IOP Conference Series: Earth and Environmental Science

PAPER « OPEN ACCESS
Menthol from the stem and leaf in-vitro Mentha piperita Linn.

To cite this article: B K Wijaya et al 2019 IOP Conf. Ser.: Earth Environ. Sci. 293 012009

View the article online for updates and enhancements.

Bringing you innovative digital publishing with leading voices

to create your essential collection of books in STEM research.

This content was downloaded from IP address 203.114.225.227 on 23/07/2019 at 06:53


https://doi.org/10.1088/1755-1315/293/1/012009
https://oasc-eu1.247realmedia.com/5c/iopscience.iop.org/644142824/Middle/IOPP/IOPs-Mid-EES-pdf/IOPs-Mid-EES-pdf.jpg/1?

7/23/2019 IOP Conference Series: Earth and Environmental Science, Volume 293, 2019 - IOPscience

This site uses cookies. By continuing to use this site you agree to our use of cookies. To find out
more, see our Privacy and Cookies policy. Q

Table of contents

Volume 293
2019

<« Previous issue

The 2nd International Conference on Natural Resources and Life Sciences (NRLS-2018)
23-24 August 2018, Ibis Styles Hotel, Surabaya, Indonesia

View all abstracts

Accepted papers received: 17 May 2019
Published online: 27 June 2019

Preface

OPEN ACCESS 011001

The 2nd International Conference on Natural Resources and Life Sciences (NRLS-2018)
+ View abstract =] View article - PDF

OPEN ACCESS 011002

Conference Photos
+ View abstract =] View article A PDF

OPEN ACCESS 011003

Conference Sponsors
+ View abstract = View article 4 PDF

OPEN ACCESS 011004

Scientific & Editorial Boards the 2" NRLS-2018
=+ View abstract =’ View article A PDF

OPEN ACCESS 011005

https://iopscience.iop.org/issue/1755-1315/293/1 1/8


https://iopscience.iop.org/issue/1755-1315/293/1
http://ioppublishing.org/privacyPolicy
https://iopscience.iop.org/volume/1755-1315/293
https://iopscience.iop.org/issue/1755-1315/292/1
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/011001
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/011001/meta
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/011001/pdf
https://iopscience.iop.org/issue/1755-1315/293/1
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/011002
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/011002/meta
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/011002/pdf
https://iopscience.iop.org/issue/1755-1315/293/1
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/011003
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/011003/meta
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/011003/pdf
https://iopscience.iop.org/issue/1755-1315/293/1
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/011004
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/011004/meta
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/011004/pdf
https://iopscience.iop.org/issue/1755-1315/293/1

7/23/2019 IOP Conference Series: Earth and Environmental Science, Volume 293, 2019 - IOPscience
Peer review statement
+ View abstract = View article - PDF

Papers

OPEN ACCESS 012001

Android based rice pest detection system using learning vector quantization method
A Budiman, P Utomo and S Rahayu
+ View abstract =] View article - PDF

OPEN ACCESS 012002
Community behavior and single-use plastic bottle consumption

A Khoironi, S Anggoro and S Sudarno

+ View abstract = View article A PDF

OPEN ACCESS 012003

Genetic variability of soybean (Glycine maxL. Merrill) genotypes for pod shattering

resistance

A Krisnawati and M M Adie

+ View abstract = View article - PDF

OPEN ACCESS 012004
Review on biogas from palm oil mill effluent (POME): Challenges and opportunities in

Indonesia

A Rajani, Kusnadi, A Santosa, A Saepudin, S Gobikrishnan and D Andriani

=+ View abstract =] View article A PDF

OPEN ACCESS 012005

Early detection of somaclonal variation in oil palm callus culture through cytological and
SDS-PAGE protein analysis

A Sahara, Reflini, C Utomo and T Liwang
+ View abstract = | View article 2 PDF

OPEN ACCESS 012006
Genetic diversity of Indonesian soybean (Glycine maxL. Merrill) germplasm based on

morphological and microsatellite markers

A Sulistyo, F C Indriani, M J Mejaya, A N Sugiharto and J Agranoff

+ View abstract = View article 4 PDF

OPEN ACCESS

https://iopscience.iop.org/issue/1755-1315/293/1 2/8


https://iopscience.iop.org/article/10.1088/1755-1315/293/1/011005
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/011005/meta
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/011005/pdf
https://iopscience.iop.org/issue/1755-1315/293/1
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012001
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012001/meta
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012001/pdf
https://iopscience.iop.org/issue/1755-1315/293/1
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012002
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012002/meta
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012002/pdf
https://iopscience.iop.org/issue/1755-1315/293/1
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012003
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012003/meta
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012003/pdf
https://iopscience.iop.org/issue/1755-1315/293/1
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012004
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012004/meta
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012004/pdf
https://iopscience.iop.org/issue/1755-1315/293/1
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012005
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012005/meta
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012005/pdf
https://iopscience.iop.org/issue/1755-1315/293/1
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012006
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012006/meta
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012006/pdf
https://iopscience.iop.org/issue/1755-1315/293/1

7/23/2019 IOP Conference Series: Earth and Environmental Science, Volume 293, 2019 - IOPscience

Fermentation quality of Pennisetum purpureum cv. Mott ensiled with Lactobacillus 012007
plantarum and sugarcane molasses in tropic

A Wahyudi, L Hendraningsih, Sutawi, R H Setyobudi and M Mel
+ View abstract = | View article 4 PDF

OPEN ACCESS 012008

The evaluation of estimated breeding value and the most probable producing ability for the
basis selection of Ettawa crossbred goat (Capra hircus sp.) at Malang, East Java, Indonesia
A Winaya, Suyatno, P Coy and N Fauzi

+ View abstract =] View article - PDF

OPEN ACCESS 012009
Menthol from the stem and leaf in-vitro Mentha piperita Linn.

B K Wijaya, P H Hardjo and S Emantoko

+ View abstract = View article A PDF

OPEN ACCESS 012010

A review: Biomass-based fuel pellet usage in biomass gasifier-an optimization on non-
wood material

D Andriani, T D Atmaja, M Arifin, A Rajani and Kusnadi
+ View abstract = | View article - PDF

OPEN ACCESS 012011

Effectiveness of the use of organic waste as fertilizer and physical scarification of seeds on
growth of seeds nila plants (Indigofera sp.)

