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Abstract. Sidhig DF, Subositi D, Widiyastuti Y, Pujiasmanto B, Yunus A. 2020. Morphological diversity, total phenolic and flavonoid
content of Echinacea purpurea cultivated in Karangpandan, Central Java, Indonesia. Biodiversitas 21: 1265-1271. Purple coneflower
(Echinacea purpurea (L.) Moench) is a medicinal plant introduced from North America. While it has been introduced to Indonesia long
several decades ago. E. purpurea has not been developed as a raw material for herbal medicines in Indonesia as it faces constraints,
namely non-uniform production and lack of information on the total phenolic and flavonoid content if cultivated in the country. This
study aims to determine the morphological diversity, total phenolic and flavonoid content of three accession E. purpurea cultivated on
lowland area (i.e. 493 m asl) in Tegalgede, Karangpandan, Central Java, Indonesia. This study used a Randomized Complete Group
Design (RCBD) method with 1 factor, namely 3 accessions of E. Purpurea: Al, A2, A3 each with four replications. Morphological
observations, as well as laboratory analysis, were done in this research to collect quantitative and qualitative data. The quantitative data
were analyzed using SPSS to test the difference. We found there is significantly different results E. Purpurea accession in term of plant
height, wet stover weight, number of leaves, root weight, root length, number of branches. Quantitative observation in the form of
extract yield, total phenol content and total flavonoid highest content of extract residue produced by Accession 3 with 7,655%, while the
highest phenolic was produced by Accession 1 with 507,619 mg GAE.g -1 extract, and the highest flavonoid was produced by
Accession 2 with 313,869 mg QE.g-1 extract. This study concludes that there is morphological diversity of E. purpurea cultivated in

Karangpandan with a significant correlation of accession to residue extract, phenolic, and flavonoid content.
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INTRODUCTION

Purple Coneflower (Echinacea purpurea (L.) Moench)
is one of the introduced medicinal plants originating from
North America, and is known as an important medicinal
plant. E. purpurea has benefits for humans as
immunoregulation, anti-inflammatory, and antioxidant and
has no side effects or hypersensitivity in clinical trials.
These species contain secondary metabolites including
phenols, caffeic acid derivatives, alkamides, flavonoids,
and polysaccharides and glycoproteins (Bruni R et al.
2018). Alkamides and caffeine acid derivatives are active
compounds that show immunoregulatory effects (Lee et al.
2010). E. purpurea also has an antiviral, antibacterial and
antifungal function (Acikgoz et al. 2018). Parts that can be
used as raw materials for immune system enhancing drugs
are extracts from all parts of E. purpurea, such as leaves,
stems, roots, and flowers (Megha Gupta et al. 2012).

Since E. Purpurea is an introduced species, a good
adaptation of E. purpurea can create a quite promising

opportunity for the development of this species for
medicinal uses and products in Indonesia. Nonetheless, not
much research and development efforts have been
conducted. E. purpurea as a raw material for herbal
medicines in Indonesia experienced constraints, namely
non-uniform and non-optimal production.

Echinacea purpurea has a native growing habitat in the
four-season country, where the conditions for optimal
growth are low temperatures and full sun exposure.
Climate differences between subtropical and tropical
countries will certainly affect plant morphology and
genetics. Indonesia has tropical climate which is
characterized by frequent high temperatures and small
annual variations, and rain can almost occur at any time of
the year (Center for Research and Development, 2010).
The results of previous studies by Rahardjo (2005) showed
that E. purpurea is well adapted in the tropical areas within
altitudinal ranges of 400-1200 meters above sea level (m
asl). The best growth of E. purpurea occurs at an altitude
of 800 meters above sea level with rainfall of 2,000-3,000
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mm/year and types of andosol and latosol soil in West Java
(Cianjur, Cibadak, Pacet) and Central Java (Klepu,
Ungaran, Kaligentong, Ngagrong) that have good physical
properties with high organic matter content (Rahardjo,
2000). However, the diversity of E. purpurea themselves
has not been given much attention to maximize
production.

