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General Assembly Rundown 

 
• Pararell Show (Poster and Video) 24-25 August 2021 

• General Assembly 25 August 2021 

Time  
(GMT+7; AM) 

Activities Person  in Charge 

07.30-08.00 Registration and preparation Committee 
08.00-08.05 Opening MC 
08.05-08.10 Indonesian National Anthem Committee 
08.10-08.20 Welcome Address Dean Faculty of 

Agriculture 
08.20-08.30 Opening Remarks UNS-Rector 

   

08.30-08.35 Preparation for Session 1 (2 Invited Speakers) MC 
 Announcements  

08.35-09.00 Invited Speaker 1 (USA – Prof. Herry Utomo) 
Presentation tittle: 
“Artificial Intelligence in Sustainable Agriculture 
& Environment” 

Moderator 
 

09.00-09.25 Invited Speaker 2 (USA – Dr. Halis Simsek) 
Presentation tittle: 
“Impact of groundwater table depth on plant 
growth, yield, and grain quality” 

09.25-09-40 Q n A Moderator 

   

09.40-09.45 Preparation for Session 2 (2 Invited Speakers) MC 
 Announcements  

09.45-10.10 Invited Speaker 3 (USA – Prof. Taifo Mahmud) 
Presentation tittle: 
“Naturally-derived crop protectants” 

Moderator 
 

10.10-10.35 Invited Speaker 4 (UNS – Prof. Ahmad Yunus) 
Presentation tittle: 
“Growth and Secondary Metabolites Content of 
Ekinase (Echinacea purpurea)  
in Karanganyar, Central Java, Indonesia” 

10.35-10.50 Q n A Moderator 

   

10.50 – 15.00 Pararel session Video and Poster (via website) Committee 
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15.00-15.05 Preparation for Session 3 (2 Invited Speakers) MC 
 Announcements  

15.05-15.35 Invited Speaker 5 (Singapore – Rita 
Padawangi, Ph.D) 
Presentation tittle: 
“The Role of Design in Urban Space  
Development and Sustainability” 

Moderator 
 

15.35-16.05 Invited Speaker 6 (Netherland – Abidah B. 
Setyowati, Ph.D) 
Presentation tittle: 
“Towards A Socially Just Transition to Low 
Carbon Development in Indonesia” 

16.05-16.35 Q n A Moderator 

   

16.35-16.45 Closing remarks MC 
16.45-17.00 Announcements MC 
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Parallel Session Room 

Poster Room 1 : General Agriculture 

Authors Title 
Paper 

ID 

C Prayogo, B Prasetya, 
N Arfarita 

Comparative effects of the combination of 
Biofertilizer, NPK and mycorrhizal 
application on maize production system 

3 

H Widijanto, D 
Anggastya, J Syamsiyah, 
Suntoro and Mujiyo 

Soil Fertility Index of Organic, Semi-
Organic, and Conventional Rice Fields on 
3 Different Soil Types 

59 

A N Azizah, E Yuniastuti, 
Nandariyah, Supriyono, 
and I I S Putri 

Morphological characterization of pachira 
(Pachira aquatica Aubl.) 

68 

A K Setyawati, S 
Marwanti and M T 
Sundari 

Factors affecting the demand of native 
chicken eggs in Surakarta City 

76 

A N Afifah, S Marwanti 
and Agustono 

Food security analysis based on the 
proportion of food expenditure and 
energy consumption of carrot farm 
households in Tawangmangu Karanganyar  

78 

B Pujiasmanto, A H 
Adidana, T D Sulistyo 
and P Harsono 

 Study of Manure Type and Soil Type on 
Moringa Seed Growth (Moringa oleifera L) 

80 

Setyowati, E S Rahayu, H 
Irianto and J Sutrisno 

Analysis of marketing efficiency of shallot 
(Allium ascalonicum L.) in Karanganyar 
Regency 

84 

Suminah, Suwarto, 
Sugihardjo, A Sapja and 
P Dwiningtyas 

Self Reliance of Ornamental Plants 
Agribusiness Actors during the Covid 
Pandemic in Surakarta 

94 

J B Aboyitungiye and D 
Prasetyani 

Is agriculture an engine of economic 
reconstruction and development in the 
case of the Republic of Burundi? 

105 

S Hartati, Samanhudi,, O 
Cahyono and A N 
Hariyadi 

Morphological characterization of natural 
orchids Dendrobium spp. 

210 

S Hartati, Samanhudi, O 
Cahyono 

The appearance of DNA bands pattern 
based on the result of primary selection of 
RAPD Orchid Phaius spp. 

