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ABOUT THE COVER 

 
 

The cover features bunker fuel on foil. Bunker fuel, which powers marine vessels, is the 
most common type of oil in oil spill incidents. A heavy fuel oil that evaporates only in small 
percentages and has a higher viscosity relative to other oil types, it is highly persistent in 
environments where it is not supposed to be in. Just like bunker fuel, our persistence in the most 
uncanny and difficult situations makes us float on top. No obstacle can easily absorb our energy to 
push us to giving up. Instead, we take it as a challenge to improve ourselves, becoming victors in 
the end. 

 

  



ABOUT PSHS 

 
MISSION 

The Philippine Science High School, operating under one  
System of Governance and Management, provides scholarship  

to students with high aptitude in science and mathematics. 

The PSHS System offers an education that is humanistic in spirit,  
global in perspective, and patriotic in orientation. It is based on a 

curriculum that emphasizes science and mathematics and the  
development of well-rounded individuals. 

The PSHS System prepares its students for careers in Science and 
Technology and contributes to nation building by helping the  

country attain a critical mass of professionals and leaders in  
Science and Technology. 

 

VISION 
We are the leading science high school in the Asia  

Pacific Region preparing our scholars to become globally 
competitive Filipino scientists equipped with 21st 
century skills and imbued with the core values of  

truth, excellence, and service to nation. 
 

STATEMENT 
The Philippine Science High School System is a service  

institute of the Department of Science and Technology (DOST)  
whose mandate is to offer scholarship in secondary education  

with special emphasis on subjects pertaining to the sciences  
to prepare its students for a science career (R.A. 3661). Its primary  

function is to administer the country’s scholarship program  
in special science secondary education. 

  



Be a PSHS Scholar today! 

 
RACE (Requirements for Admission, Criteria and Evaluation) 

• 2-stage selection procedure. 
1. Determining applicant’s predicted NCE grade (PNG) 

based on final grades in Science and Mathematics in 
Grade 5. 

2. Writing skills test through an essay submission and the 
applicant’s academic rank at the end of Grade 5. 

• Applicants will be ranked based on final score. 
• Top 240 applicants – Principal Qualifiers to PSHS – MC. 
• Top 90 or 120 applicants – Principal Qualifiers to PSHS 

Regional Campuses (depending on quota). 
 

 Admission requirements 
• Final grade of 85% or better in Science and Mathematics 
• Filipino citizen (with no pending applications) 
• Born on or after August 1, 2006 
• First time to take the DOST-PSHS National Competitive 

Exam 
• Satisfactory character rating 
• Good health and fit to handle the program 

 

 Perks of being a PSHS scholar 
• Recipient of a globally-competitive education specializing in 

Science, Technology, Engineering, and Mathematics (STEM). 
• Science Immersion Program (SIP) – experience working in 

science and technology institutions, both here and abroad. 
• SCALE (Service, Creativity, Action, and Leadership Program) 

– engagement in non-STEM fields to complement intensive 
STEM curriculum and develop well-rounded skills. 

• Chance to exhibit and hone globally-competitive skills in 
national and international events / competitions.  

 



FOREWORD 
 PUBLISCIENCE is a collection of the research works of the graduating scholars of 
Philippine Science High School- Western Visayas Campus (PSHS-WVC). This is the final output of 
students by the end of their Research 3 subject.  As a requirement for graduation, this year’s 
publication is the fourth volume of at most 34 different studies in the areas of agriculture, 
aquaculture, computer science, environmental science and health, materials science and 
technology, microbiology and biochemistry, and spatial analysis.   PSHSWVC takes pride to be the 
very first and still is the only PSHS Campus that has successfully published all the Science and 
Technology Research works of its graduating scholars.  This legacy is continued through the hard 
work of our scholars with support and guidance from our Research Unit.  Publiscience is a 
testament of our scholars’ pursuit for excellence.  Congratulations to our Research Unit and our 
Batch 2021! 

SHENA FAITH M. GANELA 
Campus Director III 

 
* * * 

 
Congratulations Batch 2021 in your Publiscience! Researches are not meant to be kept and 

displayed in the bookshelves and gather clouds of dust rather it has to be shared with the academic 
community through publications. The publication of your research works is a sterling example of 
what every researcher must achieve. Indeed, accomplishing this gigantic task requires more than 
just material resources but also loads of patience, dedication and determination.  
 Amidst all the challenges, you have taught yourself the most valuable lesson in life and that 
is to bring out the best version of yourself in accomplishing any task, overcoming difficulties and 
finding solutions to problems.   

My heart is filled with pride and happiness because you are now, more than ever equipped 
and ready to accomplish bigger tasks, overcome more obstacles and find solutions to bigger 
problems.  
  May your experiences give you wisdom, may your passion burn bright and move you to 
learn more and do more, and may your efforts be rewarded all for the glory of God and for your 
country.  
 Congratulations. Ingat lagi. 
 

ROLANDO S. LIBUTAQUE 
Curriculum Instruction Division Chief 

 
* * * 

 
 
 

 
 
 

 



THE RESEARCH PROGRAM 
 

The research program is a three-year undertaking that aims to inculcate the scholars with the 
quality and skills becoming of a world-class Filipino scientist. Each year starting from Grade 10 
focuses on an aspect of research paramount to the growth of scholars in becoming leading figures 
in their respective fields. 

 

 

RESEARCH 1 

Research as a subject is introduced in Grade 10. It is the formative year for the budding 
researcher with in-depth discussions on the Scientific Method, and the Research Process. 
Particularly, it introduces scholars in topic selection, literature search, research design, and paper 
presentation. Scholars were also taught the basics of writing a proposal, and a research paper – 
both in instruction, and in practice. Each group or work unit is composed of at most five 
members with general topics provided by the Research 1 teachers. Research 1 culminates with 
the paper presentation of the Grade 10 scholars in Pagsuguidadon.  

 

 

RESEARCH 2 

Research 2 is the reinforcement year in Grade 11. The writing of the proposal, and the 
research paper are further scrutinized in this year. Each section of a standard research paper: 
abstract, introduction, method, results, discussion, and conclusion are more pronounced in the 
syllabus. Research 2 is performed in work units of, at most, three. Scholars are allowed to select 
any topic in alignment with their science options and/or elective under the supervision of their 
advisers, propose and defend their proposal to a panel, develop and/or enhance skills related to 
the study, perform the method outlined in their proposal, and report their findings in a full-
fledged research paper. Research 2 concludes with the presentation of the results in the final 
defense.   

 

 

RESEARCH 3 

Research 3 is the culminating year of the research curriculum. It is reserved for Grade 
12 scholars who organize activities and events that share their respective study’s findings, 
including but not limited to: research presentation (Pagbantala), poster presentation 
(Pagbalandra), seminar-workshop (Pahisayod), and community science conference 
(Pagwaragwag) with more events described at the end of this journal. This very journal is a fruit 
of the previous two batches’ research experience. Research 3 focuses on finalizing the study and 
networking the results. It focuses on community-oriented approach in making science more 
accessible. This is evident in the oral and poster presentations for students and professionals, 
workshops and seminars for high school students, and gamification of each study for 
elementary students during the aforementioned events. Each study is given the opportunity to 
be published in this journal, provided that they have accomplished the review process outlined 
at the left. 

 
 



Three (3) Student Peer Reviewers 
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Since research advisers are the co-authors of the journal article,  
they need to be updated with or review the article after each change. 

The Research Review Process 
 

  



THE RESEARCH COMMITTEE 
The Research Committee is tasked with ensuring the quality of all research projects produced by 
the Batch 2021 scholars, performed from the 10th to the 12th grade. It is headed by the Research Unit 
Head who oversees and approves all research work and composed of the research teachers who 
handle the Research class for a specific school year and grade level and the research advisers who 
provide guidance, insight, and assistance in a consulting capacity in their fields of expertise. The 
Science Research Assistants (SRA) manage the different labs, apparatuses, equipment, and reagents 
for the use of the scholars in the conduct of their respective studies. 
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REVIEWERS AND PANELISTS 
The research curriculum of PSHS - WVC is predominantly composed of highly immersive 
activities that develop the scholars’ skills as researchers and scientific communicators. From Grade 
10, the scholars experience the rigors of having to defend their proposals and, ultimately, their final 
paper. 

 

PAGSUGUIDADON 

PAGSUGUIDADON, from the Hiligaynon word suguid or “to report”, is the culminating event for 
the Grade 10 Research curriculum. Scholars present and defend their paper to a three-person panel, 
composed of two invited panelists and a faculty member of PSHS-WVC. The papers are presented 
in five clusters with each study’s overarching theme as the basis of grouping.   
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PREFACE 
 

It is our pleasure to present the fourth volume of Publiscience, the annual, peer-reviewed 
research journal of PSHS-WVC. Publiscience is a joint effort of the scholars and the Research Unit 
to communicate the results of the scholars’ studies. In line with the PSHS mission and vision, the 
publication cultivates their research skills in preparation for them to become world-class Filipino 
scientists. Since the establishment of the journal in 2018, the scholars have strived to innovate and 
improve the aspects of the journal. For this volume, the Pagpasanyog or the improvement entails 
transparency on the conduct of the studies, by providing readers open-view access to 
supplementary data supporting the results and including the submission, approval, and publication 
dates of the articles.  
   

The fourth volume of Publiscience contains 20 Science and Technology (S&T) studies 
venturing into topics such as Biology, Chemistry, and Engineering. The journal articles are 
clustered into seven (7) areas, namely: (1) Environmental Science and Health, (2) Material Science 
and Technology, (3) Microbiology and Biochemistry, (4) Agriculture, (5) Aquaculture, (6) Computer 
Science, and (7) Spatial Analysis.  
 

Lastly, this volume was published during a period of great hardship and uncertainty. 
Essentially, it has considerably affected the conduct of research studies—the greatest obstacle in the 
research process. Despite the odds, the PSHS-WVC scholars persevered to publish the research 
articles, all in the pursuit of truth, passion for excellence, and commitment to service. This serves 
as our testament that research can be conducted during unfavorable circumstances. The pandemic 
has indeed highlighted the significance of research in society, and it is and will always be the 
advocacy of Publiscience to promote the pursuance of research to be of service to the people. 
 

THE EDITORIAL BOARD 
 

* * * 
 

DEDICATION 
 

This journal is dedicated to all the learners and teachers, 
who struggled during these difficult times yet study and teach 

to satisfy the thirst for knowledge and love for learning and the DOST Secretary,  
Fortunato de la Peña, for spearheading the scientific efforts in dealing with the pandemic.  

 

 

 

 

 

 

 



 

 

 
 

 

C L U S T E R  O N E 
ENVIRONMENTAL SCIENCE AND HEALTH 

 

Red is the color of blood, symbolizing our deeper connection to 

our environment and planet. The gem is in the shape of a drop of 

blood for the same reason. As such, if we are to keep living on this 

earth, we have to keep track of the environment’s status and find 

ways to solve environmental problems. One of the biggest aims of 

environmental science is to find solutions to such problems. The 

striking color of red therefore also inspires and motivates us to take 

action and work towards this aim.  

 

These studies tackle varying environmental issues. As such, they 

can be associated with one of the following agendas: the Aquatic, 

Agriculture, and Natural Resources (AANR) Research and 

Development Agenda, and the Disaster Risk Reduction and 

Climate Change Adaptation (DRR & CCA) Research and 

Development Agenda. This is because the studies are generally 

aligned with the objectives of the former agenda, while one study 

has objectives and has aspects more related to the priorities of the 

latter agenda. 

 
BASED ON: Harmonized National Research and Development Agenda (HNRDA)
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The Southwest monsoon (SWM) rainfall is used in agriculture, 
industry, and electrical energy and fills reservoirs that supply water to 
households. However, it generates high levels of rainfall which can 
negatively affect Philippine agriculture. The historical behavior and trends 
of the SWM rainfall in the Philippines were identified using collected 
rainfall data from fourteen (14) meteorological stations situated in Type 1 
climate areas of the country, where the impact of SWM is well-pronounced. 
The time series analysis from 1949 to 2018 for the months of June to 
September showed an overall increase in accumulated rainfall with a slope 
of +1.8047, as well as in the decadal frequencies of high precipitation event 
days (HPE) at the 85th, 95th, and 99th percentile with slopes of +1.0586, 
+0.4740, and +0.1030, respectively. The trendline for the no-rain days 
graph has a slope of -0.1177, indicating a decreasing trend. These findings 
suggest a possibility of an increase in SWM rainfall in the coming decades. 
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Introduction. - Heavy rainfall is considered one 

of the most disastrous weather extremes that greatly 
affect human activities and environmental systems 
[1].  The factors that facilitate heavy rainfall events 
include (i) the southward expansion of the high-
pressure system to the north of the Philippines, (ii) 
the El Niño Southern Oscillation (ENSO), and (iii) 
enhanced moisture-converged cold surges [2] 

 
The Southwest monsoon (SWM) are trade winds 

that bring warm and considerably humid air mass 
during the months of June to September every year. 
The Southwest monsoon (SWM) rainfall results from 
the passing of air over large areas of warm equatorial 
ocean that stimulates evaporation from its surface; as 
the moisture-heavy air cools, it moves north and 
precipitates [3]. It contributes 43% of the 
precipitation in the mean annual rainfall in the 
Philippines [4]. According to [5], the western side of 
the country is greatly affected by rainfall from the 
Southwest monsoon (SWM) during boreal summer. 
It also simultaneously occurs with the peak 
occurrence of tropical cyclones in the country which 
is during the months of July and August. This co-
occurrence allows tropical cyclones to influence the 
southwesterly winds of the monsoon which 
contributes to an increase in the amount of 
precipitation during the season [4,6]. Crost et al. [7] 
found that an increase in rainfall during the dry 
season increases agricultural production, while 
rainfall during the wet season harms crops and 
produces conflict. According to the International 
Rice Research Institute [8], 30% of the total rice area 
in the country is rainfed and upland, which are 
heavily reliant on rainfall for crop production. 
However, this agricultural system is also sensitive to 

the variability in rainfall patterns which could bring 
sudden heavy rainfalls that are damaging to the crops 
[9]. In 2016, it was found that there is an increasing 
trend in economic loss and damage due to tropical 
cyclones [10]. Since the country is vulnerable to 
variations in climate and rainfall, changes in the 
onset and intensity of rainfall can significantly affect 
livelihood, food security, and economic stability, by 
disrupting agricultural production and damaging 
infrastructure [5,11]. 

 
The East Asian Monsoon and South China Sea 

Monsoon rainfall trends have been studied 
intensively over the past years [12,13,14]. However, the 
rainfall trends of the Southwest monsoon have 
received relatively little interest from the scientific 
community, thus the need for this research. The study 
of Cruz et al. [5] presented data regarding the 
climatological analysis of Philippine Southwest 
monsoon rainfall. Their examination of the rainfall 
extremes indicated an increasing trend in the number 
of days without rain and a decreasing trend in the 
heavy rainfall days from 1961 to 2010, which can be 
detected with statistical confidence. However, 
multiple meteorological stations have been 
constructed in other parts of the country since then. A 
shift in rainfall was also observed in different portions 
of the country due to the reduction of the topography 
of mountains, urbanization, and climate change. 
Hence, utilizing a wider scope of data in terms of 
geography and time will increase the accuracy of 
Habagat rainfall trends and patterns, thus the need for 
this study [15]. 

 
This observational study analyzed the trend and 

behavior of SWM or habagat rainfall in the 

mailto:publiscience@wvc.pshs.edu.ph


 
 

Climatological analysis of the Southwest Monsoon (Habagat) | 3  

 

northwestern portion of the Philippines using rainfall 
data from fourteen (14) synoptic stations from 1949 to 
2018. It specifically aims to: 

 
(i) identify the high precipitation event days 
(HPE) where the total amount of rainfall collected 
in each station belongs to the upper 85th, 95th, 
and 99th percentile; 
 
(ii) determine the number of days with and 
without rain; 
 
(iii) present a time series analysis that will show 
the trend of rainfall for the past seventy (70) years 
in the Type 1 climate areas of the Philippines 
where the impact of SWM is well pronounced; 
 
(iv) identify years where the SWM rainfall 
deviates from the climate mean;  
 
(v) detect years with normal, below-normal, and 
above-normal rainfall using the Southwest 
Monsoon Rainfall Anomaly Index (SWMRAI) 
threshold; and 
 
(vi) analyze the graphs and investigate the trends 
present in the graphs. 
 
Methods. - The methodology used for this study 

was adapted from the study of Cruz et al. [5]. Total 
rainfall data from the years 1949–2018, collected from 
fourteen (14) synoptic meteorological stations—the 
Baguio PAGASA weather station, and thirteen (13) 
stations which are included in the Climate Type I of 
the modified Corona’s climate classification—were 
requested from PAGASA. A time-series analysis was 
used to determine the historical trend and variability 
of the SWM rainfall.  The no-rain days and high 
precipitation event (HPE) days were then determined 
and the HPE days were classified into 85th, 95th, and 
99th percentiles. Using the calculated spatial average 
of each standardized rainfall anomaly, the Southwest 
monsoon Rainfall Anomaly Index (SWMRAI) for each 
year was obtained. Finally, using the standard 
deviation of the SWMRAI as the threshold, the SWM 
rainfall extremes were determined. 

 
Collection of Raw Rainfall Data.     The daily, 

monthly, and annual rainfall data that was used to 
determine the trends and historical behavior of the 
Southwest monsoon (SWM) or Habagat in the country 
are from the year 1949 to 2018. They were collected 
from PAGASA’s fourteen (14) synoptic meteorological 
stations (see Table 1). In this study, the reference 
period for the baseline climate is from 1949 to 2018. 
Since the synoptic meteorological stations were not 
built in the same years, the months with missing data 
were replaced with the climatological mean of the 
monthly total rainfall, following the methods of Cruz 
et al. [5].  

 
 
 
 
 
 
 
 

Table 1. Coordinates and year built of the fourteen (14) 
synoptic stations used to determine trends and historical 
behavior of the southwest monsoon in the country. 

Location Year and  
Month Built 

Ambulong, Batangas 
Baguio City, Benguet 

Cabanatuan, Nueva Ecija 
Coron, Palawan 
Cuyo, Palawan 

Dagupan City, Pangasinan 
Iba, Zambales 

Laoag City, Ilocos Norte 
NAIA (MIA), Pasay City 

Port Area (MCO), Manila 
Puerto Princesa, Palawan 
San Jose, Occ. Mindoro 
Sangley Point, Cavite 

Science Garden, Quezon City 

Jan 1951 
Jan 1949 
Jan 1989 
Jan 1951 
Jan 1951 
Jan 1951 
Jan 1951 
Jan 1951 
Jan 1949 
Jan 1949 
Jan 1951 
Jan 1981 
Jan 1974 
Apr 1961 

 
Data Analysis.     The time-series analysis was used 

to determine the historical trend and variability of the 
SWM rainfall. From the data provided by PAGASA, 
days with no rain and HPE were determined. The 
HPE days were then classified into 85th, 95th, and 
99th percentiles, which according to Bagtasa et al. [16], 
are considered days with heavy rain. Using the 
formula adapted from Wilks [12], standardized 
anomalies were determined for each station per year. 
The Southwest monsoon Rainfall Anomaly Index 
(SWMRAI) for each year was then obtained using the 
calculated spatial average of each standardized 
rainfall anomaly. The standard deviation of the 
SWMRAI was derived and used as a threshold to 
determine the rainfall levels.  

 
No-rain Days.     The number of days where the 

rainfall collected in a station is 0 mm was determined 
per year and tallied per decade. A bar graph was then 
generated with the decadal frequencies of no-rain 
days for the months of June to September from 1949 
to 2018 for each station. 

 
High Precipitation Events Days.     The high 

precipitation events (HPE) days, days with rainfall in 
the upper 85th, 95th, and 99th percentile, were 
determined using daily rainfall data from all fourteen 
(14) synoptic stations and were tallied per decade. 
They are referred to as HPE85, HPE95, and HPE99, 
respectively. A graph containing the decadal 
frequencies of HPE85 days per station was generated. 
The same was done for HPE95 and HPE99 days. 

 
Standardized anomalies.     A rainfall index was used 

to determine the annual variation of SWM rainfall per 
station. Rainfall data from PAGASA is expressed as a 
standardized anomaly so that it can be directly 
compared to rainfall data from different stations 
regardless of local conditions such as elevation and 
land use. Adapted from Wilks [17], the standardized 
anomalies are expressed as: 
 

(1) 𝑍𝑖 =
𝑥𝑖 − 𝑥 𝑖

𝑠𝑥𝑖
 

 
Where: 
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xi = SWM rainfall value at station i for a particular 
year 
x ̅i     = mean SWM rainfall for station i 
sxi = standard deviation at station i from 1949–
2018 
 

The data that were obtained from this step are 843 Zi 
values – one value for each of the fourteen stations 
per year. The Zi values were grouped per year and 
their average was calculated to obtain 70 Zit values 
which were needed for succeeding calculation. 
 

Southwest Monsoon Rainfall Anomaly Index.     The 
spatial average for Zi, the annual variation, at each 
station were calculated to derive a single index called 
the SWMRAI. For each year (t), SWMRAI is expressed 
as: 

 

(2)    𝑆𝑊𝑀𝑅𝐴𝐼𝑡 =
1

𝑁
∑ 𝑍𝑖𝑡
𝑁
𝑖=1  

 
Where: 
N = total number of stations in a particular year t 
Zit = standardized rainfall anomaly at year t 

 
The data that were obtained from this step are 70 
values – one SWMRAI value per year. 

 
Standard deviation of SWMRAI.     The standard 

deviation s of SWMRAI was also calculated to identify 
a threshold for determining the years with normal, 
above normal, and below-normal rainfall. The 
formula for standard deviation that was used is: 
 

(3)   𝑠 = √
∑ (𝑥𝑖−𝑥 𝑖)

2𝑛
𝑖=1

𝑛−1
 

 
Where: 
n = total number of stations 
xi = SWMRAI of each year 
x ̅i = mean of xi 

 
The positive and negative s values were used as the 
upper and lower bounds. A year where the SWMRAI 
exceeds the positive s value means that the SWM 
rainfall at that year has above-normal rainfall and vice 
versa. 
 

Standard deviation of annual rainfall data.     The 
standard deviation of the total collected rainfall of 
year t in station i was calculated. A time-series graph 
of the SWM accumulated rainfall, taken as an average 
across all stations, was produced. Error bars were 
added to indicate the positive and negative standard 
deviation of annual rainfall data. 

 
Safety Procedure.     Protective measures were done 

to prevent the risk of file corruption as well as to 
ensure security. A copy of the files was downloaded 
directly from the email that PAGASA sent before any 
calculation was done and was stored in a virus-free 
flash drive. A copy of the original files was also 

uploaded to a Google drive folder, where files of 
calculated data were also stored. 

 
Results and Discussion. - The average annual 

accumulated rainfall of all stations during the months 
of June to September, from the year 1949 to 2018 
showed an inter-annual variability (see Figure 1). In 
the 70-year time series, a minimal increasing trend 
for the annual accumulated rainfall can be observed 
from its linear trend slope of +1.8047. The spatial 
variability which has a slope of -0.1065, however, 
indicates a decreasing trend. This implies that the 
degree to which rainfall amounts vary across time is 
decreasing. Great spatial variability can be observed 
in the years 1951, 1958, 1968, 1972, 1990, 2012, and 
2018. It is also worth noting that the deviation 
between stations tends to be lower in years with lower 
accumulated rainfall. According to several studies 
[18,19], the observed interannual variability of rainfall 
is highly correlated to the effects of the El Niño 
Southern Oscillation. The shifting phenomenon of 
other monsoons in Southeast Asia also has an impact 
on rainfall variability [20]. Furthermore, The results 
for spatial variability are supported by the study of 
Cruz et al. [5] which also reported a decline in the 
linear trend of the spatial variability of total SWM 
rainfall from the year 1960 to 2010. 

 
It can also be seen from Figure 1 that in 1972, the 

annual accumulated rainfall was significantly higher. 
This increase can be attributed to prolonged flood 
conditions due to the occurrences of tropical 
cyclones, further aggravated by the intensification of 
the SWM. The events that were primarily responsible 
for these conditions are Super Typhoon Rita and 
Typhoon Susan, which altered the monsoon winds 
over the Philippines. They were then succeeded by 
Typhoons Edeng, Gloring, Isang, and Huaning only 
weeks after. It is interesting to note that the 1972 great 
flood over Luzon occurred during an El Niño episode 
[21]. Villafuerte et al. [22] confirmed that with the 
development of El Niño in the north-central 
Philippines, wetter conditions during the months of 
July to September are expected. 

 

 
Figure 1. Time series of the annual SWM accumulated 
rainfall, taken as an average across all stations. Error bars 
indicate the standard deviation of station values. Dashed line 
indicates the linear trend.
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Figure 2. Decadal frequencies of no-rain days for the months of June to September from 1949 to 2018 for each station. 
 
As seen in Figure 2, there is a decline in the 

frequency of no-rain days during SWM season for 
the past four decades (1979 to 2018), with the linear 
trend having a slope of -0.1177. The number of no-
rain days has decreased from decades 1949–1958 and 
1959–1968, increased from decades 1959–1968 to 
1979–1988 and decreased from decades 1979–1988 to 
2009–2018. It can be observed in the graph that in all 
stations, the years from 1979 to 1998 have the most 
number of no-rain days. Results also showed that the 
station in Iba received the most rain averaging 2887 
mm per year, and the station in Puerto Princesa 
received the least rain averaging 708 mm per year for 
the past 70 years. Changes in the extremes are 
important to understand because of their climatic 
impact in terms of floods and droughts, which result 

in serious consequences especially on the agricultural 
and energy sectors [5]. 
 

Moreover, the decadal changes in the number of 
HPE days—those who are above the 85th, 95th, and 
99th percentile (Figure 3)—are increasing as well. In 
other words, there is an overall increasing trend in the 
number of days belonging to the 85th, 95th, and 99th 
percentile rainfall throughout the decades. The 
slopes of their trends are +1.0586, +0.4740, and 
+0.1030, respectively. It can also be seen in the figures 
that all the trendlines have a positive slope, regardless 
of their percentile value. This indicates that rainfall 
has continually increased in terms of intensity within 
the 70-year period.

                                                            
Figure 3. Overall trends of HPE85 (orange), HPE95 (green), and HPE99 (blue) days, defined as exceeding the 85th, 95th, and 
99th percentile from 1949 to 2018, for the months of June to September for each station.
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Figure 4. Time-series of the annual Southwest Monsoon Rainfall Anomaly Index (SWMRAI), taken as an average across all 
stations. The standard deviation of these indices (dashed line) sets the thresholds for normal rainfall. Years are classified as 
follows: above-normal (green), normal (blue), and below-normal (red). 

 
Unlike the no-rain days graph, no station has 

consistently experienced the greatest or least HPE 
days. According to Cruz et al. [5], the 95th percentile 
of daily rainfall from the baseline climate is already 
considered as heavy rainfall. A negative trend in the 
85th, 95th, and 99th percentiles of HPE days can be 
observed in their study, which is in contrast with our 
findings. However, this may be due to the difference 
in the number of stations and years analyzed. The 
study of Cruz et al. [5] utilized data from only 9 
stations over a 50-year period, whereas this paper 
utilized data from 14 stations in a 70-year span. 

 
As shown in Figure 4, the years with above-

normal rainfall are 1961, 1962, 1963, 1967, 1978, 1990, 
2002, 2009, 2011, 2012, 2013, and 2018, while the 
years with below-normal rainfall are 1949, 1954, 1955, 
1973, 1975, 1983, 1998, 2010. The rest of the years are 
categorized under normal rainfall. 

 
The standard deviation of SWMRAI, 

±0.08460741, was used as the threshold in 
determining the years with above-normal and 
below-normal SWM rainfall. Within the 70-year 
period of study, 49 years were normal, 13 years were 
above-normal, and 8 years were below-normal. In 
the study of Cruz et al. [5], the majority of the years 
from 1961 to 2010 also fell in the normal rainfall 
category. Data from PAGASA was used in 
determining El Niño and La Niña years. Two (2) out 
of twelve (12) years when the Type 1 climate areas of 
the Philippines received above-normal rainfall, were 
La Niña years (1962, 1972). It is worth noting that one 
El Niño year (2002) belonged to the same category. 
One (1) out of eight (8) occurrences of below-normal 
rainfall were El Niño years (1983). Moreover, all 
except one below-normal rainfall years are La Niña 
years (1949, 1954, 1955, 1973, 1975, 1998, 2010).  These 
findings show that El Niño years are not necessarily 
associated with below-normal rainfall, and the same 
idea can be applied to La Niña years as well. 

 
Limitations.     Not all stations had available 

rainfall data from 1949–2018 since they were 
constructed at different years, and some had to stop 
operations   due to maintenance 
problems. This resulted in missing data in some 
years. 

Conclusion. - During the Southwest monsoon 
season, there is an overall increase in the amount of 
rainfall and a decrease in drier days in Type 1 climate 
areas of the Philippines as compared to the past years. 
The frequency of no rain days has decreased, the 
trend lines observed in the frequency of high 
precipitation days at the 85th, 95th and 99th 
percentile are increasing, and the average 
accumulated Southwest monsoon rainfall has 
increased as well. The extremes in the number of no-
rain days are the years from 1979 to 1998, and there 
are no extreme years for the number of HPE days in 
all three percentiles. This shows that during this 
period, a lot of days had zero precipitation, and for 
the years during this period that had above-normal 
rainfall, it can be inferred that precipitation was 
heavy during the rainy days. For the SWMRAI, 1955 
is the year with the lowest recorded below-normal 
rainfall, while 1972 is the highest recorded above-
normal rainfall value. The decrease in the frequency 
of no-rain days, and the increasing trend lines 
observed in the frequency of high precipitation days 
at the 85th, 95th, and 99th percentile, as well as the 
average accumulated Southwest monsoon rainfall 
shows that there is an overall increase in the amount 
of rainfall in the northwest portion of the Philippines 
during this season. It was found that whether a year 
falls in the below-normal, normal, or above-normal 
rainfall categorization is not dependent on its 
classification as an El Niño or La Niña event. In 
summary, based on the results of the data analysis, it 
can be concluded that there is a possibility of 
increased rainfall and shorter dry periods during the 
SWM season in future years. If the rainfall trend 
continues to increase in the future, heavy rainfall- 
related risks such as flooding and landslide 
occurrence are likely to escalate. 

 
Recommendations. - Other factors such as 

passages of landfalling and non-landfalling tropical 
cyclones, wind, urbanization, and heat flux were not 
included in this study. An in-depth analysis on the 
correlation between other factors could provide 
better predictions for SWM rainfall. Lastly, it is 
recommended that sectors that are highly vulnerable 
to heavy rainfall, such as the agricultural sector, to 
regularly monitor the trend and prepare a risk 
management plan and risk reduction plan to help 
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them mitigate the negative effects of SWM in the 
future, since it is expected that rainfall will be heavier 
than previous years. 
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Article Info   Abstract 
- 

Microplastics (plastic particles <5 mm in size) have been increasingly 
abundant, especially in filter-feeders. Oysters are commercially farmed 
and highly consumed in the Philippines. This study determined the 
presence of microplastics in commercial oysters (Crassostrea iredalei) sold in 
public markets from Cagay, Culajao, and Ivisan, Capiz. Thirty oysters 
yielded 47.6 g of meat, which were homogenized, divided into nine 
portions for KOH digestion, and incubated at 40 oC for 48 h. The digestates 
were passed through 25 μm Whatman filter paper. The retained particles 
were viewed under a microscope, identified by GESAMP descriptors, 
photographed, counted, and measured. Three residues were analyzed by 
FTIR spectroscopy to identify the chemical origin of the microplastics. The 
study confirmed the presence of microplastics in the oysters. The 38 
microplastic particles were mostly fibers with some sheets.  Their sizes 
ranged from 109 μm to 3.3 mm, and did not significantly differ among the 
three source locations. Only the sheet particle had a 49% match with 
cellophane. 
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Introduction. - Microplastics are plastic particles 

with sizes less than 5 mm that have become the most 
abundant pollutant in the aquatic environment [1,2]. 
Two types of microplastics exist: primary and 
secondary. Primary microplastics are those 
manufactured to size and secondary microplastics 
are tiny fragments from degraded larger plastics. 
Microplastics enter the seas directly as marine litter 
from shipping and fishing, or indirectly as solid 
wastes from land through rivers and estuaries [3, 4]. 
Encounters and interactions between microplastics 
and marine organisms are inevitable and 
problematic and such interactions will continue to 
increase as microplastics continue to accumulate 
over time [1]. 

Microplastics are imminent threats to marine 
biota because they are ingested and as a result, they 
have been found in the bodies of various marine 
animals including fishes [5,6] and bivalves [7,8], 
consequently causing digestive blockage, organ 
damage, low birth and growth rates, and reproductive 
failure [9,10]. Over time microplastics extend their 
effects to humans through the consumption of 
seafood [11] as a result of bioaccumulation]. The 
effects of microplastics on human health are unclear 
but the severity of adverse effects can depend on the 
toxicity of the chemicals used to produce the plastic 
[12]. 

There is huge potential for microplastics to 
adversely impact populations of marine animals and 

the Filipinos who consume them. Fish and other 
seafood account for 15.5% of the total protein intake in 
the Philippines [13] and the per capita consumption of 
crustaceans and mollusks is about 3 kg/year [14]. In 
2019, Capiz is the top producer of fish and marine 
products in Western Visayas, including 31% of the 
aquaculture products from the region [15]. In Roxas 
City alone, mariculture areas produce about 513 
metric tons of grouper, oysters, and mussels annually 
[16]. Thus, due to the considerable role of Capiz in 
producing commercial seafood, it is important to 
obtain data on microplastics found in farmed and 
marketed oysters (Crassostrea iredalei) from the 
aforementioned locale. 

In summary, this study aims to identify and 
assess microplastics in commercial oysters (C. iredalei) 
from selected areas in Capiz. Specifically, it aims to: 

(i)  extract microplastics from oysters from three 
locations in Capiz; 

(ii) describe, photograph, count, and measure the 
extracted microplastics;  

(iii) identify the chemical origin of the 
microplastic particles; and  

(iv)  compare the microplastics found in oysters 
from the three locations. 

The results of this study will benefit future 
studies that aim to further investigate and assess the 
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presence of microplastics in marine environments 
and organisms. Furthermore, this study may also be 
a baseline for future studies concerning the 
occurrence of microplastics in the food chain. The 
use of KOH digestion adapted from Thiele et. al. [7] 
can be used as a reference for future bivalve tissue 
digestion for microplastic extraction. 

 
Methods. - This study aims to identify and assess 

the presence of microplastics in C. iredalei through 
visual inspection, FTIR analysis, and statistical 
analysis. 

Site Selection.     Site selection was done through 
purposive sampling. Various seafood restaurants in 
Iloilo were contacted and inquired about their oyster 
supply, and most referred to Capiz as the source. 
Study sites were selected based on (1) the presence of 
oyster collectors or oyster farms; (2) availability and 
abundance of marketable oysters; (3) the oyster 
species was C. iredalei; and (4) presence of local sources 
of pollution. Three locations were then chosen- 
Cagay, Culajao, and Ivisan, Capiz (Figure 1) with the 
following latitude longitude coordinates: 11°35'47.8"N 
122°46'39.2"E, 11°34'49.9"N 122°45'20.2"E, and 
11°31'00.4"N 122°41'37.7"E respectively.  All three 
locations had high levels of human populations, 
settlements, and commercial activities including 
fishing and fish farming.  

 

Figure 1.  Satellite image of the three sample locations taken 
using Google Maps.  

Oyster Sampling.     C. iredalei is easy to identify by 
its cup-shaped or slipper-shaped shell and the purple 
adductor muscle scar. The species identification was 
confirmed by the Southeast Asian Fisheries 
Development Center (SEAFDEC) in Tigbauan, Iloilo. 
Oyster samples were collected during the cool dry 
season (January, 2020) from a fish farm in Cagay and 
from the wet markets in Culajao and Ivisan, Capiz. A 
total of 15–20 oysters per site, all alive with shells shut 
tight. They were transported to PSHS-WVC and 
refrigerated at 3–6 ºC for processing within 3 days. 
Ten live oysters of shell height 5–10 cm were chosen 
from each site sample for microplastic extraction. 
Oysters of this size were considered adults with well-
developed digestive tracts, active feeding behavior, 
and high potential for ingestion of microplastics. The 
oysters were washed clean with tap water, blot-dried, 
then dissected in a laminar-flow cabinet to avoid 
contamination. To remove the oyster meat, the shell 
was opened by sliding a knife or scalpel between the 
valves and cutting the adductor muscle. The meat 
from 10 oysters from each site were pooled and 

weighed on an analytical balance. Oyster sizes (shell 
heights) did not differ significantly by location), but 
the larger oysters from Ivisan, Capiz yielded more 
meat. 

Extraction of Microplastics.     The pooled oyster 
meat from each source location was homogenized by 
combining the meat and divided into three equal 
weights in three beakers. The homogenates in nine 
beakers were chemically digested in a 10% w/v KOH 
solution at three times the meat volume [17]. The 
stock solution 10% KOH solution was prepared with 
20 g KOH pellets dissolved in 200 ml distilled water. 
The homogenates were then incubated without 
agitation at 40ºC for 48 h in an incubator (Biobase). 
Subsequently, the resulting digestates were poured on 
Whatman No. 4 qualitative filter paper with a pore 
size of 20–25 μm. The papers with residues were then 
placed in separate petri dishes, air-dried for 6 h and 
examined for microplastics. A blank sample, 10% KOH 
solution without oyster meat, was processed through 
all procedures to quantify possible microplastics 
contamination in the laboratory. 

Visual Assessment by Microscopy.     The residues 
were first subjected to visual assessment through 
microscopy at 40x magnification as the microplastic 
particles cannot be seen by the naked eye. The 
residues were viewed under a digital microscope 
connected to a laptop (Dell Inspiron 14 8th 
generation). Microplastics were identified and sorted 
by type according to the Joint Group of Experts on the 
Scientific Aspects of Marine Environmental 
Protection (GESAMP) [2] guidelines. The computer 
program Image Focus 4 was used to take images of the 
microplastics on filter papers. The microplastic 
particles were counted on 5x5 mm grids. The ImageJ 
and AmScope affiliate software were then used to 
measure the particle sizes. 

FTIR Spectroscopy.     Three of the extracted 
microplastics, named ‘single fiber’, ‘fiber cluster’, and 
‘sheet microplastic’ were sent to the University of the 
Philippines Regional Research Center (UP-RRC) for 
Fourier Transform Infrared spectroscopy with a 
Thermo Scientific Nicolet iS5). This is in order to 
identify what type of plastic the microplastics 
originated from. The resulting FTIR spectra were 
compared or matched with the polymer database in 
the FTIR spectra library of UP-RRC. The analysis of 
the spectra was verified by a PSHS-WVC chemistry 
teacher. 

Data Analysis.     Data on oyster sizes and 
microplastic particle sizes were tabulated by source 
location and the means + standard deviation were 
computed. The data were tested for normality via 
Shapiro-Wilk test. Furthermore, the means were 
compared by source location (one-way ANOVA at a 
95% significance level). When the data were not 
normally distributed, the non-parametric Kruskal-
Wallis test was used.  All computations were done 
using the IBM® SPSS® Statistics v27 and RStudio© 
v3.6.1 software. The results were verified by a 
Statistics teacher from PSHS-WVC. 

 
Safety Procedure.     Use of personal protective 

equipment was observed during all laboratory work. 
Practice trials were conducted of all procedures from 
dissection of the oysters to extraction of microplastics 
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to microscopy. Furthermore, the empty oyster shells 
were bagged for disposal by the PSHS-WVC COOP 
personnel. Then, the used KOH solution was stored in 
plastic bottles and turned over to the Science 
Research Assistant at PSHS-WVC for proper disposal. 
Lastly, the researchers cleaned the work areas and 
organized the glassware after every use. 

 
Results and Discussion. - This study aims to 

identify and assess microplastics in commercial 
oysters from selected areas in Capiz. Specifically, it 
aims to: (1) extract microplastics from oysters by 
means of KOH digestion and filtration; (2) describe, 
photograph, count, and measure the extracted 
microplastics under a digital microscope; (3) identify 
the chemical origin of the microplastic particles by 
spectroscopy; and (4) compare the microplastics 
found in oysters from three locations in Capiz. 

 
Occurrence of Microplastics.     A total of 38 

microplastic particles were extracted from 47.6 g of 
meat from 30 oysters from the three sites in Capiz 
(Table 1). The data confirmed the occurrence of 
microplastics in farmed and marketed C. iredalei in 
Capiz — at least one microplastic particle per oyster 
regardless of source location. In other words, one 
microplastic particle was extracted for every 1.5 g of 
oyster meat. 

 
Table 1. Counts and types of microplastic particles in oysters 
from three sites  in Capiz, Philippines. (NO - Number of 
Oysters, TW - Total weight of oyster meat, TMPs - Total 
microplastics (NT + NS), NT - Number of threads, NS - 
Number of sheets) 

Site NO TW  
(g) 

TMPs 
(NT+NS) 

NT NS 

Cagay 10 13.84 12 8 4 

Culajao 10 15.48 15 13 2 

Ivisan 10 18.28 11 10 1 

 
This study confirmed the presence of 

microplastics in commercial oysters C. iredalei from 
raft farms and wet markets in Capiz, Philippines. Most 
particles were blue fibers, which are possibly 
remnants of fishing nets.  Some were sheets that 
matched cellophane, a common packaging material. 
Cellophane is a polymeric cellulose film produced 
from processing cellulose from wood, cotton, hemp, 
or other sources. Some cellophane are coated with 
polyethylene or other polymers to make it heat 
sealable for automated wrapping machines. Though 
labeled as “biodegradable plastic,” cellophane will 
break down completely only when being subjected to 
prolonged temperatures above 50 °C [10].  

 
Particle Sizes of Microplastics.     All the 38 (sum of 

all TMPs) extracted particles were <3.3 mm in their 
greatest dimension (Table 2) and thus were 
microplastic by definition. The smallest particle was 
109 μm, which is much larger than the 20-25 μm pore 
size of the Whatman No. 4 filter paper that was used. 
The particle sizes apparently differed among 

locations, with mean sizes highest in Cagay and lowest 
in Ivisan (Table 2). However, the differences were not 
statistically significant (Kruskal-Wallis test, p = 0.28). 
Furthermore, a non-parametric test was used because 
the size data were not normally distributed (Shapiro-
Wilk test, p < 0.05). 

Table 2. Particle sizes (greatest dimension) of microplastics in 
oysters from three sites in Capiz. (NP - Number of Particles) 

Sites NP Particle size (mm)  

Min Max Mean SD 

Cagay 12 0.165 3.207 1.506 0.961 

Culajao 15 0.123 2.928 1.266 0.967 

Ivisan 11 0.109 3.260 0.951 0.975 

 
The microplastics found in oysters in this study 

had particle sizes of 0.11–3.25 mm, larger than those 
(0.1–0.3 mm) found in green mussels in Bacoor Bay 
[18], but  similar to those (0.56–4.58 mm) found in the 
waters of Pasig River [19]. Much smaller 
microplastics of sizes 2–6 μm adversely affected 
reproduction in the oysters studied by Sussarellu et. 
al. [20].  It remains to be determined whether smaller 
microplastics, and even the larger microplastics that 
were found, would also be harmful to C. iredalei. 

 
Types and Composition.     The microplastics left on 

the filter paper were mostly thin blue fibers but some 
were sheet-like and white or transparent. The 38 
microplastic particles consisted of fibers (81.58%) with 
some sheets (18.42%) (Table 1). Digital images of the 
extracted microplastic particles are shown in Figure 1. 

 

 
A                              B                             C 

 
D                              E                             F 

 
G                              H                             I 
Figure 1.  Microplastic particles extracted from farmed 
oysters from Capiz. Images taken by digital microscope of the 
residues on three filter papers per location. A-C Cagay; D-F 
Culajao; G-I Ivisan.    
                              

Indeed the study sites confirmed the extensive 
use of plastic nets, ropes, containers, and other gear in 

fishing and fish farming. Furthermore, it can be 
inferred that numerous households in the three 

locations consume a variety of plastic products and 
packaging materials that were plainly visible as 
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scattered litter: sachets of shampoo and coffee, single-
use bags, wrappers, jars, etc. Markets and tourism and 
recreational activities were also sources of plastic 
pollution at the study sites. 

 
Chemical Origin of Microplastics. The microplastics 

analyzed by FTIR spectroscopy are shown in Figure 5. 
‘Sheet microplastic’ is image E. ‘Single fiber’ is image 
A and ‘fiber cluster’ is image G.  

 
Figure 2 shows the FTIR spectrum of the ‘sheet 

microplastic’ together with the library matching, 
which yielded a 49% match with cellophane. A 49% 
match under normal conditions is not considered an 
ideal match rate, however, with the nature of these 
microplastic samples, it is deemed acceptable. The 
samples were dried insufficiently due to lack of 
supporting articles, and with this, saltwater residues 
and oxidized groups interfered in the results, thus 
producing a low match rate. In contrast, the FTIR 
spectra for ‘single fiber’ and ‘fiber cluster’ showed no 
match with any polymer in the database (Figures 3 
and 4). 

 

 

 
A 

 
B 

Figure 2. A The FTIR spectrum of sheet microplastic; B 
Library match with cellophane, 49%. 
 

The fibers and sheets that were analyzed by FTIR 
spectroscopy could not be matched with any 
polymer in the UP-RRC spectra database. This result 
was probably due to insufficient drying of the fibers 
in the residue on the filter paper. Furthermore, the 
structural identity of the microplastic samples was 
also compromised given the changes in the chemical 
structures of the samples (e.g. bond breakage, etc.). 
Da Costa et al. [21] reported that the physical and 
chemical properties of a microplastic particle are 
affected by prolonged exposure to saltwater. The 
formation of oxidized groups from exposure to 
water results in noise when the spectroscopy test was 
conducted. While it is difficult to identify the 
primary causes of noise in spectroscopy, deficiencies 
in sample preparation/handling is considered a 
probable cause. 

 
A 
 

B 
Figure 3. A The FTIR spectrum of ‘single fiber’ 
microplastic; B Library match not found. 
 

A

B 
Figure 4. A The FTIR spectrum of ‘fiber cluster’ 
microplastic; B Library match not found. 

Limitations.     Cellulose filter paper was 
unavailable during the conduct of the laboratory 
procedures and Whatman® Grade 4 qualitative filter 
paper was used instead. Thus, particle retention was 
limited to 25 μm. Secondly, the Fourier Transform 
Infrared (FTIR) spectra were only compared to pre-
identified polymer databases. Thus, other non-
polymer spectra were not subjected for comparison. 

 
Conclusion. - Microplastic presence was 

confirmed in commercial oysters C. iredalei collected 
from three various locations in Capiz with Culajao 
yielding the highest number of microplastics among 
the three locations. The abundance of microplastic 
fiber found and the identification of cellophane in 
‘white microplastic’ suggest that the source of 
microplastics come from maritime activities such as 
fishing and improper disposal of household waste in 
the area. Statistical analysis concludes that the 
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location of the collection sites do not directly affect 
the microplastic size. 
 