Echinacea purpurea cultivated in Indonesia has
undergone many morphological changes. Morphological
changes are influenced by many factors altitude,
temperature, humidity, intensity of sunlight, seasons, etc.
Up to these days, morphological characters are still used as
a basis for plant classification. Classifications based on
morphological characteristics can be used as an appropriate
general reference and considered as a fast method for the
compilation of plant diversity maps, especially
Angiosperms. Morphological properties can be observed
more easily and practically compared with other properties
(Jones and Luchsinger, 1986).

Nowadays, morphological markers are still used in
some plants to cluster certain groups for a particular aim.
For example, Susila et al. 2019 irradiated chrysanthemums
with different doses of gamma rays which produced
chrysanthemum flowers that have different morphology,
thus morphological marking is carried out to classify some
chrysanthemum flowers, accordingly, with the best results
were obtained through the gamma-ray irradiation. Another
study that still used morphological markers to classify plant
diversity was conducted by Tantasawat et al. (2010) on
string beans.

The morphological diversity of E. purpurea cultivated
in Indonesia is presumably to be high since the original
habitat of this species, which is North America, has
different climatic condition to Indonesia. This study aims
to determine the morphological diversity, total phenolic
content and flavonoid content of three accessions of E.
purpurea cultivated in lowland area (i.e. 493 m asl) in
Tegalgede, Karangpandan, Central Java, Indonesia.

MATERIALS AND METHODS

Study period and area

This research was conducted from July to November
2019 in the experimental garden of the Center for Research
and Development of Medicinal Plants and Traditional
Medicine (B2P2TOOQT), Karangpandan, Karanganyar
Central Java, Indonesia (493 m asl).

Field experimental procedure

Collection and identification of accession

The E. purpurea accession was firstly obtained by PT
Deltomed Laboratories which directly imported this species
from Germany. The accession selection was based on a
mass selection conducted in 2011 by previous B2P2TOOT
garden researchers. Identification of accessions was chosen
based on the differences in morphology of flower shape,
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flower color, stem color and leaf shape (Figure 1). The
results of the selection conducted by Subositi and Fauzi
(2012) showed that eight variants have resulted from two
accessions of BH2 and BHU3. The accession has different
morphological variations from its parents, especially in the
flower morphology. Parental accessions of 1,2 and 3 flower
shapes tend to curve downward, but there are differences in
flower color, stem color, leaf shape, edge, and leaf tip.
These three accessions came from same field experiments
in Tawangmangu, Karanganyar Central Java (highland).
Genetic construction of this accession was investigated
using the ISSR method and there is polymorphism between
accession 1 and others (unpublished data).

Preparation of seeds and seedlings

Echinacea purpurea seeds were collected based on the
morphological similarities in flowers, leaves, stem colors,
etc. The selected accession is the one chosen from the mass
selection of the B2P2TOOT garden collection in 2011. The
selected accessions were then harvested at the age of 4
months old, which then harvested, cleaned and fully dried.
The dried seeds were then soaked in water for one night.
Subsequently, they were planted to grow as seedlings until
the age of 1.5 months.

Planting and maintenance

The 1.5-month-old E. purpurea seedling was
transplanted to the experimental field. There are 3 blocks on
the same location, each block has four beds as replication.
Block one for Accession 1, block two for Accession 2, and
block three for Accession 3. Afterward, it was planted on
beds with an area of 2 x 2 m with a height of 30 cm and a
spacing of 45 cm between plants. Beds are made with a
mixture of soil and organic fertilizer as much as 5 kg/m?.

Watering was done daily every morning or afternoon.
Weed cleaning was done once every two weeks and
fertilizing was done one month after planting using organic
fertilizer as much as 5kg/m. Weed cleaning and pest control
were done manually by hand.

Observation

Observations were conducted once a week, which
included plant height measurement and leaves counting.
Morphological observations were made when the E.
purpurea entered its generative phase.

