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Abstract: Fertilizers play an important role in providing crops with essential nutrients such 
as nitrogen (N), phosphorus (P), and potassium (K), which supplements plant growth. 
Compared to synthetically composed commercial fertilizers, next generation fertilizers are 
manufactured from low-energy mechanisms and are composed of nutrients from repurposed 
wastes which make them cost-efficient and sustainable. With the objective of determining 
which would deem to be an effective next generation fertilizer, we focus on human urine and 
meat and bone meal, to which its processing included solar drying, freezing, grinding, and 
utilizing additives to prevent fungal growth as well as improve efficacy. Three iterations, each 
with four set ups: plain urine, urine and meat and bone meal, control, and meat and bone meal 
only; were used to examine which content would prove more beneficial to the growth and 
quality of the chosen plant, Vigna radiata. The study adapted a quantitative analysis that 
aimed to measure the plant height, leaf area index, and dark green color index through the 
conduction of statistical tests and the use of ImageJ. As a result, the paper was able to conclude 
that the combination of urine and meat and bone meal poses a great potential for future 
fertilizer use.  
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1. INTRODUCTION 
Compared to synthetically composed 

commercial fertilizers, next generation fertilizers are 
manufactured from low-energy mechanisms and are 
composed of nutrients from repurposed wastes. They 
are better in terms of nutrient use efficiency (NUE) 
which have a potential boost in crop productivity and 
quality in the future as sources of plant nutrients. Its 
capability to bridge the imbalanced use and nutrient 
gap generated by their synthetic counterpart in soil is 
one of the reasons why it is better than commercial 
fertilizers (Singh, Praharaj, & Jat, 2019). 

 The study was conducted by developing crop-
specific formulae from human urine and meat and 
bone meal, both organic materials for cost-efficiency 
and accessibility. Urine, an exemplar of human 
excreta, defined as a liquid output produced by the 
kidneys, contains significant amounts of nitrogen (N), 
phosphorus (P), potassium (K), and other 
micronutrients (Nagi & Zseni, 2017). Processed from 
slaughterhouse waste, the meat and bone meal 
comprises concentrations of N, P, and calcium (Ca). 
Thus, both possess the essential nutrients necessary 
for plant growth (Möller, 2015). With next generation 
fertilizers, one can cut costs since its vital component 
is human urine which is free and always readily 
available. As farmers do not have a considerable 
budget for planting crops, the fertilizer would be able 
to assist them in their finances. Moreover, as COVID-
19, a massive health threat in the country, continues 
to warrant quarantine protocols leading to a 
multitude of people remaining in their homes, we thus 
investigate how households can use their excrement 
and readily available household ingredients to grow 
their own foods. 

 Considering the mechanisms of nutrient 
delivery, this study aims to determine which and what 
constituent would be deemed the most effective and 
beneficial to the chosen plant subject, Vigna radiata, 
also known as the monggo plant. Additives such as 
sodium bicarbonate (NaHCO3) were utilized to 
generate a slow-release fertilizer that prevents fungal 
growth in plants and enhances efficacy (Jamilah et al., 
2020). 
 

2. METHODOLOGY 
The urine’s pH level was accounted for by 

using a pH meter and was subjected to a freeze-thaw 
process for further stabilization. If the pH level did not 
meet the preferred value of around 6.8, the addition of 
Ca(OH)2 was employed. Urine was stored in a sealed 
container, placed inside a cooler with ice and salt that 
was replenished every two hours. It was kept inside 
for seventy-two hours before it was thawed at room 
temperature. For the meat and bone meal, it was first 
subjected to boiling for an hour to soften its structure. 

Afterwards, ample amounts of boiled meat 

and bone meal were blended which resulted in a paste-
meal component. When under high temperatures, 
organic matter retains its minerals, such as 
phosphorus (Möller, 2015). The meat and bone meal 
supplements the plant with phosphorus that the urine 
lacks. Both the processed urine and meat and bone 
meal were mixed and once diversified, was transferred 
to a drying pan, covered with a plastic lid, and solar 
dried for forty-eight hours. Subsequently, the product 
produced was a paste fertilizer. It was then stored in 
a sealed container and placed in a cool and dry place. 
All equipment used were identical and purchased 
from the same shops. 

A randomized block design consisting of four 
set-ups of monggo plants per block was used to gauge 
the fertilizer’s effectiveness.  The dependent variables 
in this study were the plant height, leaf area index, 
and leaf color of the plant while the independent 
variable was the fertilizer, which was separated into 
four groups: Set-up A, Set-up B, Set-up C, and Set-up 
D. Set-up A was a monggo plant fertilized with a 
controlled amount of urine fertilizer; Set-up B was 
fertilized with the product from the mixture of urine 
and meat and bone meal while Set-up C was not 
fertilized at all. This distinction also acted as the 
baseline or controlled set-up for the comparison of 
data. Meanwhile, Set-up D was fertilized with meat 
and bone meal only. All set-ups were situated indoors 
with direct access to sunlight. Each set-up has 100 
grams of soil and were situated in identical pots. A 
total of three iterations, which is defined as a process 
modification, with each iteration having two trials 
were done during the study. Three iterations were 
conducted since this a novel project; and so the 
procedures incorporated in the methodology such as 
the mix formulation and application will solely be 
dependent on the successes and failures of the 
preceding iterations. 
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One-way ANOVA was utilized in analyzing 

the data for plant height collected from the 
experiment because the researchers aimed to 
differentiate the results and test whether the 
differences within the means of the data were 
significant. For the leaf area index and color, the 
software ImageJ was used. ImageJ is an open-source 
imaging software that offers an estimate of real-life 
dimensions of given pictures of objects by measuring 
the number of pixels it has in comparison to an object 
with a known measurement. In terms of the color, a 
plugin made by NC State University for ImageJ was 
utilized in order to measure the leaves’ dark green 
color index which includes saturation, brightness 
values, and hue angle (Zhang, Pinnix, Zhang, Miller, 
& Rufty, 2017). Leaf samples were collected from the 
set-ups at the end of the experiment period and were 
photographed, edited, and ran through the program. 

 
For the leaf area index and color, mean 

values were utilized since the sample size was too 
small to conduct a one-way ANOVA test (Tabachnik 
& Fidell, 2012). 

 
3.  RESULTS AND DISCUSSION 
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The first iteration was conducted as 
preliminary grounds only to test out the feasibility of 
using urine and meat and bone meal as a component 
for a next generation fertilizer. At the end of the 
experimental period, the urine and meat and bone 
meal fertilizer has shown to have the highest final 
plant height, and is thus the most effective out of all 
fertilizers.  

For the second iteration, a change in the 
increments of fertilizer, baking soda, and water was 
made based on ocular observations from the first 
iteration. The one-way ANOVA testing conducted 
showed that the P-value for the means of plant height 
between the groups has a value of 0.50. Since it has 
exceeded the 5% significance level, we can infer that 
the difference between the means was not statistically 
significant. Despite this conclusion on the test, we can 
infer that Set-up A, with the urine-only fertilizer, is 
the plant with the most effective fertilizer during the 
second iteration given that it has the highest final 
plant height. A possible reason why the urine-only 
fertilizer became the most effective in terms of plant 
growth can be attributed to the addition of sodium 
bicarbonate into every fertilizer application. 
According to Gafter, Edelstein, and Levi (1985), 
sodium bicarbonate can inhibit the absorption of the 
nutrient phosphorus. Since the meat and bone meal 
component of the fertilizers was supposed to mostly 
supplement the phosphorus demand of the plants, the 
large amount of sodium bicarbonate may have 
nullified the effectiveness of all fertilizers containing 
meat and bone meal. Another potential factor to its 
boosted effectivity is that human urine is better suited 
for multiple applications, since fertilizing before the 
plant’s seedling stage is not effective for plant growth 
and production due to mainly high ions intensity in 
low saline soil and high leaching of nutrients from soil 
(Sene, 2013).  

For the third iteration, the one-way ANOVA 
testing conducted showed that the P-value for the 
means of plant height between the groups has a value 
of 0.08. Since it has exceeded the 5% significance level, 
we can infer that the differences between the means 
were not statistically significant. Despite this 
conclusion on the test, we can infer that Set-up B, with 
the urine and meat and bone meal fertilizer, is the 
plant with the most effective fertilizer during the third 
iteration given that it has the highest final plant 
height.  The data collected were also in line with the 
tentative hypothesis formulated by the researchers 
which states that the addition of sodium bicarbonate 
may have disrupted the effectiveness of the meat and 
bone meal component of the fertilizers which contain 
it during the second iteration. Furthermore, it was 
found out that the most effective and low-maintenance 
method for mixed component fertilizers would be to 
have a one-time application; in a similar study that 

was conducted with maize, it was concluded that 
higher meat and bone meal doses contributed to a 
higher grain yield and that the yield-forming effect of 
meat and bone meal was not dependent on the 
frequency of application (Nogalska et al., 2013). 
Leaf color is an indicator of the nitrogen level present 
in a plant. In line with the values presented in the 
table, we can infer that fertilizer Set-up B had the 
biggest leaf area index and highest dark green color 
index (DGCI) mean. In a study by Siddons (2013), the 
DGCI of a plant was utilized as a method to measure 
the nitrogen content of several plants. In the wheat 
and turf that was examined in the study, it was 
detected that its DGCI values and leaf N 
concentration have a strong relationship. A higher 
DGCI value indicated a higher amount of N present. 
Therefore, based on this, as fertilizer set-up B had the 
highest DGCI mean of 0.396, we can infer that it 
contains the most amount of N. Since the population 
for both DGCI and leaf area was too small, it was not 
possible to have it undergo ANOVA testing. 
 

4.  CONCLUSIONS 
In this study, amidst the four fertilizer set-

ups, the researchers learned that the fertilizer for set-
up B, which contained combined urine and meat and 
bone meal, poses the greatest potential as a next 
generation fertilizer. Baking soda may accompany 
urine itself, but an alternative may be needed when it 
is needed to be mixed alongside phosphorus-rich 
components such as meat and bone meal. 
Furthermore, after conducting three different ways of 
applying the fertilizers, the researchers were able to 
determine that the most effective and low-
maintenance method is to utilize a one-time 
application when using a mixed component fertilizer. 
On the other hand, when using urine-only fertilizer, it 
is preferable to utilize a slow-release mechanism with 
the use of an additive.  

The differences between the means of plant 
heights in the second and third iterations were found 
to be not statistically significant. However, comparing 
the raw data to one another will infer an evident 
difference that can corroborate the high possibility of 
developing a next generation fertilizer from urine and 
meat and bone meal once further research, enhanced 
methodologies and instruments are incorporated. 

The experimental part of this study was 
unfortunately conducted during the implementation 
of quarantine measures in the country because of 
COVID-19; therefore the researchers had limited 
resources. For further research similar to a novel 
project such as this, the researchers recommend that 
consistency of the location, materials, and equipment 
must be maintained in producing a next generation 
fertilizer to provide more cohesive and solid results. It 
is also recommended to cover a wider array of 

371



 
SUSTAINABILITY, ENVIRONMENT, 

AND ENERGY

parameters that the researchers were not able to 
measure such as number of leaves, number of roots 
and the exact NPK demand of the plant and the soil to 
be used. Another type of plant, preferably one with a 
longer growth cycle is apt for this kind of study so that 
there are more results to be obtained and analyzed. 
When using a slow-release mechanism, baking soda is 
not advisable to be used upon phosphorus-rich 
components as it may potentially disrupt the 
phosphorus delivery of the fertilizer. Lastly, to 
corroborate a fertilizer’s effectiveness as a next 
generation fertilizer, conduct a study comparing it 
with a commercial fertilizer. 
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Abstract: Due to the ever-increasing demand for electricity and the growing solid waste 
management problem prevalent in the Philippines, there exists a need for an innovation that 
can solve both problems simultaneously while being accessible to impoverished households. 
This study investigated the effectiveness of utilizing accessible materials such as earthenware 
ceramic, baking soda, charcoal, and food waste in developing a Cost-effective Microbial Fuel 
Cell (CEMFC). Eight prototypes were created using such materials, with 7 having the anode 
wrapped around the PEM and one having the anode placed around the inside of the container.  
The voltage output and duration were measured after which the performance of the uniform 
prototypes was compared with the varying prototypes, as well as that of a commercial battery. 
The effects of the placement of the anode on the efficiency of the fuel cells were also 
investigated by creating two prototype models. The results were analyzed with the application 
of an Independent t-Test and MANOVA. The mean voltage produced by the uniform CEMFCs 
was 0.21 Volts and the average duration of all the prototypes was 14 days. The prototypes also 
had a lower efficiency compared to a commercial battery (p-value < 0.05), however no 
significant difference was observed on the two prototype variations made based on the position 
of the bioanode (p-value = 0.5740). It was concluded that while the CEMFC was able to produce 
electricity, the voltage generated wasn’t enough to fully power devices, thus further studies 
regarding scaling up methods for higher electricity production is recommended. 
   
 
Key Words: cost-effective microbial fuel cell; anode; voltage; duration; bioanode 

 
1. INTRODUCTION 

Electricity, despite being a fundamental 
human right, is not readily available to millions of 
people in Southeast Asia. According to Rosario (2019), 
in the Philippines alone, 13 to 16 million people have 
no access to electricity. Moreover, these people can 
usually be found in rural or underdeveloped areas, 
making it more difficult for them to receive the help 
they need due to the lack of facilities and resources in 
their location. The efforts of the nation’s main energy 
provider, Meralco Corporation, on increasing the 
number of coal power plants to meet the population’s 
electricity needs prove to be both insufficient and 
detrimental to the environment (Domingo, 2019). 
Similar to many third world countries, the Philippines 
also faces the issue of solid waste management, either 
due to the lack of proper disposal facilities or 
inefficient waste processing techniques (“Philippines 
Solid Waste at a Glance”, 2017).   

 Microbial fuel cells (MFC) are a type of 
emerging technology which utilizes the ability of 
bacteria to release protons and electrons from organic 
molecules through an oxidation process (Wen et al., 

2010). Multiple studies have already investigated 
various factors that may affect the performance of an 
MFC including the presence of a magnetic field, 
difference in pH levels, and the use of a polyaniline 
sponge as an anode (Sun et al., 2017; Xu et al., 2018; 
Yin et al., 2016). Despite this, none of the studies 
mentioned sought to create a cost-effective MFC. 
There is also a knowledge gap with regards to the 
effects of the placement of the anode as similar 
research studies were only concerned with 
investigating electrode treatments that can help 
increase the efficiency of the MFC as opposed to 
studying specific parameters that may affect its 
performance. Consequently, this study aimed to 
develop a Cost-effective Microbial Fuel Cell (CEMFC) 
with the utilization of the following independent 
variables: (i) ceramic as a cation separator, (ii) 
charcoal as a bioanode, (iii) baking soda as pH 
regulator, and (iv) ground carbohydrate food waste 
mixed with water as a substrate. The efficiency of the 
created prototypes served as the dependent variable 
which was measured with the use of two parameters, 
namely voltage and duration. The researchers also 
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investigated the effects of the placement of the anode 
on the performance of the CEMFC.  

