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ABSTRACT

Methylation-specific PCR (MSP) is a valuable technique for studying DNA methylation patterns due to its
straightforward design and implementation, high sensitivity in detecting methylated DNA, and ability to analyze large
sample sizes cost-effectively rapidly. However, researchers need to be cautious when working with new samples or
gamples stored in the freezer for an extended period. Freezing does not prevent the action of DNAase enzymes, which
can lead to reduced DNA extraction yields. During MSP, DNA undergoes changes, and PCR is performed using two
$ets of primers that specifically target methylated and unmethylated DNA regions. The use of bisulfite conversion
treatment, an essential step in methylation analysis, presents significant challenges. One challenge is that bisulfite
treatment can cause DNA fragmentation, particularly when the initial DNA concentration is low. In nested MSP, where
an additional round of PCR is performed, smearing may occur due to the high DNA concentrations used. Therefore, for
new samples with a DNA concentration of 1-10 pg/uL, it is recommended to use the unnested MSP technique prior to
bisulfite conversion treatment.
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1. INTRODUCTION

Methylation markers are commonly used to diagnose
and predict the prognosis of diverse cancers[l],
metabolic diseases such as type 2 diabetes[2], organ
development disorders[3], and skin disorders[4]. The
methylation test is very flexible and can be used in all
samples, such as blood, organ, saliva, and cerebral fluid
samples—thus, methylation markers are more attractive
to use as a diagnostic tool.

Methylation-specific PCR (MSP) is a cost-effective
method commonly employed to examine methylation
markers, offering an advantageous alternative to more
expensive techniques such as bisulfite sequencing. MSP
is a robust approach for qualitative DNA methylation
analysis, primarily due to its simplicity in design and
implementation. It enables the detection of methylated
DNA at various sensitivity levels, allowing for the
identification of even minute amounts of methylation.

Furthermore, MSP facilitates the rapid and cost-efficient
screening of a large number of samples, making it
particularly suitable for studies that require high-
throughput analysis of DNA methylation patterns[5].

The MSP method is a technique used to detect DNA
methylation patterns by amplifying specific regions of
DNA using PCR. In MSP, primers are designed to target
either methylated or unmethylated CpG sites. After the
PCR amplification, the resulting amplicons or bands can
be visualized on gels made of agarose, boric acid, or
nondenaturing polyacrylamide, depending on whether
the targeted CpG sites are methylated or unmethylated.

One challenge in analyzing DNA methylation
patterns is the fragmentation of genomic DNA caused by
bisulfite conversion treatment, which is a process used to
convert unmethylated cytosines to wuracils while
preserving methylated cytosines[6]. This DNA
fragmentation can affect the interpretability of the MSP
results.
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In light of this, the aim of this study is to investigate
the distinctions between unnested MSP and nested MSP
methods. The focus is on comparing the performance of
these two approaches in detecting and analyzing DNA
methylation patterns after bisulfite conversion treatment.
The hypothesis suggests that nested MSP, which involves
an additional round of PCR amplification using nested
primers, may overcome the interpretability issues caused
by DNA fragmentation and provide more accurate and
sensitive results compared to unnested MSP.

2. MATERIALS AND METHODS

On 1 September 2020, the Research Ethics
Committee of the University of Surabaya, Indonesia (No.
138/KE/VIII/2020) approved this research proposal
compliant with ethical standards. Using the Favorgen
DNA isolation kit, DNA was extracted from Swiss
Webster mice muscle samples. After following the kit's
instructions for DNA isolation, the bisulfite conversion
treatment was applied. Before bisulfite conversion
treatment, DNA samples must be between 1-10 pg/uL g.
The MSP approach is based on Dwi Putra et al., 2019[7].

Following bisulfite conversion treatment, the DNA
samples were subjected to both nested MSP and unnested
MSP techniques, followed by Methylation-Specific PCR
(MSP). The resulting products from these amplification
methods were then diluted and loaded onto a 2% agarose
gel for visualization. The gel electrophoresis was
conducted to observe and analyze the amplified DNA
fragments, allowing for the detection and differentiation
of methylated and unmethylated CpG sites based on their
migration patterns within the gel.

