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Abstract. This study aimed to determine the composition of H2S-oxidizing bacteria from Midorikawa mudflat using a 
culture-independent approach based on the sulfide quinone reductase (sqr) gene. This gene is involved in the initial step 
of H2S oxidation resulting in elemental sulfur. Total DNA was extracted from the mudflat sediment. A partial sequence 
of sqr was amplified by PCR and a clone library was established. The results showed that the community of H2S 
oxidizers was dominated by Alphaproteobacteria and Gammaproteobacteria. Sequence similarity of sqr to the isolated 
reference strains from GenBank database were 76-88%. However, a significant number of the clones were affiliated with 
uncultured bacteria. This indicated that diverse bacteria exist in Midorikawa mudflat to oxidize the released H2S, and 
most of them were previously undiscovered.  

Keywords: community structure, composition, H2S-oxidizing bacteria, Midorikawa mudflat. 

INTRODUCTION 

The sulfur cycle is active in the near surface of intertidal sediment where the oxygenated layer is adjoining the 
anoxic layer. Bacteria with their enzymes catalyze the exchange of sulfuric compounds by oxidizing and reducing 
conditions.1 One conserved intertidal area in Japan is located at Midorikawa Estuary where fresh water from 
Midorikawa River meets the semi-closed Ariake Sea. At the estuary, a barren mudflat appears during low tide and a 
number of benthic invertebrates are observable. The mudflat is also ecologically important to other animals such as 
fish and birds.2 A reduced sulfur compound, the toxic gas H2S is normally released in the sediment. Before emitting 
to the atmosphere, H2S is oxidized into several sulfuric compounds by H2S-oxidizing bacteria.1  

The bacteria are equipped with a series of enzymes for oxidation of H2S. One of the known metabolic pathways 
involves sulfide quinone reductase (sqr) in the initial step of H2S oxidation. During autotrophic growth of bacteria, 
sqr transfers the electron from H2S to quinone in the cytoplasmic membrane for reduction of NAD+ that is required 
for CO2 fixation. The enzyme is prevalent among phototrophic and chemolithotrophic bacteria and concluded to be 
one of the ancient enzymes.3 

Midorikawa mudflat is a conserved wetland that many animals depend on for their life.4 However, information 
on community composition of H2S-oxidizing bacteria is limited. To access the community members, a culture 
independent approach has proven more reliable since it overcomes the bias problem in a culture dependent 
approach.5 The sqr gene can be used as a marker for the molecular identification of the uncultured H2S-oxidizing 
bacterial community. A biomarker has been developed in the form of PCR primer sets that recognize sqr gene 
sequences from a wide array of prokaryotes.6 The objective of this study was to provide an overview of the 
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composition of H2S-oxidizing bacteria in sediment of Midorikawa mudflat by using a culture-independent method 
based on the sqr gene. 
 

EXPERIMENTAL DETAILS 

The top 2 cm of sediment was collected from Midorikawa mudflat during low tide in May 2014. To determine 
the bacterial community composition, DNA samples were extracted from the sediment using PowerSoil® DNA 
Isolation Kit. Then, the sqr gene was PCR-amplified from the extracted DNA sample using AmpliTaq Gold in a T-
Gradient Biometra Thermocycler. Five primer sets (SQR-G1, SQR-G2, SQR-G3, Ge, and SQR-G5) were used and 
PCR was performed under the conditions.6 Each primer set represents one of the five sqr groups since there is 
extensive variation in sqr sequences among a wide array of prokaryotic genera. To confirm that the amplicons were 
of the correct size, the PCR products were subjected to electrophoresis on 1.5% (w/v) agarose gels in 1× TAE 
buffer. PCR products that were confirmed to be of the correct size were purified using the UltraClean PCR Clean-
Up Kit. 

The purified PCR products of the sqr gene were ligated into pT7Blue T-vectors with DNA Ligation Kit Mighty 
Mix and transformed into Escherichia coli DH5a Competent Cells following the manufacturer’s instructions. X-Gal 
agar was used to isolate the transformed E. coli. The white colonies were picked and cultivated in liquid Luria 
Bertani medium. Extraction of inserted plasmids was subsequently carried out using the Wizard Plus SV Minipreps 
DNA Purification System following the manufacturer’s instructions. The cloned plasmids were screened for 
correctly sized inserts by digestion at 37 °C for 60 min with EcoRI and PstI restriction enzymes. Plasmids with 
inserts of the expected size were selected for sequencing, which was performed by TaKaRa using the BigDye 
Terminator v3.1 Cycle Sequencing Kit on an ABI 3730xl DNA Analyzer. 

Readable sequences of thirty-two clones were chosen for analysis. Sequences of sqr from the GenBank database 
were aligned using the web-based BLAST analysis tools to determine their phylogenetic relationships and identify 
of their closest relatives. The gene sequences were aligned with their closest reference sequence using CLUSTALX 
2.1.7 To determine the phylogenetic relationships between the sequences, a neighbor-joining tree was constructed 
using MEGA version 6.8 The bootstrap method was performed with 500 replicates to estimate the reliability of the 
inferred phylogenetic nodes. 
 

RESULTS AND DISCUSSION 

The extracted bacterial DNA was PCR-amplified using the five sqr primer sets. Only SQR-G1 primer set 
showed a band of the correct-sized PCR product (500 bp) while no amplicon was observed for the other primer sets 
(Fig. 1). The SQR-G1 primer set was constructed from the sqr sequence of Thiobacillus denitrificans. 6 The primer 
was a complement to group-1 sqr consisting of Cyanobacteria and Proteobacteria. Thus, in our Midorikawa 
sediment sample, the amplified sqr presumably belong to those phyla. 

 

 
 

FIGURE 1. Results of PCR amplification using five sqr primer sets. M, 100 bp DNA ladder; 1, SQR-G1; 2, SQR-G2; 3, 
SQR-G3; 4, Ge; 5, SQR-G5. A PCR product of 500 bp was observed on lane number 1. 

 
To get a detailed view, a clone library was conducted upon the sqr amplicons and the phylogenetic tree 

generated is presented in Fig. 2. Results showed that 68.8% of the total sqr was affiliated to the uncultured bacteria 
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with a sequence similarity of 75-96%. The remaining sqr sequences were affiliated to three classes, 
Alphaproteobacteria 18.7%, Betaproteobacteria 3.1% and Gammaproteobacteria 9.4%, that are under the phylum 
Proteobacteria. They covered eight genera, of which were four Alphaproteobacteria, one was a Betaproteobacterium 
and three were Gammaproteobacteria. Several clades with abundant members that had no affiliation to any of the 
known isolated bacteria were closely related to the sequence of uncultured bacterium from a coastal environment in 
Korea. 
 

 
 

FIGURE 2. Phylogenetic tree of partial sqr sequences from Midorikawa mudflat and reference strains. The tree was 
generated using the neighbor-joining method. The scale bar corresponds to a phylogenetic distance of 0.05 nucleotide 

substitutions per site. Numbers on the branches indicate bootstrap percentage after 500 replications in constructing the tree. 
 