Harvesting

Harvesting was done at the age of 4 months after
planting (80% flowering). Qualitative observations were
conducted on the shape of the flower, the color of the
flower, the shape of the crown of the flower, the color of
the leaf, the shape of the leaf tip, the shape of the leaf's
edge, the top and bottom surface of the leaf. While
guantitative observation is done by measuring the plant
height, wet stover weight, number of leaves, number of
branches, number of flowers, root weight, and root length.
Analysis of extract yield, total phenolic, and flavonoid
content were parts of quantitative measurement.
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Figure 1. Selection of accessions as seeds: A. Accession 1, B. Accession 2, C. Accession 3

Extraction

After harvesting was completed, then the stover was
dried using an oven with a temperature of 50° C. The part
of the plant taken was the upper parts of the plant or its
herbs (stems, leaves, and flowers), which was dried for
about 14 days. The dried stover was thoroughly ground
until smooth, weighed as much as 5 grams for extract
residue, and 100 mg for analysis of phenolic and flavonoid.
Samples that had been weighed were soaked with 50 mL
absolute ethanol for extract residue and, 10 mL were used
for each of phenols and flavonoids analysis. Samples for
extract residue were macerated 3 x 24 hours, then filtrated
and placed in a cup that was weighed beforehand and dried
using an oven. The dried extract was weighed and
calculated by subtracting the initial weight of the cup with
the final weight of the cup.

Determination of total phenolic

Phenolic was analyzed using the Folin-Ciocalteau (FC)
method with slight modification according to the Center for
Research and Development of Medicinal Plants and
Traditional Medicine (B2P2TOOT). This method was
based on the reaction of the phenolic group with Folin-
Ciocalteu reagent, i.e. the sample that is reacted will
change color to a complex blue (Alfian and Susanti 2012).

Preparation of gallic acid stock solution

Gallic acid stock solution of 1000 ppm was prepared by
dissolving 1 g of gallic acid with 1000 mL distilled water
in 1000 mL volumetric flask. The solution is homogenized
by shaking, then it was poured into 1 L Duran bottle and
covered with aluminum foil.

Preparation of 1M Na,COs solution

As much as 10,599 g of Na,CO3 was inserted in a 100
mL volumetric flask. Aquabidest was added up to the
volume of 100 mL.

Determination of maximum wavelength

The determination of wavelength was done by diluting
the gallic acid stock solution to 60 ppm. Then, 300 uL of
60 ppm gallic acid solution was pipetted into the test tube
and 400 pL of Folin-Ciocalteau reagent was added and
incubated for 8 minutes. As much as 2400 pL of Na,COs
was then added to the solution and incubation was done for
30 minutes. The solution was inserted into a cuvette and
read at the wavelength of 500 nm - 800 nm using UV-vis
Spectrophotometer 1900 (Shimadzu brand). The maximum
wavelength obtained was 757 nm.

Determination of the operating time

Two test tubes were prepared as measurement blanks
and gallic acid samples. The blank contained 400 pL Folin-
Ciocalteau, 2400 pL Na,COs and 300 pL Aquabidest. As
for the sample, it contained 400 pL Folin-Ciocalteau 400
uL, 2400 pL Na,COs, and 300 uL 60 ppm gallic acid.
Solutions were incubated for 30 minutes, then inserted into
a cuvette and read at 757 nm for 1 hour, starting from 0
minutes to 60 minutes with a period of 5 minutes. The most
stable and maximum operating time was at 30 minutes.

Making a standard curve

Several concentrations of 30; 40; 50; 60; 70 ppm were
made from the 1000 ppm gallic acid stock solution. As
much as 300 uL of each concentration was transferred into
a test tube, 400 pL Folin-Ciocalteau and 2400 uL. Na;COs
were added, then incubation for 30 minutes was done
(sample). Whereas as the measurement blank, a solution
containing 400 pL Folin-Ciocalteau, 2400 pL. Na,COs; and
300 pL Aquabidest were used. Each concentration was read
at a wavelength of 757 nm. The results were then
calculated by the equation of y = bx-a, and R2 obtained is
0.9661.
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Sample preparation

Samples from extraction (100 mg dry sample in 10 mL
absolute ethanol) were sonicated at 40Hz for 15 minutes.
After that, they were settled for 10 minutes, 300 pL of
sonication samples are taken and 400 mL of Folin-
Ciocalteau was added. Incubated for 3 minutes, then 2400
puL Na,COs was added and incubated for 30 minutes. The
sample was pipetted into the cuvette and read at a
wavelength of 757 nm to calculate the absorbance.

