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Abstract. In recent years, plants have become an important part of traditional medicine. Although the 

medicinal potential of the plant looks very promising, there are great difficulties that inhibit products for 

the production of herbs on a large scale. Panax ginseng C.A. Mey. is a plant often used in traditional 

medicine in various countries because ginseng can cure various diseases in humans. The main bioactive 

component in ginseng is the triterpene saponin compound, namely ginsenosides. Ginseng needs to be 

cultivated at least 4 yr before the root can be harvested. In addition, a special environment is needed for 

ginseng to develop properly. One way to obtain ginsenosides is to use root hair culture. However, until 

now it has been reported that the accumulation of ginsensoside in root hair cultures is still low. Elicitation 

effective method to increase the production of secondary metabolites in vitro culture. The aim of this 

research was to observe the effect of elicitor in the form of yeast extract and coconut water to the media on 

the growth and levels of ginsenoside in flask scale Panax ginseng root hair culture. From the data 

obtained, it can be concluded that the addition of yeast extract from the start with a concentration of                

20 mg L–1 cannot increase the levels of ginsenoside in the hairy root culture of P. ginseng. The addition of 

coconut water from the beginning with a volume of 10 mL increases the biomass but cannot increase the 

ginsenoside levels in the hair culture of P. ginseng. 
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1 Introduction 

In recent years, plants have become an important part of traditional medicine. Therefore, demand for herbal products is 

increased. Although the medicinal potential of the plant appears to be very promising, there are great difficulties that 

inhibit products for the production of herbs on a large scale. Some of these are lack of reproducibility in plant extracts, 

difficult standardization, genetic variation, and environmental conditions. In addition, secondary metabolites which 

have a therapeutic effect, are produced in small amounts, influenced by the physiological and developmental stages of 

the plant [1]. 

Panax ginseng C.A. Mey. is a plant often used in traditional medicine in various countries, such as Korea, China, 

and Japan [2]. Panax means "can cure all diseases" because ginseng can cure various diseases in humans. The main 

bioactive compound in ginseng is triterpene saponin, namely ginsenosides. Of the many species of ginseng, research 

focuses on examining the ginsenoside found in Panax ginseng (Korean ginseng), Panax notoginseng (Chinese ginseng), 

Panax japonicum (Japan ginseng), and Panax qiunquefolius (American ginseng) [3]. Ginsenosides have many benefits 

for human health. Ginsenoside consists of two groups, namely the major ginsenosides consisting of the Rb group (Rb1, 
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Rb2, Rc and Rd) and the Rg group (Re and Rg1) and minor ginsenosides such as Rh1, Rh2, and compound C. There 

have been many studies in vivo and in vitro which indicates that ginsenosides can act as anti–stress, anti–cancer, 

neuroprotective agents, and have benefits in the cardiovascular system and nervous system [4]. 

The main ginsenosides producer is the root where ginseng root need to be cultivated at least 4 yr before it can be 

harvested. In addition, cultivation requires special conditions where it is not exposed to direct sunlight. Ginseng is also 

sensitive to various diseases and requires quite expensive prevention costs. Therefore, plant tissue culture such as cell 

culture, callus culture, and root hair culture were developed to produce ginsenosides. Plant tissue culture is an 

alternative technique that can be used to produce high value secondary metabolites. Plant tissue culture are usually used 

on plants that have a high value but are difficult to develop conventionally, take a long time to harvest, and have low 

yields [5]. Several plant tissue culture that can be used to produce ginsenoside are adventitious shoot culture, callus 

culture, cell suspension culture, protoplast culture, bioreactor scale propagation, in vitro mutagenesis, polyploidization 

induction, and root hair culture [6, 7]. Root hair culture has a number of advantages, that is  a stable growth phase, 

genetically stable, capable of producing secondary metabolites in greater numbers than the actual plant, and producing 

new secondary metabolites that are not found in the original plant [6]. However, until recently it was reported that the 

accumulation of ginsensoside in root hair cultures was still low. Therefore, several treatments are needed that can 

increase ginsenoside production, one of which is elicitation [4]. 

Elicitation is effective strategy to increase production of secondary metabolites in in vitro culture. This process 

involves adding an elicitor to the growth medium. Elicitor is a molecule that can stimulate the plant defense system so 

that it can increase the production of secondary metabolites. Elicitors can be classified into biotic and abiotic elicitors. 