3. RESULTS AND DISCUSSION

The utilization of nested or unnested Methylation-
Specific PCR (MSP) serves the objective of enhancing
the sensitivity of the assay for the analysis of DNA
methylation. This aim is achieved by using two different
methods: the first method involves a single round of PCR
(unnested MSP), while the second method includes an
additional round of PCR (nested MSP).

Upon analyzing the results obtained from
electrophoresis, it becomes evident that the nested MSP
approach yields distinct characteristics compared to the
unnested MSP approach. In Figure 1, the images of the
electrophoresis gel showcase a smeared pattern and
intense bands when using the nested MSP method. These
distinctive features suggest that the nested MSP
technique enhances the sensitivity of the assay,
potentially enabling the detection of lower levels of
methylated DNA compared to the unnested MSP method.

The MSP primers preferentially amplify only a fully
methylated (M) template, the primer binding region
should include as many CpG sites as possible. To confirm

the locus's non-methylated (U) form, a second set of
primers was designed to target its non-methylated (U)
form exclusively [8]. There are many significant
difficulties concerning the conversion of genomic DNA
to bisulfite conversion treatment. The DNA is
fragmented after incubation of genomic DNA with
bisulfite conversion treatment. Depending on the
intended use, this fragmentation may hinder subsequent
experiments. This can be mitigated by changing the
incubation time of bisulfite conversion treatment or using
additional PCR (nested PCR) [6].

Nested MSP was developed to address the
shortcomings of conventional MSP. If an experiment
cannot amplify a product enough for direct MSP analysis,
nested MSP may be performed. Nested MSP requires an
extra primer set consisting of two primers covering the
amplified product's sequence. Utilizing the amplified
products from the first PCR with nested MSP primers, a
second PCR is done using two pairs of primers (each pair
targeting a distinct state of methylation) using the first
PCR's generated products. The primary advantage of this
two-step process is that the first round of amplification
salvages fragmented input DNA. The nested MSP
technique is strongly recommended when not utilizing
contemporary bisulfite kits. (Figure 2) [9,10].

Following MSP, gel electrophoresis is performed to
assess the presence of bands by UV transillumination
following ethidium bromide staining. Completely
unmethylated samples will only provide a PCR product
when U-primers are employed since completely
methylated samples yield a distinct band in the M-
primers [6,11].

The intensity of the bands observed on the gel was
utilized to evaluate the quality of the electrophoresis.
Several factors can influence the band brightness,
including the amount of DNA loaded, the presence of a
molecular weight marker, and the specific gel staining
method employed. It is important to note that the
thickness of the gel can significantly impact the
resolution of the DNA fragments. For optimal resolution,
horizontal gels should ideally be cast no thicker than 3-4
mm. Thicker gels, such as those with a thickness of 10
mm, may result in reduced clarity and resolution, leading
to a haziness in the visualization of smaller DNA
fragments when compared to a 3 mm thick gel, which
provides more consistent resolution throughout the gel
[12].

The width (thickness) of the comb used to create
wells in agarose gels may also influence DNA fragment
resolution. With a larger comb, more volume may be
inserted into the well, but the DNA bands may be
broader. A comb with a width of 1 mm will produce more
distinct DNA bands [12], [13]. The amount of DNA that
can be loaded onto a gel is influenced by two main
factors: the distribution of DNA fragments (including the
number and size of target fragments) and the capacity of
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Figure 2. The MSP procedure. DNA was extracted from muscle or other tissues. The bisulfite conversion process
may cause DNA fragmentation. Both nested and unnested MSP techniques were utilized to generate bisulfite
results. Nested MSP, which involved a higher DNA concentration, resulted in smearing patterns on the