D Roeswitawati, M Huda, D Indratmi and M Mel

+ View abstract = | View article - PDF

OPEN ACCESS 012012
Physiology and genotyping of adaptive and sensitive oil palm progenies under unwatered

stress condition

D Yono, E Purwanti, A Sahara, Y A Nugroho, Z A Tanjung, R Aditama, C Dewi, A E Sihotang, C Utomo and T Liwang
+ View abstract =] View article - PDF

OPEN ACCESS 012013

Effect of phosphoric acid pretreatment on characterization of gelatin from broiler chicken
(Gallus gallus domesticus L.) bones

D Yuliani, A Maunatin, A Jannah and H H Fauziyyah
+ View abstract =] View article - PDF

https://iopscience.iop.org/issue/1755-1315/293/1 3/8


https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012007
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012007/meta
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012007/pdf
https://iopscience.iop.org/issue/1755-1315/293/1
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012008
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012008/meta
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012008/pdf
https://iopscience.iop.org/issue/1755-1315/293/1
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012009
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012009/meta
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012009/pdf
https://iopscience.iop.org/issue/1755-1315/293/1
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012010
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012010/meta
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012010/pdf
https://iopscience.iop.org/issue/1755-1315/293/1
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012011
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012011/meta
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012011/pdf
https://iopscience.iop.org/issue/1755-1315/293/1
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012012
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012012/meta
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012012/pdf
https://iopscience.iop.org/issue/1755-1315/293/1
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012013
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012013/meta
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012013/pdf
https://iopscience.iop.org/issue/1755-1315/293/1

7/23/2019 IOP Conference Series: Earth and Environmental Science, Volume 293, 2019 - IOPscience
OPEN ACCESS 012014

Selection for drought-resistant rice (Oryza sativa L.) using polyethylene glycol
E D Purbajanti, F Kusmiyati, E Fuskhah, R Rosyida, P G Adinurani and Z Vincévia-Gaile
+ View abstract = View article 4 PDF

OPEN ACCESS 012015

Effectiveness the source of nitrogen from NO3 and NHy4 for Panicum maximum Jacq. growth

in saline soil

E D Purbajanti, P G Adinurani, T Turkadze, Z Vincévia-Gaile and R H Setyobudi

+ View abstract = View article - PDF

OPEN ACCESS 012016

Anticancer potential from ethanol extract of Zanthoxylum acanthopodium DC. seed to
against MCF-7 cell line

E V Arsita, D E Saragih and K Aldrin
+ View abstract = View article - PDF

OPEN ACCESS 012017
Long-term Proton Pump Inhibitors induces recurrent Urinary Tract Infections: A case study

F Cokro and S T Arrang

+ View abstract = View article A PDF

OPEN ACCESS 012018
Molecular docking, drug-likeness, and ADMET study of 1-benzyl-3-benzoylurea and its

analogs against VEGFR-2

F Suhud, D H Tjahjono, T A Yuniarta, G S Putra and J Setiawan

+ View abstract = View article 4 PDF

OPEN ACCESS 012019

Microcontroller application for pH and temperature control system in liquid sugar
liquefaction process made from cassava (Manihot esculenta Crantz.)
H Santosa, Yuliati, | J Mulyana, D S Sirait and S D Novitasari

+ View abstract =] View article A PDF

OPEN ACCESS 012020

The effect of fermentation process on physical and chemical characteristics of pitaya
(Hylocereus polyrhiuzus [F.A.C. Weber] Britton & Rose) stem flour

H Soedjatmiko, R Chrisnasari and P H Hardjo
+ View abstract =] View article - PDF

https://iopscience.iop.org/issue/1755-1315/293/1 4/8


https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012014
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012014/meta
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012014/pdf
https://iopscience.iop.org/issue/1755-1315/293/1
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012015
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012015/meta
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012015/pdf
https://iopscience.iop.org/issue/1755-1315/293/1
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012016
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012016/meta
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012016/pdf
https://iopscience.iop.org/issue/1755-1315/293/1
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012017
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012017/meta
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012017/pdf
https://iopscience.iop.org/issue/1755-1315/293/1
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012018
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012018/meta
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012018/pdf
https://iopscience.iop.org/issue/1755-1315/293/1
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012019
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012019/meta
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012019/pdf
https://iopscience.iop.org/issue/1755-1315/293/1
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012020
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012020/meta
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012020/pdf
https://iopscience.iop.org/issue/1755-1315/293/1

7/23/2019 IOP Conference Series: Earth and Environmental Science, Volume 293, 2019 - IOPscience
OPEN ACCESS 012021
The performance of three local rice (Oryza sativa L.) cultivar from East Kalimantan -
Indonesia under drought stress at early seedling stage
| B M Artadana, | T Dewi and J Sukweenadhi
+ View abstract = | View article A PDF

OPEN ACCESS 012022
Coffee reduced the production of neutrophil superoxide radical in vitro
I D A Susilawati, A Safaatin and J Burlakovs

+ View abstract =] View article A PDF

OPEN ACCESS 012023
The potential of extract of Zingiber zerumbet (L.) Smith as a feed additive to improve the

production performances and meat nutritional composition of broiler chickens

I D Rahayu, W Widodo, | Prihartini, A Winaya, L Zalizar, T Untari and M Mel

+ View abstract = View article 4 PDF

OPEN ACCESS 012024

Callus induction and in vitro mass culture of adventitious roots from leaf segment explants
of Dendropanax morbifera Lev.