Within the alphaproteobacterial clade, several sqr sequences were related to a photosynthetic strain isolated from 
legume nodes, Bradyrhizobium, and to the genus Altererythrobacter isolated from an ocean ecosystem. The 
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sequence similarities to the closest references were in the range of 76-85%. Many of alphaproteobacterial members 
are known as phototrophic H2S oxidizers.6  

Other sequences obtained from Midorikawa mudflat had affiliation to the gammaproteobacterial references 
originated from various types of environments where sulfuric compounds were adequately available. Their sequence 
similarities were 77-88% to the closest references, which were Chromatiaceae (anoxygenic photosynthetic purple 
sulfur bacteria) and the chemotrophs Thiohalobacter and Thiolapillus. Members of Gammaproteobacteria are often 
reported as abundant sulfur bacteria in several coastal environments.9 Meanwhile, only one clone had an affiliation 
to Betaproteobacteria, chemoautotrophic Thiobacillus denitrificans, which is one of the most studied sulfur 
oxidizing bacteria.  

The three classes are ubiquitous in several other locations, but the relative proportion might differ. In the river 
water of Guangzhou, Betaproteobacteria were dominant (30-40%), while Alphaproteobacteria predominated in a 
Korean tidal sediment. However, at those locations the operational taxonomic units affiliated with uncultured 
bacteria consistently occupied the major fraction.6,10 Among the sqr sequences extracted from Midorikawa sediment, 
more than a half had no close affiliation to the sequences of isolated bacteria provided in the GenBank database. 
This indicates that the sediment was mainly inhabited by novel sulfide-oxidizing bacteria that might play an 
important role in H2S oxidation.  
 

SUMMARY 

Members of the phyla Alphaproteobacteria, Betaproteobacteria and Gammaproteobacteria predominated the 
H2S-oxidizing bacteria in Midorikawa mudflat as revealed by sqr sequences. Alphaproteobacteria and 
Gammaproteobacteria composed the majority of the clones, while a minor subset of Betaproteobacteria was 
detected. The remaining clones were affiliated with uncultured references that had been found in various H2S-rich 
environments. This study determined the diversity of bacteria that were capable oxidizing toxic H2S produced at 
Midorikawa mudflat. 
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Abstract. Methyl tert-butyl ether (MTBE) is a major toxic pollutant that contaminates inhalable particulate matter 
(PM10). It is an anti-knocking reagent that is generated from incomplete combustion of gasoline. Microorganisms 
contaminating PM10 from city areas were screened and identified. The samples were collected by cyclone size-selective 
sampling from Pracha U Tid road, Charoen Krung Road, Klong Toei road, Sukumvit road, Rungsit road and Pratunum, 
Siam and Victory Monument areas of Bangkok, Thailand, which frequently experience heavy traffic. Two species of 
bacteria close to Acinetobacter calcoaceticus strain PVAS6 and Bacillus cereus strain BAB-806 were found in PM10. 
Therefore, these two species obtained from PM10 contaminated areas were used to study MTBE removal compared to 
Bacillus megaterium, a VOC removal bacteria. The results showed that at an initial MTBE concentration of 250 ppm, B. 
cereus strain BAB-806 had higher MTBE removal (60% removal) than B. megaterium (54% removal) and A. 
calcoaceticus strain PVAS6 (51% removal). Although, B. cereus strain BAB-806 had higher MTBE removal, this strain 
is a pathogenic bacterium. Therefore, B. megaterium, a non-pathogenic bacterium, is favorable for application at real 
sites.  

Keywords: Bacteria, contamination, MTBE, removal. 

INTRODUCTION 
 

Particle pollution or particulate matter (PM) is a complex mixture of microscopic particles and toxic gases that 
are emitted into the ambient air. PM10 refers to inhalable particles with a diameter of ≤ 10 μm. These particles can 
get deep into the lungs, bloodstream and heart, thereby causing severe health effects. Particles that contain toxic 
pollutants and microorganisms pose more significant risks as they increase the harmful effects on human health. 1 
One toxic pollutant that can be generated from gasoline and contaminate the environment is methyl tert-butyl ether 
or MTBE.2 MTBE is an anti-knocking reagent generated from incomplete combustion of gasoline in vehicles. 
Especially near the roadside, the amount of pollution that could be attributed to the surrounding areas depends on the 
wind direction and geography of that area.3,4 This pollution can affect the people living around these areas. The 
American Conference of Governmental Industrial Hygienists (ACGIH) limited the acceptable exposure of MTBE to 
approximately 50 ppm or 144 mg/m3 by time-weighted average (TWA).2,5,6 The number of cars is increasing 
continuously, which leads to increasing numbers of pollutants emitted into the ambient air.7 Sampling areas utilized 
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should be those that frequently experience heavy traffic. In this experiment, samples were collected from Pracha U 
Tid road, Charoen Krung road, Klong Toei road, Sukumvit road, Rungsit road and Pratunum, Siam and Victory 
Monument areas of Bangkok, Thailand. Literature reviews have reported that microorganisms could degrade the 
pollutant by using it as a carbon source.8 In the particles can contain microorganisms, it means that microorganisms 
can grow and use a carbon source inside the particles.11-13 

Currently, the most common technology for removal of pollutants is bioremediation technology. This technology 
can remove the pollutant completely, which will not remain in the secondary waste, and this remediation technology 
is cost-effective and eco-friendly.9 Therefore, in this study, we screened and identified microorganisms contained in 
PM10 and investigated their potential use for MTBE removal. In future work, the identified good candidates will be 
used for application in bio-filtration systems for MTBE degradation. 

MATERIALS AND METHODS 

Chemicals and Reagents 

Methyl tert-butyl ether (purity, 98%) aqueous solution of reagent grade was purchased from Fluka (USA). This 
chemical was used for fumigation experiments. 

Microorganisms Screening 

A cyclone with a pre-sterilized 47 mm membrane filter (SKC Mixed Cellulose Ester (MCE) Membrane Filters) 
was used for size-selective ambient air sampling to collect PM10 using a personal pump at a 2 L min-1 flow rate. 10 
The PM10 samples were grown in 100 mL nutrient broth and kept in a shaker incubator at 30ºC for 24 h. The 16S 
rRNA was obtained and used to identify microbial species inside PM10. 

Fumigation Experiments 

MTBE degradation by two species of bacteria found in the PM10, Acinetobacter calcoaceticus strain PVAS6 
and Bacillus cereus strain BAB-806, were investigated. Each microorganism was grown on 0.1 mL agar media put 
in a 120 mL bottle to study the MTBE removal efficiency. Three replicates were carried out for each sample. Each 
bottle was closed with a rubber septum and sealed with paraffin tape after microorganisms were introduced. For the 
control, bottles contained only sterilized agar without microorganisms inside the bottles. Glass chambers of 15.6 L 
volume were used to prepare MTBE stocks for fumigation experiments. A volume of 2.33 mL (30,000 ppm) of 
reagent grade MTBE (purity, 98%) from Fluka was injected into the chamber. After 24 h to allow for 
microorganism growth in the bottles, one mL of gaseous MTBE from the fumigation stock chamber was injected 
into a bottle with a volume of 120 mL for an initial concentration of 250 ppm (MTBE was contaminated into the 
ambient air around 200-300 ppm). The samples were kept at room temperature (30 ± 2ºC) and pressure of 760 
mmHg for 1 h for MTBE to equilibrate. After 1 h, 0.3 mL air samples were collected every hour to analyze MTBE 
concentrations remaining in the bottle by gas chromatography (Bruker 430-GC, Malaysia) until maximum capacity. 