225 
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Video Room 4 : Medicinal herb farming 

Authors Title 
Paper 

ID 

J P Choirunnisa, Y 
Widiyastuti, A T Sakya 
and A Yunus 

Growth variation and proline accumulation 
of Echinacea purpurea cultivated to CaCl2 
salinity  

25 

Supriyono, J R Zakiyyah, 
T D Sulistyo and B 
Pujiasmanto 

The impact of ZA substitution with organic 
fertilizer through red ginger’s growth and 
yield in mixed cropping with maize and 
cassava 

54 

Supriyono,  I 
Parameswati, M T S 
Budiastuti and S Nyoto 

Subtitution of ZA with organic fertilizer on 
monoculture red ginger  

55 

F I Mustofa, N 
Rahmawati, Zuraida, 
Fitriana, A Wuryani and 
Widhiyantoro 

The Role of Health Cadres to Increase 
Housewives’ Knowledge, Attitude and 
Intention Toward Medicinal Plant 
Cultivation and Usage at Kedungjati, 
Grobogan, Central Java 

62 

Supriyono, M W Astuti, 
Pardono and B 
Pujiasmanto 

Effectivity by adding some types of organic 
manure on red ginger (Zingiber officinale 
Rosc. var. rubrum) 

79 

Y Widiyastuti The Influence of IBA Application on 

Seedling Growth of 3 Types of Awar-awar 

(Ficus septica) Cuttings Origin 

88 

Supriyono, L 
Septianingtyas, S Nyoto 
and Sulandjari 

Effectiveness of giving organic fertilizer 
with different doses on the growth and 
yield of red ginger (Zingiber officinale var 
Rubrum) 

95 

Zulfahmi, Parjanto, E 
Purwanto, B 
Pujiasmanto, A T Sakya, 
Samanhudi, Rosmaina 
and A Yunus.  

Variation of Eurycomanone Content Within 
and Among Populations of E. apiculata 
A.W. Benn. 

115 

N Rahmawati, FI 
Mustofa, I Y M 
Sholikhah, S Haryanti 
and D Subositi 

Ethnopharmacology of Peperomia 
pellucida and Other Anti-
hypercholesterolemia Medicinal Plants on 
Celebes Island of Indonesia 

125 

A T Sakya, Sulandjari  
and WS Dewi  

Growth and P absorption of Fibraurea 
tinctoria Lour  in peat soil with an 
amendment  

146 

S Haryanti, N 
Rahmawati, I Y M 
Sholikhah and Y 
Widiyastuti 

Ficus septica, an ecosystem keystone 
species induced ROS-mediated 
cytotoxicity in HepG2 hepatocarcinoma 
cells 

148 
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Goals (SDGs) Policy in the Environmental 
Sector 

Rosmaina, R Elfianis, F 
Mursanto, A Janna, T 
Erawati, LE Yani, NNWM 
Solin and Zulfahmi 

Mutation Induction in The Pineapple 
(Ananas comosus L. Merr) Using 
colchicine 

118 

I D A Nurhaeni, E E 
Hartono, I S Putri, Y 
Kurniawan and D G 
Suharto 

Policy Innovation on Environment and 
Forestry Development for Supporting 
Gender Equality in Indonesia 

152 

G N F Nugroho The Challenge of Reducing Non-Revenue 
Water (NRW): A case study of Tirta Patria 
Water Supply Company in Blitar City 

160 

R A D Pangestu, 
Hadiwiyono and 
Supriyadi 

The Effect of Application of Control 
Techniques to the Population, Damage 
Intensity of Onion Caterpillar (Spodoptera 
exigua Hubner) and Yield of Shallots 

161 

Marfuatush Sholikhah, 
Ika Yanti 

In Vitro Anticancer Screening of Selected 
Indonesian Medicinal Plants 

196 

A Z Abidin and D 
Prasetyani 

Socio-economic study on empowering 
women farmers to support the SDGs 

206 
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Paper ID: 115 

 

Variation of Eurycomanone Content Within and Among 

Populations of E. apiculata A.W. Benn. 
 

Zulfahmi1,4*, Parjanto2, E Purwanto2,3, B Pujiasmanto2,3, A T Sakya2, Samanhudi2,3, Rosmaina4 

and A Yunus2,3 

 
1Doctoral Program of Agricultural Science, Graduate School, Sebelas Maret University, 

2Department of Agrotechnology, Faculty of Agriculture, Sebelas Maret University, 
3Research Center for Biotechnology and Biodiversity, Sebelas Maret University, 

4Permanent address of Department of Agrotechnology, Faculty of Agriculture and Animal 

Science, Universitas Islam Negeri Sultan Syarif Kasim Riau, Pekanbaru, Indonesia, 28293. 

 

Email: zulfahmi@uin-suska.ac.id 
 

Abstract. Information on the eurycomanone content of E. apiculata from natural populations in Indonesia 

is unknown. This study aims to assess the variation of eurycomanone content within and among populations 

of E. apiculata, to determine the correlation of eurycomanone content with environmental factors, and to 

determine the collections site of genetic material for the establishment of the breeding base population of 

E. apiculata. This study found that the average variation of eurycomanone content within population was 

25.72%. Eurycomanone differentiation coefficient among populations of E. apiculata was 84.33%, 

indicating that the variation of eurycomanone content among populations was higher than the variation 

within population. Pearson correlation of eurycomanone content with population environmental factors 

showed no significant correlation. Based on clustering, the Rumbio population can be selected as a source 

of the genetic material of E. apiculata for breeding program in the future. 
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Paper ID: 118 

 

Mutation Induction in The Pineapple (Ananas comosus L. 