J Sukweenadhi, J Y Choi, Y J Kim, L Kaliraj, S Abid, J C Ahn and D C Yang
+ View abstract = | View article - PDF

OPEN ACCESS 012025

Comparison of energy production, net energy balance, net energy ratio, and renewable
index for biodiesel production from oil palm (Elaeis guineensisJacq.) and jatropha (Jatropha curcasL.)
based on life cycle assessment

K Siregar, A H Tambunan, Sholihati, S S Wirawan and T Araki

+ View abstract = View article 4 PDF

OPEN ACCESS 012026
Potency of Fibraurea tinctora Lour. extract as anti-bacterial agents towards pathogenic

bacteria

L Zalizar, | D Rahayu, Sujono and Y A Nor

+ View abstract = View article A PDF

OPEN ACCESS 012027

Characterization of adaptive and productive soybean (G. max L.) genotypes in dry land of
Kalimantan, Indonesia

M M Adie, A Krisnawati and D Suryati

https://iopscience.iop.org/issue/1755-1315/293/1 5/8


https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012021
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012021/meta
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012021/pdf
https://iopscience.iop.org/issue/1755-1315/293/1
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012022
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012022/meta
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012022/pdf
https://iopscience.iop.org/issue/1755-1315/293/1
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012023
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012023/meta
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012023/pdf
https://iopscience.iop.org/issue/1755-1315/293/1
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012024
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012024/meta
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012024/pdf
https://iopscience.iop.org/issue/1755-1315/293/1
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012025
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012025/meta
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012025/pdf
https://iopscience.iop.org/issue/1755-1315/293/1
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012026
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012026/meta
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012026/pdf
https://iopscience.iop.org/issue/1755-1315/293/1
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012027

7/23/2019 IOP Conference Series: Earth and Environmental Science, Volume 293, 2019 - IOPscience
+ View abstract =] View article - PDF

OPEN ACCESS 012028

Inhibition of Burkholderia cenocepaciaH111 quorum sensing system by environmental
bacterial isolates

M Wahjudi, W D Kurniawan, M T Gultom, | B M Artadana and N | M Puad
+ View abstract =] View article A PDF

OPEN ACCESS 012029
The drought stress tolerance of physic nut (Jatropha curcasLinn.) genotypes

Maftuchah, | Z Fahmi, A Zainudin, A Ikhwan, Djumali and L K Kuan
+ View abstract = View article 4 PDF

OPEN ACCESS 012030
Characterization of thermostable chitinase from Bacillus licheniformis B2

N Jayanthi, M G M Purwanto, R Chrisnasari, T Pantjajani, A Wahjudi and M Sugiarto

+ View abstract = View article 4 PDF

OPEN ACCESS 012031

Antibacterial activity roll on deodorant with Pluchea indica (L.) leaf extract against
Staphylococcus epidermidis (Evans 1916) in vitro

O Komala, | Y Wiendarlina and N Rizgiyana
+ View abstract =] View article - PDF

OPEN ACCESS 012032

Production potensial of sweet corn (Zea mays Linn. var. Saccharata Sturt) 'Bonanza' to
different planting pattern and phosphorus sources

P G Adinurani, S Rahayu, L S Budi, S Pambudi and P Soni
+ View abstract =] View article - PDF

OPEN ACCESS 012033

Genome-wide identification of oil palm (Elaeis guineensis Jacq.) chitinases and their
response to Ganoderma boninense Pat. infection

R Aditama, R Tryono, Z A Tanjung, C Utomo and T Liwang
+ View abstract = View article 4 PDF

OPEN ACCESS 012034

Effect of new NPK fertilizer on lowland rice (Oryza sativa L.) growth
R Budiono, P G Adinurani and P Soni
+ View abstract = View article A PDF

https://iopscience.iop.org/issue/1755-1315/293/1 6/8


https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012027/meta
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012027/pdf
https://iopscience.iop.org/issue/1755-1315/293/1
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012028
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012028/meta
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012028/pdf
https://iopscience.iop.org/issue/1755-1315/293/1
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012029
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012029/meta
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012029/pdf
https://iopscience.iop.org/issue/1755-1315/293/1
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012030
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012030/meta
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012030/pdf
https://iopscience.iop.org/issue/1755-1315/293/1
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012031
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012031/meta
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012031/pdf
https://iopscience.iop.org/issue/1755-1315/293/1
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012032
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012032/meta
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012032/pdf
https://iopscience.iop.org/issue/1755-1315/293/1
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012033
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012033/meta
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012033/pdf
https://iopscience.iop.org/issue/1755-1315/293/1
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012034
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012034/meta
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012034/pdf
https://iopscience.iop.org/issue/1755-1315/293/1

7/23/2019 IOP Conference Series: Earth and Environmental Science, Volume 293, 2019 - IOPscience
OPEN ACCESS 012035
Prospect of Fe non-heme on coffee flour made from solid coffee waste: Mini review

R H Setyobudi, L Zalizar, S K Wahono, W Widodo, A Wahyudi, M Mel, B Prabowo, Y Jani, Y A Nugroho, T Liwang
and A Zaebudin

+ View abstract =] View article A PDF

OPEN ACCESS 012036
Biomass to methanol plant based on gasification of palm empty fruit bunch

R Heryadi, A’ S Uyun, E Yandri, S M Nur, K Abdullah and O Anne

+ View abstract = View article 4 PDF

OPEN ACCESS 012037

Review article: Myopia - Genetically inherited or environmental influences
S EETjoaand S E D Putra
+ View abstract = | View article - PDF

OPEN ACCESS 012038

Rapid reversed-phase high performance liquid chromatography assay of Tert-
butylhydroquinone content in food products
S Sutanto and M G M Purwanto

+ View abstract =] View article A PDF

OPEN ACCESS 012039

Developmental effect of cashew nut shell extract against nymphal instar of Silver leaf
Whitefly (Bemisia tabaci Genn.)

W R Andayanie and N Ermawati
+ View abstract =] View article - PDF

OPEN ACCESS 012040

Identification of a local variety of 'uwi' (Dioscorea alata Linn.) in four agro-climate regions
of East-West Java - Indonesia based on tuber character

Wuryantoro, | R Puspitawati, R | Fitriyani and P Soni
+ View abstract =] View article - PDF

OPEN ACCESS 012041

Genome-wide SNP-discovery and analysis of genetic diversity in oil palm using double
digest restriction site associated DNA sequencing

Y A Nugroho, Z A Tanjung, D Yono, A S Mulyana, H M Simbolon, A S Ardi, YY Yong, C Utomo and T Liwang
+ View abstract = View article 4 PDF

https://iopscience.iop.org/issue/1755-1315/293/1

7/8


https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012035
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012035/meta
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012035/pdf
https://iopscience.iop.org/issue/1755-1315/293/1
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012036
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012036/meta
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012036/pdf
https://iopscience.iop.org/issue/1755-1315/293/1
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012037
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012037/meta
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012037/pdf
https://iopscience.iop.org/issue/1755-1315/293/1
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012038
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012038/meta
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012038/pdf
https://iopscience.iop.org/issue/1755-1315/293/1
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012039
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012039/meta
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012039/pdf
https://iopscience.iop.org/issue/1755-1315/293/1
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012040
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012040/meta
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012040/pdf
https://iopscience.iop.org/issue/1755-1315/293/1
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012041
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012041/meta
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012041/pdf
https://iopscience.iop.org/issue/1755-1315/293/1