Gas Chromatography Analysis 

Samples of 0.3 mL were taken from each bottle for analysis by gas chromatography. The samples were run 
through a Bruker 430 gas chromatograph with a VF-1ms column (15 × 0.25 mm, i.d. 0.25 μm, Netherlands) for 
MTBE analysis. The experimental conditions for Gas Chromatography–Flame Ionization Detector (GCFID) were as 
follows: 200ºC injection temperature, 50ºC column temperature and 250ºC detector temperature. The detection of 
MTBE was obtained with a split ratio of 1:10 with helium as the carrier gas at the flow rate of 3.5 mL min-1. Under 
these conditions, MTBE eluted at 2.49 min. 

Statistical Analysis 

Each experiment was performed in triplicate and analyzed by one-way analysis of variance (ANOVA) and 
Duncan’s multiple range test. Statistical program for social sciences (SPSS) software version 19 was used for 
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analyses and determination of 95% confidence level. The statistical analyses in this experiment were performed to 
compare the relationship of these factors in MTBE degradation. 

RESULTS AND DISCUSSION 

Hydrocarbon Compounds in Petroleum Station 

Fig. 1 shows the gasoline composition as analyzed by gas chromatography. The results revealed that 
hydrocarbon compounds of gasohol included ethanol, pentane, hexane, heptane, iso-octane, methanol, methyl tert-
butyl ether, iso-butane, benzene, cyclohexane and nonane, Fig 1. In this experiment, the authors were interested in 
methyl tert-butyl ether or MTBE because it is an inhalable irritant and harmful to human health.2-4  

 
FIGURE 1. The kind of hydrocarbon compounds of gasohol at petroleum station and analysis by GC. 

Sampling Areas 

The air samples were collected from Pracha U Tid road, Charoen Krung road, Klong Toei road, Sukumvit road, 
Rungsit road and Pratunum, Siam and Victory Monument areas of Bangkok, Thailand that frequently experience 
heavy traffic, Fig. 2. 

040005-3



 
FIGURE 2. The kind of hydrocarbon compounds of gasohol at petroleum station and analysis by GC. 

Screening of Microorganisms Contaminating PM10 by 16S rRNA Gene Identification 

Microorganisms that can degrade a pollutant by using it as a carbon source could live in the particulate matter 
that contaminates the pollutant. 11-14 MTBE is also degraded by microorganisms 8. In this experiment, we aimed to 
screen new microorganisms that contaminate PM10. Each sampling area had colonies of two different morphologies. 
The two morphologically different colonies from PM10 contaminated bacteria were selected for identification by the 
16s rRNA gene identification technique. The results showed the presence of two species of bacteria in the PM10 that 
were close to Acinetobacter calcoaceticus strain PVAS6 and Bacillus cereus strain BAB-806. Microorganisms that 
contaminate PM10 could live in the particulate matter and use MTBE that also contaminates PM10 as a carbon source. 
Therefore, these microorganisms could degrade MTBE as a carbon source. MTBE degradation by these two bacteria 
species that contaminated PM10 were investigated.  

Methyl Tert-Butyl Ether (MTBE) Removal by PM10 Contaminating Bacteria 

We investigated the MTBE biodegradation potentials of the two isolated bacteria species compared with Bacillus 
megaterium, which was reported to have high capacity for removal of VOCs in our previous work. The results 
showed that B. cereus strain BAB-806 had higher MTBE degradation at an initial concentration 250 ppm (60% 
removal) than B. megaterium (54% removal) and A. calcoaceticus strain PVAS6 (51% removal), Fig. 3. However, 
B. megaterium is a non-pathogenic bacterium while B. cereus strain BAB-806 and A. calcoaceticus strain PVAS6 
are pathogenic bacteria that can infect patients in the hospital. Therefore, B. megaterium can be developed for 
applications of MTBE degradation at real sites, which makes them a good candidate for application in bio-filtration 
systems. 

040005-4



 
FIGURE 3. MTBE removal by PM10 contaminated bacteria 

SUMMARY 

Two different colonies of morphologically distinct microorganisms contaminating PM10 were identified by the 
16s rRNA gene sequencing technique. The results showed that the two species of bacteria contaminating PM10 were 
close to Acinetobacter calcoaceticus strain PVAS6 and Bacillus cereus strain BAB-806. Biodegradation of MTBE 
by the two species of PM10 contaminating bacteria was investigated and compared to Bacillus megaterium, which 
was obtained from our pervious study on removal of VOCs. The results showed that B. cereus strain BAB-806 had 
the highest MTBE degradation followed by B. megaterium and then A. calcoaceticus strain PVAS6. However, B. 
megaterium is a non-pathogenic bacterium while B. cereus strain BAB-806 and A. calcoaceticus strain PVAS6 are 
pathogenic bacteria. Therefore, B. megaterium can be developed for applications of MTBE degradation at real sites. 
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Abstract The current measurement of development only considers the achievement of each dimension of development,
making it difficult to analyze the success level of sustainable development models. This study provides a development
measure based on social, economic and environmental factors for a composite index of development. This composite
index was developed by the Organization for Economic Cooperation and Development. After undergoing a reduction
process using factor analysis, 16 variables were obtained, which can be used to determine the index of sustainable
development. The 16 variables selected form three factors, namely social-economic-environment; economic-environment;
and social-economic factors. Social-environment has been indicated as a weak point, enhanced sustainable development
in Indonesia doesn’t run smoothly. In the future, it is necessary to develop an environmental education curriculum, so
that it can create an environmentally conscious culture.

Keywords: Development, social, economy, education, environment, social.

INTRODUCTION

Each country undertakes a development process that essentially aims to improve community welfare.
Development is expected to enhance the standard of living not only in the form of income generation, but also in
terms of added employment opportunities, educational improvement and increased attention to cultural and
humanitarian values.1 In addition to these economic and social approaches, a development approach must consider
the environment in order to create a balance, intergenerational justice, known as sustainable development. The
World Commission on Environment and Development defines sustainable development as progress that seeks to
meet current necessities without diminishing the ability of future generations to meet their needs.