Determination of total phenolic content

Phenolic content in dried samples of E. purpurea herbs
was obtained by calculating the absorbance values using
the standard gallic acid curve with the curve equation of y
= 0.014x - 0.188. The measurement results for phenol
levels were expressed as milligrams of gallic acid
equivalent per gram of extract weight (mg GAE g-1).

Determination of total flavonoid

Analysis of total flavonoid levels was done using the
Aluminum chloride colorimetric method from Chang et al.
(2002) with a slight modification. The standard curve of
identifiers used quercetin in methanol. Quercetin is one of
the biologically strong flavonoid class active substances.
The absorbance of the sample solution and the standard
curve was measured by UV-Vis Spectrophotometer with a
wavelength of 415 nm. The flavonoids content in dried
samples of herbaceous E. purpurea was obtained by
calculating the absorbance value on the standard quercetin
curve with the curve equation of y = 0.0383x + 0.0911. The
results of measurements of flavonoid content are expressed
as milligrams of quercetin equivalent per gram of dry
weight (mg GAE g-1).

Data analysis

Qualitative data were described descriptively and
quantitative data were analyzed using SPSS 21.0 to
produce the coefficient of regression.

RESULTS AND DISCUSSION

Of 192 E. purpurea plants, a total of 157 plants (or
more than 80%) did flowering and 96 E. purpurea of them
were used as samples. E. purpurea that did not produce
flowers has a dwarf-like appearance in comparison to
samples that able to adapt well in the studied area which
has lowland. Some E. purpurea did not flower due to stress
during planting as the experiment was conducted during the
dry season and the plant experienced stress. Drought causes
photosynthetic rates to decrease significantly at all stages
of growth (Akram et al, 2013). This causes the plant to
become stunted, which causes the value of dry weight and
plant productivity to decrease.

Morphological characters
Leaf

The three accessions of E. purpurea cultivated in the
studied areas have several differences that can be directly
noticed. Accession 1 has the shape of an elongated ovate
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leaf and a tapered tip, the edge of a large, pointed jagged
leaf, a deep green color. The upper surface of the leaf is
rough and the bottom surface is rough-haired. This
accession is very different from the parental morphology
which might be due to the cross-pollination that occurred in
the experimental garden. E. purpurea is a plant that has
self-incompatibility (Subositi and Widyastuti 2013) so that
there is a high diversity of leaf morphology compared to its
previous parents. Accessions 2 and 3 have the same leaf
color which is dark green, the shape of the leaves of the
two accessions has jagged curved leaf edges and pointed
edges. The lower surface of Accessions 2 and 3 is coarse
hair, but the upper surface of the Accession 2 is smooth in
contrast to Accession 3 with rough upper leaf texture
(Figure 2).

Flower

The flower of E. purpurea is the most obvious
morphological parameter that can be directly noticed. E.
purpurea belongs to family of Asteraceae, similar family
with  Chrysanthemum which has a similar flower
morphology and arrangement as E. purpurea which
consists of tubular flowers, sepals, petals, and stems
(Purnobasuki et al. 2014). The form of E. purpurea flower
that is cultivated in the lowland has experienced many
changes correlated to its parental. Almost all the accessions
chosen have a form of a curved downward flower.
However, after conducting research on the lowland, the
shape of the flower of each accession underwent a different
change. Accessions 1 and 3 have flowers that tend to be
flat, while Accession 2 has flowers that tend to curve
downward (Figure 3). The changes that occurred on the
flower form is due to cross-breeding between one accession
to another, which is in line with the study of Kang et al.
(2015) that states the Hibiscus rosa-sinensis plant is
crossed with an intraspecific hybridization that produces
flowers with different colors, shapes, and sizes. The flower
buds of Accession 1 have a light green color, while
Accession 2 and Accession 3 have pink green (Figure 4).
Research conducted in Germany also proves that there is a
diversity of E. purpurea morphology, namely 7 accessions
(Banga et al. 2010) and 9 E. purpurea genotypes (Varban
et al. 2010). Accession 1 has deep pink flowers, Accession
2 has a pale pink color, but Accession 3 has a dark purple
color (Figure 3). E. purpurea petals have different ends,
Accession 1 has a notched 1 or "V" shaped tip, whereas the
Accession 2 and Accession 3 have a groove or "W" shape.