7/23/2019 IOP Conference Series: Earth and Environmental Science, Volume 293, 2019 - IOPscience
OPEN ACCESS 012042

Application of blood donor routine detector using K-Nearest neighbors
Y Nurdiansyah, P Pandunata, N D Prasetyo, A Trihartono, F G Putrianti and F Wijayanto
+ View abstract = View article 4 PDF

OPEN ACCESS 012043

Identification of the bacterium isolate from Mackerel Fish (Rastrelligersp.) using 16S rRNA
Gene

Y S Ismail, Febriani, C Yulvizar and R Ramadhani

+ View abstract =] View article A PDF

JOURNAL LINKS

Journal home

Information for organizers
Information for authors

Search for published proceedings
Contact us

Reprint services from Curran Associates

https://iopscience.iop.org/issue/1755-1315/293/1 8/8


https://iopscience.iop.org/1755-1315
http://conferenceseries.iop.org/content/organizers
http://conferenceseries.iop.org/content/authors
https://conferenceseries.iop.org/online/search
http://conferenceseries.iop.org/content/aboutus
http://www.proceedings.com/2156.html
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012042
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012042/meta
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012042/pdf
https://iopscience.iop.org/issue/1755-1315/293/1
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012043
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012043/meta
https://iopscience.iop.org/article/10.1088/1755-1315/293/1/012043/pdf
https://iopscience.iop.org/issue/1755-1315/293/1

The 2nd International Conference on Natural Resources and Life Sciences (NRLS) IOP Publishing
IOP Conf. Series: Earth and Environmental Science 293 (2019) 012009  doi:10.1088/1755-1315/293/1/012009

Menthol from the stem and leaf in-vitro Mentha piperita Linn.

B K Wijaya, P H Hardjo* and S Emantoko

Faculty of Biotechnology, University of Surabaya, Raya Kalirungkut Road, Surabaya
60292, East Java, Indonesia

*Corresponding author: poppyhardjo@gmail.com

Abstract. The need for menthol in Indonesia is increasing annually, but it is not followed by
increases the availability in the country, so the number of imports is increasing each year.
Therefore, in this research conducted a study using plant tissue culture techniques to produce
secondary metabolite especially menthol using shoot multiplication. A single node of Mentha
piperita L. was inoculated on three kinds of growth medium, which are MS + 0.1
mg L NAA + 0.1 mg L™ BA, MS + 0.5 mg L™ BA, and MS + 2 mg L' BA. Based on fresh
weight and morphological observation, MS + 0.1 mg L™ NAA + 0.1 mg L™ BA was the best
growth medium. Based on the previous experiment, the study was aiming to continue
observing the concentration of menthol found in M. piperita shoot. Stems and leaves of
M. piperita were dried in room temperature, the dried stems and leaves were extracted using
steam distillation method with ratio 0.3 g of dried stems and leaves in 25 mL aquadest. The
crude extract was analyzed by gas chromatography (HP 6890) using INNOWAX 19095N-123
column. The results showed that 2 wk was the best amount of time to obtain the highest
concentration of menthol specifically (1 218.5 + 47.1) mg L (yield = 9.748 %).

Keywords: Gas chromatography, menthol, shoot multiplication, steam distillation

1. Introduction

Mentha spp. belongs to Labiatae family, there are three main species which have high economic value
like Mentha piperita L. The industrial demands of M. piperita product are high, but Indonesia cannot
fulfill the demands without import. In 2006 Indonesia imported Mentha spp. product worth the USD
3.78 x 10° [1]. M. piperita is a first sterile hybrid generation between M. spicata and M. aquatica [2].
The main compound from Mentha essential oil is menthol; this compound is produced in peltate
glandular trichome which located at leaf [3].

The purpose of this research is to increase the production of menthol using plant tissue culture
technique. Cytokinin is phytohormone that induced shoot proliferation and cell division [4]. Plant
tissue culture is known to produce plants that grow faster [5]. In addition, the concentration of
secondary metabolites, especially monoterpenes in Lavandula pedunculata in vitro, is known to be
greater than plants grown in their natural [6]. The growth medium used for multiplication of shoots
with the aim of increasing menthol concentration is Murashige & Skoog media (MS) +
6-Benzylaminopurine (BAP) + Naphthaleneacetic acid (NAA) [7]. The advantage of in vitro shoot
multiplication techniques is that it is able to produce target compounds under controlled conditions
from changes in weather and soil conditions, plants obtained free from microorganisms and insects, all
types of plants can be used in this technique and reduce labor costs and increase productivity [8].

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
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2. Materials and methods

2.1. Plant materials, treatment, and growing condition

This research was carried out at the Laboratory of Plant Biotechnology and Biopurification and
Biomolecular Laboratory, Faculty of Biotechnology, University of Surabaya. The peppermint seeds
(Biopot®) used in this study were pre-sterilized using bactericidal and fungicidal solution for an hour.
The surface sterilization of explants was continued in Laminar Air Flow Cabinet with immersion in
70 % ethanol for 1 min, and 5.25 % NaOCI solution for 5 min followed by rinsing with sterile H20 at
least three times. Furthermore, sterilization was carried out again by immersion in 1.75 % NaOCI
solution for 10 min followed by rinsing with sterile water at least three times. Sterilized mint seeds are
planted on MS media without hormones. The culture bottle was incubated under the white fluorescent
lamps. Explants used are nodes from mint plants that are approximately 3 mo. The plant is cut to only
one node. Furthermore, nodules cut into various growth media (table 1.) The culture was incubated in
a culture room with a temperature of (25 + 2) °C with the lighting of white fluorescent lamps and
observed the formed tissue.

Table 1. Growth media variation.