The utilization of ceramic as a cation 
separator, charcoal as a bioanode, baking soda as a pH 
regulator, and ground food waste mixed with water as 
a substrate directly influenced the efficiency of a 
microbial fuel cell. To elaborate, first, the ion 
selectivity of a cation separator has proven to be a 
determining factor concerning its effectiveness. Ion 
selectivity controls how easily protons will pass 
through the PEM (Harnish, 2009). Consequently, if 
the ion selectivity of a cation separator proved to be 
diverging from the protons present in the anode, a 
cation build-up may occur; increasing the acidity of 
the solution, and killing the microorganisms present, 
rendering the microbial fuel cell inefficient. On the 
other hand, a porous separator would allow protons to 
pass more quickly, preventing cation accumulation in 
the anode (Winfield et al., 2016). Previous studies 
have proven that ceramic has high porosity and no ion 
selectivity, making it a preferable material for the 
PEM (Winfield et al., 2016; Winfield et al., 2013; 
Pasternak et al., 2016). Second, the conductivity of the 
anode, as well as the presence of more significant 
contact among the particles, influence the overall 
voltage generation efficiency and current measure of 
a microbial fuel cell, in the sense that more points of 
contact allow for the formation of a channel for 
electrons to flow through (Gonzales et al., 2004). 
Previous studies proved that carbon-based materials 
including biochar and charcoal have high conductivity 
when increasing the number of points of contact 
between each molecule by compacting the charcoal, 
making it a suitable bioanode material (Cheng & 
Logan, 2006; Chaijak et al., 2018; Li et al., 2017; Qiao 

et al., 2007). Third, bacterial acidity tolerance 
determines what pH level the anode should have for 
optimum power generation as some microorganisms 
may thrive in neutral environments rather than basic 
or acidic ones (Sun et al., 2019; Biffinger et al., 2008). 
The voltage output, and duration of a microbial fuel 
cell have been proven to vary with the microbial 
communities’ activity present, subsequently being 
affected by the pH levels (Helin et al., 2018). Baking 
soda has been examined to have basic properties, thus 
raising pH levels slightly above the neutral mark and 
below the critical pH level where the bacterial activity 
starts to decline (Finch, 2017; Mentzer, 2019; Sun et 
al., 2019). Finally, the electrogenic ability of the 
microbial colonies present in wastes is the driving 
force that converts the organic molecules present in 
substrates to electrical energy via anaerobic digestion 
(Sivasankar et al., 2018; Raghavulu et al., 2013; 
Logrono et al., 2015; Kondaveeti et al., 2019). Related 
studies have discovered that food waste have high 
COD concentrations as well as carbohydrates, sugars, 
and phenolics, making it a viable substrate to foster 
the growth and digestion of nutrients of microbial 
communities in a microbial fuel cell (Socaci et al., 
2017; Lin et al., 2013; Paritosh et al., 2017; Farcas et 
al., 2017).
 

2. METHODOLOGY 
 

The researchers utilized the factorial design 
under the experimental structure in the study. This 
allowed them to collectively investigate the effects of 
the following independent treatments on the 
dependent variable: (i) ceramic as cation separator, (ii) 
charcoal as a bioanode, (iii) baking soda as pH 
regulator, and (iv) ground food waste mixed with 
water as a substrate.  

 

The researchers conducted the data 
gathering procedure by creating 8 MFC prototypes, of 
which 7 had the bioanode wrapped around the PEM 
while 1 had the anode wrapped around the inside of 
the container. 
 

 The researchers accomplished the Research 
Ethics Checklist given to them and had the letter of 
approval to perform the experiment signed by the 
research head prior to the conduction of the 
experiment. The materials were sourced from online 
stores and local markets as the researchers could no 
longer gather the samples and items needed from the 
partner community due to the restriction imposed by 
the pandemic.  

375



 
SUSTAINABILITY, ENVIRONMENT, 

AND ENERGY 

The researchers ground the carbohydrate 
food waste collected prior to the assembly of the 
prototype. The earthenware ceramic pot was placed in 
the middle of the plastic container. After which the 
charcoal was mixed with flour paste and molded 
around the inside of the container for one of the 
prototypes and around the outside of the pot for the 
rest of the CEMFCs until a thickness of 1 cm was 
achieved. A steel mesh placed inside the earthenware 
pot served as the cathode. The voltage output of each 
of the 8 CEMFC units was measured at a time interim 
of 30 minutes via a multimeter. The researchers then 
determined the duration by computing the interval 
where the MFC is producing electricity. The voltage 
values gathered concerning the level of time were 
averaged once complete. The same procedure was 
done with a commercial battery, after which the 
researchers compared the data collected from the two 
set-ups.  

After the conduction of the experiment, the 
researchers properly disposed of the materials used so 
as to prevent contamination. The data gathered were 
recorded, sorted, and tabulated prior to the conduction 
of data analysis. 

The data gathered by the researchers was 
analyzed with the application of an independent 
samples t-Test and Multivariate Analysis of Variance 
(MANOVA).  This allowed the researchers to 
investigate the existence of a significant difference in 
the efficiency or performance of the CEMFC and that 
of a commercial battery, as well as determine if there 
was a variation in the duration of the control and 
experimental group prototypes.  
 

The researchers conducted the entire 
research experiment, including the grinding of the 
food waste sample, the compaction of charcoal powder, 
the construction of the CEMFC, pH regulation, and 
operation of the CEMFC prototypes, in their 
respective venues due to the restrictions imposed by 
the COVID-19 pandemic. The materials were sourced 
from online retailers. 

 

3.  RESULTS AND DISCUSSION 

The following data were gathered in line with 
the experiment performed:  

Amount of voltage produced with the 
utilization of independent variables such as ceramic 

as cation separator, charcoal as bioanode, ground 
carbohydrate food waste mixed with water as a 
substrate, and baking soda as pH regulator much as 
possible occupy only one column page. Table headings 
should be re-indicated for catenated tables. 

 

 
 
 

Table 1 shows that the average voltage 
produced by the uniform MFC prototypes is 0.21 V, 
while the varying prototype produced a mean of 0.18 
V. Additionally, most of the prototypes had an 
inconsistent voltage production in which the 
electricity being produced would either slightly 
increase before gradually decreasing or significantly 
increase before plunging. Such results are in line with 
similar research studies cited in the paper. For 
instance, it was proven by Winfield et al. (2016) that 
ceramic’s porosity makes it a preferred material for 
proton exchange membranes as it allows protons to 
pass through it easily while also providing a positive 
environment for the metabolism of electro-active 
microorganisms. An earthenware type of ceramic was 
also discovered to help yield the highest amount of 
overall MFC productivity compared to mullite, 
pyrophyllite, and alumina (Pasternak et al., 2016). 
 

 

376



 
SUSTAINABILITY, ENVIRONMENT, 

AND ENERGY 

Table 2 shows that the uniform MFCs also 
varied in their average maximum and minimum 
voltage production, with the highest data recorded 
being 0.862 V and the lowest, 0.003 V. Subsequently, 
the varying prototype had an average maximum 
voltage of 0.484 V and a minimum of 0.024 V. The 
overall voltage production capability of the fuel cell 
could be inferred as a result of the feasibility of the 
said low-cost materials to be used in MFCs. For 
instance, it was studied that the application of a 
carbon material as a bioanode, can increase the 
electricity production capacity of an MFC (Winfield et 
al., 2016; Pasternak et al., 2016; Sun et al., 2018).  

Average duration of the uniform prototypes 
with respect to the utilization of ceramic as cation 
separator, charcoal as bioanode, ground carbohydrate 
food waste mixed with water as a substrate, and 
baking soda as pH regulator. 

 
 

 
 
 
 
 
 

 
Table 3 shows that the researchers 

determined that control group 2 lasted the longest for 
a total of 21 days, followed by control group 1 for a 
total of 11 days, while the experimental group lasted 
a total of 10 days. All 3 groups averaged a total of 14 
days of voltage production. This is similar to the 
findings of previous studies which stated that an 
average MFC lasts for about a few days to a few 
months considering the stability of the biocatalysts 
present (Wang & Jia, 2007). 

 
Table 4 shows that a significant difference in 

the duration of the three groups was also discovered 
(p-value < 0.05). Such a variation may be due to the 
slight fluctuation in temperature of the research 
environments or a change in pH level (Mano et al., 
2002; Sun et al., 2018). The behavior exhibited by the 
prototypes is also in line with the findings of similar 
research that longer-lasting MFCs produce less 
voltage and vice versa (Li, 2013). 
 

Significant difference between the efficiency (voltage) 
of a CEMFC and the performance of a commercial 
battery 
 

 
 
Table 5 shows that based on the independent 

t-Test analysis, it was determined that the CEMFCs 
(Mean = 0.2114 V; SD = 0.1588) produced a 
significantly lower average voltage compared to the 
commercial battery (Mean = 1.735 V; SD = 0). (t = -
46.00; p-value < 0.05). These results could be 
attributed to an accidental increase in the pH level of 
the substrate on a select number of prototypes due to 
the inability of the cation separator to transfer some 
H+ away from the substrate as a result of a great 
variation in the PEM and substrate volume ratio 
(Harnisch & Schröder, 2009; Chae et al., 2008; Sun et 
al., 2018).  
 
Difference in the efficiency of the CEMFC prototypes 
(voltage and duration) based on the placement of the 
bioanode 

 
 

Table 6 shows that there was no observed 
significant difference between the voltage production 
of the MFC prototype variant which had its bioanode 
wrapped around the PEM (Mean = 0.2114 V; SD = 
0.1588), and the voltage output of the MFC prototype 
which had the bioanode wrapped around the inside of 
the container (Mean = 0.1775; SD = 0.1555). (t = -0.57; 
p-value = 0.5740). Consequently, the absence of such 
difference may be justified by the notion that a 
minimum distance of 2 cm must be attained for the 
MFC to reach peak electricity production and both 
prototype models must have attained the optimal 
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distance needed (Cheng & Logan, 2006). While it is 
true that some studies stated that the surface 
structure and area of the electrode may influence the 
mass transfer, metabolites, and electron transfer in 
the MFC, the variations were observed to be trivial in 
a large scale (Rahimnejad et al., 2015; Yu et al., 2020). 

4.  CONCLUSIONS 
It was evident that while the CEMFC 

prototypes were able to produce electricity, several 
factors, among which the placement of the bioanode is 
not included, still tend to influence the overall 
performance of the fuel cell. However, given additional 
development to increase the efficiency of the MFC, 
there is a high possibility that these fuel cells will 
eventually be able to become a conventional power 
source in the future due to its sustainability and cost-
effectiveness. 
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Santos, and Eula Kathrina M. Tizon 

 
Abstract: The number of insect-borne diseases has brought many health-related issues, 
prompting the search, discovery, and formulation of insect repellents to prevent the acquisition 
of diseases. However, the preferred and conventional chemical-based repellent has downsides 
contrary to the benefits, such as the concern towards human and environmental safety. 
Meanwhile, scientific understanding of plants is mainly underexplored, resulting in people’s 
preferences for chemical-based insect repellents. The main objective of this review was to 
evaluate the efficacy of N, N-diethyl-3-methyl-benzamide (DEET), found in chemical-based 
repellents, and terpenes, found in plant essential oil-based repellents, to show the potential of 
both, along with the possibility of using plant-based repellents as an alternative to the 
conventional ones. The review was done by comparing and analyzing the fundamental data 
obtained from previous studies, focusing on the DEET or essential oil concentration, repellency 
rate, protection time for the efficacy, and the mosquito species that the tested repellents have 
shown to repel. After reviewing and comparing the results from primary sources, the 
researchers concluded that DEET-based and plant-based repellents both have potential 
depending on the concentration and the process of repellent formulation, as some plant-based 
repellents demonstrate longer protection times and thus greater potential than some of the 
DEET-based ones. 
 
Key Words: DEET; terpenes; mosquito repellent; repellent-active compounds; efficacy 
 

 
1. INTRODUCTION 
 

Blood-sucking and disease-carrying 
insects are a major cause of illness to children 
and adults worldwide, especially in tropical and 
subtropical climates (Family Doctor, 2017). This 
prompted the search and formulation of 
repellents that contain the ingredient N, N-
diethyl-3-methyl-benzamide (DEET) to prevent 
such insect-borne diseases. While DEET 
repellents are proven to be the most preferred 
and widely used (Moore et al., 2018), there are 
human safety and environmental concerns along 
with its use. High concentrations (10% or more) 
being needed for the application to be effective 
can produce adverse effects such as dermal 
reactions, neurotoxic and cardiotoxic effects, 
seizures, or convulsions (Legeay et al., 2018). 
DEET has also been detected in wastewater, 
surface water, and groundwater (Gao et al., 
2020). Moreover, studies have shown that these 

conventional repellents can already be resisted 
by Aedes aegypti (Almadiy, 2020). Thus, it is 
significant to search for repellent alternatives 
that do not include hazardous chemicals and 
instead take on safer and natural ingredients 
that pose fewer risks, such as those derived from 
plant extracts. Although plants as repellents 
have potential and are already moderately used, 
the scientific understanding of these plants is 
underexplored. This review looks more into 
plant-based repellents, evaluates their efficacy, 
and compares them to those of chemical-based 
repellents.  

 

To be able to evaluate and compare the 
efficacy of chemical-based and plant-based mosquito 
repellents with the active compounds present, the 
researchers did the following: 
research published articles dating from 2016 to 2021; 
determine the properties of active compounds of both 
chemical-based and plant-based repellents;  
compare and evaluate significant similarities and 
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differences in the efficacy of DEET and essential oils 
with terpenes as mosquito repellents; and
conclude the potential of plant-based repellents as an 
alternative to chemical-based repellents.

The scope of this review is the evaluation of 
the potential of chemical repellents based on DEET 
and natural repellents based on plant essential oils 
(EOs) containing terpenes. This review covered 
various studies that measured the repellent activity of 
the said compounds against mosquito species of the 
order Diptera. With the reported data from previous 
studies, the present study is only in the form of a 
written review. A conclusion regarding the potential 
of plant-based repellents and chemical-based 
repellents was formulated only through the obtained 
information from the gathered studies.

The study serves as an exploration and 
evaluation of plant-based and chemical-based 
repellents through their efficacy. Through this, the 
study imparts knowledge to the general public by 
providing information and conclusions about the 
potential of the conventional chemical-based 
repellents and the natural repellents that are 
accessible and environmentally friendly. It 
contributes to the awareness of communities in 
tropical and subtropical areas regarding the 
advantage and usefulness of phytochemicals from 
plants to control insects. On a larger scale, this could 
contribute to the production of chemical-based and 
plant-based repellents, as a broader understanding of 
the two is essential for future innovations.

2. METHODOLOGY

Give the support for your main claim by 
showing evidence for it. What are the foundations of 
your claim (theoretical framework)? What 
conclusion/s follow from it. How are you deriving the 
conclusion from the basis/bases of your claim 
(methodology)? It is not always necessary to actually 
state the specific logical rules for your inferences. It 
depends on the style that you are taking on in writing 
your paper. (In papers that are not highly analytical, 
if you find it necessary to label the actual process/es of 
derivation of your conclusion, do it in the footnotes.) 
But the correct inference must be made apparent here 
and you have to convince your audience of your 
argument.

Figures and tables should be referred to in the 
text. They should be centered as shown below and 
must be of good resolution. 

Chemical compounds are often used in the 
formulation of commercially available repellent 
products. Figure 1 shows the chemical structure of one 
of the most widely used synthetic chemicals, N, N-
diethyl-3-methyl-benzamide, commonly known as 
DEET.

Figure 1. Chemical Structure of N, N-diethyl-3-
methyl-benzamide

DEET is known to be the ‘gold standard’ for repellents 
for its long-lasting repellency towards different 
species of arthropods such as mosquitoes, ticks, fleas, 
and flies. DEET-based repellents are available 
worldwide today in various formulations, including 
aerosols, creams, lotions, sprays, gels, sticks, and 
wipes (towelettes) at concentrations ranging from 5% 
to 100% (Riffell, 2019).

Among the classes of plant secondary 
metabolites, terpenes is the largest and most diverse 
group. As shown in Figure 2, terpenes are composed of 
branched 5-carbon isoprene units assembled in 
different ways and are thus classified according to the 
number of isoprene units they contain (Ali, 2020; 
Ramirez-Gomez et al., 2019). These lipid-soluble 
compounds are synthesized by all organisms through 
the mevalonate and deoxy-D-xylulose pathways 
(Sahebi et al., 2017).

Figure 2. Chemical Structure of Various 

Terpenes
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Monoterpenes, which consist of two isoprene 
units, are important components of plant EOs. 
Limonene, linalool, linalyl acetate, citronellal, and 
carvone are some of the monoterpenes (Hussein & El-
Anssary, 2018). Terpenes and terpenoids being 
constituents of most EOs, allow them to act as insect 
repellents (Ali, 2020; Valduga et al., 2019). 

 

Gas chromatography-mass spectrometry 
(GC-MS) is the method used to identify and quantify 
the active constituents in the extracted EOs from 
plants. The identification of the chemical components 
and the calculation of their corresponding percentage 
compositions are done as the peaks of the 
chromatographs are compared with the library 
(Arpiwi et al., 2020; Manh & Tuyet, 2020). 