electrophoresis gel. In contrast, unnested MSP provided an adequate number of samples for analysis within the
recommended DNA concentration range of 1-10 pg/uL.
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fragments are larger in size (>10 kb), there is a risk of
overloading the gel, which can result in undesirable
effects such as lagging and smearing of the DNA bands.
This is because larger DNA fragments require more
space to migrate properly through the gel matrix, and
when the capacity of the well is exceeded, the DNA can
have trouble in moving at the desired pace and may
exhibit irregular migration patterns [12]. Therefore, it is
important to consider the size of the DNA fragments and
the well capacity to prevent overloading issues and
ensure accurate and clear separation of the DNA bands
during gel electrophoresis.

The concentration of DNA in the specific bands of
interest is crucial. Careful consideration should be given
to the impact of DNAase activity when deciding whether
to utilize fresh or frozen samples and how long to store
them. It's important to note that freezing the samples does
not halt the action of DNAase, leading to a reduction in
DNA concentration. When frozen samples were held at -
20 °C for a duration of 10 days, approximately 65% loss
of DNA concentration and a 90% decrease in the amount
of extracted DNA were observed [12,14].

Before performing MSP, bisulfite conversion
treatment must be completed. The bisulfite conversion
treatment has been instrumental in DNA methylation
research. The differing effects of bisulfite conversion
treatment on unmethylated and methylated cytosines
under acidic circumstances result in deamination and
conversion of unmethylated cytosines to uracils.
Unaffected  methylation of  cytosines  permits
differentiation between methylated and unmethylated
cytosines in the transformed DNA [6].

The primary objective of utilizing nested MSP is to
enhance the sensitivity of MSP by amplifying a greater
amount of DNA following the bisulfite conversion
treatment. However, it is important to note that the
bisulfite conversion process itself can lead to a reduction
in the overall DNA quantity, making the MSP results
undetectable. In contrast, unnested MSP samples often
yield visible bands that can be analyzed. The
electrophoresis results of nested MSP may appear
smeared due to the higher concentration of DNA
templates used in the process.

These results suggest that researchers can opt for
unnested MSP as a substitute when the DNA
concentration before bisulfite conversion treatment is
between 1-10 pg/uL and fresh samples are accessible. It
is important to consider that samples stored for a long
duration may undergo DNA degradation caused by
DNAase activation, leading to reduced DNA content
during analysis. Additionally, careful attention should be
given to the size of DNA fragments and the capacity of
wells during gel electrophoresis to avoid overloading and
ensure precise and distinct separation of DNA bands.

To ensure the success of qualitative DNA methylation
analysis, future researchers are advised to thoroughly
evaluate the sensitivity requirements of their study. It is
crucial to carefully assess the advantages and
disadvantages of both nested and unnested MSP
methods, taking into account the particular context and
the availability of DNA samples. Furthermore,
optimizing the DNA concentration and storage
conditions should be prioritized to guarantee reliable and
reproducible results.

Considering the specific experimental needs,
researchers should weigh the benefits and drawbacks of
nested and unnested MSP. Although nested MSP
provides improved sensitivity and specificity, it comes
with increased complexity and higher costs. On the other
hand, unnested MSP is simpler and more cost-effective
but may have limitations in terms of sensitivity and
specificity. Making a well-informed decision between
these two techniques is vital for the effective execution
of qualitative DNA methylation analysis.

Methylation-Specific PCR is a valuable technique for
qualitative DNA methylation analysis. Nested MSP can
enhance sensitivity but may exhibit smeared results,
while unnested MSP provides visible bands for analysis.
Researchers should consider DNA concentration, storage
conditions, and the impact of bisulfite conversion
treatment when choosing between these methods. The
unnested MSP technique is recommended for new
samples with a DNA concentration of 1-10 pg/uL prior
to bisulfite conversion treatment.