Media

MS+05mgL '24-D

MS+1mgL*24-D

MS+2mgL™24-D

MS+4mgL™24-D

MS +6mgL™2.4-D

MS + 0.5 mg L * NAA

MS + 2 mg L™ NAA

MS + 4 mg L™ NAA

MS + 6 mg L™ NAA

MS + 8 mg L™ NAA
MS +2mgL*NAA +05mgL"BAP
MS +2mgL " NAA+1mgL'BAP
MS +2mg L™ NAA +2mg L' BAP

MS +1mgL™BAP

MS +2mg L™ BAP
MS +2mg L™ BAP +1mgL*NAA
MS +0.1mgL™*NAA +0.1 mgL" BAP

2.2. Extraction and determination of menthol

The extraction samples used were leaves and stems of mint plants obtained from the bud
multiplication process that have been dried in room temperature under air conditioning. The solvent
used was 25 mL of water (distilled water) to extract 0.3 g of dried stems and M. piperita leaves, the
sample was extracted using the steam distillation method. Then the extract obtained was analyzed for
menthol content using a gas chromatography device (HP 6890) with INNOWAX 19095N-123 column
[9]. For the ex vitro sample used stem and leaves of M. piperita ex vitro at 3 mo.

2.3.Data analyses

The research conducted was an experimental study in the laboratory with a Completely Randomized
Design (CRD). In this study two non-parametric data were obtained because the data wasn’t normally
distributed, namely the best media used to grow M. piperita plants in vitro, and data on menthol
production monitored every week. To determine the best growth media, and the best time to harvest,
need to obtain the fresh weight of M. piperita in vitro, and menthol concentration for 7 wk. The
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statistic test used in this research is the Kruskal-Wallis test and if significance found in the Kruskal-
Wallis test continue using Dunn-Bonferroni as post hoc test.

3. Results and discussions

3.1. Preliminary test

Preliminary tests were carried out to determine the three types of growth media to be tested. Further,
the aspects considered were morphology of M. piperita grown in vitro. From this preliminary test
selected, MS medium + 0.1 mg L' NAA + 0.1 mg L' BA, MS + 05 mg L* NAA and
MS + 2 mg L NAA to be used at the next research stage because it has the best morphology. The
reason for choosing MS media was 0.5 mg L™ NAA and MS + 2 mg L' NAA compared to MS + 1
mg L BA and MS + 2 mg L' BA because the hormones NAA and IAA (Indole-3-Acetic Acid) were
able to increase the oil content of essential oils and menthol in M. piperita [9]. Then
MS + 0.5 mg L™ NAA and 2 mg L™ NAA has a better morphology than MS + 2 mg L BA + 1 mg
L NAA, the morphology in question is the appearance of the plant (abnormal).

Table 2. Preliminary test result.

Media Tissue/organ formed
MS+0.5mgL*2.4-D Callus
MS+1mgL*24-D Callus
MS +2mgL™"2.4-D Callus
MS+4mgL*24-D Browning
MS+6mgL*2.4-D Browning
MS + 0.5 mg L™ NAA Shoot + callus
MS + 2 mg L NAA Shoot + callus
MS + 4 mg L NAA Browning
MS + 6 mg L NAA Browning
MS + 8 mg L' NAA Browning
MS +2mg L*NAA + 0.5 mg L' BA Shoot + callus
MS +2mgL*NAA+1mgL*'BA Browning
MS +2mgL"NAA +2mgL"'BA Browning
MS+1mgL*'BA Shoot + callus
MS +2mgL*BA Shoot + callus
MS +2mgL'BA+1mgL"'NAA Shoot + callus
MS +0.1mgL*NAA+0.1mgL"'BA Shoot

3.2. Growth index curve

Growth Index Curve is obtained from the final weight of the stem and fresh leaves divided by fresh
initial weight. The calculation of the growth index was done by weighing fresh initial weight before
planting and after being cultivated for (1, 2, 3, 4, 5, 6 and 7) wk. Observation of the growth index
stopped at week 7 because the index value had decreased compared to the 6th week.

Table 3. Fresh weight of M. piperita at 6 wk old.

Media Fresh weight (q)
MS +0.1mgL " NAA+0.1 mgL'BA 0.136 +0.071
MS + 0.5 mg L " NAA 0.129 + 0.035
MS + 2 mg L NAA 0.179 +£0.121

The three growth media did not have a significant effect using the Kuskal-Wallis test
at « =0.05
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Figure 1. M. piperita growth index curve on MS media + 0.1 mg L™ NAA + 0.1 mg L™ BA,
MS + 0.5 mg L *NAA and MS + 2 mg L ' NAA.

NSl
R M
), AL

MS+0.1mgL" NAA+0.1mgL" BAP MS+05mg L~ NAA MS +2mg L NAA

Figure 2. Morphology of M. piperita in-vitro.

Fresh weight of M. piperita grown on MS + 2 mg L™ NAA is the largest among other growth
media. This is due to the presence of callus at the base of the plant stem. Callus also found at the base
of the plant stem that grown using MS + 0.5 mg L™* NAA. M. piperita that grew at MS + 0.1 mg L™
NAA + 0.1 mg L™ BA obtained plants do not form callus and have a heavier mass than MS media +
0.5 mg L™ NAA. Menthol compounds are stored in the peltate glandular trichome [3]. The peltate
glandular trichome is found in parts of plants exposed to air [10]. So it can be said that the larger/, the
heavier plant, the more peltate glandular trichome, in other words, the more menthol that can be
extracted. In addition, other factors considered by the morphology of plants planted in vitro. There was
no monoterpene found in Mentha spicata callus because the glandular oil gland or peltate glandular
trichome had not been formed because callus cells were undifferentiated plant cells [11]. Therefore,
the MS medium was selected + 0.1 mg L NAA + 0.1 mg L™ BA as the best growth medium.
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3.3. Extraction and determination of menthol

Extraction of menthol compounds was carried out using the steam distillation method because it is
commonly used to isolate essential oils. The distillation process is stopped until all the water in the
flask has evaporated. From steam distillation results obtained + 24 mL of crude menthol extract from
steam distillation. The crude extract obtained was analyzed using a gas chromatography device
(HP 6890) with the INNOWAX 19095N-123 column.
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Figure 3. Profile of gas chromatography on crude extract M. piperita grown on MS + 0.1 mg L ™* NAA
+0.1 mg L' BA medium at 2 wk old.
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Figure 4. Profile of gas chromatography on crude extract M. piperita has grown on ex-vitro.