 

Mohammadi et al. (2019) used the process of 
nanoemulsion for the formulation of some plant-based 
repellents. Nanoemulsion is the two-phase dispersion 
of two immiscible liquids, either water in oil or oil in 
water droplets which are stabilized by an amphiphilic 
surfactant (Singh et al., 2017). Moreover, Misni et al. 
(2016) utilized microencapsulation to formulate some 
repellent lotions tested against Ae. aegypti. 
Microencapsulation is a method used particularly in 
commercial repellent formulations, wherein the EO is 
encapsulated by a natural or synthetic polymeric 
membrane for it to control the release rate and 
prevent the volatile compounds from evaporating 
(Beestman 2003, Tuetun et al., 2008, as cited in Misni 
et al., 2016). 

 

The arm-in-cage method is a measurement 
test of efficacy for topical mosquito repellents under 
laboratory conditions. In this method, starved female 
mosquitoes are contained in the test cage where the 
skin impregnated with the repellent is exposed. The 
repellent is applied to the forearm area while a glove 
contours the unexposed part to prohibit the 
mosquitoes from biting there (Colucci & Müller, 2018). 
Mohammadi et al. (2019), Manh and Tuyet (2020), 
Misni et al. (2016), and Arpiwi et al. (2020) used this 
method based on the WHO guidelines (2009) with a 
few modifications to determine the efficacy of 
mosquito repellents. 

 
 
 
 

This review used research articles and 
studies written and published in various journals over 
the last five years, from 2016 to 2021. Most articles 
were researched using Google Scholar, ScienceDirect, 
and PubMed and were accessed using the researchers’ 
accounts and the De La Salle University Library’s 
online databases. To look for published works done by 
other researchers relevant to the scope, the search 
terms used were ‘mosquito repellent,’ ‘DEET,’ 
‘secondary metabolites,’ ‘terpenes,’ ‘chemical 
constituents,’ and ‘repellent activity.’ 
 

With various available publications about the 
repellent activities of DEET and plant EOs with 
terpenes, the researchers screened the date of 
publication and article types, not considering those 
published earlier than 2016 or were in the form of a 
review article. The titles and abstracts were then 
screened; articles that focused on larvicidal activity or 
did not test against mosquitoes were eliminated. 
Lastly, the full-text articles of those deemed relevant 
to the review were checked for eligibility; those that 
did not provide sufficient information about the active 
compounds DEET or terpenes and their protection 
ability against mosquitoes were excluded. 

With the researched related works, the 
researchers presented the properties of the active 
compounds of chemical-based and plant-based 
repellents. Essential data and results from the 
publications, such as the plant species, plant parts 
used, and the EO’s active constituents, DEET or EO 
concentration in the formulated repellent, repellency 
rate, protection time, and mosquito species repelled by 
each of the formulations, were organized and 
summarized into a table, ordered by the chemical-
based DEET, then the plant-based EOs. Analysis and 
evaluations on the efficacy of different repellent 
formulations based on protection time were then made 
to compare the potential of chemical-based and plant-
based mosquito repellents. 
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3.  RESULTS AND DISCUSSION 

ABC other studies that identified the active 
constituents present in the same EOs were used 
because the researchers who tested on these EO-based 
repellents did not perform GC-MS. 

The researchers of the present study were 
able to compile the data from previous studies, as 
summarized in Tables 1 and 2, because these studies 
used the same bioassay method or study design 
wherein the formulated repellents were directly 
applied to the skin of the forearm of human subjects. 
The studies provided information about the repellency 
rate, repellency time, and species repelled by the 
formulated repellents. Moreover, the DEET or EO 

concentrations listed in the tables refer to the 
percentage by volume composition of either DEET or 
a plant EO in each of the repellents formulated by the 
researchers. 

Table 1 shows the interrelation of the 
repellency rate and repellency time of a formulated 
repellent with a particular DEET concentration tested 
on either Ae. aegypti or An. stephensi. Meanwhile, 
Table 2 shows the EOs obtained from certain parts of 
plants whose repellent formulations were tested on 
either Ae. aegypti or An. stephensi. 
As can be seen in Table 1, DEET-based repellents 
provide long protection times, depending on the DEET 
concentration, against Ae. aegypti and An. stephensi, 
thus being widely used in conventional repellents. In 
contrast, Table 2 shows that all the active constituents 
in plant EOs identified by the researchers contained 
an abundance of terpenes as the major compounds, 
which previous studies explain to provide the 
potential of plant-based repellents against different 
mosquito species. 

Several studies present the comparable 
potential of DEET-based and plant-based repellents 
in terms of protection time. The nanoemulsified 
eucalyptus-based repellent at 50% concentration 
having a complete protection time (CPT) of 5.51 hours 
against An. stephensi (Table 2) is shown to be close to 
the formulated 25% DEET repellent with a CPT of 
6.10 hours against the same species (Table 1). 
Meanwhile, the 5% and 10% concentrated DEET-
based repellents, which present complete protection 
against Ae. aegypti after 2 hours (Table 1), exhibit the 
same repellent potential to a 15% or 20% 
concentration of a microencapsulated repellent based 
on the EO of either lime, pomelo, or galangal in terms 
of the time for complete protection (Table 2). There are 
even some plants that have demonstrated a longer 
CPT than the previously mentioned DEET-based 
repellents. As presented in Table 2, these were the 
100% wild mint EO-concentrated repellent, which had 
a CPT of 2.75 hours, and chaste tree EO-based 
repellents at a concentration of either 5% or 6%, as 
they both demonstrated complete protection against 
Ae. aegypti up to 3 hours post-application. Given that 
these 5% and 6% chaste tree EO-based repellents 
already exhibit a high repellency rate at a longer time 
of protection, although formulated at a low 
concentration, chaste tree-based formulations with 
higher concentrations of EO may provide a longer CPT 
and exhibit a greater potential.

Furthermore, Tables 1 and 2 show that as the 
EO concentration in the formulated repellent is 
increased, the corresponding time that provided 
complete protection also increased. Although DEET-
based repellents formulated at higher concentrations 
of the active compound demonstrate a longer 
protection time, the risks or concerns in human and 
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environmental safety associated with their 
concentrations and their use reduce their 
advantageous potential. In addition, as shown in 
Table 2, the nanoemulsion and microencapsulation 
processes for the formulation of plant-based repellents 
have significantly increased their protection time and 
potential, similar to DEET, compared to those that 
were formulated the standard way, with no additives 
present. The effects of these additives and methods 
and the concerns that may come with higher 
concentrations of plant EOs require further study to 
potentially widen the use of plant-based repellents. 
Such comparisons from different articles over similar 
variables, including DEET or EO concentration, 
repellency rate, or protection time, show that plant-
based repellents that contain an abundance of 
terpenes as active constituents indeed have potential 
repellent properties against various mosquitoes that 
is comparable to that of DEET. 
 

4.  CONCLUSIONS 
Comparing the various studies that 

presented the concentration, repellency rate, and 
protection time of DEET-based and plant-based 
repellents, it has been found that both have their 
potential repellent properties. Some of the repellents 
formulated with plant essential oils that contain 
terpenes, depending on the concentration, even 
exhibit longer protection times than DEET. This 
clearly shows that essential oil from plants can be 
utilized as an alternative to DEET-based repellents, 
which are known to have drawbacks, harms, and 
disadvantages. 

Awareness regarding the potential of 
repellents based on various plant species that contain 
terpenes must thus be increased, as they can also be 
preferred and used as an alternative to chemical-
based repellents. Moreover, further research is 
recommended on the repellents toward other 
mosquito species and insects, the plants containing 
other secondary metabolites as major compounds, and 
the repellent formulations that would improve their 
longevity and potentially widen their application and 
utilization. 
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Solar Power Integration in Water (H2O) Distillation (SPIN-HD) 
 

Charlize F. Carlos, John Raphael D. De Vera, Juan Enrico A. Nicolas, 
and Steven Francis C. Ho

 
Abstract: As the world faces a looming crisis of water scarcity and contamination, water use 
and safe consumption have been compromised worldwide. People depend on tap water whose 
contamination causes a wide range of diseases, which are often life-threatening. Given that 
water purifying methods are not commonly accessible in households, and solar stills are only 
efficient with sunlight, this study employed a creation of a solar-powered water distiller 
prototype that can be used in small settings. The study consisted of designing and building a 
battery-powered safety testing setup, safety testing, designing and building of the solar-
powered water distiller prototype, prototype testing, and data collection. An integration of 
hardware materials, i.e., 2 stainless steel cylindrical containers, AWG 14, car glow plug heater, 
customized condensation sloping lid, and 12V4.5Ah battery, was done in building the safety 
testing setup. The safety testing was followed by the removal of the 12V4.5aH battery, and the 
consequent integration of the 50-watt solar panel, solar charge controller, and 12V30Ah 
battery. After five (5) experimental testings, the solar-powered water distiller prototype 
produced an average volume of 58.6mL in an average heating time of 112.2 minutes, making 
an average distillation rate of 31.3mL/hr. Such a distillation rate was obtained under an 
average ambient temperature of 31.2oC, average starting battery voltage of 12.3, and average 
end battery voltage of 4.1.   
 
Key Words: water distillation; solar distillation; distillation 
 

1. INTRODUCTION 
Water is crucial to human survival. It 

eliminates body toxins, flushes waste, and regulates 
body temperature. It is the key to survival that 
humans can only last 3-4 days without it. 
Unfortunately, within the past hundred years, water 
use has been growing at a rate more than twice the 
human population's growth, making water 
insufficient to meet global demands. As water supplies 
continue to shrink, some parts of the world face a 
looming crisis (Casella, 2019). About 4 billion people, 
representing nearly two-thirds of the world's 
population, experience severe water scarcity once a 
month in a year (Mekonnen and Hoekstra, 2016).  

 Safe and readily available water is vital for 
public health, primarily when used for drinking and 
food production. However, in 2017, 2.2 billion people 
do not have safely managed drinking water services 
located on-premises, available when needed, and free 
from fecal and priority chemical contamination (WHO, 
2019). Consequently, people have depended on tap 
and underground water reservoirs for their 
freshwater needs but these sources do not always 
prove to be beneficial to one’s health due to the 
presence of excessive salinity and deficient sanitation, 
which widely exposes people to water-borne illnesses, 
such as diarrhea, cholera, and typhoid fever.
 The process of water distillation requires 

heat to evaporate water. The vapor, then, undergoes 
condensation, producing distilled water. This process 
removes water impurities, which can be any 
suspended substance, such as heavy materials, salts, 
and microbiological organisms (Kucera, 2005). 
Moreover, in distillation, solar energy can be utilized 
wherein the heat of the sun will heat the water, which 
is placed underneath a transparent cover, to 
evaporation. In the study conducted by Arunkumar, 
Vinothkumar, Ahsan, Jayaprakash, and Kumar in 
2012, the most productive solar still model was the 
tubular solar still coupled with pyramid solar still, 
which has tubes and a 4-phased glass sloping top 
where the water vapor condensed, and accumulated. 
However, the downside of solar distillers like this is 
that although they can yield an ample amount of 
distilled water, they cannot function unless solar 
energy can be harnessed. They also depend their 
productivity on their size, meaning that the smaller 
they are, the less the volume they can subject to 
distillation. 

  As the mentioned global problem of water 
purifying methods not being commonly accessible in 
households and solar stills being inefficient in the 
absence of sunlight, this study aimed to integrate 
hardware materials to create a solar-powered water 
distiller, which can be used in small settings. 
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2. METHODOLOGY 
The activities done in attaining the research 

objectives were composed of the designing and 
building of the battery-powered safety testing setup, 
safety testing, designing and building of the solar-
powered water distiller prototype, and prototype 
testing and data collection. The completion of 
activities ranged for nine months (July 2020 to March 
2021). 

The materials used in building the battery-
powered safety testing setup were two Phelps Dodge 
AWG 14  (1 meter each), stainless steel car glow plug 
heater, two stainless steel cylindrical containers (9in 
height x 8.9in diameter each), CSBattery 
12V4.5Ah/20HR battery, and a customized stainless 
steel condensation sloping lid (See Figures 1-2). 

 

 
Figure 1. Front View of the Condensation Sloping Lid 

 
Figure 2. Bottom View of the Condensation Sloping Lid 

 
 The same wirings, heater, containers, and 
sloping lid were used in building the solar-powered 
water distiller prototype, only that a 50-watt foldable 
monocrystalline solar panel from Best Choice 
Philippines, DJ Scorpio Lead Acid 12V30Ah/20HR 
battery, and a PWM solar charge controller were 
added in the setup. 

A measuring pitcher, measuring cup, Google-searched 
weather indicator, multimeter, and timer were used 
for the data collection. 
 

 In accordance with the diagram shown in 
Figure 3, the procedures in building the battery-
powered safety testing setup involved the attachment 
of the car glow plug heater into the two 1-metered 
AWG 14, insertion of heater on the inside bottom of 
container 1, adjoining of reservoir container to the 
first container via condensation lid, and connection of 
AWG 14 to the 12V4.5Ah battery. 

 
Figure 3. Battery-Powered Safety Testing Setup Diagram 

For this phase, 1L of water was subjected to 
distillation using the battery-powered safety testing 
setup. The safety testing determined whether the 
heater worked given a power source. 
  

The 12V4.5Ah battery was removed from the 
safety testing setup. It was followed by the integration 
of the 12V30Ah battery, 50-watt solar panel and solar 
charge controller, as shown in the diagram in Figure 
4. 

 
Figure 4. Final Prototype Diagram 
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 The prototype was tested for five consecutive 
days. It was given three hours from 11AM to 2PM to 
perform its mechanism (Figure 5). The ambient 
temperature was recorded for each experiment. The 
solar charge controller’s float charge, lead reconnect, 
load disconnect, programmable timer, and battery 
type were set as 14.5v, 11.0v, 10.7v, 24, and B1, 
respectively. The voltage in the battery, 5-10 seconds 
after the heating process started, was measured and 
was regarded as the starting battery voltage. The 
heating of the car glow plug was timed until it came to 
a stop. The battery’s voltage was measured again and 
was regarded as the end battery voltage. After the 
system shut down, the prototype was given 40 
minutes to cool down to give time for the remaining 
impure hot water to evaporate and condense. Finally, 
the volume of produced distilled water was recorded. 
 

 
Figure 5. Prototype’s Mechanism 

 

To assess whether there were significant 
differences in the prototype’s performance, all data 
values from each experiment were put in a table for 
comparison. The mean of all data values per category 
was computed including the 5 distillation rates 
(mL/hr) that served as the prototype’s average rate of 
distillation. The rate of distillation per experiment 
was determined through the formula rate of 
distillation= volume (mL)hour (hr). 

 

3.  RESULTS AND DISCUSSION 
 

The safety testing setup shown in Figure 6 
was built according to its design (Figure 3). The 
incandescence of the car glow plug heater shown in 

Figure 7 proved that the positive and negative polar 
attachment between it and the AWG 14 (Figure 8) was 
compatible after being powered by the 12V4.5Ah 
battery.   
 

 
Figure 6. Safety Testing Setup 

 

 
Figure 7. Incandescence of Heater 

 

 
Figure 8. Heater Attached to AWG 14 
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As the 1L of water was heated in the first 
container during the safety testing, condensed water 
droplets formed on the cylindrical wall of the 
container whose surface area was not submerged (see 
Figure9).  

 

 
Figure 9. Condensed Water Droplets on the Unsubmerged 

Wall of the Container 
 

After 14 minutes, the battery was drained 
and the heater stopped. No distilled water was 
collected in the second container. 

 

 

 
Figure 10. Final Prototype 

 
After the safety testing, the building of the 

final prototype (Figure 10) was done according to its 
design shown in Figure 4. 

Simultaneous prototype testing and data 
collection started when the heating process of the final 
prototype began. The heating process started when 
the wirings attached to the heater were pressed 
against their corresponding electrical poles in the 

12V30Ah battery. The wirings’ attachment and 
detachment to the battery poles served as the on and 
off of the prototype’s heating process. 

After the 12V30Ah battery’s voltage dropped 
to an average of 4.1 (see Table 1), the heating process 
stopped. As the prototype cooled, a considerable 
amount of water droplets formed on the vertical 
bounds of the lid when it was detached from the 
containers (see Figure 11).  

 
Figure 11. Condensed Water Droplets on the Lid’s 

Vertical Bounds 
 

The testing results after the 5-day trials can 
be seen in Table 1 below. 