Biotic elicitor is an elicitor derived from living things, either in the form of exogenous elicitor derived from pathogens 

or endogenous elicitor derived from plants. Biotic exogenous elicitor is an elicitor in the form of a compound released 

by a microorganism or a component of the microorganism such as a cell wall, whereas a biotic endogenous elicitor is an 

elicitor in the form of a degradation product from the plant cell wall, protein, or molecule synthesized by plants in 

response to stress from the attack of microorganisms and pathogens. Abiotic elicitors are elicitors that do not come from 

living things such as UV radiation, osmotic stress, drought, floods, heavy metals, fungicides, and herbicides [4]. 

One of the commonly elicitors that can be used to increase the production of secondary metabolites is yeast extract. 

A certain concentration of yeast extract in culture media will affect the biosynthesis of various metabolites and the 

optimum concentration of yeast extract is different for each plant species. It was reported that yeast extract has been 

able to increase the production of secondary metabolite compounds in several plants such as Psoralea corylifolia L, 

Hyoscyamus niger L., Pueraria candollei Wall. ex Benth., and Portulaca oleracea L.                                           

Coconut water (Cocos nucifera L.) is a beverage that is famous internationally and always increase in the number of 

requests every year. Coconut water has the main composition, namely sugar and minerals so that it can increase the 

ability of cell division. Coconut water can be used as an elicitor by accelerating the culture to reach its stationary phase 

to produce secondary metabolites [8]. 

From previous research [9], it was obtained that the formulation B with a medium volume of 13 L was able to 

produce a fresh weight of about 2.7 kg and after drying, the dry weight average 109 g. However, the accumulation of 

ginsenoside in the root hair culture was still very small, around 2 %. Although the dry weight has not reached the target, 

optimization is also carried out to increase ginsenoside levels using elicitation. The aim of this research was to observe 

the effect of elicitor in the form of yeast extract and coconut water to the media from the start on the growth and levels 

of ginsenoside in flask scale root hair culture of P. ginseng. It is expected that the use of elicitors can increase 

ginsenoside levels by more than 5 %. The concentration of yeast extract used was 20 mg L–1 while the volume of added 

coconut water was 10 mL. 

2 Material and methods 

2.1 Media preparation 

For this research, the composition of the media that was used was formulation B and the elicitor was added since the 

beginning of the media preparation. The control medium  was prepared by mixing all the ingredients into the container 

then adding Reverse Osmosis (RO) water using Pure RO II. After the RO water was added, the media was stirred using 

a homogenizer at 400 rpm (1 rpm = 1/60 Hz) for 40 min. After being evenly mixed, the pH of the medium was adjusted 

5.8 to 6.0. After adjusting the pH, the media was poured 100 mL into a 250 mL flask and then covered with aluminum 

foil. Media was sterilized using Autoclave Hankuk HK–AC200P at 121 °C, pressure of 1.5 atm for 15 min. Then let the 

media cool it self for at least 3 d before it can be used. The experimental medium had the same steps as the control 

medium, only the addition of 20 mg L–1 of yeast extract (MERCK) or 10 mL of coconut water into the medium. The 

total medium that is prepared are 50 flasks, consisting of 10 flask of control medium, 20 flask of yeast extract medium, 

and 20 flask of coconut water medium. 
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2.2 Incoulation and incubation of hairy root culture in flask 

Inoculation of hairy root was carried out in sterile Laminar Air Flow (LAF) and carried out aseptically. Hairy root was 

cuted into small pieces (± 1 cm) before being put into the medium. After being cut, put  ± 10 strands of root hair into the 

medium. The inoculation process was carried out two times where the first inoculation only used 30 flasks, that is       

10 flask of control medium, 10 flask of yeast extract medium, and 10 flask of coconut water medium then next week 

with addition of 10 flask of yeast extract medium and 10 flask of coconut water medium. After the inoculation process, 

the flask is placed on the shaker and then stirred at 110 rpm for 7 wk. 