There is a difference between the crude extracts of M. piperita in-vitro and ex-vitro, the peaks that
appeared at retention time was around 5 min in the crude extract profile of ex-vitro plants but were not
found in crude plant extracts in-vitro. And the crude extracts of plants in-vitro found peaks at retention
time about 8 min which were not found in crude extracts of ex-vitro plants. In other words, the
M. piperita plant in-vitro is not capable of producing secondary metabolites that are exactly the same
as their original plants and is able to form secondary metabolites that are completely different from the
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original plants. Several factors that influence the difference in results is nutrition availability and
environmental conditions. The availability of nutrients includes the concentration of sugar, nitrate,
phosphate and growth regulating substances whereas environmental conditions include temperature,
light intensity and pH [12]. Plant tissue culture systems are able to produce secondary metabolites that
are completely different from the original plants because of very different environmental conditions,
while the levels can be the same, larger or smaller [13]. In-vitro plant growth media have been given
nutrition, sufficient growth regulating substances, and the growth environment is conditioned stable
with adequate lighting, the temperature of 20 °C and pH of 5.8. All treatments given to plants in-vitro
are common treatments to optimize growth in plant tissue culture while the ex-vitro plants all of these
factors are not controlled at all, or in other words depending on nature.
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Figure 5. Menthol concentration curve and M. piperita growth index at 0.1 mg L™ NAA and 0.1
mg L' BA compared to incubation time

Table 4. Menthol concentration observed every week grown at MS + 0.1 mg L *BA + 0.1 mg L™

NAA
Plant age (wK) Menthol corliti(le;]tratlon (mg (ﬁ;glvill(jv )

0 231.3* +59.9 1.85

1 586.3% +126.6 4.69

2 12185%+47.1 0.748

3 599% + 179 4.792

4 366.5% + 85.4 2.932

5 405.6® + 50.7 3.245

6 228.997% + 0.642 1.832

7 314.93* +9.58 2.519
Ex-vitro plant 97.21° + 1.373 0.778

The different annotation followed by average value showed significance using Dunn-Bonferroni test o = 0.05

The highest concentration of menthol was 2 wk old M. piperita that have grown using
MS + 0.1 mg L™ NAA + 0.1 mg L™ BA, and the least concentration of menthol was ex-vitro
M. piperita. This phenomenon is not in accordance with the theory, that the production of secondary
metabolites generally occurs at the end of the stationary period when the nutrient supply is depleted
[4]. This may be caused by menthol has been further metabolized to menthyl acetate [14]. There are
also indications that the terpenoids used for defense have decreased due to the absence of threats.
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Another factor that might cause the highest phenomenon of menthol concentration in the second week
of culture is stress caused by injury at the beginning of cutting explants. This phenomenon was also
showed on another research, where at 2 wk after the plant was injured there was a significant increase
in the concentration of monoterpenes compared to non-injured plants [15]. This increase in the
concentration of monoterpenes may be caused by an increase in the activity of the enzyme
monoterpene cyclase [16]. Monoterpene cyclase plays a role in converting Geranyl pyrophosphate
(GPP) to 4s-limonene [17]. GPP is the earliest compound in menthol biosynthesis pathway or it can be
said that it is a compound that initiates menthol formation so that plants will tend to produce menthol
in this condition. M. piperita grown in vitro is able to produce more menthol than ex vitro. This may
be due to the availability of sufficient nutrients so that in vitro plants are able to produce more
menthol. Besides that phytohormones are able to increase the levels of essential oil and menthol oil in
Mentha spp. [18].

4. Conclusion

Based on this research, it can be concluded that the best growth medium for multiplying M. piperita
shoots in-vitro was MS + 0.1 mg L™ NAA + 0.1 mg L BA. Chromatogram profile on crude extracts
of M. piperita plant in vitro showed three peaks, namely at about two retention times: 4.5 min and
8 min. Chromatogram profile on crude extract of M. piperita ex-vitro showed three peaks, namely at
about two retention times: 4.5 min and 5 min. The menthol concentration observed for 7 wk in the
largest M. piperita plant in-vitro was at the culture time of the 2™ week which was
(1 218.5 + 47.1) mg L™ . The menthol concentration observed in the M. piperita ex-vitro plant was
(97.21+1.373) mg L.
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Menthol from in vitro Stem and Leaf Mentha piperita :
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Abstract. The need for menthol in Indonesia is increasing annually, but it’s a\'ai.ilil_\' isn’t
enough to fulfill the need. Therefore, in this research we conducted a study using plant tissue
culture techniques, uce secondary metabolite especially menthol _using  shgot
multiplication. Sin nrml' Mentha piperita were inoculated on three_ki { gn.s:
medium, which are MS + 0.1 mg L NAA + 0.1 mg L' BAP, MS + 0.5 mg §§' NA®. and MS
+ 2 mg L' NAA. Bhsed on fresh weight and morphological observation, MS + 0.1 mg L'
NAA + 0.1 mg L' BAP was the best growth medium. Based on the previous experiment, the
study was aiming to continue observing the concentration of menthol found in Mentha piperita
shoot. Stems and leaves of Mentha piperita were dried in room temperature, the dried stems
and leaves were extracted using steam distillation method with ratio 0.3 g of dried stems and
leaves in 25 mL aquadest. The crude extract was analyzed by gas chromatography (HP 6890)
using INNOWAX 19095N-123 column. The results showed that two weeks was the best
amount of time 1o obtain highest concentration of menthol specifically 1.218.5 + 47.1 mg L
(vield = 9.748%).

Keywords: Gas chromatography, Mentha piperifa, menthol, shool multiplication, steam

distillation

1. Introduction
Mentha spp. belongs to Labiatae family, there are three main species which are have high economic
value like Mentha piperita. The industrial demands of Meniha piperita product is high but Indonesia
cannot fulfill the demands without import. In 2006 Indonesia imported Mentha spp. product worth US
$ 3.78 million [1). M. piperita is first sterile hvbrid generation between M. spicata and M. aguatica
[2]. The main compound from Mentha essential oil is menthol, this compound is produced in peliate
glandular trichome which located at leaf [3].