 
 

4.  CONCLUSIONS 
There was no irregularity in terms of the 

prototype’s distillation rate obtained from each trial. 
The prototype was able to produce a relatively low 
volume of distilled water, an average of 58.6mL to be 
exact, in an average time of 112.2 minutes, making an 
average distillation rate of 31.3mL/hr. Such a rate can 
be obtained with specific conditions, i.e., average 
ambient temperature of 31.2oC, average starting 
battery voltage of 12.3, and average end battery 
voltage of 4.1.  

Based on the conducted testings, it can be 
concluded that such a low distillation rate resulted 
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from four main reasons. First, the containers were too 
big for a 1L distillation trial. A liter of water that was 
poured into the first container left an ample amount 
of area unfilled, which concomitantly resulted to the 
exposure of an ample amount of unsubmerged surface 
area in the container. The unsubmerged surface area, 
then, became a vertical bound where the vapor 
adhered, condensed, and dropped for redistillation. 
Second, there was also an ample amount of vertical 
surface area in the condensation sloping lid where the 
vapor condensed. From there, the condensed droplets 
also cycled to drop to the first container for 
redistillation as the heating process continued. Third, 
the car glow plug heater that was inserted was too 
short to reach the middle of the first container. It was 
only able to concentrate its heat on the container’s 
side, which made most of the vapor condense on the 
inside vertical bounds of the prototype. Lastly, the 
solar panel’s wattage is too low to recharge the 
12V30aH battery while the battery continued to use 
up its power to supply the heating process. 

Although a maximum of 3.7 liters can be 
poured into the first container, based on the final 
prototype testing, the prototype’s power could only 
make the heating process work for less than 2 hours. 
A load bigger than 1 liter would lengthen the time for 
the water to heat and evaporate, thereby draining the 
battery with the prototype only producing less than an 
average of 31.3 mL per hour or none at all.  

To yield more distilled water with the same 
average heating time the 50-watt solar panel and 
12V30Ah battery could support, there are two ways 
that can be considered. First, it is recommended to 
replace the car glow plug heater with a circular DC 
heater that can evenly distribute the heat among the 
load. However, it is crucial to take note that the 
heater’s wattage should not exceed 50; otherwise, the 
battery will drain in less than the average heating 
time of 112.2 minutes due to the replacement’s higher 
consumption. Second, to avoid distilled water losses, 
as much as possible, minimize the surface area of the 
sloping lid’s vertical bounds by coming up with a 
modified lid model. Also, the use of smaller containers 
is recommended if only a load of 1 liter or less is 
preferred for the prototype. On the other hand, to 
distill bigger loads using the prototype with the same 
containers and heater, it is recommended to raise the 
wattage of the solar panel, as well as the battery’s 
voltage and amp-hour rating (Ah). 
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Abstract:  One of the main contributors to the waste problem in the Philippines is 
citrus fruits because of their high yield. Various studies have investigated the 
utilization of citrus fruit waste for different applications. However, there is a lack of a 
systematic mapping study that can bring these studies together. Thus, this study 
employed a systematic approach to determine the utilization of citrus fruit wastes 
which will be beneficial to reduce waste in the landfill. This study sought to: 1) 
investigate the trends in current research on citrus fruit waste utilization, 2) identify 
the processes undergone by citrus fruit waste to achieve their respective applications, 
and 3) observe the techniques that have been utilized to evaluate the efficiency and 
performance of citrus fruit waste products. The study performed a general search for 
papers related to citrus fruit waste utilization in Scopus search engine. The documents 
were organized into specific categories, and data extraction was performed.  After the 
data was analyzed and the following results were obtained: there is a continuous 
increase in the amount of research on citrus fruit waste utilization, citrus fruit peels 
are the most commonly used type of waste, citrus fruit wastes undergo rigorous 
processes that mostly involve heat to reach their applications, and most studies utilize 
pore size and BET surface area to evaluate fruit waste products. In conclusion, citrus 
fruit waste utilization is a topic with great potential, and will contribute to solving the 
waste management problem in the country. 
 
Key Words: citrus fruit waste; waste treatment; environment; systematic mapping 
study; sustainable management 
 

1. INTRODUCTION 
The Philippines is a tropical country with a 

high production of fruit-related products yielding high 
amounts of fruit waste (Zafar, 2020; PSA, 2019a, 
2019b, 2019c, 2019d). In 2015, it imported over 86,967 
metric tons of citrus fruits, contributing to the amount 
of citrus fruit waste in the country (PSA, 2015). Solid 
waste management is an issue in the country due to 
the high rates of waste generation (Atienza, 2020). 
Thus, the majority is placed into dumpsites or 
waterways, contributing to flooding and pollution 
(Flores et. al., 2018). Data shows that 95% of 
household solid waste can be reused. 43% of which can 
be recycled and 52% can be composted (Castillo & 
Otoma, 2013). This implies that there is a lack of 
awareness for their usefulness and has led to the 
belief that most solid waste is purposeless.  

One topic of interest is the use of citrus fruit 
waste, which is rich in carbon and has been observed 
in wastewater treatment as an absorbent for 
wastewater contaminants (Pathak et.al. 2017). 

Common and sustainable citrus fruit waste utilization 
methods such as biochar, nanocatalyst, and activated 
carbon were discussed in research regarding citrus 
fruits. Biochar is a crushed carbon material modified 
through physical and chemical activation processes 
utilizing raw waste materials such as sewage sludge. 
It is utilized as an adsorbent of pollutants, catalysts, 
and soil amendment (Cha et al., 2016).  Contrarily, 
activated carbon (AC) has high levels of porosity, 
adsorptive capacity, and surface area. It is also 
activated using either physical or chemical processes 
through agricultural bio-waste materials such as palm 
shells. Lastly, nanocatalysts are yielded from 
nanomaterials and are applied in carbon nanotubes, 
water purification, and biodiesel production 
(Chaturvedi et al., 2012). 

In this study, a systematic mapping approach 
will be utilized to gather and synthesize data 
(Petersen, 2015). This is employed to create an 
overview of a research area without progressing it. It 
serves only as a congregation of published knowledge 
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within a given limit and to identify knowledge gaps for 
future research. (James, 2016). As it stands, there 
have been numerous studies related to citrus fruit 
utilizations, but a lack of a systematic mapping study 
that can collect and bring all of these studies together. 

In this paper, we will employ a systematic 
mapping approach for the   utilization of citrus fruit 
wastes that can be applied in the Philippines. The 
objective of the study is to create a framework for the 
systematic mapping of the different applications of 
citrus fruit waste through literature search, in terms 
of; their utilization, processes, and performance. 
Recent trends and advances in the studies will also be 
examined. The scope of this study will be limited to 
citrus fruits local to the Philippines, such as 
calamansi, pomelo, and orange. Aside from this, the 
study will also be limited to sustainable biomass 
utilization methods, like activated carbon, biochar, 
and nanocatalysts. This research will be considered as 
a desktop study; it will focus on the data analysis of 
literature for results. Only research published from 
2009 to 2020 in the English language found in Scopus 
will be included. 

 
 

2. METHODOLOGY 
The systematic mapping approach was used 

in this study to provide an overview of the different 
utilizations of citrus fruit waste. This study will follow 
a systematic approach shown in Figure 2.1 which were 
adapted from a study by Petersen et. al in 2008. 

For this study, the following research 
questions were identified:  

1. What are the trends in the current research 
on citrus fruit waste utilization? 

2. What are the processes undergone by citrus 
fruit waste to achieve their respective 
applications? 

3. What techniques have been utilized to 
evaluate the efficiency and performance of 
citrus fruit waste products? 
 
As a review of scope, this study will focus on 

citrus fruits that are abundant and originate from the 

Philippines and will only consider studies published in 
Scopus between 2009 and 2020. 

 

 In compliance with the scope 
mentioned for this study, a search protocol was 
formulated. Firstly, the search engine chosen for this 
study was Scopus and the primary method of search 
was through article title, abstract, and keywords. The 
search utilized Boolean operators to limit the results 
appropriately and only considered papers that were 
published between 2009-2020 and in the English 
language. The search string utilized for the search 
was: (TITLE-ABS-KEY (citrus AND (sinensis OR 
grandis OR microcarpa OR poonensis OR maxima OR 
citrofortunella)) AND TITLE-ABS-KEY ( waste AND 
material)).  

 

 The papers returned by the search 
string were filtered by the reading of their abstract, 
title, and keywords. Only papers deemed relevant to 
the study were collected for data extraction. The 
papers would be categorized into activated carbon, 
biochar, and nanocatalyst. 

 

Extraction of relevant information was then 
performed. Specific parameters from each paper were 
observed and recorded for further analysis and 
comparison. For activated carbon, the parameters 
that would be observed are particle size, BET surface 
area, and maximum adsorption capacity. For biochar, 
the parameters that would be recorded are BET-N2 
specific surface area, total pore volume, and ash 
content. Lastly, for nanocatalysts, the parameters 
that would be observed are utilization and yield. Then, 
the recorded data would be analyzed and presented 
using graphs and figures. 

 

3.  RESULTS AND DISCUSSION 
RQ1: What are the trends in the current 

research on citrus fruit waste utilization? 
The search string that was previously defined 

returned 145 papers, 91.7% of which were published 
as journal articles, while the rest were presented as a 
conference paper or included in a book chapter. 
Through a search analysis within Scopus, it can be 
seen in Figure 3.1 that there has been a progressive 
increase in the amount of studies related to citrus fruit 
waste utilization. Of the 145 results, only 55 were 
found to be relevant to this study, 38% of which were 
related to activated carbon, 29% of which were under 
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biochar, and 33% were under nanocatalyst as seen in 
Figure 3.2. 

 

 
RQ2: What are the processes undergone by 

citrus fruit waste to achieve their respective 
applications? 
Biochar 

The production of biochar requires the 
heating of a biomass with little to no oxygen. This was 
observed to be commonly through pyrolysis, as 13 of 
the 16 collected studies utilized this method. The 
figure below shows the process of biochar production.   

 
 

Figure 3.3  
 

In pyrolysis, Drying and Conditioning occurs 
when biomass is dried in the temperatures between 
100°C and 150°C for a moisture content of 15%. Next, 
Torrefaction enables the biomass to be grinded as it is 
heated to higher temperatures between 200°C and 
280°C. Exothermic Pyrolysis then occurs when the 
temperature reaches 250°C to 300°C up until 400°C 
where the molecular bonds are broken further 
(Biochar for Sustainable Soils, n.d.).  
 

Activated carbon production requires 
activation of a biomass. In the context of citrus fruit 
waste, peels are the most commonly used biomass. 
This is subjected through activation to produce porous 

material and can occur physically or chemically. 
Seven (7) of the 21 researched papers utilized physical 
activation, while 14 utilized chemical activation. The 
figure below shows the process of activated carbon 
production. 

 
Figure 3.4 Process of Activated Carbon Production 
 

In physical activation, the material 
undergoes carbonization before activation. During 
carbonization, the material is placed into a furnace 
where it is cooked at extreme temperatures ranging 
from 600-900°C for several hours. Certain studies 
have noted that higher carbonization temperatures 
have led to higher adsorptive capacity (Zeng et. al., 
2013). Next, oxidation occurs through a process 
involving steam, where the carbonized material is 
exposed to oxidizing atmospheres in the form of steam 
at temperatures above 250°C.  

In chemical activation, the carbon material is 
impregnated with certain chemicals, typically acids or 
strong bases. This is done by crushing and milling the 
material into small particles which are then mixed 
with the desired chemicals. Once the impregnation 
process is finished, the material is subjected to 
temperatures between 250-600°C where it is 
simultaneously carbonized and chemically activated. 
Then, the resulting carbon is washed with water to 
remove remaining acid and is subsequently dried. 

Nanoparticle production is mostly done 
through green synthesis as it is environmentally 
friendly and efficient. All 18 studies collected for 
nanocatalysts utilized green synthesis as their 
method of production. The figure below shows the 
process of nanocatalyst production. 

Figure 3.5 

 
Green synthesis utilizes microorganisms to 

produce nanoparticles and is achieved through the 
selection of an environmentally acceptable solvent 
and appropriate reducing agents (Jegadeeswaran et. 
al., 2012). In the context of citrus fruit waste, fruit 
peels are regularly utilized as the reducing agents. 
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The process of green synthesis begins with the chosen 
parts of the plant, which are washed then cut into 
small pieces. Afterwards, the small pieces are finely 
grinded and boiled in water for several hours. The 
extract can be further purified through filtration and 
centrifugation. Once the extract is complete, the 
appropriate metallic salt is incubated with the extract 
in water to produce the nanoparticles of the desired 
metal ion. 

 
RQ3: What techniques have been utilized to 

evaluate the efficiency and performance of citrus fruit 
waste products? 

Biochar 
BET-N2 Specific Surface Area 
Figure 5.3.1.1 illustrates the surface areas of 

the biochar wherein the largest surface area is found 
to be 2457.367 m2/g in Cheng et al. (2020). For the 
least of the biochar, it would be 0.21 m2/g in 
Abdelhafez (2016). It can also be observed that the 
majority of the results ranged from 6.7 - 53 m2/g. 

 

 
Figure 3.6  
 

For Figure 5.3.1.2, it illustrates the total pore 
volume of gathered works. The largest pore volume of 
1.14 cm3/g found in Cheng et al. (2020) and the least 
in Abdelhafez (2016) with 0.00016 cm3/g. The 
majority of the results appear to lie within 0.008 - 
0.035 cm3/g.                                                                       

Figure 3.7  
 
 
 
 
 
 
 
 

In Figure 3.8, the study with the highest ash 
content observed was 34.22% in Ai, et al. (2020). 
Meanwhile, the least observed was 0.30% found in 
Chen and Chen (2009), utilizing similar materials to 
Ai et al. (2020), but differing in their preparation and 
processes. 

 

Figure 3.8
 

In Figure 3.9, the activated carbon with the 

(2009) and the largest is 0.5 mm from both Fernandez, 
et al. (2015), and Oruc, et al. (2019). 

 
Figure 3.9
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The largest BET surface area observed was 
2209.17 m2/g in Wei et al. (2019) as they chemically 
activated orange peels with phosphoric acid. For the 
smallest BET surface area, it was 2.6 in Li et al.(2016). 

Figure 3.11
 

The highest maximum adsorption capacity 
observed was 680 mg g-1 from Li et al. (2016) wherein 
they tested for their chemically activated pomelo peels 
with potassium hydroxide, with a ratio of KOH to the 
pre-carbonized product for 3:1. And the lowest 
capacity observed was 1.210 mg g-1 in 
Meenakshisundaram et. al. (2009) for their physically 
activated lemon peel. 

 

Figure 3.12 
 

  

The smallest particle size observed is 5 nm in 
Dalul et al. (2020) while the largest size observed was 
from Ain Samat and Md Nor (2013) with 200 nm.  

 
 

Figure 3.13

4.  CONCLUSIONS 
This study has reviewed the state of the field 

of citrus fruit waste utilization through a systematic 
mapping approach. It was concluded that citrus fruit 
waste has a wide range of possible utilizations. This 
paper only focused on the applications related to waste 
management, thus, there is still a potential to expand 
the scope of this research field. Furthermore, there is 
an increasing trend in research related to citrus fruit 
waste utilization since there is a growing interest in 
its use due to its abundance and accessibility. 
Additionally, the published papers on citrus fruit 
waste utilization were sorted into three categories -- 
biochar, activated carbon, and nanocatalyst. Of the 55 
papers collected, 38% were related to activated 
carbon, 29% were under biochar, and 33% were under 
nanocatalyst. Citrus fruit waste undergoes rigorous 
processes in order to achieve their respective 
applications, most of which involve subjection to high 
temperatures, such as pyrolysis and carbonization. 
Most studies evaluate citrus fruit waste products 
through pore size, adsorption capacity, and BET 
surface area. 
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Abstract: As the Philippines experiences increasing alerts in water pollution, this study aims 
to create a Calamansi-based effervescent water coagulant to increase the accessibility of 
purified water to Filipinos. The study makes use of Citrofortunella microcarpa (Calamansi), a 
small citrus fruit abundant in the Philippines. Calamansi has a big contribution in the 
production of agricultural waste as the fruit is mainly utilized for its pulp; therefore, the 
researchers focused on the usage of Calamansi’s peels and seeds, given their ability to absorb 
minute particles and to kill bacteria. Disposed Calamansi scraps were powderized and mixed 
with other components to form an eco-friendly effervescent water coagulant. The researchers 
assessed the efficacy of the Calamansi coagulant by comparing it to Ferric chloride (FeCl3), an 
existing chemical water coagulant, and testing ten trials of each sample in a contaminated 
soil-water mixture. The group’s findings suggest that the effervescent Calamansi coagulant 
presented a higher efficacy in water treatment than FeCl3, with its pH, electrical conductivity 
(EC), total dissolved solids (TDS), and salinity readings all within the standard range. The 
Calamansi coagulant accumulated more residue than the FeCl3 sample. The study 
demonstrates that Calamansi seed and peel waste offer a great alternative to chemical-based 
coagulants in water treatment. 
  