2.3 Harvest and drying hairy root culture  

After the incubation period is over, the hairy root were harvested. The media was removed and then the hairy root is 

collected in a container. The hairy root was rinsed using tap water 1 time. After rinsing using tap water, rinse the root 

hair using RO water 1 time. The root hair was drained first using a perforated container for 1 h to minimize the water 

attached to hairy root before being put into a container. The fresh weight was measured using Mettler Toledo 

MS16001L. The hairy root were dried using a Memmert UF750 oven which had been adjusted to the temperature at    

50 °C, 60 % fan, 60 % flap, for 7.5 h. After drying, the root hair dry weight was weighed using the Mettler Toledo 

MS16001L. After the dry weight is obtained, the yield percentage was calculated using the Equation (1): 

 

htFresh Weig

Dry weight
Yeald % =       (1) 

2.4 Extraction and sample preparation 

The dried hairy roots were extracted using the Soxhlet method. 5 g of dry hairy roots were extracted in 300 mL 

methanol 80 % for 2 h. Then the extract was dried using 1 set of rotary evaporator (BUCHI). The dry extract was 

dissolved in 20 mL of RO water. The extract was extracted again using water-saturated butanol in a ratio of 1:1. The 

mixture was centrifuged at 8 000 rpm for 15 min. The organic phase was taken and entered into a 250 mL 

erlemeyer. The extract was extracted using water–saturated butanol until the organic phase became clear. The butanol 

extract was then dried again using a rotary evaporator (BUCHI). The butanol extract was evaporated to obtain a dry 

extract which did not contain the butanol scent. 

2.5 Ginsenosides anaylsis 

Samples were analyzed using HPLC Agilent 1260 Infinity II. The dried extract was dissolved in 50 mL of methanol-

HPLC grade. Then the sample was filtered using a 0.2 µm PTFE filter. The stationary phase used was Kinetex C18 with 

a size of 50 mm × 4.6 mm and the mobile phase was an eluent with a gradient of acetonitrile (A) and water. The 

gradient eluent program is set as follows: 7 min 19 % A (isocratic); 7 to 11 min with 19 to 29 % A (isocratic),              

11 to 14 min with 29 % A (isocratic); 30 to 31.5 min with 70 to 90 % A (isocratic); 31.5 to 34 min with 90 %                 

A (isocratic); 34 to 34.5 min with  90 to 19 % A (isocratic); 34.5 min to 45 min with  19 % A (isocratic). The sample 

was injected as much as 5 µL with a sample flow rate of 0.6 mL min–1. The sample was detected using a Diode Array 

Detector (DAD) at a wavelength of 203 nm. The quantitative calculation is done by comparing the peak area of the 

sample with the peak area of the reference standard. 

2.6 Statistical analysis 

All data were analyzed statistically using IBM SPSS statistics 25 software. The fresh weight, dry weight, % yield, and 

% ginsenoside will be tested using the One Way ANOVA test if the data is normal and homogeneous (parametric test) 

or tested using the Kruskal-Wallis test if the data is not normal or homogeneous (non-parametric test).  Data were 

considered significantly different if the P value was < 0.05 [10]. 

3 Result and discussion 

Elicitation is a effective strategy to increase the production of secondary metabolites in in vitro culture. This process 

involves adding an elicitor to the growth medium. Elicitors can be defined as compounds that can cause stress to plants 

when added in small amounts. Elicitors can also increase the biosynthesis of certain compounds because they are used 

by plants as precursor compounds. To maximize the use of elicitors, there are several things need to be considered, that 

is elicitor concentration, duration of exposure, age of culture, and media composition [1]. The amount of yeast extract 

added to the medium is 20 g L–1, whereas because coconut water is a liquid, 10 mL are added. Yeast extract is not a 

strong elicitor, so it is added from the media prerparation so the exposure occurs since the hairy root are inoculated into 
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the flask. Coconut water can be used as a component in growth media because it contains various kinds of 

carbohydrates, minerals, and amino acids which can support cell division so it is expected to increase the fresh weight 

of hairy root [8]. In addition, it is hoped that the addition of coconut water can also promote hairy root growth so that 

the hairy root enters the stationary phase faster. The stationary phase is the stage where cell division decreases but there 

is an accumulation of secondary metabolites in plant cells. Therefore, coconut water is also added to the media so that 

exposure occurs since the root hairs are cultured into the flask media. After incubation for 7 wk and based on the results 

of HPLC analysis, data obtained can be seen in Figure 1. 