4. CONCLUSION

In conclusion, Methylation-specific PCR (MSP)
stands out as a valuable technique for studying DNA
methylation patterns due to its simplicity, high
sensitivity, and cost-effective analysis of large sample
sizes. For samples with a DNA concentration of 1-10
ng/uL, it is advisable to opt for unnested MSP before
bisulfite conversion treatment to mitigate issues
associated with DNA fragmentation. This precaution
ensures the preservation of DNA integrity and enhances
the reliability of methylation-specific PCR analyses.

AUTHORS’ CONTRIBUTIONS

SEDP and FMH performed a major part of the
research work, performed statistical analysis, interpreted
results, and wrote the initial draft. LTM revised the
figures, improved the initial draft, and helped in lab work.
LTAT also helped in lab work. HW, RI, DK, HWS
conceived the idea, supervised the work, revised,
modified, and approved the final draft.

ACKNOWLEDGMENTS

93



94

F. M. Humardani et al.

The authors wish to acknowledge the financial
assistance provided by the Indonesian Ministry of
Research, Technology, and Higher Education for this
study (058/SP-
Lit/LPPMO01/KemendikbudRistek/Multi/FTB/V/2022
and 004/SP2H/PT/LL7/2022).

REFERENCES

(1

Bl

(]

(7

(]

X. Hao et al., “DNA methylation markers for
diagnosis and prognosis of common cancers,”
Proc. Natl. Acad. Sci., vol. 114, no. 28, Jul. 2017,
pp- 7414-7419. DOI: 10.1073/pnas.1703577114.

F. M. Humardani, L. T. Mulyanata, and S. E. Dwi
Putra, “Adipose cell-free DNA in diabetes,” Clin.
Chim. Acta, vol. 539, no. December 2022, pp.
191-197, Jan. 2023, DOL:
10.1016/j.cca.2022.12.008.

K. Rooney and B. Sadikovic, “DNA Methylation
Episignatures in Neurodevelopmental Disorders
Associated with Large Structural Copy Number
Variants: Clinical Implications,” Int. J. Mol. Sci.,
vol. 23, no. 14, p. 7862, Jul. 2022, DOI:
10.3390/ijms23147862.

Y. H. Noh, J. Lee, S. J. Seo, and S. C. Myung,
“Promoter DNA methylation contributes to
human p-defensin-1 deficiency in atopic
dermatitis,” Animal Cells Syst. (Seoul)., vol. 22,
no. 3, pp. 172-177, 2018, DOL
10.1080/19768354.2018.1458652.

Z. Huang, C. F. Bassil, and S. K. Murphy,
“Methylation-Specific PCR,” vol. 1049, no.
September 2015, A. Malek and O. Tchernitsa,
Eds. Totowa, NJ: Humana Press, 2013, pp. 75—
82.

S. K. Murphy, C. F. Bassil, and Z. Huang, “Main
Principles and Outcomes of DNA Methylation
Analysis,” in Methods in Molecular Biology, vol.
1049, no. September 2015, 2013, pp. 67-74.

S. E. D. Putra et al., “Aberrant PDK4 Promoter
Methylation Preceding Hyperglycemia in a
Mouse Model,” Appl. Biochem. Biotechnol., vol.
190, no. 3, pp. 1023-1034, Mar. 2020, DOI:
10.1007/s12010-019-03143-6.

O. Taryma-Lesniak, T. E. Kjeldsen, L. L.
Hansen, and T. K. Wojdacz, “Influence of
Unequal Amplification of Methylated and Non-
Methylated Template on Performance of
Pyrosequencing,” Genes (Basel)., vol. 13, no. 8,
p. 1418, Aug. 2022, DO
10.3390/genes13081418.

F. Zhao and B. Bapat, “The Role of Methylation-
Specific PCR and Associated Techniques in
Clinical Diagnostics,” in Epigenetic Biomarkers

[10]

(1]

[12]

[13]

[14]

and Diagnostics, Elsevier, 2016, pp. 155-173.