Recommendations. - To improve the study, it is 
recommended that cellulose filter paper with pore 
size lower than 25 μm should be used during filtration 
to enable the extraction of  microplastics that have a 
diameter less than 25 μm. Additionally, air-drying the 
filter papers used during filtration at room 
temperature can be used as an alternative to oven-
drying, which will greatly enhance the generated IR 
spectra as water will no longer be factored in the FTIR 
analysis. It is also recommended that a library match 
with a more extensive polymer library should be 
conducted to yield a more specific polymer type. 
Furthermore, the microplastics extracted may be 
weighed using more precise weighing scales to 
calculate microplastic abundance in milligrams 
microplastic/sample mass or for sediment studies, 
milligrams microplastic/kg-1 sediment. Finally, it is 
recommended that the results of this study are 
communicated to local government units to allow 
oyster farmers to reevaluate the conditions of their 
farm and create appropriate measures to reduce 
microplastic pollution such as imposing strict 
guidelines on proper waste disposal. 
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Article Info   Abstract 
- 

Artocarpus heterophyllus (jackfruit) is a shrub that has high 
phytochemical content in its different plant parts. However, 60% of its fruit 
remains underutilized. This study evaluated the larvicidal activity of the 
crude extracts of  A. heterophyllus rags, rind, and combined rags and rind 
against third to early fourth instar Aedes aegypti larvae. Larvicidal bioassay 
was performed using concentrations ranging from 500–2500 ppm. Larval 
mortality data were recorded after 48 hours of exposure and were analyzed 
using Probit analysis. The A. heterophyllus rags and rind crude extracts 
showed high larval percent mortality rates of 70%-90%. The rind crude 
extract has the highest larvicidal efficacy since it has the lowest LC50 and 
LC90 values of 1136 ppm and 2500 ppm, respectively. The promising 
larvicidal activities shown by the treatments may be attributed to the 
abundance of triterpenes, saponins, tannins, and glycosides that was found 
using qualitative phytochemical analysis. Thus, the crude extracts of A. 
heterophyllus rags and rind may be used as alternatives to synthetic 
larvicides. 
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Introduction. - Dengue epidemics have 

increased for the past 20 years in both number and 
magnitude due to the rapid spread of the Aedes 
aegypti mosquito, the primary vector of dengue 
viruses, which thrives in highly urbanized areas [1]. 
The disease is one of the most significantly 
widespread mosquito-borne viral infections in 
humans [2]. Due to the lack of medical response 
against dengue viruses, effective vector control 
measures have become the sole weapon against 
dengue today [3]. The application of chemical 
insecticides to control the principal dengue vector, 
Ae. aegypti, is widespread. However, the development 
of resistance against these chemicals, the undesirable 
effects on non-target organisms, and the rise of 
environmental and health concerns led to the search 
for other alternative methods in controlling vector 
mosquitoes, such as the use of plants [4]. 

 
Plant-derived products have been used as 

insecticides in substitute for synthetic chemicals. 
They are less toxic, less prone to the development of 
resistance, and easily biodegradable [5]. The general 
classes of phytochemicals that they contain (sterols, 
triterpenes, flavonoids, alkaloids, saponins, 
glycosides, and tannins) are responsible for their 

insecticidal activity. These phytochemicals extend 
the postembryonic development of larvae and pupae 
and delay the formation of adult insects [6].  

Artocarpus heterophyllus, also known as jackfruit, 
is a tree belonging to the mulberry family 
(Moraceae). It has naturalized in the tropics, 
particularly in Southeast Asia, and is considered an 
important crop in many countries such as the 
Philippines [7]. Only 15–20% of the ripe fruit is 
utilized as food [8], while 60% of the fruit which 
includes the rind, inner perdigones, and central core, 
are being thrown away as waste [9]. Thus, utilization 
of these parts must be done to convert these wastes 
into useful products [10]. 

 
Previous studies have focused on the pulp and 

seeds of the jackfruit and their phytochemical 
properties which reported that they have a high 
phytochemical content [11,12,13]. Moreover, the 
results of several studies have shown that high 
quantities of saponins, alkaloids, and flavonoids are 
present in jackfruits [11]. However, despite these 
pieces of information, none of the previous studies 
have isolated and examined the underutilized parts 
of jackfruit for their phytochemical content and 
larvicidal activity against dengue mosquito vectors, 
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specifically, the rags and rind of the fruit.  
 
This study aimed to evaluate the larvicidal effect 

of A. heterophyllus crude extracts in terms of mortality 
rate against Ae. aegypti larvae. Specifically, the study 
aimed to: 

 
(i) count the dead and moribund Ae. aegypti 
larvae after the treatment of A. heterophyllus rags, 
rind, and 50:50 combination crude extracts. 
 
(ii) determine the lowest concentration of A. 
heterophyllus rags, rind, and 50:50 combination 
crude extracts that would yield 50% and 90% 
mortality rates in the larval population; and 
 
(iii) assess and confirm the presence and 
abundance of phytochemicals in A. heterophyllus 
rags and rind using qualitative phytochemical 
analysis.  

 
Methods. - The study conducted was 

experimental in nature. After the acquisition, A. 
heterophyllus rags, white or pale yellow fibrous strands 
surrounding the flesh, and rind, the green or yellow 
spiky outer skin of the fruit, were thoroughly rinsed 
before oven drying and powderization. The ground 
samples were macerated for 24 hours with constant 
agitation and filtered using vacuum filtration. Rotary 
evaporation was performed to obtain the crude 
extracts used in the succeeding processes. A 
qualitative phytochemical analysis was performed on 
both rags and rind samples to assess the active 
components. The larvicidal effect of each crude 
extract, against Ae. aegypti larvae were investigated 
using a larvicidal bioassay. Probit analysis was utilized 
to determine the LC50 and LC90 values of the crude 
extracts. The number of mosquito larval deaths in set-
ups was recorded and counted manually after 24 
hours and 48 hours of exposure. 
 

Preparation of Samples.     The samples were 
collected from a jackfruit vendor in Calle Real, Iloilo, 
and sent to the Department of Agriculture (DA) for 
verification. The rags and rind portion were 
separated, cut into smaller pieces, rinsed with distilled 
water, and oven-dried at 40 ºC for 48 hours. The dried 
samples were ground into fine particles and weighed 
using a digital analytical balance. 

 
Extraction.     One hundred grams (100 g) of the 

ground samples were macerated in  1000 mL of  95% 
ethanol in amber glass bottles for 24 hours at room 
temperature. The solutions were mixed in batches 
using a magnetic stirrer and agitated at varying 
intervals. They were then filtered via vacuum 
filtration using Whatman Filter Paper no. 41. 
Subsequently, the samples were placed in a rotary 
evaporator at 40 ºC until the ethanol completely 
evaporated. Lastly, the extracts were subjected to a 
flame test to verify the absence of ethanol in the 
samples. 

 
Collection and Acclimatization of Test Organisms.     

Twenty (20) third to early fourth instar mosquito 
larvae were used for both the preliminary and final 
testing. The first and second instars of the larvae were 
not utilized as they are considered too fragile to 
handle. 

The Ae. aegypti larvae used in the study were bred 
and cultured by the Department of Science and 
Technology-Industrial Technology Development 
Institute (DOST-ITDI) Entomology Section Insectary 
according to the standard procedures and general 
guidelines set by World Health Organization (WHO). 

 
Preparation of Test Set-ups.     Larval populations 

containing 20 organisms in each 100 mL glass beakers 
with 50 mL dechlorinated water were established. 
Relatively smaller and moribund larvae were 
replaced. 

 
Preparation of Treatments.     As specified in the 

Guidelines for Laboratory and Field Testing of 
Mosquito Larvicides of WHO, the quantity of the 
stock solution was obtained by diluting 1.5 grams of 
each of the A. heterophyllus extracts, namely: pure rags 
crude extract, pure rind crude extract, and the 50:50 
combination, with 1.5 mL 95% ethanol and 13.5 mL 
water to achieve 100000 ppm or 10% w/v crude 
extract-ethanol solution [14]. The stock solutions were 
placed in 140 mL beakers. Shaking and stirring of the 
solutions were done to dissolve the extract with the 
solvent. 

 
Abate® 1SG mosquito larvicide and 1% ethanol in 

dechlorinated water were used as positive and 
negative controls, respectively. These were then 
applied to the mosquito larvae set-ups.  

 
Larvicidal Bioassay.     The WHO standard protocol 

for testing the mortality of mosquito larvicides was 
followed. Two (2) preliminary experiments were 
conducted to establish the range of lethal 
concentrations that would be effective in killing 10% 
to 90% of the larval population. Each preliminary test 
contained five (5) test concentrations with three (3) 
replicates each. The final test concentrations were 
obtained on the second preliminary test, ranging 
from 500–2500 ppm. Six (6) replicates were carried 
out for each concentration. A water depth between 5–
10 cm was maintained to prevent undue mortality 
when soaked in deeper levels [14,15]. Mortality data 
was recorded after 24 and 48 hours of exposure for 
each test set-up. The mortality rates were calculated 
using the formula below: 

 

Mortality rate = 
𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑒𝑎𝑑 𝑙𝑎𝑟𝑣𝑎𝑒

𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑙𝑎𝑟𝑣𝑎𝑒 𝑝𝑟𝑒𝑠𝑒𝑛𝑡
×

100% 
 

Larvae that fail to display any immediate activity 
when probed or prompted were identified as dead or 
moribund [14]. 

 
Qualitative Phytochemical Analysis.     Two hundred 

grams (200 g) of oven-dried A. heterophyllus rags and 
rind samples were sent to DOST-ITDI. The presence 
and abundance of the phytochemical components, 
specifically alkaloids, flavonoids, glycosides, saponins, 
sterols, tannins, and triterpenes were determined and 
assessed. 
 

Data Analysis.     Data from all replicates of each 
treatment were pooled for linear regression probit 
analysis using Microsoft® Excel® for Microsoft 365 
MSO (16.0.13929.20360) 64-bit. The lethal 
concentrations to kill 50% and 90% of the larval 
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population, also known as LC50 and LC90 values, 
were determined by plotting the data points in a 
spreadsheet. The concentrations were then converted 
into logarithmic functions whereas the mean 
percentage of larval mortality adopted the 
corresponding probit values. A one-way Analysis of 
Variance (ANOVA) test was conducted at α = 0.05 to 
statistically compare the treatments. 

 
Waste Disposal.     No chemical substances were 

disposed of down the drains. The containers with 
chemical wastes were placed in the chemical waste 
disposal box in the Biology Laboratory 2 of PSHS-
WVC. 

 
Stock solutions used in the larvicidal bioassay 

were disposed of in a separate container specifically 
for chemical waste while dead larvae were placed in 
biohazard containers. The standard procedures of the 
institution were followed. Beakers after testing were 
treated and sterilized with hot water.  

 
Safety Procedure.     The chemical and waste 

management were done according to the WHO 
Laboratory Safety Manual 4th Edition [16]. All 
laboratory chemicals and chemical wastes were 
treated with caution and exposure was minimized by 
observing laboratory safety measures such as wearing 
personal protective equipment (PPE) and conducting 
activities under the supervision of laboratory 
personnel. Chemical wastes were stored in properly-
labeled closed containers. Extracts were properly 
stored in a 15 mL amber glass bottle.  
 

Results and Discussion. - This study aimed to 
evaluate the larvicidal efficacy of the individual and 
combined crude extracts of A. heterophyllus rags and A. 
heterophyllus rind against third to early fourth instar 
Ae. aegypti larvae. This was done through a larvicidal 
bioassay. The data were collected after 48 hours for 
comparison and analysis. 

 
Figure 1 shows the larvicidal activity of the three 

treatments against third to early fourth instar Ae. 
aegypti larvae by larvicidal bioassay. The three crude 
extracts showed significant toxicity based on the 
mean (%) mortality of the Ae. aegypti larvae. The mean 
(%) mortality of the three extracts increases as the 
concentration of treatments increases.  

 
Two thousand five hundred (2500) ppm of A. 

heterophyllus rind extract has the highest mean (%) 
mortality. Five hundred (500) ppm of crude extracts 
of A. heterophyllus rags and of the combined A. 
heterophyllus rags and rind exhibited no larval death. 

 

 
Figure 1. Larvicidal activity of the rind crude extract, rags 
crude extract, and 50:50 combination of rags and rind crude 
extract of A. heterophyllus against third and early fourth instar 
Ae. aegypti larvae after 48 hours. 

 
 Figure 2 shows the larvicidal activity of the 

positive control (Abate® 1SG larvicide) against third 
to early fourth instar Ae. aegypti larvae. The mortality 
of Ae. aegypti larvae was observed in all its 
concentrations with 0.3 ppm having the lowest mean 
(%) mortality at 10.00%, and 1.2 ppm having the 
highest at 96.67%. There was no larval mortality 
observed in the negative control treatment, 1% 
ethanol-dechlorinated water. The data show that all 
three crude extracts can be used as a larvicide. 
However, these are not as effective as the 
commercially available larvicide which is the positive 
control. Moreover, the results of the one-way ANOVA 
test showed that no significant difference exists 
between the groups determined by (F(2,12) = 1.282, p 
= 0.3129) at α = 0.05. Thus, all extracts are equally 
effective. 
 

 
Figure 2. Larvicidal activity of the positive control, Abate® 
1SG larvicide, against third to early fourth instar Ae. aegypti 
larvae after 48 hours. 
 

Figure 3 shows the lethal concentrations of A. 
heterophyllus rags crude extract, A. heterophyllus rind 
crude extract, and combined A. heterophyllus rags and 
rind crude extract against third to early fourth instar 
Ae. aegypti larvae after 48 hours of exposure.  

 
The lowest LC50 and LC90 values were obtained 

from A. heterophyllus rind crude extract. The LC50 of 
A. heterophyllus rind crude extract was obtained at 1136 
ppm while the LC90 was obtained at 2500 ppm. It was 
followed by combined A. heterophyllus rags and rind 
crude extract with LC50 and LC90 values of 1903 
ppm and 3041 ppm, respectively. A. heterophyllus rags 
crude extract had its LC50 at 2012 ppm and LC90 at 
3041 ppm. 
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Figure 3. Lethal concentrations of different treatments 
against third to early fourth instar Ae. aegypti larvae after 48 
hours of exposure period. 

 
A. heterophyllus rind crude extract was the most 

effective larvicide among the three crude extracts for 
it has the lowest LC50 and LC90 values. The 
effectiveness of A. heterophyllus rind crude extract as a 
larvicide may be attributed to the abundance of 
known phytochemicals that are found in other plant-
based larvicides in it.  

 
A study conducted by Nair and Kavrekar [17] 

using the leaves of similar plant species was 
conducted and the results are more effective in terms 
of the LC50 and LC90. The LC50 and LC90 values of 
the treatment in the study are between 400 ppm and 
600 ppm, and between 800 ppm and 900 ppm, 
respectively. The values mentioned are lower than the 
LC50 and LC90 values of the three treatments in this 
study [17]. Another study conducted by Pineda-Cortel 
et al. [18] made use of Artocarpus blancoi in different 
fractions and reported incomparable results with the 
result of the current study. Furthermore, the results of 
previous studies are more effective than the 
treatments used in this study. 

 
The combination of crude extracts may exhibit 

synergistic or antagonistic effects. The combined 
extract used in this study, however, is only limited to 
one concentration which is 50:50. Other ratios were 
not studied in this study. Therefore, the best ratio to 
obtain a result that is more effective, in terms of the 
lethal concentration, than the individual extracts was 
not determined. The relationship of two crude 
extracts is synergistic when the quotient of the LC50 
of the individual crude extract and of the combined 
plant crude extracts, also known as the synergistic 
factor, is greater than 1 [19]. The synergistic activity 
increases with the synergistic factor. In this study, the 
synergistic factor between the crude extracts of  A. 
heterophyllus rags and the combined A. heterophyllus 
rags and rind crude extract is 1.057. On the other hand, 
the synergistic factor between the crude extracts of A. 
heterophyllus rind and the combined A. heterophyllus 
rags and rind is 0.597. This means that the crude 
extracts of A. heterophyllus rags and A. heterophyllus rind 
have an antagonistic relationship. This result is similar 
to the study of Grande et al. [20] where the combined 
extracts did not have an overall synergistic larvicidal 
effect against Ae. aegypti larvae. The LC50 and LC90 
values of the combined extracts fell under the LC50 
and LC90 values of the individual extracts. Based on 
the study, the failure of the combined extracts to have 
a synergistic effect on each other was due to the 
possible unforeseen chemical reactions between the 
phytochemicals that the individual extracts contain. 

However, this result differs in study of Yuan et al. [19] 
where the individual extracts exhibited a synergistic 
activity because the combined extracts were found to 
be a more effective larvicide than the individual 
extracts. 

 
Table 1 shows the results of the qualitative 

phytochemical analysis  of  A. heterophyllus rags and 
rind. The results showed that A. heterophyllus rags 
crude extract does not contain sterols, flavonoids, and 
alkaloids. However, the rags extract has traces of 
saponins and glycosides, a moderate amount of 
tannins, and an abundance of triterpenes. The results 
also showed that  A. heterophyllus rind crude extract 
does not contain sterols and alkaloids. Despite this, the 
rind extract contains traces of flavonoids and 
glycosides, and an abundance of triterpenes, saponins, 
and tannins. 

 
Table 1. Qualitative phytochemical analysis of A. heterophyllus 
rags and A. heterophyllus rind samples. 

Phytochemical  
A. heterophyllus 

rind  
A. heterophyllus  

rags 

Sterols (-) (-) 

Triterpenes (+++) (+++) 

Flavonoids (+) (-) 

Alkaloids (-) (-) 

Saponins (+++) (+) 

Glycosides (+) (+) 

Tannins (+++) (++) 
Traces (+), Moderate (++), Abundant (+++), Absent (-) 
 

Saponins are known to decrease the digestive 
enzyme activity of mosquito larvae [21] and attack the 
cuticle membrane of the larvae [22]. Moreover, 
flavonoids attack the nerves and respiratory system of 
mosquito larvae [21]. Lastly, tannins form complexes 
with the digestive enzymes in the gut of insects which 
reduce the digestion efficiency and inhibit the growth 
of insects [22]. Previous studies have concluded that 
the abundance of saponins and tannins in plant 
extracts is responsible for the larvicidal activity of the 
plant extract [18,23,24].  

 
In this study, the positive larvicidal activity 

exhibited by the three crude extracts was attributed to 
the presence of phytochemicals. Similar to previous 
studies, saponins, flavonoids, and tannins disrupted 
the normal body functions of larvae. The abundance 
of saponins and tannins in A. heterophyllus rind crude 
extract made it more effective than the other two 
crude extracts having a lesser amount of the 
mentioned phytochemicals present. Also, flavonoids 
are present in A. heterophyllus rind crude extract but 
not in A. heterophyllus rags crude extract. This is also a 
factor as to why A. heterophyllus rind crude extract is 
more effective as larvicide at a lower concentration 
than A. heterophyllus rags crude extract. Furthermore, 
the disruption of the normal body functions of the 
larvae decreased the health of the larvae and 
eventually caused the mortality of the larvae.  

 
Limitations.     The qualitative phytochemical test 

of DOST-ITDI only included a predetermined list of 
phytochemical components that were to be assessed 
in the plant samples. Thus, limiting the assessment to 
seven (7) components. The presence nor abundance 
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of other phytochemicals was not confirmed through 
the said test. 

 
Conclusion. - The current study found A. 

heterophyllus rags, A. heterophyllus rind, and 
combinations of A. heterophyllus rags and rind crude 
extract as equally effective larvicides against third to 
early fourth instar Ae. aegypti larvae. The individual A. 
heterophyllus rind crude extract is the most efficient 
among the three treatments because it requires the 
least amount of concentrations to result in 50% and 
90% mortality rates in the larval population. 
Phytochemicals were also found to be present in A. 
heterophyllus rags and rind, with the rind containing 
more phytochemicals. This is the reason why A. 
heterophyllus rind is more effective than A. heterophyllus 
rags. Therefore, the crude extracts of A. heterophyllus 
rags, A. heterophyllus rind, and a combination of A. 
heterophyllus rags and rind can be used as an alternative 
to synthetic larvicides. 

 
Recommendations. - The researchers 

recommend that more replicates of each 
concentration for each treatment are to be used so as 
to eliminate outliers in the results. Other vector 
species may also be utilized as test organisms and 
various parts of the plant such as the leaves, bark, and 
seeds may be maximized for future studies involving 
a similar research design. The incorporation of 
essential oils in the treatments may also be 
considered. Furthermore, this study serves as a basis 
for future analyses on the active compounds present 
in A. heterophyllus rind and rags. Thus, it is 
recommended that an in-depth approach be 
conducted to further explore and identify the 
phytochemical components present in A. 
heterophyllus. 
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Article Info   Abstract 
- 

Inhaling acrolein, an aldehyde present in cooking oil fumes, is 
detrimental to human health. Fatty acids in oils can undergo the 
degradation process of oxidation, which produces acrolein and other 
volatile aldehydes. To prevent such degradation, plant-based antioxidants 
could be added to the oil. This study aimed to measure and compare 
acrolein concentrations in emissions of palm oil with varying 
concentrations (w/w) of Muntingia calabura ethanol leaf extract. Four set-
ups were subjected to volatilization and dissolution through Rancimat 
analysis. Volatile oxidation products from the Rancimat were analyzed for 
acrolein through high-performance liquid chromatography. Results 
showed that acrolein concentrations decreased as the concentration of the 
leaf extract in the oil treatment increased. Thus, the addition of M. calabura 
leaf extract to palm oil has the potential of controlling oxidation during 
cooking by reducing acrolein emissions; safer kinds of cooking oil could be 
formulated with the preference of incorporating natural antioxidants. 
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Introduction. - Inhaled fumes from degrading 
cooking oil is a major matter of concern worldwide 
[1,2] due to their detrimental effects on the health of 
people staying indoors [2,3,4], particularly in the 
Philippines [5]. Mitigating the effects of indoor air 
pollution from oil-based cooking is important as 
people spend more than 90% of their time indoors 
[6,7,8], especially during the COVID-19 pandemic [9]. 
Meanwhile, among the air pollutants, aldehydes and 
polycyclic aromatic hydrocarbons are found to be 
the major products of oil degradation [3] and the 
most harmful [10,11,12]. 
 

As cooking oil is heated beyond its threshold 
smoke point, fatty acids present in oil oxidize rapidly 
to form aldehydes and free radicals [12]. However, the 
smoke point of the oil is not a reliable basis of 
aldehyde formation, as the formation of volatile 
organic compounds occurs before the temperature of 
the oil reaches the smoke point [13]. Oxidative 
stability is the better indicator of oil performance [13] 
since it is measured in terms of the time it takes for 
oils to start generating volatile secondary reaction 
products (induction time) before the temperature 
reaches the smoke point [14]. In addition, the rate of 
production of aldehydes is inversely related to the 
oxidative stability [12,15] of the cooking oil and 
directly related to cooking temperatures [3], fatty acid 

content [16], and atmospheric oxygen [17]. Hence, in 
this study, the relationship between oxidative stability 
and the amount of aldehydes emitted by the treated 
palm cooking oil samples was investigated.  

 
Most of the studies conducted on cooking oil 

have focused on the improvement of its oxidative 
stability [15,18], but there has been none in reducing 
the harmful constituents found in cooking oil fumes. 
In relation to aldehyde formation, studies have 
postulated a possible association between the addition 
of natural antioxidants to cooking oil and the amount 
of aldehydes released by cooking oil when heated 
[12,18]. This is because the production of aldehydes 
can be inhibited through the use of antioxidants by 
bonding towards the singlet oxygen in the reaction 
intermediate as fatty acids degrade, as established by 
the same studies. The cooking oil emissions will be 
analyzed for acrolein, the simplest unsaturated 
aldehyde and the most abundantly produced by palm 
oil and soybean oil [12]. With this, it is necessary to 
examine the correlation between the addition of 
natural antioxidants and acrolein emissions.   

 
Among various methods to inhibit oxidation, the 

use of antioxidants is most effective, convenient, and 
economical [19]. Between the natural and the 
synthetic   antioxidants,   the   former   are   safer   for  
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consumption due to toxicity problems associated with 
synthetic antioxidants [20]. Several studies 
investigated the effects of incorporating plant-based 
extracts, such as that from Eucalyptus globulus leaves, 
Cinnamomum zeylanicum bark, and Sesamum indicum 
coat, on the oxidative stability of cooking oil, resulting 
in longer induction times [15,18,20]. Muntingia 
calabura (aratiles) is one of the top five Philippine 
fruits to contain high antioxidant activity alongside 
Diospyros blancoi (velvet apple), Tamarindus indica 
(tamarind), Sandoricum koetjape (lolly fruit), and 
Annona squamosa (sugar apple) [22,23], making its 
extract a highly suitable additive, especially its leaves 
where the highest antioxidative activity can be found 
[24]. It is hypothesized that if M. calabura leaf extract is 
added to palm cooking oil (PCO), then its acrolein 
emissions will be reduced as an effect of the increase 
in its oxidative stability.  
 

To address the issue of aldehyde emissions, this 
study aimed to measure and compare the acrolein 
concentrations in cooking oil fumes from palm oil 
with varying percent mass of M. calabura leaf extract. 
This study specifically aimed to: 

 
(i) Determine the radical scavenging activity 
(RSA) and total phenolic content (TPC) of the M. 
calabura leaf extract through 2,2-diphenyl-1-
picrylhydrazyl (DPPH) UV-visible radical 
scavenging assay; 
 
(ii) Measure the induction time and antioxidative 
activity index (AAI) of the set-ups through 
Rancimat analysis; 
 
(iii) Quantify the aldehyde concentrations 
derived from the fumes of the set-ups through 
high-performance liquid chromatography 
(HPLC); 
 
(iv) Determine if there are significant differences 
among the induction times of the set-ups; and 
 
(v) Determine if there are significant differences 
among the aldehyde concentrations from the 
fumes of the set-ups. 
 
Methods. - The methods of this experimental 

study are composed of: (1) leaf harvesting and 
extraction, (2) DPPH assay, (3) treatment of oil 
samples, (4) Rancimat analysis, and (5) HPLC analysis. 
Four set-ups were prepared, with one set-up as the 
negative control and the other three as treatments. 
 

Leaf Harvesting and Extraction.     M. calabura leaves 
were washed and air-dried for one day, processed into 
smaller chunks, then transferred into a reagent bottle 
with 99% ethanol, following a 1:20 leaf to solvent ratio 
(w/v). The bottles were stored in a cool area for five 
days. Subsequently, the solution underwent vacuum 
filtration and rotary evaporation (60 °C heating bath 
temperature, 90 rpm, 5 hours). Lastly, the solution 
was reconstituted and air-dried in an exhaust for 3 
days. 

 
DPPH Assay.     The RSA and TPC of the M. 

calabura leaf extracts were calculated through DPPH 
radical scavenging assay. Gallic acid was used as a 
standard to calculate the TPC. An extract-ethanol  

solution series (40, 80, 120, 160, 200 ppm) and a gallic 
acid solution (40 ppm) were prepared. Four milliliters 
(4 mL) of 0.1 mM  DPPH-ethanol solution was added 
to 1 mL of each solution. All solutions were wrapped 
with aluminum foil and stored for 30 minutes in a 
cool dark area before the analysis. Absorbance values 
of the extracts and gallic acid were measured at a 
wavelength of 508.40 nm using a UV-vis 
spectrophotometer (Shimadzu UV-1800). 

 
Treatment of Oil Samples.     Four set-ups consisting 

of PCO samples with 0, 0.1%, 0.3%, and 0.5% mass of 
M. calabura leaf extract were prepared to achieve a 
total of 25 g. The maximum treatment concentration 
of 0.5% was based on the study of Mohamed et al. [25], 
which considered the limitations in the amount of 
additives safe for consumption. Oil samples were 
agitated for 5 minutes in an up-and-down motion 
before the analysis.  

 
Rancimat Analysis.     The Rancimat (Metrohm 892 

Professional Rancimat) was set to a temperature of 150 
°C and heated until it was stable to prevent 
temperature fluctuation. The gas flow of oxygen was 
set at the default setting of 20.0 L/hr while 60 mL of 
pure water (Merck, Elix Type II) was poured into each 
measuring vessel. The reaction vessels containing 3 g 
of the samples were heated in their respective heating 
blocks until the last sample had reached the stop 
criteria of 400 μS/cm conductivity. After 5 hours of 
heating, the resulting water samples were collected for 
further analysis of aldehydes. A total of 4 replicates 
were performed. 

 
HPLC Analysis.     Acrolein concentrations in the 

samples obtained from Rancimat analysis were 
determined through HPLC analysis (Shimadzu 
Prominence LC-20A UFLC Stack HPLC System), 
equipped with a UV-vis detector and a C8 150 x 4.6 
mm 5µm column kept at 25 °C in the column oven. 
The analysis was carried out using an isocratic mode 
of elution using vacuum filtered distilled water as a 
mobile phase at a 2.0 mL/min flow rate. HPLC-grade 
acrolein (CPI International) standard solution (3, 6, 9, 
12, and 15 ppm) was used to establish the calibration 
curve for quantification. The filtered (0.45 μm) 
samples were individually kept in a glass vial filled up 
to 2 mL volume, while 20 μL aliquots per sample were 
collected by the autosampler for analysis. A total of 4 
replicates for each treatment were performed. 

 
Computation of Parameters.     The absorbance 

values obtained from the UV-vis spectrophotometer 
were used to calculate the RSA of the extract and gallic 
acid using Equation 1. 
  

(1)     % Inhibition  = 
𝜆𝑏𝑙𝑎𝑛𝑘− 𝜆𝑠𝑎𝑚𝑝𝑙𝑒 

𝜆𝑏𝑙𝑎𝑛𝑘
× 100% 

 

where 𝜆blank is the wavelength of the DPPH 

solution at maximum absorbance, and 𝜆sample is the 
wavelength of the DPPH-extract solution. 

 
The TPC of the extract was calculated from the 

RSA of both gallic acid and the extract as shown in 
Equation 2.       

(2)   TPC (mg GAE/g)  =
𝑅𝐸 𝑥 100 

𝑅𝐺 𝑥 𝑀𝐸
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where RE is the RSA of the extract, RG is the RSA 
of gallic acid, and ME is the mass of extract used to 
calculate RE. 

 
Lastly, the AAI of the extract was calculated using 

Equation 3 [14]. 

(3)  AAI  = 
𝐼𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡
𝐼𝑐𝑜𝑛𝑡𝑟𝑜𝑙

 

 
where Itreatment is the induction time of the 

treatment group and Icontrol is the induction time of the 
control group. 

 
Data Analysis.     One-way analysis of variance 

(ANOVA) at ɑ=0.05 was performed to determine if a 
significant difference exists between the percent mass 
extract in oil and the induction time among the four 
set-ups, as well as between the percent mass extract in 
oil and the acrolein concentration in its emissions. 
Pairwise comparisons using t-tests were then 
conducted to calculate the p-values between set-ups. 
All statistical analyses were performed using R 
software (RStudio®, v1.2.5033). 

 
Safety Procedure.     The samples and solutions were 

prepared under a fume hood. Personal protective 
equipment was worn at all times whenever handling 
reagents, samples, glassware, and equipment. 
Adherence to the respective safety data sheet of the 
chemicals was also observed. The use of equipment 
was done with proper protocol and training. Chemical 
and biological waste were placed in their respective 
waste containers to prevent further chemical 
reactions. 
 

Results and Discussion. - After the DPPH assay 
was performed, the RSA was calculated, followed by 
the TPC. Through Rancimat analysis, the induction 
times of the samples were measured, and the AAI was 
determined. The water samples used from the 
Rancimat analysis were then analyzed for acrolein 
using the HPLC. 
 

RSA and TPC.     The RSA and TPC of the extracts 
were calculated based on the absorbance values 
obtained through UV-vis spectrophotometry. The 
RSA of extracts from M. calabura at different 
concentrations is shown in Table 1.  

 
Table 1. Summary of radical scavenging activity (RSA), and 
total phenolic content (TPC) of increasing concentrations of 
leaf extract to DPPH solution. Data used to calculate for RSA 
and TPC are expressed in average by the UV-vis 
spectrophotometer. 

Concentration 
(ppm) 

RSA  
(%) 

TPC  
(mg GAE/g) 

40-Gallic Acid 
 

40 
 

80 
 

120 
 

160 
 

200 

  94.24 
 

  54.59 
 
  56.63 
 
  60.47 
 
  63.47 
 
  66.59 

N/A 
 

          57.92 
 

          60.09 
 

          64.16 
 
          67.35 

 
          69.38 

RSA determines how likely the antioxidants 
present in M. calabura prevent the release of free 
radicals. DPPH is a purple-colored solution that 
gradually changes to a yellowish solution depending 
on the presence of antioxidants or antioxidative 
activity [25]. The absorbance of the gallic acid-DPPH 
aliquot at 40 ppm was measured to obtain the TPC in 
terms of mg GAE/g. In DPPH assays with gallic acid as 
the standard, a TPC value greater than 10 mg GAE/g 
is considered to have a high antioxidative capability 
[27]. M. calabura leaves are abundant in flavones, 
isoflavones, and polyphenols, which explain the high 
values for the TPC [28]. 
 

Induction time and AAI.     The induction times of 
the samples were obtained through Rancimat 
analysis, while the AAI values of the samples were 
calculated based on the induction times. The 
induction time of cooking oil is one way to determine 
oxidative stability. The longer the induction time, the 
more stable the cooking oil is. The time indicates 
when the oil starts to break down at a certain 
temperature, in this case at 150 °C. The AAI explains 
the relative antioxidative activity between the control 
and the treated samples; the higher the index, the 
higher the antioxidant activity of the oil compared to 
the other [14]. 
 

Among the four set-ups, the set-up with 0.5% 
mass of extract shows the highest induction time and 
antioxidative index. Both induction time and AAI 
increased as the percent mass of extract added to PCO 
increased (0<0.1%<0.3%<0.5%). Meanwhile, the 
acrolein concentration decreased (0.5%<0.3%<0.1%<0) 
as shown in Table 2. 
 
Table 2. Summary of mean values for induction time (IT), 
antioxidative activity index (AAI), and acrolein concentration 
(AC) of palm cooking oil with increasing percent mass of leaf 
extract. Data are expressed in terms of mean ± standard 
deviation (n = 4). 

Extract 
 (% Mass) 

IT (h) AAI AC (ppm) 

0 
 

0.1 
 

0.3 
 

0.5 

2.30 ± 0.20 
 

2.51 ± 0.05 
 

2.66 ± 0.06 
 

2.78 ± 0.08 

1.00 ± 0.00 
 

1.10 ± 0.09 
 
1.16 ± 0.10 
 
1.22 ± 0.08 

9.747 ± 0.67 
 

8.120 ± 0.22 
 

6.914 ± 0.48 
 

5.262 ± 0.99 
 
Each treatment group is significantly different 

(p<0.05) from the control group, which indicates that 
there is an increase in the oxidative stability of PCO 
as the mass percent composition of M. calabura leaf 
extract is increased. However, no significant 
difference (p>0.05) can be found from the pairwise 
comparisons of the 0.1% and 0.3% set-ups, and the 0.3% 
and 0.5% set-ups, as reflected in Figure 3. 

 
Acrolein concentrations.     To quantify the acrolein 

concentrations, HPLC analysis was performed on the 
water samples used for the Rancimat analysis. The 
acrolein concentrations from cooking oil fumes were 
observed to decrease as the concentration of extract is 
increased, as indicated in Table 2. Each pair of set-ups 
was also significantly different (p<0.05) from one 
another, as shown by Figure 3. Furthermore, an 
increase in the percent mass of extract by increments 
of     0.2%     significantly     decreased     the     acrolein 
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concentrations in the fumes of the oil, unlike the 
results obtained for induction time. 

 
The approach of analyzing acrolein in PCO 

fumes through the use of the Rancimat is a novel 
method that utilizes the concept of polarity and 
solubility. The volatile oxidation products generated 
due to the lipid oxidation are directed by the air 
stream to the Rancimat vessels containing pure water 
[29]. Since acrolein and water are both polar, acrolein 
dissolves in water. 

 
Fullana et al. [30] have investigated the level of 

aldehydes emitted at different times at 180 °C and 240 
°C but were unable to analyze acrolein. Aside from 
their study, no studies have analyzed the aldehyde 
concentrations in fumes in cooking oil with 
antioxidant additives but such analysis was 
recommended [12,18]. 

 
The results of Endo et al. [31] show that acrolein 

in cooking oil is not formed from glycerol backbones 
in triacylglycerol but from methyl linolenate and 
methyl linoleate derived from polyunsaturated fatty 
acids, such as α-linolenic and linoleic acids, produced 
at high levels during heating. Thus, cooking with 
vegetable oils at high temperatures is not advisable as 
it induces the formation of acrolein. Furthermore, Da 
Silva and Pereira [12] formulated a reaction 
mechanism on how unsaturated fatty acids degrade to 

acrolein which provides several unstable singlet  
oxygens in intermediate reactions accompanied by 
the production of free radicals along the way. In the 
nucleophilic attack, antioxidants bind to singlet 
oxygen molecules to prevent the reduction of 
carboxylic acids to aldehydes. These antioxidants also 
bind to the free radicals produced due to oxidation, as 
shown in Figure 2 [12]. 

 
Comparing the values, it can be inferred that the 

induction time of oil is directly proportional to the 
antioxidant activity of the oil and inversely 
proportional to its acrolein emissions. This confirms 
the proposed association between the amount of 
natural antioxidants and the aldehyde emissions of 
the oil [12,18].  

 
The basis for the oxidative stability of cooking oil 

majorly depends on its polyunsaturated fatty acid 
composition [32]. Hence, aside from the addition of 
antioxidants in cooking oil, the mixing of 
polyunsaturated fatty acid-rich oil with 
monounsaturated fatty acid-rich oil can be done to 
increase its oxidative stability [33]. The fatty acid 
composition of the oil is also the basis in determining 
the nature of volatile aldehyde formation [30,33]. The 
four parameters, namely fatty acid composition, 
antioxidant concentration, induction time, and 
volatile aldehyde concentration, are likely 
interrelated and can be the subject of further studies.

 
Figure 2. Reaction mechanism of the degradation of oleic acid—a monounsaturated fatty acid in palm cooking oil—into 
acrolein and the interaction of an antioxidant, gallic acid, in the prevention of such reaction [12]. 
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Figure 3. Induction time (IT) and acrolein concentrations 
(AC) in the fumes of palm cooking oil with varying % mass of 
M. calabura ethanol leaf extract. Data are presented as mean ± 
standard deviation (n=4). Values with different superscript 
letters represent significant differences among set-ups 
(p<0.05). 

 
Limitations.     The results of this study partially 

support the claims in the literature that the addition 
of antioxidants contributes to the reduction of 
aldehydes present in cooking oil fumes. However, the 
researchers were not able to identify specific 
antioxidants present in the extract. Second, the extract 
was not freeze-dried to maximize solubility in PCO.  
Third, the cooking oil used was already incorporated 
with butylated hydroxytoluene, a synthetic 
antioxidant. Fourth, other aldehydes aside from 
acrolein were not analyzed. 

 
Conclusion. - Antioxidant capacity to reduce 

aldehyde emissions of palm cooking oil was 
investigated. Before treatment of the oil, it has been 
verified that M. calabura leaves contain high 
antioxidative activity, total phenolic content, and 
antioxidative activity index. Induction times of the 
treated oil samples increased, implying that oxidative 
stability increased. Hence, the addition of natural 
antioxidants, specifically M. calabura leaf extract, to 
palm cooking oil increases oxidative stability of the oil 
and reduces the aldehyde concentrations in palm 
cooking oil fumes. Significant differences were 
observed between the induction times of all pairs of 
set-ups except for the 0.1% and 0.3% pair and the 0.3% 
and 0.5% pair. Meanwhile, significant differences were 
observed between the acrolein concentrations of all 
pairs of set-ups (0 & 0.1%, 0 & 0.3%, 0 & 0.5%, 0.1% & 
0.3%, 0.1% & 0.5%, and 0.3% & 0.5%). Lastly, this study 
can serve as a basis for the establishment of the 
correlation between the addition of antioxidants in 
cooking oil and its emission of aldehydes as fumes. 

 
Recommendations. - It is recommended that 

similar studies are done with the use of gas 
chromatography-mass spectrometry which is more 
suited for volatile analytes. Other cooking oils, 
aldehydes, and sources of natural antioxidants should 
also be analyzed to compare the power and versatility 
of the natural antioxidants. Another recommendation 
is to test the treatments at varying higher 
temperatures and heating duration. Sensory analysis 
of the treated oil is also encouraged. Moreover, it is 
recommended to analyze the fatty acid composition 
and aldehyde concentrations of oil subjected to high 
heating temperatures to determine if the results are 
consistent with the aldehyde emissions. Lastly, 
antioxidant profiling and the determination of 
antioxidant binding ability with acrolein could be 
performed. 
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The connected structure surrounding the gemstone represents the 

promising applications--similar to the potential of graphene--of 

using existing material, then designing and discovering new 

compositions and structures, physically and chemically. 

Meanwhile, the orange color is representative of attraction. In this 

case, attraction may be used to represent the chemical bonds that 

can be referred down to the molecular level.  

 

These studies fall under the Industry, Energy, and Emerging 

Technology (IEET) Research Development Agenda and its aims of 

developing competitive industries and increased focus on research 

in order to maximize usage of existing resources. 
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Article Info   Abstract 
- 

Cellulose is a biopolymer that is abundant in nature, often extracted 
from raw materials via the conventional method. However, a new method 
of fiber extraction called the microwave-assisted method is said to be cost 
and energy-efficient. In this study, cellulose fibers were extracted from Zea 
mays var. ceratina cobs via microwave-assisted method (MAM) and 
conventional method (CM), wherein the yield means of the two methods 
were determined and statistically compared. Z. mays cob powder was 
subjected to 8% (w/v) NaOH for the alkalization process, 5% (w/w) H2O2 for 
the acid hydrolysis, and heated using a microwave oven and hot plate for 
MAM and CM, respectively. The results showed that the MAM and CM 
yielded 72.7% and 44.6% cellulose fibers, respectively. Statistical analysis via 
Mann-Whitney U test showed that there is an observed trend towards MAM 
yielding a higher percentage of crude cellulose in contrast to CM. 
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Introduction. - Cellulose is a biopolymer that is 

abundant in nature, renewable, and biodegradable, 
making it a potential industrial material [1]. 
Synthesized cellulose fibers are utilized in various 
applications such as in textiles, paper, packaging, 
building materials, and synthetic fibers [2]. 

 
For the past several years, climate change and the 

additional problems involving agricultural waste urge 
industries to utilize natural sources instead of 
synthetic materials. According to Zafar [3], the 
Philippines is an agricultural country that consists of 
a land area 30 million hectares wide, wherein 47% of 
which is utilized in the agricultural sector. Due to this, 
agricultural residues are also abundant which are 
common sources of renewable materials and most of 
them are considered as waste materials. Cobs are by-
products derived from Zea mays, more commonly 
known as corn plants. In 2020, the Philippine corn 
production was about 8.12 million metric tons [4]. 
Subsequently, the corn cob waste by-product had an 
estimated technical volume of about 1.95 million 
metric tons, with most of it being discarded or burnt 
[5]. This resulted in environmental damages such as 
global warming due to greenhouse gas emissions (e.g. 
carbon dioxide, methane) [6,7]. Corn cobs, however, 
have the potential to become a cheap and abundant 
raw material for cellulose extraction, as corn cobs are 
primarily composed of cellulose, hemicellulose, and 
lignin [2]. The cobs typically have a cellulose fiber 
content of around 40–44% [8]. 

Cellulose extraction is the process of isolating 
cellulose from raw materials or natural fibers. It 
generally involves the use of alkalis or bisulphites for 
the treatment of the fibers to isolate lignin and obtain 
the hemicellulose. There are three primary methods 
used in extracting cellulose: alkaline treatment, 
bleaching, and acid hydrolysis [9]. Moreover, 
cellulose can be extracted using different kinds of 
methods such as the conventional and microwave-
assisted. Every procedure has different pros and cons 
associated with the yield and properties of the 
cellulose [10].  

 
The conventional method typically involves the 

use of instruments that heat the walls of reactants 
through conduction or convection [11]. Most studies 
use the conventional method for extracting cellulose 
fiber because it is simple, effective, and has a high 
fiber yield [12,13]. However, the process is often slow 
since it requires high external temperatures to 
generate the required heat.  Furthermore, the rate of 
the heat flow into the body of the material from the 
surface limits the process time. Moreover, the heat is 
also uneven since some parts such as the surface, 
edges, and corners tend to be hotter in contrast to the 
interior of the material [11].  
 

Contrasting this, a new method of fiber 
extraction, called the microwave-assisted method, 
reportedly yields analytes with higher purity 
compared to the conventional method [11]. 
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Microwave heating is an alternative method in 
extracting bio-based materials due to its capability to 
accelerate chemical processes. As compared to the 
conventional method, microwave-assisted method is 
more rapid and volumetric due to the direct 
interaction between the material subjected and the 
heat generated by the applied electromagnetic field. 
Additionally, it is highly selective, uniform, and 
utilizes less amount of energy for the pretreatment of 
bioproducts [2]. 

 
With the above information in mind, cellulose 

from glutinous corn cobs was extracted using the 
microwave-assisted and conventional methods. The 
resulting yield obtained from both methods were 
compared and analyzed using Mann-Whitney U test 
to determine if a significant difference exists in terms 
of yield. Microwave-assisted mechanism can be 
implemented in the production of cellulose obtained 
from corn cobs, specifically Zea mays var. ceratina, to 
address problems such as expensive cost and longer 
duration of the extraction process, as well as the lack 
of investigation regarding the comparison of yields 
between the microwave-assisted and conventional 
methods. 

 
This research aimed to compare the yields of the 

microwave-assisted method and conventional 
method in extracting cellulose fibers from Zea mays 
var. ceratina cobs. Specifically, it aimed to: 
 

(i) measure the percent yield of the extracted 
cellulose fibers from corn (Z. mays var. ceratina) 
cobs via microwave-assisted chemical extraction 
method; 
  
(ii) measure the percent yield of the extracted 
cellulose fibers from corn (Z. mays var. ceratina) 
cobs via conventional method; 
 
(iii) determine a significant difference among 
yield means of crude cellulose extracted via 
microwave-assisted and conventional methods, 
respectively, using Mann-Whitney U test, and; 
 
(iv) qualitatively assess the presence of cellulose 
in the extracted analytes through the 
development of a purplish hue upon addition of 
the Schultze’s reagent.  
 
Methods. - This study is descriptive in nature. Z. 

mays cobs cellulose fibers were extracted using two 
extraction methods: microwave-assisted method 
(MAM) and conventional method (CM). Cellulose 
fiber extraction is mainly composed of two main 
processes: alkalization and acid hydrolysis. Ground 
corn cob powder was subjected to alkalization using 
sodium hydroxide (NaOH), then followed by acid 
hydrolysis using hydrogen peroxide (H2O2). Three 
replicates per setup were extracted and percentage 
yield means were calculated. Extraction processes 
were then followed by the determination of whether 
the analyte contains cellulose or not using Schultze’s 
reagent. A purplish color upon contact would then 
signify the presence of cellulose. In determining 
whether the percentage yield means are significantly 
different from each other, the non-parametric 
statistical analysis tool Mann-Whitney U test was 
used.  

Zea mays Cobs Acquisition, Authentication and 
Storage.     Glutinous corn cobs (Z. mays var. ceratina) 
were purchased and collected from a local corn 
vendor located in Q. Abeto St., Mandurriao, Iloilo 
City. Corn variety was authenticated by the 
Department of Agriculture - Iloilo Research Outreach 
in Sta. Barbara, Iloilo, to which an official certification 
was issued.  

 
Acquired corn cobs were washed prior to sun-

drying. This is to ensure the safety of the researchers 
and the residents of the household wherein the study 
was conducted in. The obtained corn cobs were 
sundried outdoors for 48 hours to remove moisture. 
The cobs were also turned every six (6) hours to 
ensure that every part was evenly dried. The corn 
cobs were stored in an airtight container and kept in a 
place away from direct sunlight at room temperature 
to prevent dry matter loss during nighttimes, prior to 
usage [14].  

