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Abstract. Ridwan, Hamim, Suharsono, Hidayati N, Gunawan I. 2021. Drumstick (Moringa oleifera) variation in biomass and total
flavonoid content in Indonesia. Biodiversitas 22: 491-498. Utilization of a drumstick (Moringa oleifera Lam.) leaf has recently
increased worldwide which consequently cause an increase in global demand. As a tropical country with large area, Indonesia has a
great potential to become a center for drumstick cultivation and leaf production. Drumstick distribution scattered in almost all of the
islands of Indonesia has another potential for obtaining superior genotype variabilities. The aim of this study was to select the drumstick
accessions from several islands in Indonesia with high leaf biomass production and flavonoid content. This experiment was carried out
in the field using ten accessions of drumsticks from ten islands in Indonesia, namely Sumatra, Java, Madura, Bali, Lombok, Sumbawa,
Sumba, Kalimantan, Sulawesi, and Papua. Drumstick seeds were planted in polybags with a capacity of 10 kg and arranged using a
randomized block design with three replications. The parameters observed were plant growth, biomass production, total flavonoid
content, and antioxidant activity. The results of this study found that Sumatra accession was the accession that had the highest leaf
biomass production in combination with the uppermost total flavonoid content and antioxidant activity compared to others. Sumatra

accession is recommended as an excellent accession for cultivation with the aim of producing flavonoids.
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INTRODUCTION

Drumstick tree (Moringa oleifera Lam.) is a plant
species belonging to Moringaceae originating from the
Himalayan foothills, which include Pakistan, India, Nepal
and Bangladesh. Currently, the drumstick tree is widely
known and cultivated mainly in tropical territory
(Abdullahi et al. 2013). The utilization of drumstick leaves
has recently increased significantly as a material for food,
medicine, cosmetics and has even been produced on an
industrial scale (Sauveur et al. 2010, Gandji et al. 2018).
This is likely due to increased knowledge about the
nutritional content and pharmaceutical potential of
drumstick leaf.

The nutritional content of the drumstick tree is reported
to be much higher than that of other plants (Rockwood et
al. 2013; Koul and Chase 2015; Gopalakrishnan et al.
2016). Asante et al. (2014) reported that the calcium
content of drumstick leaf in Ghana is ranging from 1474
mg kg? to 1880 mg kg*. Ridwan and Witjaksono (2020)
reported higher calcium content of drumstick leaf from
Indonesia which reached 1776-2414 mg kg*. Several other
reports regarding the high nutritional content of drumstick
trees have also been published by Moyo et al. (2011), Melo
et al. (2013), Isitua et al. (2015), and Brilhante et al.
(2017). In addition, drumstick plants also contained various
bioactive compounds that have pharmaceutical functions

such as tannins, saponins, alkaloids, flavonoids, glycosides,
and reducing sugars (lIsitua et al. 2015). The most common
bioactive compounds possessed by drumstick is flavonoid
(Lin et al. 2018) in the form of quercetin, kaempferol,
(Muhammad et al. 2016; Lin et al. 2018) and myricetin
(Edwinanto et al. 2018) with a concentration of three times
more than other vegetables such as Cabbage (Brassica
oleracea), Spinach (Amaranthus gangeticus), Peas (Pisum
sativum), Cauliflower (Brassica oleracea var. botrytis), and
Broccoli (Brassica oleracea var. italica) (Pakade et al.
2013). The flavonoids are well known to have special
function as anti-cancer by suppressing the growth and
proliferation of cancer cells (Edwinanto et al. 2018).

The increase of the drumstick leaf utilization triggers
the growth of market demand, while the production of
drumstick in Indonesia is still low. In Indonesia, drumstick
trees are mostly grown in human community yards and
gardens by subsistent for one or two trees with no
cultivation technology applied (Ridwan et al. 2018,
unpublished data). Meanwhile, Indonesia with a large area
and a suitable climate for drumstick trees have great
potential to become the center of planting and producing
the drumstick leaf. In terms of genetic resources,
Indonesian archipelago also has great potential to have
drumstick diversity, since this tree is spread almost
throughout the archipelago (Riastiwi et al. 2018). Palada et
al. (2015) reported that the production of drumstick leaves
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is greatly influenced by their genotype. In addition, the
genotype also strongly determines bioactive content of the
drumstick leaf which may differ from one to another.
Drumstick leaf from India, Nicaragua, and Nigeria for
example, contained total flavonoids of 21.0, 38.1, and 44.3
g kg? respectively (Sidhuraju and Becker 2003), while
drumstick leaf from several areas in Pakistan such as
Nawabshah, Jamshoro, Chakwal, Balakot, and Mardaan
contained even significantly higher than from India with
the total content of 69.3, 73.8, 93.2, 119.0, and 125.3 g kg"
! respectively (Igbal and Bhanger 2006).