The stems of E. purpurea also have morphological
variations that can be seen easily from the color of the
stems (Figure 5). Accession 1 has a light green stem with
dark green spots, Accession 2 has a green stem with purple
spots, while Accession 3 has a dark green color with light
green spots. Color changes can be caused due to lack of
sunlight, lack of nutrition, or can also be caused by a lack
of water (Pratiwi et al. 2019). Plant morphology, including
changing plant stems can be influenced by metabolic
processes in plants and external factors such as
temperature, humidity, stress, etc. Each plant has a
different tolerance level for environmental changes that
occur (Allen et al. 2010). The different stem morphology
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Al A2 A3

Figure 2. Leaf morphology of E. purpurea used in this study: Al.
Accession 1, A2. Accession 2, A3. Accession 3

Al A2 A3

Figure 3. Flower morphology of E. purpurea used in this study:
Al. Accession 1, A2. Accession 2, A3. Accession 3. Bar =2 cm

| Al

A3

Al

Figure 4. Flower and buds morphology of E. purpurea used in
this study: Al. Accession 1, A2. Accession 2, A3. Accession 3

A2 A3

Figure 5. Stem morphology of E. purpurea used in this study:
Al. Accession 1, A2. Accession 2, A3. Accession 3
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of E. purpurea in this study is likely caused by their
tolerance to change in different environmental conditions.

Stem
Extract residue

Extract residue is obtained from the extraction process,
which is the withdrawal of soluble chemical contents so
that it is separated from insoluble materials with solvents
such as water. Soft simplicia such as rhizomes and leaves
are easily absorbed by solvents, therefore the extraction
process does not need to be in the form of powder. In
contrast in this extraction, E. purpurea needs to be
powdered because the sample is in the form of stems,
leaves and flowers mixture which has a quite hard texture.
Hard simplicia such as seeds, stems, and bark must be
ground until smooth (Ditjen POM, 2000). There are several
methods of extraction, namely percolation, soxhlation,
maceration infusion, digestion, etc. E. purpurea extraction
is used to determine the yield of this extract using the
maceration method. The result of extraction processes is
presented in Table 1. The table shows that the highest
extract yield was produced by Accession 3 with a value of
7.655%, which is significantly different in comparison with
Accessions 1 and 2.

Total phenolic content

Phenolic compounds are secondary metabolites of
plants that have biological activities and consist of 8000
kinds of compounds. This phenolic compound can function
as anti-Alzheimer's, anti-analgesic, and also antiallergic as
stated by Shahidi and Yeo (2018). Our study shows that the
total phenolic produced from 3 accessions of E. purpurea
has significantly different results. The highest phenol yield
was obtained from Accession 1 with 507,619 mg GAE.g-1
Extract, followed by accession 2 and 3 with a total content
of 441,309 mg GAE.g-1 Extract and 397,917 mg GAE.g-1
Extract respectively.

Total flavonoid content

Flavonoids are a group of secondary metabolites that
are synthesized from pyruvic acid through amino acid
metabolism. The naming of flavonoids comes from Latin
which refers to the color yellow, and most of the flavonoids
are colored yellow. Flavonoids are groups of organic
pigments that do not contain nitrogen molecules. The
combination of pigments formed the color of leaves,
flowers, stems, and fruit in plants. The pigment is also
beneficial for humans and one of its benefits is as an
antioxidant (Heldt and Piechulla 2011). For humans,
flavones in small doses work as stimulants in the heart and
capillaries, as well as diuretics and antioxidants in fats
(Nijveld et al, 2001). Based on this study, the total
flavonoid content produced was significantly different.
Accession 2 produced the highest total flavonoid with a
value of 313,869 mg QE.g-1, followed by Accession 1 with
298,214 mg QE.g-1, and accession 3 with the content of
290,952 mg QE.g-1.
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Table 1. Total phenolic and flavonoid content in herbs ethanolic extract