 
Zea mays Cob Preparation.     Corn cobs were 

pulverized into fine powder using a blender 
(Moulinex Turbo Blender). The powder was then 
sieved using a fine mesh sieve (pore size: 841 µm). 
Larger particles were reground using a mortar and 
pestle to enable passage through the sieve. The 
powder used for all treatments was a mixture of all 
grounded cobs. Powdered samples were dried in an 
oven (La Germania SL6031-21) at 135 ºC until a 
constant weight was achieved. Constant weight was 
determined through the continuous drying and 
hourly weighing of samples until two consecutive 
weighings did not differ by more than 0.5 mg per 
gram of the sample initially taken [15]. Prior to the 
hourly weighing of heated samples, samples were 
cooled to room temperature. Ten (10) grams of Zea 
mays var. ceratina powder from each replicate were 
then placed inside airtight containers. They were then 
stored at room temperature until further use.  

 
Cellulose Extraction via Microwave-assisted Method.     

Microwave heating was conducted in a 2450 MHz 
microwave oven (Hanabishi HMO-17M-3), wherein 
the power per microwave-assisted heating was set to 
500W, three (3) minutes per replicate [2,16]. 

 
The corn cob powder samples underwent 

alkalization using NaOH as the alkaline treatment, 
wherein ten (10) grams of the corn cob powder was 
added into 150 mL 4% (w/v) NaOH, then subjected to 
microwave heating with the specified settings. The 
acquired corn cob pulp was washed with distilled 
water until neutral pH (around 6.5–8) was acquired, 
measured using pH test strips [16,17]. After the 
alkalization process, acid hydrolysis was performed. 
Here, the alkalized corn pulp was bleached in 50 mL 
5% (w/w) H2O2 solution. The pulp was then subjected 
to microwave heating following the same settings 
stated above.  Extracted cellulose fibers were then 
rewashed until neutral pH was acquired. To rid the 
analyte of water, it was dried using the oven until a 
constant weight was achieved [2,18]. Three (3) 
replicates were used in this step. 

  
Cellulose Extraction via Conventional Method.     

Corn cob powder was subjected to alkalization then 
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heated using a hot plate equipped with a temperature 
reader (Biobase MS7-NS50-Pro), wherein the beaker 
with the alkaline treatment was placed on the hot plate 
set at 100 ºC for four (4) hours with constant stirring. 
After washing until neutral pH was acquired, the pulp 
was then submerged and hydrolyzed in the H2O2 
solution. Extracted cellulose fibers were then 
subjected once more to washing until neutral pH was 
acquired. To rid the analyte of water, the analyte was 
dried using the oven until a constant weight was 
achieved [18]. Three (3) replicates were used in this 
step.  

 
Qualitative Determination of Presence of Cellulose 

using Schultze’s Reagent.    Extracted cellulose fibers 
were assessed qualitatively using Schultze’s reagent to 
determine the presence of cellulose in the extracted 
analyte. In preparing the reagent, twenty (20) grams 
of zinc chloride (𝑍𝑛𝐶𝑙2) was dissolved in 9.5 mL warm 
distilled water then cooled. On a separate beaker, 0.5 
g iodine and 1 g potassium iodide were dissolved in 20 
mL deionized water, wherein 1.5 mL of this solution 
was added to the zinc chloride solution until a 
persistent precipitate of iodine formed. Direct contact 
of the Schultze’s reagent to cellulose fibers would 
yield a purplish color [19,20]. 

 
Computation of Percentage Yield.     In the 

computation of percentage yield, the following 
formula was used: 

 

 %𝑦𝑖𝑒𝑙𝑑 =  
𝑎𝑐𝑞𝑢𝑖𝑟𝑒𝑑 𝑑𝑟𝑦 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑐𝑒𝑙𝑙𝑢𝑙𝑜𝑠𝑒 𝑓𝑖𝑏𝑒𝑟𝑠 (𝑔)

𝑑𝑟𝑦 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑟𝑎𝑤 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝑢𝑠𝑒𝑑 (𝑔)
× 100  

 

The mean percent cellulose fiber yields were 
then calculated. The calculated mean—one for each 
method—served as the overall percentage of cellulose 
fiber yield.  

 
Data Analysis.     Mann-Whitney U test was utilized 

in determining whether the percentage yield means 
are significantly different from each other, wherein in 
this process, the equation function of Microsoft® 
Excel® for Microsoft 365 MSO (16.0.13929.20360) 64-
bit. The data would be then deemed significantly 
different if p<0.05 [21]. 

 
Safety Procedure.     A Materials Safety Data Sheet 

(MSDS) was secured and provided beforehand 
wherein hazards regarding the conduct of this study 
were determined. Mitigation of these hazards were 
subsequently observed and implemented. Laboratory 
protective gear consisting of laboratory gowns, gloves, 
and masks were worn at all times during the conduct 
of the study.  

 
Results and Discussion. - Crude cellulose fibers 

were extracted from Zea mays var. ceratina cobs via 
MAM and CM. Schultze’s agent was then added to the 
extracted analyte to determine the presence of 
cellulose. The resulting purple hue signified that the 
extracted analyte contains cellulose. This is shown in 
Figure 1. However, a greenish hue was also observed, 
signifying the presence of non-cellulosic material 
such as lignin. 

 

  
Figure 1. Crude cellulose extracted via CM (left) and MAM 
(right) were tested for analyte validity using Schultze’s 
reagent, to which the purplish color indicated the presence of 
cellulose. 
 

Furthermore, the crude cellulose extracted via 
MAM are higher in contrast to the ones extracted via 
CM, as shown in Table 1. Additionally, replicate yields 
and means per setup along with their respective 
standard deviations are presented in Figure 2. 

 
Table 1. The table below shows the percentage yield means 
and medians per setup. 

Setup Yield mean (%) Yield median (%) 

MAM 72.7 72.0 

CM 44.6 42.0 

 

 
Figure 2. Bar graph of crude cellulose yields per setup. 

 
The higher crude cellulose yield through MAM 

extraction may be attributed to the uniformity of heat 
generated by the emitted low-frequency radiation of 
the microwave [17]. Reactants and solvents are heated 
rather than the container itself as the radiation passes 
through the walls of the container, exciting the polar 
molecules within the substance being heated. Heat is 
generated through the movement of these polar 
molecules. This leads to less by-products and 
decomposition products which enabled the increase 
of the yield percentage [17,22].  

 
In contrast, heating using CM is prone to 

temperature gradient which results in overheating 
and eventually product decomposition leading to a 
lower yield percentage [22]. The 2015 study of 
Garadimani et al. [23], which used the conventional 
method of extraction, found that the extraction of Z. 
mays cobs cellulose fibers yielded a mean of 41.5% of 
cellulose. In terms of yield, this is close to the findings 
of the current study using the same method.   
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Calculations showed that the p-value of the data 
acquired from both extraction methods is 0.049535. 
Though less than the significance level of 0.05, a clear 
significant difference is not apparent; therefore, the 
p-value only signifies a trend towards MAM 
extracting a higher amount of crude cellulose in 
contrast to CM.  

 
Limitations.     Due to time and resource 

constraints, this study only compared the methods 
based on only one parameter. This is due to the lack 
of equipment as the study was conducted during a 
pandemic. 

 
Conclusion. - Findings show that the MAM and 

CM were able to extract 72.7% and 44.6% of crude 
cellulose, respectively. The purple hue that developed 
upon the addition of Schultze’s reagent signifies the 
presence of cellulose. However, the development of a 
greenish hue signifies the presence of non-cellulosic 
material  within the extracted analytes. Through 
statistical analysis, it was determined that there is an 
observed trend towards the microwave-assisted 
method yielding a higher percentage of Zea mays var. 
ceratina crude cellulose in contrast to the conventional 
method.  

 
Recommendations. - Future related studies are 

recommended to include more parameters such as 
thermal stability, morphology, and crystallinity for 
comparison of MAM and CM [2]. Moreover, in 
contrast to the Schultze’s reagent, the usage of the Van 
Soest Analysis would provide a quantitative result 
with regards to analyte purity [24,25].  Furthermore, 
future studies are recommended to explore more on 
the non-thermal effects of microwave heating as well 
as the effects of microwave heating modes (e.g. 
intermittent, continuous) in biopolymer extraction 
from raw materials.  
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Article Info   Abstract 
- 

Membrane desalination is limited by issues of high costs and energy 
consumption. Moreover, high-quality membranes require high carbon 
content sources such as biowastes, among others. One example of biowastes 
commonly found in the Philippines are Oryza sativa (rice) husks. Thus, this 
study aimed to determine the feasibility of developing a reduced 
nanoporous graphene oxide (rNPGO) membrane synthesized from Oryza 
sativa husks using the Tour method for membrane desalination. To assess 
the membrane, a salt solution (1% w/v) was prepared and subjected to 
membrane desalination. After three readings, the recorded mean salt 
rejection rate of the membrane was 6.55%. The results indicate a significant 
difference between the salinity content before and after desalination. 
Therefore, rNPGO synthesized from O. sativa husks using the Tour method 
can be used for the reduction of salt ions. 
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Introduction. - Membrane desalination is a 

process that removes salt ions from saltwater with 
the use of membranes [1,2,3]. Recent developments 
in the field of membrane desalination have led it to 
become one of the primary solutions to address 
saltwater intrusion [1,3]. Saltwater intrusion is a form 
of groundwater contamination wherein saltwater 
intrudes into freshwater sources, making it 
unsuitable for human consumption. By removing 
the salt ions in the water, membrane desalination 
provides the possibility of expanding the water 
supply by supplementing it with water from oceans 
and brackish waters [4].  

 
However, the current leading technologies for 

membrane desalination are limited in part due to 
high costs and energy consumption [2]. One of the 
causes of the elevated operating costs is the presence 
of membrane fouling, which is the degradation of the 
membrane due to the deposition of permeate 
molecules on the surface [5]. This leads to the 
deterioration of permeate flux, frequent chemical 
cleaning, and replacement of the membrane, 
contributing to a shorter membrane lifespan [6,7]. 

 
In a study conducted by Wang et al. [7], 

graphene-based membranes can withstand 
membrane fouling. Graphene is an ultra-thin carbon 
film that contains a honeycomb lattice structure 

which gives it a large surface area and excellent 
conductivity [8]. Additionally, graphene-based 
membranes can withstand membrane fouling due to 
their hydrophilic nature as well as their strong 
adsorption capacity and large surface area [9]. 

 
Moreover, the introduction of nanopores to 

graphene-based membranes causes an increase in 
permeate flux while maintaining a relatively high salt 
rejection rate [4,10,11]. Additionally, graphene-based 
nanoporous membranes are commonly utilized in 
membrane desalination because of their attractive 
properties to salt ions [11], and effective nanopore 
filtration [12]. The attractive properties of graphene-
based nanoporous membranes to salt ions derive 
from the Gibbs-Donnan effect wherein negatively 
charged membranes such as graphene-based 
nanoporous membranes attract positively charged 
molecules such as sodium ions. Furthermore, due to 
the size difference between nanopores and salt ions, 
salt ions are unable to pass through nanopores that 
are under a certain size [13]. 

 
Since nanoporous graphene oxide (NPGO) 

membranes are chemically unstable due to the 
presence of oxygen-containing functional groups, 
they must be stabilized through thermal reduction. 
Thermal reduction is a controlled approach to 
removing the oxygen-containing functional groups 
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in the NPGO membranes, which increases 
membrane permeability, uniformity, and stability 
[13]. 

 
When synthesizing a graphene oxide (GO) 

membrane, the quality of the resulting membrane is 
dependent on the quality of the graphite used in its 
synthesis. Hence, in order to obtain high-quality 
membranes, high carbon content sources are 
necessary. One example of sources with high carbon 
content are biomasses such as rice husks, among 
others [7,14,15]. In the study conducted by Supriyanto 
et al. [16], promising results were obtained for the 
synthesis of GO from graphite that had been 
obtained from O. sativa (rice) husk. 

 
The two main methods used for the synthesis of 

GO are the Tour method and Hummer’s method. 
However, in the study of Habte and Ayele [17], the 
Tour method was shown to have a clear advantage in 
the synthesis of GO in comparison to the Hummer’s 
method. This is because the oxidation degree of the 
synthesized GO was found to be better when the 
Tour method is used. The higher oxidation degree 
implies that the attractive filtration property of the 
membrane was stronger and therefore increased the 
salt rejection rate of the membrane. Additionally, the 
presence of health risks and hazards when 
synthesizing the GO was reduced when the Tour 
method is utilized because it minimizes the fumes 
released during the process in contrast with 
Hummer's Method.  
 

Therefore, the study aimed to explore the 
feasibility of developing a reduced nanoporous 
graphene oxide membrane (rNPGO) synthesized 
from rice husk using the Tour method to reduce salt 
ions. It specifically aimed to: 

 
(i) synthesize graphite from O. sativa husk; 

(ii) synthesize graphene oxide from graphite 
using the Tour method; 

(iii) etch nanopores in the graphene oxide 
powder; 

(iv) prepare and reduce the NPGO membrane; 
and 

(v)  assess the salinity level of the water samples 
pre and post-desalination using the rNPGO 
membrane. 

Methods. -  Oryza sativa husks were gathered 
from the Department of Agriculture - Western 
Visayas Agricultural Research Center and synthesized 
into graphite. The graphite was then synthesized into 
graphene oxide using the Tour method. 
Subsequently, nanopores were etched into the 
graphene oxide. After the preparation of the 
membrane, a salt solution was prepared and 
measured based on its salinity content. It was then 
filtered using the membrane and the salinity content 
of the permeate was measured. 

Synthesis of Graphite.    The synthesis of graphite 
was needed to make a graphene oxide membrane. 

The graphite powder for this research was derived 
from O. sativa husks. The rice husks (500 g) were 
washed with distilled water and subjected to oven-
drying for 24 hours in different batches at 50°C. The 
material produced was then ground and screened 
using a sieve mesh size 60 (0.250 mm). A hundred 
grams of the rice husk residue was placed in a furnace 
at 1000 °C for 2 hours, under 1 atm. To obtain 
graphite, silica was removed from the furnaced rice 
husk using 4 M sodium hydroxide (NaOH) that was 
pre-diluted in a volumetric flask. This was done by 
dissolving 10 g of the furnaced rice husk in 30 mL of 
4 M NaOH in a flask which was then heated and 
stirred for 3 hours. The solution was then vacuum-
filtered and oven-dried for 3 hours at 50 °C. The 
resulting graphite underwent a confirmatory test 
using the Fourier-Transform Infrared Radiation - 
Attenuated Total Reflectance (FTIR-ATR) to confirm 
if the synthesized material is indeed graphite by 
comparing it with the FTIR-ATR spectroscopy results 
of related literature. 

Synthesis of Graphene Oxide using the Tour Method.     
Ninety milliliters (90 mL) of concentrated 98% 
sulfuric acid (H2SO4) was mixed in a glass beaker with 
10 mL of concentrated 85% phosphoric acid (H3PO4). 
The mixture was poured into a beaker with a mixture 
of 0.5 g of graphite powder and 4.5 g of potassium 
permanganate (KMnO4), heated at 50 °C using a water 
bath, and stirred for 12 hours. The mixture was then 
cooled at room temperature and 250 mL distilled 
water was added. Ten milliliters (10 mL) of 30% 
hydrogen peroxide (H2O2) was added to reduce the 
manganese ions present. The resulting solution was 
filtered using a 45 microns filter paper. The produced 
graphite oxide filter cake was washed using a 5% 
hydrochloric acid (HCl) (aq) in a centrifuge at 4000 
rpm for 4 hours. The GO was then manually stirred 
with distilled water at 60 °C for 12 hours in a water 
bath [17]. The solution was vacuum-filtered and oven-
dried to produce GO powder which was tested using 
the FTIR-ATR to confirm if the synthesized material 
is indeed GO.  

Etching of GO.     Thirty milligrams (30 mg) of GO 
powder was redispersed into 90 mL of 30% hydrogen 
peroxide and placed in an ultrasonic bath treatment 
for 20 minutes to ensure a good dispersion. After 20 
minutes, the solution was heated up to 70 °C in a water 
bath and was refluxed in a reflux set-up for 10 hours. 
The mixture was purified in a permeable plastic bag 
with deionized water for 3 days to obtain a stable 
NPGO solution. The NPGO was diluted to 50 mg/L 
using deionized water for membrane preparation. 

Preparation of NPGO membrane.     An NPGO 
membrane was prepared using vacuum filtration. The 
NPGO solution was filtered by using a filter paper 
with a pore size of 45 microns to remove the moisture. 
The filtered NPGO sheet was poured from the 
Buchner flask to the beaker, vacuum-filtered, and 
dried in an oven at 60 °C for 12 hours. Then, it was 
thermally reduced in an oven at 150 °C at 1 atm for 1.5 
hours to maximize salt rejection to synthesize an 
rNPGO membrane. The surface and cross-sectional 
morphology of the rNPGO membrane was 
characterized using Scanning Electron Microscopy 
(SEM). The membrane was captured and the pores in 
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the resulting image were measured using the 2D 
image of the result from the SEM Imaging. 

Assessment of salinity content.     To measure and 
evaluate the efficiency of the rNPGO membrane, an 
assessment of the salinity level of water samples was 
conducted. A salt solution was prepared using one 
gram of  analytical reagent grade sodium chloride 
(NaCl) to make a 1% NaCl solution. Prior to testing the 
membrane, a control made of a blank filter paper was 
utilized. The salt solution was poured on top of the 
filter paper until the funnel was full. The permeate 
was then placed in a 250 mL beaker for salinity 
content testing. A conductivity meter, pre-calibrated 
by dipping it in a container filled with distilled water, 
was used by dipping it in the solution until the value 
stabilized after three minutes. For the final testing, the 
same method was then utilized for the rNPGO 
membrane. 

The salt rejection of the membrane was analyzed 
using the salinity content of both the feed and the 
permeate. After all the data were plotted, data analysis 
was using the formula for salt rejection. 

 

 𝑅𝑠𝑎𝑙𝑡% = (1 −
𝐶𝑝

𝐶𝑓
) ∗ 100% 

Where: 
Rsalt% = percent of salt rejection 
Cp = concentration of the permeate 
Cf = concentration of the feed 
 
Data Analysis.     The results were analyzed using 

t-test for dependent samples using RStudio (version 
1.3.1093.0, free license) to observe any significant 
difference between the salinity content before and 
after desalination. The salt rejection was analyzed 
among the three replicates. This was to ensure that the 
efficiency of the membrane was not reduced by 
washing it with deionized water. 

 
Safety Procedures.     During the conduct of the data 

gathering process, the wearing of the proper personal 
protective equipment such as gloves, masks, and 
goggles  was observed. The methods were conducted 
alongside the supervision of experts. A wash bottle 
was utilized in cleaning the glassware and the 
contaminants in the conductivity meter to ensure 
accurate readings. Furthermore, the safety data sheet 
of each chemical and equipment was strictly followed. 
Additionally, when performing methods with the use 
of chemicals, a fume hood was utilized to avoid the 
inhalation of fumes. Lastly, for the disposal of 
chemicals, each chemical was disposed of according 
to the safety data sheet and in accordance with the 
disposal protocol of the laboratory.  

 
Results and Discussion. -  This study aimed to 

explore the feasibility of developing an rNPGO 
membrane synthesized from O. sativa husk using the 
Tour method to reduce salt ions. This was done 
through membrane assessment by analyzing its pore 
size, membrane thickness,  and salt rejection rate. 

 
The graphite powder synthesized from rice husk 

was analyzed using the FTIR-ATR analysis with three 
replicates. The mean result of the FTIR-ATR analysis 
of the graphite powder, colored in red, was compared 

with the FTIR-ATR results of the graphite powder in 
the study of Wenxuan et al. [18], colored in black 
(Figure 1). Since a graphite library was unavailable in 
the FTIR-ATR used, the graphs were superimposed 
and the peaks were compared. The peaks of both 
graphs are similar, which peaks at around 624.38/cm, 
790.75/cm, and 1066.50/cm.  

 

 
Figure 1. The image comparison of FTIR-ATR spectra of 
graphite produced and graphite from Wenxuan et al. [18].  
 

The graphene oxide powder synthesized using 
the Tour method was analyzed using the  FTIR-ATR 
analysis with three replicates. The mean result of the 
FTIR-ATR analysis of the graphene oxide powder, 
colored in red, was compared to the FTIR-ATR results 
of the graphene oxide powder in the study of Çiplak 
et al. [19] colored in blue (Figure 2). The peaks of both 
graphs which peaks at around 791.67/cm and 
1070.04/cm are similar. 

  

 
Figure 2. The image comparison of FTIR-ATR spectra of 
graphene oxide produced and graphene oxide from Çiplak et 
al. [19].  

 
Using an SEM, the rNPGO was analyzed for its 

pore size and thickness. The nanopore sizes were 
measured from three different locations and different 
magnifications respectively on the rNPGO 
membrane. This was done so that the pores are visible 
with the use of the instrument. The statistical mean 
pore sizes of the three replicates are 555.4 nm, 615.1 
nm, 837.9 nm respectively. Moreover, the pores have 
varying sizes that range from 286.0 nm to as large as  
1920.0 nm (Table 1).   

 
Table 1. Statistical parameters of rNPGO membrane pore 
sizes based on the 3 locations with 3 magnifications (8500x, 
5000x, 3000x).  

Parameters Replicate 
at 8500x 

(nm) 

Replicate 
at 5000x 

(nm)  

Replicate 
at 3000x 

(nm) 

Statistical 
Mean 

555.4 615.1 837.9 

Standard 
Deviation 

323.9 372.7 413.6 
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Figure 3. The SEM Image of the rNPGO membrane at 5000x 
magnification with the pore measurements. 
 

The thicknesses of the rNPGO membrane were 
measured from three  different locations and 
different magnifications respectively. This was done 
so that the rNPGO membrane was visible enough to 
measure its thickness with the use of the instrument. 
The mean thickness, as well as the standard deviation from the 
three replicates, varies as shown (Table 2). The statistical means of 
the three replicates are 37.33 μm, 33.19 μm, and 45.43 μm, 
respectively. Additionally, the thickness of the membrane varies 
from a  range of 27.0 μm to 53.6 μm.  
 
Table 2. The statistical parameters of nanoporous graphene 
oxide membrane thickness based on the 3 locations with 3 
magnifications (420x, 370x, 250x).   

Parameters Replicate 
at 420x 

(μm) 

Replicate 
at 370x  

(μm) 

Replicate 
at 250x 

(μm) 

Statistical 
Mean 

37.73 33.19 45.43 

Standard 
Deviation 

3.66 4.98 4.75 

 
The mean salinity content of the prepared salt 

solution was measured using a conductivity meter 
(PS-2230 Advanced Water Quality Sensor). The 
salinity content of both pre-desalination and post-
desalination were further analyzed using the Salt 
Rejection Rate formula. Additionally, the statistical 
mean and standard deviation were calculated (Table 
3). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 3. The statistical parameters of pre-desalination and 
post-desalination salinity content of the water samples. 

Replicates Pre-
Desal-
ination  
Salinity 
Content 

(%) 

Post-
Desal-
ination  
Salinity 
Content 

(%) 

Salt 
Rejection 
Rate (%) 

1 1.04479815 0.96423745 7.710647267 

2 1.04164610 0.98627760 5.315480949 

3 1.03442845 0.96588000 6.626698057 

Statistical 
mean 1.04029090 0.97213168 6.551938501 

Standard 
deviation 0.00434051 0.01002512 0.979288738 

 
The FTIR-ATR spectra results showed that the 

graphite powder produced is similar to the graphite 
produced in the study of Wenxuan et al. [18], thus, it 
is feasible to synthesize graphite powder from O. 
sativa husks. The graphs of the FTIR-ATR spectra can 
be presented in two ways, wavelength vs. 
transmittance and wavelength vs absorbance. In the 
study of Wenxuan et al. [18], they utilized wavelength 
vs transmittance which in turn caused the graph to be 
reflected based on Beer-Lambert’s Law as stated in 
the study of Mayerhöfer et al. [20].  

 
To determine the feasibility of synthesizing 

graphite powder from O. sativa husk, the reflected 
graph was compared to the study of Wenxuan et al. 
[18] based on its fingerprint region. With this, it 
reflected the result of the study of Supriyanto et al. 
[16] wherein they also utilized O. sativa husk to 
synthesize graphite. 

 
The FTIR-ATR spectra results showed that the 

graphene oxide powder produced is similar to the 
graphite produced in the study of Çiplak et al. [19]. 
Thus, it is feasible to synthesize graphene oxide 
powder from graphite using the Tour method. In the 
study of Çiplak et al. [19], they also utilized the 
wavelength vs transmittance which in turn caused the 
graph to be reflected based on Beer-Lambert’s Law as 
stated in the study of Mayerhöfer et al. [20]. To 
determine the feasibility of synthesizing graphene 
oxide powder from O. sativa husk, the reflected graph 
was compared to the study of Çiplak et al. [19] based 
on its functional groups. The graph of the graphene 
oxide produced has two visible peaks within the 
fingerprint region of the spectra. By comparing the 
graphs in this region, it could help indicate if the 
product is similar to another. 

 
The results obtained from the SEM showed that 

the graphene oxide membrane produced pore sizes 
ranging from as small as 286 nm to as large as  1920 
nm. Although these are hundreds of nm in diameter, 
these could not be considered nanopores. This is 
probably because the nanopores could not be seen by 
the instrument used since the sample was not sputter-
coated beforehand. 
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The rNPGO membrane was subjected to an SEM 
imaging analysis at 15 kV settings so that the 
membrane will not burn. The morphology was 
analyzed and the measured pores vary in size with a 
standard deviation of  323.9 nm, 372.7 nm, and 413.6 
nm. The deviation between the pore sizes may also be 
due to the dispersion of the hydrogen peroxide with 
the graphene oxide powder in a plastic sheet instead 
of a cellulose dialysis bag as well as the placement of 
the bag during the stabilization phase [13]. To 
visualize the pore sizes smaller than 200 nm in size 
the membrane could have been sputter-coated with 
gold or analyzed using Atomic Force Microscopy. 

 
Additionally, the results for the SEM imaging of 

the thickness of the membrane showed that a 
membrane was prepared onto the filter paper. The 
thickness of the membrane ranges from 27.0 μm to 
53.6 μm which shows the uneven distribution of the 
membrane probably due to the process of uneven 
vacuum filtration of the NPGO solution. In addition, 
this assumption is also reflected by the standard 
deviation of the membrane thickness which are 3.66 
μm, 4.98 μm, and 4.75  μm.  

 
 Furthermore, membrane desalination using 

rNPGO synthesized from O. sativa husk has resulted 
in a mean salt rejection rate of 6.55% and a significant 
difference between the pre-desalination and post-
desalination salinity content. This was done through a 
t-test for dependent samples (α=0.05) and a p-value of 
0.011. This shows that the rNPGO membrane 
developed and synthesized from O. sativa husks using 
the Tour method was capable of reducing salt ions. 

 
The filtration of salt ions can potentially prove 

that the pore size of the graphene oxide can be 
considered as nanopores since it was able to reduce 
the salt ions in the water sample. This is because the 
attractive properties of graphene-based nanoporous 
membranes to salt ions are derived from the Gibbs-
Donnan effect wherein negatively charged 
membranes such as graphene-based nanoporous 
membranes attract positively charged molecules such 
as salt ions. Furthermore, it can potentially prove that 
the pore size is nanoporous due to the size difference 
between nanopores and salt ions. Salt ions are unable 
to pass through nanopores that are under a certain 
size since salt ions have a size that is considered 
nanoparticles. This was reflected in the results when 
the NPGO membrane was tested for its salt rejection 
rate and permeate flux and compared with the results 
of a graphene oxide membrane [13]. 
 

Limitations.    The FTIR-ATR results did not 
directly indicate that the sample is graphite due to the 
graphite library unavailability for the FTIR-ATR 
utilized. Additionally, the O. sativa husks did not 
undergo vacuum furnacing, one of the ideal methods 
for synthesizing graphite from biomass. Lastly, the 
removal of silica was not conducted using 
hydrofluoric acid (HF), which is better for removing 
silica than NaOH in terms of purity. 

 
Conclusion.  In this study, the feasibility of 

developing a rNPGO synthesized from O. sativa husk 
using the Tour method was explored. The FTIR-ATR 
results of both the graphite powder and graphene 
oxide powder indicated the feasibility of synthesizing 

graphene oxide powder using the Tour method from 
the graphite powder synthesized from rice husk. The 
membrane produced contained pores etched in the 
graphene oxide powder. Moreover, there is a 
significant difference in the salinity content of the 
pre-desalination and post-desalination water samples 
after undergoing desalination using the nanoporous 
graphene oxide membrane. Thus, a nanoporous 
graphene oxide membrane was developed and 
synthesized from O. sativa husk using the Tour 
method.  

Recommendations. - The sample could be 
placed in a polyethersulfone filter and sputter-coated 
to better visualize the nanopores of the graphene 
oxide using an SEM. Atomic Force Microscopy could 
also be utilized for better magnification in the sample. 
Additionally, the salt load capacity of the membrane 
could be assessed by desalinating the sample multiple 
times. This study can be a step further towards the 
right direction for exploring new avenues for the use 
of biowastes such as O. sativa husk that is abundant in 
the Philippines. However, there is still a lot of room 
for improvement in the desalination aspect of a 
reduced nanoporous graphene oxide (rNPGO) 
membrane derived from O. sativa husk before it can 
be used as a solution to the saltwater intrusion in 
coastal areas in the Philippines.  
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CLUSTER THREE 
MICROBIOLOGY AND BIOCHEMISTRY 

 
Yellow is associated with both caution and sickness, commonly 

linked with the advent of antibiotic-resistant pathogens. The gem 

depicts a quintessential microbe for this reason. However, the 

brighter shades of yellow are associated with hope and positivity. 

The following research studies, tackling the above-mentioned 

issues and other related topics through various means both in the 

laboratory and virtually, hope to emulate and be symbols of such 

positive traits. 

 

The microbiology studies fall under the scope of the Health 

Research and Development Agenda, primarily due to their 

potential contributions to drug discovery and antibacterial 

research in the face of pressures of current health problems and 

drug-resistant bacteria. The biochemistry studies fall under the 

scope of the Health Research and Development Agenda and the 

Aquatic, Agriculture, and Natural Resources (AANR) Research and 

Development Agenda as they provide substantial findings which 

contribute to knowledge-gathering in their respective fields and 

form bases for future practical applications. 

 
BASED ON: Harmonized National Research and Development Agenda (HNRDA)
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Stachytarpheta jamaicensis (sentimento) is utilized by locals from Maasin, 
Iloilo as an open wound poultice for its antibacterial properties. This study 
aimed to formulate and evaluate an antibacterial gel incorporated with S. 
jamaicensis leaf extract against Staphylococcus aureus. The gel’s antibacterial 
activity was compared to that of a negative control (gel base) and a positive 
control (hand sanitizer) using the agar well diffusion method. The gel was 
found to be stable in all physicochemical parameters evaluated (pH, 
viscosity, spreadability, centrifugation, and mechanical vibration) except 
for viscosity. The hand sanitizer exhibited the highest zone of inhibition 
(6.17 ± 0.29 mm) followed by the gel (4.67 ± 0.29 mm). Although not 
comparable to the positive control, the gel exhibited antibacterial activity. 
Thus, the drug delivery system effectively delivered the extract’s active 
ingredient. However, it can not be used as a hand sanitizer with its current 
extract concentration.    
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Introduction. - Plant species traditionally used 

as an alternative medicine to address various illnesses 
and diseases have been widely investigated through 
phytochemical screenings. Those proven to contain 
phytochemical constituents whose functions 
coincide with their intended use are then subjected 
to antibacterial and anti-inflammatory tests, among 
others [1]. Once their efficacy has been tested in the 
laboratories, they can now be incorporated into 
medicinal preparations such as syrups, tablets, 
capsules, and topical formulations for mass 
production and commercial sale [1]. 

 
One such plant is the Stachytarpheta jamaicensis, 

locally known as kandikandilaan or sentimento, a 
flowering plant that belongs to the family of 
Verbenaceae. This plant can be found thriving in the 
tropical forests of the Americas, and the subtropical 
forests of Asia and Africa. It has numerous medicinal 
benefits in infectious and chronic health systems [2]. 
In the Philippines, there is an abundance of S. 
jamaicensis where locals use its leaves as a poultice in 
treating open wounds, for it is known to have 
antibacterial properties [3,4]. 

 
Since Abadilla et al. [5] have already developed 

an ointment using S. jamaicensis leaf extracts, this 
study formulated and evaluated a gel. Gel 
formulations are generally preferred over other 
topical semisolid preparations because they stay 
longer on the skin, have a higher viscosity, are more 
bioadhesive, and cause less irritation [6]. In addition, 
gel formulations are moisturizing, water-dependent, 

have a smooth application, and release active 
ingredients more effectively [6,7]. 
 

According to Taylor and Unakal [8], 
Staphylococcus aureus is a common bacteria usually 
found in the skin of most healthy humans, since S. 
aureus is one of the standard components of the 
human’s environment and normal flora. According 
to the study of Jacopin et al. [9], a significant number 
of community-acquired and hospital-acquired 
diseases are triggered by commensal bacteria such as 
Escherichia coli, Staphylococcus aureus, or Streptococcus 
pneumoniae which can also be opportunistic 
pathogens. 

 
With this, an antibacterial gel incorporated with 

S. jamaicensis crude ethanolic leaf extract was 
formulated and evaluated. If proven effective, the 
antibacterial gel may be commercialized to produce 
a sanitizer affordable for the masses and address the 
necessity of discovering new drug delivery systems 
for herbal medicine. 

 
Thus, the study aimed to formulate and evaluate 

an antibacterial gel incorporated with Stachytarpheta 
jamaicensis (sentimento) crude ethanolic leaf extract 
against Staphylococcus aureus. The specific objectives of 
this study were to: 

 
(i) Formulate an antibacterial gel incorporated 
with S. jamaicensis crude ethanolic leaf extract 
against S. aureus; 
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(ii) Evaluate and compare the results of the 
physicochemical tests of the formulated gel 
before and after accelerated stability testing; 
 
(iii) Evaluate the antibacterial activity of the 
formulated gel against S. aureus by measuring its 
zone of inhibition using the agar well diffusion 
method; and 
 
(iv) Determine if there is a significant difference 
between the antibacterial activity of the 
formulated gel with the gel base without the 
extract as the negative control and a 
commercially available hand sanitizer as the 
positive control. 

 
Methods. - The methodology is divided into four 

(4) parts: extraction, gel formulation, physicochemical 
evaluation, and antibacterial evaluation. The 
formulated gel’s physicochemical properties and 
antibacterial activity against Staphylococcus aureus 
alongside the gel base (negative control) and a 
commercially available sanitizer (positive control) 
were evaluated. 
 

Collection and Identification of Samples.     A random 
sampling method was employed in the leaf collection 
in a lot located at Brgy. Daja, Maasin, Iloilo, at 
10°53’45.3”N, 122°24’43.5”E on November 27, 2020. A 
36-sq. meter (6 m by 6 m) main plot was established 
that was further divided into 36 1-square meter 
subplots with dimensions of 1 m by 1 m. Each subplot 
was labeled with numbers from 1 to 36, and 9 subplots 
were randomly chosen as sampling sites. Sentimento 
plants with green leaves and bright even colors were 
uprooted and then verified as S. jamaicensis by the 
Department of Agriculture in Sta. Barbara, Iloilo. 

 
Extract Acquisition.     The collected S. jamaicensis 

leaves were washed under running tap water and 
rinsed with distilled water.  The leaves were oven-
dried for 48 hours [4], pulverized using a blender, and 
sifted with sieves mesh numbers 5 and 10 [10]. Fifty 
(50) grams of the leaf powder was mixed with 500 mL 
of 70% ethanol [11,12] and was sonicated using an 
ultrasonic cleaner (42 kHz, 135 W; Branson Ultrasonic 
Corporation, USA) for 60 minutes. The mixture was 
filtered twice [4] using a vacuum pump and was 
subjected to a rotary evaporator (Biobase IKA RV8-
S099) at 40 °C with 150 revolutions per minute (rpm) 
for 10 hours [13]. The aqueous extract with a 
concentration of 100 mg/mL was then used for the 
antibacterial gel formulation for better solubility with 
the gel base.   

 
Antibacterial Gel Formulation.     To formulate the 

gel, propylene glycol, an antifreeze and anti-melting 
preservative, was added to enhance its stability [14]. 
Glycerin was also added to help the gel stay on the 
skin for a prolonged period [15]. Five (5) grams of 
carbomer 934 (1%), 35 mL of propylene glycol (7%), and 
35 mL of glycerin (7%) were dispersed using a hot plate 
with a magnetic stirrer in 410 mL of distilled water. 
The mixture was allowed to rest for 60 minutes for 
the carbomer to hydrate and swell [16]. 

 
The initial mixture was neutralized with 2 mL of 

triethanolamine to attain the desired pH of 8.0 [16]. 
Forty (40) milliliters of the formulation was then set 

aside in a beaker at room temperature until use, while 
460 mL was incorporated with the leaf extract. Five (5) 
mL of the leaf extract [4] was diluted with  5 mL of 
polysorbate 20, which also improves the gel’s stability 
[17]. The leaf extract and polysorbate 20 mixture was 
then added to the carbomer mixture. The final 
concentration of the extract in the carbomer mixture 
was 106 mg/mL.  

 
Physicochemical Evaluation of Gel.     The tests 

suggested by the Food and Drug Administration 
(FDA), the United States Pharmacopeia (USP), and the 
Brazilian Health Surveillance Agency (ANVISA) were 
conducted with the formulated antibacterial gel [18]. 

 
pH.     The pH of the formulated antibacterial gel 

was measured using a digital pH meter. The electrode 
was dipped into the antibacterial gel and left for 10 
minutes at room temperature before pH reading 
[19,20]. The measurement was carried out in 
triplicates and the average of the three readings was 
recorded to ensure accuracy. 

 
Viscosity.     The viscosity of the antibacterial gel 

was determined using a viscometer at 25 °C with a 
spindle speed of 12 rpm [21]. The measurement was 
carried out in triplicates and the average of the three 
readings was recorded to ensure accuracy. 

 
Spreadability.     The parallel-plate method was 

used to measure the spreadability of the formulated 
gel [22]. Spreadability was calculated using the 
formula: 
 

                               S = 
𝑀⋅𝐿

𝑇
 

  
Where: 

        S  = Spreadability (g ⋅ cm/s) 
 M = Weight (g) tied to the upper slide 
 L  = Length (cm) moved by the glass slide 

T  = Time (s) it took to separate the upper                   
and lower slides 
 

The measurement was carried out in triplicates 
and the average of the three readings was recorded to 
ensure accuracy. 
 

Centrifugation Test.     Five (5) grams of the 
antibacterial gel were subjected to a centrifuge at a 
cycle of 3000 rpm for 30 minutes at room 
temperature [23] to observe the occurrence phase 
separation. 

 
Mechanical Vibration Test.     Five (5) grams of the 

antibacterial gel were transferred to a test tube and 
subjected to a vortex shaker for 10 seconds to observe 
the occurrence of phase separation [24]. 

 
Stability Test.     The formulated antibacterial gel 

underwent a hot and cold temperature cycling 
adopted from Krongrawa et al. [22]. It was placed 
alternately at 4 ± 1 °C and 45 ± 1 °C for 24 hours each 
for 6 cycles. The pH, viscosity, and spreadability were 
measured, and centrifugation and vibration testing 
were conducted in the post-stability test antibacterial 
gel. 
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Antibacterial Evaluation of Gel.     Samples obtained 
from the S. aureus Tryptic Soy Broth (TSB) subculture 
from the Philippine Biobank Facility in University of 
the Philippines Los Baños were inoculated to the 
surface of the Mannitol Salt Agar (MSA) using the 
quadrant streaking method. The plate was then 
incubated for 24 hours at 35 °C. Large, bright yellow, 
and opaque isolated colonies of S. aureus were 
inoculated to 15 mL of TSB and incubated [23]. 
Tryptic Soy Broth (TSB) was then added to reduce 
and achieve the turbidity of 0.5 McFarland standard 
[23].  
 

Using a sterile blue micropipette tip, three 
Mueller Hinton Agar (MHA) plates were each 
punctured to create three uniformly sized wells. Pure 
colonies of S. aureus from the TSB were then 
inoculated and swabbed to the three MHA plates [23]. 
Treatments were then dispensed using a micropipette 
into the wells according to their labels with a uniform 
amount of 1 mL.  The plates were then incubated for 
24 hours at 37 °C [23]. The antibacterial activity of the 
formulated gel, gel base without leaf extract (negative 
control), and a commercially available hand sanitizer 
(positive control) were evaluated by measuring the 
zone of inhibition [23]. 
 

Data Analysis.     For calculations, p-values were 
calculated using R (v4.04, GNU GPL v2). Paired t-test 
was then performed to determine if there is a 
significant difference between the mean pH, viscosity, 
and spreadability of the formulated gel obtained 
before and after accelerated stability testing. One-way 
ANOVA test with the statistical significance set at 5% 
was then used to determine if there is a significant 
difference between the antibacterial activity of the gel 
base, formulated gel, and commercially available 
hand sanitizer against S. aureus based on their 
generated zones of inhibition, and post-hoc analysis 
was evaluated using Tukey HSD test. 
 

Safety Procedure.     Proper protective equipment 
was worn throughout the conduct of the data 
gathering to avoid sample and bacterial 
contamination. Working areas were disinfected with 
70% ethanol. All chemical wastes were handled 
according to their respective safety data sheet, placed 
inside empty water bottles, and were disposed of by 
the personnel of the school. Biological materials such 
as cultures and contaminated glassware were 
autoclaved before disposal. 
 

Results and Discussion. - The data from the agar 
well diffusion assay were statistically analyzed using 
one-way ANOVA to determine if there is a significant 
difference between the zones of inhibition generated. 
Paired t-test was used to determine if there is a 
significant difference among the pH, viscosity, and 
spreadability values acquired. 

 
Physicochemical Evaluation. For the 

physicochemical evaluation, three parameters, 
namely the pH, viscosity, and spreadability of the gel, 
were assessed. Each parameter was then statistically 
analyzed through paired t-tests set at 0.05 alpha with 
n=3 trials. With this, the p-values of the pH, viscosity, 
and spreadability are 0.11, 5.17 x 10-2, and 0.23, 
respectively. The paired t-test showed that there is no 
significant difference in the formulated gel before 
and after accelerated stability testing (AST) in terms of 
pH and spreadability, indicating stability and good 
quality of the formulated gel in these parameters. 
Meanwhile, a significant difference in the viscosity of 
the formulated gel was established before and after 
stability testing, indicating that the formulated gel is 
not of good quality in terms of this parameter. No 
phase separation was observed in the formulated gel 
following the centrifugation and mechanical 
vibration tests before and after stability testing, 
indicating stability and retained homogeneity of the 
formulated gel. 

 
The formulated gel is slightly runny, 

immediately dries after spreading on the skin, has a 
chartreuse color, and has a smooth and somewhat 
heavy feel. The chartreuse color of the gel is due to 
the dark green color of the extract used. 

 
Stability studies on pharmaceutical gels are done 

to determine if a formulation stored in a specific 
container is capable of retaining its physical, 
chemical, and microbiological properties, as well as 
evaluate the effect of the environmental factors on the 
formulation [24]. 

 
Topical treatments usually have an acidic pH, 

since an acidic environment improves the release of 
oxygen in wounded or affected tissues, hence aiding 
in the healing of the wounds [25]. The formulated gel 
had an acidic pH due to its main component being 
carbomer, which is an acid-based polymer [26]. 
Although the pH of the formulated gel is slightly 
lower than that of the skin which is 4.1 to 5.8 [27], it 
was not acidic enough to cause skin irritation, 
therefore safe to use [28]. 

 

   

Figure 1. Results of the physicochemical evaluation. Data are expressed in terms of mean ± standard deviation.
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Viscosity is important in evaluating a gel 
formulation because it affects the spreadability and 
release of the active ingredient. Spreadability aids the 
ability of the gel to be uniformly applied to the skin 
[16]. The spreadability of the formulated gel before 
stability testing was low therefore not ideal [29,30]. 
The low pH attained by the formulated gel caused a 
decrease in its viscosity [30]. The viscosity of a gel is 
highest at its gelling point [32], which in the case of 
the gelling agent used, carbomer, is 8 [16]. With this, it 
could be inferred that the low pH of the gel affected 
its viscosity. The decrease in viscosity then caused an 
increase in the gel’s spreadability [16]. The formulated 
gel is therefore favorable for wound healing in terms 
of its pH [28]. However,  the formulated gel still 
requires a lower viscosity and, consequently, a higher 
spreadability in order to improve in these parameters 
[16,29,30]. 
 

Antibacterial Evaluation.     The One-way ANOVA 
test conducted on the results of the agar well diffusion 
assay showed that there is a significant difference 
between the formulated gel and the positive control. 
It is significantly different in favor of the positive 
control (refer to Figure 2).  
 

 
Figure 2. Results of the antibacterial evaluation. Data 
are expressed in terms of mean ± standard deviation. 
 

A higher concentration of the extract may have 
achieved the same effectivity as the commercially 
available hand sanitizer which corresponds to the 

findings of Ruma and Zipagang [33], which states that 
higher concentration extract results in better 
effectivity in bacterial growth inhibition. 
 

Although the formulated gel is effective as an 
antibacterial gel, it still has areas of improvement and 
the findings of this study may be different to future 
research. Therefore it is prescribed that more studies 
be conducted that would improve the formulated 
gel’s antibacterial activity and physicochemical 
properties. 
 

This indicates that the positive control is a more 
effective antibacterial formulation in comparison to 
the formulated gel. The commercially available hand 
sanitizer used for the positive control is alcohol-based 
therefore is more effective compared to the 
formulated gel which is water-based. This difference 
in formulation provides the commercially available 
hand sanitizer with more efficacy attributed to its 
alcohol content. The formulated gel is not as effective 
as the commercially available hand sanitizer because 
of the concentration of the crude ethanolic leaf 
extract of S. jamaicensis, which was based on the 
minimum inhibitory concentration (MIC) test of Idu 
et al. conducted in 2007 [4]. 

 
Limitations.     The data gathering was conducted 

for two months. Within those two months, the period 
between the acquisition of the extract and gel 
formulation was a month. Hence, the quality of the 
extract may also have been compromised, 
particularly the antibacterial activity. Despite the 
setback, the findings of this research may help future 
studies in improving the formulation and discover the 
most effective concentration for antibacterial 
inhibition. Furthermore, the commercially available 
hand sanitizer used as a positive control has a 
different formulation as to that of the formulated gel, 
which may have affected its diffusion to the agar in 
the antibacterial evaluation.  

 
Conclusion. - The formulated gel with S. 

jamaicensis crude ethanolic leaf extract has 
antibacterial activity against S. aureus. However, due to 
it having a significantly smaller zone of inhibition, it 
is not comparable to that of the commercially 
available sanitizer. 

 
Table 1. Zones of inhibition generated on the MHA plates after incubation. 

