraction of Natural Products Extraction Methods: Maceration,
Percolation, Soxhlet Extraction, Turbo distillation, Supercritical Fluid Extraction. International
Journal of Advanced Research in Chemical Science, 6(4). https://doi.org/10.20431/2349-
0403.0604001

Quyen, N. T. C., Quyen, N. T. N,, Nhan, L. T. H., & Toan, T. Q. (2020). Antioxidant activity, total phenolics
and flavonoids contents of Pandanus amaryllifolius (Roxb.). IOP Conference Series: Materials
Science and Engineering, 991(1), 012019. https://doi.org/10.1088/1757-899X/991/1/012019

Ramayani, S. L., Nugraheni, D. H., & Wicaksono, A. R. E. (2021). Pengaruh Metode Ekstraksi Terhadap
Kadar Total Fenolik dan Kadar Total Flavonoid Daun Talas (Colocasia esculenta L.). Jurnal Farmasi
(Journal of Pharmacy), 10(1), 11-16. https://doi.org/10.37013/jf.v10i1.115

Robby, O., Gloria, F., & Saptawati, T. (2022). Pengaruh Variasi Konsentrasi Ekstrak Daun Kelor (Moringa
oleifera Lamk) Terhadap Efek Antiinflamasi Sediaan Emulgel. Jurnal Penelitian Kesehatan "SUARA
FORIKES" (Journal of Health Research "Forikes Voice"), 13(2), 444-452.

Sahin, S., Elhussein, E., Bilgin, M., Lorenzo, J. M., Barba, F. J., & Roohinejad, S. (2018). Effect of drying
method on oleuropein, total phenolic content, flavonoid content, and antioxidant activity of olive
(Olea europaea) leaves. Journal of Food Processing and Preservation, 42(5), el3604.
https://doi.org/10.1111/jfpp.13604

Sari, A. K., & Ayuchecaria, N. (2017). Penetapan Kadar Fenolik Total dan Flavonoid Total Ekstrak Beras
Hitam (Oryza sativa L) dari Kalimantan Selatan. Jurnal limiah Ibnu Sina, 327-335.

Sarwono. (2006). Metode Penelitian Kuantitatif dan Kualitatif. Graha limu.

Septiani, G., Susanti, S., & Sucitra, F. (2021). Effect of Different Extraction Method on Total Flavonoid
Contents of Sansevieria trifasciata P. Leaves Extract. Jurnal Farmasi Galenika (Galenika Journal
of Pharmacy), 7(2), 143-150. https://doi.org/10.22487/j24428744.2021.v7.i2.15573

Sjahid, L. R. (2008). Isolasi dan identifikasi flavonoid dari daun dewandaru (Eugenia uniflora L.) [Doctoral
dissertation]. Universitas Muhammadiyah Surakarta.

Sudewo, B. (2004). Tanaman Obat Populer Penggempur Aneka Penyakit. Agromedia Pustaka.

Sulastri, E., Zubair, M. S., Anas, N. |, Abidin, S., Hardani, R., Yulianti, R., & Aliyati, R. (2018). Total Phenolic,
Total Flavonoid, Quercetin Content and Antioxidant Activity of Standardized Extract of Moringa
oleifera Leaves from Regions with Different Elevation. Pharmacognosy Journal, 10(6s), s104-s108.
https://doi.org/10.5530/pj.2018.6s.20

Sun, M.-S., Jin, H., Sun, X., Huang, S., Zhang, F.-L., Guo, Z.-N., & Yang, Y. (2018). Free Radical Damage
in Ischemia-Reperfusion Injury: An Obstacle in Acute Ischemic Stroke after Revascularization
Therapy. Oxidative Medicine and Cellular Longevity, 2018, 1-17.
https://doi.org/10.1155/2018/3804979

225 | Science and Community Pharmacy Journal, Volume. 3, Number. 2, December 2024

ed>


https://doi.org/10.1016/j.sajb.2015.12.007
https://doi.org/10.17113/ftb.59.02.21.6658
https://doi.org/10.24960/jli.v10i1.6111.7-14
https://doi.org/10.1016/j.foodchem.2012.05.109
https://doi.org/10.22435/jki.v11i1.2846
https://doi.org/10.3390/antiox10101530
https://doi.org/10.3390/foods8070245
https://doi.org/10.20431/2349-0403.0604001
https://doi.org/10.20431/2349-0403.0604001
https://doi.org/10.1088/1757-899X/991/1/012019
https://doi.org/10.37013/jf.v10i1.115
https://doi.org/10.1111/jfpp.13604
https://doi.org/10.22487/j24428744.2021.v7.i2.15573
https://doi.org/10.5530/pj.2018.6s.20
https://doi.org/10.1155/2018/3804979

Vats, S., & Gupta, T. (2017). Evaluation of bioactive compounds and antioxidant potential of hydroethanolic
extract of Moringa oleifera Lam. from Rajasthan, India. Physiology and Molecular Biology of Plants,
23(1), 239-248. https://doi.org/10.1007/s12298-016-0407-6

Vergara-Jimenez, M., Almatrafi, M., & Fernandez, M. (2017). Bioactive Components in Moringa Oleifera
Leaves Protect against Chronic Disease. Antioxidants, 6(4), 91.
https://doi.org/10.3390/antiox6040091

Weston, A., & Brown, R. P. (1997). HPLC and CE Principles and Practice. Academic Press.

Widiyarti, G., Supiani, S., & Tiara, Y. (2018). Antioxidant Activity and Toxicity of Puspa (Schima wallichii)
Leaves Extract from Indonesia. Journal of Tropical Life Science, 8(2), 151-157.
https://doi.org/10.11594/jtls.08.02.08

Wright, R., Lee, K.-A,, Lovelock, H., Stocker, P. J., Lamers, E., Suter, M., Rosendale, D., & Sies, W. (2017).
An Investigation of the Antioxidant Capacity in Extracts from Moringa oleifera Plants Grown in
Jamaica. Plants, 6(4), 48. https://doi.org/10.3390/plants6040048

Xu, Y.-B., Chen, G.-L., & Guo, M.-Q. (2019). Antioxidant and Anti-Inflammatory Activities of the Crude
Extracts of Moringa oleifera from Kenya and Their Correlations with Flavonoids. Antioxidants, 8(8).
https://doi.org/10.3390/antiox8080296

Zullaikah, S., Saputra, T., Prihandini, W. W., Rachimoellah, M., Lan, N. T. N., & Ju, Y.-H. (2019). Enhanced
Extraction of Phenolic Compounds from Moringa Oleifera Leaves Using Subcritical Water Ethanol
Mixture. IOP Conference Series: Materials Science and Engineering, 543(1), 012021.
https://doi.org/10.1088/1757-899X/543/1/012021

226 | Science and Community Pharmacy Journal, Volume. 3, Number. 2, December 2024

ed>


https://doi.org/10.1007/s12298-016-0407-6
https://doi.org/10.3390/antiox6040091
https://doi.org/10.11594/jtls.08.02.08
https://doi.org/10.3390/plants6040048
https://doi.org/10.3390/antiox8080296
https://doi.org/10.1088/1757-899X/543/1/012021