Development is currently measured through the developmental achievements of each dimension, which partially
makes the analysis of sustainable development levels among regions difficult. A good achievement in one
dimension may not necessarily be followed by another dimension, such as the trade-offs created between economic
and environmental dimensions. Economic development that does not pay attention to the capacity of natural
resources and the environment will cause problems in future development.2

Indonesia’s economic development shows good results. According to the International Monetary Fund Mission
Chief for Indonesia Luis E. Breuer, Indonesia is one of the best performing economies in 2015.2 This is marked by
the achievement of relatively high economic growth, targeted inflation and decrease in the current account deficit.
Additionally, according to the 2016 Asian Development Outlook (ADO) report by the Asian Development Bank
(ADB), Indonesia will lead the economic growth in Southeast Asia, which is expected to grow stronger along with
an increase to 4.8 percent output in 2017 from 4.4 percent in 2014.3

However, economic progress is not necessarily followed by environmental and social improvements in Indonesia.
The continuous growth of industrial sectors, motor vehicles and energy consumption increases environmental
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damage. This damage is evident in the increasing estimates of CO2 emissions originating from motor vehicles in
Indonesia. Estimates of CO2 emission in 2014 reached 253,111.4 thousand tons, or an increase of 31.93 percent
compared with that in 2010.

Imbalanced achievement between environmental and socio-economic dimensions occurs in addition to that of
the economy and the environment. The former is illustrated by the imbalance between Human Development Index
(HDI) and Environmental Quality Index (EQI). The HDI is commonly used to measure social and economic
development, but it does not include an environmental dimension. Meanwhile, the composite index that measures
the achievement of environmental development is the EQI, which only covers the size of the environment. Provinces
in Indonesia with the highest HDI have the lowest EQI, such as the case of Jakarta.4,5

Various regional development measures currently used in Indonesia fail to measure sustainable development
comprehensively. To measure sustainable development, several studies have established composite indices
consisting of sustainable development indicators, these researchers include.6,7,8 However, Oxtavianus and Kondylli
categorized sustainable development indicators into separate dimensions, whereas Elliot reported that intersections
between social, economic and environmental dimensions can illustrate the interrelationships between sustainable
development dimensions.6,7,9

In addition, the United Nations stated that some sustainable development variables have multidimensional
properties.10 For example, the 17 Sustainable Development Goals can be categorizing as: (1) Social dimensions:
ensure healthy lives and promote well-being for all at all ages; ensure inclusive and equitable quality education and
promote lifelong learning opportunities for all; achieve gender equality and empower all women and girls; make
cities and human settlements inclusive, safe, resilient and sustainable; promote peaceful and inclusive societies for
sustainable development, provide access to justice for all and build effective, accountable and inclusive institutions
at all levels; and strengthen the means of implementation and revitalize the global partnership for sustainable
development. (2) Economic dimensions: end poverty in all its forms everywhere; end hunger, achieve food security
and improved nutrition and promote sustainable agriculture; promote sustained, inclusive and sustainable economic
growth, full and productive employment and decent work for all; build resilient infrastructure, promote inclusive and
sustainable industrialization and foster innovation; reduce inequality within and among countries; and ensure
sustainable consumption and production patterns. And, (3) Environment dimensions: ensure availability and
sustainable management of water and sanitation for all; ensure access to affordable, reliable, sustainable and modern
energy for all; take urgent action to combat climate change and its impacts; conserve and sustainably use the oceans,
seas and marine resources for sustainable development; protect, restore and promote sustainable use of terrestrial
ecosystems, sustainably manage forests, combat desertification, halt and reverse land degradation and halt
biodiversity loss.10 Therefore, this study does not separate sustainable development indicators by their dimensions to
obtain factors consisting of a combination of social, economic or environmental dimensions (Fig. 1).

FIGURE 1. Sustainable development model.10

This study aimed to identify sustainable development factors based on social, economic and/or environmental
factors in Indonesia by using factor analysis, and to establish a sustainable development index (SDI), which groups
and maps Indonesian territories as well as evaluates the Indonesian territory based on the relationship between SDI
and HDI. This study also aimed to facilitate the Indonesian government to assess the achievement of sustainable
development and to evaluate the progress of the implemented development programs.
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EXPERIMENTAL DETAIL

Data Collection

This study used secondary data from published sustainable development indicators in 2014, provincial
government financial statistics and people’s welfare statistics. The indicators presented in this publication were
mostly derived from the survey/census results conducted by BPS (Statistics-Indonesia) and the compilation of
annual reports of central or regional environment-related agencies.

The study covered 33 provinces in Indonesia, except for North Borneo, and 32 variables of sustainable
development:10,8,7,6,4 Percentage of Population is Not Poor, Gini Ratio; Percentage of Households with Decent
Sanitary Access; Percentage of Households with Decent Drinking Water Access; Percentage of Households Using
Electrical Information Source(s); Number of Villages without Saplings; Estimated Infant Mortality Rate (IMR);
Estimated Life Expectancy (e0) (years); Percentage of People Seeking Outpatient Treatment at Puskesmas (Center
of Public Health); Percentage of Children Aged 12-59 Months Immunized against Measles; Percentage of
Population Aged 15 Years and Above who Graduated from Elementary Education; Pure Participation Rate (APM)
of Primary Schools; Participation Rate (APM) of Junior High School; Percentage of Population AgeD 25-64 Years
with Highest Education Minimum High School; Literacy Rate of Population Age 15 Years and Over; Dependency
Ratio; Number of Villages Experiencing Natural Disasters; Estimated CO2 Emissions from Household; CH4

Emissions from Livestock and Poultry; Area of Paddy Field and Moor (ha); Percentage of Forest Area; Distribution
of Marine Protected Areas; Volume of Clean Water Supplied by Water Company (m3); Percentage of Area of
Mainland Conservation Area; Environmental Quality Index; GDP per Capita (Thousand IDR); Percentage of
Regional Revenue; Percentage of Population Aged 15 and Above Working; Percentage of Population Aged 15
Years and Above who are Not Vulnerable to Lose Their Jobs; Percentage of Female
Laborers/Employees/Employees in Non-Agricultural Sector; and Percentage of Households that Have Access to
Information Technology and Internet Communications.

Indexing Methods

This research adopted the Organization for Economic Cooperation and Development (OECD) method to prepare
a composite index. In this study, the index composition stage proceeded as follows: (1) establish a theoretical
framework and variable selection; (2) normalize data; (3) perform factor analysis; (4) determine weight and
aggregate; and (5) consider, the relationship between the composite index and other indicators.

Data Normalization

This research used standardization (z-score) to normalize data. The standardization method converted the
indicator into a general scale with 0 average and a standard deviation of 1. Before normalizing the data, some
variables were converted in value to obtain the same relationship direction, in which a higher value makes for better
conversion. The following are examples of conversions: (a) infant mortality rate (IMR) was converted to (1000-
IMR); (b) Gini ratio value was converted to (1-Gini); (c) dependent: dependency rate, CO2 emissions from
households and CH4 emissions were converted by multiplying the value by -1.