Key Words: water treatment; bath bomb; calamansi; coagulation; adsorption 
 

1. INTRODUCTION 
The Philippines is surrounded by numerous 

bodies of water; however, water shortage has been a 
prominent issue in the country due to pollution, 
climate change, and the El Niño phenomenon (World 
Health Organization, 2019). This water crisis forces 
Filipinos to consume contaminated water at higher 
rates, with almost seven million drinking from unsafe 
water and 24 million having no access to improved 
sanitation (water.org, n.d.). Further, the severity of 
water pollution in the Philippines contributes to the 
rapid increase of agricultural waste. 

Citrofortunella microcarpa, commonly known 
as Calamansi, is a small citrus fruit predominantly 
cultivated in the Philippines and used as a condiment 
in Filipino cuisine. Calamansi is one of the main 
contributors to Philippine agricultural waste, as 
consumers focus on the fruit’s affordability and 
versatility rather than the adsorbent quality of its 
scraps. Adsorption is a vital process in water 
treatment which adheres layers of molecules to the 
surface of a liquid or solid in contact (“What is 
adsorption?”, 2016).  

To address the influx of water contamination 
and agricultural wastes in the Philippines, the group 
aims to design an eco-friendly, portable, and 
accessible Calamansi-based water coagulant with a 

bath bomb’s effervescent formula. Coagulation is a 
common water treatment technique, involving the 
adsorption of large amounts of organic compounds and 
suspended particles (Safe Drinking Water 
Foundation, n.d.). This coagulant intends to purify 
polluted water along the marginalized communities in 
Manila (near polluted riverbanks) and allow them 
access to clean water supply. 

In this study, the group was able to further 
comprehend water purification through the process of 
coagulation. The researchers collected Calamansi 
scraps and created an effervescent Calamansi 
coagulant as a cheaper substitute for other coagulants 
in the market. Moreover, they were able to determine 
the amount of Calamansi peels needed to create an 
impurity coagulant in the form of a bath bomb, to 
which they compared Ferric chloride (FeCl3), an 
existing chemical-based water coagulant, by testing 
the efficacy of both coagulants in contaminated water. 
Four tests namely, pH, electrical conductivity (EC), 
total dissolved solids (TDS), and salinity, were 
conducted to determine the quality of the water tested. 
The researchers used comparative analysis, 
correlation analysis, and regression analysis to 
analyze the retrieved data. 

The study includes several limitations in 
accordance with the quarantine protocols. The final 
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product is not applicable for large bodies of water and 
is only tested on controlled basins. With this, the final 
product is only currently capable of coagulation, as 
further directives must be approached to achieve total 
purification.  

 

2. METHODOLOGY 
 

 The researchers reviewed past studies and 
approaches as experimental guides. The group 
examined a similar study conducted by Dollah et al. 
(2019) involving the investigation of 

(key lime) and  
(kasturi lime) waste as natural coagulants for water 
treatment, and modified the previous study’s setup by 
incorporating bath bomb technology. Data gathered 
were corroborated through experimental trials; after 
which, the group integrated the coagulation process in 
water treatment.  

 

 Disposed Calamansi scraps were gathered 
and accumulated for two weeks. After two weeks, the 
Calamansi peels and seeds were sun-dried for one 
week to eliminate the moisture content. Once the 
peels turned brittle and observed a light brown color 
and the seeds hardened with no apparent color 
change, the scraps were then ground using a mortar 
and pestle until a powdery finish was achieved.  

 

 The powdered Calamansi scraps were 
transferred to another container with baking soda and 
citric acid, following the 2:1 ratio, and were mixed 
before transferring into the mold which is 4 cm in 
diameter. The mixture sat in the mold for 15 hours 
until the coagulant hardened. This procedure was 
then repeated 9 more times to create ten coagulants 
with varied compositions (Table 1). 

 The researchers assessed the efficacy of the 
coagulants by comparing the Calamansi and the 
Ferric chloride (FeCl3) samples. For the first 
experimental setup, the coagulants were tested in 

contaminated water. Quarantine protocols have 
restricted the researchers from collecting 
contaminated water from rivers; therefore, a soil-
water mixture, composed of 1 L of tap water and 50 g 
of soil, was used as a substitute. Electrical 
conductivity (EC), pH, total dissolved solids (TDS), 
and salinity tests were first conducted on the soil-
water mixture before starting the overall experiment. 
Then, the Calamansi coagulants were dropped into 
the soil-water mixture and were left untouched for one 
hour to allow the residues to settle. The water was 
then filtered, and the residue was separated from the 
water. The residues were then sun dried to eliminate 
the moisture content present in them and were 
weighed afterward. The four water tests were then 
again conducted to the water. The same procedure was 
applied to the second experimental setup. The only 
difference was that Ferric chloride (FeCl3) was used 
instead of the Calamansi coagulant (Table 2). 

 

 For a successful trial, the result of the 
readings should be within standard ranges (Table 3). 
The results were analyzed via correlation and 
regression to determine and predict the relationship 
between the amount of fruit peels and the rate of 
absorption. Furthermore, a comparative analysis was 
applied to compare the Calamansi coagulant and the 
Ferric chloride (FeCl3) samples. 

 
3.  RESULTS AND DISCUSSION 

 Based on the ranges of required reading, the 
Calamansi coagulants were more successful than the 
Ferric chloride (FeCl3) in impurity removal. Since 
none of the temperatures were at 25°C, the 
researchers disregarded this criterion (Table 4 & 
Table 5). 
For the pH levels, the group opted to target the value 
range of 6.5 and 8.5. Only the Calamansi coagulant 
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with 0.5 g scraps is an outlier, having a pH of 6.4. 
Otherwise, all of them exceeded 6.5. On the other 
hand, the Ferric chloride trials were all acidic, ranging 
from 2.4 to 3.15 (Table 4 & Table 5).  
 The Calamansi coagulant trials also 
concurred the needed criteria in the electrical 
conductivity test. All Calamansi coagulant trials 
exceeded 200 µS/cm, having 210 µS/cm and 238 µS/cm 
as the highest and lowest values respectively. All 
Ferric chloride (FeCl3) trials surpassed the highest 
standard value of 800 µS/cm; only Trial 1 had the 
lowest value of 634 µS/cm (Table 4 & Table 5).  
Prior to the experimentation, the TDS test for both the 
Ferric chloride (FeCl3) and Calamansi coagulant have 
already reached the target ppm, obtaining levels 
ranging from 82-124 ppm. The results showed little to 
no change after the Calamansi coagulant trials were 
conducted, but have grown significantly with the use 
of Ferric chloride (FeCl3), with values increasing to 
317-2040 ppm. All but Trials 1 and 2 greatly exceeded 
the targeted values (Table 4 & Table 5). 
 Salinity levels of the Ferric chloride (FeCl3) 
and Calamansi coagulant before the experiment 
exhibit the same values as the TDS test, obtaining a 
target level of less than 500 ppm. For the Calamansi 
coagulant trials, their salinity levels increased to 121-
135 ppm, except for Trial 2 whose salinity decreased 
to 107. All levels were within the acceptable range. On 
the other hand, Ferric chloride (FeCl3) trials spiked 
identically to their TDS results, far surpassing the 
targeted value, except for Trials 1 and 2 whose values 
were still within range (Table 4 & Table 5).   
 While there was no standard for the amount 
of residue removed, the Calamansi coagulant was 
shown to have removed greater amounts of residue, 
with a minimum of 0.65 g removed to a maximum of 
4.58 g. The Ferric chloride (FeCl3) managed to remove, 
at the least, only 0.03 g and at the most, 1.43 g (Table 
4 & Table 5). 
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 The grams of Calamansi peels have weak 
correlations with the pH levels, electrical 
conductivity, total dissolved solids, and salinity. Each 
of these correlations garnered coefficients of 0.017, -
0.16, -0.23, and 0.11, respectively. Since these values 
are closer to 0 than 1, they have small correlations 
with the grams of Calamansi peels used. In line with 
this, the regression coefficients are very low. They 
garnered values of 0, 0.24, 0.053, and 0.011, 
respectively. 
The relationship between the grams of residue and the 
grams of Calamansi peels has a high degree of positive 
correlation, having a coefficient of 0.75. However, the 
regression coefficient is weak, having a value of 0.56. 
 On the other hand, the correlation between 
the grams of Ferric chloride (FeCl3) and the pH levels 
is a strong negative one, garnering a value of -0.87. 
The regression coefficient garnered is 0.75. 

402



  
 SUSTAINABILITY, ENVIRONMENT, 

AND ENERGY 

The relationships of the grams of Ferric chloride 
(FeCl3) with electrical conductivity, total dissolved 
solids, and salinity are strong positive correlations. 
The correlation coefficients and regression coefficients 
of these three relationships are 0.99. 
A moderate correlation is formed between the grams 
of residue accumulated and the grams of Ferric 
chloride (FeCl3) used. The correlation coefficient of 
this relationship is -0.48, while the regression 
coefficient is 0.23. 
 

 The formulation of the Calamansi coagulant 
with the highest efficacy utilized 4.0 g of  powderized 
Calamansi waste which, when mass produced, can 
greatly benefit our environmental  impact. Its compact 
size of 4 cm in diameter and weight of approximately 
45 g makes it easy to bring anywhere. Since 
Calamansi fruit is an important fruit crop in the 
Philippines, having produced 14.86 thousand metric 
tons in the first quarter of 2019 (Araneta, 2020), it can 
be easily grown and utilized for various purposes. 
Comparing both results with the standard range for 
purified water, the Calamansi coagulant formulated 
was shown to be more effective. The amount of residue 
accumulated by the Calamansi coagulants were also 
greater than the Ferric chloride (FeCl3) coagulants. Its 
pH levels, EC, TDS, and salinity showed little to no 
changes after experimentation and were all within the 
standard. Each of their correlations with the 
Calamansi garnered coefficients close to 0, resulting 
in a weak correlation and regression. It, however, 
showed strong positive correlation and moderate to 
high regression with the amount of residue. 
Meanwhile, the results of the Ferric chloride (FeCl3) 
were either too low or too high for the standard. Each 
of the readings showed strong positive correlations 
with Ferric chloride (FeCl3), except for the pH levels 
which showed strong negative correlation, however, 
its correlation with the amount of residue was only 
moderate. 

 
4.  CONCLUSIONS 

The efficacy of the Calamansi coagulants 
formulated by the researchers as coagulants for water 
treatment were investigated and compared with 
Ferric chloride (FeCl3), an existing chemical water 
purifier. The coagulant was composed of crushed and 
powderized seeds and peels of Calamansi mixed with 
baking soda and citric acid. Ten trials each were 
conducted for the coagulant and Ferric chloride 
(FeCl3).  
 The researchers were able to successfully 
conduct the experiment. Results showed that the 
Calamansi coagulant was able to eliminate more 
residue than the Ferric chloride (FeCl3) coagulant, 

despite the former having little effect on the water 
quality. Given that the contaminated water was 
already within the standard range, the Calamansi 
coagulant removed the contaminant (soil) 
successfully, and is thus more effective. Out of the ten 
trials of the coagulant, Trial 8 which used 4.0 g of 
Calamansi waste accumulated the most residue while 
still within the standard range. All trials from the 
Calamansi and Ferric chloride samples resulted in 
brown tinted water rich in Iron. The experiment only 
executed water coagulation and required flocculation, 
clarification, and filtration to achieve total water 
purification.  

The researchers were able to produce an eco-
friendly, portable, and accessible water coagulant 
through Calamansi waste utilization. Succeeding 
studies may explore further modifications on the 
current design to produce a highly-effective, organic 
effervescent water purifier from Calamansi scraps. 
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Survey on Traditional Mangrove Crab Identification 
Methods of Filipino Fishermen 
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Abstract: The Philippines is one of the largest producers of mangrove crabs in the industry, 
but only three of the four Scylla species exist in the country. As one of the largest mangrove 
crab exporters, Filipino crab farmers must distinguish their harvest before catching them for 
crab farming since the growth and needs of crabs depend heavily on their species group. To 
determine the accuracy of widely used local traditional methods, survey questions were 
distributed to 34 respondents around the Philippines through selected online platforms. Data 
gathered included local methods for identifying mangrove crabs based on traditional ecological 
knowledge and experiences of the local fishers interviewed. The study found that 70.58% of 
those polled identify the species of crabs by looking at their claws and 55.88% observe the color 
of the crabs. Furthermore, 41.17% of respondents consider the width and size of the shell, while 
11.76% examine the crabs' carapace. Unique methods to certain regions were reported, 
including observation of minor features and behavior of the crabs and reliance on texture, 
weight, and season. Difficulty in species identification of juvenile crabs has been reported but 
was also possible when the crabs turn 2-3 months old or grow to the size of a 5-peso coin or 5 
centimeters. Feeding schedules and consistent pond management are also said as crucial tasks 
in growing mangrove crabs. The fishermen voiced out concerns and opinions regarding the 
technology development and government policies in the crab industry.   
 
Key Words: Philippines; mangrove crabs; Scylla serrata; species identification; traditional 
methods 
 

1. INTRODUCTION 
The Philippines, alongside Indonesia, 

Thailand, and Vietnam, remains one of the top 
exporters for mangrove crabs in the Southeast Asian 
region; as of 2018, it is estimated that over 18,100 
tonnes of mangrove crabs have been exported from the 
Philippines to the global market all 
over the world (Yxtung, 2020). Now, mangrove crab 
industries are significantly affecting the 

Philippines’ economy as it was known to be 
the world’s second-largest producer of mangrove crabs 
in the year 2013 for producing over sixteen thousand 
tonnes of mangrove crabs, valuing around 5.2 billion 
pesos (Quinitio & Parado-Estepa, 2017). Additionally, 
as of the year 2018, a total of 20, 762 metric tonnes of 
mangrove crabs (Aquaculture production, 2018). In 
the Philippines, three out of the four mangrove crab 
species, under the genus Scylla, are known, namely S. 
serrata, S. olivacea, and S. tranquebarica (Keenan et 
al., 1998). Mangrove crabs grow not continuously but 
mature through the stages of molting, which is the 
shedding of the old exoskeleton of the shell and 
replacing it with a new and protective layer (Shelli & 
Lovatelli, 2011). Molting lets the mangrove crab 

develop from the early larval stage to the megalopae 
to the juvenile stage and eventually to the sexually 
mature stage. This study focuses on the juvenile and 
adult stages and is based on environmental factors 
that may take 5-12 days from the megalopae stage 
(Meynecke & Richards, 2014). 

In species identification, there are a lot of 
ways to identify the type of mangrove crab captured. 
In morphological techniques, crabs are classified 
through frontal lobe spine shape, carapace features, 
inner carpus spine, and shape of the cheliped dactyl 
prominences. However, mangrove crabs’ physical 
parts only have minimal differences and are very hard 
to see through the naked eye. As a result, 
morphometric methods and molecular markers were 
introduced to improve ccuracy. These techniques take 
a long time to execute and require many samples to 
experiment on, so it is not feasible for fishers to 
perform these methods (Hoq & Alam, 2018). Even 
though there are many studies about the taxonomy of 
mangrove crabs, there is still not enough research 
conducted to prove the traditional methods of fishers 
to differentiate species of genus Scylla. Additionally, 
people have not yet found a way to efficiently 
determine mangrove crab species without gadgets and 
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equipment. 
This research’s main objective is to determine 

the different traditional methods fishers use to 
identify mangrove crabs here in the Philippines. The 
researchers also aim to identify the similarities and 
differences of species identification methods used by 
crab farmers in several localities from Luzon, Visayas, 
and Mindanao and determine which methods are 
commonly used by them. 