 

 

Fig 1. Bar chart showing average fresh weight (A), average dry weight (B), average % yield (C) average % ginsenoside                        

(D) for each hairy root produced by each medium growth. Significant differences were indicated by the presence of signs (*) 

and (**) P value < 0.05 

The average fresh weight produced by the control medium, the yeast extract medium, and coconut water medium 

were 10.42 g ± 1.38 g, 3.80 g ± 1.54 g, and 16.50 g ± 2.86 g, respectively. Based on the results of statistical analysis, the 

fresh weight produced by each medium is significantly different from one another where the largest fresh weight 

produced by coconut water medium that is 16.50 g ± 2.86 g, while the smallest fresh weight is produced by yeast 

extract medium, that is 3.80 g ± 1.54 g. The fresh weight produced by the yeast extract medium has a smaller fresh 

weight produced by the control medium and coconut water medium. This can be caused by the yeast extract causes the 

hairy root become stress, thus inhibiting the cell division process. It is possible that carbon, minerals, and nitrogen in the 

medium are diverted to form secondary metabolites so that the biomass decrease. The biggest fresh weight was 

produced by coconut water medium. This is in accordance with the theory where the largest fresh weight will be 

produced by the media added with coconut water. This is because coconut water contains sugars in the form of sucrose, 

sorbitol, glucose, fructose, galactose, xylose, and mannose which can increase cell division. In addition, coconut water 

also contains various minerals such as potassium, calcium, sodium, magnesium, and many more where these minerals 

act as cofactors in an enzymatic reaction. Coconut water also contains amino acids such as Alanine, arginine, cysteine, 

and serine in higher amounts than cow's milk. This amino acid can be used as a nitrogen source to produce faster 

biomass growth [8]. In addition to increase the fresh weight, it is expected that hairy root that is inoculated in coconut 

water medium also have high ginsenoside because they enter the stationary phase faster. 

After finished drying, the dry weight produced by each flask is very small. For analysis purpose, the dry hairy root 

produced by the control medium, yeast extract medium, and coconut water medium are each added together. Ten dry 

hairy root flasks were mixed together to obtain one dry weight data for control medium, two dry weight data for yeast 

extract medium, and two dry weight data for coconut water medium. The average dry weight produced by the control 

medium, the yeast extract medium, and the coconut water medium were 4.60 g, 4.70 g, and 11.50 g, respectively. Dry 

weight data cannot be analyzed statistically because the number of replications is very small. However, although it 

cannot be analyzed by statistical analysis, it can be seen that the dry weight produced by the coconut water mediumis 

the largest and the dry weight produced by the control medium is the smallest. The dry weight produced by the coconut 
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water medium is the largest because it has the largest wet weight but the interesting part is the smallest dry weight is the 

dry weight produced by the control medium where the smallest fresh weight is owned by the yeast extract medium. This 

can be caused by difference in water content. Hairy root produced by yeast extract medium contains small amount of 

water so that even though the fresh weight is very small, it has a fairly large dry weight.  

This can be seen in the average yield percentage produced by the control medium, yeast extract medium, and 

coconut water medium are 4.41 %, 6.18 %, and 3.48 %, respectively. From these data, it can be seen that the hairy root 

produced by yeast extract medium contains small amount of water, via versa, the hairy root produced by control 

medium and coconut water medium contains a lot of water so that it has a lower yield compared to the yield of the yeast 

extract medium. 

The average levels of ginsenoside produced by the control medium, yeast extract medium, and coconut water 

medium were 1.39 % ± 0.02 %, 1.04 % ± 0.02 %, and 1.00 % ± 0.04 %, respectively. Based on the results of statistical 

analysis, the levels of ginsenoside produced by the control medium were significantly different from the levels of 

ginsenoside produced by the yeast extract medium and coconut water medium, while the levels of ginsenoside between 

the yeast extract medium and the coconut water medium were not significantly different. The levels of ginsenoside in 

hairy root extract produced by yeast extract medium and coconut water medium are not higher than control. In the case 

of yeast extract, this is inconsistent with the theory that the addition of an elicitor can increase the production of 

secondary metabolites. This can be caused by the use of the concentration of yeast extract that is not optimal. In a report 

reported by Kochan [4], the optimal concentration of yeast extract is 50 g L–1 can increase the ginsenoside level in 

American ginseng. In addition, the duration of exposure also affects the accumulation of ginsenoside in hairy root. In a 

report by Kochan [4], it was also reported that ginsenoside levels would decrease with the length of exposure duration, 

where the peak of ginsenoside accumulation is on the 3rd d since yeast extract is given. In the case of coconut water, the 

levels of ginsenoside produced are the lowest. From these data it can be concluded that coconut water can increase 

biomass but cannot increase ginsenoside levels. This is because the hairy root are not in the stationary phase for a long 

period so that the accumulation of ginsenoside is not as much as the others.  