J.-L. Ku, Y.-K. Jeon, and J.-G. Park, Epigenetics
Protocols, vol. 791. Totowa, NJ: Humana Press,
2011.

S. Derks, M. H. F. M. Lentjes, D. M. E. L.
Hellebrekers, A. P. de Bruine, J. G. Herman, and
M. van Engeland, “Methylation-Specific PCR
Unraveled,” Anal. Cell. Pathol., vol. 26, no. 5-6,
pp. 291299,  Jan. 2004,  DOI:
10.1155/2004/370301.

S. Ven and A. Rani, “Discriminatory Power of
Agarose Gel Electrophoresis in DNA Fragments
Analysis,” in Gel Electrophoresis - Principles
and Basics, InTech, 2012.

P. Wittmeier and S. Hummel, “Agarose gel
electrophoresis to assess PCR product yield:

comparison with spectrophotometry,
fluorometry and qPCR,” Biotechniques, vol. 72,
no. 4, pp. 155-158, Apr. 2022, DOI:

10.2144/btn-2021-0094.

V. Romanazzi, D. Traversi, E. Lorenzi, and G.
Gilli, “Effects of freezing storage on the DNA
extraction and microbial evaluation from
anaerobic digested sludges,” BMC Res. Notes,
vol. 8, no. 1, p. 420, Dec. 2015, DOI:
10.1186/s13104-015-1407-2.



Methylation Specific PCR (MSP): Nested PCR vs Unnested PCR 95

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.



ATLANTIS
PRESS

Advances In Biological Sciences Research

Johan Sukweenadhi
Finna Setiawan Editors

Proceedings of the
Conference on Natural
Resources and Life
Sciences 2022

(NRLS-B'O 2022) * Volume 38

OPEN ACCESS




Johan Sul weenadi Fiaou Sctarnas
Faculty of Bictexhnodogy Facelty of Pharmecy
Ud\mhyds-h_m University of Surabaya
Susabuya, Indoocsia Serataya, Indooesia

ISSN 27317586 ISSN 24685747 (eloctivnic)
Advanoes in Blologscal Scoamoes Roscarch
ISEN 975.986403.3214 ISBN 978.94.6463. 32201 (eBock)

bt /idon e 1O DIV TR OG- 0465 0221
© The Edbarin) (of sppbucaidet sl The Asthortns 2000, This Sk i an ogen socess pebdicstion

Open Moo This Sok s Iicessad umder the sermn of the Crestne Commons Airitution NooComnercisd
A0 bbermational Laonse (Mg oocativocometoem orp Iacemmeatys a8 (0, wheod perwmis sy oo comnerond
. sharing. sdaptatson, deinbution snd foprodectaon 1 sy meds of forms . s 3ng o you give ippenyisie
croda 10 the onginal swthont o) snd the sowece, prod e & Bek 80 the Croative Commmons hoemse and indicse o
ONanges werd omale

The smages of oot hand party msderisl w this Bock are soxhudod i the book's Crestrve Commons Do,
sy i ated ofheere i i b Onedt Bt e e matersal 1Y meanerial bs ok inchadod i the Boed s Cremtve
Comenorn Inetne il your imcndod wse is ol potmitiol by slsutony tegalatnos of enconds e permitad o,
0w will ocod 10 chlnn petmiiion Sty from the L

This ot v et a0 copyrghn. AT commment bl Fghes ave hescrvend bry dhe ot s 1 wieehr the whodke oo part
Of O mantrsad in comoermnd sgecifially e enghes of Mamalathon, repeiniing. touwse of Hhasll saen. 1o Katvn,
Pl anting. meprouton T oo M 1A of o8 wry OOy Pl ] Wy, M IR san o sl on vOf gt
and peines i, et adiptatn. commpeicy wlleser, of Iy simnlar v Gevimdar methaododogy e baown
of heveadvy deveboged. Regarding s commmercid rights a mom enchince Boemed has heves grasind o the

pebinder

Thet wae of peneral dewmparve mames, reprdered mames, Taldomarbs, seryive sk, e in s pubiication
Gots ok gl evon i B abnend oF & Speviing statomaenn. Bt sl samts e enomge B the relevans
Peotecune brms and srpelacons snd therelore fred Sor penerd e