 

2. METHODOLOGY 

In this research, the respondents were 
primarily mangrove crab growers and traders from 
different regions in the Philippines. All participants in 
the study came from Regions and V in Luzon, Regions 
VI and VIII in the Visayas, and Regions IX, X, and 
CARAGA in Mindanao, all with high productions of 
mangrove crabs. The target number of respondents in 
this research was 30 respondents from the specified 
regions all over the country, and 34 respondents 
participated in the research. The data was gathered 
through the use of online platforms, with the duration 
of the survey running from November 2020 to January 
2021. Data from the survey was used to assess the 
efficacy of crab fishers’ species identification methods. 
The survey was conducted through Google Forms and 
was distributed through Facebook as the researchers 
joined in private groups with local mangrove crab 
farmers. Messenger was also utilized for private 
messages, especially for follow-ups from target 
participants. Since internet connection is required on 
the mentioned platforms, text messaging and calls 
were also considered as backup plans. Text loads were 
provided to some of the respondents to communicate 
their responses and other concerns to the researchers 

 

The survey questions were divided into the 
following groups:. 

A. On mangrove crab production - The 
questions address how much mangrove crabs are 
produced and exported in the local and international 
trading and the effect of misidentification on 
production success. 

 
B. On species identification of mangrove 

crabs - Questions in this group mainly focus on the 
features or parts the fishers check to identify the 
mangrove crabs, the methods used in species 
identification, and their importance. 

 
C. On environmental changes affecting 

harvest, catch, and production - These questions 
mainly delve into any changes that can affect the 

harvest and production of mangrove crabs and how 
and why such changes affect harvest and production. 

D. On general mangrove crab fishing and 
farming practices - These questions focus on learning 
about the daily routine of a mangrove crab fisher 
during certain periods and the routines done to ensure 
a higher increase in harvesting the mangrove crabs. 

The study utilized both qualitative and 
quantitative research. The qualitative approach gave 
an in-depth understanding of the different species 
identification crab fishers use to identify Scylla 
serrata while the quantitative approach aimed to 
evaluate the effectiveness of the methods by 
comparison of production rates even in environmental 
fluctuations. The data collected was used to assess the 
different species identification methods from Luzon, 
Visayas, and Mindanao and check the differences and 
similarities of these such methods. Moreover, the data 
mainly focused on the frequency of crab farmers using 
a certain species identification method and also cross-
referenced the common and unique traditional 
methods mentioned with the scientifically discovered 
proved species identification, both locally and 
internationally. Opinions and statements of fishers 
regarding the importance and acceptance of 
knowledge in mangrove crab farming were also part of 
the processed data. The researchers assessed this 
information by comparing the responses about the 
methods used by the fishers to study the effectiveness 
of each considering the environmental factors in their 
respective localities and utilized the results to know if 
fishers around the Philippines widely use the efficient 
methods in order to determine how the accuracy and 
knowledge of the methods impact the country’s overall 
crab trading and production rates. Additionally, the 
insights and statements collected from the crab 
farmers were summarized for the researchers to 
explore more possibilities of new knowledge and 
lifestyles in mangrove crab farming for future studies 
conducted by other researchers in the same field. 

 
3.  RESULTS AND DISCUSSION 

In the Philippines, three out of the four 
mangrove crab species, under the genus Scylla, are 
known, namely S. serrata, S. olivacea, and S. 
tranquebarica (Keenan et al., 1998). As one of the 
largest producers of mangrove crabs in the industry, 
it is vital that crab farmers need to distinguish their 
harvest before farming to avoid over-harvesting. 
Although numerous studies about the taxonomy of 
mangrove crabs have been conducted, there is still not 
enough research involving the traditional methods of 
fishers in differentiating the different species of genus 
Scylla without gadgets and equipment efficiently. 
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This is why the researchers have decided to survey 30 
Filipino mangrove crab farmers from Regions III, V, 
VI, VIII, IX, X, and CARAGA to determine the various 
traditional methods fishers use in identifying 
mangrove crabs in the Philippines. With this, the 
researchers have further analyzed what similarities 
and differences their respective methods have from 
each other and which among these obtained methods 
are most commonly used. 

 
Graph 1 reveals that 70.58% of the 

respondents stated that they identify crabs species by 
observing their claws. According to them, the claws of 
Scylla serrata are usually larger than other species, 
and that the edges of their claws have more visible 
sharp “edges” or spine, and its color varies from dark 
green to purple. It also appears that 55.88% of the 
respondents observe the color of the crabs. The 
farmers pointed out that the chelae color of Scylla 
serrata is normally dark green or blue green. Scylla 
olivacea has a reddish brown hue, while Scylla 
tranquebarica is a vibrant purple, and Scylla 
paramamosain, which only 2.94% of the respondents 
are familiar with, has a light green color. White spots 
occur on the claws of the Scylla serrata and the back 
of its shell, according to 5.88% of respondents. 
Moreover, the graph indicates that observation of the 
width and size of the shell is 41.17%, S. olivacea is said 
to have a carapace diameter of 20.8-140.0 mm. S. 
tranquebarica has a carapace that measures 40.0-
195.0 mm, while S. serrata has a carapace that 
measures 24.4-172.0 mm. Seasonal variations, on the 
other hand, will affect this. 41.17% of the respondents 
use this approach to assess the breadth and height of 
the shell. Another way to differentiate adult crab 
species is to search for inner carpus spines and the 
cheliped's dactyl prominence shape, which is blunt in 
S. olivacea. While only 11.76% of the respondents 
observe the crabs’ carapace to identify chelipeds, 
search for their relative sizes and spins. Many fishers 
use various unique methods that are not found in 
other regions surveyed and instead base their species 
identification on mangrove crabs’ appearances. This 
includes observing the crab’s shape, checking the 
crab’s back and feet, observing the color of the crab’s 
bottom, sizing the claws, observing the venation at the 

back and the legs, and finally, checking the mouth of 
the crab. Some fishers can also determine the crab 
species by feeling the texture of the shells, weighing 
the crab, depending on the season, and observing how 
the crab walks. The percentage of users performing 
the aforementioned methods with their specific 
originated regions are illustrated in the graph below: 

 
However, the most precise approach is to 

identify the polygonal patterns on the thighs among 
these methods. However, the crabs' burrowing habits 
can cause them to change shape (Vince-Cruz Abeledo, 
Ting & Ablan-Lagman, 2018). Observing the white 
spots on the back of the shell is another practice that 
was not listed, suggesting that farmers have 
traditional ecological knowledge that has not been 
recorded or researched. The carpus spine, frontal 
spine, propodus spine, polygon patterns on chelipeds 
and pereopods, and carapace coloration, according to 
Hoq & Alam (2018), are used to classify mangrove crab 
species, especially those belonging to the genus Scylla. 
According to Lebata, Vay, Primavera, Walton, & 
Biñas (2007), the different groups of mangrove crabs 
under the genus Scylla are morphologically 
differentiated through color patterns. Meynecke, et al. 
(2010) discussed seasonal variations and 
environmental disparities that influence crab 
preferences, but they were not used as a mechanism 
for species identification. 

Aside from the traditional methods, the 
researchers also considered the differences in 
identifying juvenile species and adult species. Crab 
farmers from Region III, V, VIII, IX, and CARAGA 
found it challenging to identify juveniles until they 
turn 2-3 months old; because as these crabs turn into 
adults, sometimes they turn out to be different 
species. In connection to this, respondents from 
Regions V and X continued to expound that once 
juvenile crabs grow into the size of a 5 peso coin or 5 
cm, they will be identifiable through their claws and 
color. Besides differentiating juveniles from adult 
species, the researchers also concluded that when it 
came to pond management, all respondents believed 
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in doing site security surveys both for theft and 
biohazards twice a day. Moreover, all of the 
respondents believed in the importance of checking 
their ponds’ water condition, perimeter fence, pests, 
dike, and surface to see if there are any issues present. 
Furthermore, the respondents were also very 
particular about maintaining their ponds salinity and 
pH level for crab growth since salty ponds are more 
favored by crabs, but excess salt may also cause them 
to grow slowly. Lastly, the crab farmers also 
mentioned how water temperature, level, and 
cleanliness significantly affect production. 
 

4.  CONCLUSIONS 
Survey forms were distributed to 34 local 

fishers from Regions III, V, VI, VIII, IX, X, and 
CARAGA of the Philippines. The researchers found 
that methods across regions showed similarities in 
species identification, and some techniques are unique 
to specific regions through quantitative and 
qualitative data analysis. The most common practice 
in the Philippines for identifying mangrove crab 
species is through observation of the claws followed by 
observing the color, both of which are common in all 
surveyed regions. On the other hand, most reported 
unique methods come from Region V, including 
checking the crab’s back and feet, feeling the shell’s 
texture, observing the color of the bottom, and 
checking for venation on the back and the legs. 
Observation of the carapace pattern and checking the 
width and size of the shells are techniques done by a 
portion of the surveyed population and are methods 
reflected in published papers. Dependence on the 
season was used to determine the crab species and 
was discussed in a published paper but not as a 
method of species identification. Traditional ecological 
knowledge is said to be preserved after seeing that the 
observation of white spots on the shells is done across 
different regions and is not mentioned in any studied 
articles as well as other methods that can be found 
only in certain regions. Fishers from five out of the 
seven regions surveyed expressed how it was much 
more difficult, and to some impossible, to identify 
langaw-langaws or fly-sized crablets. In contrast, 
some fishermen from CARAGA and Region VI were 
confident that fly-sized crablets were identifiable by 
looking at their colors and the season. The fishermen 
were quite particular about the pond’s management, 
particularly its water condition, depth, temperature, 
and security. They also highlighted the importance of 
maintaining a one-meter depth, a consistent feeding 
schedule, ensuring that the crabs are fed and 
monitored regularly, and frequently renewing the 
pond’s water. Lastly, the researchers were also able to 
collect some of the fishermen’s concerns and 
responses, like how they agreed that harsh and 
unpredictable weather conditions like rising sea levels 

could affect the growth of crabs. They also raised their 
concern on current government policies, illegal 
fishing, theft, and how they ultimately want to gain 
support from Local Government Units. Fishers also 
voiced their queries on how they want to apply the 
latest technology to help them be more knowledgeable 
and have an overall easier time identifying different 
crab species. 30 out of the 34 respondents were willing 
to learn an easier method of species identification as 
long as it does not compromise accuracy. 
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Fish waste as a resource: An approach to lessen the impact of improper 
solid waste management in the Philippines 
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Jeano Paulo E. Santos, Allysa Rose B. Sararaña, 
and Chona Camille V. Abeledo, 

 
Abstract: Improper solid waste management of fish waste contributes to the pollution leading 
the Comprehensive National Fisheries Industry Development Plan to declare that the 
Philippine aquaculture industry is unsustainable. The utilization of waste promotes a circular 
economy, whereby products are reused indefinitely in order to eliminate waste and boost 
sustainability in the fish industry. This study consists of surveys and interviews with fish 
vendors to determine the most efficient methods of reusing and disposing fish waste, and which 
of these are feasible within the Philippines, specifically Metro Manila. The data gathered could 
be useful in the creation of policies recommending ways on repurposing fish waste and 
promoting a circular economy. From the responses gathered, wet market fish stalls in Metro 
Manila produce 1.8 tons of fish waste a year, wherein the majority claimed that it was managed 
by being collected by garbage collectors and segregated; however, the protocols and practices 
of the interviewed wet markets were inconsistent. As implementation of protocols are not 
strictly enforced, current waste management methods remain ineffective in reducing solid 
waste. Therefore, educating those in the fish industry, enacting methods to recycle fish waste, 
and recommending them to LGUs would prove effective in developing a circular economy while 
providing another source of income for the fish industry.   
 
Key Words: fish waste; waste management; valorization; sustainability; wet market 
 

1. INTRODUCTION 
A circular economy follows the principle of 

reducing the usage of raw materials, reusing 
materials to create new products, and recycling 
existing ones; it minimizes hazardous impacts to the 
environment without stopping economic growth 
(Johansson & Henriksson, 2020). In the 35,000 tons of 
municipal solid waste being generated every day, 15 
to 60% of the uncollected waste is found polluting 
bodies of water in the Philippines (Plaza, 2017). 
Despite the approval of RA 9003 or “Ecological Solid 
Waste Management Act of 2000” aimed to institute 
sustainable development by creating a comprehensive 
solid waste management (SWM) program; however, 
local government units (LGUs) have been unable to 
comply with the standards that the republic act 
requires (Castillo & Otoma, 2013). Due to improper 
waste disposal, the Comprehensive National Fisheries 
Industry Development Plan (CNFIDP) declared the 
Philippine aquaculture industry as unsustainable 
wherein fish waste such as bones, fins, skin, and 
scales, is one of the causes. 

This study seeks to identify the actual amount 
of fish waste generated in the wet markets of Metro 
Manila, the existing SWM plans being implemented, 
and to find methods of converting fish waste into 

useful products to contribute to the development of a 
circular economy. The valorization of fish by-products 
play an essential role in conserving marine resources, 
and solutions should be implemented to avoid the 
pointless discarding of valuable biomass (Lopes et al., 
2015). This will help alleviate excessive solid waste 
production, promote a circular economy, and provide 
new sources of useful material such as animal feed, 
fertilizer, biopolymer extracts, and collagen for the 
utilization and usage of other special fields within the 
food, medicinal, cosmetic, and agricultural industries. 

 

2. METHODOLOGY 
 

Purposive sampling was used in selecting the 
40 fish vendors who manage stalls in the wet markets 
of Metro Manila. Their perspectives about the 
processes of waste disposal, their knowledge of SWM 
policies, and possible uses for fish waste byproducts 
were obtained from interviews and survey 
questionnaires, while the average of fish waste 
produced in the Philippines every year, along with the 
frequency of its valorization after disposal were 
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acquired through extensive literature from various 
studies using 71 books, academic journals, and theses, 
collectively. Interviews were conducted with the help 
of family members and friends, who are able to go 
outside following quarantine protocols, by way of face 
to face verbal surveys in Metro Manila wet markets. 
Php 50.00 of prepaid load was given to each 
participant days after conducting the interview. Guide 
questions were given to the participants a few minutes 
prior which had given them ample time to prepare 
their answers. The overall interview process lasted 
from late November to late December. 

The interviewees were asked to provide 
personal information such as job position, job 
experience (e.g. years in current job), and province or 
city of origin. They were given the choice to provide 
their name or age as long as they were aware of the 
risks and confidentiality of the study. The participants 
were interviewed on the same day and their responses 
were recorded and transcribed. 

 

 The Framework Method was the data 
analysis strategy used for this study (Gale et al., 
2013). Firstly, the data collected were manually 
categorized and grouped based on the similarities of 
the responses. Secondly, the organized data were 
illustrated into a framework showing the full process 
of fish waste disposal and currently practiced 
valorization methods. The framework was then used 
for cross-referencing to identify loopholes in current 
disposal practices and policies such as where the 
unused fish waste ends up and how it is handled. 
Following the identification of these issues, methods 
of reusing fish waste that Southeast Asian industries 
can profit from were determined. These can serve as a 
basis for the creation of a policy paper which 
implements a circular economy through an improved 
solid waste management system by the Philippine fish 
industry. 

 

3.  RESULTS AND DISCUSSION 

The data from the surveys state that the 
majority of fish waste produced in the wet market are 
innards, gills, and scales that are produced on a daily 
basis (Fig. 4.3.1a and Fig. 4.3.1b). 

 

With the amount of fish waste produced, 40% 
of respondents stated that their customers ask to 
acquire the fish waste for free, while some opt to buy 
it (22.5%). However, 37.5% of the respondents stated 
that fish waste isn’t acquired from their stalls at all. 
In the stalls wherein fish waste is actually obtained, 
most customers buy around 1 to 2 kg of fish waste (Fig. 
4.6.1a and Fig. 4.6.1b). 