      The addition of yeast extract from the start with a concentration of 20 g L–1 cannot increase the levels of ginsenoside 

in hairy root culture of P. ginseng. The addition of coconut water from the beginning with a volume of 10 mL increase 

the biomass but cannot increase the ginsenoside levels in the hair culture of P. ginseng. For the next experiment, yeast 

extract can still be used but the addition is not in the media preparation but after 27 d of incubation and incubated again 

for 3 d to obtain the biggest ginsenoside level.  

 
This research was conducted by a grant from the Ministry of Research and Ministry of Education, Culture, Research and  

Technology, Republic of Indonesia, and PT. Bintang Toedjoe, Republic of Indonesia (No. 3122/E3/ PKS.08/KL/2021). 
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PREFACE: the 3rd International Conference on  

Natural Resources and Life Sciences (NRLS) 2020 

 
Nowadays, the sustainability of energy generation and environmental wellness are two of the big 

challenges in the world. Ecological disturbance and depletion of non-renewable energy in most 

countries urge the need for development and exploration of sustainable bioenergy resources. A 

proper approach to implement biotechnology for converting and conserving resources will be of 

great importance. Ideally, the conversion of natural resources into a certain form of energy should 

be parallel with the bioproduction of valuable compounds. Furthermore, environmental wellness 

does encourage us to employ proper habits that promote a healthy environment for a healthy life. 

The bioproduction of valuable compounds originating from renewable resources and carbon-

neutral waste materials as substrates is a promising approach for a sustainable environment and 

healthy life. Recent studies on genetic, epigenetic, protein and metabolic engineering offer 

significant improvement strategies in the bioproduction of many valuable compounds, such as 

biosurfactants, biofuels, bioinsecticides, bioplastic precursors, biopharmaceuticals, functional 

food, etc. Hence, in the 3rd International Conference on Natural Resources and Life Sciences 

(NRLS) themed Green technology to promote sustainable clean energy, environmental wellness, 

and healthy life, we will highlight the latest developments in biotechnological research and its 

applications, consisting of Clean Energy and Environmental Sustainability, Sustainable 

Agriculture, and Health Care. 

Following the successful program of the 1st & 2nd NRLS, we intend to make the two-day meeting 

followed by a one-day workshop in the 3rd NRLS, as a global forum for scientific and industrial 

communities to discuss the recent advances in biotechnological research and its application. It is 

our great pleasure to welcome you to the virtual 3rd NRLS from September 23rd to 24th, 2020. 

 

After a rigorous selection process, the Scientific & Editorial Board (S.E. Board) of the virtual 3rd 

NRLS decided to publish 40 papers in the E3S Web of Conferences, an open-access proceeding 
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in environment, energy, and earth sciences, managed by EDP Sciences, Paris, France, and 

indexed on Scopus, Scimago, Conference Proceedings Citation Index-Science (CPCI-S) of 

Clarivate Analytics's Web of Science, and DOAJ (Directory of Open Access Journals). As a 

result, E3S Web of Conferences is a conference proceeding with the highest SJR (Scopus and 

Scimago) score compared to other conference proceedings. 

 

The proceeding of the 3rd NRLS comprises 40 selected papers compiled by 253 authors from 72 

institutions. To improve the quality of manuscripts, S.E. Boards apply for a "guidance program" 

for several manuscripts. The impact there is joint research by Indonesian and overseas scholars. 