 Replicate No. 1 Replicate No. 2 Replicate No. 3 

 
 
 
 

MHA Plates 
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Recommendation. - To further improve the 
results of the study, it is recommended to perform the 
MIC test before proceeding with gel formulation 
since the literature where the MIC was based may be 
outdated. It is also recommended to use a higher 
concentration of S. jamaicensis extract or incorporate 
the extract of another plant that exhibits antibacterial 
properties to investigate synergistic effects to attain a 
higher antibacterial activity. Isolation of known 
phytochemicals associated with the antibacterial 
activity of S. jamaicensis, such as tannins and saponins 
[33], can be done to further improve its bactericidal 
effect. With this, it is recommended that the positive 
control would be the gel base incorporated with a 
known antibiotic with the same concentration as the 
extract. Furthermore, it is recommended to perform 
a microbial load count on the gel to determine its 
degree of microbial contamination. It is also 
recommended to use a paddle attachment in 
formulating the gel base in addition to the overhead 
stirrer to thoroughly mix the gel and reduce the 
formation of bubbles. Moreover, it is recommended 
to measure the physicochemical properties in regular 
intervals during AST to be able to plot a trend line that 
monitors the state of the gel throughout the stability 
testing. Lastly, it is recommended to perform the 
accelerated stability testing for a longer period to 
identify the limit of the gel and to determine its 
expiration date.  
 

Acknowledgment. - The researchers would like 
to express their gratitude to Mrs. Zenith Villorente, 
Ms. Brienz Athena Suaberon, and Mr. Kent Orven 
Gabayeron, the professionals at Pharma GalenX 
Innovations Inc., for assisting them with their data 
gathering, specifically on the proper use of the 
equipment utilized for the gel formulation and 
physicochemical evaluation. Their guidance made a 
significant contribution to the success of this study. 
 
References 
 
[1]  Bhalodia N, Shukla V. 2011. Antibacterial and 

antifungal activities from leaf extracts of Cassia 
fistula l.: An ethnomedicinal plant. J Adv Pharm 
Technol Res. 2(2):  104. doi: 10.4103/2231-
4040.82956. 

 
[2]  Naik ND, Suresh B, Priyanka MP, Geethanjali B, 

Yamini K, Malothu R. 2012. Formulation and 
evaluation of herbal ointment consisting Sida 
spinosa leaves extracts. Pharm Biol. 2(2): 40–42.  

 
[3]  Ololade ZS, Ogunmola OO, Kuyooro SE, Abiona 

OO. 2017. Stachytarpheta jamaicensis leaf extract: 
chemical composition, antioxidant, anti-
arthritic, anti-inflammatory and bactericidal 
potentials. Int J Sci. 6(4): 119–125. 

 
[4] Idu M, Omogbai EKI, Aghimien GE, Amaechina F, 

Timothy O, Omonigho SE. 2007. Preliminary 
phytochemistry, antibacterial properties and 
acute toxicity of Stachytarpheta jamaicensis (L.) 
Vahl. Leaves. Trends Med Res. 2: 193–198. doi: 
10.1155/2016/7842340. 

 
[5] Abadilla SC, Bonete TM, Carinugan RJ. 2009. 

Wound healing and antibacterial property of 
vervain ointment from Stachytarpheta 

jamaicensis (L) Vahl (Verbanaceae). University of 
the Philippines Manila. Available from: 
https://bit.ly/3bk5Ic3. 

 
[6] Loganathan VM, Animaran S, Jaswanth A, 

Sulaiman A, Sivaprasadha RMV, Senthil KB, 
Rajaseskaran A. 2001. The effects of polymers 
and permeation enhancers on releases of 
flurbiprofen from gel formulations. Indian J 
Pharm Sci. 63(3): 200–204. 

 
[7] Chang RK, Raw A, Lionberger R, Yu L. 2012. 

Generic Development of Topical 
Dermatologic Products: Formulation 
Development, Process Development, and 
Testing of Topical Dermatologic Products. 
AAPS J. 15(1): 41–52. doi: 10.1208/s12248-012-
9411-0. 

 
[8] Taylor TA, Unakal CG. 2020. Staphylococcus aureus. 

StatPearls Publishing LLC.  
 
[9] Jacopin E, Lehtinen S, Débarre F, Blanquart, F. 

2020. Factors favouring the evolution of 
multidrug resistance in bacteria. J R Soc 
Interface. 17(168): 20200105. doi: 
10.1098/rsif.2020.0105. 

 
[10] Deli M, Ndjantou EB, Ngatchic-Metsagang JT, 

Petit J, Njintang-Yanou N, Scher J. 2019. 
Successive grinding and sieving as a new tool to 
fractionate polyphenols and antioxidants of 
plants     powders:     Application     to     Boscia 
senegalensis seeds, Dichrostachys glomerata fruits, 
and Hibiscus sabdariffa calyx powders. Food Sci 
Nutr. 7(5): 1795–1806. doi: 10.1002/fsn3.1022. 

 
[11] Rozianoor M, Nadia K, Nurdiana S. 2014. 

Stachytarpheta jamaicensis ethanolic leaf extract 
as wound healer on alloxan-induced diabetic 
sprague dawley rats. Indian J Biotechnol. 9: 
460–466.  doi: 10.1155/2016/7842340. 

 
[12] Balamurugan V, Sheerin F, Velurajan S. 2019. A 

guide to phytochemical analysis. Int J Adv Res 
Innov Ideas Educ. 5: 236–245.  

 
[13] Yen MP, Tang G. 2019. JoVE Science Education 

[Internet]. Massachusetts: J Vis Exp. Available 
from: https://bit.ly/2IAOFqr. 

 
[14] Aiyalu R, Govindarjan A,  Ramasamy A. 2016. 

Formulation and evaluation of topical herbal 
gel for the treatment of arthritis in animal 
model. Braz J Pharm Sci. 52(3): 493–507. 

 
[15] Dashnau JL, Nucci NV, Sharp KA, Vanderkooi JM. 

2006. Hydrogen Bonding and the 
Cryoprotective Properties of Glycerol/Water 
Mixtures. J Phys Chem B. 110(27): 13670. 

 
[16] Dantas MGB, Reis SAGB, Damasceno CMD, 

Rolim LA, Rolim-Neto PJ, Carvalho FO,  
Almeida JRGS. 2016. Development and 
evaluation of stability of a gel formulation 
containing the Monoterpene Borneol. Sci 
World J. 2016: 1–4. 

 



 
 

44 | Jacela et al.  

 

[17] Ross ARS. 2005. Application of surface activity in 
therapeutics. Surface Activity in Drug Action. 
233–293. 

 
[18] Food and Drug Administration (FDA). 2014. 

Minimum number of sample units required 
for each test analysis. Alabang, Muntinlupa 
City, Philippines. 

 
[19] Queiroz MBR., Marcelino NB, Ribeiro MV, 

Espindola LS, Cunha F, Silva MV. 2009. 
Development of gel with Matricaria recutita L. 
extract for topic application and evaluation of 
physical-chemical stability and toxicity. Lat 
Am J Pharm. 28(4): 574–579.  

 
[20] Viswanad V, Jayakar B, Thomas L, Aleykutty N, 

Zacharia S. 2012. Development and evaluation 
of antimicrobial herbal formulations 
containing the methanolic extract of Samadera 
indica for skin diseases. J Adv Pharm Technol. 
3(2): 106. doi: 10.4103/2231-4040.97285. 

 
[21] Nayak SH, Nakhat PD, Yeole PG. 2005. 

Development and evaluation of cosmeceutical 
hair styling gels of ketoconazole. Indian J 
Pharm Sci. 52: 231–33.  

 
[22]..Krongrawa W, Limmatvapirat S, 

Pongnimitprasert N, Meetam P, 
Limmatvapirat C. 2018. Formulation and 
evaluation of gels containing coconut kernel 
extract for topical application. Asian J Pharm 
Sci. doi: 10.1016/j.ajps.2018.01.005. 

 
[23] Tendencia EA. 2004. Disk diffusion method. In 

Laboratory manual of standardized methods 
for antimicrobial sensitivity tests for bacteria 
isolated from aquatic animals and 
environment (pp. 13–29). Tigbauan, Iloilo, 
Philippines: Aquaculture Department, 
Southeast Asian Fisheries Development 
Center.  

 
[24] Bajaj S, Singla D, Sakhuja N. 2012. Stability testing 

of pharmaceutical products. J Appl Pharm Sci. 
2:. 129–138. doi: 10.7324/JAPS.2012.2322. 

 
[25] Hunt TK, Beckert S. 2005. Therapeutical and 

practical aspects of oxygen in wound healing. 
In: Lee B (ed) The Wound Management 
Manual. McGraw-Hill Medical, New York. 

[26] Caluya ED. 2017. Wound healing potential of the 
crude leaf extract of Stachytarpheta jamaicensis 
Linn. Vahl (Kandikandilaan) on induced 
wounds in rats. 5(1). 375-381. 

 
[27] Proksch E. 2018. pH in nature, humans and skin. J 

Dermatol. 45(9): 1044–1052. doi: 10.1111/1346-
8138.14489. 

 
[28] Lambers H, Piessens S, Bloem A, Pronk H, Finkel 

P. 2006. Natural skin surface pH is on average 
below 5, which is beneficial for its resident 
flora. Int J Cosmet Sci. 28(5): 359–370. 

 
[29] Singh VK, Singh PK, Sharma PK, Srivastava PK, 

Mishra A. 2013. Formulation and evaluation of  
topical gel of acelofenac containing piparine. 
Indo Am J Pharm. 2013: 3(7). 

 
[30] Shukr MA, Metwally GF. 2013. Evaluation of 

Topical Gel Bases Formulated with Various 
Essential Oils for Antibacterial Activity against 
Methicillin Resistant Staphylococcus aureus. Trop 
J Pharm Res. 12(6): 877–884. 

 
[31] Mahalingam R, Li X, Jasti BR. 2008. Semisolid 

dosages: ointments, creams, and gels. 
Pharmaceutical Manufacturing Handbook, 
267–312. 

 
[32] Maslii Y, Ruban O, Kasparaviciene G, Kalveniene 

Z, Materiienko A, Ivanauskas L, 
Mazurkeviciute A, Kopustinskiene DM, 
Bernatoniene J. 2020. The Influence of pH 
Values on the Rheological, Textural and 
Release Properties of Carbomer Polacril® 40P-
Based Dental Gel Formulation with Plant-
Derived and Synthetic Active Components. 
Molecules (Basel, Switzerland). 25(21): 5018. 
doi: 10.3390/molecules25215018. 

 
[33] Ruma OC, Zipagang TB. 2015. Determination of 

secondary metabolites and antibacterial 
property of extract from the leaves of 
Stachytarpheta jamaicensis (L.) Vahl. J Med Plants 
Stud. 3(4): 79–81. 

 

 



 
 

Publiscience Vol. 4 Issue 1 

 

How to cite this article: 
CSE: Azur RG, Dequilla RFE, Gavan JMG, Jolito FCC III. 2021. Molecular docking of selected phytochemicals from 

malunggay (Moringa oleifera) against the chromosomal trehalose-6-phosphate phosphatase (TPP) enzyme of 
Pseudomonas aeruginosa. Publiscience. 4(1): 45–50. 

APA: Azur, R.G., Dequilla, R.F.E., Gavan, J.M.G., & Jolito, F.C.C. III. 2021. Molecular docking of selected phytochemicals from 
malunggay (Moringa oleifera) against the chromosomal trehalose-6-phosphate phosphatase (TPP) enzyme of 
Pseudomonas aeruginosa. Publiscience, 4(1), 45–50. 

For supplementary data, contact: publiscience@wvc.pshs.edu.ph. 

 

 
 

 

Molecular docking of selected phytochemicals from 
malunggay (Moringa oleifera) against the chromosomal 
trehalose-6-phosphate phosphatase (PDB ID: 6CJ0) enzyme 
of Pseudomonas aeruginosa 
 
ROANNE G. AZUR, RAPHAEL FRANCIS E. DEQUILLA, JOHANNA MARIE G. GAVAN, and FERNANDO 
CHRISTIAN G. JOLITO III 
 
Philippine Science High School Western Visayas Campus - Department of Science and Technology (DOST-PSHSWVC), 
Brgy. Bito-on, Jaro, Iloilo City 5000, Philippines 

Article Info   Abstract 
- 

The trehalose-6-phosphate phosphatase (TPP) enzyme, a common 
enzyme that is important for organism survival under stress, is utilized by 
some strains of Pseudomonas aeruginosa. Its presence in such pathogens but 
absence in hosts such as humans makes it a viable anti-pathogenic target. 
As for potential inhibitors, phytochemicals are known to possess medicinal 
properties and offer holistic drug action. Using molecular docking, the 
study screened selected phytochemicals from Moringa oleifera against the 
TPP enzyme of P. aeruginosa. The 13 initial phytochemicals were tested for 
drug-likeness using the Lipinski test, of which 11 passed and were used in 
the docking procedure done in AutoDock Vina. Analysis of the generated 
docks has shown that seven phytochemicals bind in close proximity to the 
active site, two bound elsewhere on the surface of the TPP enzyme, and one 
has both attributes. The docked phytochemicals were determined to act as 
either possible competitive or noncompetitive inhibitors. 
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Introduction. - The efficacy of antibiotics is at 

risk due to rapidly emerging resistant bacteria [1]. 
Antibiotic resistance in clinically relevant 
microorganisms such as Pseudomonas aeruginosa has 
been associated with an increase in hospitalization 
and mortality rates [2]. Antibiotic resistance is 
observed in microorganisms that develop the ability 
to survive medicine targeted against it [3]. Multidrug 
resistance patterns in both Gram-positive and Gram-
negative bacteria are difficult to treat, if not 
untreatable. The increasing numbers of bacterial 
strains acquiring resistance to a wide range of 
antibiotics in recent decades is also alarming [4]. 
 

Trehalose is a disaccharide that plays an 
important role in the survival of some pathogens. 
Recent studies have highlighted its role in desiccation 
resistance, osmoprotection, and resistance to heat or 
cold [5,6,7]. One of the most studied pathways of 
trehalose synthesis in bacteria is the trehalose-6-
phosphate phosphatase (TPP) pathway due to its 
conserved biosynthesis route [8]. The TPP enzyme is 
a member of the haloacid dehydrogenase (HAD) 
superfamily, a group of enzymes that facilitates the 
hydrolysis of a diverse range of organic phosphate 
substrates [9]. 

 
P. aeruginosa, a Gram-negative, opportunistic 

pathogen, is known to infect many organisms, 

including humans [10]. Surveys of genomic databases 
have shown that P. aeruginosa strains possess two 
different TPP coding genes which are chromosomal 
and extrachromosomal [11]. Trehalose can be utilized 
by P. aeruginosa as a carbon and energy source for its 
growth and survival [12]. An increasing number of 
occurrences of drug-resistant P. aeruginosa strains 
have been observed in recent years [12]; a solution to 
this problem must be urgently identified.  

 
Studies have shown the potential of 

phytochemicals in antibiotic resistance research [13]. 
Phytochemicals are known to affect specific 
molecular targets both directly and indirectly through 
affecting metabolic pathways as stabilized conjugates 
[14]. They are also known to have a wide range of 
medicinal properties and offer holistic drug action 
against pathogens without having many side effects 
[15]. 

 
One important factor to consider in the invention 

of new drugs is the risk that such drugs would target 
additional or multiple receptors [16]. According to the 
study of Umesh et al. [13], the TPP enzyme could 
become a viable anti-pathogenic target due to its 
important role in pathogen stress tolerance while 
being completely absent in animal hosts. However, 
there has only been limited research done utilizing 
the chromosomal TPP enzyme of P. aeruginosa as an 
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anti-pathogenic target. 
 
In recent years, the incorporation of computer-

based methods in medicinal chemistry has brought 
with it advantages in rational drug design [17]. 
Methods such as molecular docking are now available 
for the in silico study of biological systems and drug 
discovery [17]. 
 

The present study proposed to virtually screen 
the selected phytochemicals from Moringa oleifera 
against the chromosomal trehalose-6-phosphate 
phosphatase (TPP) enzyme of P. aeruginosa. 
Phytochemicals from M. oleifera were used as they 
were the most abundant types of phytochemical [18], 
and others have already been used in previous 
molecular docking studies [19]. Specifically, the study 
aimed to: 

 
(i) evaluate the drug-likeness of the 
phytochemicals using the Lipinski rule through 
SwissADME; 
 
(ii) identify the predicted binding sites of the 
selected phytochemicals to the TPP enzyme of P. 
aeruginosa through AutoDock Vina; 
 
(iii) predict the interactions between the TPP 
enzyme and each phytochemical through 
LigPlot+; and 
 
(iv) provide proof-of-concept for the mechanism 
of binding between each phytochemical and the 
TPP enzyme. 

 
Methods. - A preliminary Lipinski test was 

conducted to test the drug-likeness of 13 selected 
phytochemicals from M. oleifera. The phytochemicals 
which passed the test were then subjected to 
molecular docking with the chromosomal TPP 
enzyme of P. aeruginosa using AutoDock Vina [20]. 
Data analysis on the predicted binding sites and 
interactions was done using LigPlot+ [21], PyMOL 
[22], and UCSF Chimera [23]. The phytochemicals’ 
potential to be possible inhibitors of the TPP enzyme 
was contextualized using existing literature. 

 
Selection of Phytochemicals.     Thirteen 

phytochemicals involved in the studies of Lin et al. 
[18] and Zainab et al. [19] from M. oleifera were selected 
to be docked with the TPP enzyme. These 
phytochemicals and their respective PubChem 
Compound ID numbers are: (1) alpha-carotene 
(4369188), (2)  anthraquinone (6780), (3) apigenin 
(439726), (4) excoecariatoxin (5281400), (5) flavylium 
(145858), (6) hemlock tannin (15559687), (7) 
isorhamnetin (5281654), (8) kaempferol (5280863), (9)  
laurifolin (102301875), (10) phenolic steroid (439726), 
(11) quercetin (5280343), (12) serpentine (73391), and 
(13) sitogluside (5742590). The three-dimensional 
structures of trehalose-6-phosphate (T6P)-substrate 
(positive control), carbon tetrachloride (negative 
control), and the phytochemicals in structured data 
format (SDF) were retrieved from the National Center 
for Biotechnology Information (NCBI) PubChem. 

 
Lipinski Test for Drug-likeness.     To evaluate and 

assess compounds during drug discovery and 
optimization, the Lipinski rule of five is used [24]. The 

phytochemicals were evaluated for their drug-
likeness using the Lipinski rule by uploading their 
SDF files to SwissADME, a web-based application [25]. 
The phytochemicals that passed the rule with one or 
no violations were the only ligands to be tested with 
TPP. 

 
Preparation of Molecular Models.     The three-

dimensional structure of TPP (PDB ID: 6CJ0) in PDB 
format was retrieved from Protein Data Bank (PDB).  
The natural ligands (CO3 and Mg+2) of the TPP 
enzyme were deleted using UCSF Chimera before the 
file was saved in PDB format.  This file was then 
opened in AutoDock Tools to remove water 
molecules to avoid distortion in the search for 
possible binding sites [26]. Afterward, polar hydrogen 
atoms were added to establish the hydrogen bonds 
that may be involved in the binding of the protein and 
ligand.  The whole macromolecule was enclosed by 
the grid box. The offset numbers and the number of 
points in the x, y, and z dimensions were noted down 
to define the search space for ligand binding in 
AutoDock Vina . The TPP was saved as a PDBQT file. 
Moreover, the SDF files of each phytochemical were 
converted in PDB format using UCSF Chimera.  The 
substrate and each phytochemical were then opened 
in AutoDock Tools to detect its root to assign rotatable 
torsion angles of the ligand. After that, the controls 
and each phytochemical were saved as a PDBQT file. 

 
Molecular Docking Proper.     The config file was 

written in Python programming language. The input 
placed were the receptor (TPP enzyme) and the ligand 
(phytochemicals and controls). The filenames of the 
output of AutoDock Vina in PDBQT and TXT format 
were then stated. After, the offset values and grid box 
size were also stated. The exhaustiveness was then set 
to 24. The MS/DOS command prompt was opened to 
run AutoDock Vina. The directory was changed to the 
file path of the folder where the PDBQT and config 
files were saved. To dock the ligand and the receptor, 
the file path of the .exe file of AutoDock Vina was 
pasted on the command prompt. This was then 
followed by two dashes and the word ‘config’ and its 
TXT file extension. 

 
Data Analysis.     AutoDock Vina automatically 

generates the top nine conformations per ligand. Each 
conformation of the docked ligand and receptor was 
individually saved as a PDB file using PyMOL The 
PDB files of the conformations were analyzed using 
UCSF Chimera and LigPlot+. LigPlot+ was utilized to 
analyze the two-dimensional (2D) structure of the 
conformations and to generate schematic 2D 
diagrams of ligand-protein interactions. The amino 
acids involved in hydrogen bonding and hydrophobic 
interactions were noted down and verified using 
UCSF Chimera, which was also used to generate 
three-dimensional (3D) structures of the 
conformations. 

 
Safety Procedure.     Since the study was done in 

silico, the researchers took frequent breaks and 
practiced the 20-20-20 rule; every 20 minutes, watch 
an object 20 feet away for 20 seconds. This was done 
to ensure that the researcher’s eyes were not strained 
from long exposure to digital screens during the data 
gathering procedure. 
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Results and Discussion. - The study aimed to 
virtually screen the selected phytochemicals from M. 
oleifera against the chromosomal trehalose-6-
phosphate phosphatase (TPP) enzyme of P. aeruginosa. 
The 13 selected phytochemicals were subjected to the 
Lipinski rule. Those that passed were docked with the 
TPP enzyme using AutoDock Vina. Each generated 
conformation was then analyzed using UCSF 
Chimera and LigPlot+. 

 
Lipinski Drug-likeness Test.     According to the 

Lipinski rule, the requirements for a compound to be 
considered drug-like state that an orally active drug 
must not violate more than one of the following 
criteria: the molecular weight should not exceed 500 
grams/mole, the MlogP [27] should not exceed 4.15, 
there must not be more than five hydrogen bond 
donors, and  there must not be more than ten 
hydrogen bond acceptors [28]. The 13 phytochemicals 
were subjected to Lipinski drug-likeness test using 
SwissADME. Among the 13 phytochemicals, 11 passed 
the Lipinski drug-likeness test. These can be referred 
to in Table 1. 

 
Table 1. Drug-likeness of selected M. oleifera phytochemicals 
based on Lipinski rule. 

a b c d e f 

Alpha-carotene* 536.87 12.46 0 0 2 

Anthraquinone 208.21 1.86 0 2 0 

Apigenin  270.24 0.52 5 3 0 

Excoecariatoxin 528.63 1.47 3 8 1 

Flavylium 207.25 3.28 0 1 0 

Hemlock 
tannin* 

578.52 -0.26 10 12 3 

Isorhamnetin 316.26 -0.31 4 7 0 

Kaempferol 286.24 -0.03 4 6 0 

Laurifolin 356.37 1.09 3 6 0 

Phenolic steroid 256.38 4.46 1 1 1 

Quercetin 302.24 -0.56 5 7 0 

Serpentine 349.40 2.21 0 4 0 

Sitogluside 576.85 3.96 4 6 1 

a Phytochemical; b Molecular weight (g/mol); c MlogP; d No. 
of hydrogen bond donors; e No. of hydrogen bond acceptors; 
f No. of violations; *Phytochemicals that did not pass the 
Lipinski test. 
 

Alpha-carotene and hemlock tannin did not meet 
two and three out of four criteria, respectively; they 
were not included in the list of phytochemicals that 
were used in the molecular docking process. 

 
Analysis of Predicted Binding Sites and Interactions. 

After generating the top nine conformations in 
AutoDock Vina, the top two poses of each docked 
ligand (phytochemical or control) were selected to be 
analyzed further. For ligands which are bound 

restrictively to one chain, the two poses correspond to 
the top-ranked conformations for Chain A and Chain 
B, respectively. For ligands that interacted with both 
chains, the first and second-ranked conformations 
were selected. 
 

The chromosomal TPP enzyme of P. aeruginosa is 
a member of the haloacid dehydrogenase (HAD) 
superfamily [11], which comprises enzymes such as 
phosphatases, ATPases, phosphomutases, phospho-
natases, and dehalogenases [29]. TPP possesses a core 
phosphatase domain with α/β-hydrolase fold, which is 
common among the hydrolase family, as well as a cap 
domain [30]. While the fold of the core domain, 
which functions as base and side walls of the active 
site, is well conserved among the HAD superfamily, 
the cap domain, which functions as the cover, can 
vary in size and structure [30]. Through comparisons 
to other bacterial TPPs, the structure of the TPP 
enzyme from P. aeruginosa is also revealed to have 
four HAD conserved motifs located in the core 
domain [11]. 

 
The study found that all of the top predicted 

conformations of the docked phytochemicals 
interacted with amino acid residues located in the 
core domain. The top predicted conformations (for 
both chain A and B) of seven phytochemicals were in 
close proximity to the active site of the TPP enzyme; 
this is because they bound to one or more motifs 
within the core domain [11]. The exception is the top 
predicted conformation of sitogluside in chain A since 
it is bound near the β12 sheet. The other two 
phytochemicals (flavylium and serpentine) that did 
not bind near the active site were also bound to amino 
acid residue/s near the β12 sheet, the hydrophobic 
interface that links the two monomers. 

 
The active site of an enzyme is defined as the 

region that binds the substrate (a ligand that becomes 
the starting material of an enzymatic reaction) and 
converts it into a product [31]. It is formed by amino 
acid residues; the properties and spatial arrangement 
of these determine which molecules can bind to and 
become substrates for the enzyme. The forces which 
bind the substrate are multiple weak forces such as 
hydrogen bonds, hydrophobic interactions, 
electrostatic interactions, and van der Waals bonds 
[31]. This study only observed the hydrogen and 
hydrophobic bonds that each phytochemical had with 
the TPP enzyme. 

 
The phytochemicals anthraquinone, apigenin, 

isorhamnetin, kaempferol, laurifolin, phenolic 
steroid, and quercetin may be possible competitive 
inhibitors since these phytochemicals bind in close 
proximity to the active site of the TPP enzyme – all of 
these phytochemicals bound to one or more motifs – 
through steric hindrance. Steric hindrance prevents 
the further interaction of the natural substrate to the 
receptor when a competitive inhibitor is bound to the 
active site [32]. This effect of steric hindrance implies 
that if the phytochemicals bound to the active site of 
the TPP enzyme, T6P (the natural substrate) could not 
be catalyzed by the TPP enzyme into trehalose.  

As for flavylium and serpentine, they could be 
considered as allosteric modulators or possible 
noncompetitive inhibitors due to their binding site 
being quite different from the active site. Allosteric 
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modulators bind elsewhere on the protein surface 
other than the active site and induce an allosteric 
conformational change of the active site of the 
receptor by shifting the free energy landscape [33,34] 
However, while noncompetitive inhibitors may or 
may not affect the structure of the protein, it is less 
certain what effect they may have on the binding 
affinity of the natural substrate since noncompetitive 
inhibitors do not compete with the substrate for active 
site binding [35].  

 
As for sitogluside, its different conformation in 

each chain may suggest that it may possibly act as an 
allosteric modulator (in the case of Chain A) or a 
competitive inhibitor (in the case of Chain B). This is 
illustrated in Figures 1 and 2. 

 

 
Figure 1. (a) Third-ranked predicted binding site of 
sitogluside in the TPP enzyme; (b) Top predicted binding site 
of sitogluside in chain A of the TPP enzyme with 
corresponding amino acid residues with (green) hydrogen 
bonds or (blue) hydrophobic bonds. 
 

 
Figure 2. (a) Top-ranked predicted binding site of sitogluside 
in the TPP enzyme; (b) Top predicted binding site of 
sitogluside in chain B of the TPP enzyme with corresponding 
amino acid residues with (green) hydrogen bonds or (blue) 
hydrophobic bonds. 
 

Inhibiting the T6P-substrate from binding to the 
active site would eventually lead to its accumulation. 
The intracellular accumulation of T6P is toxic to host 
organisms [36]. Previous studies determined that T6P 
accumulation can be lethal to Caenorhabditis elegans 
and Mycobacterium tuberculosis [36,37]. This adverse 
effect is due to the inhibition of metabolic enzymes 
such as phosphotransferases caused by sugar-
phosphatases acting as antimetabolites [38]. The 
effects of the accumulation of T6P in P. aeruginosa are 
still unknown. However, the widespread toxicity of 
T6P and the presence of a glycolytic enzyme - known 
to be inhibited by T6P in other organisms - in P. 
aeruginosa all suggest that T6P accumulation may 
have adverse effects on the bacteria [11]. 

Antibacterial Properties of Phytochemicals.     Several 
of the phytochemicals are already known to exhibit 
antibacterial properties against bacteria. Likewise, M. 
oleifera is also known to exhibit antibacterial 
properties against both Gram-positive and Gram-
negative bacteria [39]. As for the phytochemicals, four 
of the seven possible competitive inhibitors are 
known to exhibit antibacterial activity against P. 
aeruginosa [40,41,42,43]. There is a lack of studies on 
the antibacterial activity of isorhamnetin, and the 
noncompetitive inhibitors flavylium and serpentine, 
against P. aeruginosa. Sitogluside exhibited low activity 
against P. aeruginosa in a study testing the antibacterial 
activity of daucosterol isolated from the roots of Cissus 
populnea [44]. 

 
Limitations.     The study was not able to analyze 

the top rankings of excoecariatoxin since the 
generated conformation files could not be opened in 
LigPlot+ for further data analysis. This affected the 
third objective because the study was not able to 
predict the interactions between the TPP enzyme and 
the excoecariatoxin. 

 
Conclusion. - The study concluded that after 

virtually screening the selected phytochemicals of M. 
oleifera against the chromosomal trehalose-6-
phosphate phosphatase (TPP) enzyme of P. aeruginosa, 
all of the 11 docked phytochemicals that were 
analyzed are either possible competitive inhibitors or 
allosteric modulators of the enzyme. 
 

Recommendations. - The researchers would 
recommend the utilization of software programs 
which could process the docked excoecariatoxin 
conformations. In situ analysis via nuclear magnetic 
resonance spectroscopy is also encouraged to 
examine the possible allosteric sites. Isothermal 
titration calorimetry to confirm the intended binding 
target of the TPP enzyme and each phytochemical is 
also recommended. 
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C L U S T E R  F O U R 
A G R I C U L T U R E 

 
The earthly green is the color most associated with nature and its 

bounties. This is also where the leaf-inspired gems take their 

inspiration from. The toils of agriculture have long reaped results, 

from milestones in harvesting and food production to significant 

developments in procedure and emerging technologies. It is 

through research and scientific breakthroughs that the agricultural 

sector is overcoming the challenges facing it. These research 

studies sought to analyze, determine, and test various methods that 

can provide increased insight into agricultural research and 

development. 

 

These studies also fall under the Aquatic, Agriculture, and Natural 

Resources (AANR) Research and Development Agenda. They are 

in line with the goal of developing improved and sustainable 

agricultural management.  

 

 
BASED ON: Harmonized National Research and Development Agenda (HNRDA) 
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Humic acid (HA), a plant growth stimulator, has not yet established its 
credibility despite being utilized for several decades in agriculture. 
Therefore, this study determined the effect of HA and its combined effect 
with inorganic fertilizer on the growth and yield of I. reptans. In each of the 
two sites, four plots replicated thrice were constructed with three treatment 
groups - T0B (HA only), T1 (inorganic fertilizer only), and T2 (HA + 
inorganic fertilizer) - and one control group (T0A, soil only). The plant 
height and stem diameter of ten randomly chosen plants were measured 
every 7 days for 21 days while the crop yield was determined 35 days after 
sowing. From the analysis, significant differences were found in only one 
of the two sites. Results showed that the treatment with HA only was 
significantly higher in plant height and crop yield. Data from this study 
contributes to the current knowledge of crop production for local farmers 
and the agricultural community. 
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Introduction. - Agriculture is an essential part of 

the Philippine economy as it involves 22.9% of 
Filipino workers and contributes about 9.2% of the 
gross domestic product as of 2019. However, there is 
a decrease in crop production of 0.7% in 2018 and 1.0% 
in 2019 compared to the years preceding them [1]. To 
address this, researchers have studied the many 
factors affecting plant growth and productivity, 
mainly the effects of nutrient composition [2]. 
Different fertilizers with varying concentrations of 
nutrients, mainly nitrogen, phosphorus, and 
potassium, supply plants with the nutrients necessary 
for their growth.  In addition,  the increasing amounts 
of fertilizer increase plant growth, and there are 
optimal concentrations of these nutrients for 
optimizing the growth of certain plants [3]. Aside 
from these nutrients, plant growth simulators such as 
humic substances have been studied on their positive 
effects on plant growth and yield. 
 

Humic substances (HSs) are the brown to black, 
fully decomposed remains of plant or animal organic 
matter that compose about 80% of organic matter in 
dark soils [4]. These substances arise from the 
physical, chemical, and microbiological 
transformation of biomolecules, and can be divided 
into three components: fulvic acids (FAs), humic acids 
(HAs), and humin [5]. Due to their molecular 
structure, HSs provide numerous benefits to crop 
production as they help break up clay and compacted 
soils, assist in transferring micronutrients from the 
soil to the plant, enhance water retention, increase 
seed germination rates and penetration, and stimulate 
the development of microflora populations in soils 
[6]. 

Humic substances have been established to also 
facilitate plant growth and yield as they increase 
nutrient availability and improve the physical 
structure of the soil [7, 8]. These substances also have 
a role in plant metabolism as they contain growth-
triggering hormones such as auxin and gibberellins 
[9]. These hormones promote cell elongation which 
mainly affects plant height and the development of 
plant roots [10]. Furthermore, HA has been shown to 
increase macronutrient and micronutrient uptake of 
plants [11]. 

 
In the Philippines, one of the commonly-used 

agricultural plants is upland kangkong, also known as 
Ipomoea reptans, which is one of the most cultivated 
leafy vegetables in Southeast Asia [12]. Although being 
primarily used for human consumption, I. reptans is 
also considered a common medicinal plant in some 
Southeast Asian countries, having purgative, anti-
inflammatory, hypolipidemic, antidiabetic, diuretic, 
antiepileptic, and antimicrobial properties [13]. 
However, in the Philippines, the growth and yield 
potential of I. reptans has not yet been fully exploited 
due to the inadequate use of inputs and lack of 
information on its production [14], which includes the 
utilization of humic substances among others. Given 
these conditions, it is necessary to utilize HA in 
fertilizers and determine whether it improves the 
growth of I. reptans. It is hypothesized that combining 
HA with fertilizers will improve I. reptans growth and 
yield as HA increases nutrient uptake and 
photosynthesis and respiration rates of plants [8]. 

 
This study focused on the effect of HA and its 

combined effect with inorganic fertilizer on the 
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growth and yield of I. reptans. Data from this research 
can be used to establish the credibility of HA 
utilization in agriculture, and contribute to the 
knowledge of the production of I. reptans species for 
local farmers. 

 
This research aims to determine the effect of HA 

and additionally its combined effect with inorganic 
fertilizer on the growth and yield of I. reptans. 
Specifically, it aimed to: 

 
(i) measure the plant height (cm), stem diameter 
(cm), and yield (kg/ha) of I. reptans. treated 
without  HA (control; T0A), with HA alone (T0B), 
without HA but with inorganic fertilizer (T1), and 
treated with combined HA and inorganic 
fertilizer (T2); 

 
(ii) determine whether using HA improves 
growth and yield of I. reptans by comparing the 
means of each parameter per treatment group 
using One-Way ANOVA; 
 
(iii) determine which among the treatment 
groups is best used for I. reptans. production. 

 
Methods. - The methodology is divided into six 

(6) parts: plot preparation and seed 
sowing,  randomization, watering and monitoring, 
treatment application,  measuring of parameters, and 
statistical analysis.  

 
Research sites.     The two (2) set-ups were done in 

Barangay Buray, Oton, Iloilo (10° 42' 12'' N 122° 28' 6'' 
E) which has soil classified in the Santa Rita soil series 
[15] and Barangay Balabag, Malay, Aklan (11° 58’ 0” N 
121° 55’ 39” E) using the same soil series. The locations 
were chosen due to their proximity to the residences 
of the researchers for easy monitoring. The data was 
gathered for 35 days. The research conducted in Oton 
lasted from January 12, 2021, to February 16, 2021, 
while the one conducted in Malay lasted from January 
19, 2021, to February 25, 2021. 

 
Plot Preparation and Seed Sowing.     A plot had 

dimensions of 30 cm by 40 cm. Before sowing the 
seeds, the soil was tilled up to 15 cm deep while it was 
moist. Six (6) planting holes were placed in each plot 
with three (3) seeds in each planting hole, 1-
centimeter deep into the soil [12], which amounted to 
a total of 18 seeds per unit plot. Commercially 
available I. reptans seeds were used.  

 
Randomization.     The replicates and plots were 

laid out in a randomized complete block design. Each 
replicate was randomized separately (RCBD) [16, 17]. 
The 18 plants in each plot were labeled from 1 to 18 
respectively. A random number generator from 1 to 
18 was used to generate 10 random numbers in each 
plot to determine which plants were measured. The 
same selected plants that were measured remained 
constant throughout the weekly data gathering 
process. 

 
Watering and Monitoring.    The treatment plots 

were monitored daily. They were watered once at 
17:00 with a volume of 500 mL of tap water per plot 
[18]. The plants were not watered if the surface of the 

soil is moist to the touch and the soil was also weeded 
when necessary. A screen was also constructed to 
protect the plants from any damage from pests. 

 
Treatment Application.     Two (2) set-ups were 

made simultaneously, each having three (3) treatment 
groups and one (1) control group. The treatments 
evaluated are as follows — T0B: soil applied with HA; 
T1: inorganic fertilizer + soil; T2: inorganic fertilizer + 
HA +soil. On the other hand, the control group that 
was evaluated was T0A: soil only. For the inorganic 
fertilizer, 250 kg/ha of urea fertilizer (46% N) was 
applied 7, 14, 21, and 28 DAS [19]. Five hundred (500) 
mL of 0.1% (1 g/L) solution of HA was applied in the 
plot every 14 days [20]. POWHUMUS® WSG 85 was 
used for the HA, derived as potassium humate, 
manufactured by HuminTech and contains 68-73% 
total humic acids [20]. The instructions indicated on 
the product packaging were the basis for the 
concentrations used in the study. Ramgo Plant 
Nutrition: Urea Fertilizer by Ramgo International 
Corporation was used for the inorganic fertilizer. 

 
Measuring of parameters.     The plant height and 

stem diameter were measured every seven (7) days 
starting at 14 DAS until 35 DAS and were recorded in 
centimeters (cm). The plant height was measured in 
cm from the ground level to the tip of the highest 
growing point using a ruler with ± 0.1 cm accuracy 
[21]. On the other hand, the stem diameter was 
measured in cm at the ground level at the base of the 
plant using a Vernier caliper with ± 0.05 cm accuracy 
[21]. The crop yield was determined by measuring the 
fresh weight in grams (g) using a top-loading balance 
with an accuracy of ±0.01g. The measured weight was 
then used in the formula below to determine the crop 
yield in kilograms per hectare (kg/ha) [22]. 

 

𝑐𝑟𝑜𝑝 𝑦𝑖𝑒𝑙𝑑 (
𝑘𝑔

ℎ𝑎
) =

𝑦𝑖𝑒𝑙𝑑/𝑝𝑙𝑜𝑡 (𝑖𝑛 𝑔)  × 108𝑐𝑚2

1200 𝑐𝑚2  ×  1000
 

 
Statistical analysis.     The raw data collected was 

subjected to analysis using One-way Analysis of 
Variance (ANOVA) at 95% confidence level (ɑ=0.05) 
using Microsoft Excel 365. It was done on groups of 
the same time point. The Least Significant Difference 
post-hoc analysis was then made to determine which 
groups exist a significant difference. 

 
Safety Procedure.     The wearing of proper 

gardening attire was observed during the conduct of 
the study. The chemicals used were also stored and 
sealed properly in a glass bottle and a copy of the 
chemical’s MSDS was also kept at all times. 

 
Results and Discussion. - Means of the gathered 

data were statistically analyzed using one-way 
ANOVA, and subjected to the Least Significant 
Difference (LSD) test as post-hoc analysis. 

 
Kangkong in Oton site vs in Malay site.     Significant 

differences were found in the three parameters—
plant height, stem diameter, and crop yield—
specifically at 28 and 35 DAS at the Oton site. 
However, no significant differences (p ≤ 0.05) among 
treatments were found in all three parameters within 
five weeks of cultivation at the Malay site.  
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The varied set of data gathered from the Malay 
site may be attributed to the different microclimate 
parameters present in the areas during the duration 
of the experiment [23]. Considering that the two sites 
belong to two different climate types classified by 
PAGASA, this seems to be the case. 

 
With this, the results that will be presented in this 

study are purely from the Oton site. 
 

Plant height.     Results showed that the plant height 
means of the treatments at 28 and 35 days after sowing 
(DAS) are significantly different (p ≤ 0.05). 

 
As seen in Figure 1, at 28 DAS, the mean plant 

height of the I. reptans treated with 0.1% HA (T0B = 
23.40 cm) was significantly higher than those of other 
treatments ─ T0A (19.82 cm), T1 (19.69 cm), and T2 
(18.38 cm). At 35 DAS, the mean plant height of the I. 
reptans treated with 0.1% HA (T0B = 38.24 cm) was also 
significantly higher than those of other treatments ─ 
T0A (30.73 cm), T1 (28.94 cm), and T2 (31.28 cm). 

  

  
Figure 1. Mean plant height (in cm) of I. reptans under 
different treatments in the Oton site.  

 
This indicates that there was a rise in nitrogen 

uptake [24]. Nitrogen boosts the growth of plants by 
stimulating height growth [25]. This may also be 
attributed to the hormones found in humic 
substances like auxins and gibberellins, as well as 
compounds such as amino acids, indole acetic acid, 
etc. [9][26]. The activation of auxin caused by the HA 
can induce cell elongation [10][27]. Cell elongation is 
an obligatory component of plant growth as it refers 
to the irreversible, rapid, and manifold increase in cell 
size and volume. It occurs in axial organs, such as 
stems and roots, wherein cells are elongated 
predominantly by cell wall growth on the cell lateral 
sides, resulting in the increase in plant height as plant 
morphogenesis depends on it [28]. 

 
Stem diameter.     The One-way ANOVA showed 

that the stem diameter means of the different 
treatments were not significantly different (p ≤ 0.05) 
as seen in Figure 2. 

  
Figure 2. Mean stem diameter (in cm) of I. reptans under 
different treatments in the Oton site. 

 
It can be speculated that there may be an 

insufficient concentration of Ca2+ ions in the soil 
that  HA can keep in a dissolved state [29] and can be 
absorbed by the plant. This is because Ca2+ plays an 
important role in strengthening plant stems by 
forming bonds with pectin compounds in plants 
which are important for plant tissue rigidity and 
integrity resulting in thicker and stronger stems [30]. 

 
Another reason could be because of how cell 

elongation works which is facilitated by HA. Cell 
elongation is defined as cells expanding in one 
dimension to elongate cells and organs [31]. Since the 
auxins activated by HA induce cell elongation [10] 
rather than expansion (in all three dimensions), the 
stem diameter of the plants cannot significantly 
increase. 

 
Crop yield.     One-way ANOVA showed that the 

crop yield means (in kg/ha) of the different 
treatments are significantly different (p ≤ 0.05).  

 
The mean crop yield (kg/ha) of the I. reptans treated 
with 0.1% HA (T0B = 6738.90) was significantly higher 
(p ≤ 0.05) than those of other treatments ─ T0A 
(4872.20 kg/ha), T1 (4711.10 kg/ha), and T2 (3616.67 
kg/ha) (Figure 3). This indicates that the treatment 
with 0.1% HA (T0B) improves crop yield the most 
among other treatments. 
 

  
Figure 3. Mean crop yield (in kg/ha) of I. reptans under 
different treatments in the Oton site.  

 
This increase in crop yield is attributed to the 

aforementioned growth-promoting hormones, 
auxins and gibberellins, which also play a role in the 
development of plant roots [32]. Increased vegetative 
growth and productivity are mainly due to the 
hormone-like activities of HA as it is involved in cell 
respiration, oxidative phosphorylation, protein 
synthesis, photosynthesis, antioxidants, and various 
enzymatic reactions [28]. The influence of HA is also 
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found in the development of plant roots, thus 
increasing plant production [24]. 

 
Optimal treatment for I. reptans growth and 

production.     Among the four treatments, T0B (soil 
applied with 0.1% HA) was the best treatment for I. 
reptans growth and production. Despite not having a 
notable impact on stem diameter, the treatment 
yielded positive significant effects on plant height and 
crop yield. Given that these parameters indicate the 
quality of plant growth and production, it can be 
deduced that the sole application of HA is the best 
treatment for I. reptans.  

 
This is in contrast however to the initial 

hypothesis based on the studies conducted by 
Sangeetha et al. [33] and Zhang et al. [9]. The positive 
effects of HA and the positive effects of urea 
separately may improve plant growth and yield when 
both substances are used in combination. To 
summarize, HA may contain auxin- and gibberellin-
like substances or induce the activity of these to 
promote cell elongation of axial organs such as stems 
and roots. Urea provides nitrogen for the plant, as 
nitrogen boosts the growth of plants by stimulating 
height growth [34]. 

 
It is suspected that plant toxicity by NH4+ has 

occurred due to an increase in soil pH, which 
generally has adverse effects on higher plants 
physiologically [35]. The toxicity of NH4+ depends 
upon the substrate-solution concentration of NH3, the 
un-ionized form of NH4+. Since NH3 increases as pH 
increases, this makes NH4+ more toxic as the soil 
becomes more acidic]. Furthermore, a decrease in 
phosphorus (P) uptake and utilization as an effect of 
an increase in soil pH due to urea fertilization can also 
be the case. This has caused plants to use urea 
inefficiently.  Phosphorus (P) deficiency reduces plant 
growth which is attributed to either decrease in 
photosynthesis or an increase in energy investment 
and negatively impacts crop yield and quality [35]. 

 
Limitations.     The data gathering was conducted 

within 35 days in two sites with varying climate types 
and weather conditions, which affected the plant 
samples even with significant efforts to control the 
effect of these factors. Although I. reptans can already 
be harvested at this time, the difference in plant 
growth and yield among treatments can be seen more 
clearly within a longer timespan.  Furthermore, due 
to the unavailability of laboratory equipment, other 
parameters such as nutrient uptake, soil moisture, and 
other soil parameters were not measured.  

 
Despite this, the findings of this study may aid 

future research in improving the growth and 
production methods of agricultural crops and in 
establishing the credibility of humic substances in 
agriculture.  

 
Conclusion. - Significant differences were found 

between groups in only one site at 95% confidence 
level in mean plant height both at 28 and 35 DAS, and 
mean crop yield. Meanwhile, no significant 
differences were found in stem diameter means at all 
seven-day intervals. Post-hoc analysis using Fisher’s 
LSD test showed significant differences between T0A 
and T0B, T1 and T0B, and T2 and T0B but none in 

other pairs of treatments in terms of plant height and 
crop yield. Thus, the sole application of HA produced 
I. reptans with the tallest plant height and largest crop 
yield among the treatments used. 

 
Recommendations. - Results in this study can be 

improved by replicating in an enclosed space more 
suitable for plant growth to avoid the effects of 
weather conditions and to prevent infiltration and 
infestation of pests. Other treatments can be utilized 
such as other types and levels of fertilizers and HA, 
and the use of other humic substances such as 
naturally extracted HA or substances. It is also 
recommended to conduct the study with a larger 
plant population and sample size for better 
representation. Certain parameters such as the 
number of leaves and branches, nutrient uptake, and 
soil parameters can be evaluated and measured. 
These parameters help determine their overall effect 
on plant growth and measure the growth of the plant 
itself. Replication of these types of studies on other 
plant species may be done. The use of HA in 
agriculture is recommended as it has positive results 
on crop growth and yield.   
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Elevated salt concentration can be toxic to plant development. 
Hydropriming can overcome this by increasing the seeds’ stress tolerance. 
This study determined the effects of hydropriming on the germination of 
Oryza sativa L. var. NSIC Rc 216, a widely used  rice variety in the 
Philippines, subjected to sodium chloride stress. Seeds were hydroprimed 
for 12, 24, or 48 hours with unprimed rice seeds as control. Seeds were then 
allowed to germinate for seven days and germination parameters were 
recorded. Significant differences were recorded with the germination 
energy percentage (GEP) and speed of germination means (SG). The 48-
hour treatment had significantly higher GEP and SG means when 
compared to the control set-up; however, no significant differences were 
recorded with the final germination percentage (FGP) and seedling vigor 
index (SVI). In conclusion, hydropriming had effects on the germination 
rate of rice under salt stress but not with its overall germination 
performance. 
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Introduction. - Rice (Oryza sativa L.) is an 

important staple food crop in the world and in the 
Philippines, feeding half of the human population 
[1]. 