The purpose of this research is to increase the production of menthol using plant tissue culture
technique. Cviokinin is phytohormone that induced shoot proliferation and cell division [4]. Plant

tissue culture is known to produce plants that grow faster [5]. In addition, the concentration of

secondary metabolites. especially monoterpenes in Lavandula pedunculata in vitro, is known to be
greater than plants grown in their natural [6]. The growth medium used for multiplication of shoots
with the aim of increasing menthol concentration is Murashige & Skoog media (MS) + 6-
Benzylaminopurine (BAP) + Naphthaleneacetic acid (NAA) [7]. The advantage of in vitro shoot
multiplication techniques is that it is able to produce target compounds under controlled conditions
from changes in weather and soil conditions, plants obtained free from microorganisms and insects, all
types of plants can be used in this technique, and reduce labor costs and increase productivity [8].

2. Materials and Methods

2.1, Plant Materials, treatment and growing condition

This research was carried out at the Laboratory of Plant Biotechnology and Biopurification and
Biomolecular Laboratory, Faculty of Biotechnology., University of Surabaya. The peppermint seeds
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(Biopot™) used in this study were pre-sterilized using bactericidal and fungicidal solution for an hour.
The surface sterilization of explants was continued in Laminar Air Flow Cabinet with immersion in
70% ethanol for 1 minute, and 5.25% NaOCI solution for 5 minutes followed by rinsing with sterile
HzO at least three times. Furthermore. sterilization was carried out again by immersion in 1.75%
MNaOCl solution for 10 minutes followed by rinsing with a sterile water at least three times. Sterilized
mint seeds are planted on MS media without hormones. The culture bottle was incubated under the
white fluorescent lamps. Explants used are nodes from mint plants that are approximately 3 months
old. The plant is cut to only one node. Furthermore, nodules cut into various growth media (Table
1.)The culture was incubated in a culture room with a temperature of 25 + 2°C with the lighting of
white fluorescent lamps and observed the formed tissue.

Table 1. Growth Media Variation

Media
+ (i mgL'24-D

MS + ligL" 4-D

MS +2[fe L' 24-D
MS + 4 mg L'@4-D
s @ mel124.D

MS +0.5 mg L' NAA
MS + 2 mg L' NAA
MS + 4 8lg L' NAA
MS + 6 fle L' NAA
MS +@me 1 NS
MS +2 mg L' NAA + 0.5 mg L' BAP
MS +2 mg L' NAA + 1 mg L' BAP
MS +2mg L' NAA + 2 mg L' BAP
MS + 1 mg L' BAP
MS +2mg L' BAP
MS +2 mg LEBAP + | mg L' NAA
MS + 0.1 mg L' NAA + 0.1 mg L' BAP

2.2 Extraction and determination of Menthol

The extraction samples used were leaves and stems of mint plants obtained from the bud
multiplication process that have been dried in room temperature under air conditioning. The solvent
used was 25 mL of water (distilled water) to extract 0.3 g of dried Mentha piperila stems and leaves,
the sample was extracted using the steam distillation method. Then the extract obtained was analyzed
for menthol content using a gas chromatography device (HP 6890) with INNOWAX 19095N-123
column [9]. For the ex vitro sample used stem and leaves of Mentha piperita ex vitro at 3 months old.

2.3. Data analyses

The research conducted was an experimental study in the laboratory with a Completely Randomized
Design (CRD). In this study two non-parametric data were obtained because the data wasn’t normally
distributed. namely the best media used to grow Mentha piperifa plants in vitro, and data on menthol
production monitored every week. To determine the best growth media, and the best time to harvest,
need to obtain fresh weight of Mentha piperita in vitro, and menthol concentration for seven weeks.
The statistic test used in this research is Kruskal-Wallis test and if significance found in the Kruskal-
Wallis test continue using Dunn-Bonferroni as post hoc test.




3. Results and Discussions

3.1, Preliminary Test

Preliminary tests were carried out to determine the 3 types of growth media to be tested further, the
aspects considered wer@inorphology of Mentha piperita grown in vitro. Frign thil§] preliminary test
selected, MS medium + 0.1 mg L' NAA + 0.1 mg L' BAP, MS + 0.5 mg L and MS +2 mg L
' NAA to be used at thnext research stage because it has the best morp v. The reason for
choosing MS :nediﬂi'as 0.5 mg L' NAA and MS + 2 mg L' NAA compared to MS_+ 1 mg L' BAP
and MS + 2 mg L' BAP.because the hormones NAA and 1AA ([ndol&_’i—Achic'cid) L able
increase the oil content of essdifial oils and menthol in \ntha piperita [10]. Then MS + 0.5 mg L'
NAA and 2 mg L' NAA has a better morphology than M$ + 2 mg L BAP + 1 mg L' NAA, the
morphology in question is the appearance of the plant (abnormal).

Table 2. Prelminary test result

Media Tissue/ 'gan Formed

S+ @5 mg L' 24-D Callus

S+ 1mael124-D Bus
MS +2@le 1! 24-D Callus
MS +4@g L' 24-D Browning
MS + 6 ma L' 288D Browning
MS +@fmg L' NAA Shoot + callus
MS + 2 mg L' NAA Shoot + callus
MS + 4 mg L' NAA Browning

S +6mg - NAA Browning

S +8mg L' NAA Browning
MS +2 mg L' NAA + 0.5 mg L' BAP Shoot + callus
MS +2mg L' NAA + 1 mg L' BAP Browning
MS + 2 mg LPMAA +2 mg L' BAP Browning

S+ 1 mg L' @AP Shoot + callus

S +2mg L' BAP '1001 + callus

S +2mg L' BAP + 1 mg L' NAA Shoot + callus
MS + 0.1 mg L' NAA + 0.1 mg L' BAP Shoot

3.2 Growth Index Curve

Growth Index Curve is obtained from the final weight of the stem and fresh leaves divided by fresh
initial weight. The calculation of the growth index was done by weighing fresh initial weight before
planting and after being cultivated for 1. 2. 3. 4. 5. 6 and 7 weeks. Observation of the growth index
stopped at week 7 because the index value had decreased compared to the 6th week.
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MS + 0.5 mg L' NAA and MS + 2 mg L' NAA.

Table 3. Fresh Weight of Menitha piperita at 6 weeks old.