Factor Analysis

The stages in the factor analysis were as follows: (1) establishment or examination of correlation matrices:
several conditions should be accomplished to implement factor analysis11 namely, Bartlett’s test of sphericity,
Kaiser-Meyer-Olkin (KMO) statistics and measure of sampling adequacy (MSA). Observational data deserves
further analysis using factor analysis if: (a) the correlation matrix is not an identity matrix or the variables used are
correlated (Bartlett’s test reject Ho); (b) KMO value ≥ 0.6;12 (c) MSA value is greater than 0.5;11 (2) factor
extraction, which is the core step of factor analysis, i.e. reducing the number of variables (e.g. as much as p) into a
small number of factors (e.g. as much as m), where m p and each factor consists of several closely correlated
variables. This study employed the Kaiser criteria, in which factors with less than one (λ < 1) characteristics roots
were excluded from the factor model; (3) factor rotation, which was conducted to obtain a simple loading structure
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that the main purpose of varimax rotation is to obtain a loading structure where each variable has only a strong
connection (loading) with just one factor while loading at other factors is as low as possible (near zero). For this
reason, this study used orthogonal varimax rotation; (4) factor score formation, which is used as the basis for
composite index compositions of each province.12

Determine Weight and Aggregate

This study used unequal weighting obtained with factor analysis. The method adopted for calculation was the
OECD, in which the balancer is identified by the variance ratio that can be explained by a certain factor in each
dimension using the amount of variance that can be explained by all factors in that dimension.13 The rationale
behind this method is that a factor becomes more important if it explains greater diversity than the other factors.
After obtaining the weighting factor, the index of sustainable development can be calculated by summing the
multiplier of each factor with the score of the factors obtained in each province

Methods of Grouping Provinces

No standard criteria for classifying observation based data on sustainable development has been achieved thus
far. The present research classified the provinces into three categories, namely high, medium and low. The grouping
was conducted with the assumption that the distribution of the SDI value was symmetrical. The following are
provincial classifications based on IPB:

High, if
n

zSDI   2/ (1)

Medium, if
n

zSDI
n

z   2/2/  (2)

Low, if
n

zSDI   2/ (3)

μ is the average value of SDI and
σ is the standard deviation of the SDI value.

RESULTS AND DISCUSSION

Selection of Indicators

Before obtaining the sustainable development factors, the feasibility of the research variables was initially
analyzed using factor analysis. Results of the variable selection are presented in Table 1. The first stage showed that
the MSA value of the sustainable development indicators was less than 0.5 in the anti-image matrix. A variable with
an MSA value equal to or greater than 0.5 indicates that the variable is feasible for further factor analysis, whereas a
variable with an MSA value of less than 0.5 must be reduced. In this study, variable values were reduced three times
to obtain the final list consisting of 16 variables: Percentage of Households with Decent Sanitary Access; Percentage
of Households with Decent Drinking Water Access; Percentage of Households Using Electrical Information Source;
Number of Villages without Saplings; Estimated Infant Mortality Rate (IMR); Estimated Life Expectancy (e0)
(years); Percentage of People Seeking Outpatient Treatment at Puskesmas (Center of Public Health); Participation
Rate of Junior High School; Literacy Rate of Population Age 15 Years and Over; Percentage of Forest Area;
Volume of Clean Water Supplied by Water Company (m3); Environmental Quality Index; GDP per Capita
(Thousand IDR); Percentage of Regional Revenue; Percentage of Population Aged 15 and Above Working; and
Percentage of Households that Have Access to Information Technology and Internet Communications.
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TABLE 1.Measure of Sampling Adeacy (MSA) values of Sustainable Development Indicators
Indicators Stage 1 Stage 2 Stage 3 Final

KMO 0.136 0.402 0.736 0.811
Bartlett Test 1365.77 877.714 517.703 472.759
Bartlett Sig. 0.000 0.000 0.000 0.000

M
easure

ofSam
pling

Adeacy

not poor 0.147 0.655 0.856 0.818
gini ratio 0.045 reducted reducted reducted
Decent Sanitary Access 0.111 0.230 0.513 0.712
Decent Drinking Water Access 0.150 0.828 0.881 0.846
Electrical Information Source 0.226 0.700 0.727 0.769
Villages without Saplings 0.129 0.257 reducted reducted
Infant Mortality Rate (IMR) 0.177 0.360 0.824 0.804
Estimated Life Expectancy (e0) 0.173 0.339 0.755 0.794
Center of Public Health 0.139 0.464 0.806 0.905
Measles 0.128 0.416 reducted reducted
elementary education 0.083 reducted reducted reducted
Primary Schools 0.151 reducted reducted reducted
Junior High School 0.171 0.384 0.822 0.814
Higher education 0.120 0.332 reducted reducted
Literacy Rate 0.125 0.692 0.671 0.645
Dependency Ratio 0.120 reducted reducted reducted
natural disasters 0.112 0.639 0.200 reducted
Anticipation Natural Disaster 0.153 reducted reducted reducted
CO2 Emissions 0.156 0.306 reducted reducted
CH4 Emissions 0.140 0.302 Reducted reducted
Area of   paddy field 0.139 0.359 Reducted reducted
Forest Area 0.150 0.673 0.766 0.824
Marine Protected Areas 0.088 reducted Reducted reducted
clean water 0.168 0.333 0.562 0.739
  Mainland Conservation 0.062 reducted Reducted reducted
Environmental Quality Index 0.160 0.828 0.812 0.824
GDP per capita 0.093 0.240 0.658 0.860
Regional Revenue 0.193 0.424 0.746 0.782
Laborer 0.052 Reducted Reducted reducted
not vulnerable to lose their jobs 0.180 0.357 0.796 0.912
Female non-agricultural sector 0.043 Reducted Reducted reducted
Internet 0.201 0.394 0.838 0.880

The variable reduction at each stage increased the KMO value, from 0.136 to 0.811 in the last stage. If the KMO
value was more than 0.6, then those variables were feasible for factor analysis.12 A large KMO value means that the
correlation between variable pairs can be explained by other variables in the last stage and that factor analysis is
appropriate.13 In addition, the accuracy of factor models can be tested using Bartlett’s test of sphericity, which
examines the hypothesis that variables are not correlated with the population. The value of Bartlett’s test of
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sphericity at the end stage was 472.579 and the value was significant at α < 0.05. The hypothesis that the variables
are uncorrelated (population matrix correlation in the form of identify matrix) was rejected. Which means that the 16
variables in the sustainable development mode are correlated, rendering them feasible for factor analysis.

Factor Formation

Factor analysis yields the dominant factors that constitute the SDI. The number of dominant factors that can
characterize a dimension is based on the Kaiser criterion. Wherein factors with an eigenvalue of more than one are
included as a dominant factor.13 If it produces a predominant factor score, then the factor score automatically
becomes the dimension score. If there is more than one dominant factor, then the aggregation technique is conducted
by weighting. Factors are identified by comparing the amounts of diversity that can be explained by all the dominant
factors in one dimension. The greater weight, the more important the position of the factor in a dimension.

Based on the factor analysis results (Table 2), three factors had more than one characteristic root, meaning that
three dominant factors form a sustainable development model. The percentage of variance that can be explained by
each factor was 29.070 percent, 22.363 percent and 21.655 percent. The cumulative value of variance that can be
explained by the three factors was 73.088 percent. This finding means that the variation in sustainable development
indicators that can be explained by the variation of the dominant factor’s third score is equal to 73.088 percent,
whereas the rest is explained by other factors. The weight magnitude of the three factors in that model are 0.398,
0.306 and 0.296.