Merr) Using Colchicine 
 

Rosmaina*, R Elfianis, F Mursanto, A Janna, T Erawati, L E Yani, N W N M Solin and 

Zulfahmi 

 

Department of Agrotechnology, Faculty of Agriculture and Animal Science, Universitas Islam 

Negeri Sultan Syarif Kasim Riau, Panam Campus-Pekanbaru 28293, Riau, Indonesia 

 

Email: rosmaina@uin-suska.ac.id 

 
Abstract.  Pineapple is a tropical fruit that has high economic value. Mutation is one method to increasing 

diversity of plant and plays an important role in plant improvement. This study aims to induce mutation in 

pineapple used colchicine. This study was arranged using a factorial completely randomized design, which 

the first factor was four pineapple genotypes, and the second factors was four colchicine concentration 

levels. Observation parameters included leaf shape, leaf color, plant height, number of leaves, leaf width, 

number of stomata, stomata length and stomata width. The results of this study showed that genotype has 

a significant difference on all parameters. The concentration of colchicine only had a significant effect on 

stomatal length. The interaction between genotype and colchicine had a significant difference on plant 

height and number of leaves. The conclusion of this study was that colchicine caused a decrease in plant 

height and an increase in leaf number and stomata length. 
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Preface 

Contemporary events show us that we humans are very vulnerable to economic and environmental 
fluctuations. As humanity progress, produce and consume like it will exist until infinity. Sustainability 
has always been the case, is accepted as life guidance but until then we; researchers, companies and 
students should try to work on this concept so that next generation can benefit from our efforts.  

Sustainable way of dealing with environment and agriculture is not easy. The benefits from 
sustainable agriculture vary and sustainable agriculture doesn’t have harmful effects on environment or 
sources. In agricultural activities have been performed for chaining the environment or utilizations of 
environment as sources with maximum benefits. If we do not success that, it is impossible for us to talk 
about modern agriculture. Under poor management of agriculture, biodiversity and soil properties can 
be damage, contaminate and some problems limiting efficient agricultural activities may be occurred.  

The main objective of farming is to produce food for human being, but unfortunately some parts of 
the farmlands have used also as settlements areas. By this way, some natural resources have been 
deteriorated; consequently, size of farmland has reduced day by day. In that regard, it is possible to say 
that we are in going in a circle. More than one-third of food supplies is as form of wastes due to the over 
buying than required amounts of food by costumers.  

In the lights of the information mentioned above, there is no doubt that continues sustainable 
agricultural activities are practical solution to prevent the human being from the starvation. The 
International Conference on Sustainable Agriculture and Environment (ICSAE) series were aimed to 
provide a platform for researchers and academics as well as practicing professionals from all over the 
world, to present their research and professional development activities in agriculture, environment, 
food and other relevant subjects. This conference series was an effort to identify the ideas, practices and 
policies that constitute our concept of sustainable agriculture. The concept of sustainable agriculture 
itself is still evolving and thus, we published not as a definitive or final statement, but as an invitation 
to continue our dialogue. Moreover, as we experienced lately during COVID-19 pandemic situation, 
agriculture is a sector which stay struggle and can be source of many materials for fight the diseases. 

The current ICSAE-7 at 2020 was held during global pandemic situation, for that the committee 
decided to shift from offline to online meeting. It’s not an easy task by the way, there were travel banned, 
different time zone, and internet connection are factors need to be overcome during the organization of 
this event. Question may be arising, why the ICSAE is not postponed. Well, it is the commitment of 
scientist to communicate the agriculture issues during pandemic situation, moreover the event also has 
been planned well since last year. After some adjustments, and considering available resources, the 
conference then held virtually at 25-27 August 2020.  

Committee use online meeting platform for two main agendas in this event. First, the parallel session 
that was held for 3 days in row using website as the media for the researcher to deliver their talk. Each 
author(s) has 15 minutes to talk about their paper, recorded then uploaded both in Youtube and in the 
virtual venue (conference website). All the documentation of author(s) talk can be accessed in the 
conference website (https://icsae.id). Committee set 3 days online meeting, since realizing the time zone 
different and internet connection differences among the participant(s). Using this strategy, the talks can 
be enjoyed by the participants during their stay at home, or can be accessed anywhere and anytime. 
Participants can raise question in every single uploaded talk, by typing their question in the conference 
website. The system will notify the author(s), then question can be answer it accordingly.  
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The second program is the General Assembly meeting which held at 27 August 2020. This program 
was held by online via Zoom meeting, and there were 6 keynote speakers invited and delivering talk 
about agriculture and its challenge during pandemic situation. Both meeting program, parallel session 
and general assembly, were organized virtually by committee which stay in Universitas Sebelas Maret 
Surakarta Indonesia, and in Turkey by the help of Dr. Mithat Direk.  