Rendement extract

Total phenolic content

Total flavonoid content

Accession (%) (mg GAE.g'1 Extract) (mg QE.g'1 Extract)
1 6,9434 507,619 ¢ 298,2142
2 7,587 441,309 313,869 P
3 7,655 ¢ 397,917 2 290,952 2

Note: Numbers followed by different letters in the same row show significant differences in DMRT level of 5%

Table 2. The average value of plant height, plant weight, number of leaves, number of flowers, root weight, length of root, and number

of branches

Karangpandan

Character Accession 1 Accession 2 Accession 3
Plant height (cm) 20,18° 15,782 14,718
Number of leaves 36,91° 25,142 25,722
Number of flowers 10,62° 6,312 5,652
Plant weight (g) 198,59P 126,402 106,032
Root weight (g) 25,18¢ 20,18° 14,032
Length of root (cm) 20,07° 17,492 16,442
Number of branch 7,090 3,532 3,682

Note: Numbers followed by different letters in the same column show significant differences in DMRT level of 5%

Al A2 A3

Figure 6. Whole plant morphology of E. purpurea used in this
study: Al. Accession 1, A2. Accession 2, A3. Accession 3

Quantitative analysis shows that they are significant
differences among accessions. Accession 1 significantly
higher (20,18 cm) than Accession 2 and Accession 3 (with
15,78 and 14,71 cm, respectively) (Table 2), while
Accession 2 and Accession 3 no significant difference in
height. Plant height is influenced by many factors, one of
which is the height of the place, the E. purpurea parental
used in this study came from a Tawangmangu
Karanganyar, Central Java (highland) where the height of
E. purpurea is almost identical to the one in its home
country. The result is in accordance with research
conducted by Almedi et al. (2018) which states that the
height of sugarcane cultivated on lowland has the best
average height than that cultivated on highland.

The number of leaves, number of flowers, plant weight,
root length, and the number of branches showed
significantly different results in which for these parameters.
Accession 1 is the best compared to the two different other
accessions (Fig 6). The number of leaves, the number of
flowers and the number of branches in the lowland show
significantly different results, but the ANOVA results show
a lower number of leaves, number of stems and number of
branches in comparison to E. purpurea cultivated in the
highlands (unpublished data). This is influenced by a
higher temperature that occurs in the lowland than the
highland, further in a study conducted by Angio (2016)
states that high temperatures can cause a decrease in the
number of leaves, number of branches, plant height, and
productivity of eggplant species.

For the root weight, all accessions show significant
differences. A higher root weight indicates the greater root
distribution due to adaptation towards the new habitat
where it grows so that plants could grow well. The highest
root weight, followed by plant growth, optimum stover
weight, and plant height are shown by Accession 1. This is
in accordance with the research by Nio and Torey (2013)
that stated, plants that are resistant or adapt themselves to
water shortages will have longer roots, higher root volume,
and increased root dry weight. The fresh stover weight of
the E. purpurea can be influenced by several factors such
as accession, variety, altitude, temperature, sunlight
intensity, etc. These factors affect the vegetative phase of
E. purpurea, where most of the weight of fresh stover
originates from leaves and stems. The yield of a crop is
indeed strongly influenced by environmental conditions,
altitude, water, sunlight, etc. This was stated by As-syakur
et al. (2011), where sugarcane production is strongly
influenced by biotic and abiotic factors, such as the altitude
and temperature.
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This research concludes that there is a diversity of
morphology of E. purpurea that is cultivated in the
lowland. Morphological variations of accession E.
purpurea can be distinguished and classified descriptively
by observing the flowers, leaves, and stems. Morphological
differences in E. purpurea are most visibly seen in the form
of the flower and also the color of the stem. Morphological
variations occurred due to many factors, among others,
cross-pollination between accessions, altitude, temperature,
water availability, and the composition of DNA. Accession
1 shows the best results compared to the other two
accessions. Accession 1 in terms of plant height, number of
leaves, number of flowers, plant weight, length of root, and
number of branches height has the best adaptability if
cultivated on lowland.
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