TABLE 2. Total variance explained of Sustainable development factors

Component

Initial Eigenvalues
Extractions Sums of Squared

Loadings
Rotation Sums of Squared

Loadings

Total %of
Variance

Cumulative
% Total %of

Variance
Cumulative

% Total % of
Variance

Cumulative
%

1 8.454 52.837 52.837 8.454 52.837 52.837 4.651 29.07 29.07
2 1.76 10.998 63.835 1.76 10.998 63.835 3.578 22.363 51.432
3 1.481 0.253 73.088 1.481 9.253 73.088 3.465 21.656 73.088
4 0.903 5.642 78.731
5 0.782 4.887 83.617
6 0.568 3.551 87.169
7 0.513 3.206 90.375
8 0.433 2.638 93.013
9 0.365 2.28 95.293
10 0.211 1.318 96.611
11 0.197 1.232 97.843
12 0.14 0.874 98.716
13 0.083 0.517 99.233
14 0.068 0.425 99.658
15 0.043 0.27 99.928
16 0.011 0.072 100

Extraction Method: Principal Component Analysis

The communality value of the 16 variables was more than 0.5. The lowest communality resulted in the non-poor
population percentage that can be explained by the factor formed. A variable is included in a certain factor if the
absolute value of its component in the component matrix table is more than 0.5. Therefore, factor rotation is
necessary to transform the matrix factor into a simple matrix that is easy to interpret. The factor rotation result is
shown in Table 3.
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TABLE 3. Factors formed from sustainable development indicators15
Factor Indicator Factor Names
1 IMR Social-Economic-Environment

Life Expectancy
Percentage of people seeking outpatient treatment at Puskesmas
(Center of Public Health)
Percentage of Forest Area
Vol
ume of clean water supplied by water companies
EQI
Regional revenue

2 Feasible access to sanitation Economic- Environment
Feasible access to drinking water
GDP per capita
Percentage of the population aged 15 years and older who is not
vulnerable to job loss
Percentage of households with internet access

3 Percentage of the non-population Social- Economic
Percentage of households with electrical information source

Participation rate of junior high school
Literacy rate

Table 3, shows that the factors formed are social-economic-environment; economic-environment; and social-
economic. The factors that failed to form pertain to social-environment. Thus, no objective that specifically targets
social and environmental development exists in the objectives of the 17 Sustainable Development Goals (SDGs).
The relationship between social and environmental development can be seen in environmental education, and local
culture or local wisdom that upholds environmental conservation.

Calculation Results of SDI by Factors

If the value of each of the factors in the SDI is described, then it can be analyzed by the interaction among social,
economic and environment factors. Factor 1 is made up of social, economic and environmental variables (Table 2).
Based on a factors score of 1, provinces in Java and Bali had the highest scores compared with other provinces.
While the provinces located in eastern Indonesia had the lowest scores, namely West Papua, North Maluku, Maluku,
Gorontalo and West Sulawesi (Fig. 2).

FIGURE 2. Factor 1 score (Social-Economic-Environment) of each province.16
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Provinces with high Factor 1 scores had similar characteristics, i.e. regional revenue variables, IMR, life
expectancy and volume of clean water distributed were relatively high compared with other provinces. Provinces
with low Factor 1 scores generally achieved good EQI variables, as well as percentages of forest areas and people
seeking outpatient treatment in Puskesmas (Center of Public Health).

FIGURE 3. Factor 2 score (economic-environment) of each province.16

Fig. 3, shows the provinces with the highest scores in factors, namely DKI Jakarta, East Kalimantan (Kalimantan
Timur) and Riau Islands (Kepulauan Riau). Sanitation, drinking water, GDP per capita, working population
percentage and internet access in the three provinces had higher values compared with that in other provinces. By
contrast, Bengkulu, Lampung and East Nusa Tenggara (NTT-Nusa Tenggara Timur) had low scores across the five
variables that form the Factor 2 score; thus, the economic-environment statuses of Bengkulu, Lampung and NTT
were low.

FIGURE 4. Factor 3 score (Social-Economic) of each province.16

The third factor describes the interaction between social and economic dimensions. This factor consists of
poverty and education variables. Figure 4 shows a considerable imbalance between the provinces of Papua and Riau
Islands. The factor score of Papua province was -1.3431, whereas that of Kepulauan Riau was 0.2759. The
provinces of Papua and NTT ranked last because of their poor achievements across all the constituent variables of
the third factor. Papua and NTT have the highest percentages of poor people in Indonesia. The percentage of poor
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people reached 30.05 percent in Papua and 19.82 percent in NTT, which are higher than the national average of
11.25 percent (BPS, 2015b). In addition to poverty, Papua and NTT are experiencing problems in access to
electricity. Only 47.32 percent of households in Papua and NTT use electricity sources, which is below the national
average at 74.20 percent. Nearly 91.07 percent of households in Indonesia use electricity sources.16

Sustainable Development Index

The magnitude of weighing the three factors in this model was 0.398, 0.306 and 0.296. The transformation result
was positive if the original data of a province was greater than the average of all provinces, and negative if the
original value of the data was less than the average, or the value 0 if value the original data was equal to the mean
given that the factor analysis is performed using z-score transformed data. Therefore, the resulting SDI can be
marked positive, zero or negative. Provinces with index values above 0 mean that their aggregate development was
sustainable as it was above the national average of sustainable development and vice versa.

FIGURE 5. SDI (IPB, Indeks Pembangunan Berkelanjutan in Bahasa) of each province.15

The highest SDI was achieved by the DKI Jakarta with an SDI achievement of 1.2796, whereas the lowest
achievement was Papua at -1.5707 (Fig. 5). Jakarta’s SDI was high because the value of each sustainable
development variable in Jakarta was higher than the other provinces, such as the percentages of non-poor population,
proper sanitation, drinking water, electricity, IMR, expectancy life, literacy rate, GDP per capita, regional revenue,
internet access and workers vulnerable to job loss. DKI Jakarta is the center of all activities, including education,
economy, business and tourism,15 because DKI Jakarta has complete access to education and health care.

Although DKI Jakarta has a high SDI with the achievement of good social and economic indicators, its EQI
value and forest area percentage was relatively low compared with that of other provinces in Indonesia. The EQI of
DKI Jakarta was 36.88, (KLHK, 2015) and the percentage of forest area to the total area was only 0.15,15 which is
the lowest value among the provinces. These results are in accordance with the findings of Floridi, which state that
areas with good achievements in social and economic have low achievement in the environment.7
Although Papua’s per capita income is higher than the national per capita income, Papua has the lowest SDI due to
low achievements in areas such as poverty reduction, sanitation, drinking water, electricity, infant mortality rate, life
expectancy, literacy rate and clean water access. Papua has difficulty accessing education, health facilities and
infrastructure, as well as inadequate infrastructure.