As can be listed, committee receive participation around the globe such as from Europe, Turkey, 
Egypt, Pakistan, China, India, Indonesia, Japan, Taiwan and etc. Officially, committee receive online 
registration to participate this virtual conference around 320 participants from around the world. As the 
commitment to open access all the conference talk, we let the virtual venue open and can be visited 
online, until now (15 November 2020) the virtual venue has been visited by more than 1,850 viewers 
from around the world.  

Overall, the major obstacles were internet connection stability which vary between participant(s) in 
his/her region. A condition of can’t join the live meeting, breaking up voice during talk, can’t see screen 
share during presentation at the participant(s) side, were associated with the connection. However, 
according to the participant(s) feedback, ICSAE-7 conference was successfully held by virtually and 
this was a new experience in participation the international conference.  

Lastly, committee would like to thank whole people being at Scientific Board, Managerial Board, 
authors or participants by supporting their valuable works. Particularly Prof. Ahmad Yunus from 
Universitas Sebelas Maret Indonesia and his team, for all their contributions on continuity of these 
conference series since it was held, for the 1st, at 2013 in Surakarta Indonesia, then move around the 
globe and at 7th ICSAE its back again in Surakarta. I do appreciate all the efforts given to prepare this 
event. This is the first digital conference of ICSAE series which could be reach wider and bigger 
participant around the world. 

 
 
ICSAE-7 2020  
Chair 
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2. Dr. Mustafa Şahin, President, Selcuk University, Turkey 

3. Dr. Muhammad Sarjan, Mataram University, Indonesia 

4. Prof. Dr. Samanhudi , Dean Faculty of Agriculture Sebelas Maret University, Indonesia 

Conference Chairs (in alphabetical order) 

1. Dr. Mithat Direk, Agricultural Economy, Selcuk University, Konya, Turkey 

2. Dr. Sigit Prastowo, Animal Science, Sebelas Maret University, Indonesia 

Technical Program Committee (in alphabetical order) 
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Conference Secretary (in alphabetical order) 
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9. Prof. Dr. Edi Purwanto, Agrotechnology, Sebelas Maret University, Indonesia  

10. Dr. Eka Handayanta, Animal Science, Sebelas Maret University, Indonesia  

11. Associate Prof. Dr. Hela Chikh Rouhou, Centre Régional des Recherches en Horticulture et 

Agriculture Biologique (CRRHAB/IRESA), Tunisia 

12. Luthfi Ahmaddani, IPB University, Indonesia 

13. Prof.Dr. Midhat Jazic, Unıverzıtet U Tuzlı Tehnološkı Fakultet Tuzla, Federation of Bosnia And 

Herzegovina 
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Abstract. Information on the eurycomanone content of E. apiculata A.W. Benn from natural 

populations in Indonesia is unknown. This study aimed to assess the variation of eurycomanone 

content within and among populations of E. apiculata, determine the correlation of 

eurycomanone content with environmental factors, and determine the collection sites of genetic 

material for the establishment of the breeding base population of E. apiculata. The analysis of 

eurycomanone content was carried out using High-Performance Liquid Chromatography. This 

study found that the highest eurycomanone content was observed in the Rumbio population (9.86 

mg/g) and the lower value was observed in the Pokomo population (4.44 mg/g). The average 

variation of eurycomanone content within the population was 25.72%. The coefficient of 

eurycomanone differentiation among populations was 84.33%, indicating that the variation of 

eurycomanone content among populations of E. apiculata was higher than the variation of 

eurycomanone content within-population (15.67%). Pearson correlation of eurycomanone 

content with population environmental factors showed no significant correlation. Based on the 

eurycomanone content and clustering, the Rumbio population can be selected as a source of the 

genetic material of E. apiculata for eurycomanone production via the breeding program in the 

future.  

1. Introduction 

Eurycoma apiculata A.W. Benn is one of the members of the Simaroubaceae family. This species grows 

in Sumatra island, Indonesia, and Malaysia Peninsular. In Indonesia, E. apiculata is known as ‘pasak 

bumi daun runcing’, and the local name (Rumbio, Riau) is ‘pasak bumi betina’ [1]. E. apiculata is a 

small tree with a height less than 5 m [2]. This species is found in primary and secondary forests with 

altitudes less than 1,200 m above sea level. The research on E. apiculata was still limited to study on 

the leaf morphometric analysis [3,4], and chromosomes and karyotype analysis [5], while the 

phytochemical content of this species was not yet reported.  
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     Eurycomanone compound is one of the secondary metabolic compounds from the Simaroubaceae 

family and Eurycoma genus [6–8]. Eurycomanone is a type of quassinoid that is widely extracted from 

the ‘pasak bumi’ plant, especially the roots, and is used as a drug to increase testosterone hormone [9–

11], and anti-cancer [12,13]. This eurycomanone compound has also been used as a biomarker of pasak 

bumi to detect counterfeiting of raw materials for pasak bumi products [8,14,15]. 