 
However one of the major problems of the 

agriculture industry is soil salinity.  It affects the plant 
at almost all of its growth stages and impacts the 
germination and growth of plants [2]. Highly saline 
environments can decrease the osmotic potential of 
soil and make it toxic to seedlings [3]. The growth of 
rice, in particular, can be negatively affected by 
increased salt concentration that leads to the 
reduction of several germination parameters such as 
its final germination percentage (FGP), germination 
energy percentage (GEP), and speed of germination 
(SG) [4]. 

 
Hydropriming has been recommended to 

address the effects of soil salinity [5,6,7]. It is a simple 
method that only requires distilled water as the 
priming medium for the seeds before sowing [8]. This 
process enables the seeds to imbibe water which 
facilitates the emergence of the seeds’ radicle [9,10]. 
With this, it has the potential to upregulate the 
tolerance of plants from abiotic stresses by enhancing 
seed germination, seedling growth, and development 
[7,10].   

 
Although there have been few studies on the 

effect of hydropriming on the germination of O. 
sativa L, under salt stress [11, 12, 13], there is limited 
research on its effect on the variety NSIC Rc 216 
subjected to elevated salinity levels. 

NSIC Rc 216 rice variety has a wide adaptation 
under different stresses presented by varying climates 
across the country thus making it one of the most 
popular rice varieties in the Philippines [14].  Although 
it is considered versatile, it was classified as salt-
sensitive by Imai and Sevilla [15] which may lead to 
poor germination and plant growth that can cause 
yield losses during harvest if subjected to salt stress 
during germination [4].  

 
This study tested the efficacy of hydropriming in 

counteracting salt stress in O. sativa L., variety NSIC 
Rc 216, helping determine how generalizable is 
hydropriming’s pro-germination effects to other rice 
varieties. 
 

More specifically, it aimed to: 
 
(i) determine and calculate the number of 
seedlings per day, the height of seedlings, and the 
seed germination parameters: final germination 
percentage (FGP), germination energy 
percentage (GEP), speed of germination (SG), and 
seedling vigor index (SVI); 
 
(ii) determine the effects of different 
hydropriming durations (12 hours, 24 hours, and 
48 hours)  on the calculated germination 
parameters of Oryza sativa L. variety NSIC Rc 216 
under saline stress; and 
 
(iii) compare and determine if there is a 
significant difference among the treatments 
using one-way analysis of variance (ANOVA) and 
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Least Significant Difference (LSD) post-hoc 
analysis using Rstudio and R programming 
language. 
 
Methods. - Rice seeds were hydroprimed at 

varying durations (12, 24, or 48 hours) following a 
completely randomized design (CRD), with unprimed 
rice seeds as control, as seen in Table 1. They were 
subsequently air-dried for three (3) hours, then they 
were allowed to germinate in the prepared 
germination media and chamber. After seven (7) days, 
all the germination parameters were measured and 
recorded. Statistical analysis was then performed. 
 
Table 1. The different hydropriming duration, replicates, and 
corresponding labels of the different set-ups used. 

Hydropriming 
duration 
(hours) 

No. of seeds per 
replicate Replicates 

12 
50 3 

24 
50 3 

48 
50 3 

0 (Control) 
50 3 

 
Seed authentication, storage, and selection.     Rice 

variety NSIC Rc 216 was acquired from the local 
farmers at Oluangan, Leon, Iloilo, and authenticated 
with the help of the Department of Agriculture at 
Leon, Iloilo.  

 
They were then stored in an airtight container at 

room temperature until use. The seeds were tested for 
moisture content to ensure seed viability. Seeds that 
had moisture content of 14% or less were considered 
viable, while the rest were discarded. 

 
Seed hydropriming.     Fifty (50) seeds per replicate 

per treatment were selected. They were hydroprimed 
for 0 (control), 12, 24, and 48 hours using distilled 
water (Absolute Pure Distilled Drinking Water) with a 
ratio of 5 mL of water for every 12 rice seeds. The 
seeds were then air-dried for 3 hours and stored in 
growing media for germination. 

 
Growing media.      A total of 12 Petri dishes, with 

three (3) layers of filter paper each, were used as 
growing media. They were kept sealed during the 
experiment to prevent moisture loss. 
 

Saline stress simulation.      To induce salt stress, a 
0.15 M saline solution was prepared using a technical 
grade sodium chloride (NaCl) and distilled water. Ten 
(10) mL of the prepared solution was then 
administered evenly to each replicate of each 
treatment after the hydroprimed and control seeds 
were sowed on the growing media. 

According to Chunthaburee et al. [16], a 0.15 M 
salt concentration generally induces hyperosmotic 
stress to rice seeds through ion imbalance. 

Growth period and conditions.     The Petri dishes 
were then stored in a germination chamber with LED 
tubes at a 12-hour light and 12-hour dark 
photoperiodic cycle with the light intensity 
maintained at 4000 lux during the light cycle [17]. The 
seeds were then allowed to germinate for seven (7) 
days. 

 
Data collection and calculation.     Germinated seeds 

were counted every 24 hours at 6:00 AM, following 
the procedure by the International Research Institute 
(IRRI) where both plumule and radicle must be 
present [18]. After the germination period, 15 sprouted 
seedlings with the longest lengths (root+shoot) per 
replicate per set-up were selected and their lengths 
were recorded. The final germination percentage 
(FGP), speed of germination (SG), germination energy 
percentage (GEP), and seedling vigor index (SVI) were 
then calculated using the following equations [4, 19]: 

 

𝐹𝐺𝑃 =
𝑁𝑜. 𝑜𝑓 𝑔𝑒𝑟𝑚𝑖𝑛𝑎𝑡𝑒𝑑 𝑠𝑒𝑒𝑑𝑠 𝑜𝑛 𝑡ℎ𝑒 7𝑡ℎ 𝑑𝑎𝑦

𝑁𝑢𝑚𝑏𝑒𝑟
× 100 

 

𝑆𝐺 =
𝑁𝑜. 𝑜𝑓 𝑔𝑒𝑟. 𝑠𝑒𝑒𝑑𝑠

𝐷𝑎𝑦𝑠 𝑜𝑓 𝑓𝑖𝑟𝑠𝑡 𝑐𝑜𝑢𝑛𝑡
+⋯+

𝑁𝑜. 𝑜𝑓 𝑔𝑒𝑟. 𝑠𝑒𝑒𝑑𝑠

𝐷𝑎𝑦𝑠 𝑜𝑓 𝑙𝑎𝑠𝑡 𝑐𝑜𝑢𝑛𝑡
 

 
 

𝐺𝐸𝑃  =  
𝑁𝑜. 𝑜𝑓 𝑠𝑒𝑒𝑑𝑠 𝑔𝑒𝑟𝑚𝑖𝑛𝑎𝑡𝑒𝑑 𝑜𝑛 𝑡ℎ𝑒 𝑓𝑜𝑢𝑟𝑡ℎ 𝑑𝑎𝑦

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑒𝑒𝑑𝑠
𝑥 100  

 
𝑆𝑉𝐼 =  𝐹𝐺𝑃 × 𝑠𝑒𝑒𝑑𝑙𝑖𝑛𝑔 𝑙𝑒𝑛𝑔𝑡ℎ (𝑟𝑜𝑜𝑡 +  𝑠ℎ𝑜𝑜𝑡 ) 

 
Statistical analysis.     One-way analysis of variance 

(ANOVA) was conducted for each calculated 
parameter of all treatments with a confidence interval 
of 95% (⍺=0.05). Least Significant Difference (LSD) 
post-hoc analysis was then performed using Rstudio 
(version 1.4.1106, Open Source License).  

 
Safety procedure.     The safety data sheet (SDS) for 

NaCl was secured and the hazards of handling were 
considered beforehand. NaCl was disposed of in 
chemical waste containers while the discarded seeds 
were segregated properly. Proper protective 
equipment was worn at all times while performing all 
experimental procedures. All the procedures were 
done at home to prevent COVID-19 infection. 

 
Results and Discussion. - The study aimed to 

determine the effects of hydropriming on the 
germination of O. sativa L. var. NSIC Rc 216 under 
NaCl stress.   

 
After seven days, a germination lag was observed 

with the control setup for two (2) days and both 12 and 
24-hour setup for one (1) day. No germination lag has 
been observed with the seeds hydroprimed for 48 
hours. 
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Figure 1. The calculated Final Germination Percentage (FGP) 
and Germination Energy Percentage (GEP) for all the 
experimental set-ups. 

 
Final Germination Percentage and Germination 

Energy Percentage.     The highest FGP mean was 
recorded with the 12 hours of hydropriming of rice, 
as seen in Figure 1; however, this was not significant 
when compared to other treatments. The highest 
recorded GEP mean, on the other hand, was with  24 
and 48 hours of hydropriming, both having the same 
value of 97.33% and were significantly different when 
compared to the rest of the set-ups with a p-value of 
0.03.  

 
The values of both parameters (FGP and GEP) 

may indicate that hydropriming affects the 
germination of rice seeds at the earlier stages. This 
was suggested by the significantly different values for 
GEP which was a parameter calculated using the data 
on the 4th day.  

 
With that, seeds germinated faster when 

hydroprimed at longer durations; however, after 
some time, seeds hydroprimed at shorter durations 
germinated as well. This may have caused the FGP 
values, which was a parameter calculated on the 7th 
day, to be non-significant. 

 
This is in accordance with the results of Prasad 

[20] in which GEP also increased with longer 
durations of hydropriming, with the highest GEP 
mean recorded with 28 hours of hydropriming. This 
effect was attributed to the different biological 
mechanisms triggered by hydropriming, such as the 
release of enzymes that produce soluble food 
nutrients for the seeds. This may have enabled the 
seeds to germinate upon sowing [20]. 

 

 
Figure 2. The calculated Speed of Germination (SG) for all the 
experimental set-ups. 

 

Speed of Germination.     The highest SG mean was 
recorded with the 48-hour hydroprimed seeds, as 
seen in Figure 2. The SG also increased with longer 
durations of treatment. This may be caused by the 
jumpstart in germination through a series of 
biological and physiological processes such as the 
acceleration of the emergence phase and 
multiplication of radicle cells [11, 21, 22]. In the study 
of Amooaghie [23], it was stated that the early 
germination stage of plants was “from sowing to 
seedling emergence” in which they are most 
vulnerable to external conditions such as salt stress. 
Hydropriming speeds up the germination process 
through stimulatory effects through cell division 
mediation and thus limits the exposure of the seeds to 
the stressful conditions presented by the environment 
[11, 24]. This was also in line with the findings of Kaya 
et al. [9] in which hydropriming of Helianthus annuus 
L. seeds resulted in the acceleration of germination 
even in low osmotic potential (i.e. salt stress). 

 

 
Figure 3. The calculated Seedling Vigor Index (SVI) for all the 
experimental set-ups. 

 
Seedling Vigor Index.     The highest SVI was 

recorded with 48-hour hydroprimed seeds, as seen in 
Figure 3. The seedling vigor index increased with the 
increasing duration of hydropriming; however, it was 
determined that these values are not significant with 
a p-value of  0.06. Similar to the FGP, the SVI was not 
affected probably because the parameter was 
recorded over a longer period and hydropriming may 
have only affected the earlier germination stages of 
rice seeds [24].   

 
The study of Elyasirad et al. [25] had contrasting 

findings to these results. The study observed that 
hydropriming Ferula assa-foetida has a significant 
effect on the germination parameters of the seeds, 
including the SVI [25]. 

 
This may be explained by the positive effects of 

saline content observed by previous studies. An 
example of this is with Lutts et al. [13] which found out 
that increased NaCl concentration of up to 50 mM, 
caused proline accumulation of rice seedlings. This 
proline accumulation may be responsible for 
improving the germination of rice seeds by 
counteracting the effects of salinity by ion 
detoxification. This protects the plant at the cellular 
level from osmotic imbalance presented by the saline 
content of the environment [26]. This may have 
happened to the unprimed seeds that caused the ger-
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mination performance in this setup to be comparable 
to the performance of 48-hour hydroprimed seeds, as 
evaluated by the SVI.  
 

Limitations.     Due to time constraints, this study 
only observed the effects of hydropriming on limited 
parameters and only one salinity level has been used. 
The entire experiment has been done at home which 
may have affected the overall results of this study 
specifically with the unavoidable external factors such 
as humidity, light from other sources within the study 
site, and resident presence. 
 

Conclusion. - Hydropriming was concluded to 
only have effects on the early days of rice seed 
germination, primarily affecting the germination rate 
but not with the overall germination performance 
while the rice seeds were being subjected to saline 
stress. Hydropriming may also be used to accelerate 
germination of O. sativa L.in saline conditions. 
 

Recommendations. - It is highly encouraged to 
use other Philippine rice varieties to further assess the 
effects of hydropriming on their germination while 
being subjected under saline stress. A larger scale of 
this experiment with a longer duration of observation 
is also recommended. The replication of the 
experiment in laboratory and field conditions may 
also be considered to minimize or completely 
eliminate the effects of external conditions that can 
affect the study. 
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The continuous and excessive generation of eggshells as agricultural 
and industrial waste results in various environmental problems. However, 
recent studies have shown that eggshells contain essential compounds that 
promote plant growth and soil condition. Thus, this study aimed to 
determine the effects of powdered chicken eggshells (PCES) on the 
vegetative growth of Vigna radiata. Chicken eggshells were air-dried, 
crushed, and powdered. The plants were then grown on PCES-soil 
compositions of 0%, 10%, and 15% (w/w). The stalk and root length were 
statistically compared between treatments using one-way ANOVA and 
post-hoc Tukey-Kramer test. The results indicate that a significant 
difference existed for both mean plant length scores between plants grown 
on untreated soil and PCES-treated soil; PCES was found to improve the 
vegetative growth of V. radiata. However, adverse effects were observed at 
15% PCES due to excessive calcium uptake. Hence, quantifying the amount 
threshold of PCES is necessary. 
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Introduction. - Food industries continuously 
produce excessive amounts of waste, making it 
increasingly crucial to formulate solutions to solve 
this problem. Eggs are one of the products with 
extensive production quantities under the industry 
[1]. Hence, considerable amounts of eggshells are 
being discarded every day, resulting in various 
environmental issues such as increased waste in 
landfill sites and pollution [2]. According to the Food 
and Agriculture Organization of the United Nations 
(FAO) [3], the world egg production in 2019 was 
recorded to be about 83.5 million tonnes. In addition, 
eggshells constitute about 11% of the total egg weight. 
Thus, the waste generated can be estimated to be 
about 9.2 million tonnes per year, globally [1]. 
 

An eggshell is composed of 94% calcium 
carbonate, 1% calcium phosphate, 1% magnesium 
carbonate, and 4% organic substances [4]. Hence, 
eggshells are known to contain substantial amounts of 
calcium, and due to this, they can be utilized for the 
improvement of plant growth [5,6]. A study 
conducted by Gaonkar and Chakraborty [7] reported 
that powdered eggshells increase the pH and calcium 
content of the soil. Furthermore, the study indicated 
that chicken eggshells contain larger quantities of 
calcium carbonate than duck eggshells. Additionally, 
Ok et al. [8] and Soares et al. [9] reported the 
successful immobilization of heavy metals such as 
cadmium, lead, and zinc in contaminated soils 
through treatment with eggshells. Moreover, a study 
conducted by Wijaya and Teo [5] reported that 
eggshells significantly improved the height of Ocimum 
basilicum (sweet basil), which is associated with its 
calcium content. 

 

These findings are mainly associated with the 
composition of eggshells as previously mentioned. 
Furthermore, it must be noted that calcium, an 
essential mineral for plant growth, is the main 
constituent sought after eggshells in the study [5,11]. 
Additionally, the mechanism of entry of this mineral 
cation to plant cells is via passing through Ca2+-
permeable ion channels situated in the plasma 
membrane [10]. This separates the other components 
of calcium salts such as the carbonate group for the 
case of calcium carbonate [11]. 

 
The aforementioned information and findings 

highlight the practical application of eggshells in 
utilizing their properties to strengthen waste 
management and agricultural production. Hence, its 
application as a soil amendment to increase the 
calcium content of the soil will be beneficial to 
developing countries. Furthermore, this is in line with 
the promotion of zero hunger, economic growth, and 
responsible consumption and production, which are 
some of the Sustainable Development Goals (SDGs) 
being targeted by the United Nations (UN) [12]. 
 

Vigna radiata (mung beans or “monggo”) is one of 
the major crops in the Philippines, commonly used in 
various local dishes. It is an annual, erect or semi-erect 
legume that is usually cultivated for its seeds or 
sprouts across Asia [13]. Additionally, it is one of the 
cheapest protein sources in the Filipino diet as it is 
easily cultivated [14]. Furthermore, according to the 
Philippine Statistics Authority (PSA) [15], a production 
of about 23.8 thousand tonnes of the legume was 
observed within the second quarter of 2020. Although 
it shares a considerable fraction of the Philippine 
agriculture, the effects of eggshells on the vegetative 

mailto:publiscience@wvc.pshs.edu.ph


 

64 | Racho and Navarro 

 

growth of V. radiata are yet to be explored. Since it can 
be easily cultivated, it can serve as a model plant to 
determine the effects of calcium derived from 
chicken eggshells towards vegetative growth in 
general, which is a key factor that determines whether 
or not a plant proceeds to the reproductive stage [14]. 
 

To address this gap, the study investigated the 
effects of powdered chicken eggshells (PCES) on the 
vegetative growth of V. radiata. Specifically, it aimed 
to: 

 
(i) measure the stalk length of V. radiata grown on 
PCES-soil compositions of 0%, 10%, and 15% (w/w) 
at 10, 20, and 30 days after planting; 
 
(ii)  measure the root length of V. radiata grown 
on PCES-soil compositions of 0%, 10%, and 15% 
(w/w) at 30 days after planting; and 
 
(iii) determine if a significant difference exists 
among the mean values for stalk length and root 
length of V. radiata between treatments. 
 
Methods. - Chicken eggshells were air-dried, 

crushed, and powdered. Then, the acquired PCES 
were mixed with 400 g of soil at 0%, 10%, and 15% 
(w/w). V. radiata seeds were planted at the PCES-soil 
compositions and received 50 mL of distilled water 
every day. The stalk length was measured at 10, 20, 
and 30 days after planting, and the root length was 
measured at 30 days after planting. 
 

Preparation of PCES.     Chicken eggshells were 
collected and air-dried for two weeks. The dried 
eggshells were then crushed and powdered using an 
electric grinder (Nima Japan 150 W NM-8300). 
Subsequently, the PCES was acquired from the 
resulting solid through a sieve (pore size: 0.16 cm). 

 
Formulation of PCES-soil compositions.     The soil 

compositions were prepared at the following PCES 
percentages: 0%, 10%, and 15% (w/w). Six pots were 
allotted for each treatment. For each pot, about 400 g 
of dry loam soil was homogenized with a mass of 
PCES corresponding to its assigned treatment. 

 
Growing of V. radiata plants.     Five V. radiata seeds 

were planted in each pot and about 50 mL of distilled 
water was allocated to each pot per day. Moreover, the 
blocking of the pots was randomized every day. 

 
Measurement of morphological lengths. After 10 and 

20 days, the stalk length of the plants was measured 
using Measure © 2020 Apple Inc. (precision: ±1 cm). 
After 30 days, both the stalk length and root length of 
the plants were measured using a vernier caliper 
(precision: ±0.005 cm). 

 
Data Analysis.     One-way analysis of variance 

(ANOVA) test was conducted to determine significant 
differences at the morphological lengths between 
treatments, and a post-hoc Tukey-Kramer test was 
conducted to determine which treatments 
significantly differed from each other. The tests were 
conducted at an alpha level of 0.05 (α=0.05) using the 
Analysis Toolpak add-in of Microsoft® Excel® for 
Microsoft 365 MSO (16.0.13901.20436) 64-bit. 

 

Safety Procedure.     During the conduct of the 
study, the use of appropriate personal protective 
equipment (PPE) was observed. Electricity-powered 
and hazardous equipment were properly handled 
according to their safety precautions. Lastly, all 
organic and inorganic waste were disposed of 
accordingly. 
 

Results and Discussion. - In this study, a 
significant difference exists between the total means 
of the morphological lengths of the plants grown on 
0% PCES and PCES-treated soil (10% and 15% PCES) at 
all intervals. Additionally, there was no significant 
difference between the stalk length of the plants 
grown on 10% and 15% PCES at all intervals, but 
interestingly, a significant difference exists between 
their root lengths. Simply put, the addition of PCES as 
a soil amendment significantly improved the 
vegetative growth of Vigna radiata (Figures 1 and 2). 

 

 
Figure 1. The total means of the stalk length of V. radiata 
grown on 0%, 10%, and 15% PCES after 10, 20, and 30 days. 
 

 
Figure 2. The total means of the root length of V. radiata 
grown on 0%, 10%, and 15% PCES after 30 days. 
 

These findings are mainly associated with the 
calcium content of eggshells [1,4], where the mineral 
plays a key role in several physiological processes in 
plants [5,11]. Furthermore, similar studies conducted 
by Wijaya and Teo [5] and Gaonkar and Chakraborty 
[7] reported similar findings as well.  

 
Contrastingly, adverse effects were observed on 

the plants grown on 15% PCES. As previously 
mentioned, a significant difference exists between the 
root lengths of the plants grown on 10% and 15% PCES; 
it was presented in Figure 2 that this was in favor of 
the prior treatment. Furthermore, chlorosis was 
observed on the leaves of the plants grown on 15% 
PCES. It is known that excessive calcium uptake may 
lead to disturbances in the ion balance, resulting in an 
antagonistic effect towards other minerals, such as 
iron, potassium, and magnesium [11,16]. This results 
in mineral deficiency, mainly indicated by 
chlorosis—the decreased green pigmentation in 
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interveinal areas but an increased pigmentation in the 
veins of the leaves [11,16,17]. In this study, plants grown 
on 15% PCES had their third and succeeding trifoliates 
afflicted with chlorosis. Simply put, the younger 
leaves were afflicted, which was also observed in 
previous studies that investigated iron and potassium 
deficiency [11,17] (Figure 3). 
 

 
 

Figure 3. The leaves of a V. radiata plant grown on 15% PCES 
afflicted with chlorosis.  
 

As previously mentioned, the occurrence of 
chlorosis in the plants may be due to the excessive 
amount of calcium present in the soil composition. 
Consequently, this results in the deficiency of 
essential plant growth minerals, such as iron, 
potassium, and magnesium, due to the induction of 
an ion imbalance associated with the antagonistic 
relationship between calcium and the 
aforementioned cation minerals [11,16,17]. Moreover, 
a study conducted by Giel and Bojarczuk [11] reported 
that other than the induction of mineral deficiencies, 
the addition of calcium salts such as calcium 
carbonate increases the total nonstructural 
carbohydrates (TNC) in the roots and leaves of plants. 
This limits the utilization of photosynthetic products 
and subsequently causes growth inhibition. 
Furthermore, this may be attributed to the observed 
significant difference between the root length of the 
plants grown on 10% and 15% PCES. 
 

In summary, PCES significantly improved the 
vegetative growth of V. radiata in terms of the 
morphological lengths measured. However, excessive 
calcium uptake may have occurred at the plants 
grown on 15% PCES, which resulted in chlorosis. 
Furthermore, it is critical to note that calcium uptake 
was not quantified in this study. The occurrence of 
chlorosis has been associated with excessive calcium 
uptake since it is the major component of the PCES—
the variable that was varied among treatments. In 
addition, there is existing literature that correlates 
mineral deficiencies to interveinal chlorosis, and only 
the plants grown on 15% PCES were afflicted with 
chlorosis despite the randomization of the blocking of 
the pots on a daily basis and the homogenization of 
the soil compositions. 

 
Limitations.     Only two parameters were 

evaluated to observe vegetative growth, namely, stalk 
and root length, since the plants were observed for 
only 30 days due to time constraints. Furthermore, no 
tests or analyses were done regarding soil parameters, 
calcium uptake, mineral and TNC content, and 
chlorosis due to the unavailability of equipment since 
the study was conducted during a pandemic. 

 

Conclusion. - Powdered chicken eggshells 
significantly improved the vegetative growth of the V. 
radiata plants. However, excessive amounts induced 
adverse effects on the plants. 

 
Recommendations. - It is recommended to 

observe the plants until the reproductive stage to 
quantify other morphological structures. 
Furthermore, the analysis of variables correlated with 
excessive calcium uptake such as mineral and TNC 
content is advised to quantify the influence of excess 
calcium. This is to determine which mineral 
deficiency occurred due to their identical visual 
indicator—chlorosis. Regarding this, reflectance 
spectroscopy is suggested to quantify the occurrence 
of chlorosis. Lastly, it is advised to determine the 
amount threshold of PCES with regards to the adverse 
effects and the ideal PCES supplementation for the 
best mean scores. 
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- 

Oil spills are detrimental to the environment and its inhabitants. In this 
study, raw corn husks (RCH) and raw rice husks (RRH) were used as 
sorbents for bunker fuel. Adsorption tests were performed by subjecting 
the sorbents in bunker fuel. The mean percent adsorption of RCH, RRH, 
and sorbent pad were 10.1%, 3.75%, and 56.8%, respectively. It was found that 
RCH exhibited a significantly higher mean percent adsorption than RRH 
which was most likely due to its relatively higher cellulose content. 
Additionally, sorbent pad exhibited a significantly higher mean percent 
adsorption than the husks possibly due to its higher saturation point. 
Although the adsorption percentages of RCH and RRH were significantly 
less than that of sorbent pads, their ability to adsorb made them viable 
sorbents for bunker fuel removal, and when compared, RCH would be the 
better sorbent over RRH. 
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Introduction. - Oil spill incidents pose a serious 

threat to the marine environment. These spills may 
be caused by accidents involving oil tankers and 
pipes, natural disasters, and runoffs [1].  Spills 
including crude oil from tankers, refined petroleum 
products, and heavy fuels such as bunker fuel are a 
major environmental concern. This is because most 
components of the oil-like polycyclic aromatic 
hydrocarbons (PAHs) are toxic to both aquatic and 
terrestrial organisms, and induce irreversible effects 
to the environment [2,3]. Bunker C fuel (No. 6 oil), 
which powers marine vessels, is the most common in 
these incidents [4]. Bunker fuel evaporates in small 
percentages and presents a higher viscosity relative to 
the other oil types [5].  

 
Adsorption is an economically advantageous and 

eco-friendly approach in remediating oil spill 
incidents. It is a process wherein oil particles are 
attracted to the surface of the sorbent. The process 
relies on the adhesion of the oil particles to the 
sorbent surface and cohesive properties of oil which 
allow greater amounts of oil to be retained by the 
sorbent [8].   
 

Studies have investigated the adsorption 
capabilities of different agricultural wastes on crude 
oil [1,7,9]. The use of rice husks and corn husks as 
sorbents for oil spill remediation removes 
environmental pollutants while minimizing the 
negative impacts of burning and disposal of 
agricultural by-products [10]. It was concluded in the 
study of Razavi et al. [7] that the oil adsorption 
capacity of raw rice husk on crude oil was 
independent of pH. They added that the particle size 
of the sorbent and viscosity of the oil would 

significantly affect the adsorption capacity wherein 
directly proportional relationships would be observed 
between the adsorptive capability and the two 
parameters. Biological structures were also found to 
affect adsorption capacity [11,12]. Furthermore, 
previous studies have utilized pre-treated husks in 
removing environmental pollutants such as dyes, 
heavy metals, and certain organic compounds [1,9]. 
However, it should be noted that these pre-treatment 
steps may be time-consuming and costly [10]. Thus, 
the use of husks in their raw state would be highly 
advantageous, especially in emergency oil spill 
situations.  

 
Previous studies have found that cellulose 

content is higher in raw corn husk (RCH) than in raw 
rice husk (RRH) [13,14,15,16,17]. It was also observed 
that when the cellulose content was increased, the 
adsorption capacity of husks also increased [11,12]. 
Therefore, it is hypothesized that RCH will exhibit a 
significantly higher fuel percent adsorption 
compared to RRH.  

 
This study aimed to determine and compare the 

percent adsorption of RRH, RCH, and sorbent pads 
for bunker fuel. It specifically aimed to: 

 
(i) determine the weight of the sorbents before 
and after adsorption; and 
 
(ii) calculate and compare the percent adsorption 
of the three sorbents. 

 
Methods. - The corn husks and rice husks were 

washed, sun-dried, ground, sifted, wrapped in 
polypropylene fabric, and then submerged in pure 
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bunker fuel. Commercially available polypropylene 
sorbent pads, also wrapped in polypropylene fabric, 
were used as a positive control. The samples were 
allowed to drain before weighing to determine the 
percent adsorption of the three sorbents (RRH, RCH, 
and sorbent pads). The mean percent adsorption of 
the three sorbents were then determined and 
compared using One-Way Analysis of Variance 
(ANOVA). Ten samples were conducted per sorbent. 
 

Materials.     RCH and RRH were gathered from 
San Joaquin, Iloilo, and Roxas City, Capiz, 
respectively, while sorbent pads were obtained from 
the Philippine Coast Guard Station in Bo. Obrero, 
Iloilo City. Bunker fuel was procured from the Iloilo 
City Public Safety and Transportation Management 
Office. 
 

Preparation.     RCH and RRH were washed, sun-
dried, subjected to grinding, then sifted using a 2 mm 
sieve. Ground husks then underwent the coning and 
quartering method thrice for randomization. Five 
grams of each sorbent was wrapped in polypropylene 
fabric.  Polypropylene fabric was used as a container 
for easy retrieval of the ground sorbents after 
submersion in bunker fuel. 
 

Adsorption.     Wrapped RCH was soaked in 80.0 g 
of bunker fuel for 3 hours and was allowed to drip 
until the point when no further dripping was 
observed.  Finally, the resulting sorbent was weighed 
using a calibrated digital weighing scale. Similar 
procedures were followed for the RRH and sorbent 
pads. Ten samples were tested for each sorbent. To 
control the effect of the polypropylene fabric on fuel 
sorption, three samples of empty polypropylene 
pouches of the same dimensions as those used in 
wrapping the sorbents  were subjected into the fuel 
under the same experimental conditions. Their 
weights were then taken, and averaged. The calculated 
average weight of 10.62 grams was subtracted from 
the weights of the sorbents wrapped in polypropylene 
fabric with adsorbed fuel. 
  

Data Analysis.     The percent adsorption for each 
sorbent was calculated using the following formula 
adapted from the study of Razavi et al. [1]: 

 

% 𝐴𝑑𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 = (
𝑆𝑡 − 𝑆0

𝑊𝑓𝑢𝑒𝑙

)  ×  100 

 
Where: 
St = the weight (in grams) of the sorbent after 
adsorption  
So = the weight (in grams)  of the sorbent before 
adsorption  
Wfuel = the weight of the fuel before adsorption in 
grams. 
  

Statistical Analysis.     One-way ANOVA was 
conducted to compare the three mean percent 
adsorption using Microsoft Excel 2016 with Real 
Statistics Resource Pack software (Release 7.2) and QI 
Macros statistical process control (SPC) software 
package plugin, version 2021.01. The level of 
significance was at 0.05. The Levene’s test was used 
for the homogeneity of variances and the Tukey test 
for post-hoc analysis. Both were executed using the 
same program. To check for normality, the Shapiro-

Wilk test was conducted using the software JASP 
0.14.1.  

 
Safety Procedure.     Excess bunker fuel and used 

sorbents were stored in a closed container and were 
handed over to the community waste disposal team. 

 
Results and Discussion. - Table 1 shows the 

average weights (in grams) of each sorbent before and 
after fuel adsorption. 

 
Table 1. Mean and standard deviation of the weights before 
and after fuel adsorption (in grams) of RCH, RRH, and 
sorbent pad. 

Sorbent Before 
Adsorption  (g) 

After 
Adsorption (g)  

RCH 5.00 13.2 ± 1.89 

RRH 5.00 8.00 ± 0.78 

Sorbent Pad 5.00 50.4 ± 1.74 

 
 Figure 1 shows the respective mean percent 

adsorption of the three sorbents for bunker fuel.  
 

 
Figure 1. Mean percent adsorption of RCH, RRH, and sorbent 
pad for bunker fuel. 
 

RCH yielded a mean percent adsorption of 10.1 ± 
2.40. The RRH on the other hand had mean 
adsorption of 3.75% ± 1.03. Finally, for the sorbent pad, 
the mean adsorption was 56.8% ± 2.29.   

 
Using the Shapiro-Wilk test, data was confirmed 

to have a normal distribution. Additionally, there was 
a statistically significant difference between groups as 
determined by one-way ANOVA (F(2,27) = 2090.11, p 
= .000). Data was found to satisfy the assumption of 
homogeneity of variances through Levene’s test (p = 
0.093 > 0.05). Tukey post hoc test revealed that RCH 
(10.13% ± 2.40%, p = .000) exhibited a significantly 
higher mean percent adsorption than RRH (3.75% ± 
1.03%, p = .000),  and sorbent pad (56.77% ± 2.29%, p = 
.000) exhibited a significantly higher mean percent 
adsorption than RCH.  

 
The significantly higher percent adsorption of 

RCH over RRH could be attributed to the cellulose 
content of the sorbents. The cellulose content in RCH 
is generally greater than that in RRH [13, 14, 15, 16, 17], 
where the mentioned studies only featured either of 
the husks. In addition to this, characterization studies 
using the Technical Association of Pulp and Paper 
Industry (TAPPI) method of identifying the chemical 
composition of husks revealed that cellulose in corn 
husks reached 31-39% while only a maximum of 31% 
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was present in rice husks [18, 19].  Cellulose was found 
to play a key role in maintaining the mesopore 
structure of activated carbon as a sorbent [11]. 
Mesopores function in accelerating diffusion into 
micropores and increasing the equilibrium coverage 
of the micropore surface which contains adsorptive 
sites wherein the inner layers possess higher 
adsorption energies [12]. 

 
According to the International Tanker Owners 

Pollution Federation Limited (ITOPF) [8], sorbent 
materials for oil spills should attract oil to their 
surface or incorporate the oil in the material itself. 
RCH and RRH exhibited mean percent adsorption of 
10.19% ± 2.40 and 3.76% ± 1.02, respectively. The 
exhibited percent adsorption, although low, can 
qualify RCH and RRH as sorbent materials. In 
addition, there is no basis for comparison for the RRH 
results since the methods used in this study were not 
similar to other related studies. With this, due to the 
husks’ biodegradability, high supply, simple 
preparation, low cost, but low adsorption capacity, 
RCH and RRH could be potential sorbents only for 
emergency bunker fuel spill situations, in cases when 
the commercially used sorbent pads are unavailable. 

 
It was also found that the sorbent pad exhibited a 

significantly higher percent adsorption compared to 
the other two organic sorbents. This was concurrent 
with the information that polypropylene sorbent pads 
can recover up to 20%  more oil than natural organic 
sorbents [17]. Although natural-based materials are 
inexpensive, abundant, and environmentally 
friendly, their relatively lower oleophilic property 
makes their adsorption capacity inferior to some 
synthetic materials which are engineered for the sole 
purpose of adsorbing fuels [18, 19].  Furthermore, the 
difference in the packing of the sorbent pad and the 
husks may have affected the surface area of each 
sorbent, which is another factor that influences 
adsorption [8]. Since the sorbent pads were laid in 
sheets, they may have had greater surface area than 
the ground husks, therefore yielding a significantly 
greater percent adsorption 

 
In conducting the experiments, the sorbent pad 

was first tested to identify the ideal contact time and 
bunker fuel dosage, which is the least possible amount 
of fuel and time for the sorbent pad to be completely 
soaked. The contact time should ensure the sorbent 
has reached its maximum saturation [23]. It was found 
out that five grams of sorbent pad were completely 
saturated when immersed in 80 grams of bunker fuel 
at the 3-hour mark. A contact time of three hours, 
bunker fuel dosage of 80 grams, and initial sorbent 
weight of five grams were uniformly followed for the 
final data gathering for all three sorbents.  

 
The dripping time after adsorption used for the 

final data gathering was 15 minutes which was 
observed during the preliminary data gathering to be 
the point of no dripping. Dripping time should reach 
the point of no dripping to ensure that the fuel loosely 
held by the sorbent is lost to report an accurate 
adsorption capacity [23]. This can also be backed by 
the study of Said et al. [24] which also utilized the 
same length of fuel dripping. 

 
To avoid the interference of the possible fuel 

adsorption of the polypropylene fabric that was used 

to wrap the sorbents, its mean fuel adsorption was also 
separately measured thrice following the same 
contact and dripping times as the final data gathering. 
The mean fuel adsorption of the polypropylene fabric 
was then subtracted from the total weight of the 
sorbent after the fuel adsorption in calculating for the 
percent adsorption of the final data. 

 
Limitations.     Due to the lack of resources,  

mathematical models were not used in presenting the 
results. In addition, there was no basis for comparison 
for the RRH results since the methods used in this 
study were not similar to other related studies. Lastly, 
due to the unavailability of the necessary equipment, 
the uniformity of the packing of the sorbents in the 
polypropylene fabric was not followed wherein the 
husks were in powder form while the sorbent pads 
were laid in sheets when subjected to bunker fuel. 
 

Conclusion. - The adsorption percentages of 
RCH and RRH were significantly less than that of 
sorbent pads, and when compared, RCH would be the 
better sorbent over RRH. Despite the limited 
inclusion of adsorption parameters, this study showed 
a simple preliminary measure of screening oil 
adsorption capacities of ground sorbents for possible 
usage in oil spills. 

 
Recommendations. - It is recommended that 

future studies conduct adsorption isotherm 
modelling to investigate the interaction mechanism 
between the adsorbent and the adsorbate. 
Furthermore, future studies can also test different 
physical modifications such as size and surface area 
variations to RCH and RRH and determine any 
significant differences with respect to their 
adsorption capacities. In addition, it is recommended 
that the size and morphology of the tested sorbents be 
characterized by electron microscopy techniques and 
their chemical composition by spectroscopic 
techniques like infrared spectroscopy. It is also 
recommended that when comparing different 
sorbents, the packing should be uniform for all tested 
sorbents.  Lastly, it is recommended to test the 
adsorption capacities of RCH and RRH on other oil 
pollutants in an oil/water mixture. 
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C L U S T E R  F I V E 
A Q U A C U L T U R E 

 
The gem is depicted as a blue-colored aquatic animal that 

represents aquatic life, both as an important part of the 

environment and as an important resource. Blue is also commonly 

associated with water, our planet’s most precious resource and a 

major part of life and our ecosystem. As such, it is important to 

maintain our aquatic resources and find solutions to the existing 

problems that aquaculture faces. These research studies aim to 

address such problems and provide an avenue of locally-based 

research in aquaculture-centered fields of science.  

These studies also fall under the Aquatic, Agriculture, and Natural 

Resources (AANR) Research and Development Agenda. They are 

in line with the priorities and agendas set for aquaculture research 

moving forward. 

 
 
BASED ON: Harmonized National Research and Development Agenda (HNRDA) 
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- 

The short shelf life of green mussels could limit its consumption and 
wider distribution to the market and thus, proper storage of this product is 
necessary. In this study, the effects of different concentrations (1%, 2%, 3%, 
and 4%) of sodium lactate on the preservation of green mussels during 
chilled storage of nine days were determined. Changes in pH and weight 
loss of the mussel meat were recorded every three days. Results showed 
that the pH values of the treated samples are around the neutral pH (6.7 to 
7.1) and are significantly higher than the untreated samples throughout the 
duration of storage. No significant difference was observed in the weight 
loss between the control and treatment groups. Thus, the results of the 
parameters showed that sodium lactate has the potential to be utilized as a 
preservative agent for meat. 
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Introduction. - Green mussel (Perna viridis) is a 
type of shellfish that is commonly sold in local 
markets. This bivalve is widely consumed, especially 
by people living in coastal areas, as a cheap protein 
source [1]. However, the process of transporting these 
products from mussel farms to different markets is 
too laborious due to the small amount of meat 
produced per kilogram of the green mussels. 
Consequently, the immediate consumption or 
proper storage of this product is necessary since it 
could only be stored for two (2) days at ambient 
temperature [2]. The process of product 
deterioration occurs due to the growth of bacteria in 
the product over time [3]. The development of a 
processing method is important for extending the 
shelf life of mussels [4] since this could ensure that 
the product is still safe for consumption after a 
period of time.  

 
Various methods on the preservation of green 

mussel meat, including pre-treatment with organic 
acids and modified atmosphere packaging, have 
already been studied. Organic acids are commonly 
used in food preservation since they have the ability 
to inhibit the growth of microorganisms, and they 
also occur naturally in food (i.e. lactic acid from corn 
and citric acid from oranges) [5]. Preservation occurs 
when the molecules of these acids dissociate inside 
bacterial cells due to low pH, resulting in the release 
of toxic charged anions and protons that inhibit the 
metabolic reactions of the bacteria [6,7]. Organic salts 
of these acids, such as sodium acetate, sodium lactate, 
and sodium citrate, are also used for food 
preservation. 

 
Sodium lactate is the organic salt of lactic acid 

that is generally produced from natural lactic acid 
that is reacted with sodium hydroxide [8], and is 
reported to be a very prominent flavor enhancer 
with few negative effects [9]. The addition of this 
organic salt to meat products delays the 
development of sour and off-flavors by binding to 
free radicals in the meat to prevent lipid oxidation 
[9].    

  
One of the qualities that are analyzed in food 

preservation is weight loss. This property  is an 
important indicator  because it is attributed to the 
loss of water in the meat [10]. High water retention in 
food may serve as a nutrient and contribute to the 
microbial proliferation in the product [4]. Sodium 
lactate is known for its ability to improve the 
moisture retention of materials [11]. The addition of 
sodium lactate to meat products has shown 
improvement in the cooking yield of the meat due to 
its humectant properties that contribute to the water-
holding capacity of the product [12]. There are three 
proposed mechanisms by which sodium lactate can 
have an antimicrobial effect: (1) It has the ability to 
lower the water activity of the meat and thereby 
slowing the bacterial growth; (2) Sodium lactate 
passes through the cell membrane and lowers 
intracellular pH; and (3) It affects the cellular 
metabolism by inhibiting ATP2 generation [13]. The 
lactic acid portion of sodium lactate and the sodium 
ion has antimicrobial effects, which slows down the 
normal metabolic process that generates energy in 
the cell [13]. 

 
Additionally, pH values are usually measured as 

a quality indicator for seafood products. The ideal 
pH of green mussels ranges from 6.00-6.85 [14]. 
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According to Miller (2010) [13], sodium lactate 
addition is associated with increasing the meat pH, 
increasing the water-holding capacity, and reducing 
cook losses which results in the increase in the 
tenderness of meat. Sodium lactate has been proven 
to be an effective additive in preserving seafood 
products such as refrigerated sliced salmon [15], and 
refrigerated rainbow trout [16]. It is also 
hypothesized that sodium lactate has the ability to 
preserve green mussel meat. Therefore in this study, 
sodium lactate was utilized as an additive for the 
preservation of green mussel meat.   

    
This study aims to determine the effects of 

different concentrations of sodium lactate on the 
preservation of green mussel meat during chilled 
storage. Specifically, this study aims to: 

 
(i) measure the weight loss of the green mussel 
meat after treatment with different 
concentrations (1%, 2%, 3%, 4%) of sodium lactate 
and without treatment for 9 days. 
 
(ii) determine the change in pH of the green 
mussel meat after treatment with different 
concentrations (1%, 2%, 3%, 4%) of sodium lactate 
and without treatment for 9 days 
 
Methods. - The methods for the conduct of this 

study were designed to be doable at home. Two 
parameters were analyzed, namely the change in pH 
and weight loss. Each member of the work unit 
prepared a set-up of the experiment. However, the 
same materials were utilized for the conduct of the 
experiment. The experiment performed was the same 
for both set-ups. Green mussels were obtained from a 
mussel farm in Dangula-an, Anilao, Iloilo. Aqueous 
solutions of sodium lactate with different 
concentrations (1%, 2%, 3%, 4%) were prepared for the 
treatment of the shucked mussel meat.  

 
The study was conducted for 9 days, and analyses 

of weight loss and pH were performed every 3 days 
during the duration of the study. Samples were stored 
in a storage condition of 3 ± 1°C [4].  

 
Sample collection.     Samples of green mussels were 

collected in Dangula-an, Anilao, Iloilo. An icebox 
filled with seawater was used to store the mussels. The 
samples were then transported back to Iloilo City, 
with the duration of the travel being approximately 
one hour from the collection site.  

 
Sample preparation.     Upon arrival, the mussels 

were shucked, washed with distilled water, and 
drained. Mussels having a foul odor or open shells 
were removed. A total of 2 kg of mussel meat was 
obtained. The mussels were divided into five (5) 
groups: (a) 1% sodium lactate, (b) 2% sodium lactate, (c) 
3% sodium lactate, (d) 4% sodium lactate, and (e) 
negative control, which are the samples without 
treatment. Sodium lactate (USP grade) was purchased 
online through the website of Dalkem Corporation. 
The formula C1V1 = C2V2 was used to calculate the 
different concentrations of sodium lactate. The 
concentrations 1%, 2%, 3%, and 4% were obtained by 
diluting 60% sodium lactate solution with distilled 
water. The solutions were stored in clean, plastic 
bottles.  The calculations were as follows: 

Calculation for 1%: 
𝐶1𝑉1  =  𝐶2𝑉2  

60% ⋅ 𝑉1 = 1% ⋅ 1000 𝑚𝐿 𝑤𝑎𝑡𝑒𝑟 
𝑉1 = 16.67 𝑚𝐿 

 
Calculation for 2%: 
 

𝐶1𝑉1  =  𝐶2𝑉2 
60% ⋅ 𝑉1 = 2% ⋅ 1000 𝑚𝐿 𝑤𝑎𝑡𝑒𝑟 

𝑉1 = 33.33 𝑚𝐿 
 

Calculation for 3%: 
 

𝐶1𝑉1  =  𝐶2𝑉2 
60% ⋅ 𝑉1 = 3% ⋅ 1000 𝑚𝐿 𝑤𝑎𝑡𝑒𝑟 

𝑉1 = 50.00 𝑚𝐿 
 

Calculation for 4%: 
           

𝐶1𝑉1  =  𝐶2𝑉2 
60% ⋅ 𝑉1 = 4% ⋅ 1000 𝑚𝐿 𝑤𝑎𝑡𝑒𝑟 

𝑉1 = 66.67 𝑚𝐿 
 
For the sample storage, 20 plastic resealable bags 

were utilized. A different bag for each treatment was 
used for every sampling interval. The ratio of the 
weight of the mussels to the solution is 1:2. Each pack 
of samples contains 100 g of green mussel meat. The 
samples were treated with 200 ml sodium lactate 
solution. The solutions were then poured into the 
resealable plastic bags according to the labels. The 
samples were stored inside the refrigerator for nine 
(9) days with a storage condition of 3 ± 1°C [4]. A 
thermometer was utilized in order to monitor the 
temperature inside the refrigerator.  

 
pH determination.     The pH of the control and 

treated samples was measured using a pen-type pH 
meter (Milwaukee, PH600AQ Digital pH Pen). This 
device was calibrated by measuring the pH of distilled 
water in every sampling interval before analysis. The 
pH of each group was determined by following the 
standard method of measuring the pH of solid-liquid 
mixtures. The samples were drained using a strainer 
to separate the mussel meat from the solution. The 
liquid solution was transferred to a beaker, and then 
its pH value was measured. Then, the mussels were 
blended into a homogenous paste and the pH 
measurement was taken. After that, the liquid solution 
and paste were combined, and pH was measured. The 
measurements were done in triplicates.   