Map of Indonesia based on SDI

In research, grouping aims to facilitate the assessment and analysis of an area’s sustainable development to
enable the government in taking policy actions related to priority areas of sustainable development. Based on the
thematic map, provinces with high SDIs are mostly located in Java and Bali, whereas provinces with low SDIs are in
eastern Indonesia (Fig. 6).
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FIGURE 6.Map of SDI in Indonesia.15

Determination of Indonesian Territories

In addition to regional determination, HDI and SDI relationships can be used to determine how well the
composite index is generated.13 HDI is an important indicator of measuring the achievement of quality of human life
in an area. HDI is measured through the three dimensions of health, education and living standards.

TABLE 4. Ouput SPSS bivariate correlation between SDI and HDI
Description Statistics Calculation HDI

SDI Pearson Correlation 0,899**

Sig. (two-tailed) 0,000
Description : ** significant correlation value at 0.01 (two-tailed)

Table 4 shows that SDI and HDI have strong and significant positive correlation. This finding indicates that the
formed SDI was sufficiently strong and sensitive in explaining the phenomena related to the achievement of the
quality of human life.
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FIGURE 7. SDI and HDI scatter plot.15

The scatter plot between SDI and HDI is divided into four quadrants. Quadrant 1 refers to provinces with high
SDI (> 66.7) and high HDI (> 70) (Fig. 7). This quadrant shows that high sustainable development is supported by
high quality human capital. Quadrant 2 indicates that high sustainable development is not supported by high quality
of human capital. Thus, the characteristics of sustainable development are dependent and supported by qualified
human capital.

Social-Environment Factor in SDI

Given there were no significant factors between social and environment indicators, because it was found based
on the factor analysis of SDI, does this mean that it is natural because the concept of development is only closely
related to economic problems? Furthermore, sustainable development should not ignore social-environment
development. The variables used in building the sustainable development dimensions are presented in Table 5.
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TABLE 5. Invalid social–environment dimension variables that can become SDI factors15
No. INDICATORS Construct Variables

Social Dimensions (clues) Environment Dimensions (clues)
1 Percentage of children aged 12-59

months who have been immunized
against measles (HEALTH)

Number of Villages without saplings
(ENVIRONMENTAL HEALTH)

Slices of each indicator
in the social-
environment
dimensions can be
formed latent variables
with the naming:
ENVIROMENTAL
HEALTH
EDUCATION

2 Percentage of population aged 15 and
above who obtained basic education
(EDUCATION)

Percentage of land conservation area
(ENVIRONMENT)

3 Pure participation rate of primary school
(EDUCATION)

Number of villages experiencing
natural disasters
(ENVIRONMENTAL HEALTH)

4 Percentage of population aged 25-64
years with highest education minimum
high school (EDUCATION)

Number of villages and efforts to
anticipate natural disasters
(ENVIRONMENTAL HEALTH)

5 - Estimated CO2 emissions from
household (ENVIRONMENTAL
HEALTH)

6 - CH4 emissions from livestock and
poultry (ENVIRONMENTAL
HEALTH)

7 - Distribution of marine conservation
area (ENVIRONMENT)

Table 3 indicates the need for special attention to Environmental Health Education so that the SDGs in Indonesia
can be achieved comprehensively, and effectively, without sacrificing present and future generations. The SDGs
associated are 3rd = good health and well-being (ensure healthy lives and promote well-being for all ages); 4th =
quality education (ensure inclusive and equitable quality education and promote lifelong learning opportunities for
all); 6th = clean water and sanitation (ensure availability and sustainable management of water and sanitation for all);
7th = clean and affordable energy (ensure access to affordable, reliable, sustainable and modern energy for all); and
13th = climate action (take urgent action to combat climate change and its impacts).

SUMMARY

High levels of SDI were found in Java and Bali, and the low category occurs in eastern Indonesia. These findings
indicate its close relationship to the quality of community education, and shows that the SDGs that can be achieved
in Indonesia highly depend on the advancement of human capital. In this case, there is a need to improve the
program effectiveness on SDG (quality education). Another thing that must be the subject of continuous
development for sustainability or achievement of effective SDGs in Indonesia is the seriousness of programs related
to the social-environment factors of environmental health education. By contrast, SDGs in Indonesia can run based
on environmental health education (social-environment). The formulation of SDGs that accommodate or support
environmental health education programs, such as local wisdom-based corporate social responsibility with cultural
values for environmental sustainability, is necessary.
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Abstract. Bromelain is a proteolytic enzyme from Bromeliaceae plants that can be found in pineapple (Ananas comosus 
(L.) Merryl). Bromelain has activity as a pharmaceutical and food. The aim of this study was to determine the bromelain 
content from stem bromelain extract (SBM). The stem of pineapple was extracted using a grater and then concentrated by 
a freeze dryer to obtain a pure concentrate. SDS-PAGE, Bradford assay and protease specific activity was used to analyze 
bromelain activity. The results of this study showed that bromelain from pineapple stem has a molecular weight between 
19-22 kDa. Bradford assay showed 0.476 μg/mL bromelain concentration. Bromelain activity of Non freeze dried (NF) 
extract showed 0.317 U/mL, while freeze dried (F) extract showed 0.212 U/mL. This study concluded that the pineapple 
stem has bromelain activity. 

Keywords: Bromelain, pineapple, proteolytic enzyme 

INTRODUCTION 
 

In industry, pineapple is a fruit with considerable waste. Waste from pineapple fruit such as leaves, stems and 
skin are usually only used as animal feed. However, pineapple fruit waste can be optimized for reuse because it 
contains complete and quite high nutrition, such as protein, minerals, fats, carbohydrates, vitamins and bromelain.1 

Bromelain is a major sulfhydryl proteolytic enzyme found in pineapple plants (Ananas comosus (L.) Merryl). 
Bromelain is usually found in the fruit and stem, but also easy to find in small amounts in leaf, skin, core, etc.2 
Bromelain from stem is known as stem bromelain (SBM). SBM has a uniqueness content compared with bromelain 
from fruit (FBM) because SBM contains many mixtures of various types of thiol-endopeptidases.3 Based on the 
research of Heinecke and Gortner, SBM concentrations are better than FBM. 4 

Bromelain has been reported to have medical efficacy. Bromelain has been used traditionally to relieve tense 
muscles, inflammation and connective tissue. In recent years, bromelain has been used as an anti-inflammatory, 
antiedematous and antithrombotic agent (preventing blood clotting). In addition, bromelain showed activity to 
prevent lung metastases and potentially as an anticancer agent.5 

The development methods for proteinase assay and enzyme activity are important to standardize bromelain to be 
a therapeutic product in the future.6 The objective of this study was to determine the SBM activity from Ananas 
comosus (L.) Merryl. 
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MATERIALS AND METHODS 

Preparation and Extraction 

Pineapples were originated from Desa Sugihwaras, Ngancar, Kediri, East Java. Pineapples were identified at the 
Plant Taxonomy Laboratory, Biology Department, Mathematic and Life Science Faculty, Brawijaya University. 