Media Fresh Weight (g)
$+0.1 mg L' NAA +0.1 mg L' BAP 0.136 = 0.071
S+5 mg L' NAA 0.129 = 0.035

MS + 2 mg L' NAA 0.179 +0.121

The three growth media did not have a significant effect using the Kuskal-Wallis test at a = 0.05

MS 0.1 mg L' NAA + 0.1 mg L BAP | M8 +0.5mgl Naa MS+2mgL’ NAA

Figure 2. Morphology of Mentha piperita in vitro,

Fresh weight of Mentha piperita gipwn on MS + 2 mg L' NAA is the largest among other growth
media. This is due to the presence @ callus at the b:. of the plant stem. Callus also fou. at i base
of the plant stem that @own using MS + 0.5 mg L' NAA. Mentha piperita that grew at MS + 0.1 mg
LENAA + 0.1 mg L' BAP obtained plants do not form callus and have a heavier mass than MS media
+ 0.5 mg L' NAA. Menthol compounds are stored in the peltate glandular trichome [3]. The peltate
glandular trichome is found in parts of plants exposed to air [11]. So it can be said that the larger/the
heavier plant, the more peltate glandular trichome. in other words, the more menthol that can be
extracted. In addition, other factors considered by the morphology of plants planted in vitro. There was




no monoterpene found in Mentha spicata callus, because the_glandular oil gland or peltate glandular
trichome had not been formed @ecause callus cells were und@ferentiated plant cells [12]. Therefore,
the MS medium was selected + 0.1 mg LINAA +0.1 mg 1! BAP as the best growth medium

3.3. Extraction and Determination of Menthol

Extraction of menthol compounds was carried out using the steam distillation method because it is
commonly used to isolate essential oils. The distillation process is stopped until all the water in the
flask has evaporated. From steam distillation results obtained + 24 ml of crude menthol extract from
steam distillation. The crude extract obtained was analyzed using a gas chromatography device (HP
6890) with the INNOWAX 19095N-123 column.
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I-‘la'e 3. Chromatogram of crude extract Mentha piperita Grown on MS + 0.1 mg L' NAA + 0.1 mg
L' BAP medium at 2 weeks old.
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Figure 4. Chromatogram of crude extract Mentha piperita grown on ex vitro,

There is a difference between the crude extracts of Mentha piperita in vitro and ex vitro, the peaks
that appeared at retention time were around 5 minutes in the crude extract profile of ex vitro plants but




were not found in crude plant extracts in vitro. And the crude extracts of plants in vitro found peaks at
retention time about 8 minutes which were not found in crude extracts of ex vitro plants. In other
words, the Meniha piperita plant in vitro is not capable of producing secondary metabolites that are
exactly the same as their original plants and is able to form secondary metabolites that are completely
different from the original plants. Several factors that influence the difference in results is nutrition
availability and environmental conditions, The availability of nutrients includes the concentration of
sugar, nitrate, phosphate and growth regulating substances. Whereas environmental conditions include
temperature, light intensity and pH [13]. Plant tissue culture systems are able to produce secondary
metabolites that are completely different from the original plants because of very different
environmental conditions, while the levels can be the same, larger or smaller [14]. In vitro plant
growth media have been given nutrition, sufficient growth regulating substances, and the growth
environment is conditioned stable with adequate lighting, temperature of 20°C, and pH of 3.8. All
treatments given to plants in vitro are common treatments to optimize growth in plant tissue culture.
While the ex vitro plants all of these factors are not controlled at all, or in other words depending on
nature.
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l-‘lgur‘. Menthol concentration curve and Mentha piperita growth index at 0.1 mg L' NAA and 0.1
mg L' BAP compared to incubation time

Table 4. Menthol concentration observed every week grown at MS + 0.1 mg L' BAP + 0.1 mg L' NAA

Plant Age (Weeks) Menthol Concentration (0:'::?::‘.)

0 1.85
1 4.69
2 9.748
3 599 + 179 4.792
4 366.5" + 85.4 2.932
3 405.6™ + 50.7 3.245
6 228997 + 0.642 1.832
7 314.93% £ 9.58 2.519

Ex vitro plant 97.21° = 1.373 0.778

The different annotation followed by average value showed significance using Dunn-Befferoni test o = 0.05




.'hc highest concentration of n.llhol was 2 weeks old Mentha piperita that have grown using MS
+ 0.1 mg L' NAA + 0.1 mg L' BAP. and the least concentration of ri§inthol was ex vitro Mentha
piperita. This phenomenon is not in adbrdance with the theory. that the production of secondary
metabolites generally occurs at the end of the stationary period when the nutrient supply is depleted
[4]. This may be caused by menthol has been further metabolized to menthyl acetate [15]. There are
also indications that the terpenoids used for defense have decreased due to the absence of threats.
Another factor that might cause the highest phenomenon of menthol concentration in the second week
of culture is stress caused by injury at the beginning of cutting explants. This phenomenon was also
showed on another research. where at 2 weeks after the plant was injured there was a significant
increase in the concentration of monoterpenes compared to non-injured plants [16]. This increase in
the concentration of monoterpenes may be caused by an increase in the activity of the enzyme
monoterpene cyclase as occurs in Abies grandis plants [17]. Monoterpene cyclase plays a role in
converting Geranyl pyrophosphate (GPP) to 4s-limonene [18]. GPP is the carliest compound in
menthol biosynthesis pathway or it can be said that it is a compound that initiates menthol formation
so that plants will tend to produce menthol in this condition. Mentha piperita grown in vitro is able to
produce more menthol than ex vitro. This may be due to the availability of sufficient nutrients so that
in vitro plants are able to produce more menthol. Besides that the hormones NAA and IAA (Indole-3-
Acetic Acid) are able to increase the levels of essential oil and menthol oil in Mentha piperita [10].
There are another research showed that increasing BAP and sugar concentration on media didn’t
increase the production of menthol in Mentha piperita [ 19].

4. Conclusions

Based on this research. it .n b-.:oncludcd that the best gro'h medium for multiplying Mentha
piperita shoots in vitro was MS + 0.1 mg L' NAA + 0.1 mg L' BAP. Chromatogram profile on crude
extracts of Mentha piperita plant in vitro showed 3 peaks. namely at about 2 retention times: 4.5 and 8
minutes, Chromatogram profile on crude extract of Mentha piperita ex vitro showed 3 peaks, namely
at about 2 retention times: 4.5 and 5 minutes. The menthol concentration observed for 7 weeks in the
largest Mentha piperita plant in vitro was at the culture time of the 2" week which was 1 218.5 + 47.1
mg L', The menthol concentration observed in the Mentha piperita ex vitro plant was 97.21 = 1.373
mg L.
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