 
For fish waste that is thrown, 58.1% of the 

responses claim the waste is taken by garbage 
collectors or dump trucks, followed by the waste being 
given away (19.4%). Under SWM methods, the 
majority responded that waste produced by the 
vendors’ stalls is collected by waste collectors (45%) 
and segregated (42.5%) while the rest stated it was 
maintained, unmanaged or given away, or that they 
did not know. Almost half of the respondents state 
that government units are responsible for managing 
wastes produced by vendors’ stalls. 

Most of the targeted wet markets implement 
policies like keeping the area clean (24.4%), placing 
waste proper containers (24.4%), and practicing 
proper disposal (15.6%) and segregation (13.3%). 
However, 20% claim that no such protocols are being 
implemented.  
Regarding sanctions charged, the majority of the 
respondents (72.5%) stated that no penalties were 
imposed in their wet markets, while others (22.5%) 
claimed that penalties were given. These include 
being fined (55.6%), being given memos (22.2%), and 
other means of penalties accordingly. 
The summary of responses for the possible uses for 
fish waste were animal food (63.6%) and fertilizer 
(11.4%). Several respondents also answered that there 
were no other uses for fish waste (9.1%) or that they 
did not know (9.1%). 
 

From the responses of the fish vendors, the 
specific parts of dead fish frequently being thrown 
were deemed as having little to no commercial value 
(Ahuja et al., 2020), hence being considered useless 
and labelled as “fish waste.” This data supports the 
claim that the public market is the source that 
generates the most amount of solid waste 
(Environmental Management Bureau, 2016) as they 
produce fish waste on a daily basis, accumulating 
roughly 1.8 tons of fish waste a year. There are 
customers who obtain 1.5kg of fish waste everyday on 
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average, where 62.5% of them opt to utilize the fish 
waste, meaning each customer is able to repurpose 
around half a ton of fish waste annually and 
consequently reduce the amount of solid waste 
produced.  

Among the 10 wet markets, five had 
inconsistent practices as there were varying practices 
in each, even though responses show that there were 
existing implementations in these markets. On the 
other hand, two among these have inconsistent 
practices and implementations as responses exhibit 
that only some practice them while a few are not 
aware or claim that there are none. While responses 
from one market were consistently observing one 
practice showing consistent presence of 
implementation, responses from another were 
consistently claiming there were no implementations.  
SWM methods in these markets correspond to the 
SWM program under RA 9003 where waste 
segregation and collection of solid waste are listed to 
manage solid waste (Aquino et al., 2013). Aligned with 
this is the assistance of LGUs in implementing SWM 
systems (Castillo & Otoma, 2013). Since more than 
half of the respondents gave the responsibility to 
market management or the store owner, it can be said 
that the LGUs have failed in leading the 
implementation of this program. 
Although penalties are supposed to be imposed 
according to RA 9003 and Presidential Act No. 825, 
the majority of respondents claimed that there are 
none or were found to be unaware of the penalties. 
This proves that SWM is ineffective due to insufficient 
efforts by government agencies in implementing such 
penalties (Ngoc & Schnitzer, 2009). Despite the 
consequences per violation, this data implies that 
there is inadequate cooperation from citizens or fish 
vendors in waste collection methods (Environmental 
Management Bureau, 2018). 

While a smaller percentage of fish vendors 
are unfamiliar with the alternate uses of fish waste or 
believe they have no uses, a significant portion 
managed to offer their knowledge related to 
repurposing their waste. Regarding utilization 
processes, results of this study show that 8 out of 10 
fish vendors within Metro Manila have knowledge on 
repurposing fish waste as feed, fertilizer, leftovers, 
and clothing designs as their method of reducing the 
waste they produce. 
 Amongst the given alternative uses of fish 
waste obtained from the interview data, other 
unmentioned uses such as sources for biofuels and 
biopolymer extracts were found through extensive 
research. In this case, the methods of creating animal 
feed, fertilizer, leftovers, clothing designs, biofuels, 
and biopolymer extracts from fish wastes were further 
investigated. First, there are two types of animal feed 
that can be reprocessed from fish waste — fish silage, 

a wet by-product liquefied by enzymes and acids 
(Zynudheen & Binsi, 2018), and fish meal, a by-
product that is minced, cooked, and pressed to 
separate the solid cake from the liquid phase (Plazzota 
& Manzocco, 2019). Second, seeing that fish waste is 
rich in nutritive soil elements, decomposes rapidly, 
and is compatible with organic production systems, 
fish waste is a suitable material as fertilizer (López-
Mosquera et al., 2011; Illera-Vives et al., 2015). Third, 
leftover fish parts can be used in meals such as 
chowder, stew, stock and more. Fourth, clothing such 
as leather can be produced from fish skin, an ancient 
tradition practiced by indigenous Arctic groups 
(Palomino et al., 2019). Fifth, through the method of 
fish waste conversion with transesterification — 
wherein the biomass reacts with alcohol —  a nontoxic, 
pollution-free, and biodegradable biofuel can be 
created (Knothe et al., 2015). Lastly, since seafood by-
products are a great source of biopolymers, certain 
extracts like chitin, chitosan, and collagen can be 
obtained depending on the method of extraction on a 
specific type of fish waste (Diez-Pascual, 2019). The 
methods to extract chitin, chitosan, and collagen 
include centrifugation, N-deacetylation and 
deacytylation, and demineralization, respectively 
(Korma et al., 2016; Majekodunmi, 2016). 
 

4.  CONCLUSIONS 
Throughout the research, the following 

objectives were accomplished: 
The current state of fish waste management 

within the wet markets of the Philippines was 
observed by identifying the amount and frequency of 
waste produced, SWM practices, and the extent of the 
fish vendors’ knowledge in fish waste valorization 
methods. 

Methods of repurposing fish waste produced 
by wet markets were compiled and practices feasible 
in the Philippines and Southeast Asia were 
determined. 
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Systematic Approach 

Yiesha Kyra N. Estrada, Nigel Joshua P. Santiago, 
and Althea Brianna O. Zialcita  

Arnel B. Beltran,  

Abstract: The amount of eggshell waste continues to rise due to the increased consumption of 
eggs; thus, finding methods to repurpose these waste materials would be beneficial. The 
estimated number of eggshell wastes in the Philippines for 2019 is 63.28 thousand metric tons. 
Moreover, eggshells also exhibit potential to have various applications due to their 
polycrystalline structure and calcite crystal content. The performance of eggshells in these 
applications can be maximized through thermal treatment, which involves exposing the 
eggshells to high temperatures for a period of time. Thus, this study aims to develop a 
framework using systematic mapping approach to evaluate the application of calcined 
eggshells. Through this method, relevant papers were collated, screened, analyzed, and 
evaluated. The findings showed that the application of calcined eggshells can be classified into 
seven general utilizations: catalysis, adsorption, additives, hydroxyapatite synthesis, bacteria 
removal, biogas production, and biomass gasification. Additionally, the resulting data 
indicated that chicken eggshells were the most used eggshell type for these applications. It 
was also noted that the usual temperature and time for thermal treatment ranges from around 
500-1000°C for about 2-4 hours. Overall, the results suggest the possibility for eggshells, given 
the significant eggshell waste production in the country, to be utilized in different applications 
through thermal treatment. 
 
Key Words: eggshell waste; thermal treatment; calcination; systematic mapping 
approach; waste utilization 

 
1. INTRODUCTION 

Eggshells are agricultural wastes that 
accumulate in landfills. The high concentration of 
waste causes environmental pollution (Abdulrahman 
et al., 2014). The increase in demand for eggs 
contributes to the increase in consumption of eggs. 
The United States Department of Agriculture (2020) 
stated that the consumption per year is around 13.4kg 
per person. The rise in egg production contributes to 
the high concentration of waste. Eggshell waste 
utilization helps reduce solid waste dumps in landfills 
because of its efficiency. Eggshells are composed of 
94% calcium carbonate, 4% organic matter, 1% 
magnesium carbonate, and 1% calcium phosphate 
(Mohadi et al., 2016). Eggshells exhibit calcite crystals 
and polycrystalline calcium carbonate (Hincke et al., 
2012). Calcination involves subjecting raw materials 
to extremely high temperatures which enhances the 
calcium carbonate content of eggshells (Wu et al., 
2015). Ahmadzadeh-Hakimi et al. (2017) state that 
Scanning Electron Microscopy (SEM), Fourier-
Transform Infrared Spectroscopy (FTIR), and X-ray 

Diffraction (XRD) are utilized for characterization of 
eggshells. Characterization is performed to analyze 
the efficiency of calcined eggshells. Mohadi et al. 
(2016) states that the overall performance of calcined 
eggshells was highly effective compared to that of raw 
eggshells. 

A systematic approach was used in this paper 
review to evaluate the relevance of the research topic. 
The study is limited to conducting a desktop study to 
determine its performance based on the significant 
results of existing literature from different sites. Sites 
used for the research were Scopus, Google Scholar, 
and Science Direct. The performance of calcined 
eggshell waste will be evaluated based on its 
properties and applications. The general objective of 
the study is to evaluate the application of thermally-
treated eggshell waste through a systematic mapping 
approach. It is narrowed into three specific objectives, 
which are: 1) to formulate a framework for systematic 
mapping of the utilization of thermally-treated 
eggshell waste; 2) to evaluate the performance of 
thermally-treated eggshell wastes to its intended 
application, and; 3) to assess the properties of calcined 
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eggshell wastes that affect its performance. The study 
will examine the studied waste utilization and 
benefits as an adsorbent, catalyst, additive, bacteria 
removal, biogas production, hydroxyapatite synthesis, 
and biomass gasification. It will concentrate on the 
trend, calcination, and characterization of eggshell 
waste used to evaluate its performance in different 
functions. 

 

2. METHODOLOGY 

 
 

 
 

The research flow presented in Fig. 2.1 
consists of ten steps. First, the formulation of the 
research questions was the initial point of the 
research. Then, the scopes and limitations were 
reviewed to analyze the restrictions of the research. 
Afterwards, paper search and collection were carried 
out to find significant research evidence. The gathered 
papers were screened to obtain optimum results. 
Furthermore, keywords were used to identify the 
scope of the papers being reviewed. Data collection, 
classification, and organization were employed to 
achieve a thorough synthesis of the papers. Moreover, 
information extracted from different papers were 
analyzed and evaluated for the calcined eggshells. 
Mapping process was used via the systematic 
approach to answer the research questions. 
Additionally, findings of the analysis were organized 
for visualization of the results. Lastly, the 
performance of thermally-treated eggshells for each 
application was evaluated to determine efficiency of 
calcined eggshells. 
 

For this study, the following research 
questions (RQs) were formulated to be answered by 
the systematic approach for the applications of 
thermally-treated eggshell waste: RQ1: Is thermal 
treatment being utilized for eggshell waste? 

RQ2: What are the applications of thermally 
treated eggshell wastes? 

 

RQ3: What is the performance of thermally 
treated eggshell wastes to its intended application? 

 
RQ4: What are the properties of thermally 

treated eggshell wastes that affect its performance? 

The search for relevant papers related to the 
research questions was performed using the following 
search engines and databases: SCOPUS, 
ResearchGate, Google Scholar, and ScienceDirect. 
Then, during the initial paper search in these 
databases, the results were filtered with the following 
keywords as shown in Table 2.1. 

 

The extraction of relevant information is 
necessary to answer the defined research questions. 
The collected papers were further screened as only 
relevant papers related to the study would be used for 
the paper review. Moreover, the significant 
performance, eggshell type, temperature, specific 
utilization, and general utilization were extracted 
from various papers and recorded in excel to achieve 
an organized data sheet. All papers were organized by 
placing its significant information, which is author, 
date published, journal abbreviation, type of eggshell, 
temperature of thermal treatment, duration of 
thermal treatment, significant results, highest 
performance, analysis used, and utilization. The 
group utilization was divided into different groups, 
which are Adsorbent, Bacteria Removal, Catalyst, 
Biomass Gasification, Additives, and Hydroxyapatite 
Synthesis. Since some sources did not state the type of 
eggshells used, the eggshell source for the unspecified 
eggshells were grouped as well. 

 

3.  RESULTS AND DISCUSSION 
 

 
The increase in egg production per year has 

contributed to the increase in eggshell waste. As 
presented in Fig. 3.1, the amount of chicken eggs has 
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gradually increased for the past three years. During 
the year 2019, the production of both chicken and duck 
eggs are higher compared to 2017 and 2018. Moreover, 
the abundance of chicken eggs in the Philippines 
significantly outweigh that of duck eggs. This signifies 
the high supply and demand of chicken eggs in the 
country as they are one of the staple foods. 

 
It was determined that the shell is said to be 

10% of the egg’s total weight (Hunton, 2005). It was 
estimated that eggshell weighs 6g for every 60g egg 
(average weight). The projected eggshell waste for 
2017, 2018, and 2019 were computed by multiplying 
the total egg supply to the percentage of eggshell per 
egg. The computed projected eggshell wastes for those 
years were 53.78 thousand metric tonnes, 58.05 
thousand metric tonnes, and 63.28 thousand metric 
tonnes, respectively. As shown by Fig. 3.2, there has 
been an increase in eggshell projection which is 
relative to the egg production in the country. 

Based on the data collected, there are three 
primary types of eggshells: quail eggshells, duck 
eggshells, and chicken eggshells. In Fig. 3.3, chicken 
eggshells rank the highest with 34 papers due to their 
abundance and accessibility. However, the number of 
unspecified eggshells remains higher with 52 papers. 
The type of eggshells used in some studies were not 
specified; however, their sources were mentioned. 
Figure 3.4 below shows the percentage of the different 
sources of unspecified eggshells. It depicts that waste 
eggshells were collected from street food stalls, 
bakeries, breakfast shops, food markets, poultry 

farms, and restaurants. Some studies sourced out 
from restaurants due to the large number of eggshell 
wastes from consumption. Despite identifying the 
study’s source of eggshell waste, 53.8% remain to be 
unstated. 

 
 

 
Calcium carbonate content of eggshells are 

further maximized by the application of thermal 
treatment. The high temperature of calcination 
triggers the conversion of calcium carbonate calcium 
oxide and calcium hydroxide (Wu et al., 2015). Based 
from Fig. 3.5, the optimum calcination temperature 
used by many studies range from 500-1000  for a 
duration of 2-4h. Awogbemi et al. (2020) stated that a 
calcination at 90  affected the pore size, surface area, 
and thermal decomposition of eggshells. XRD patterns 
show that samples sintered beyond 1100  shows a 

-TCP phase that is 
transformed to hydro (Wu et. al., 2015). Agbabiaka et 
al. (2020) found that a calcination temperature of 
1000  showed a hydroxyapatite structure, meaning a 
high purity rate. Furthermore, Mohadi et al. (2016) 
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states that metal oxide formation and calcination 
temperature are directly proportional. 

 

 
General Utilization, Specific Application, and 

Overall Performance 
 
Thermally treated eggshell wastes have 

multiple utilizations: adsorption, catalyst, bacteria 
removal, biogas production, biomass gasification, 
hydroxyapatite synthesis, and additives. In Table 3.1, 
a total of 100 papers were used in this study to analyze 
each utilization. Based on different studies, chicken 
eggshells were more often used than other eggshell 
types. The performance of eggshells from various 
papers were assessed and analyzed in order to 
determine the efficiency of eggshells as an alternative 
product. 
 

 

Catalysts accelerate the chemical reaction 
between substances and improves the yield. The 
thermally-treated eggshells were used mainly for 
biodiesel production. The reaction process present in 
the studies was transesterification. Due to the calcium 
carbonate content in eggshells, the eggshell-derived 
catalyst showed great stability and high effectiveness. 
The majority of the studies utilized chicken eggshells 
as a catalyst. As shown in Fig. 3.6, the results for the 

biodiesel yield range from 75-97.98%. This shows the 
efficiency of calcined eggshells as a catalyst for 
biodiesel production. 

 

 
The presence of contaminants in water has 

adverse effects on human health and the environment. 
Eggshells were found to be effective adsorbents due to 
the calcium carbonate content and porous structure. 
As presented in Fig. 3.7, the overall efficiency of 
calcined eggshells for the adsorption of different 
contaminants ranged from 50-99.5%. Amongst the 
contaminants, phosphorus was the most prevalent 
due to its abundance in wastewater. 