 
Weight loss.     For the weight loss determination, 

the samples were weighed before and after storage. 
An analytical balance (Shimadzu, BL3200H) was 
utilized to determine the weight of the samples. This 
analysis was done in triplicates for every sampling 
interval. Percentage of weight loss was determined 
using the formula [17]:  

 

𝑊𝑒𝑖𝑔ℎ𝑡 𝑙𝑜𝑠𝑠 (%)  =  
𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 −  𝑓𝑖𝑛𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 

𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 
× 100 

 
Data Analysis.     The data gathered was analyzed 

using One-way ANOVA, and post-hoc analysis was 
evaluated using Duncan’s multiple range test. 
Differences between the means of the control and 
treated samples were examined with the level of 
significance set at α < 0.05.  This analysis was 
performed through the SPSS software.  
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Safety Procedure.     The use of safety equipment 
such as laboratory gowns, gloves, and surgical masks 
was observed at every sampling interval. Different 
types of waste were segregated into different bins, and 
liquid wastes were collected in empty plastic bottles. 
 

Results and Discussion. - The study aimed to 
determine the effects of different concentrations of 
sodium lactate on the preservation of green mussel 
meat. To this end, the pH change and weight loss of 
treated and untreated samples were monitored for 9 
days.  

 
Weight loss analysis.     Weight loss is attributed to 

the loss of water in meat products [4]. High water 
retention is linked to the deterioration of meat since 
it might serve as a nutrient, which contributes to the 
microbial proliferation in food products [18]. 
However, the ability of a product to retain water is 
also integral to its quality in terms of juiciness and 
tenderness [19].        

 
All samples showed a decrease in weight at the 

end of the storage. Results of the statistical analysis 
showed no significant difference in the weight loss 
between the control and treatment groups (Figure 1). 
This indicates that adding sodium lactate has no 
significant effect on the water retention of the mussel 
meat. The ability of myofibrillar proteins and 
myofibrils to entrap water is directly affected by pH 
and ionic strength [20]. This may explain the absence 
of significant difference in the weight loss between 
the treated and untreated samples since the pH values 
recorded are near neutral.     

 

 
Figure 1. Percent weight loss of treated (1%, 2%, 3%, or 4% 
sodium lactate) and untreated samples after treatment (n=3). 
No significant difference observed between the treated 
samples and control. 

 
In the second set-up, the analysis also showed no 

significant difference between the weight of the 
control and the treated samples. The mussels had high 
water retention since the weight loss percentage was 
low. Sodium lactate exhibits high water holding 
capacity which may explain the low weight loss of the 
samples [21]. 

 
Changes in pH.     One of the physical qualities that 

are frequently analyzed for food quality control is pH 
value [4]. This factor is examined along with the Total 
Volatile Basic Nitrogen (TVB-N), Trimethylamine 
Nitrogen (TMA-N), and Thiobarbituric acid reactive 
substances (TBARS) for seafood quality assessment 
[22]. It indicates the degradation of muscle 
components and post-mortem change of glycogen to 

lactic acid during long storage [23].  
 

Figure 2. The trend of change in pH of the homogenized 
mussel meat observed per treatment throughout the nine-
day period (n=3). 

 
It is observed that all groups have yielded a pH 

value that is near neutral. The pH values of the mussel 
meat for the last day of storage were lower compared 
to the initial pH values. Figure 2 shows the trend of 
the pH change per group throughout the storage 
period. Based on the initial pH values of the treated 
and untreated samples, an increase in the pH of the 
treated samples could be observed on the third day of 
storage. After this, the pH value of the samples 
eventually decreased in the succeeding days except 
for treatment 4, where an increase in pH was observed 
on the final day of storage. Slight changes in the pH 
value upon addition of sodium lactate were also 
observed in other studies on meat products such as 
ground beef [24], cig kofte [25], poultry sausage [26], 
and sliced salmon [14]. Sallam and Samejima [24] 
indicated that sodium lactate has the ability to 
stabilize the pH of most meat products during storage. 
The recorded pH of the treated samples in this study 
verified an almost constant pH since all treatment 
groups have maintained pH values that are near 
neutral (6.7-7.1) throughout the duration of storage. 
The results of this analysis contradict the data 
reported in the study conducted by Eckert et al. [27], 
and Tan and Shelef [28], where it was stated that 
sodium lactate had no significant effects on the initial 
pH of ground meat products. 
 
After the 9-day period, One-way ANOVA showed that 
the green mussels treated with sodium lactate have 
pH values significantly higher than the control group 
which indicates that there is a significant difference 
between the groups of samples. However, no 
significant difference was found to exist between the 
treatment groups, which implies that these four (4) 
treatments are not significantly different in terms of 
their effect on the pH of green mussel meat during 
chilled storage. This further indicates that 1% sodium 
lactate is enough to significantly increase the pH value 
of green mussels during storage. Having a pH value 
near neutral indicates that the green mussels are still 
safe for consumption. A decline in pH values could be 
due to factors such as post-mortem changes, muscle 
component degradation, and the fermentative 
conversion of glycogen [18,29]. It could also be 
attributed to increasing microbial count, which could 
be considered as the deterioration stage of the 
product [30]. A pH value of 5.9 for mussels is an 
indicator of deterioration according to Hardey [31].       

 
However, no significant difference has been 

found between the control and treated groups during 
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the second set-up. The result may have been affected 
due to an error in data gathering during the first 
sampling interval. The pH was not correctly 
measured because the mussels were not blended and 
there was no separate measurement for the liquid 
part. Throughout the storage, the pH of the control 
has declined. This was also observed in the study 
conducted by Arcales and Nacional (2019) [21] that 
showed that the control samples had a near-neutral 
pH value at the start of the study and had decreased 
during storage. 

 
The results of the analysis conducted on the 

weight loss and pH in the untreated and treated 
samples showed that the effect of adding sodium 
lactate is only evident on the change in pH and not on 
the percent (%) weight loss. An increase in the pH value 
of the samples was only observed on the third day of 
sampling. Based on these data alone, it could be 
inferred that the addition of 1% sodium lactate is 
already sufficient in increasing the pH level of green 
mussel meat that makes it suitable for consumption 
after longer storage. Although the pH value of the 
control group is significantly lower, it still falls in the 
range of suitable pH values for green mussels. 
Therefore, the data collected in this study only shows 
that sodium lactate has the potential to be used as a 
preservative agent as evidenced by its ability to 
increase the pH value of green mussel meat. Further 
analysis on the microbial proliferation and chemical 
reactions taking place in green mussel meat treated 
with sodium lactate shall be made to further 
determine the effectiveness of sodium lactate as a 
preservative for green mussels. 
 

Limitations.     A power outage occurred during the 
storage which lasted for 10-15 minutes (during the 
first set-up) and 30 minutes (during the second set-
up). This circumstance may have affected the storage 
condition of the samples. Slight differences in the 
draining time of the samples may have affected the 
recorded weight of the samples in every sampling 
interval. 

 
Conclusion. - The results obtained from each 

parameter showed that there is a significant 
difference in the pH between the treated and 
untreated samples. However, no significant difference 
was observed in the weight loss of the control and 
treatment groups. These results indicate that sodium 
lactate has the potential to be used as a preservative to 
green mussel meat. However, further analysis on the 
microbial proliferation and chemical reaction taking 
place in the mussel meat must be performed to 
determine the effectiveness of sodium lactate as a 
preservative and to further prove this claim. 

 
Recommendations. - A study analyzing the 

bacterial load and chemical reactions taking place in 
green mussel meat after subjecting to sodium lactate 
preservation must be conducted to determine the 
quality of green mussel meat after the addition of the 
organic salt. Other recommendations include the 
setting of a specific duration for the draining time and 
provision of a backup power source in case of power 
outages.  The addition of parameters to be analyzed 
such as TVB-N and TMA-N determination and 
sensorial evaluation is also recommended. Another 
recommendation is the addition of a positive control 

group such as using other organic substances such as 
sodium acetate, lactic acid, and sodium citrate, which 
already have established concentrations for green 
mussel meat preservation, in order to have a 
comparison for the efficacy of the organic salt that is 
utilized in the study. 
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Article Info   Abstract 
- 

Multiple species of gastropods can be found in the Jalaur River which 
encompasses almost the entire province of Iloilo. However, the 
identification of these species can be challenging with their complex 
morphology. DNA barcoding using the cytochrome oxidase I (COI) gene 
was performed to accurately identify and classify the organisms of Class 
Gastropoda. Through phylogenetic analysis, one sample was identified to 
be Pomacea canaliculata while the remaining four samples remained 
unidentified due to unrepresented taxa in the GenBank. This shows a lack 
of available information about the organisms found in the Jalaur River as 
nucleotide sequences of these species have not been provided to public 
databases. With this, further research must be done to know more about 
the species found in Jalaur River and their conservation status. It is 
recommended to maintain the storage condition of samples to prevent 
DNA degradation. PCR conditions should also be adjusted to achieve 
optimal results. 
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Introduction. - Systematics and taxonomies are 

the basis of all biology as it ensures the quality of life 
of future generations [1]. However, there are still a 
vast number of unknown species that have not yet 
been identified. Studies suggest that the Earth is 
home to about 8.7 million species [2];  meanwhile, 
only 14% had been identified as of 2011 [3]. The 
Philippines is home to about 22,000 mollusks species 
[4]. Gastropods, in particular, have a wide range of 
habitats and are prone to evolve as they are sensitive 
to slight changes in the environment [5]. In addition 
to this, gastropods have one of the highest numbers 
of documented extinctions among the major 
taxonomic groups in the world making its 
identification necessary [6].  

 
Moreover, gastropods are also ecologically 

important as some of their species can be used as 
indicators to assess the condition of the aquatic 
habitat along with the quality of any water 
impoundments [7]. Gastropods may also serve as 
pests to agriculture with the potential to invade and 
alter the ecosystem [8].  Additionally, some 
gastropods species may be intermediate hosts of 
infections despite being a source of food for fishes, 
birds, and humans [7,9]. Despite this, the 
understanding of its systematics is still incomplete 
[10] and the phylogenetics among its family is largely 
unresolved [11]. 

 

Studies had been done assessing freshwater 
gastropods in the Philippines which was identified as 
P. canaliculata, V. costata, L. natalensis, M. tuberculata,  
M. turricula, T. granifera, G. ladacensis, L. accuminata, L. 
caperata, and Planorbis sp. [7, 12];.  Alcala et al. [13] 
were also able to taxonomically identify N. polita, T. 
granifera, P.  porcellana, T. scabra, P. canaliculata, L. 
scabra, C. cucullate, C. manillensis, C. plicata, and Ostrea 
sp. in Jalaur River. Despite their findings, 
morphological identification may not always be 
accurate due to the existence of cryptic species 
having similar morphology but different DNA 
sequences [14, 15].  

 
To address this, past research recommends the 

use of DNA barcoding as an effective tool to 
authenticate and accurately identify organisms [14,  
15]. DNA barcoding is a process that involves 
sequencing a short fragment of the COI gene taken 
from the unidentified organisms and comparing 
their DNA barcodes to existing sequences [16]. It can 
reveal possible misidentified organisms, discover 
overlooked species, and identify new or evolved 
species promptly and accurately as complete data 
can be collected from a single specimen irrespective 
of its morphological features or its stage in life [1, 17]. 
The DNA barcodes can be used to generate a 
phylogenetic tree for the evaluation of each 
organism, along with the phylogeny, diversity, and 
relationship among the organisms. With the data, 
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actions can be taken for an organism’s conservation 
and management [18]. The significance of DNA 
barcoding makes it a prominent research topic as it 
can authenticate the organisms to assess their safety, 
conserve genetics, and detect possible invasive alien 
species [14].  

The Jalaur River encompasses almost the entire 
Iloilo with its upstream located at Barangay Garangan, 
Calinog, Iloilo. Previous studies mentioned that 
freshwater gastropods, specifically stream snails, are 
known to exhibit upstream migration in temperate 
and tropical regions [19,20]. Additionally, this area is 
also home to the  Panay Bukidnon indigenous people 
thus with the identity of the freshwater gastropods, 
awareness will be given to the locals regarding the 
availability of certain gastropods in their area. 
Monitoring and assessment of the species could also 
be done along with its conservation and management. 
Additionally, the result of this research can be used as 
a baseline for further taxonomic research.  

 
This study aimed to identify selected freshwater 

gastropods in the Jalaur River located in Barangay 
Garangan, Calinog, Iloilo, Philippines by analyzing 
gene sequences to establish their relationship and 
conservation status. Specifically, this study aimed to: 

 
(i) identify selected species of freshwater 
gastropods collected from Jalaur River in 
Barangay Garangan, Calinog, Iloilo using 
phylogenetic analysis; 
 
(ii)  determine the relationship among the 
collected gastropod species by interpreting the 
phylogenetic tree; and 
 
(iii) query the conservation status of each 
identified gastropod species on the International 
Union for Conservation of Nature (IUCN) Red 
List Index.  
 
Methods. - This research is a descriptive study on 

the phylogenetics of freshwater gastropods. The 
methodology includes sample collection, DNA 
extraction, DNA amplification,  agarose gel 
electrophoresis, DNA sequencing and alignment, 
species identification, and phylogenetic analysis.  
 

Sample Collection and Preparation.     To collect 
samples, a permit was requested from the National 
Commission on Indigenous Peoples (NCIP) since the 
sampling site is part of the Panay-Bukidnon’s 
ancestral domain. Freshwater gastropods in shallow 
waters were collected through handpicking [7]. A total 
of 11 samples were collected from upstream of the 
Jalaur River in Barangay Garangan, Calinog, Iloilo, 
Philippines with the geographic coordinate 11°11’29” N 
122°27’13” E at 367.0 meters of elevation using 
opportunistic sampling with the help of the 
indigenous people.  

 
The collected samples were then stored in 

separate airtight bags labeled according to their 
vernacular names that were provided by the 
indigenous people and were placed in a cooler for 
transportation. The samples’ foot muscle was then 
extracted and cut into small pieces then submerged in 
70% ethanol to prevent the degradation of DNA [20]. 

 

DNA Extraction.     DNA extraction was performed 
following the standard protocol for animal tissue 
according to the NucleoSpin Tissue Genomic DNA 
Purification User Manual. It was then tested in the 
Thermo Scientific™ Multiskan™ GO to check the 
quality of the extracted DNA. 

DNA Amplification.     DNA amplification was done 
through polymerase chain reaction (PCR). The 
universal primers for the amplification of the (COI) 
gene, LCO1490 (5′ -GGT CAA CAA ATC ATA AAG 
ATA TTG G-3′) and HCO2198 (5′ -TAA ACT TCA 
GGG TGA CCA AAA AAT CA-3′) were used [21]. The 
PCR was performed following the thermal regime: 3 
min at 94 ℃, then 25 cycles of 20 sec at 94 ℃, 30 sec at 
50 ℃, and 1 min at 72 ℃, followed by extension for 5 
min at 72 ℃ set for seashells at the West Visayas State 
University laboratory. 

 
Agarose Gel Electrophoresis.  The amplified 

DNA was subjected to gel electrophoresis using 1% 
agarose gel and stained with  Invitrogen 10X BlueJuice 
to check the integrity of the samples. The result was 
then viewed under the UV transilluminator.  

 
DNA Sequencing and Alignment. The PCR products 

were sent to Macrogen Inc., Seoul, South Korea for 
sequencing. The sequences were then assembled 
using their forward and reverse sequences with 
DNABaser.  

 
Species Identification.     Each assembled DNA was 

queried using Basic Local Alignment Search Tool 
(BLAST) to compare the sequences to the available 
sequences in GenBank. The species with the lowest E-
value and the highest bit score was determined for 
each sample. From the family, sequences of multiple 
species were downloaded to be included in the 
phylogenetic tree. 

 
Phylogenetic Analysis.     Using MEGA X, the 

sequences were aligned using ClustalW. This software 
also generated the best model for DNA substitution to 
be the Tamura 3-parameter model. Then a Neighbor-
Joining tree from 1000 replicates was constructed 
using the maximum likelihood statistical method. 
Clades with bootstrap values higher than 70 were 
considered well-supported [22]. These were used as 
the basis to verify the identity of the sample. After 
verifying each sample’s species, it was queried in the 
IUCN Red List Index for the conservation status. 

 
Safety Procedure.     Proper protective equipment 

was utilized at all times. Lab gowns and nitrile gloves 
were used during DNA extraction, DNA 
amplification, and gel electrophoresis to avoid 
exposure to hazardous chemicals. After the collection 
of DNA, the waste materials and the samples were 
autoclaved and disposed of properly as 
medical/biohazard waste.  
 

Results and Discussion. - Freshwater gastropods 
in the upstream of Jalaur River were identified 
through DNA barcoding. The process includes sample 
collection, DNA extraction, DNA amplification, 
agarose gel electrophoresis, DNA sequencing and 
alignment, species identification, and phylogenetic 
analysis. From the 11 samples that were collected, only 
5 were successfully barcoded due to possible DNA 
degradation and non-optimal conditions set for the  
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PCR amplification. Furthermore,  only one of the five 
was identified to its species-level namely Pomacea 
canaliculata while the other 4 barcoded samples 
remained unidentified due to unrepresented taxa.  

 
The initial identification was done based on their 

vernacular names. After obtaining the assembled 
DNA, initial species identification was performed 
using BLAST to classify them into specific species. 
The program presents the e-value and bit score of the 
top matches for each sequence. The e-value shows the 
statistical significance of a match while the bit score 
gives an indication of the quality of the alignment 
[22]. A low E-value and bit score higher than 950 are 
suggested for assigning species identity; thus, the 
sequence with the lowest E-value and the highest bit 
score was chosen as the BLAST identification [23].  
These identifications are summarized in Table 1.  
 
 
Table 1. The barcoded samples are presented with their 
corresponding vernacular name and BLAST Identification 
with the lowest E-value and the highest bit score.     

Sampl
e 

Vernacul
ar Name 

BLAST 
Identifi
-cation 

E-value Bit 
Scor

e 

A1 Awis Stenomel
ania sp.  

0 1158 

A2 Awis Stenomel
ania sp.  

0 1122 

K2 Kuol Pomacea 
canalicul
ata 

0 1179 

TG Tambur
uko 
(gurob- 
gurob) 

Tarebia 
granifer
a 

0 1210 

TM1 Tambur
uko 
(mugot) 

Stenomel
ania 
denisoni
ensis 

0 1031 

 
While BLAST was able to identify the samples 

with E-value = 0 and bit score > 1000, the study 
conducted by Ross et al. [24] raises major concerns as 
many taxa are unrepresented. In addition to this, it 
cannot give accurate identification of species because 
top hits are often not the closest phylogenetic relatives 
of the organisms [24, 25]. In a study by Hillis and Bull 
[26], clades having bootstrap values ≥70 correspond to 
a ≥95% probability of it being real. Thus, to verify the 
initial identity of each sample, phylogenetic analysis 
was performed where clades with bootstrap values of 
seventy (70) or higher were considered well-
supported to be of the same species after undergoing 
one thousand (1000) replicates. Figure 1 shows the 
bootstrap consensus tree of the five (5) samples along 
with representative sequences from the family of 
their BLAST identities with the outgroup Paludomus 
siamensis. 

 
Figure 1. Bootstrap consensus tree of the samples is shown 
along with representative sequences from the family of their 
BLAST identification with Paludomus siamensis as the 
outgroup.  
 

The phylogenetic tree shows that K2 can be 
identified to be Pomacea canaliculata with a bootstrap 
value of 81. This is the same species of gastropods that 
was identified by Alcala et al. [13] in the same river in 
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2010. Aside from this, it was also found in other parts 
of the Philippines such as Bukidnon and Agusan del 
Sur [7,12].   

 
The identified species for K2 was queried in the 

IUCN Red List of Threatened Species for the 
identification of their conservation status. Pomacea 
canaliculata is categorized as Least Concern. Though it 
is not a focus of species conservation, its management 
is still necessary as it can serve as pests to rice crops 
[27].  

 
Additionally, Pomacea canaliculata was found to be 

an invasive species in the Global Invasive Species 
Database (GISD) [28]. With its ability to adapt to harsh 
environmental conditions along with its high 
reproductive rate, it can colonize and invade natural 
habitats [27, 29] which results in alterations in the 
ecosystem [8].  
 

The remaining four samples belong to the same 
clade. It can be interpreted that A1 and A2 that have 
the same vernacular name, “Awis”, are of the same 
species based on the phylogenetic analysis having a 
bootstrap value of 99.  Collectively, the samples were 
more closely related to each other than their BLAST 
identification. This may be due to more common 
ancestors shared by the samples. The inaccuracy of 
the BLAST identification can be attributed to 
unrepresented taxa in the GenBank [24]. This shows a 
lack of available information about the organisms 
found in the Jalaur River as nucleotide sequences of 
these species have not been provided to public 
databases.  
  

Limitations.     The study barcoded less than the 
actual number of samples collected due to possible 
degradation of DNA and non-optimal conditions 
during the DNA amplification. Moreover, some 
samples were unrepresented species of gastropods in 
the GenBank, thus out of the five barcoded samples, 
only one organism was identified. 

 
Conclusion. - In conclusion, “Kuol”, identified to 

be Pomacea canaliculata or Golden Apple Snail, can be 
found in the Jalaur River along with four other 
unidentified gastropods. The identified species was 
not found to be a focus of species conservation since 
it is under the Least Concern categorization; however, 
its management is necessary as it is an invasive species 
and pests to rice crops. Aside from the Jalaur River in 
Iloilo, Pomacea canaliculata was also found in other 
areas in the Philippines. The four other organisms 
were not identified due to the limited sequences 
recorded in GenBank or the possibility of evolution.  

 
Recommendations. - Further research must be 

done to identify the gastropods found in Jalaur River 
for their proper management. It is also recommended 
to perform all procedures in one laboratory with 
complete equipment for DNA barcoding to maintain 
a constant storage temperature of -20 ℃ and prevent 
DNA degradation [30]. More time should also be 
dedicated in the study to allow adjustments in PCR 
conditions to achieve optimal results which may vary 
depending on the organism being amplified. 
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Article Info   Abstract 
- 

Lyngbya majuscula is a prolific producer of secondary metabolites that 
are used in the pharmaceutical industry. As a photosynthetic organism, the 
effect of irradiance on its cultivation was studied to maximize algal growth 
for mass production. The cyanobacterium was subjected to different 
irradiances of 20, 45, 110, 180, and 320 μmol photons m-2s-1 to determine its 
specific growth rate (SGR) in each treatment. Results showed the highest 
SGR under 20 and 45 μmol photons m-2s-1 during the exponential phase, 
showing a significant difference (p < 0.05) among all other treatments. 
Minimal growth rates were obtained under 110, 180, and 320 μmol photons 
m-2s-1 and results showed that the SGRs under these treatments have no 
significant difference (p > 0.05) with the negative control; however, color 
changes were observed at these irradiances. These showed that L. majuscula 
prefers lower irradiances to maximize its growth, while higher irradiances 
are unideal. 
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 Introduction. - Lyngbya majuscula is a 
filamentous marine alga that is a prolific producer of 
196 novel and diverse secondary metabolites, whose 
genus is responsible for over 40% of all marine 
cyanobacterial secondary metabolites (1,2,3). These 
metabolites are carotenoids, proteins, and vitamins 
which are beneficial in the pharmaceutical industry 
and food technology for their antioxidative and 
antimicrobial properties [4]. 

  
Several factors can be modified to optimize the 

growth and secondary metabolite production of 
cyanobacteria. For instance, Burja et al. [2] 
investigated the effect of culture vessel configuration, 
growth conditions, and media composition and 
determined that culture conditions have the greatest 
effect on secondary metabolite production. One 
important culture condition [3,5,6] that can be 
modified is light availability. Studies [7,8] reported 
that algal growth is better under continuous lighting 
since growth is directly proportional to the length of 
the light exposure. 
 

Although most studies investigate the 
relationship of light received by the algae to its 
growth, little research has been done regarding the 
optimization of the yield under continuous light 
exposure. There are claims that L. majuscula would 
yield highest growth under various light–dark cycles 
and among different levels of irradiation from ranges 
of 20 µmol photons m-2s-1 to 120 µmol photons m-2s-1 
[3,9,10].  

 
Previous research would suggest that the 

optimum growth of the algae L. majuscula, would be 

sustained under higher light intensities within the 
ranges of 180 µmol photons m-2s-1 to 320 µmol 
photons m-2s-1. This is due to the property of L. 
majuscula being a surface cyanobacterium; hence, it 
readily produces more carotenoids as a mechanism 
against photoinhibition [9]. However, Loogman [10] 
also observed general cyanobacterial death at 320 
µmol photons m-2s-1. Low light irradiances have also 
been claimed as the optimum irradiance for other 
Lyngbya species such as Lyngbya kuetzingii and Lyngbya 
stagnina, where the irradiance values found were 20 
µmol photons m-2s-1  and 45 µmol photons m-2s-1, 
respectively [11,12].  

 
Realizing the need to optimize the growth of the 

algae for future use in the pharmaceutical industry, L. 
majuscula was chosen to be subjected to stress or 
bioprocess intensification through light irradiance. 
Mass cultivation of the algae was targeted because 
most drug candidates do not reach the 
pharmaceutical market due to the low availability or 
small yield of bioactive compounds [13]. 

 
This study aimed to determine at which 

irradiance between 20, 45, 110, 180, and 320 μmol 
photons m-2s-1 the algal growth of Lyngbya majuscula is 
at a maximum. Specifically, it  aimed to: 

 
(i) assess changes in the color, pH, and 
temperature of L. majuscula during each 
treatment;  

 
(ii) analyze the trend of algal growth in terms of 
dry weight and specific growth rate (SGR); and 
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(iii) determine the highest specific growth rate by 
comparing the SGR values during each treatment 
using Planned Comparisons after One-Way 
Analysis of Variance (ANOVA) 

 
Methods. - The methods were divided into 5 

steps: (1) preparation of the alga, (2) culture of the alga 
in different irradiance levels, (3) determination of dry 
weight using gravimetry, (4) computation of specific 
growth rate, and (5) analysis of data. 
 

Sample Collection.     L. majuscula was purchased 
from the Southeast Asian Fisheries Development 
Center/Aquaculture Department (SEAFDEC/AQD) in 
Tigbauan, Iloilo. Samples were washed to remove 
residues and were subjected to a scale-up of 2 L after 
purification based on the standard protocol from the 
Handbook of Phycological methods [14]. 

 
Culture Set-up.     Twenty-four (24) containers were 

each filled with 5 L algal cultures composed of 500 
mL alga mixed with 4500 mL Ozonated Seawater-
Conwy solution [15]. Five (5) lightboxes (92 cm x 31 cm 
x 66.5 cm) were made to contain four replicate 
containers each. The lightboxes had different 
irradiance levels: 20, 45, 110, 180, and 320 µmol 
photons m-2s-1, which were achieved using LED lamps 
(1 lamp = 2000 lumens). For the negative control, four 
replicate containers were not exposed to light. 

 
The setup was irradiated for 24h throughout the 

8-day culture. Irradiance was measured using a 
photometer (resolution: 0.1 µmol photons m-2s-1 in the 
range 0 - 1999 µmol photons m-2s-1), and one-point 
continuous aeration, pre-filtered (5 μm), was supplied 
by centralized pumps in the laboratory. The 
temperature and pH of the alga were recorded 
everyday using a temp/pH meter (resolution: 0.01 pH 
at range: 0.00 to 14.00 pH and 0.1°C at range: 0.0 to 
100.0°C). The color of the alga in each treatment was 
also monitored everyday. 

 
Algal Dry Weight.     The biomass of L majuscula was 

measured in terms of dry weight using the 
Gravimetric method. The standard protocol set by the 
American Public Health Association (APHA) was 
followed [16]. One hundred (100) mL of the sample 
from each treatment replicate was vacuum filtered in 
pre-tared GF/F glass microfiber filters (0.7 μm pore size). 
Twenty (20) mL ammonium formate (Sigma Aldrich, 
1M concentration with purity >99.0%) was then added 
to remove salt residues from the sample.  The filter 
papers with alga residue were then oven-dried 
(Precision Scientific) at 60 °C for 2 hours, desiccated 
for 30 minutes, and then weighed using an analytical 
balance. This process was repeated until the net 
weight of the alga was obtained, with a difference of ± 
0.0002 when weighed. Dry weight was calculated 
using the formula: 

 
𝐷𝑟𝑦 𝑊𝑒𝑖𝑔ℎ𝑡 =  

𝑊1 − 𝑊2

𝑚𝐿
, 

 
Equation 1. Formula for Dry Weight 

 
where W1 = weight of the filter paper with the dried 
residue of the sample in mg, W2 = tare weight of the 
filter paper in mg, and mL = volume of the sample. 

Specific Growth Rate.     Specific growth rate was 
calculated after obtaining the dry weight of the alga to 
determine the rate of algal biomass increase per day. 
It was computed using the formula [17]: 

 

𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝐺𝑟𝑜𝑤𝑡ℎ 𝑅𝑎𝑡𝑒 (𝑆𝐺𝑅) =  
𝑙𝑛 (𝑊𝑓)− 𝑙𝑛(𝑊𝑖)

𝑡
 𝑥 100,  

 
Equation 2. Formula for Specific Growth Rate 

 
where Wf = final weight in mg, Wi =initial weight in 
mg, and t = days of culture. 

 
Data Analysis.     Qualitative data were in the form 

of pictures of the treatment replicates each day. 
Quantitative data were in the form of algal dry weight 
(mg/mL), specific growth rate (d-1), temperature (°C), 
and pH, where the mean and standard deviation in 
each treatment were computed. One-Way ANOVA 
with Planned Comparisons at 95% Confidence 
Interval was used to analyze the significant difference 
between samples. Tests of normality and 
homogeneity were also conducted to determine the 
conditions for the conduct of Planned Comparisons 
as post-hoc analysis.  

 
Results and Discussion. - Lyngbya majuscula is a 

marine cyanobacterium that forms dense mats near 
the surface of the water, and its growth is dependent 
on numerous factors, with one of these being light 
availability [3,5,6]. The growth of the cyanobacterium 
in 8 days of culture was observed in different 
irradiances of 20, 45, 110, 180, and 320 μmol photons 
m-2s-1 using LED lamps. 

 
The exponential phase of the alga was first 

identified before being subjected to the different 
irradiances. This phase was chosen among all other 
phases of the cyanobacterial growth due to the rapid 
and frequent cell division that contributed to the 
maximum growth rate of the alga. In addition, the 
higher growth rate or biomass production rate will 
result in faster production of metabolites which are 
usually produced in the late exponential phase [18,19]. 
The alga showed the highest growth during the 4th 
day of culture, showing that the exponential phase can 
be observed from Day 0 to Day 4.  After the 4th day, 
disintegration of the alga was observed, indicating 
that it has entered the stationary phase, leading to the 
death phase. A similar study on the culture of L. 
majuscula conducted by Mandal et al. [20] also showed 
the decay of the alga after its exponential phase of  3-
4 days. 

 
Morphological Color Changes.     Changes in the 

color of the alga were observed in the different 
treatments, which indicate the presence of 
photosynthetic pigments that contribute to the color 
of the alga such as chlorophyll a, phycobilin, and 
carotenoids (Table 1). At low irradiances, the alga 
produced a dark-red violet color, possibly due to high 
concentrations of the photosynthetic pigment, 
phycoerythrin. In contrast, at high irradiances, the 
alga exhibited a dull yellowish-brown color, possibly 
due to the decrease in the phycobilin accessory 
pigment and chlorophyll a levels, and an increase in 
the carotenoid production [21].
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Table 1. The color variation of the algae on day 0, 4, and 8 with color observations below the pictures. 

Day 
Irradiance (μmol photons m-2s-1) 

0 20 45 110 180 320 

0 

Transparent Transparent Transparent Transparent Transparent Transparent 

4 

Transparent Dark-red Red Yellowish-brown Brown Light brown 

8 

Transparent Dark-red Red Brown Brown Greenish-brown 

 
The increase in the amount of carotenoids in the 

alga at high irradiances is necessary to protect 
cyanobacteria from photoinhibition. Carotenoids 
absorb excessive light energy that would damage the 
chlorophyll molecules. Excess absorption of 
irradiation of the cyanobacterium can lead to the 
formation of harmful reactive oxygen molecules 
through interaction with oxygen which would result 
in further damage of the photosystem II from 
photoinhibition [22]. These observations indicate that 
exposure to higher irradiances is closely linked to 
marked changes in the morphology of an alga. 

  
A similar study by Mandal et al. [20] showed that 

L. majuscula under long exposure to high UV-B 
radiation formed yellowish sheaths. The alga under 
the negative control (0 μmol photons m-2s-1) 
experienced a color change from light red to 
transparent, showing no growth due to the inability of 
cyanobacterium to photosynthesize under the 
absence of light. These indicate that the alga exhibits 
color changes depending on the irradiance level. 

 
Data Analysis.     The dry weight and SGR of each 

of the treatments during the exponential phase were 
compared and analyzed. A significant difference 
existed among the groups at 95% confidence interval. 
After conducting Planned Comparisons, it was found 
that a significant difference exists between 20 μmol 
photons m-2s-1 and all other treatments, and 45 μmol 
photons m-2s-1 and all other treatments. However, no 
significant difference was found between the two 
treatments. Moreover, the treatments 110, 180, and 
320 μmol photons m-2s-1 also showed no significant 
difference with each other and the negative control. 
 
 

Table 2. The dry weight obtained at each irradiance level 
during the exponential phase. 

Irradiance  

(μmol photons m-2s-1) 

Dry Weight (mg/mL) 

Day  0 Day 4 

0 0.018 ± 0.005 0.024 ± 0.003b 

20 0.018 ± 0.005 0.10 ± 0.04a 

45 0.018 ± 0.005 0.08 ± 0.02a 

110 0.018 ± 0.005 0.07  ± 0.04b 

180 0.018 ± 0.005 0.04  ± 0.01b 

320 0.018 ± 0.005 0.039  ± 0.003b 

*where a and b indicate the groupings based on their 
significant differences.  
 

Algal Dry Weight.     Noticeable increase in average 
dry weight from Day 0 to Day 4 can be observed in 
each treatment as seen in Table 2. The highest 
biomass of L. majuscula during the exponential phase 
was observed under 20 μmol photons m-2s-1 among all 
treatments. The alga under 45 μmol photons m-2s-1 
exhibited the second highest biomass. Previous 
studies have also identified both irradiance values as 
optimum algal growth values [6,22,23]. 
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Specific Growth Rate.     The alga under the 
treatment of 20 μmol photons m-2s-1 exhibited the 
highest SGR of 42.3 % d-1 during the exponential 
phase, while the alga under 45 μmol photons m-2s-1 

exhibited the second highest SGR of 36.9% d-1 as 
shown in Figure 1. Minimal growth rate was also 
observed in treatments under 110, 180, and 320 μmol 
photons m-2s-1 (Figure 1). 

 

Figure 1. The Specific Growth Rate (SGR) of  L. majuscula 
during the exponential phase (Day 0 to Day 4), where a and b 
indicate the groupings in which they are significantly 
different using Planned Comparisons after One-Way 
ANOVA  (p<0.05). 
 

pH and Temperature.     Differences in irradiance 
caused small changes in the temperature and pH of 
each setup as shown in Figure 2.  

 
As the irradiance increased, the temperature also 

increased. The excess energy formed from the 
reaction during the absorption of chlorophyll a 
photons is turned into heat; thus, the higher the 
irradiance, the more heat is transferred. According to 
Ras et al. [24], increasing temperature, above optimal 
conditions, in the outdoor production of algae may 
result in the decrease in the growth of the alga.  

 
As shown in Figure 2, the pH in each setup was   ≈ 

8 which indicated growth and efficient CO2 retention 

of the algae. A pH level closer to 8 corresponds to 
normal CO2 concentration in a saltwater environment 
[25].  
 

 
Figure 2. The average temperature and pH obtained in each 
treatment for 8 days of culture. 
 

Effect of irradiance on growth.     Individual dry 
weights and specific growth rates of the alga were 
significantly affected by the irradiance they were 
exposed to. For both 20 and 45 µmol photons m-2s-1, 
the alga exhibited higher dry weight and SGR values 
than the other treatments. This indicates that L. 
majuscula prefers low irradiances possibly because of 
the low maintenance rate of cyanobacteria - requiring 

only little energy to maintain their cell structure and 
function. Van Liere & Mur [9] compared the 
maintenance energy requirements in Oscillatoria 
agardhii, a cyanobacteria, with those of eukaryotes 
[22]. It was shown that maintenance requirements in 
cyanobacteria are much smaller than that of 
eukaryotes under limiting light. In addition, 
cyanobacteria at low irradiances have the capability to 
broaden the overall absorption band in order to 
balance the two antenna pigments responsible for 
their photosynthesis [6]. A study conducted by Yin et 
al. [26] on Lyngbya wollei, a close relative of L. 
majuscula, exhibited optimum growth at 22 µmol 
photons m-2s-1. Similarly, in a study conducted by 
Zhang et al. [12] on Lyngbya kuetzingii, the alga had its 
optimum growth under 20 µmol photons m-2s-1 while 
the study on Lyngbya stagnina by Jindal et al. [11] 
resulted in the highest exopolysaccharides and 
protein production under 45 µmol photons m-2s-1 in 
continuous light [11,12]. 
 

The minimal growth exhibited at irradiance 
levels of 110, 180, and 320 μmol photons m-2s-1 
indicates that higher irradiances limit the growth of 
the alga. This is a minimizing response of the alga to 
the effects of photoinhibition caused by the excessive 
formation of Reactive Oxygen Species (ROS) [26]. 
Consequently, the results in the data analysis showed 
that the SGR values at high irradiances do not have a 
significant difference with each other and the 
negative control due to the cyanobacterium not being 
able to grow in the absence and at high light 
intensities. 
 

Limitations. Due to time constraints, sampling was 
done only on days 0, 4, and 8; hence, daily growth rate 
of the alga was not assessed. No repetitions of the 
experiment were also made to further narrow down 
the irradiance values. 

 
Conclusion. - L. majuscula exhibited maximum 

growth at 20 μmol photons m-2s-1 (29.7 °C, 8.28 pH) 
and 45 μmol photons m-2s-1 (30.25 °C, 8.67 pH). It can 
therefore be concluded that the species prefers low 
irradiance to maximize its growth. High irradiance, 
on the other hand, limits its growth. 

 
Recommendations. - Information in this paper 

can be used as a basis for future studies in determining 
the irradiance that will result in the maximum growth 
of L. majuscula. The researchers recommend further 
studies between the irradiance levels of 20 μmol 
photons m-2s-1 and 45 μmol photons m-2s-1, with equal 
intervals, to exactly identify the most ideal irradiance 
level of maximum growth of the alga. Lastly, the 
researchers would also like to recommend daily 
sampling to determine the daily growth rate of the 
alga which is necessary to model a cyanobacterial 
growth curve. 
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C L U S T E R  S I X 
C O M P U T E R  S C I E N C E 

 
The color violet is synonymous with power, and the gem design is 

inspired by printed circuit boards often found in electronic 

devices, wherein a microchip is integrated into the middle. Hence, 

the gem is representative of a computer, in that it requires a power 

source and circuitry to function. Through scientific analysis of data 

done mainly through the power of computers, studies under this 

cluster aim to derive information that transcends electronic 

applications.  

 

These studies fall under the Industry, Energy, and Emerging 

Technology (IEET) Research Development Agenda, in line with 

goals to increase state-of-the-art information and communications 

technology (ICT) research and the utilization of computer-based 

systems in various industries and scientific fields. 
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through a transfer learning approach to predict carbon dioxide emissions 
in the Philippines. The developed scripts were adapted and based on code 
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serve as an alternative method of collecting CO2 emissions data. 
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Introduction. - Data science uses statistics, 
artificial intelligence (AI), and available data from 
various sources to process into valuable information 
[1]. AI in data science looks for patterns, predicts 
outcomes, and offers evidence-based information 
using the data that it was given [2]. More and more 
AI-based tools and technologies are beginning to 
emerge as datasets begin to be more readily available 
online and in other publicly-available sources. A 
specific type of AI, the convolutional neural network 
(CNN), is mainly used for the analysis of images. It 
takes an input and extracts features from the image 
to be analyzed by neurons – an interconnected 
system of cells that takes input and multiplies it by a 
specific weight that constantly changes until the CNN 
can correctly predict an outcome.  

 
Recent studies were able to use satellite imagery 

to predict poverty levels in an area [3,4,5].  Other 
studies utilized satellite imagery for purposes such as 
detecting oil spills, analyzing coal mine areas, and 
detecting clouds [6,7,8]. The effectiveness of 
combining satellite imagery and AI and show how it 
has many potential uses in various fields.  

 
With the increase of CO2 concentration in the 

atmosphere, the need for “the quantification of the 
spatial distribution of CO2 in the atmosphere” was felt 
by researchers in the last decade [9]. The main focus 
of currently available literature on estimating CO2 
emissions focus on mathematical models that don’t 
utilize AI. [9,10]. The correlation of nightlights and 
CO2 emissions using satellite imagery has also been 
proven by studies,  where highly-lit points were 
characterized to be highly urbanized and were seen to 

have high CO2 emissions [9,11]. While using AI 
(specifically neural networks) to estimate CO2 

emissions is not an uncommon method [12], this 
study differs in that it develops a CNN that estimates 
CO2 emissions in specific 1km x 1km areas within the 
Philippines, and utilizes a transfer learning approach. 
Transfer learning is a method that utilizes the 
learning extracted from one problem or variable 
(such as nightlights data) and uses it to make better 
predictions for related data. 
 

The objective of this paper is to see how 
effective the use of AI with satellite imagery can be for 
the estimation of real-life variables, such as CO2 
emissions, in order to prove  its versatility as a tool to 
be used in a wide range of applications in various  
fields. As a tool specifically used to estimate CO2 
emissions, it could serve as an alternative method of 
collecting such data. Thus, the goal of this study is to 
develop an AI—specifically a CNN—that uses satellite 
imagery to estimate CO2 emissions in the Philippines. 
The specific objectives are enumerated below. They 
also serve as an outline for the succeeding Methods 
section.  
 

(i)  Design an algorithm for the CNN model; 
  

(ii)  Collect latest (at the time of development) 
satellite imagery and CO2 emissions data; 

  
(iii) Code the scripts for data preprocessing, CNN 
model training, and evaluating the model’s 
estimations using Python 3.8; 
 
(iv) Train the CNN using the collected data; and 
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(v) Train a ridge regression model using the 
CNN’s extracted features for evaluation and data 
visualization of results 
 
Methods. - This study consisted of five phases: 

Design, Data Collection (for data pre-processing), 
Development, Training, and Evaluation. The Design 
phase was for the creation of the algorithm for the 
CNN model; Data Collection phase was for the 
collection of images and nightlight values for pre-
processing used for training the developed program; 
Development phase was for the coding and debugging 
of the scripts; Training phase was for the tuning and 
fitting of the model, and; Evaluation was for the 
training of the ridge regression model for evaluation 
and data visualization of  results. 

 
Design phase.     During the Design phase, a 

flowchart and the equivalent pseudocode of the 
program’s process were made to be used as a basis for 
the creation of our actual program during the 
Development phase. The flowchart presented the 
various parts of the process in an human-readable 
format that can then be converted to code. This phase 
employed the use of open-source codes by Jean et al. 
[4] and Tingzon et al. [5] that were available on the 
authors’ GitHub repositories. 

 
Data Collection phase.     In order to properly train 

the AI, certain data were gathered and  pre-processed. 
This study used the Open-Data Inventory for 
Anthropogenic Carbon dioxide (ODIAC) of the 
National Institute for Environmental Studies (NIES) 
Japan for the year 2015 [13]. The data points for the 
Philippines were filtered out, as seen in Figure 1. 
Daytime satellite images were then collected through 
a script that downloads 1 km by 1 km Google Static 
Maps API images according to the given data points 
from the CO2 emissions data. Nighttime lights data 
was collected from the Visible Infrared Imaging 
Radiometer Suite (VIIRS) Day/Night Band (DNB) data 
of the Earth Observation Group, Payne Institute for 
Public Policy [14].  

 
Development phase.     The method used in the 

developed scripts were adapted from the transfer 
learning approach used by Jean et al. [4] Daytime 
satellite image features were extracted by the CNN to 
estimate the CO2 emission level in an area.  

 
 The scripts were developed based on the 

algorithm made in the design phase as well as open-
source scripts and codes from similar studies publicly 
available on GitHub [15,16,17]. Python 3.8 was the 
primary programming language used for 
development, and the scripts were coded in 
JupyterLab 1.1.4 and JupyterNotebook 6.0.1.  

 
The first three scripts were used for the pre-

processing of data. The first script filtered out the CO2 
emission data points for the Philippines. The second 
script downloaded the daytime satellite images for 
each datapoint with a zoom level of 13, and the third 
script compiled the corresponding nighttime 
radiance for the coordinates of each CO2 emission 
datapoint.  

 

 
 

Figure 1. Philippine CO2 emission data points. The data 
points for the Philippines were filtered out from the ODIAC 
dataset. 
 

The first script also created a dataframe with the 
latitude and longitude values, the corresponding CO2 
emission. These values were then exported into a 
comma-separated values (.csv) file. 
 

The second script downloads 400 px by 400 px 
Google Static Maps API  images at a zoom level of 13 
(corresponding to an estimated 1 km by 1 km area) for 
each data point. A total of 79942 unique images were 
downloaded.  
 

The third script collected the corresponding 
nightlight radiance for each point in the dataset. The 
values were then appended to the data frame  created 
in the first script. 

 
The fourth script was for the training. In its initial 

stages, the dataset and the corresponding images were 
divided into two folders: 80% of the images were used 
for training and the remaining 20% were used for 
validation/testing of the model. Three nighttime light 
intensity classes were obtained by fitting a mixture of 
three Gaussian distributions to the relative 
frequencies of the nighttime light intensity values. 
 

Training phase.     The training phase aimed to 
train the CNN with images so that it could create its 
own model in order to analyze patterns and make 
accurate estimations close to the given CO2 data.  

 
In the first part of the training, we fine-tuned a 

pre-trained model, VGG F, to estimate nighttime light 
intensity at various locations given the corresponding 
daytime satellite images. This pre-trained model 
network is an eight-layer deep convolutional neural 
network (DCNN), which had been originally designed 
and trained for image classification on ImageNet [18]. 
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The training method and code were heavily adapted 
from Mather’s Predicting Poverty repository on 
GitHub [15] and the Pytorch CNN Training Method 
[19]. 

 
After training, the model was then tested by 

making estimations using the testing data set. 
 
Evaluation phase.     Once the CNN was trained, the 

extracted features were then used to train a ridge 
regression model. It specifically used k-fold cross-
validation. Python was also used in data visualization, 
specifically for the creation of the graphs. 
 

Data Analysis.     For data visualization and 
analysis, this study used Python 3.8 and different 
libraries that were available and used for statistical 
calculations and data visualization such as NumPy, 
Pandas, Scikit-learn, and Matplotlib. 