To the best of our knowledge, there were no studies on
selection of drumstick genotype or accession, or
provenance from Indonesia with high biomass production
and total flavonoid content which can be recommended as
high-quality drumstick plants for cultivation program.
Therefore, this study aimed to obtain the accessions of
drumstick trees from several islands in Indonesia with high
leaf biomass production and total flavonoid content.

MATERIALS AND METHODS

The seeds of ten drumstick accessions were used in the
experiment including Sumatra (Deli Serdang), Java
(Bogor), Madura (Sumenep), Bali (Tabanan), Lombok
(Kuta-Mandalika), Sumbawa (North Moyo), Sumba
(Southwest Sumba), Kalimantan/Borneo (Mempawah),
Sulawesi (Enrekang), dan Papua (Jayapura) obtained from
Research Center for Biology, Indonesian Institute of Sciences.
The drumstick seeds were washed in running water and
then soaked in clean water for 1 h. The seeds were then
soaked in a solution of fungicide and bactericide 2 g/L for
30 min. This experiment was designed with a non-factorial
randomized block design with treatment of different
accessions repeated three times. A total of 6 seeds for each
accession (2 seeds for each replication) were planted with a
depth of + 2 cm on a 35 x 45 cm polybag containing a mixture
of soil, manure, and roasted husk with a ratio of 2: 1: 1 (V/v/V)
for a total weight of 10 kg. The humidity of the planting
medium was maintained by watering every two days.

Plant growth and morphology observation

Plant morphological parameters include growth and
biomass production measured during the experiment. The
growth parameters were observed at the age of six months
after planting (map) or two months after pruning, i.e. plant
height, stem diameter, canopy diameter, number of
branches, number and size of compound leaves, proportion
of compound leaves senescence, and leaflet number and
area. Plant height was measured from the ground to the tip
of the youngest leaves. The stem diameter was measured at
a height of 5 cm from the surface of the growing medium.
The canopy diameter was observed by measuring the
length of the canopy distribution from two perpendicular
sides of the plant. The number of branches was counted
manually to the branches that emerged from the main trunk
after pruning. The number of compound leaves was
counted manually to the leaves that still attached to the
main stem and branches. Compound leaves size was
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measured to the length and width of the 4" leaf counted
from the shoot. The length of compound leaves was
measured from the base of the leaves crate to the tip of the
leaves, while the width of the leaves was measured at the
widest part of the leaves. Leaf senescence observation was
carried out by counting the number of yellowed compound
leaves. The number and area of leaflets were observed in
the 4™ compound leaves counting from the apex. The
number of leaflets was calculated manually, while the area
of leaflets was observed using ImageJ 1.47v software from
the random samples of five leaflets photos taken using a
Canon EOS M10 camera.

The observed plant biomass production consisted of
leaflet dry weight, stem dry weight, root dry weight, and
total dry weight. The dry weights of leaflets and stems
were obtained from the harvest at the age of 2 map, 4 map,
and 6 map. The harvest was done by cutting the stem at a
height of 20 cm from the planting medium surface.
Compound leaves were taken manually and then washed in
running water, then the leaflets were separated manually as
well. Leaflets and stems were put in different paper
envelopes with 0.5 folio size, then dried in an oven at 60 °C
for 24 h (leaflets) and 72 h (stems), then weighed with an
analytical balance. Root dry weight was observed
destructively at the age of 6 maps. Tuberous roots were
washed and cut into small pieces before being put into a 0.5
folio size paper envelope, then dried in an oven at 60 °C for
ten days (until constant weight).