The pobdinher. the soldons, sl e ooors ane safe 30 s 1t the alvivg and wfoomatos w hes dowd
v DeBeved o b e nd accurate o the doae of pebBoation. Nevdwr the peblindur nor the seons o the
CIROES EIVE 3 Wy, Enressind of el w0 POt 30 T mater bl Gomtabanind Bonen O v My ey
OF swaeshonn that oy Bave hoen ey, The pubady remens nowtral wih regand 1o parisdicrond clasm s
Publiabed maps ol inetinanmal M.

Thie Atlssin Pross smpriat b poblodued by S repraaned coospany Adlantis Prows Tntersasconad BV,

Pt of Spwwper Naswre

Tha reghutened compamy adderss b Van Godewikaboos 30 1151 GX Donderche Noghertands

Paper i tis poadect is racys lible.



Contents

L T T T S N R 11 LD A S A
Johan Sukweenadhi and Finna Setiawan

Clinical and Community Pharmacy

Systematic Literature Review: Side Effect of Moringa oleifera Lam, ... ...,
Deborah Felinda Harl Wijaya, Alfian Hendra Krisnawan,
Ocke Yunita, Krisvami Budipramana, Karina Citra Rani,
and Nikmatul Ikhrom Eka Javani

Metin-Analysis on the effectiveness of the Use of Prophylactic Antibiotics

in Preventing Surgical Site Infection in Patients with Hemia Surgery ...,
Heru Wigono, Febryza Keistin, Beryl Bavanaka Agustha Peerera,
Fauna Herawatl, and Rika Yilia

Analysis of Factors Affecting Adherence to Anti-Retroviral Treatment
among HIVIAIDS Out-patients at the Dinoyo Public Health Centre ... .0. oL
Amisa Lazsardy, Yoxi lrawarl Wibowo, and Adje Prayime Setiodi

Food Biotechnology

In Silico Evalustion of Soybean Protein as Bioactive Peptide

for Amti-Thrombotic Agemt by Molecular Docking Study ..o
Fadtlia Sherlyna, Mulammad ham Fahri, Artef Koeswanto,
and Dandan Wang

Study of the Potential Use of Fermentation Methods to Increase

Antioxidant and Antibactenial Activity of Fruit Peels: A Review ..............
Merry Meryam Marigrita, Nehemia Roito Hutajulu,
Hanna Gretty Manik, and Adelina Manurung

Estimation of Shelf-life of Porang Glucomannan Analog Rice By

Accelerated Shelf-life Testing (ASET)Method ..o,
Michael Surya Dharma, Yayon Pamula Mukti, Gisela Buschle-Diller.
and Ardhia Deasy Rosita Dewi



X Contents

Fortification of Dayuk Onion Extract (Eleutherine pedmifolia (1..) Merr.)

1o Jelly Drink as a Functional Food ... ... i oiiiiiiiiiiiiniiiaiiias

Yayon Pamula Mukti, Berliana Yusup, Ardhia Deasy Rosita Dewi,
and Se Chan Kang

Healtheare Biotechnology

The Effect of Bajakah Tampala Stem (Spathelobus linoralis Hassk)

Extract on Clotting Time in Vitro ... oo iviviiiaiiias

Noza N, Moyananda, Rachmad P. Armanto, and Martana Wahjudi

Analysis of Consumer Knowledge und Needs For Herbal Information ..., ...,

Ocke Yanita and Erlin Theterissa

Bt polymerase enhincement a bioinformatics approach to improve Bst

PORYIRIOTEES CIRPRCIOTEIION: « o550 o 55 v w0530 05 s N 0,0 ¥o7 00/ S33 0NV R ITT0

Jonathan, Ermest Survadfafa, and Sulisivo Emantoko D, Pmm

Methylation Specific PCR (MSP); Nested PCR vs Unnested PCR ... ......,

Farizky Martricno Humardani, Lisa Thalio Mulyanata,
Lady Theresa Adeodata Tanava, Risma lkawaty,