As a medicinal plant, the breeding activities of E. apiculata are directed to enhance secondary 

metabolic compounds, namely the eurycomanone. In the development of breeding populations, high-

quality plant materials, especially characters (eurycomanone compound) that are closely related to the 

purpose of breeding, must be available and collected from various natural populations. The genetic gain 

can be optimally obtained if selection activities are conducted in the traits desired. 

Information on the eurycomanone content of each population that will be the target of the collection 

of genetic resources of the E.apiculata should be known. Until now, there has been no report on the 

eurycomanone content of E. apiculata in various regions in Indonesia, so research needs to be done. The 

screening study of eurycomanone compounds for the selection of E. longifolia genetic material for the 

development of its breeding population has been carried out in Malaysia [16]. The authors found the 

variation of eurycomanone content among populations studied. Many reports state that the same species 

from different populations will have different secondary metabolic contents [17–20]. This study 

purposes were to assess the variation of eurycomanone content within and among populations of E. 

apiculata, to determine the correlation of eurycomanone content with environmental factors, and to 

determine the collections site of genetic material for the establishment of the breeding base population 

of E. apiculata. 

2. Materials and methods 

2.1. Samples collection 

The root samples of the E. apiculata were taken from six natural populations (four populations in Riau 

province and two populations from Riau island province). Each population was represented by three 

samples, so that the total was 18 samples. The roots harvested were washed with water to clean off 

adhering soil, then dried at room temperature. The dried root was chopped manually, then made into 

powder with a powder size of 250 µm using a grinder. The root powder of E. apiculata was placed into 

a plastic bag and stored at room temperature until eurycomanone extraction was performed. 

2.2. Extraction  

The extraction of eurycomanone compounds followed the method of [21]. Extraction was carried out 

using methanol as a solvent because methanol is considered as a universal solvent that has a polar OH 

group and a nonpolar CH3 group so that it can extract polar and nonpolar compounds [22]. 20 g of E. 

apiculata root powder was taken and then soaked in 180 ml of methanol solvent with a ratio of powder 

to solvent of 1:9 (g/ml). 

The extraction process was carried out by heating a mixture of powder and solvent for 8 hours at a 

temperature of 60oC in a water bath. The extract solution was then filtered through filter paper. The 

residue from the first stage of extraction was re-extracted with methanol following the previous process. 

Extraction was performed only twice in this study. This was based on the results of the study of [23] 

which obtained high eurycomanone content only in the first and second extractions, while in the third 

to fifth extraction the eurycomanone content obtained was very low. 

The filtered solutions from the first and second extractions were combined and then evaporated using 

a vacuum rotary evaporator for 45 minutes at 50ºC. The crude extract obtained was then dried at room 

temperature, after that it was weighed to calculate the yield obtained. 

2.3. Determination of  eurycomanone concentration with HPLC 

A standard eurycomanone curve was made to determine the eurycomanone content of each sample. 

Standard eurycomanone powder from ChemFaces manufacturer, Wuhan, China was weighed 0.5 mg 
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and dissolved in 1 ml of HPLC grade methanol to obtain a concentration of 500 ppm, then filtered with 

a PTFE filter of 0.45 µm. Furthermore, serial dilutions were carried out with the same solvent to obtain 

a standard concentration of 250 ppm, 125 ppm, 62.5 ppm, 31.25 ppm, and 15.625 ppm. 

Determination of eurycomanone content was performed using HPLC (High-Performance Liquid 

Chromatography) Agilent Varian ProStar following the method of [21]. As much as 20 µl of the standard 

solution sample was injected into the HPLC column using a Hamilton syringe. The column used was 

column C18 (Microsorb-MV 100-5: size 150 mm x 4.6 mm x 5 m), the detector wavelength was 254 

nm, and the run time was 17.5 minutes. The stationary phase was silica gel and the mobile phase was 

water and acetonitrile with the ratio of water and acetonitrile of 85:15 (v/v). The flow rate of the mobile 

phase mixture was 0.8 ml/min. The resulting chromatograms were recorded and analyzed using Galaxie 

software. 

After the standard curve of eurycomanone was obtained, the determination of the eurycomanone 

concentration of each sample was carried out. The crude extract was dissolved with 1 ml of HPLC grade 

methanol, vortexed and then filtered with 0.45 m PTFE. 20 µl of sample solution was injected into the 

HPLC column using a Hamilton syringe. The determination of the peak of the eurycomanone 

chromatogram for each sample was determined by comparing the retention time of the sample (analyte) 

with the retention time of the standard eurycomanone. The total injection was three replicates per each 

sample. 

2.4. Data analysis 

The parameters observed in this study were as follows:Extraction yield, extraction yield calculation is 

carried out by the formula:𝑅 (%) =
(𝐴

𝐵)
𝑥 100 where R is the extraction yield (%), A is the extracted 

weight (g), and B is the initial powder weight (g). The eurycomanone content in the sample was 

determined based on the peak area of the eurycomanone chromatogram generated from HPLC, then 

calculated using a linear regression equation (Y = bx + a) from the standard curve. 