 
This analysis utilized a cross-validation 

technique, which is a data resampling method that 
assesses the generalization ability of a predictive 
model and prevents overfitting. The k-fold cross-
validation technique is much less prone to selection 
bias compared to other cross-validation methods. In 
k-fold cross-validation, the process starts out by 
dividing the dataset into given k subsets and uses k-1 
subsets as the training sets while the remaining set 
serves as the testing set. This cross-validation method 
is then repeated k times, using different testing sets 
from the original k subsets each time. The k value for 
this study was 5, similar to that of Jean et al. [4]. 
 

Safety Procedure. As this study focused on AI, all 
processes were done on a computer. There were no 
major ethical issues dealt with. The data used is 
publicly available and the source codes are open-
access.  

 
Results and Discussion. - The aim of this study is 

to develop a convolutional neural network to analyze 
CO2 emissions in the Philippines using satellite 
imagery, and see how effective the use of AI with 
satellite imagery can be for the estimation of real-life 
variables (such as CO2 emissions). This was done by 
creating the algorithm for the program, collecting 
data that would be used for pre-processing and 
training, developing the scripts used for the program, 
and then evaluating and visualizing the results. The 
evaluation phase specifically employed k-fold cross 
validation, with various libraries in Python such as 
Matplotlib used for data visualization. 
 

The current results, shown in Figure 2, showcase 
strong predictive power using the model trained on a 
dataset with 79942 data points. With a r2 value of 0.74, 
this means that the trained model fits the data well, 
with 74% of the total variation being accounted for.  

 

 
Figure 2. Philippine results. Predictions and reported r2 
value are from five-fold cross-validation. Green line shown 
is the line of best fit. 
 

To assure the accuracy of this statistic, five 
random sampling trials were performed. Five 
thousand random points were selected from the data 
set and were processed through the final script to 
predict emissions. The summary of trials is presented 
in Table 1.  

 
Table 1. Summary of five trials of 5000 randomly selected 
points. 

Trial R2   Ridge Score 
(Validation) 

Ridge Score 
(Training) 

1 0.64 0.62 0.85 

2 0.69 0.66 0.86 

3 0.65 0.63 0.84 

4 0.66 0.57 0.92 

5 0.65 0.58 0.90 

Ave 0.66 0.61 0.87 

 
The average r2 value of the five trials is 0.66, and 

the average ridge score for validation is 0.61. 
Compared to the final result’s r2 of 0.74 and ridge 
score for validation of 0.73, there is some difference. 
The small disparity can be explained by the fact that 
the trials only used 5000 data points, which affects the 
forward pass process within the predicting 
consumption script. Still, the results are notable as it 
shows that 5000 data points (6.7% of the original 
79942) can already show high predictive power, 
explaining up to 69% of the variance.  

 
The trials’ ridge scores for training are much 

higher compared to their respective ridge scores for 
validation, which may show that there is some 
overfitting. In the final result, however, the difference 
between the training ridge score (0.78) and the 
validation ridge score (0.74) is much smaller, showing 
that a bigger dataset helps minimize overfitting. 

 
The ODIAC dataset served as the proxy ground-

truth data in this study but can also be used as a basis 
for a comparison of the model’s performance.  In a 
study by Chen et al. [20], the ODIAC dataset’s 
predictions among 14 large cities were compared to 
emission inventory statistics. This revealed that in
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some cities, especially in developing countries, the 
dataset overestimates. As Chen states, this 
overestimation could be due to the “poor correlation 
between nightlight intensity with human activity [...] 
in developing countries.” This is similar to a problem 
Jean et al. [4] cites, in which areas with very low light 
levels (often in developing countries) often show little 
variation, leading to models incapable of 
distinguishing differences in economic activity. Jean 
et al. improved upon existing studies by using a 
transfer learning approach in their model, which 
allowed them to have better estimates in countries 
and areas with minimal nightlight data. This study 
applied a similar approach; it was based on the 
transfer learning approach by Jean et al., which 
utilized both daytime images and nighttime data to 
estimate CO2 emissions, thus making predictions 
within the Philippines - especially in areas that are 
darker or with low luminosity values - more accurate. 

 
Though the results cannot be directly compared, 

due to the models measuring different variables, a 
comparison may offer some valuable insight. It was 
found that the developed model of this study 
estimates CO2 emissions better than how the models 
of Jean et al. (r2

max = 0.55) and Tingzon et al. (r2 = 0.63) 
predict economic status. 

 
Limitations. One of the primary concerns in this 

study was the lack of “true” ground truth data. 
Directly-measured CO2 emissions data in the 
Philippines could not be found available in any of the 
country’s database agencies, despite many efforts. 
Because of this, the study decided to use the ODIAC 
dataset as a proxy for ground truth data, which, while 
still a valid substitute, may contain overestimations 
and underestimations in urban areas and rural areas 
respectively as it is based on space-based nighttime 
light data and individual power plant 
emission/location profiles.  

 
Due to restraints in time and processing power, 

data points with no emissions (data points with a value 
of 0) were removed, which left the 79942 data points 
which were then used for the rest of the study. It is 
recommended that in future studies and 
developments, all data points, including those with 0-
emission values, should be included. 

 
A heatmap couldn’t be done in this study due to 

the lack of time and experience on the part of the 
researchers. 

 
Conclusion. - Through the development of the 

scripts, adapted from and based on the publicly 
available GitHub repositories of Jatin Mather (2016) 
and Jean et al. (2016), this study was able to conclude 
that the developed convolutional neural network 
model used to estimate CO2 emissions in the 
Philippines has strong predictive power. It improves 
upon ODIAC, an existing CO2 dataset, by looking at 
both daytime and nighttime images and data through 
transfer learning. The developed scripts and CNN 
model can be used as a starting point for more fully 
developed software and models that can serve as an 
alternative method of collecting CO2 emissions data. 

 
Recommendations. - Though the scripts and 

algorithms may prove themselves to be valid 

processes with strong predictive power, concerns may 
arise if the dataset itself has some issues - such as 
overestimations and underestimations - similar to 
that of ODIAC. It is recommended that, if there is 
access to a cleaner dataset of direct measurements 
from the Philippines rather than estimations, future 
researchers may want to utilize that instead.  

 
This model is limited to data in 2015. It is possible 

that this model could be used for more recent years, 
but further research is required in order to confirm 
so. 

 
A direct comparison between the accuracy of the 

ODIAC dataset and the accuracy of the developed 
model (compared to existing emission inventories) 
through graphs or a heatmap may also give additional 
insights.  

 
Acknowledgment. - The researchers would like to 

thank Mr. Neal Jean of Stanford University and 
Thinking Machines Data Science Inc. for their 
invaluable time, knowledge, and support that was 
extended to this study. 
 
References 
 
[1] Van der Aalst WP. 2018. Data Science in Action. In: 

Process Mining. Berlin: Springer Berlin. p. 3–
23. 

 
[2] Dinov I. 2019. Data Science and Predictive 

Analytics: Biomedical and Health Applications 
Using R. S.l.: Springer. 

 
[3]   Xie M, Jean N, Burke M, Lobell D, Ermon S. 2016. 

Transfer learning from deep features for 
remote sensing and poverty mapping. In: 
Schuurmans D, Wellman MP, editors. c2016. 
AAAI'16. Proceedings of the Thirtieth AAAI 
Conference on Artificial Intelligence; 2016 Feb 
12-17; Phoenix, Arizona. Palo Alto (CA): AAAI 
Press. p. 3929–3935. 

 
[4]   Jean N, Burke M, Xie M, Davis WM, Lobell DB, 

Ermon S. 2016. Combining satellite imagery 
and machine learning to predict poverty. 
Science 353: 790–794. 

 
[5] Tingzon I, Orden A, Sy S, Sekara V, Weber I, 

Fatehkia M, Herranz MG, Kim D. 2019. 
Mapping Poverty in the Philippines Using 
Machine Learning, Satellite Imagery, and 
Crowd-sourced Geospatial Information. 
International Conference on Machine Learning 
AI for Social Good Workshop. 

 
[6] Zhi-Ming D, Li-Xia G, Jian-Kui Z, Xue-Bin Z. 2015. 

Oil-Spills Detection in Net-Sar Radar Images 
Using Support Vector Machine. The Open 
Automation and Control Systems Journal 7(1): 
1958–1962. 

 
[7]   Demirel N, Emil MK, Duzgun HS. 2011. Surface 

coal mine area monitoring using multi-
temporal high-resolution satellite imagery. 
International Journal of Coal Geology 86:3–11.  

 



 
 
92 | Insigne et al. 

 

[8]   Bai T, Li D, Sun K, Chen Y, Li W. 2016. Cloud 
Detection for High-Resolution Satellite 
Imagery Using Machine Learning and Multi-
Feature Fusion. Remote Sensing 8: 715. 

 
[9] Ghosh T, Elvidge CD, Sutton PC, Baugh KE, Ziskin 

D, Tuttle BT. 2010. Creating a Global Grid of 
Distributed Fossil Fuel CO2 Emissions from 
Nighttime Satellite Imagery. Energies 3: 1895–
1913. 

 
[10] Makido Y, Dhakal S, Yamagata Y. 2012. 

Relationship between urban form and CO2 
emissions: Evidence from fifty Japanese cities. 
Urban Climate 2: 55–67. 

 
[11]  Rayner PJ, Raupach MR, Paget M, Peylin P, Koffi 

E. 2010. A new global gridded data set of CO2 
emissions from fossil fuel combustion: 
Methodology and evaluation. Journal of 
Geophysical Research 115. 

 
[12] Abdullah L, Mohd Pauzi H. 2015. METHODS IN 

FORECASTING CARBON DIOXIDE 
EMISSIONS: A DECADE REVIEW. Jurnal 
Teknologi 75.  

 
[13] Tomohiro O, Shamil M. 2015. ODIAC Fossil Fuel 

CO2 Emissions Dataset (ODIAC v1.7). Center 
for Global Environmental Research, National 
Institute for Environmental Studies, 
Downloaded from https://bit.ly/2SPGE5O. 

 
[14] Elvidge, Christopher D., Kimberly Baugh, Mikhail 

Zhizhin, Feng Chi Hsu, and Tilottama Ghosh. 
“VIIRS night-time lights.” International Journal 
of Remote Sensing 38, no. 21 (2017):  5860–5879. 

 
[15] Mather, J. 2019. Predicting poverty replication. 

https://bit.ly/34IeUmm 
 
[16] Tingzon I, Orden A, Sy S, Sekara V, Weber I, 

Fatehkia M, Herranz M, Kim D. 2018. Mapping 
Poverty in the Philippines Using Machine 
Learning, Satellite Imagery, and Crowd-
sourced Geospatial Information. 
https://bit.ly/3fNvSGp. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[17] Jean N, Burke M, Xie M, Davis WM, Lobell DB, 
Ermon S. 2016. Combining satellite imagery 
and machine learning to predict poverty. 
https://bit.ly/3vN79HL.  

 
[18] Deng J, Dong W, Socher R, Li L-J, Li K, Fei-Fei L. 

2009. ImageNet: A large-scale hierarchical 
image database. 2009 IEEE Conference on 
Computer Vision and Pattern Recognition.  

 
[19] Paszke A, Gross S, Massa F, Lerer A, Bradbury J, 

Chanan G, Killeen T, Lin Z, Gimelshein N, 
Antiga L, Desmaison A. 2019. PyTorch: An 
Imperative Style, High-Performance Deep 
Learning Library. Advances in Neural 
Information Processing Systems 32 
https://bit.ly/3gbmoUq.  

 
[20] Chen J, Zhao F, Zeng N, Oda T. 2020. Comparing 

a global high-resolution downscaled fossil fuel 
CO2 emission dataset to local inventory-based 
estimates over 14 global cities. Carbon Balance 
and Management 15.  

 
[21] Oxford University Press. 2020. Overfitting. In: 

Lexico. [accessed 2020 Dec 10]. 
https://bit.ly/3uH04Hb. 

 
[22] Brownlee J. 2019. Overfitting and Underfitting 

With Machine Learning Algorithms. Machine 
Learning Mastery. [accessed 2020 Dec 10]. 
https://bit.ly/34Irm5K. 

 
[23] Ying X. 2019. An Overview of Overfitting and its 

Solutions. Journal of Physics: Conference Series 
1168: 022022. 

 
 
 



 
 

Publiscience Vol. 4 Issue 1 

 

How to cite this article: 
CSE: Moso IMD, Puda SRL, Timaan PO. 2021. Evaluating the ripening stages of Musa acuminata x balbisiana (Saba) using 2-D 
image analysis. Publiscience. 4(1): 93–98. 
APA: Moso, I.M.D., Puda, S.R.L., & Timaan, P.O. (2021). Evaluating the ripening stages of Musa acuminata x balbisiana (Saba) 
using 2-D image analysis. Publiscience, 4(1), 93–98. 

For supplementary data, contact: publiscience@wvc.pshs.edu.ph.  

 

 

Evaluating the ripening stages of Musa acuminata × 
balbisiana (Saba) using 2D-image analysis 
 
ILYSSA MARIE D. MOSO, SEAN RAFAEL L. PUDA, PIA O. TIMAAN, and MARIA DEANNA B. JOLITO 
 
Philippine Science High School Western Visayas Campus - Department of Science and Technology (DOST-PSHSWVC),  
Brgy. Bito-on, Jaro, Iloilo City 5000, Philippines 

Article Info   Abstract 
- 

Saba banana is one of the Philippines’ main export products but has a 
fast ripening process which affects its quality and marketability. Most 
instruments utilized in measuring banana quality are destructive. However, 
few have used 2D-image analysis in assessing the ripeness of the banana. 
This paper presents the evaluation of the ripening stage of Saba banana 
using 2D-image analysis as an alternative, non-destructive method. The 120 
banana images were pre-processed by obtaining the mask to remove the 
background, retaining only the region of interest, which was further 
converted into HSV and Grayscale. Ninety of the processed images were 
utilized as training data sets and the rest as testing data sets for the Support 
Vector Machine (SVM) where the overall agreement is 70%. The researchers 
recommend that future studies increase the texture features of the Gray 
Level Co-occurrence Matrix (GLCM) Analysis to improve the performance 
of the SVM. 
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Introduction. - Bananas are the top traded fruit 

worldwide, and it is one of the top fruit exports of the 
Philippines [1]. Therefore, it is important to ensure 
the quality (appearance, texture, flavor, and nutritive 
values) of the banana being exported and consumed 
locally because it affects their profitability [2].  

 
There are four major cultivars of bananas in the 

Philippines and Musa acuminata x balbisiana (Saba) is 
one of the country’s main products [22]. It is rich in 
vitamins and minerals and is also included in many 
Filipino dishes. M. acuminata x balbisiana is also used 
as a supplement or an alternative staple food from 
rice and corn in rural areas [3]. There was also a lack 
of research articles involving the analysis of the 
different ripening stages of this specific variety of 
banana using 2D image analysis. Bananas tend to be 
eaten at their mature stage which is why they are 
usually harvested at the mature green stage and 
remain without significant changes depending on the 
temperature, humidity, and age of the banana at the 
time of harvest. This is because the ripening process 
of bananas is irreversible once it starts because it 
brings about physical and chemical changes to the 
bananas [4]. It can be observed with the alterations in 
the fruit texture, the changes in the peel color (usually 
from green to yellow), the appearance of brown spots, 
and the synthesis of volatile components [5]. Bananas 
are known to have seven stages in the ripening 
process, as seen in Table 1, which are usually assessed 
through visual comparison of the colors of the peels 
[6]. As the banana ripens, its shape, size, color, and 
texture change which are observed by producers to 
decide when to harvest, transport, and sell the fruit [7]. 

The ability to identify maturity will help farmers 
optimize the harvesting phase [8].  
 
Table 1. The stages of banana ripening based on peel color [6].  

Ripening stage Banana peel color 

 
Unripe 

1 Dark Green 

2 Light green, traces of yellow 

 
 
 

Ripe 

3 More green than yellow 

4 More yellow than green 

5 Green tip and yellow 

6 All yellow 

Overripe 7 Yellow, flecked with brown 

 
The usual methods for determining fruit quality 

involve destructive and time-consuming measures 
such as evaluation of dry matter content, total soluble 
solids content, sugar content, and juice acidity. Thus, 
non-destructive alternatives such as image analysis 
are encouraged [12]. As manual inspections tend to be 
tedious, subjective, and non-uniform, image analysis 
using different image processing techniques has been 
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used to assess and evaluate the ripening process of 
bananas. Techniques such as the use of colorimeters 
[11], feature extraction and texture analysis [7], 
imaging and spectroscopy [12], color histogram [7], 
and many others have been used over the past few 
years. Many algorithms have also been utilized for the 
purpose of identifying the different ripening stages of 
bananas such as the use of the Gray Level Co-
occurrence Matrix (GLCM) for processing; Support 
Vector Machine (SVM) and K-nearest Neighbor 
(KNN) for recognition [13]; Fuzzy Color Histogram 
(FCH) and Movement Imagination (MI) methods for 
feature extraction [14]; Artificial Neural Network 
(ANN) to increase quality detection [15], and many 
others have been proven to be effective and usable in 
real-life applications. There are also new and efficient 
techniques that are based on the Hue Saturation Value 
(HSV) colorspace, development of brown spots, and 
texture analysis of the banana. According to Tichkule 
and Gawali [20], non-destructive applications that can 
use texture analysis techniques on the products are 
good alternatives for effective food quality 
assessment because they contain information on the 
color and geometric structure of the fruit.  

 
The results of this study will benefit researchers 

who aim to further enhance the use of 2D-image 
analysis as a non-destructive assessor of quality. 

 
This study aimed to predict the ripening stages 

(unripe, ripe, and overripe) of Musa acuminata x 
balbisiana (Saba) using 2D-image analysis. Specifically, 
it aimed to: 

 
(i) analyze the ripe, unripe, overripe stages of 
Saba banana by applying the Hue Saturation 
Value (HSV) and Grey-level Co-occurrence 
Matrix (GLCM) feature extraction techniques. 
 
(ii) compare the HSV of the unripe, ripe, and 
overripe Saba bananas using histograms. 
 
(iii) determine the different ripening stages of 
the bananas using the SVM.  

 
Methods. - The Saba bananas were acquired from 

the local farmers in Leganes, Iloilo, Philippines. The 
samples were grouped into ripe, unripe, and overripe 
stages by. This research utilized 120 banana samples 
overall, 40 for each ripening stage. From each 
ripening stage, ten of the images were processed while 
the rest were used to train the SVM. The images were 
converted into binary images [7]. Next, the images 
underwent image segmentation which produced the 
original picture without the background [8]. For the 
feature extraction, the HSV color space was used to 
categorize each pixel based on its color and brightness 
and the GLCM was used in measuring the texture of 
the image. The final process utilized an SVM to 
differentiate the ripe, unripe, and overripe bananas 
[7].  

 
Program Implementation.     The Python 

programming language of version 3.7.10 was 
implemented through Google Colaboratory which 
was mounted onto specific Google Drive folders 
where the acquired images were uploaded. 

 

Sample Collection.     The Saba banana samples 
collected in Leganes, Iloilo were identified and 
grouped by a qualified banana farmer. Six hands of 
bananas which were classified as unripe, ripe, and 
overripe were collected. Unripe bananas are green 
(stage 1 - stage 2), ripe bananas are usually yellow 
(stage 5 - stage 6) and overripe bananas are yellow with 
brown spots (stage 7) [8]. Forty (40) individual bananas 
were chosen from each ripening stage having 120 
samples in total. 

 
Image Acquisition.     Images of the samples were 

acquired inside an enclosed black cardboard box by 
taking photos using a mobile phone model Vivo 1806 
with a 9.8MP camera which was attached to a phone 
stand 19 cm above the surface of the black cloth. The 
picture was taken in a room with a temperature of 
302°C [17] and with one major source of white light 
being an LED ring light [12]. Overall, 120 pictures 
were taken and transferred from the mobile phone to 
a Google Drive folder in JPEG format [18].  

 
Table 2. The camera control settings used during image 
acquisition. 

Variable  Settings 

Image Size 2160 x 4560 

Magnification  1.0x 

Flash  No Flash 

Image Type JPEG  

Aperture  f/2.0 

 
Table 3. The specifications of the LED Ring light used during 
image acquisition. 

Variable  Settings 

Brand SANYK 

Model  10 inches live fill light 

Outer Ring Size  26cm 

Light Cold Light  

Dimmable Yes 

Color Temperature 2700-7000K 

Color Rendering Index RA/CRI:80 

Overall lumens  600-1300LM 

Number  of Lamp Beads 120PCSA 

Working Power Supply DC 5V/1A 

Power 12W/24W 

Lamp Bead Model 2835 LED 

Light Angle 120 
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Table 4. Raw images of three Musa acuminata x balbisiana 
samples from each ripening stage (unripe, ripe, and overripe). 

Samples Unripe Ripe Overripe 

1 

   

2 

   

3 

   

 
Projected Area Estimation.     The bananas were cut 

into six planes in the longitudinal axis. Each 
perpendicular cut was measured using a Vernier 
caliper, while the internal and external lengths of the 
bananas were measured using a flexible ruler [10]. The 
area of the banana was calculated by solving for the 
summation of the individual elements: the mean 
value of the ring thickness, area of the sectoral 
frustum, and center of the curvature.  

 
Pre-processing.     The images were converted into 

the HSV colorspace. Afterwards, it was converted into 
grayscale and further converted into binary images 
which served as segmentation masks [19]. 

 
Image Segmentation.     Using the segmentation 

masks, the RGB banana images were separated from 
the unwanted regions where only the regions of 
interest were kept [8] which are the areas of the 
images that were used for analysis [20].  

 
Feature Extraction.     The study focused on 

measuring the sample images’ color and texture 
features. The HSV method was used to evaluate the 
color, amount of color, and brightness of the images. 
Afterwards, the HSV values were extracted and 
plotted into a histogram for each ripening stage where 
the data was analyzed [7]. The GLCM was used to 
investigate the texture, specifically, the contrast and 
homogeneity of the pixels [7,12]. 

 
Recognition.     The SVM model was trained using 

90 testing images with 30 from each ripening stage. 
The SVM was then used in order to predict the 
ripening stages of the Saba bananas based on the data 
sets from the feature extraction process [7]. 

 
Data Analysis.     The classification of bananas 

based on their ripening stages was analyzed using the 

HSV and GLCM for color and texture features, 
respectively. For the HSV extraction, the data 
obtained were from the colors of the pixels generated 
from the HSV color space. These pixels were plotted 
on a histogram. The GLCM extraction focused on 
obtaining the value for the contrast [8] and 
homogeneity [12] using the following formulas:  

 
Where μ4 is the fourth moment about the mean, 

and σ2 is the variance.  

 
 
Where K is the size of the co-occurrence matrix, 

𝑃𝑖𝑗 is the estimate of the probability of a pair of points 
having values that satisfy an operator, and i and j are 
values of intensity. 

 
The contrast and homogeneity values were then 

placed on a matrix and were sorted into pairs 
according to their banana sample [21]. Using 
Microsoft Excel, the mean and standard deviation of 
the texture values were calculated. The SVM was used 
to compare its predictions with the actual ripening 
stages of the samples. 

 
Safety procedure.     The mandated safety protocols 

of the LGUs for the COVID-19 were followed during 
the conduct of the data gathering by the researchers.  

 
Results and Discussion. - Figures 1, 2, and 3 show 

the average hue, saturation, and intensity values from 
the ten segmented unripe, ripe, and overripe banana 
images, respectively, which were obtained from the 
HSV color feature extraction process. The hue values 
for the unripe stage are between the range of 90 to 
110, while the ripe and overripe stages have hue values 
in between the range of 50 to 70 with the ripe banana 
samples having the highest frequency of pixels and 
the overripe bananas having the lowest frequency of 
pixels. For the saturation, ripe bananas had the 
highest saturation value being 0.6 - 0.8 while unripe 
bananas had the lowest saturation ranging only from 
0.4 - 0.6. Lastly, for the intensity, the unripe bananas 
have the most diverse range of brightness from 50 to 
250 while the overripe bananas had the least diverse 
range of brightness from 150 to 200. 

 

 
Figure 1. The average HSV histogram of the unripe samples. 
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Figure 2. The average HSV histogram of the ripe samples. 

 

 
Figure 3. The average HSV histogram of the overripe 
samples. 
   

The contrast and homogeneity values were 
obtained using Python in Google Colaboratory, 
meanwhile, Microsoft Excel was used to calculate the 
mean of the values and their standard deviation. 
Normalization of data was done to obtain the best 
performance for the system with values between zero 
and one [23]. From Table 4, the overripe bananas have 
obtained the lowest normalized texture feature value 
for contrast and homogeneity. The unripe and ripe 
bananas obtained the highest normalized values for 
contrast and homogeneity, respectively. 

 
Table 5. The normalized feature vector for the unripe, ripe,  
and overripe Saba bananas using GLCM Feature Extraction. 

Texture 
Feature 

Contrast  STD. 
DEV 

Homogene-
ity 

STD. 
DEV 

Unripe 0.22 0.24 0.25 0.20 

Ripe 0.21 0.25 0.29 0.12 

Overripe 0.19 0.27 0.21 0.25 

 
Figures 4, 5, and 6 are histograms that present the 

average red, green, and blue values of the ten unripe, 
ripe, and overripe banana samples that were analyzed 
during the HSV color feature extraction process, 
respectively. On the right side of the plots, the unripe 
samples have more green pixels than red pixels as 
evidenced by the higher peak around the 150-color 
range, while the ripe samples were the other way 
around having a stronger peak towards the 250-color 
range. On the other hand, the overripe samples have 
much more red, green, and blue pixels on the left side 
of the plot. 

 

 
Figure 4. The average color histogram for the unripe samples. 
 

    
Figure 5. The average color histogram for the ripe samples. 

 

 
Figure 6. The average color histogram for the overripe 
samples. 
 

The average values of the histograms in Figures 
4, 5, and 6 have a high frequency of dark blue pixels 
as evidenced by the strong peaks of the blue line 
reaching over 50,000 pixels from the 0-50 range. 
This indicates that there may be high amounts of 
shadows that were included in the images during the 
HSV color extraction. However, the frequency of the 
blue pixels in all three histograms was reduced to zero 
as the color value rose, which means that there were 
no light blue pixels in the banana images. In contrast 
to the reduced amount of blue pixels, the right side of 
the histograms has higher amounts of red and green 
pixels.  

 
Specifically, the unripe samples had more green 

pixels than the ripe and overripe samples while the 
ripe sample had more red pixels than the unripe and 
overripe samples. Moreover, the unripe samples have 
the least amount of red and green pixels on the ride 
side of the plot but have higher values of red, green, 
and blue pixels on the left side. 
 

An SVM is a supervised learning method that 
analyzes data and recognizes patterns that are useful 
in data classification [24].  Random forest was used to 
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classify the images based on the SVM model. The 
classification was conducted in Colaboratory using 
python as a programming language.  

 
Table 6. The confusion matrix resulting from the 
classification of the ripening stages of the Saba bananas using 
an SVM Classifier.  

 
Actual   
Stage 

Predicted Stage  
Sensitivity 

 (%) 
1 2 3 

Unripe 5 2 3 50 

Ripe 0 10 0 100 

Overripe 0 4 6 60 

 
Precision 

(%) 

 
100 

 
62.5 

 
66.7 

Overall 
Correctness 

= 70% 

 
In Table 5, the confusion matrix presented was 

used to evaluate the SVM system. The total samples 
that were processed in the system were 30 bananas, 
ten from each ripening stage. The system has an 
overall agreement of 70%. The system classified 10 out 
of the 10 samples of the ripe bananas correctly (100% 
sensitivity). Analyzing the errors, 4 out of 10 samples 
of overripe bananas were misclassified as ripe. This 
means that the banana samples between the ripe and 
overripe stages have a similar texture and color 
features. In a study conducted by Mazen and Nashat 
(2019), they had made an SVM that achieved an 
overall agreement of 96.6%. In their study, they used 
another image feature to differentiate between the 
different ripening stages—Ripening Factor (RF)—
which was not included in this study. RF is the 
banana’s ripeness factor where the total area of the 
brown spots is divided by the total area of the banana 
[10]. The maximum value of precision, which is a 
proportion of the predicted positive ripening stage 
that was correctly identified, in the classifier is from 
the unripe stage with 100%. The maximum value of 
sensitivity, which is the ability of the prediction 
model to select the instance of a certain ripening stage 
from the dataset, is reached by the ripe stage with 
100%. Table 5 proves this fact because 10 out of 10 
banana samples were classified in the correct stage.  

 
Limitations.     The limitations of this study include 

the color range threshold for the image segmentation 
as the study only used the visual chart provided by 
Soltani et al. (2019) due to the lack of previous 
literature involving Saba bananas. Furthermore, only 
the basic color values of  yellow, green, and brown 
were used for the image segmentation process due to 
a lack of previous literature regarding the color ranges 
of Saba bananas.  

 
Conclusion. - The color and texture features 

from the 90 images that were used to train SVM were 
able to achieve a 70% overall agreement in classifying 
the 30 Saba banana samples into unripe, ripe, and 
overripe classes. Nevertheless, the SVM was still able 

to garner a 100% accuracy rating for the ripe banana 
images. Hence, 2D-image analysis has the potential to 
be a non-destructive alternative in classifying the 
ripening stages of Saba banana as well as other similar 
fruits in the food industry, but can always be 
improved further in the future. 

 
Recommendations. - It is recommended to use 

the official or actual color ranges of the different 
stages of bananas depending on their species, as this 
study was not able to find the color chart for the 
species used in this study -Saba banana. Moreover, it 
is recommended to apply more than two texture 
features for the GLCM analysis such as correlation, 
energy, entropy, dissimilarity, and other image 
features such as the Ripeness factor to achieve the best 
performance for the SVM [23]. Additionally, it is also 
advisable to use classifiers other than the SVM such as 
Artificial Neural Network [23] to attain a suitable 
classifier with the best performance depending on the 
research design process. Lastly, the researchers 
emphasize the importance of adding more samples to 
increase the number of images for the training dataset 
to also increase the performance of the system [24]. 
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Article Info   Abstract 
- 

Using image processing, eye turbidity of formalin-treated Chanos 
chanos (milkfish) was statistically proven to be significantly different from 
those untreated. However, automation of such processes was yet to be 
explored. This study aims to use a sssNet Convolutional Neural Network 
(CNN) with Support Vector Machine (SVM) algorithm to identify formalin 
presence in milkfish. Ninety percent of 420 formalin-treated milkfish 
images and 420 untreated images, each with an indicated day of image 
capture, were subjected to feature extraction and classification using 
sssNet-SVM. The remaining 10% of the dataset was used to validate the 
algorithm’s performance. The algorithm garnered 98.16 to 99.15% 
validation accuracy for identifying formalin presence. However, seven-day 
feature map analysis reveals that the algorithm struggles to determine 
formalin presence in treated samples using their images that were captured 
one or two days after the samples’ dousing in formalin. 
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Introduction. - The Philippines is a fish-

producing country that ranks 11th in global fishing 
production [1]. The main aquacultural produce of the 
country, Chanos chanos, locally known as bangus or 
milkfish, accounts for 2.4% of the national fisheries 
production [2]. Fish are highly perishable food, with 
storage times for tropical species ranging from 6-40 
days [3]. Due to this limitation, various preservation 
techniques have been devised to prolong its freshness 
in order for such to be marketable for longer periods 
of time. One of the chemicals used to preserve fish is 
formalin [4,5], a solution consisting of 37% 
formaldehyde, a known respiratory disease enabler 
[6]. Formalin can also cause early protein denaturation 
which compromises fish quality [7]. Several studies 
used chemical analysis methods to detect the early 
presence of formalin in meat and fish such as 
spectrophotometry [8] and formalin rapid testing [9]. 

 
 However, methods regarding chemical analysis 

are labor-intensive and time-consuming, while rapid 
test kits are not readily available in the market. This 
limitation was addressed by Cadorna et al. [8]. that 
used computer vision techniques such as image 
processing to detect formalin presence in milkfish by 
evaluating its eye, a method similar to most computer 
vision techniques that measure fish freshness. Image 
analysis has implied that the eye of formalin-treated 
fish became cloudy after a seven-day period as 
opposed to untreated fish which almost retained its 
appearance. The study then quantified the eye 

turbidity by capturing the image of the fish, splitting 
the channels into HSV (Hue, Saturation, and Value) 
components, and determining the intensity of each 
color space using an image processing tool. The study 
then found out that with values below 0.05 level of 
significance, the value components of the eye images 
+-of formalin treated and untreated C. chanos are 
significantly different. Such has opened the possibility 
of utilizing eye turbidity to be used for automation of 
formalin detection using imagery.  

 
Since automation of fish quality [11] and 

classification of eye appearance [12] is possible, 
formalin detection in C. chanos can be done using 
supervised machine learning. Algorithms for 
classifying fish samples according to their quality are 
using two distinct methods — feature extraction and 
classification. These are done by first enhancing the 
images using methods such as blob extraction and 
border smoothing [11], as well as eye masking [12].  
Then, the processed images are loaded into algorithms 
such as k-Nearest Neighbor, Support Vector Machine 
(SVM), or Feed-forward Artificial Neural Network 
(ANN). Hence, it is implied that feature extraction and 
classification algorithm methods for machine learning 
are always interdependent of each other. However, 
feature extraction is a tedious process that requires 
enhancing images manually before being analyzed or 
loaded into an algorithm. To be able to overcome this 
limitation, an algorithm that unifies feature extraction 
and classification shall be utilized.  
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One such algorithm unexplored in determining 
fish quality is the sssNet algorithm with SVM, 
developed by Nagata et al. [13]. It is a type of 
Convolutional Neural Network (CNN) that enhances 
the features of the images by filtering important pixels 
in the image and removing unwanted features. The 
sssNet-SVM algorithm was validated by testing it with 
images of 7000 resin articles, 6000 of which have 
defects such as cracks, while the remaining 1000 
images are of good quality. The algorithm only 
misclassified three images of resins of good quality 
and 13 images of defects. By implementing an 
algorithm with a unified extraction and classification 
such as sssNet-SVM, the need for tedious operation of 
manually extracting the important features of fish for 
analysis is eliminated. This proposed machine 
learning model composed of the algorithm trained 
using a reliable dataset would help those in the 
aquaculture sector to detect such a hazardous 
preservative faster and cheaper than conventional 
chemical analysis methods.  

 
The aim of this study was to use the sssNet-SVM 

algorithm in identifying formalin presence in Chanos 
chanos (Milkfish) and specifically aimed to: 

 
(i) Preprocess images of a C. chanos dataset to be 
suitable for algorithm training, 
 
(ii) Extract features from the images using sssNet 
and classify them into formalin-treated and 
untreated classes using sigmoid Support Vector 
Machine, 
 
(iii) Evaluate the confusion matrix table and 
percent accuracy of the image classifications, and 
 
(iv) Determine differences in features between 
images of formalin-treated and untreated classes 
extracted by the optimized algorithm using 
heatmap visualization. 

 
Methods. — The dataset created by Cadorna et al. 

[10], which consists of 420 images of eyes of C. Chanos 
that were treated with formalin, and 420 images of 
eyes of C. Chanos that were untreated with formalin, 
were used for training the algorithm. Before the 
images were loaded into the algorithm, the images 
were preprocessed. Tensorflow (version 2.3.1) 
powered by the Python programming language 
(version 3.8) was used to execute the methodology. 
The Anaconda distribution for Python was used, along 
with Jupyter as the Integrated Development 
Environment. The methodology is then divided into 
three parts, namely (1) image preprocessing, (2) 
algorithm building, and (3) algorithm training. The 
specifications for the hardware and software used to 
run the algorithm is stated in table 1.  

 
Image Preprocessing. Images from the dataset were 

loaded using the os library in Python. Python then 
reads the images as sets of arrays with hexadecimal 
values that correspond to each pixel. Since Cadorna et 
al. [10] used HSV (Hue, Saturation, and Value) color 
space for assessment of the images, the dataset was 
converted from RGB (Red, Green, and Blue) color 
space into HSV. The pixel values were then 
normalized by dividing each pixel value by 255 which 
is the maximum hexadecimal value. Image 

augmentation was then used to artificially enlarge the 
dataset size by providing multiple instances for each 
image. Manipulation methods such as resize fit, rotate, 
stretching, skewing, zooming, flipping, and filling 
were used for data augmentation. 

 
Table 1. Specifications of hardware and software used for the 
algorithm training. 

Item Specifications 

desktop 
computer 

Windows 10 Operating System, 
AMD Ryzen 5 3600 3.6 GHz 
processor, AMD RX 5700-XT 
GPU, 512 GB SSD with 330 
MB/S read and write speeds, 1 
TB HDD with 175 MB/S read 
and write speeds, and 32GB of 
RAM clocked at 3000MHz 
DDR4 

Python  Version 3.8 

Anaconda* Version 4.0.15 

Tensorflow  Version 2.3.0 

Jupyter Version 6.0.3. 

*open source version 
 

Algorithm Building.     As previously mentioned, the 
study used the sssNet-SVM algorithm as the 
classification method for the C. chanos images. The 
algorithm is a type of Artificial Neural Network (ANN). 
A more specific type of ANN, the Convolutional 
Neural Network (CNN), is a multilayer perceptron that 
deals with grid-structured data. Used often in 
computer vision, CNN outputs an input image by 
using a two-dimensional filter with a set of weights 
that would be multiplied to each input [15]. The 
resulting output would be an image with amplified 
features, just like the expected outputs from feature 
extractions. The study used the sssNet algorithm as the 
classification layer, as seen in Figure 1. The input 
image is characterized as a normalized HSV image 
with dimensions of 330 by 330 pixels with a depth of 
three representing the three color space channels. The 
image then entered the algorithm through a feature 
layer structure that consists of three instances of 
weighted filters, or convolutional layers with filter size 
5 followed by a max-pooling layer of filter size 3. After 
the final max-pooling layer, the pixel values are 
flattened, or the pixel values are lined side by side, 
then fitted into 32 sets of outputs, then summarized 
and fitted into the SVM, which is a sigmoid function. 

 
The sigmoid function is described as: 
 

(1)  𝛷(𝑦) =
1

1+𝑒−𝑦
 

 
The sigmoid function fitted the summarized 

outputs y into the probabilistic values of 1 to 0, with 1 
being close to the formalin treated value and 0 being 
close to the untreated value [15].  

 
Algorithm Training.     In order for the algorithm to 

learn, such was optimized using backpropagation, a 
process of relearning the receptive filters of the feature 
extracting layers by (1) finding the loss function, (2)  
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finding the gradient descent, and (3) using an 
optimization equation to revise the filters. 

 

Figure 1. The sssNet-SVM algorithm diagram. 
 

Furthermore, to expedite the training process, the 
images shall be fed to the algorithm in batches and 
shall automatically stop if training is sufficient using 
the callback function. Finding the loss function is 
done by plotting the loss values of the input data. The 
binary cross-entropy loss equation is used to find the 
difference between the calculated output value y and 
the actual label of the input images [15].  

 
The cross-entropy loss equation is evaluated as: 
 

(2) 𝐿 =  −∑𝑘
𝑖=1 𝑦𝑖 log(𝛷𝑦) 

 
L as the negative summation of expected output data  
yi multiplied by the logarithm of input data log Φy. 
 

The loss values L are then plotted, in which a loss 
function is determined. Gradient descent method is 
then used to find the relative minimum of the loss 
[15]. The gradient method is noted as the derivative of 
loss L over the derivative of the filter weight w. After 
determining the gradient, the ADAM optimization 
equation takes note of the gradient then relearns the 
weights of the sssNet-SVM algorithm [15]. ADAM, 
short for Adaptive Moment Estimation, is an 
optimizer that tries to use learning decay rates 
characterized as ⍴ and momentum Fi in order for a 
model to find the minimum loss with accelerating 
speed. In the Keras module, ⍴ is initialized as 0.9. 

(3.1) 𝐴𝑖 ⇐ 𝜌𝐴𝑖 + (1 − 𝜌)(
𝛿𝐿

𝛿𝑤𝑖
)2 ∀𝑖 

 
The first equation describes how the gradient 

descent is regulated with the learning decay rate. 
(3.2) 𝐹𝑖 ⇐ 𝜌𝑓𝐹𝑖 + (1 − 𝜌𝑓)(

𝛿𝐿

𝛿𝑤𝑖
) ∀𝑖 

 
The second equation, Fi is the momentum of the 

optimizer equation. Adding momentum to the 
optimizer increases the speed of the model 
approaching the minimum loss of the data. The 
learning decay rate ⍴f = 0.99 is also initialized with the 
Keras module. 

(3.3) 𝑤𝑖 ⇐ 𝑤𝑖 −
𝛼𝑡

√𝐴𝑖
𝐹𝑖  ∀𝑖 

 
The last equation describes how a weight of a 

filter is adjusted according to Ai and Fi . wi is replaced 

as the previous wi subtracted by the ratio of learning 
rate ɑ and the square root of Ai which is then 
multiplied by the momentum Fi . Ai in Keras is added 

with a stabilizer ε of 1 x 10-8 to avoid division by zero 
during the first model training with no pre-saved 
values. 

 
Longer periods of training would result in 

fluctuating accuracy because the gradient descent 
value may be larger than a value’s proximity to the 
relative minimum of the loss function. To cope with 
this limitation, a callback function, which detects 
when a model’s accuracy is about to fluctuate or 
overfit, was implemented. In order for the algorithm 
to train faster, batches of images were fed in the 
algorithm, then the summation of the cross-entropy 
loss for each batch was evaluated instead of feeding 
the algorithm with images one-by-one then 
evaluating the loss values for each image. Ninety 
percent (90%) of the dataset consists of 756 images 
being fed into the algorithm. For each learning 
instance of the algorithm, or epoch, 18 batches of 42 
images per batch were fed into the algorithm. 

 
Data Analysis     The data analysis part is divided 

into two parts, namely (1) AUROC analysis, and (2) 
heatmap visualization.  

 
A Receiving Operating Characteristics curve or 

ROC is used by classification studies to assess the 
accuracy of the model. Once used in the medical field, 
ROCs are used to determine how deviant the values 
of the true positive and true negative values are. The 
computation of values shall be done using a 
Confusion Matrix Table [14]. Using training data 
obtained from the Cadorna et al. [10] dataset, an 
image’s probability value as calculated by the sigmoid 
function was calculated by the algorithm if it is a false 
positive (FP), false negative (FN), true positive (TP) or 
true negative (TN).  Next, the true positive rate was 
obtained by dividing TP by TP+FN. Then, the false-
positive rate was obtained by subtracting the true 
positive rate from 1.0. A linear regression model of the 
true vs false positive rate was obtained to get the ROC 
curve. The Area Under ROC curve or AUROC for the 
epoch was then evaluated using the Riemann sum 
method as shown in Figure 2. 
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To test the ability of the optimal algorithm to 

identify formalin presence in C. chanos using unseen 
data, the remaining 10% of the Cadorna et al. [10] 
dataset was fed into the optimal algorithm. The 
confusion matrix table of the validation data was then 
evaluated.  

 

Figure 2. AUROC curve [14]. 
 

Lastly, to visualize how the convolutional and 
max-pooling layers of the optimal algorithm extract 
features from formalin-treated image classes and 
untreated image classes, the seven-day image capture 
of a randomly-picked sample from the formalin- 
treated class, as well as the seven-day image capture 
of a randomly-picked sample from the untreated class 
was obtained from the dataset. All images are then fed 
into the optimal algorithm, which were then 
visualized using a heatmap. The images are then 
compared to the heatmap of the unaltered HSV color 
spaces of the input image. The code for heatmap 
visualization was then used from a GitHub repository 
[16].  

 
Results and Discussion. - Table 2 shows the 

accuracy for the sssNet-SVM algorithm tested in five 
trials using the same dataset showing a consistent 
accuracy above the 95% confidence threshold, ranging 
from 98.16 to 99.15%. AUROC curve percentage is 
calculated from the confusion matrix table, or 
evaluation of formalin-treated and untreated images 
which are either correctly classified or otherwise. Out 
of 84 validation images, trial 5 presents an askew 
confusion matrix with 13 images falsely classified as 
formalin-treated, unlike the other trials which falsely 
classified only 3 or 4 images as formalin-treated. For 
the untreated classes, all trials only falsely classified 0-
4 images as untreated. 

 
Table 2. Confusion matrix and AUROC curve percentages for 
each training trial of the sssNet-SVM algorithm 

Trial TF FF TU FU AUROC (%) 

1 39 3 40 2 99.15 

2 38 4 41 1 98.64 

3 38 4 40 2 98.30 

4 39 3 38 4 98.16 

5 29 13 42 0 98.64 

Legend:  
TF: True Formalin-Treated class 
FF: False Formalin-Treated class 
TU: True Untreated class 
FU: False Untreated class 
 

Heatmap visualization is then applied into the 
feature extraction filters of the sssNet-SVM 
algorithm. Visualization of the extracted images is 
important in determining the receptive field that 
defines the significant difference between classes [17]. 
The receptive field in this algorithm pertains to the 
rectified pupils of the image samples. The pupils are 
said to be rectified if they are isolated from the eye of 
the fish and are then enlarged in the final layers of the 
algorithm. 

 
 The filter visualizations for the formalin-treated 

class and untreated classes were then compared with 
each other to see if differences in feature maps were 
exhibited by the algorithm in order for it to achieve 
high accuracy in classifying the dataset. Selection of 
feature maps for comparison used images taken from 
a single C. chanos sample which are captured daily, in 
a span of seven days. This is to examine if data for 
formalin-treated and untreated data are comparable 
irregardless of when the C. chanos sample was 
captured. 

 
Figure 3 shows that regardless of the day the 

sample was taken, the pupil of the eye of untreated C. 
chanos is rectified. In contrast, Figure 4 shows that for 
images in day 1 and day 2 of the formalin-treated 
classes, the pupil is rectified. This is not the case for 
the few remaining filters in figure 4. Hence, we can 
say that irregardless of the onset of storage of 
untreated C. chanos, the algorithm easily determines it 
as an untreated class. On the other hand, formalin-
treated fish can be easily determined by the algorithm 
as such if the fish was taken 3 days after the onset of 
treatment or later. 

Figure 3. Final feature extraction layers of untreated  C. chanos 
sample #28, left-eye, in seven days. 

Figure 4. Final feature extraction layers of formalin-treated 
C. chanos sample #28, left-eye, in seven days. 
 

Based on Figures 3 and 4, the framework of the 
algorithm, as shown in Figure 5, is generally described 
as starting from the input image is split into hue, 
saturation, and value channels. Then, the input image 
is augmented and extracted using the sssNet. If pupils 
are rectified, or present in the extracted image, the 
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fish sample in the picture is likely to be untreated with 
formalin; otherwise, the fish is likely to be doused 
with such substance. When training a CNN such as 
sssNet, the perception, or filter map of the algorithm 
is trained to focus on the specific parts of the image 
wherein classifications could produce significant 
differences between classes [17]. Eye turbidity of the 
image, the parameter that best describes the 
significant difference between the formalin-treated 
and untreated, is exhibited by the pupil, hence the 
algorithm focused on extracting features from the 
pupil.   
 

Trials presented in Table 2 describe the 
algorithm training was run with the same process, 
however, the image augmentation is randomized for 
each trial. An image may be skewed 10% rightward or 
enlarged 5% before being fed in the algorithm. This is 
done to (1) artificially enlarge the limited dataset of 
756 C. chanos images, and (2) take account of human 
bias in taking pictures.  This randomized image 
augmentation affects the capability of the algorithm 
to detect formalin in fish samples if such algorithm is 
retrained, hence the study has done five trials to see 
the consistency of the algorithm.  