Determination of total flavonoid content

Total flavonoid extraction was carried out following
Vongsak et al. (2013). The clean fresh leaflets samples
were dried in an oven at 60 °C for 24 h. Dry leaflet samples
were crushed and sieved at 20 mesh size. The powder was
then stored in a closed container away from light before
being extracted. Flavonoid extraction was carried out with
70% ethanol solvent. Drumstick leaflet powder was soaked
in 70% (1:40, w/v) ethanol while shaking it at room
temperature (25 °C) for 72 h. The extract was then filtered
and re-extracted in the same way until a concentrated
extraction was obtained. Total flavonoids were determined
using a colorimeter method adapted from Chatatikun and
Chiabchalard (2013) with modifications. Quercetin
standard  solutions were made with stratified
concentrations, i.e. 0, 40, 50, 60, 70, 80, 90, and 100 pg
mL? dissolved in ethanol. A total of 50 pL of extract (1 mg
mL™) and standard solution were added with 10 pL of
aluminum chloride (AICIs3), 150 uL of ethanol, and 10 pL
of 1 M of Na-acetate, then shaken in a 96 well microplate
for 40 min at room temperature and dark. The absorbance
was read at a wavelength of 415 nm with ethanol blank.
The total flavonoid content obtained was expressed in mg
quercetin equivalent per-gram (mg g?*) of extract.

Measurement of antioxidant activities

Antioxidant activity was analyzed using Ferric
Reducing Antioxidant Power (FRAP) method. A total of 5
mg of drumstick leaflet extract was dissolved in 5 mL of
96% ethanol, then 1 mL were taken and added 1 mL of 0.2
M phosphate buffer (pH 6.6) and 1 mL KsFe (CN) 6 1%,
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then incubated for 20 min at 50°C. A total of 1 mL of TCA
was added before centrifuged at 3000 rpm for 10 min. The
supernatant was taken as much as 1 mL, and were added 1
mL of distilled water and 0.5 mL of 0.1% FeCls. The
solution was left to stand for 10 min before measuring the
absorbance at a wavelength of 720 nm with the oxalate
solution as a blank. Calibration curves were made using
ascorbate solution with various concentration levels. Based
on the absorbance value, the 1Cso value was calculated to
determine the antioxidant activity.

Data analysis

Data were analyzed with One-Way ANOVA using
software SPSS for Windows version 16 at 95% confidence
level (0=0.05). The differences among mean values were
detected with DMRT (Duncan Multiple Range Test) at the
same confidence level.

RESULTS AND DISCUSSION

Morphological parameters

There was a fairly large variety of morphological
parameters among the ten accessions based on visual
observation. Statistical analysis showed that the plant
height, canopy diameter, stem diameter, and number of
branches were significantly different (P<0.05) among the
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accessions. The tallest plant was Madura accession, but not
significantly ~different to Bali, Sumba, Sumbawa,
Kalimantan, Java, and Sumatra accessions. Lombok,
Sulawesi, and Papua accessions were shorter and
significantly different from Madura accession (Figure 1.A).
The largest canopy diameter was owned by accessions of
Sumba and Sumbawa, but not significantly different from
accessions of Madura, Papua, Lombok, Java, and Sumatra.
Bali accession had the smallest canopy diameter, followed
by Sulawesi and Kalimantan (Figure 1.B). The accessions
with the largest stem diameter were Java and Sulawesi, but
not significantly different from Madura and Sumbawa.
Accessions with the smallest stem diameter were Bali,
followed by Lombok, Papua, Kalimantan, and Sumba.
Sumatra accession had a stem diameter value between
those two groups (Figure 1.C). Accessions with the highest
number of branches were Bali and Kalimantan, while
Sumba accession was the fewest (Figure 1.D).