The data of extraction yield and eurycomanone content obtained were calculated the average value 

(X ), standard deviation (SD), and coefficient of variation (CV). The coefficient of phenotypic 

differentiation (VST) between populations was calculated by following the formula: 𝑉𝑆𝑇 =
𝜎𝑡/𝑠

2

(𝜎𝑡/𝑠
2 + 𝜎𝑠

2)
 [24], 

where 𝜎𝑡/𝑠
2  was component variance value of among populations, and 𝜎𝑠

2 was the component variance 

value within the population. Principal component analysis (PCA) and cluster analysis using the UPGMA 

method were performed to group the population. All of the above analyzes were performed using SAS 

software version 9.00 [25], and cluster analysis was performed using NTSYS ver.2.01 software [26]. 

3. Results and discussion 

3.1. Extraction yield 

The average value of extraction yield of E. apiculata root powder in this study was 2.99%. It was higher 

than the  yield of E. longifolia root extraction with methanol solvent as reported by [27] 2.67%, [28] 

1.00%, [29] 2.20%, but it was lower than the extraction yield reported by [30] and [31], 8.00% and 

4.1%, respectively. The extraction yield of this study is also higher than the extraction yield with water 

solvent i.e. 2.30–2.60% [32] and ethanol solvents i.e. 0.47% [33], but it was almost the same as those 

reported by [34] and [35]. 

The high extraction yield of this study is presumably because the extraction was carried out by 

heating at a temperature of 60oC for eight hours, and the small size of the sample powder (250 µm) so 

that the secondary metabolites present in the sample were extracted effectively. The heating in extraction 

aims to increase solvent penetration into the materials (powder) so that secondary metabolic compounds 

will be more extracted, in addition, the small powder size will also enhance the contact area to be larger. 

Several factors affect the extraction yield, including the solvent used, the ratio of the weight of the 

material to the volume of the solvent, temperature, extraction time, and sample size [36]. 
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The average value of the extraction yield of each population of E. apiculata can be observed in Figure 

1. The average value of the extraction yield of E. apiculata populations ranged from 2.20% – 3.91%. 

The lowest extraction yield was obtained in the Lingga-1 population while the highest extraction yield 

was obtained in the Lingga-2 population. The results of analysis of variance (ANOVA) showed that the 

extraction yield of E. apiculata between populations was not significantly different (P > 0.05). 

 
Figure 1. The average value of the extraction yield of E. apiculata with methanol solvent 

3.2. Eurycomanone standard curve 

The eurycomanone content in the sample was calculated based on the regression equation of the 

eurycomanone standard curve, i.e. Y = 0.0344x – 0.2526, in which the value of the correlation 

coefficient (r) is 0.999. The average retention time (RT) of standard eurycomanone was obtained at 2.76 

minutes. The eurycomanone retention time of the tested samples of E. apiculata ranged from 2.70– 2.79 

minutes with an average retention time of 2.75 minutes.  

The retention time in this study is lower than the results of the study by Nhan and Loc [21] which 

found that the retention time of eurycomanone compounds was 4.1 minutes, the difference in retention 

time is caused by the different lengths of the C18 column used, Nhan and Loc [21] using the column 

C18 measures 250 mm in length while this study uses a C18 column with a length of 150 mm. This is 

in accordance with the results of the study of Sun et al. [39] who found that shorter column lengths 

resulted in faster retention times compared to longer column sizes. 

3.3. Eurycomanone content and variation within population 

The eurycomanone content of E. apiculata roots in this study was 7.13 mg/g or (0.731%). This 

eurycomanone content of root extracts of E. apiculata was higher than the eurycomanone content of E. 

longifolia roots from natural forests in Johor-Malaysia of 1.40 mg/g [40], eurycomanone content of E. 

longifolia roots from eight populations in Malaysia, i.e. 5.80 mg/g [16], eurycomanone content of E. 

longifolia roots from several populations in Malaysian Peninsular of 0.353 mg/g [18], and 

eurycomanone content of 2.10 mg/g from plant propagation of E. longifolia using tissue culture 

techniques [21]. 

The average value of eurycomanone content in the population of E. apiculata ranged from 4.44 to 

9.86 mg/g (Table 1). The highest eurycomanone content was observed in the Rumbio population and 

the lowest eurycomanone content was observed in the Pokomo population. The results of the analysis 

of variance showed that the eurycomanone content of E. apiculata was significantly different between 

populations (p < 0.05), suggesting that individuals within the population were genetically different, and 

environmental conditions different between populations. The result of Duncan’s multiple range tests 

demonstrated that the eurycomanone content of E. apiculata in the Rumbio population was significantly 
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different with Pokomo and Tahura populations, but Rumbio population was not significantly different 

with other populations.  