 
While the samples consistently achieved above 

threshold AUROC curve of 95% confidence, the 
number of false classifications for the formalin-
treated class greatly varied. This pertains to trial 5 
classifying 13 out of 84 images falsely as formalin-
treated as compared to trials 1-4 only having false 
classifications ranging from 3-4 images. Image 
augmentation is one of the reasons for such skewed 
results of trial 5 compared to other trials. 
Theoretically, if a formalin-treated image is 
randomly enlarged or skewed, its pupils would be 
beyond the bounds of the filter map of the algorithm. 
Hence, the pupil of an image is accidentally rectified 
or extracted by the algorithm. This implies that an 
algorithm’s filter interpretability should be improved 
by training the filter to map the bounds of the region 
of interest [18], specifically of the pupil of the eye 
irrespective of how skewed, enlarged, or manipulated 
the image is.  

 
Another reason for the false classifications that 

occurred was the presence of pupils. Days one and 
two of the untreated dataset exhibited rectified pupils. 
By basing on the framework in Figure 5, untreated 
images should not have pupils that are rectified. This 
is because the difference in the mean eye turbidity 
values for days one and two of formalin-treated and 
untreated classes of C. chanos is nearer as compared to 
the differences in these two classes observed beyond 
two days [10].  However, statistical analysis for each 
day of treatment is needed to support this claim. 

 

 
Figure 5. Framework of sssNet-SVM algorithm in classifying 
the C. chanos dataset. 
 

Limitations.     The qualitative description of 
describing the feature maps of the optimal algorithm 
partially supports the claim that the optimal 
algorithm is effective in classifying C. chanos images. 
A supposed quantitative assessment of the feature 
maps, such as calculating the receptive field of the 
algorithm’s filters with respect to the training data [19] 
is beyond the capabilities of this study since such 
empirical method shall only be applicable if the 
sssNet-SVM algorithm was proven to be accurate. The 
researchers were unable to perform quantitative 
analysis for this claim. 

 
Conclusion. - The sssNet-SVM algorithm 

developed by Nagata et al. [13] is accurate in 
identifying formalin presence in images of Chanos 
chanos with a 98.16-99.15% AUROC curve. However, 
due to the varied confusion matrix trials as well as 
pupils extracted found in feature maps of C. chanos 
images doused with formalin one or two days after 
immersion, the sssNet-SVM will be challenged to 
classify C. chanos doused with formalin if the image 
analyzed was captured one or two days after its 
supposed dousing. It is advised that the sssNet-SVM 
algorithm is to be used solely to delimit the number 
of commercially available C. chanos needed to be 
tested for formalin presence using spectro- 
photometry analysis. 

 
Recommendations. - Using Grad-CAM analysis 

for quantification of feature maps is highly 
encouraged to measure the extent of feature maps 
between formalin-treated and untreated samples. A 
newer study may also want to integrate the algorithm 
into a mobile application to utilize a camera for in-site 
analysis.  
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A glimmering white is representative of the light which guides 

humanity in a new direction. One on the path of progress and 

development, the culmination of various ideas in fields of science 

such as spatial analysis. These research studies employ computer-

based systems and techniques in analyzing and mapping 

significant area coverage and geographical features. The top of the 

gem is representative of this because it depicts the earth in a virtual 

sense. 

 

These studies fall under the Industry, Energy, and Emerging 

Technology (IEET) Research Development Agenda, as they are in 

line with the goal of increasing the usage of computer-based 

systems in research and development. 
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- 

Soil erosion is the leading cause of watershed degradation. It affects the 
Maasin Watershed Forest Reserve (MWFR), the main source of domestic 
water to Iloilo, as evidenced by reports of sedimentation that degrade the 
water supply of receiving communities. Hence, this study aims to assess the 
soil erosion risk within the MWFR using the Revised Universal Soil Loss 
Equation (RUSLE) and Geographical Information System (GIS) data. 
Geospatial data were processed to calculate the RUSLE factors using 
ArcGIS. The soil loss rates were determined by multiplying the factors, and 
were classified into erosion risk classes whose area covered was also 
measured. It was estimated that the erosion rate in the watershed is 40.7 
tons/ha/yr. High to very severe soil erosion risks occur in 63.6% of the 
MWFR which accounts for the watershed degradation The erosion map can 
be used in monitoring the soil erosion within the MWFR. 
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Introduction. - Soil erosion is one of the 

primary causes of land degradation around the world 
[1]. It is generally defined as the deterioration of the 
topsoil by physical forces such as rainfall, flowing 
water, ice, wind, gravity, or other natural agents that 
deposit soil elsewhere [2]. Among these factors, high 
erosive rainfall and consequent runoff due to slope 
steepness play a role in the displacement of the fertile 
topsoil [3]. The Philippines is highly susceptible to 
this problem with its steep topography, deforested 
uplands, and heavy rainfall events [4]. It is one of the 
country’s most pressing environmental issues and it 
has gravely threatened the sustainability of 
agricultural systems [5]. Watersheds sustain these 
systems by serving as a water source that farmlands 
receive in the form of irrigation [6]; however, soil 
erosion in watersheds has also become a widespread 
phenomenon [7]. 

 
Soil erosion causes significant changes in the 

water quality of watersheds [8]. It affects the 
hydrological cycle of watersheds through soil 
compaction, overground vegetation change, 
evapotranspiration change, infiltration change, and 
water holding capacity [9]. In addition, the 
continuous removal of the topsoil has led to soil 
degradation evidenced by the increasing sediment 
loads in rivers and water reservoirs [10]. Soil 
monitoring through mapping of soil erosion-prone 
areas has been identified to be an essential part of 
planning for dealing with environmental and natural 

resource management [11,12]. Through this, different 
model-based methods have been developed for soil 
erosion assessment. One of the most widely accepted 
empirical models for estimating soil erosion rate is 
the Universal Soil Loss Equation (USLE) developed 
by Wischmeier and Smith [13] due to its relative 
simplicity and standardized approach; however, an 
improved version of this has been developed, the 
Revised Universal Soil Loss Equation (RUSLE). The 
RUSLE [14] was developed due to the added 
availability of data and resources with a deeper 
understanding of the erosion process since the 
publication of USLE. It retains the equation of its 
predecessor with modifications in several of its 
factors. The factors of RUSLE are rainfall erosivity 
(R), soil length and steepness (LS), soil erodibility (K), 
cover management (C), and conservation practice (P).  

 
Previous studies have been conducted to map 

soil erosion with the use of RUSLE and GIS. The 
studies of Belayneh et al. [1] and Da Cunha et al. [15] 
both used RUSLE and GIS techniques to estimate the 
soil loss due to water erosion in the Gumara 
Watershed in Ethiopia and the watershed stream 
Indaia in Brazil, respectively. They were able to 
identify areas within the watersheds that had the 
highest risk of soil erosion making these areas 
possible priorities for soil erosion prevention 
programs. Mapping soil erosion-prone areas through 
RUSLE and GIS is an efficient way to help the local 
governments monitor and prevent watershed 
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degradation [7,16].  
 
The Maasin Watershed Forest Reserve (MWFR) 

is the main supplier of domestic water to Iloilo City 
and adjacent municipalities, as well as irrigation to 
agricultural lands within Central Iloilo, therefore it is 
urgent to address problems caused by soil erosion 
within the watershed such as siltation which may 
affect the water supply of the receiving communities. 
However, no published studies have been done to 
assess the soil erosion-prone areas within the MWFR 
even with its location, being at high risk for soil 
erosion [17]. 

 
With this, the research aimed to identify soil 

erosion risk areas within the MWFR using RUSLE 
and GIS. It specifically aimed to: 

 
(i) collect data on the RUSLE factors of rainfall 
erosivity (R), soil slope and length (LS), soil 
erodibility (K), cover management (C), and 
conservation practice (P) within the MWFR; 
 
(ii) estimate the annual soil erosion rate within 
the MWFR using the RUSLE based on available 
GIS data from 2010–2020; and 
 
(iii) assess the spatial distribution of soil erosion 
risk areas within the MWFR using the estimated 
annual soil erosion rates. 
 
Methods. - The data gathering procedure was 

divided into four parts: (1) collection of geospatial data 
for the RUSLE factors from online sources from 
2010–2020, (2) calculation of the RUSLE factors by 
processing the geospatial data, (3) calculation of the 
soil erosion rates and, (4) classification of soil erosion 
rates into erosion risk classes and assessment of its 
spatial distribution.  

 
Study Area.     The site studied was the Maasin 

Watershed Forest Reserve (MWFR) which is found in 
an aggregate of two critical watersheds found in Iloilo, 
the Tigum-Aganan Watershed, and is located within 
the municipalities of Maasin, Alimodian, and Janiuay, 
Iloilo. The MWFR is found at the UTM coordinates 
from 422,690 m to 435,800 m East and 1,203,730 m to 
1,214,480 m North with an area of 6,539.352 ha. 

Figure 1. Boundary of MWFR from City Environment and 
Natural Resources Office (CENRO) Region 6. 
 

Geospatial Data Collection.      The data for the mean 
monthly rainfall were collected from WorldClim, an 
online database. The Shuttle Radar Topography 
Mission (SRTM) digital elevation model (DEM) for the 
Philippines was downloaded from the United States 

Geological Survey (USGS) database. The soil type map 
and boundary shapefile of MWFR were obtained from 
CENRO Region 6. The 2010 land cover map from the 
PhilGIS website was also downloaded. The files were 
then clipped in ArcGIS, version 10.4 to focus on the 
MWFR. To ensure uniformity, all the raster layers 
were ensured to have pixel sizes of 30 m by 30 m 
through resampling by bilinear interpolation and 
were aligned with each other with the on-the-fly 
projection of ArcGIS. 

 
Calculation of RUSLE Factors.     For the R factor, 

the mean annual precipitation was first calculated by 
adding the raster layers for the mean monthly 
precipitation in the raster calculator before being 
clipped and resampled. The R factor was then 
calculated following the model by El-Swaify et al. [18] 
where P is the mean annual precipitation in mm and 
the R factor is measured in MJ·mm·(ha·h·year)–.  

 
𝑅 = 38.5 +  0.35 𝑃 

 
Equation 1. Formula for the R factor. 

 
For the LS factor, the model by Moore and Burch 

[19] was followed. The clipped SRTM DEM raster 
layer was processed to calculate the flow direction, 
flow accumulation, and slope in degrees which were 
required as inputs for the model. 

 
Table 1. Representative values of soil erodibility (K) for 
various Philippine Soils (David 1988). 

Soil Texture K Value 

Clay loam 0.30 

Clay 0.26 

 
For the K, C, and P factors, the categories within 

the soil type map and land cover map were assigned 
corresponding K, C, and P values obtained  from 
previous studies. The K values taken from the study of 
David [20], shown in Table 1 above, were assigned to 
each soil type present. The C values assigned to the 
different land cover categories were based on the 
study of David [20] in Table 2 while the P values were 
based on the study of David [20] and Delgado and 
Canters [21].  

 
Table 2. Estimated crop cover coefficient or C values for the 
common cover conditions of Philippine watersheds [18]. 

Land Cover C Value 

Bare soil 
 

Primary forest with dense undergrowth 
 

Second growth forest with good 
undergrowth and mulch cover 
 

Perennial crops 
 

Grassland, moderately grazed, burned 
occasionally 
 

Shrubs with  open, disturbed grassland 
 

Built-up 
 
Inland water 

1.0 
 

0.001 
 

0.006 
 

 
0.1–0.3 

 
0.2–0.4 

 
 

0.15 
 

1.00 
 

0.00 
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Calculation of Soil Erosion Rates.     The soil loss 
empirical model RUSLE is shown by Equation 1 below 
with A being the average soil loss per unit area 
measured in ton ha-1 yr-1 and the rainfall erosivity (R), 
slope length and steepness (LS), soil erodibility (K), 
land cover (C) and conservation practice (P) factors 
being the key parameters of the model. ArcGIS was 
used to multiply all the raster layers of the RUSLE 
factors to obtain a single raster file where the rates of 
soil loss within MWFR were shown. 
 

𝐴 =  𝑅 𝑥 𝐿𝑆 𝑥 𝐾 𝑥 𝐶 𝑥 𝑃 
 

Equation 2. Formula for the RUSLE model.  
 

Erosion Risk Classification and Spatial Distribution.     
The soil erosion rates were classified into low to very 
severe erosion risk classes following the classification 
from the study of Singh et al. [22] as reported by 
Salvacion [23] as shown in Table 3.  

 
Table 3. Classification of soil erosion rates into classes of soil 
erosion risk. 
Soil erosion rates (ton ha-1 

yr-1) Erosion risk class 

0 – 5 Low 

5 – 10 Moderate 

10 – 20 High 

20 – 40 Very high 

40 – 80 Severe 

> 80 Very severe 

 
To find the area covered by each erosion risk 

class, the raster layer of the soil erosion rates was first 
digitized into a vector layer. Polygons belonging to the 
same risk class were merged and their area covered in 
sq. km. was then determined using the field calculator 
feature in ArcGIS which calculates the polygon areas 
for each soil erosion class. The percentage of the area 
covered by each class was also calculated following 
Equation 3 below. 

% area covered = 
𝑎𝑟𝑒𝑎 𝑜𝑓 𝑠𝑜𝑖𝑙 𝑒𝑟𝑜𝑠𝑖𝑜𝑛 𝑟𝑖𝑠𝑘 𝑐𝑙𝑎𝑠𝑠

𝑙𝑎𝑛𝑑 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑀𝑊𝐹𝑅 
 

 
Equation 3. Formula for percentage of area covered by soil 

erosion risk class.  
 

Results and Discussion. - The collected 
geospatial data were used to determine the RUSLE 
factors needed in calculating for the soil erosion rates 
within the boundary of the MWFR. The raster layers 
containing pixel values embedded and assigned for all 
the RUSLE factors were multiplied to generate the 
estimated soil erosion rates. These rates were then 
used to determine the erosion risk classes and their 
spatial distribution within the watershed. 

 
RUSLE Factors.     For the R factor, the annual 

rainfall data had values which ranged from 2,265–
3,088 millimeters within the MWFR. Using the model 
by El-Swaify et al. [18], it was found that the R factor 
had values ranging from 831.25–1,119.3 
MJ·mm·(ha·h·year)–1. The R factor within the MWFR 
generally increases from the south to the north of the 
watershed. Higher rainfall erosivity, which is due to 
higher annual rainfall, was observed in the mid or 

mountainous portion of the watershed as seen on 
Figure 2. 

 

 
Figure 2. Rainfall erosivity (R) factor for the MWFR. 

 
For the LS factor, the DEM file was found to have 

values ranging from 97–1,583 m above sea level. 
Following Moore and Burch [19], the calculated LS 
factors were found to range from 0–38.4307 with a 
mean of 1.04 as seen in Figure 3. The highest LS 
values were found in areas near the river, especially 
in the northwestern region of the MWFR where the 
elevation is relatively higher than the southeastern 
region of the MWFR. 

 

 
Figure 3. Slope length and steepness (LS) factor for the 
MWFR. 

 
The soil types present in the MWFR were 

identified to be the following: Alimodian clay loam, 
Alimodian soil, Umingan clay, and Mountain soil as 
seen in Figure 4. Undifferentiated soil types such as 
those of Alimodian and Mountain soil were also 
classified as clay loam. The values assigned were 0.3 
for the clay loam and undifferentiated soil, and 0.26 
for clay. In terms of soil textural class, the watershed 
is highly dominated by clay loam as seen in Figure 5.
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Figure 4. Soil types within the MWFR. 

 

 
Figure 5. Soil erodibility (K) factor within the MWFR. 

 
The C factor values were assigned to each of the 

land cover categories. The vegetation cover found 
within the MWFR are of the following: annual crop, 
built-up, closed forest, inland water, mangrove forest, 
open forest, open or barren, perennial crop, shrubs, 
and wooded grassland as seen in Figure 6. The values 
assigned ranged from 0–1 based on Table 2. Based on 
the acquired land cover map, the northern areas and 
some areas at the south of the watershed are occupied 
by open forests which have a very low C value of 
0.001, thus its presence can greatly reduce the soil 
erosion rates within these areas. 
 

 
Figure 6. Land cover within the MWFR. 

 
 Figure 7. Land cover management (C) factor for the MWFR. 
 

Due to the lack of information and data on the 
conservation practices within the MWFR, the P factor 
values were set to 1 for the land cover categories with 
the exception of the areas classified as inland water, 
which along with the C factor, were assigned the value 
0.  

 
Soil Erosion Rates.     The estimated soil loss rates 

found within the MWFR ranged from 0–9,406.37 
tons/ha/yr with a mean of 40.74 tons/ha/yr. After 
classifying the soil erosion rates, it was observed that 
all the erosion risk classes were present within the 
boundary of the MWFR as reflected in Figure 8. This 
data coincides with the raw geospatial data of each 
RUSLE factor multiplied to yield the soil erosion 
rates. Low erosion rates in the boundary of MWFR 
were mainly due to the presence of forests as based on 
its land cover map. According to the study of 
Gharibreza et al. [24], the absence of forests in the land 
cover management of catchments or watersheds 
hastens land degradation. Meanwhile, high to very 
severe soil loss rates were mostly found in mountain 
sides and around rivers where the slope is long and 
steep.  

 

 
Figure 8. Soil erosion rates and classes within the MWFR. 

 
Spatial Distribution of Erosion Risk Classes.     The 

area covered by each erosion risk classification was 
also determined. Using the area of the MWFR which 
is 65.39 sq. km., the percentage of the area covered by 
each erosion risk class was found to be 35.49% for low 



 

110 | Aguilos et al.  

 

risk, 0.50% for moderate risk, 4.80% for high risk, 
31.43% for very high risk; 20.38% for severe risk; and 
6.99% for very severe risk. The remaining 0.42% were 
the areas set to zero which are areas classified as 
inland water such as the river. 

 

 
Figure 9. Area covered by each soil erosion risk class in sq. 
km. 
 

It was found that the majority of the area within 
the boundary of the MWFR is at low risk of erosion 
with 35.49%; however, soil erosion is still imminent 
with the combined areas having high to very severe 
erosion risk composing 63.60% of the MWFR as 
shown in the graph in Figure 9. The mean soil erosion 
rate for the MWFR also falls under the severe erosion 
risk class which means that the MWFR generally 
experiences severe soil erosion. The severity of the 
soil erosion within the MWFR coincides with the 
information about its location according to recent 
hazard assessment reports and studies. The MWFR is 
found within an aggregate of  two critical watersheds, 
the Tigum-Aganan watersheds. The presence of 
MWFR in these two critical watersheds explains the 
prevalence of soil erosion within the MWFR. 
Additionally, findings of a study by Bito-onon [17] 
identified the municipality of Maasin as having a very 
high hazard index when it comes to typhoons, floods, 
and soil erosion, while Alimodian and Janiuay, have 
high and moderate hazard indices, respectively. The 
high hazard index to soil erosion of Maasin, the 
location of the MWFR,  supports the presence of 
severe soil erosion risk within the watershed. 

 
Limitations.     The study used the most recently 

updated data available from different online sources 
and databases, and government agencies, and coming 
from different years between 2010–2020. The 
researchers mainly relied on information that is 
available online. Furthermore, the soil erosion rates 
are only estimations which rely on the available data 
online without any on-site inspection of the MWFR 
due to the COVID-19 pandemic. Moreover, due to the 
absence of any recorded data on the conservation 
practices of the watershed, the values assigned for the 
P factor were only based on the C factor. Another 
limitation is the use of RUSLE which only accounts 
for soil loss through sheet and rill erosion, while 
ignoring the possibility of gully erosion and 
dispersive soils in a certain area. There is also no 
accounting for the deposition of sediment before 
reaching a waterway; hence, RUSLE is only a 
predictor of erosion for topsoils [25]. 

Conclusion. - This study demonstrates the 
utilization of RUSLE with GIS to model soil erosion 
rates within the MWFR. The MWFR was found to 
have a mean soil erosion rate of 40.74 tons/ha/yr, 
which generally classifies the MWFR as having severe 
soil erosion risk. Based on the soil erosion map and 
the spatial distribution for the erosion risk classes, 
63.6% of the MWFR was found to be at high to very 
severe risk of soil erosion and this may account to the 
degradation of the watershed. The results emphasize 
the urgent need to address the soil erosion in the 
watershed. The geological location of Maasin may 
contribute to the watershed degradation since the 
municipality has a high hazard index making it 
susceptible to natural disasters. Although the erosion 
rates are estimations, this soil erosion map can help 
the local government get a gist of priority areas in 
monitoring the soil degradation of the MWFR to 
prevent its adverse effects on the ecosystem and water 
quality. It can also show what causes the soil erosion 
in the area and provide visualization as to which parts 
of the MWFR may have high to very severe cases of 
erosion. With this, the government can be guided in 
preventing and addressing any rising problems within 
the watershed.  

 
Recommendations. - For further studies 

involving the soil erosion rates within the MWFR, an 
on-site inspection may be conducted for the cross-
referencing of the estimated soil erosion rates 
generated from the use of RUSLE and GIS data. A 
survey with the locals may also be conducted to verify 
the data for the RUSLE factors and identify the areas 
that experience severe soil erosion. This is to take note 
of essential information on the factors of soil erosion 
within the watershed which are not available online 
such as the conservation practices. Other sources of 
GIS data aside from those mentioned in the study 
may also be used. The application of the RUSLE 
model with readily available GIS data should be 
utilized more in monitoring the occurrence of soil 
erosion in critical watersheds in the country. Using 
the same methodology, comparisons may also be 
made between the soil erosion rates within the MWFR 
and other critical watersheds.  
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Article Info   Abstract 
- 

Shoreline change poses a significant threat to coastal environments 
and is exacerbated by climate change, hence, it should be monitored for 
better coastal management. This study aimed to determine the shoreline 
change in Tigbauan, Iloilo using remote sensing and GIS techniques. 
Eighteen Landsat 5 and 8 images from 1993 to 2020 were obtained using 
Global Visualization Viewer and processed in Quantum GIS. Shorelines 
were extracted from processed images and analyzed using the Digital 
Shoreline Analysis System (DSAS) in ArcGIS by calculating the net 
shoreline movement, shoreline change envelope, endpoint rate, and linear 
regression rate. Results showed that from 1993 to 2020, erosion had greater 
magnitude, rates, and occurrences than accretion. The average rate was -
1.022 m per year and erosion was forecasted for most areas in 2030 and 
2040. The results can help the government mitigate shoreline erosion risks 
and methods can be extended to other shorelines. 
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Introduction. - The rapid changing of shorelines 
caused by their high vulnerability to natural hazards 
such as floods, storm impacts, sea-level rise, and 
coastal erosion, pose a significant threat to coastal 
environments. With climate change accelerating the 
occurrence of these natural hazards, shoreline 
conditions are worsening and better coastal 
management is needed [1]. Shoreline data is 
fundamental for coastal management and thus, 
studies have investigated methods for the accurate 
detection, mapping, and monitoring of shorelines.  

 
Among the shoreline mapping methods, three 

main categories have emerged: field testing, aerial 
photography, and remote sensing [2]. Among the 
three mapping methods, remote sensing is preferred 
due to its ability to analyze small changes in the coast 
as a result of its very long spectral bands and good 
spatial resolutions. It is also cheaper and can be done 
through more convenient and accurate methods, 
such as satellite imagery [3]. To handle satellite data, 
geographic information system (GIS) programs were 
utilized with satellite imagery to extract shorelines 
and calculate parameters through computer-aided 
tools and methods that reduce manual errors and 
give researchers full control [4]. 

 
Hence, several researchers have studied 

shoreline change using both remote sensing and GIS 

techniques. Louati et al. [5] and Sutikno et al. [6] 
utilized Landsat images and the United States 
Geological Survey Digital Shoreline Analysis System 
(USGS DSAS) extension for ArcGIS Copyright© 
1995-2015 Esri. [7], Foti et al. [8] used Google Earth 
Pro and QGIS, while Flores and Siringan [9] utilized 
Landsat and QGIS. It is notable that among the 
satellite data used for shoreline studies, the Landsat 
series images have been proven to offer the best 
combination of performance and availability due to 
its open access, large coverage, and long-term data 
record features [10]. Among the GIS programs for 
shoreline studies, it was concluded that QGIS is more 
suitable for editing and georeferencing [11], while the 
DSAS extension of ArcGIS makes it a better program 
for shoreline change calculations [7]. 

 
Various statistical methods have also been 

studied and applied to quantify shoreline change, 
with the most common being the endpoint rate 
(EPR), average of rates (AOR), and linear regression 
rate (LRR) [1,12]. However, it is notable that EPR and 
LRR are more effective [13]. Thus, Landsat images, 
ArcGIS-DSAS, QGIS, and EPR and LRR were chosen 
for the analysis of the selected shoreline.  
 

Climate Central [14] identified Tigbauan, Iloilo 
as one of the many Philippine municipalities that will 
submerge by 2040. This finding, along with 

mailto:publiscience@wvc.pshs.edu.ph
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parameters such as land area, shoreline length, and 
anthropogenic activities, led to the selection of the 
Tigbauan Shoreline as the study area. It was verified 
by the local government unit that there is no data on 
the Tigbauan shoreline positions and changes.  More 
effective coastal management is necessary for these 
areas, which requires shoreline data [15,16]. Thus, the 
study aimed to determine the shoreline change in 
selected areas in Tigbauan, Iloilo using remote 
sensing and GIS techniques [10,12]. 

 
This study will provide the municipality with 

important data on shoreline positions, change values, 
and rates that can help improve their coastal 
management. Moreover, the methods can also be 
replicated to determine shoreline change in other 
areas. Specifically, this research study aimed to: 

 
(i) gather suitable Landsat 4-5 and 8 images from 
1993 to 2020 of the selected shoreline using the 
USGS Global Visualization Viewer (GloVis); 
 
(ii) apply cropping and image enhancement to 
Landsat images using QGIS 3.10.10 A Coruña; 
 
(iii) trace and extract the shorelines using QGIS; 
 
(iv) calculate the net shoreline movement (NSM) 
and shoreline change envelope (SCE) using the 
DSAS extension in ArcGIS 10.4; 
 
(v) calculate the shoreline change rate using the 
endpoint rate (EPR) and linear regression rate 
(LRR) methods in DSAS; and 
 
(vi) evaluate the shoreline change over the years. 
 
Methods. - The methods were divided into three 

main phases: (1) georeferencing of satellite images, (2) 
digitization of georeferenced images, and (3) 
shoreline analysis by calculating the shoreline change 
values and rate statistics.  

 
Study Area. The study area was chosen using 

four parameters based on previous shoreline change 
studies: (1) coastal risk projection of Climate Central 
[14], (2) land area, (3) shoreline length, and (4) locality 
and infrastructure risk [1,12,16]. The first parameter 
identified areas that will be submerged by 2040 [14]. 
The affected land areas were ranked since selecting 
larger areas would benefit more people. The shoreline 
lengths were ranked to minimize zoom and increase 
calculation accuracy. Settlements and infrastructure 
were also considered. Thus, as seen in Figure 1, the 
shoreline bordering Barangay 7 and Baguingin in 
Tigbauan, Iloilo was chosen. It faces the Panay Gulf 
near the Sibalom River and the observed nearby 
infrastructures are residential areas and vegetation 
approximately 15 m from the shoreline. 

 

 
Figure 1. (a) The study area in the Philippines. (b) The areas in 
Tigbauan, Iloilo projected to be below the annual flood level 
in 2040. (c) The shoreline in Tigbauan, Iloilo selected based 
on the set criteria. 
 

Satellite Image Georeferencing. Landsat 5 and 8 
images of the study area from 1993 to 2020 were 
obtained using GloVis. The images were chosen based 
on image clarity, cloud coverage, and time and date of 
image acquisition. The selection process involved 
scanning all the available images that were taken 
during the equinox, specifically within the months of 
August to September. Due to the lack of clear images 
during these months from 1993 to 1998, images from 
February and March were used instead.  The images 
with a clear view of the study area, minimal to no 
cloud cover, and acquisition times ranging from 9:00 
AM to 10:30 AM MPST were selected. Those not 
satisfying the criteria were excluded, resulting in non-
uniform intervals. The primary image acquisition 
date criterion was based on March 20 and September 
23 due to the presence of equinoctial tides. A total of 
18 Landsat images were used in the study, with five 
from the March equinox and 13 from the September 
equinox since during these months, the tidal 
amplitudes are at a maximum [17]. All images were 
subjected to visual comparisons and were ensured to 
have been georeferenced correctly, as determined by 
the lack of shifts in road alignment. 

 
Image Processing and Shoreline Extraction.      The 

acquired Landsat 4–5 and 8 images underwent image 
processing using QGIS. The raster images were first 
uniformly cropped to focus on the identified 
shoreline. The cropped images were then subjected to 
geometric and atmospheric corrections using the 
Semi-automatic Classification Plugin in QGIS [18], 
DOS1 atmospheric correction, and panchromatic 
image sharpening. Raster calculation was then 
performed on the Landsat bands using the Modified 
Normalized Difference Water Index (MNDWI) with 
the formula to extract the shoreline positions [19]. 

 
𝑀𝑁𝐷𝑊𝐼 = (𝐺𝑟𝑒𝑒𝑛 𝐵𝑎𝑛𝑑 −𝑀𝐼𝑅 𝐵𝑎𝑛𝑑)/(𝐺𝑟𝑒𝑒𝑛 𝐵𝑎𝑛𝑑

+𝑀𝐼𝑅 𝐵𝑎𝑛𝑑) 

 
Where:  
Green Band = green band number depending on 

Landsat type 
MIR Band = middle infrared band depending on 

the Landsat type 
 

Land and water features were further 
differentiated by utilizing a threshold value of zero in 
the raster calculator to produce a binary raster image 
which was then polygonized for shoreline tracing.  

 
Data Analysis.      The NSM, SCE, EPR, and LRR 

were calculated using DSAS in ArcGIS 10.4. Three sets 

http://faspselib.denr.gov.ph/sites/default/files/Publication%20Files/crmguidebook8.pdf
https://sci-hub.do/10.1016/j.ocecoaman.2019.105008
https://www.sci-hub.ren/https:/doi.org/10.3390/W9110816
https://sci-hub.do/10.1007/s13762-013-0196-1
https://www.researchgate.net/publication/232724072_Modification_of_Normalized_Difference_Water_Index_NDWI_to_Enhance_Open_Water_Features_in_Remotely_Sensed_Imagery
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of shoreline data were calculated and the separation 
of shoreline images was based on the image 
acquisition dates. The set 1 and 2 images were 
acquired near the March and September equinox 
respectively, while set 3 contained only the earliest 
and most recent shoreline. The shorelines included in 

each set are shown in Table 1. 
 

Table 1. Shoreline data used in each calculation. 

Set 
Shoreline 
Data (in 
years) 

# of 
shoreline

s 
Calculations 

 

1 1993, 1996-
1998 4 NSM, SCE, 

EPR, and LRR 
 

2 

2004, 2006, 
2008, 

2009, 2011, 
2013-2020 

13 NSM, SCE, 
EPR, and LRR 

 

3 1993, 2020 2 NSM and EPR  

The calculation of NSM, SCE, EPR, and LRR values was     
conducted using the calculate function in DSAS with a 90% 
confidence interval. ArcGIS-DSAS generated reports for the 
three sets. 

 
The NSM is the distance between the oldest and 

earliest shoreline data identified by DSAS based on 
the exact shoreline dates parameter inputted in 
ArcGIS. SCE is the greatest distance between each 
transect. For NSM, positive and negative values mean 
accretion and erosion respectively, while the SCE is 
always positive. Both NSM and SCE are in meters. For 
the EPR, DSAS divided the NSM by the time elapsed 
between the two shorelines but the variation of the 
rate over time was not considered. The LRR is the 
slope of the line generated by a least-squares 
regression fit to all available shoreline points for each 
transect. The regression line is the minimum sum of 
the squared residuals. The squared residual for a data 
point is the square of the offset distance from the 
regression line. Both rates are in meters per year. 
 

Results and Discussion. - The results and 
discussion were divided into six parts namely: 
acquired satellite images, processed satellite images, 
traced and extracted shorelines, shoreline change 
values, shoreline change rates, and shoreline 
forecasting. All values were generated using the 
ArcGIS-DSAS function and can be seen in the raw 
data tables found in the supplementary data section of 
the journal. Sets 1 and 2 each had a total of 283 
transects while set 3 had 294 transects in total.  

 
Acquired Satellite Images.     There were 18 Landsat 

images gathered in total, with nine Landsat 4-5 images 
from 1993 to 2011, and another nine Landsat 8 images 
from 2013 to 2020. The images obtained all had 
spatial resolutions of 30 m, contained clear views of 
the shoreline, and were captured near the two 
equinoxes during times ranging from 9:00 AM to 
10:30 AM MPST. The tide conditions varied with 
heights ranging from -0.03 m to 1.67 m. It was 
determined that three images in set 1, eight images in 
set 2, and one image in set 3 were taken during low 
tide. The lack of uniform conditions contributed to 
increased positional change due to the comparison of 
shorelines during high and low tides. The images 
from set 1 and set 2 were also taken in different 
monsoon seasons, which may affect the tidal 
conditions. No visible deviations were observed 

during the conduct of visual analyses, thus, the 
georeferenced images were concluded to be correct. 

 
Processed Satellite Images.     All satellite images 

were successfully subjected to image processing 
techniques starting with uniform cropping, 
atmospheric correction, and RGB enhancement. The 
enhanced images increased shoreline definition due 
to the color contrast in the land and water areas and 
the use of the water index enhanced the open water 
features and suppressed the built‐up land noise. This 
enabled the creation of binary raster images with 
clearly defined separations of the land and water 
features for easier shoreline extraction.  

 
Traced and Extracted Shorelines.     All vector images 

were cropped and traced based on the study area 
coordinates. The x-components were the same for all 
images. However, the y-components of the traced 
endpoints varied, showing that the shoreline changed 
over the years. The traced shoreline vectors had 
sharpened edges due to the 30 m x 30 m pixels, but 
were not subjected to smoothing to preserve the 
defined geographical accuracy of the shorelines. 
Three datasets, shown in Table 1, were then created 
where images taken near the same equinox were 
grouped together to ensure uniform conditions for 
shoreline analysis.  

 
Shoreline Change Analysis.    The shoreline change 

experienced in the study area was analyzed using the 
SCE and NSM values generated by ArcGIS-DSAS and 
can be found in the supplementary data section. 

 
Shoreline Change Envelope.    The SCE represents 

the greatest distance among all intersecting shorelines 
in a given transect. This alone does not indicate if the 
change is erosional or accretional since it is always 
positive. The SCE calculations involved set 1 and set 2 
shoreline data, shown in Figures 2.a and 2.b, 
respectively. 

 
The shorelines in set 1 had an average SCE 

distance of 30.50 m. The greatest distance of 96.24 m 
in transect 146 showed that the shoreline eroded from 
1993 to 1996. For set 1, 55 null values or transects with 
no observed shoreline position changes were 
generated, resulting in a minimum distance of 0. 
These null values were attributed to the low Landsat 
4-5 resolution which prevented the detection of 
changes below  30 m [20].  

 
For set 2, the 13 shorelines were calculated to have 

an average SCE distance of 61.54 m which is 
approximately two times greater than that of the 
previous set or an increase of 101.77%. The greatest 
distance observed in transect 61 showed that the 
shoreline accreted by 113.77 m from 2013 to 2020. In 
set 2, no null values were generated and a minimum 
distance of 30.01 m was observed in transect 8.  

 
The SCE values show that in the period from March 
1993 to 1998, shoreline changes ranged from 0 m to 
96.24 m while from September 2004 to 2020, changes 
ranged from 30.01 m to 113.77 m. These results do not 
indicate whether the observed changes are mostly 
erosional      or      accretional      and      thus,      require 
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supplemental data from the NSM values. However, it 
can be said that the greatest changes observed in sets 
1 and 2 are erosional and accretional respectively. 
 

Net Shoreline Movement.     The NSM represents the 
distance between the oldest and most recent 
shorelines for each transect. The NSM values of the 3 
sets were generated and analyzed in relation to the 
SCE values and contained both the negative or 
erosional and positive or accretional values. The NSM 
calculations involved all three sets of shoreline data, 
shown in Figures 3.a for set 1, 3.b for set 2, and 3.c for 
set 3. 

For set 1, among the 283 transects, 47% or 133 were 
erosional, 25.09% or 71 were accretional, while 27.9% or 
79 were null. The maximum negative value of -64.16 
m at transect 146 also had the greatest SCE of 96.24 m 
from 1993 to 1996. This suggests that from 1996 to 
1998, transect 146 accreted by 32.08 m. The shoreline 
changes from March 1993 to 1998 ranged from -64.16 
m to 63.17 m. The average distances indicate that 
despite having greater accretion in terms of 
magnitude, the presence of more erosional transects 
led to an average distance of -6.04 m, which is 
considered erosional. 

 
 

 
   (a)             (b) 
 

Figure 2. The shoreline change envelopes of (a) set 1, and (b) set 2. 
 

 
  (a)             (b)             (c) 
  

Figure 3. The net shoreline movements of (a) set 1, (b) set 2, and (c) set 3. 
 

 
  (a)             (b)             (c) 
 

Figure 4. The endpoint rates of (a) set 1, (b) set 2, and (c) set 3. 
 

 
   (a)              (b) 
 

Figure 5. The linear regression rates of (a) set 1, and (b) set 2. 
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Relative to set 1, the average erosion in set 2 
decreased by 13.58 m while the average accretion 
decreased by only 3.22 m.The positive distances were 
also greater than the negative distances. These show 
that from 2004 to 2020, more parts of the shoreline 
eroded but the accretional areas had greater changes 
resulting in an average of only -1.99 m, which is 
67.05% less than that of set 1.  

 
Set 3 had the most and least number of erosional 

and accretional transects with 90.82% and 9.18% of the 
total, respectively. The shoreline changes ranged 
from -103.37 m to 25.1 m. The high maximum erosion 
and number of erosional transects contributed to a 
high average erosion of -41.3 m, while the average 
accretion was only 19.25 m. Thus, the average NSM 
from 1993 to 2020 was -35.74 m. 

 
The average NSM in set 3 is significantly greater 

than that of sets 1 and 2. This high average can be 
attributed to the high shoreline erosion from 1998 to 
2004 since the changes during this period were not 
investigated due to image availability.   

 
Shoreline Change Rate Analysis.     The rate of 

change experienced by the shoreline was calculated 
using the EPR and LRR methods in ArcGIS-DSAS and 
can be found in the supplementary data section. 

 
Endpoint Rate.     The EPR calculates the shoreline 

change rate based on only two shorelines. The average 
NSM distances were divided by the time elapsed 
between the oldest and most recent shorelines to 
generate the EPR values. The EPR calculations 
involved all three sets of shoreline data, shown in 
Figures 4.a for set 1, 4.b for set 2, and 4.c for set 3. 

 
For set 1, the null transects prevented DSAS from 

determining the average CI associated with rates, 
reduced n, uncertainty, and transects with statistically 
significant erosion or accretion. The maximum rates 
for set 1 are significantly greater than that of the other 
sets while the average rates lowered to values closer to 
that of the other sets, leading to an EPR of -1.21 m per 
year. 

 
For set 2, 35.94% of the 192 erosional transects and 

96.70% of the 91 accretional transects were statistically 
significant. Accretional rates were also greater than 
the erosional rates. These explain why despite having 
more erosional transects, the average NSM and EPR 
of this set are low, leading to set 2 having the least EPR 
of -0.13±0.89 m per year. 

 
Set 3 had the lowest maximum erosion rate and 

an average erosion rate that is only 50.83% of set 1. 
However, it had the lowest accretion rates, leading to 
set 3 having the highest average EPR of -1.32±0.52 m 
per year.  

 
Linear Regression Rate.     The LRR used all 

available shorelines to determine the change rate and 
was performed for sets 1 and 2, shown in Figures 5.a 
and 5.b, respectively. 

 
The LRR of set 1 had fewer null transects than the 

EPR, showing that more changes occurred in 1996 and 
1997. The maximum rates increased by less than 1 m 
per year with the addition of the 1996 and 1997 
shorelines, but the average rates significantly 

increased by more than 100% of the EPR rates. This 
showed that the shoreline experienced more changes 
in 1996 and 1997 compared to just 1993 and 1998. 
However, the LRR of -1.23 m per year differed from 
the EPR by only 0.02 m, suggesting that despite 
having more changes, the erosion and accretion rates 
still balanced out to result in a similar average rate. 

 
The LRR of set 2, shown in Figure 5 (b), had more 

erosional and less accretional transects than the EPR. 
This was also true for transects with statistically 
significant erosion and accretion. These can be 
attributed to the shorelines that were not included in 
the EPR calculations. The average erosion and 
accretion rates were greater and lesser, respectively, 
than the EPR. The LRR of -1.22±0.72 m per year is 
nine times the EPR which also indicates that despite 
the few differences in the 2004 and 2020 shorelines, 
the shorelines between them experienced more 
erosion and less accretion, resulting in the high 
erosional LRR.  

 
Shoreline Forecasting.     Using the LRR of set 2, the 

DSAS forecaster predicted that in 2030 and 2040, 
erosion will occur in most transects while accretion is 
observed in areas near the shoreline ends but are 
mixed with erosional transects. The part of the 
shoreline from 10° 40' 7.413" to 10° 40' 19.7292"N 
latitude and 122° 23' 27.4266" to 122° 24' 12.4158"E 
longitude is expected to erode by 2030 and 2040 and 
these areas contain most of the human settlements in 
the study area. 

 
Figure 6. The forecasted shoreline positions for 2030 and 
2040. 
 

Limitations.     The study utilized shorelines from 
years with Landsat images that fit the set criteria, thus, 
not all years from 1993 to 2020 were included in the 
calculations. Due to availability, low-resolution 
images were utilized resulting in the presence of null 
transects which prevented the calculation of certain 
values. No physical investigations were conducted 
due to safety concerns amidst the pandemic. Further 
investigation of the factors affecting the identified 
shoreline changes, as well as the verification of the 
predicted shoreline positions, was not performed. 

 
Conclusion. - The shoreline change values 

showed that more parts of the shoreline eroded from 
2004 to 2020 but a greater magnitude of erosion was 
observed from 1993 to 1998. The erosion from 1993 to 
2020 was significantly greater than that of the other 
sets, suggesting that most occurred from 1998 to 2004. 
This was supported by the EPR and LRR calculations 
which showed that the 1993 and 2020 shorelines also 
had the least accretion rates and the most and least 
transects with statistically significant erosion and 
accretion respectively. It can be concluded that the 
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shoreline in Tigbauan, Iloilo experienced more 
erosion than accretion in both occurrence and 
magnitude from 1993 to 2020. The average shoreline 
change rates ranged from -0.13 to -1.32 m per year, 
showing that the shoreline is eroding at an average 
change rate of -1.022 m per year. The average LRR 
from September 2004 to 2020 was used to forecast 
that erosion will continue in 2030 and 2040 for the 
majority of the shoreline. These data can be used to 
improve the municipality’s coastal management by 
identifying which areas are vulnerable to shoreline 
erosion and coastal area loss. 

 
Recommendations. - More shoreline images 

with better resolutions are recommended to provide 
more accurate shoreline change rates. An effective 
smoothing function with a clearly defined accuracy 
may also be applied to extracted shoreline vectors 
prior to shoreline calculation. Moreover, adding the 
tidal level and monsoon season to the image criteria 
and considering the digitization uncertainty will 
enable more uniform shoreline conditions and 
accurate calculations. Physical shoreline inspection 
should be conducted to obtain more information that 
could contribute to the analysis. Supplementary data 
such as daily rainfall, typhoon tracks, and conducted 
human activities are recommended to understand the 
factors affecting shoreline change. Lastly, the 
shoreline change rate should be verified further so it 
can be utilized to accurately predict future shoreline 
positions. 
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Research Events 

  

START OF SCHOOL YEAR 

The Research Events circuit is the series of research-related activities 
prepared by the Research Unit and/or the scholars with the aim of 
bringing their studies to the community. The logo to the left is the 
overarching symbol of the events circuit. The multicolored flame 
represents the multitude of activities the scholars undertake as 
embodied in each of the event logos. The interwoven circles represent 
the infinite possibilities in research. The logo itself is reminiscent of the 
PSHS logo, representing the values of truth, excellence, and service. 

Cont’d 

PAGBANTALA is the first event in the 
circuit. It is a virtual research congress 
where scholars present their studies to a 
panel of experts. The logo therefore 
features a caricature of the main scene in 
Pagbantala: a panel of three, sitting 
behind the table facing the scholars and 
their presentation – collectively 
represented by the incomplete frame. As 
the first event, Pagbantala is colored red, 
symbolizing the flames igniting the 
Research Circuit. 

PAGBALANDRA is where scholars 
present their posters to an audience. The 
logo therefore features a caricature of an 
individual presenting his/her poster. 
Scholars prepare and showcase three 
materials: a technical poster for 
professionals, a community poster for 
elementary school students, and a 
headline poster to capture their 
audience’s attention. 

BANTALA 
Hiligaynon 
“to inform” 

G12 

BALANDRA 
Hiligaynon 
“to show” 

G12 

PAGHINUN-ANON is an event for Grade 
11 scholars. As in Pagbantala, the logo 
features the main scene in Paghinun-
anon: the work unit, a group of scholars, 
and a three-man panel meet virtually to 
discuss the research proposal, with the 
panel guiding the scholars in their 
proposed study. The logo is yellow – a 
joyful color – as this is a time of 
celebration, the first step towards 
realizing a research study in the research 
curriculum. 

HINUNAN-

ANON 
Hiligaynon 
“to inquire” 

G11 

PAHISAYOD is among the largest events 
in the circuit. This year’s version had 
scholars present their study to elementary 
studies in the form of interactive games 
and gimmicks. The logo therefore shows 
two individuals: one representing the 
scholars, the other the students they are 
presenting to, and the white matter being 
the knowledge shared in this event. The 
green marks a transition in energy, as 
events move from being school-based to 
community-based. 

HISAYOD 
Hiligaynon 
“to announce” 

G12 



 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Cont’d 

END OF SCHOOL YEAR 

PAGWARAGWAG is Pagbantala, 
Pagbalandra and Pahisayod combined 
into one virtual congress, with students 
from different schools in attendance. 
This is represented in the logo’s 
caricature which shows a group of 
individuals facing a group of three: the 
scholars. The incomplete frame that 
represented the scholars in Pagbantala 
are now complete researchers in 
Pagwaragwag with the ability to 
communicate science in an elementary 
and secondary level. 

PAINDIS-INDIS is a campus-wide cover 
page competition. This is how the cover 
of Publiscience is decided. Hence, the 
logo shows multiple panels that 
showcase each submission and two 
individuals which are shown holding 
similar panels, as if they were issuing a 
vote. Several of Batch 2021’s work units 
submitted an entry, the number of 
which is reduced in every stage of voting 
with the teachers issuing the final vote. 

INDIS-INDIS 
Hiligaynon 
“to compete” 

G12 

WARAGWAG 
Hiligaynon 
“to broadcast” 

G12 

PAGPABALHAG is the event that 
formally launches this year’s 
Publiscience issue. Through the journal, 
the audience of the scholars’ studies is 
expanded, networking through various 
individuals or groups that possess a 
copy. This is represented in the logo by 
caricatures of individuals surrounding 
the journal, giving it the collective shape 
of an atom, which can diffuse through 
borders and catalyze the exchange of 
knowledge. The atom is reminiscent of 
the PSHS logo, a symbol of the 
institution which nurtured the scholars 
up to this point.  

PABALHAG 
Hiligaynon 
“to publish” 

G12 

PAGSUGIDADON is the culminating 
event for Grade 10 scholars. Work units 
composed of five scholars present their 
study to a panel. In the logo, the five 
scholars are shown, the descending 
white matter representing their 
initiation into the research process. The 
white-grey color represents a blank 
slate, scholars that are ready to be 
molded, brimming with unknown 
potential. 

SUGUID 
Hiligaynon 
“to report” 

G10 
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