The pineapple’s stem (SBM) was separated from the fruit, shredded, filtered using a thin cloth, filtered with 
standard filter paper and filtered again using Whitman filter paper (2.5 μm). The last step was to put the SBM 
solution into the freeze dryer to get a pure dry extract.7 

SDS-PAGE 

The bromelain stem molecular weight was determined under denaturing conditions [1.5 M Tris, pH 8.8] by 
subjecting the sample to 12% SDS-PAGE (SDS Promega, H5113; Agarose, Promega V3121). The protein sample 
was run along with a standard molecular weight marker and bands were visualized using the acrylamide/bis-
acrylamide staining technique. 8 

Bradford Assay 

Bovine serum albumin (BSA) (Intron Biotechnology, J642) standard (800 L) or the test sample solution was 
pipetted into a dry test tube. Bradford reagent (200 L) (Pro-Measure Protein Measurement Solution, Qiagen, 
21011) was added to each tube and mixed thoroughly. The samples were incubated at room temperature for 10 
minutes. The absorbance of the samples at a setting of 595 nm were measured using a UV-visible 
spectrophotometer. The unknown concentrations were determined using the standard curve developed using the 
BSA protein standards.9 

Specific Activity 

Tyrosine (Merck, 1.08371.0100) was used as a standard for determining the protease activity of bromelain. 
Casein (Merck, 1.02245.0500) (200 μL SPB, pH 7.0) was used as a substrate in the presence of phosphate buffer, di-
sodium-hydrogenphospate-12-hydrate (Pro-analysi Art.6579) and potassium dihydrogen phosphate (Pro-analysi 
CAS-No. 7778-77-0) (300 μL, pH 7) and 0.1 mM EDTA (Promega, H5032). The assay test was performed at 37 °C 
for 10 min. Adding 10 mL of 4% (w/v) TCA (trichloroacetic acid) (Merck, 1.10801.0250) stopped the reaction. The 
solution was centrifuged at 10,000 rpm for 10 min to remove the precipitated protein. The clear supernatant was 
analyzed after setting the absorbance to 275 nm. One unit of protease activity was defined as the amount of enzyme 
releasing product equivalent to 1 μmol of tyrosine/min/mL under the assay conditions. 10 
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RESULTS AND DISCUSSION 

SDS-PAGE Analysis 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 

FIGURE 1.SDS PAGE showing the protease bands. Lane 1: Molecular weight marker, Lane 2: Extrcat SBM 1, Lane 3: Extrcat 
SBM 2, Lane 4: Extrcat SBM 3. 

 
The molecular weight of SBM proteinase purified bromelain was determined by 12% SDS-PAGE. The fractions 

collected from SBM 1 to 3 were observed between 19 kDa and 22 kDa, which might correspond to bromelain bands, 
Fig. 1. This study had the same result as Ramalingam, et al. and Hale et al., which showed bromelain molecular 
weight to be between 20 to 30 kDa and 22 to 28 kDa.6,8 

SDS-PAGE results showed thin bands, probably due to very low concentrations of bromelain proteins. It also 
showed that the content, or amount of protein, in similar sized bands had the same molecular weight. Charged 
molecules move freely under the influence of electric fields where molecules of equal charge size will accumulate in 
the same band or zone.11-12 In addition, thin bands are also thought to be due to enzymes denatured by chemicals 
found in SDS and EDTA.13  

Bradford Assay 

The Bradford is a method to measure the total protein concentration in a solution using a spectrophotometer. The 
absorbance value is used to create a standard curve as below. 

2 4 3 1 
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FIGURE 2. Spectrophotometer values (λ 490 nm) then obtained by gelatin standard curve with regression equation y = 0.476x + 

0.00035. 
 
 
The Bradford method is a method of measuring the total protein concentration in a solution by calorimetry. 

Bradford's test uses Coomassie Brilliant Blue (CBB), resulting in a bluish tint on targeted proteins.14 In this study, 
the protein concentration obtained by the regression value reached 0.924 with a significance value of t smaller than 
5%, which means that the protein concentration obtained was close to the standard curve value. This equation then 
used to determine the sample protein content (x) by substituting the absorbance value of the sample into the 
regression equation as Y value. The following are the results of measurements of protein levels in A4 and A8 
samples. 

 
TABLE 1. Results of Sample Spectrophotometry and Protein Levels 

Protein Sample Absorbance 490 nm Protein Level (mg/ml) 
A4 0,401 0,842 
A8 0,591 1,24 

 
The linear curve showed a directly proportional relation between the value of absorbance and protein content. 

The relationship is determined by the value of R2 and the result is close to 1 which is indicates a strong relationship 
between this two parameter. Using the linear regression equation on the standard curve of Y = 0.476x + 0.00035. 
This equation is then used to determine the protein content of the sample. The protein content of sample obtained for 
A4 sample is 0.842 mg / ml and A8 sample is 1.24 mg / ml. 

Protein Specific Activity 

This test objective was to determine protease activity of stem bromelain (SBM) extract based on a 
spectrophotometry method. The results below show a different treatment of SBM extract: 

 

TABLE 2. Bromelain Activity in Different Treatment. NF = Non freeze dried, F = Freeze dried. 
Sample Enzyme Activity (units/mg) 

NF 0.032 
F 0.212 

 
Table 1 shows that bromelain activity in freeze dried extract (0.212 units/mg) was higher than non-freeze dried 

extract (0.032 units/mg). This is due to the effect of freeze drying limiting the oxidative changes of metabolites due to 
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the very low concentration of oxygen in the vacuum. With this working principle, the freeze dry method is well suited 
to determine the natural content of an extract. The results obtained have similarities to the study by Herdyastuti showing 
that the activity in the pineapple rods was 0.521 U/mg15. In addition, the activity of enzyme bromelain obtained in 
pineapple stalks was 0.1623-0.2887 U/mg16. Another study showed that unpurified recombinant bromelain had an 
activity of 0.03 U/mg17. 

In this study, it was found that bromelain activity was lower than the previous study, which was thought to be 
caused by the protein molecule in the cob sections being transported to the flesh along with the fruit ripening process18. 
Crude extract of bromeline enzyme is a mixed protein that is still dilute. The reproduction of bromelin in the crude 
extract of this enzyme is easily denatured so less profitable for the use of industrial enzymes. therefore it is necessary to 
purify and immobilize the enzyme. Enzyme mobilization is an enzyme trapping technique in a polymer matrix or 
enzyme binding on a carrier material by maintaining its catalytic properties. The immobilized enzyme has several 
advantages than pure immobilized enzymes, such as more easily separated from the reaction mixture, can be used 
repeatedly, and directly produce enzyme-free products19. 

Bromelain is sensitive to pH changes and this enzyme acts well within the range 3-8. The optimum pH of this 
enzyme is 7.0. At low pH, bromelain activity decreases and at high pH the adsorption decreases20. The activity decrease 
is due to the active side of the enzyme environment experiencing proton deficiency and increase in pKa21. Various 
approaches have been used to optimize the activity and increase the purity of bromelain enzyme preparation for 
application in commercial, food and therapeutic industries17. 

SUMMARY 

Based on the research, the bromelain was detected by SDS-PAGE in pineapple stem.. When the pineapple stem 
was in non freeze dried the enzyme activity higher than in freeze dried.  
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