There are several factors that may influence the differences in the eurycomanone content of E. 

apiculata between populations. First, the differences in the geographical location of each population 

because the sampling locations of plants were from different habitats. This is supported by a previous 

study on the Mentha spicata plant which shows that variations in plant phytochemical content are closely 

related to geographic location [41]. Furthermore, the author explained that differences in altitude, 

humidity, and location temperature contribute to changes in the content of secondary metabolic 

compounds. Second, differences in eurycomanone content between populations may be caused by 

different physical and chemical properties of the soil in which plants grow. Soil physical and chemical 

properties such as the amount and composition of available nutrients and soil pH may affect plant 

physiology and may result in differences in the secondary metabolic content of plants [42]. Biotic factors 

such as herbivorous communities can also induce differences and concentrations of plant secondary 

metabolites in both leaves and plant roots [43]. 

Table 1. The average (𝑥), deviation standard (SD), and coefficient of variation 

(CV) of eurycomanone content of six populations E. apiculata. 

Population 𝑥  ± SD (mg/g) CV (%) CV category 

Rumbio 9.86 a ± 1.70 17.26 Moderate 

Sentajo 8.82 ab ± 2.71 30.70 Moderate 

Lingga-1 6.98 abc ± 0.82 11.71 Moderate 

Lingga-2 6.99 abc ± 1.42 20.26 Moderate 

Tahura 5.70 bc ± 2.76 48.54 High 

Pokomo 4.44 c ± 1.15 25.85 Moderate 

average 7.13 ± 1.76 25.72 moderate 
Note: numbers followed by different letters in the same column are significantly different (p < 0.05). 

The value of the coefficient of variation (CV) is often considered the main indicator of population or 

character diversity [24]. The CV values of eurycomanone content for the entire population of E. 

apiculata are shown in Table 2. The CV value of eurycomanone content in six populations of E. 

apiculata varied from 11.71% to 48.54% with the average CV value of all populations was 25.72%. The 

highest CV value was observed in the Tahura population while the lowest CV value was observed in 

the Lingga-1 population. According to the classification of CV [44], the variation of eurycomanone in 

the Tahura population was high, while other populations were moderate. The diversity of eurycomanon 

E. apiculata in this study was 25.72% higher than that of ginkgolide B (CV = 18.46%), ginkgolide C 

(CV = 15.74%); total ginkgolide (CV = 19.41%) and total lactone (CV = 20.36%) in Ginkgo biloba 

plant [45].  

The average value of variation of the eurycomanone content in the population of E. apiculata from 

the Riau Islands region (Lingga-1 and Lingga-2) was 15.99%, lower than the population of E. apiculata 

from Sumatra (30.59%). This showed that the population from the Sumatra mainland is more diverse 

than the population on the Riau Archipelago. The lower eurycomanone variation of the population from 

the Riau Islands is greater than the population in mainland Sumatra due to geographic isolation, 

consequences diminishing of gene flow among populations, and low genetic diversity of species [46]. 

In addition, variability in environmental factors in island population could reduce defense plants, 

reflecting in decline certain phytochemical content, such as reduction of tannin contents in Periploca 

laevigata [47], and terpene in Thuja plicata [48].     

3.4. Coefficient of phenotypic  differentiation (VST).  

The coefficient of differentiation of eurycomanone among populations (VST) of E. apiculata was 

84.33%, indicating that the variation of eurycomanone content among populations was higher than that 

of eurycomanone content within-population which was only 15.67%. The high variation of 

eurycomanone among populations can be caused by several factors, including i) geographical isolation 
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between the studied populations, gene flow will be inhibited, and resulting in loss of genetic variation 

and high differentiation among populations. This is also in line with that reported by Ha et al. [49], ii) 

different in geographical position among populations, iii) different in soil properties among populations 

study, and iv) different in herbivore community among populations. 

3.5. Correlation of eurycomanone content with environmental factors 

Correlation analysis is a valuable analytical parameter to know the relationship between one variable 

and another variable. The correlation coefficient value of the eurycomanone content of E. apiculata with 

environmental factors of each population was shown in Table 2. This study found that the eurycomanone 

content of E. apiculata was not significantly correlated with geographical factors (longitude position, 

latitude position, and altitude), and climatic factors (annual average temperature, and average annual 

rainfall).  

These results are in line with the research of [50] who found that the content of secondary metabolic 

compounds in the roots of the Tithonia diversifolia plant was not influenced by environmental factors 

such as rainfall, humidity, temperature and solar radiation but was influenced by the availability of 

nutrients in the soil, especially macronutrients (Ca, Mg, P, and K) as well as micronutrients such as Cu. 

Furthermore, Sampaio et al. [50] stated that environmental factors such as rainfall, humidity, 

temperature and solar radiation only affect the profile of secondary metabolic compounds in the stems 

and leaves. 

Table 2.  Correlation coefficient value of eurycomanone content of E. apiculata with geographic and 

climate factors. 

Eurycomanone 

content 

Longitude Latitude Altitude Average of 

temperature annually 

Average of 

rainfall annually 

r value 

P value  

-0.01 

0.97 

-0.28 

0.27 

-0.31 

0.21 

-0.15 

0.54 

-0.39 

0.11 

Many researchers have found that population geographic factors greatly affect the content of 

secondary metabolic compounds in plants.The secondary metabolic content among populations is 

closely related to population geographic factors, such as latitude and altitude because geographic 

changes will be associated with variations in biotic and abiotic factors [51, 52]. 