In the collaboration research, 22 institutions were involved, of which were from abroad 

Indonesia. The overseas institutions are from Germany, India, Jordan, Pakistan, the Republic of 

Korea, Latvia, Lithuania, Malaysia, the Netherlands, Poland, Taiwan - ROC, Thailand, Timor 

Leste, the United Kingdom, and Vietnam. Each manuscripts submitted in the E3S Web of 

Conferences was reviewed by at least two experts using the double-blind system (list of the 

experts in S.E. Board). As a result, the published articles have passed all necessary improvement 

requirements following the Web of Conferences standard, reviewer's comments, S.I. (Système 

International d'Unités), similarity tests by the Turnitin program (with the highest threshold of 20 

%), meet the standard value of 85 % of the Premium Grammarly program, amount 90 % of 

references must be at least dated from 15 years and reflected on Google, as well as editing 

procedures by professional editors from five countries (Indonesia, Estonia, Georgia, Pakistan, 

and the United Kingdom). 

 

We thank all presenters and attendees for the rigorous participation in this conference to share 

scientific ideas, inspire new studies for closer co-operations. We hope you are encouraged for 

further collaboration in order to explore natural resources and life sciences in future. We look 

forward to inviting you for the next 4th NRLS. 

Surabaya, Februari 28, 2023 

 

 

Dr.rer.nat. Theresia Desy Askitosari, S.Si., M.Biotech. 

3rd NRLS Chairwoman 

 

Principal Editor: Roy Hendroko Setyobudi (Malang, IDN) 

Board of Editor: Abubakar Yaro (Glasgow, GBR), Ivar Zekker (Tartu, EST),                         

Muhammad Zahoor (Peshawar, PAK), and  Tsitsino  Turkadze (Kutaisi, GEO). 

 



 
 
 
 
 
 
 
 
 
 
 
 
 

 

Scientific and Editorial Board 

• Abubakar Yaro, Strathclyde Institute of Pharmacy & Biomedical Sciences (SIPBS),                               

University of Strathclyde, Scotland (GBR).   

• Afrida Rizka Farzana, IPB University, and Rumah Paper Kita (Our House of Papers),                                  

RP Editing & Proofreading Servives (IDN).  

• Andoniana Rakoto Malala, Centre de Formation et d'Application du Machinisme Agricole – 

CFAMA (MDG).   

• Asma Nisar, Nazar College of Pharmacy, DAKSON Institue of Health Sciences, Islamabad (PAK). 

• Bayu Prabowo, Renewable Energy Development Research, Research and Technology Center –                     

PT Pertamina, Jakarta (IDN). 

• Fahma Alfian, Merdeka University of Madiun, and RP Editing & Proofreading Servives (IDN). 

• Haryo Wibowo, Institute for Thermal Power Engineering  – Zhejiang University of China (CHN). 

• Ivar Zekker, Institute of Chemistry, University of Tartu, Tartu, (EST).   

• Karina Stankeviča, Department of Environmental Science, University of Latvia (LVA). 

• Mohammad Syaifudin Zuhri, Merdeka University of Madiun, and RP Editing & Proofreading 

Servives (IDN).   

• Muhammad Danang Birowosuto, CNRS International NTU Thales Research Alliance – 

Nanyang Technological University (SGP). 

• Muhammad Zahoor, Department of Biochemistry, University of Malakand, Khyber Pakhtunkhwa, 

Peshawar (PAK).    

• Noor Illi Mohamad Puad, Department of Biotechnology Engineering, Kulliyyah of Engineering, 

International Islamic University Malaysia (MYS). 

• Praptiningsih Gamawati Adinurani, Department of Agrotechnology – Merdeka University of 

Madiun, and RP Editing & Proofreading Servives (IDN).  

• Rangga Kala Mahaswa, Universitas Gadjah Mada, and RP Editing & Proofreading Servives (IDN). 

• Roy Hendroko Setyobudi, Department of Agriculture Science, Postgraduate Program,                               

University of Muhammadiyah Malang, and RP Editing & Proofreading Servives (IDN).    

• Trias Agung Pakarti, University of Brawijaya, and RP Editing & Proofreading Servives (IDN). 

•  Tsitsino Turkadze, Department of Chemical and Environmental Technologies,    

 Akaki Tsereteli State University, Kutaisi (GEO).  

• Yahya Jani, Division of Sustainable Environment and Construction, School of Business Society and 

Engineering, Mälardalen University (SWE). 

• Yusilawati Ahmad Nor, Department of Biochemical-Biotechnology Engineering, Kuliyyah of 

Engineering, International Islamic University Malaysia (MYS). 
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manuscripts compiled by 253 authors from 72 institutions.                                      
In addition, 22 institutions outside Indonesia were involved in 
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