Heru Wijono, Hikmawan Wahyu Sulistomo, Dini Kesunia,
and Sulistyo Emantoko Dwi Putra

Nitural Products Isolated from Various Parts of Mangosteen (Garcinta

mangostana L.) os Therapeutic Agent: A Review oo,

Arif Nur Muhammad Ansord, Yulanda Antonius,

Ahmad Affan Ali Murtadlo, Viel Dhea Kharisma,
Bayyinawd Muchtaromah, Muhamnad Khaliim Jati Kusalo,
Dora Dayu Rahma Turista, Imam Rosadi, Vikash Jakhmaola,
Maksim Rebezov, Tarun Parashar, and Rohadian Zainul

Identification of ACEL Inhibitor Derived from Ashitaba’s Chalcones:

AR INSIHCO APPIOBED oosvesriivisineissreicsnesioasivessivesoivaes T

Thomas Alessandro, Yulanda Mamhn Ardhia Deasy Rosita Dcm.
Sin War Naw, Prita Ayu Kusumawardhany, Lanny Kusima Widjaja,
Hazrul Iswadi, and Mariana Waljudi

102



Contents i
Plant Biotechnology

Patchouli Alcohol Optimization from Pogostemon cablin Benth, cv,

Sidikalang Leaves Using Response Surface Methodology . .......ovvvvviann (2]
Mochammad Firmansyah, Feri Irwansyah, Krisyanti Budipramana,
Mochammead Arbi Hadivat, Tda Bagus Made Artadana,
and Popy Hartatie Hardjo

Explant surface sterilization protocol for micropropagation

of Amorphophallies muelleri BIome ..o oiiiiiiiiiiiiiiiiiiiiiiiianes 116
Fenny Irawani, Agnes Natalia Wijaya, Anggi Manurung,
Michael Anthony Thengiratama, Wina Dian Savitri,
and Popy Hartatie Hardjo

Unilization of Tempeh Extract as an Organic Supplement Alternative

O DRSNS TISUD CMMIS " o .0 55 o v 65'0:5/0 00013 97910 VA 6.0 005100445 0 A UAGN 6 A 00 122
Alexander Willy Dimaswarabrata, Anastasia Tatik Hartanit,
and Listya Utemi Karmawan

Pharmacology and Toxicology

Anti-Inflammatory and Mucolytic Activity Test of Ethanol Extract Fennel
T L1 I B PR Ty S o PG 133
Svifatd Lutviant, Ha Nuy Anisa, and Andreanus A, .smmmw

LFER and 3ID-QSAR Analysis of Febrifugine Derivatives against
Plasmodiem faleiparem FCR-3 SN ..o i 138
Nur Aina, Tegar Achsendeo Yandarta, and Dini Kesuma

Natural Dyes as Photosensitizers of Propionibacterium aenes oo . 145
Asmiventi Dialtasrin Djalil, Agshal Pramudya Susanto,
Rizal Nandha Arisugita, Binar Asvining Dhiani,
Muhanunad Faris Maulidan, and Irfan Zamzani

Pharmaceutical Technology

Formulation of Chewable Gummy Tablet of Moringa oleifera L. Leal

Extract Using Combination Kappa Carrageenan and lota Carrageenan ..., 155
Nabilaberty Prisma Gemilang, Nikmatul khrown Eka Jayani,
and Karvina Citra Rani

Stability and antioxidant tests of ethanol extract liposome of monnga
1ERVOS MOrINEE ORI .o n'svn s wivnesinn oredss e s sno s o0 assss v vassssas 165
Robert Tungadi. Teti Sutrivati Tuloli, and Sri Manovita Pateda