The results of this study contradict the results of the previous study of who reported a significant 

correlation between the content of plant active ingredients (five types of anthraquinone compounds) 

with latitude position while longitude negatively correlated with accumulation of anthraquinone 

secondary metabolic compounds. Pratt et al. [53] conducted a common garden test on Artemisia 

californica and found that the concentrations of terpenes and monoterpenes were associated with the 

latitude of the original population and differences in rainfall. 

The most secondary metabolites of S. baicalensis plants were negatively correlated with latitude and 

positively correlated with temperature [54]. The content of 21 active ingredients of S. baicalensis is 

higher at low latitudes than at high latitudes. Bont et al. [55] has analyzed the secondary metabolic 

content of latex in the roots of the Taraxacum officinale plant on 63 populations in Switzerland with 

different climatic conditions, soil abiotic factors, and soil herbivores. Authors concluded that the 

secondary metabolic concentration of root latex had the strongest correlation with climatic conditions, 

while soil abiotic factors and root herbivore stress did not show a strong relationship with the secondary 

metabolic concentration of latex in the Taraxacum officinale roots. 

3.6. Relationships between populations 

The UPGMA dendrogram of the pasak bumi E. apiculata based on the similarity coefficient of 

eurycomanone content between populations is shown in Figure 2. The UPGMA E. apiculata 

dendrogram grouped the study population into three groups. The first group is the Rumbio and Sentajo 

populations, the second group is the Tahura, Lingga-1 and Lingga-2 populations, the third group is the 

Pokomo population. Population grouping based on principal component analysis was also carried out 
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(Figure 3). The results of grouping of E.apiculata are the same as with the UPGMA dendrogram as seen 

in Figures 2. The PCA results grouped six populations of E. apiculata into three groups, namely the first 

group was the population of Rumbio and Sentajo, the second group was the population of Lingga-1, 

Lingga-2, and Tahura while the third group was the population of Pokomo (Figure 3). The grouping 

population in this study was different from the clustering population of E. apiculata based on leaf 

morphometric [3], the authors grouped the six similar populations into two clusters. 

3.7. The implications for the breeding of pasak bumi plants 

The collection of genetic material is the main key in the plant breeding process. One of the 

considerations in choosing a location for genetic material collection is the presence of characters that 

are the target of breeding objectives, in this case, the content of eurycomanone compounds in the E. 

apiculata. Plant populations that contain high eurycomanone compounds can be used as candidate sites 

for the selection of genetic material of E. apiculata. The origin population of the seed source will 

determine the composition and content of secondary metabolic compounds of plants. Based on  

eurycomanone content data and limited funding for the collection of genetic material, the minimum 

collection of E. apiculata genetic material can be carried out in the Rumbio population. 

Breeding of E.apiculata for the production of eurycomanone compounds can be done conventionally 

and in biotechnology. Conventionally, it is through progeny tests and stresses such as drought and shade. 

A progeny test is the testing method to predict the genetic composition of an individual by examining 

the characteristics of the offspring. In the progeny test, superior families will be selected and converted 

into seed orchards with high-quality classes. Biotechnology approaches for the production of 

eurycomanone compounds can be done through tissue culture techniques, chromosome manipulation 

with mutagens, and genetic engineering. Tissue culture techniques have been developed and intensively 

used for secondary metabolic production [56,57] such as callus culture and suspension culture. 

Modification of media and certain growth regulators in tissue culture can also be done to increase the 

main precursors in the biosynthesis of eurycomanone compounds. Collected plant material can be used 

as explants for tissue culture in order to increase the eurycomanone content 

Chromosomal manipulation through mutations with colchicine may be an option to increase the 

eurycomanone content because many studies have reported that the higher the ploidy of a plant, the 

content of secondary metabolic compounds tends to increase [58–60]. Currently, several researchers are 

also developing hair root culture methods for the secondary metabolic production of pasak bumi plants 

[61–64]. Hair root culture is the induction of hair root formation by infecting Agrobacterium rhizogenes 

on explants to be cultured. Production of secondary metabolites by this method is higher than roots from 

normal plants. Finally, the selection of the method to be applied depends on the readiness of human 

resources, laboratory facilities and financial support. 
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Figure 2. The clustering of E. apiculata populations based on UPGMA. 

 

 
Figure 3. The clustering of E. apiculata populations based on PCA  

4. Conclusion 

The highest eurycomanone content was found in the Rumbio population. The average variation of 

eurycomanone content within the population of E. apiculata is 25.72%, while the coefficient of 

differentiation of eurycomanone between populations was 84.33%. The eurycomanone content in this 

study was not influenced by geographical factors (longitude position, latitude position, and altitude), 

and climatic factors (average of temperature annually, and average of rainfall annually). Collection of 

plant material for breeding activities can be carried out minimally in the Rumbio population. 
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