Among the ten drumstick accessions, the differences in
leaf character were also significantly found. Bali accessions
had the highest compound leaves number followed by
Kalimantan, Sulawesi, Java, Sumatra, Madura, Lombok,
and Sumbawa, while the lowest was Sumba accessions
followed by Papua (Figure 2.A). The longest and widest
compound leaves were shown by Sumba accessions
followed by Sumbawa, while the shortest and narrowest
was shown by Bali accession (Figures 2.B and 2.C).
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Figure 1. Plant growth measurement of ten accessions of Moringa oleifera from Sumatra (Sm), Java (J), Madura (M), Bali (B), Lombok
(L), Sumbawa (Sh), Sumba (S), Kalimantan (K), Sulawesi (Si), and Papua (P) at 6 months after planting. A. Plant height, B. Canopy
diameter, C. Stem diameter, D. Brach number. Different letters indicate significant differences at p<0.05 DMRT.
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The experiment also observed proportion of leaf
senescence to analyze total active leaves among the
accessions. The lowest proportion of senescence was
shown by accession of Sumatra followed by Sulawesi and
Sumba, while the highest was shown by accessions of Bali
followed by Kalimantan, Madura, Papua, and Lombok
(Figure 2.D). Accessions with the highest number of
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leaflets were shown by Java accession followed by Sumba,
while the lowest was Bali accession (Figure 2.E). The
widest leaflets were indicated by Sumatra accession
followed by Lombok, Bali, and Papua accessions, while
accessions with the narrowest leaflets were Java followed
by Kalimantan and Madura (Figure 2.F).
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Figure 2. Compound leaves and leaflet measurement of ten accessions of Moringa oleifera from Sumatra (Sm), Java (J), Madura (M),
Bali (B), Lombok (L), Sumbawa (Sb), Sumba (S), Kalimantan (K), Sulawesi (Si), and Papua (P) at 6 months after planting. A.
Compound leaves number, B. Compound leaves length, C. Compound leaves width, D. Compound leaves senescence, E. Leaflet
number, F. leaflet area. Different letters indicate significant differences at p<0.05 DMRT.
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Biomass production

The leaflet is the main part of drumstick that is most
important due to most widely used. This causes the leaflet
dry weight in this study to become the main production.
However, stem dry weight, root dry weight, and total
biomass dry weight were also observed. The dry weight of
leaflets, stems, roots, and total biomass showed significant
differences among accessions. The highest dry weight of
leaflets was shown by Sumatra accession and followed by
Java, while accession with the lowest leaflet dry weight
was Bali. Other accessions that have quite high leaflet
production were Madura, Lombok, Sumba, Kalimantan,
and Sumbawa (Figure 3.A). The accession with the highest
stem dry weight was Sulawesi, while the lowest was Bali
(Figure 3.B). Root dry weight and total biomass dry weight
showed the same pattern, Sumbawa accession had the
highest root biomass and total biomass, while Sulawesi had
the lowest followed by Papua and Kalimantan (Figures 3.C
and 3.D). The same pattern indicates that total biomass
seems to be affected mainly by tuberous root dry weight.

Total flavonoid content and antioxidant activities
Total flavonoid content of drumstick leaf was also
significantly different (p < 0.05) among the accessions.
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Sumatra accession had the highest total flavonoid content,
Java and Madura had the lowest, while Kalimantan,
Sumba, Papua, and Bali had a moderate level (Figure 4.A).
The antioxidant activity of the ten accessions of drumsticks
also showed significant differences. Sumatra accession had
the lowest 1Csy score compared to other accessions.
Accessions with I1Cs value near Sumatra were Madura and
Sumba. Accessions with the highest 1Csq value were shown
by Papua, followed by Kalimantan and Lombok (Figure
4.B).

Discussion

This experiment was carried out to select the drumstick
accessions from several islands in Indonesia based on
biomass production and the content of leaf total flavonoids.
The ten accessions observed in this experiment showed
different morphological, biomass and flavonoid content
becoming a good material for genotype screening to find
drumsticks with higher biomass production and bioactive
compound. Among the ten accessions, the highest leaf
biomass production was only significantly found in
Sumatra (34.69 g per plant) and Java (34.48 g per plant).
This was supported by their superior growth characters,
especially leaves (Figure 2).
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Figure 3. Biomass production of ten accessions of Moringa oleifera from Sumatra (Sm), Java (J), Madura (M), Bali (B), Lombok (L),
Sumbawa (Sb), Sumba (S), Kalimantan (K), Sulawesi (Si), and Papua (P) at 6 months after planting. A. Leaflet dry weight, B. Tuberous
root dry weight, C. Stem dry weight, D. Total biomass dry weight. Different letters indicate significant differences at p<0.05 DMRT.
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Figure 4. Total flavonoid content and antioxidant activity of Moringa oleifera leaves from accessions of Sumatra (Sm), Java (J), Madura
(M), Bali (B), Lombok (L), Sumbawa (Sb), Sumba (S), Kalimantan (K), Sulawesi (Si), and Papua (P). A. Total flavonoid, B.
Antioxidant activity. Different letters indicate significant differences at p<0.05 DMRT.

Sumatra accession had a relatively large leaflet number
and size with lower proportion of compound leaves
senescence. Java accession had the largest number of
leaflet, but the size of the leaflets was small. Sumba
accession also had a large number of leaflets, almost the
same as the Java accession, but the number of compound
leaves of this accession was less (Figure 2.A). Although
Sumatra and Java accessions had the highest leaflet
biomass production, but only Sumatra accession contained
much higher flavonoid compounds than other accessions,
while Java accessions contained the lowest together with
Madura accession. This finding provides evidence that
many different genotypes of drumsticks were found in
Indonesia archipelago which exhibited different growth and
biomass production as well as total content of flavonoids.

Drumstick is a fast-growing plant that can produce
biomass in large amount. The present study found that the
production of drumstick biomass had quite a large variation
among accessions. There were several reports that are in
accordance with the results of this study. Ebou Dao and
Walsh (2017) reported the differences in the genotype of
drumstick plants expressed to difference in leaf size
characters that affect biomass production. Wider leaflet
leads to greater leaflet biomass production. Huque et al.
(2017) also reported that the fresh biomass production of
drumstick leaf has a fairly large variation among cultivars,
ranged from 10.6 t h* y! to 38.7 t h'' y. Gadzirayi et al.
(2019) also reported that in plantings with a distance of 20
x 20 cm, the biomass production of drumstick leaves
originating from Malawi was 36% higher than that from
Mutoko.

Drumstick is also widely known to contain high
bioactive flavonoid compounds (Pakade et al. 2013). In this
study, the total flavonoid content of the ten accessions was
found to be quite varied, ranging from 61.4 mg/g (Java
accession) to 154.9 mg g extract (Sumatra accession).
Several previous research results which also stated that the
flavonoid content of drumstick leaf was quite varied
between genotypes or provenances have also been reported.
Sidhuraju and Becker (2003) reported that there were
significant variations in the total flavonoid content in

drumstick leaves from India (21.0 g kg*), Nicaragua (38.1
g kg1), and Nigeria (44.3 g kg). Drumstick leaves from
several regions in Pakistan even contain much higher total
flavonoids ranging from 69.3 g kg dry weight to 125.3 g
kg! dry weight (Igbal and Bhanger 2006). Panwar and
Mathur (2019) also reported that 57 accessions of
drumsticks from various regions in India contained highly
variable routine flavonoids ranging from close to 0 mg kg
dry weight (undetectable) to 60 mg kg? dry weight.
Different flavonoid content due to genotype differences has
also been reported in other plants, such as Cyclocarya
paliurus (Fang et al. 2011), Chinese Dwarf Cherry (Wang
et al. 2018), Balanites aegyptiaca (Khamis et al. 2020), and
Cleome gynandra (Somers et al. 2020). Apart from
Sumatra, there were several accessions with relatively high
levels of flavonoids content that have the potential for
genetic improvement in the future, namely Kalimantan,
Papua, and Sumba. The flavonoid content of these
accessions could also possibly be increased by modifying
the growing environment such as drought (Omidi et al.
2018), salinity (Golkar and Taghizadeh, 2018), light (Pan
and Guo, 2016), etc.

The antioxidant activity test results using the FRAP
method showed that the ICs value of drumstick leaf extract
from the ten accessions varied in the range of 170.44 pg
mL to 508.05 pg mL. Sumatra accession had the lowest
ICso value compared to other accessions, which means that
the Sumatra accession had the highest antioxidant activity
compared to other accessions. The ICsy value is the
concentration of material needed to neutralize free radicals
as much as 50% (Setiawan et al. 2018). Turkoglu et al.
(2007) also stated that the low ICs value in the antioxidant
activity test reflects the high antioxidant activity in a
sample. The I1Cs value of the leaf extract of all drumstick
accessions in this experiment was much lower than the 1Cso
value of drumstick leaf extract reported by Anigboro et al.
(2019) of 3190 pg mL* and Sarwar et al. (2017) amounted
to 831.67 ug mL*? to 1653 pg mL™. It means that the
antioxidant activity of drumstick leaf extracts of all
accessions used in this experiment was quite high,
especially Sumatra accessions.
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Based on the results, it can be concluded that the
drumstick plants from several islands in Indonesia have
variable characteristics based on growth, biomass
production, total flavonoid content, and antioxidant
activity. Sumatra accession is the best accession based on
those characters. Sumatra accession has great potential to
be further developed and used in drumstick cultivation for
the production of flavonoid bioactive compounds.
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