 

 
The thermally treated eggshells were 

combined with other products to enhance the quality 
and capability of the final product. In Fig. 3.8, the 
temperatures through which the highest performance 
of calcined eggshells as additives are exhibited. 
Specifically, a calcination temperature of 800  was 
commonly used by multiple studies for this 
application. The calcination temperature is vital in 
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obtaining optimal performance. The eggshell type 
used in these studies were not specified. 

 
The calcium carbonate present in eggshells 

can be converted to crystalline hydroxyapatite. 
Eggshells were found to have high thermal stability 
which is advantageous for hydroxyapatite synthesis. 
Calcination was performed to aid in calcium oxide 
formation and produce high quality hydroxyapatite 
(Ummartyotin & Tangnorawich, 2015). In Fig. 3.9, the 
Ca/P ratio is optimal as it ranges from 1.56-2.44. The 
results were limited because most studies use chicken 
eggshells in the study. Oladele et al. (2019) state that 
calcination is a factor that improved the synthesis of 
hydroxyapatite. 

 
As abundance of human pathogen and 

antibiotic resistance genes within landfills has become 
a great threat to human health, bio sorbents from 
agricultural wastes provide economic and 
environmental benefits towards the prevention of its 
dissemination. Ye et. al (2017) stated that eggshells 
treated from sulfate and calcination provided a 
significant result of showing its high capacity in 
absorbing E. coli with gentamicin-resistance gene. 
Furthermore, the study stated that its optimal 

absorption from eggshells led to the increase of 
pathogenic bacteria, which shows great purification 
efficiency. 

Biogas production is a good renewable energy 
source which requires various materials as a biogas 
source. Kivuyo et. al (2017) studied that pre-treating 
substrates, such as banana pulp, with calcined 
eggshells exhibit an efficient degradation of 
lignocellulosic substrate. The calcium carbonate 
content of eggshells allows the improvement of biogas 
yield as it assists in hydrolysis. Furthermore, a higher 
efficiency in converted organic compounds was 
achieved which led to the increase in pH and methane 
content. 

According to the study conducted by 
Salaudeen et al. (2018), calcined eggshells can act as 
a potential CO2 sorbent involved in biomass 
gasification. The increase in carbonation temperature 
improves the carbonation conversion. The gathered 
data from the study shows that around 76.41% of 
conversion was reached in the first calcination-
carbonation cycle. However, due to the sintering and 
attrition, the conversion reduced with increasing 
cycles.  

 

4.  CONCLUSIONS 
Due to the continuous increase of eggshell 

waste production, methods to repurpose these wastes 
must be implemented to minimize its contribution to 
filling up landfills. Eggshells reveal the potential of 
becoming a useful material for various processes 
because of their composition and morphology. For 
calcined eggshells, the thermal treatment process 
further increases their functional capacity. Thermal 
treatment parameters such as time and temperature 
also influence the performance of eggshells. After the 
collation of papers, the application of eggshell was 
grouped into seven general utilizations: catalyst, 
adsorption, additive, hydroxyapatite synthesis, 
bacteria removal, biogas production, and biomass 
gasification. Chicken eggshells were found to be the 
most used eggshell type in papers that specified the 
eggshell type used due to their abundance. 
Meanwhile, the data showed that the usual 
temperature and time for the calculation of eggshells 
ranges from 500-1000°C and about 2-4 hrs. Overall, 
the performance of eggshells for various applications 
indicate optimum efficiency as it ranges from 50-
99.5%. 
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Abstract: Volcanic eruptions have a tremendous impact on an area that often leads to the 
destruction of the environment, human injuries, and even death. However, this research 
emphasizes one specific outcome unique to volcanic eruptions. The study aims to shed light 
upon the beneficial applications of volcanic ash to determine whether or not volcanic ash has 
advantageous botanical properties that could potentially enhance the growth of Ocimum 
basilicum (basil). In 8 weeks, four different concentrations (VA-0, VA-0.5, VA-1, and VA-2) of 
volcanic ash-loam soil composition were tested on basil plants. Three parameters were utilized 
to measure the plant's growth: plant height, leaf count, and leaf surface area. Pot VA-1 
achieved the highest plant height and leaf count increase among the four concentrations. As 
for the leaf surface area, VA-1 and VA-2 both yielded the highest growth from week 1 to week 
8. Results support a beneficial relationship between volcanic ash and acid-loving plants. 
 
Key Words: volcanic ash; basil; concentration; growth; acid-loving plants 

 
1. INTRODUCTION 

Every so often, volcanic activity occurs. Mt. 
Pinatubo, known for its global scale effect, has affected 
and devastated thousands of humans and other 
species, such as plants. Volcanic eruptions have a 
tremendous impact on an area that often leads to the 
destruction of the environment, human injuries, and 
even death. However, this research emphasizes one 
specific outcome unique to volcanic eruptions. Ash 
clouds will cover the atmosphere, leading to an 
abundant amount of volcanic ash everywhere when a 
volcanic eruption occurs. Depending on the magnitude 
of the explosion, its range or eruption radius may vary 
drastically. However, volcanic ash is commonly 
depicted as a terrible substance for the environment. 
Since it is heavy and acts as a sun-resistant layer over 
plants, it strongly hinders photosynthetic activities 
and transpiration from commencing. 

 In the field of botany, ash could potentially 
have effects that could change the way people grow 
plants and vegetables. With a composition of high 
sulfur levels, integrating ash into the soil could prove 
beneficial to acid-loving plants. According to the 
Natural Resources Conservation Service (NRCS), 
acid-loving plants prefer pH soil levels of 6.5 and 
below. Due to the ash's elevated sulfur levels and low 
pH levels, non-acidic plants may not survive. In 
contrast, acid-loving plants may thrive from their low 
pH nature. Acid-loving fruits grow more efficiently on 
soils with a pH level of 4.0 to 5.0. In contrast, some 
acid-loving vegetables will prefer a pH soil level of 4.5 
to  5.5. In addition to this, soils following a volcanic 
eruption yield the most fertile and productive soil 

(Fiantis et al., 2019). Individual plants grown in such 
soils could thrive and develop into healthy, high-yield 
plants.  

Along with a volcanic eruption comes the 
adverse effects such as the destruction of acres of land, 
bodies of water engulfed by ash, thousands of crops 
perishing, and hundreds of homes rendered 
uninhabitable, to name a few. The aftermath of such 
events led to stockpiles of ash left on the streets. The 
problem is that all that ash was rendered useless by 
disposing of it rather than looking for ways to make 
use of its unique composition. As of today, volcanic ash 
is an excellent material for the structural integrity of 
bricks compared to cement usage (Salamah & 
Maryudi, 2016). Volcanic ash could potentially open 
many doors to new developments in different areas. 
With the utilization of the excess volcanic ash, the 
growth of acid-loving plants could improve. As studies 
have shown, the composition of volcanic ash leads to 
its high acidic nature. This brings the research to its 
hypothesis: volcanic ash aids in making the soil acidic 
to benefit the growth of acidic-loving plants. 

The primary goal of the study is to undergo a 
substantial experimentation process to prove that 
unfiltered volcanic ash has botanic advantages. This 
study focused on plant development through natural 
means; hypothesized results could pave the way for 
future researchers to perform their trials with 
variables unique to their experiment. To achieve the 
projected outcome of this research, the researchers' 
general objective in conducting this study is to 
determine the effect of utilizing volcanic ash on basil's 
growth.  
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 The findings of the study can be used as 
supporting evidence towards volcanic ash's overall 
knowledge, a resource regarded as pollution. This will 
be benefiting the agricultural sector as this could be 
used as an excellent addition to loam soil when 
growing acid-loving plants. This innovative, costless, 
and inventive soil composition with volcanic ash could 
drastically reduce the expenses of those looking to 
grow acidic-loving plants when choosing an efficient 
soil composition. Furthermore, this provides a 
framework for further studies regarding volcanic ash's 
feasibility as soil, making this particular soil 
composition evidence-based. If the research is 
successful, the addition of volcanic ash will prove an 
effective way to maximize available resources, making 
volcanic ash a more sought-after product when 
growing acid-loving plants. The effects of the volcanic 
ash from the Taal Volcano eruption are to be tested. 
However, because of the method of gathering the 
volcanic ash, it may not be considered pure. The 
height difference was determined using an initial and 
final measurement for each setup containing different 
volcanic ash concentrations. It could signify a change 
in development in the plant. The researchers only 
used four different concentrations of volcanic ash 
which includes a blank setup that serves as the control 
(0% volcanic ash), a 25% volcanic ash concentration 
composition, a 50% volcanic ash concentration 
composition, and a pure (100%) volcanic ash 
composition. Each of the concentrations yielded a 
certain pH level that was attained through averaging 
all the readings from time 0 to week 8. The pH levels 
are the following: 8.0 for VA-0, 6.5 for VA-0.5, 6.1 for 
VA-1, and 6.0 for VA-2. To ensure a pure reaction 
between the loam-volcanic ash soil composition, the 
researchers chose to avoid using chemicals such as 
aftermarket fertilizers and pesticides. 

 
 

2. METHODOLOGY 
 

 

The research design formulates three 
different parameters that manifest plant growth. 
With the gathered data from 8 weeks of 
experimentation, each trial in each parameter has 
changed between the initial and the preceding week. 
The increasing parameters may help the amount of 
sunlight the plants receive hence providing more 
glucose or food for the plant to grow. Each pot gaining 
varying results on different parameters shows that 
each parameter benefits from the volcanic ash 
concentration. 

There are sixteen pots in total. Since there 
are four members in the group, each member received 
and tended to 4 pots throughout the experimentation 
period. The pot was filled up to a certain point with 
the soil used (loam) to determine how much soil the 
pot can hold in grams, and once filled, the soil's weight 
was recorded. Each pot contained a different volcanic 
ash and soil concentration, while similar basil plants 
were planted in each pot. To meet the optimal pH level 
that basil thrives in (5.5-6.5 pH), every member of the 
research group was tasked to measure the loam soil's 
pH level in all of the assigned pots, respectively. 
Weight per weight percentage allowed the researchers 
to express the concentration of the solution. As for how 
the measurements were taken for the three 
parameters, namely plant height, leaf count, and leaf 
surface area, tools such as a ruler and ImageJ 
software were utilized to gather the data needed over 
eight weeks effectively. However, only the plant 
height and leaf count were recorded for eight 
consecutive weeks. The data taken for the leaf surface 
area was only an initial and final measurement, time 
zero and week eight, respectively. 

 
3.  RESULTS AND DISCUSSION 

As the researchers observed, the plant height 
had an average increase of 2 cm per week for VA-0, 1.9 
cm per week for VA-0.5, 2.8 cm per week for VA-1, and 
2.5 cm per week for VA-2. The average increase of the 
height of the plant was taken through finding the 
slope yielded by the trendline of each graph (Fig. 3.0-
3.3). From this data that the members have gathered, 
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it can be concluded that VA-1 has the highest average 
increase which is 2.8cm per week. For leaf count (Fig. 
5), it is shown in the graph that VA-0  has a continuous 
increase of leaves as weeks pass by. For VA-0.5 it 
reached its peak on week 5 and plateaued shortly 
after. VA-1 had a constant number of leaves within 
week 2 to week 5 and showed a sudden significant 
increase in number of leaves. Throughout eight weeks, 
the number of leaves of VA-2 shows an inconsistent 
increase and decrease in the number of leaves. The 
researchers took pictures of the basil leaves and used 
ImageJ to measure, analyze, and process the images 
to gain more accurate results. With this application, 
we were able to measure the area and compare the 
initial leaf area to week 8 area to know how much it 
has increased and to determine which pot has the 
highest area value. Starting from the pot which has 
the lowest average surface leaf area, VA-0.5 with 
13.76 cm2, VA-0 with 17.95 cm2, VA-2 with an area of 
22.71 cm2, and the pot with the highest leaf area, was 
VA-1 with an area of 24.93 cm2. 

For the first week, there was a sudden 
-8 

cm. It was hypothesized that the sudden increase 
might be natural plant growth since the initial height 
(time 0) was based on seedlings, or newly germinated 
seeds. Pot VA-1 averaged 2.8 cm of growth per week. 
Being the highest out of all four concentrations, pot 
VA-2 came in second with an average growth per week 
of 2.5 cm. The experimentation period ended at week 
8 with pot VA-1 being the tallest plant with an 
average height of 31.7 cm; which may prove the 
presence of a snowball effect on the height of the basil. 
The second tallest plant is VA-2,; which could prove 
that a more concentrated amount of volcanic ash is 
potentially beneficial to the height of acidic plants. 
Adding to this, pot VA-0.5 resulted in having the 
lowest height with a total average height of 23.7 cm.  

 

 

The basis behind including basil leaf count in 
the parameters is the concept of  “more leaves means 

with the highest leaf count is VA-0 ; which had 40 
leaves in average of all three trials. From week 0 to 
week 8, there was an increase of 17 leaves. The second 
plant with the highest leaf count is VA-1. It had 39 
leaves in average of all three trials and had an 
increase of ~18 leaves from week 0 to week 8. Though 
VA-0 ended with the highest number of leaves, it had 
a lower increase of leaves from initial to final as 
compared to VA-1. As observed, VA-1 has the highest 
increase of leaf count with 18 leaves, with VA-0 being 
second to that. The researchers hypothesized that 
since VA-1 is the tallest, its height had an effect on the 
number of leaves increased since a higher plant height 
equates to more exposure to sunlight. This proves that 
leaf count is directly related to the plant height or the 
amount of exposure to sunlight the plant receives. 

 

 Similar to the leaf count, the size of the leaf 
plays a role in how much glucose could actually be 
produced by the plant; for the main goal of this 
research was to prove volcanic ash’s positive effects on 
basil’s growth.  At time 0, VA-1 had the highest initial 
leaf surface area. It was able to maintain its lead 
ending with a highest final leaf surface area of 24.932 
cm2. VA-1 also had the highest change in leaf surface 
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area out of all the pots. There is a small difference 
between the increase in surface area from week 0 to 
week 8 of VA-1 and VA-2 with both numbers rounding 
up to 16.5 cm2. With this, we are able to say that a 
higher concentration of volcanic ash in the soil 
composition will lead to a high leaf surface area 
increase as compared to VA-0 and VA-0.5. 

4.  CONCLUSIONS 
This research had the aim to shed light upon 

the beneficial applications of volcanic ash; which is 
determining whether or not volcanic ash has 
advantageous botanical properties that could 
potentially enhance the growth of Ocimum basilicum 
(basil). VA-1 benefitted the most from its 
concentration in terms of growth, the highest slope in 
leaf count increase, the highest plant height, and the 
biggest leaf surface area. With this, having a pH level 
of 6.1, VA-1 yields the best overall results. The results 
of this study indicate a positive relationship between 
a volcanic ash soil composition and the growth of 
acidic-loving plants. Specifically, 1kg of volcanic ash 
in loam soil has the biggest effect on the growth rate 
of Ocimum basilicum (Basil). Further studies can 
make use of different acidic-loving plants. This gives 
the research more space to justify the benefits of a 
volcanic ash composition on acidic-loving plants. 
Furthermore, a particular location to experiment in 
will benefit the results by providing uniform 
treatment to the plants. The gathering of ash could 
also be improved to achieve accurate conclusions 
about the correlation between acid-loving plants and 
the effects of volcanic ash.   
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On the Effects of N-P-K Fertilizer to the Electricity Generated by 

Adelaide Louise M. Naquila, Cher Rylie C. Matoza, Cholo V. Aguilar, Erynne C. Ayuson, Beatrize, 
Ysabelle C. Escalona, Carl Arian Miguel G. Ganzon, Jose Miguel Q. Mahalin, 

Natalia F. San Pedro, Ailyn B. Anglo-Ojeda, and Fritz M. Ferran 

 
Abstract: Nowadays, electricity is a pressing conflict due to the increase in demand by the 
populace. Thus, energy prices have also increased, making it considerably inaccessible to 
several population members. Considering this, the researchers have studied the type of N-P-
K fertilizer that can improve the efficiency of producing electricity from a living plant. There 
were four experimental setups of Aloe barbadensis miller that were utilized in the experiment. 
Every variable and component of each setup was constant, except the type of fertilizer that 
was added to the soil. The first setup did not have any fertilizer, the second group had 
Nitrogen-based (N-P-K 21:0:0), the third group had Phosphorus-based (N-P-K 0:22:0), and the 
fourth group had Potassium-based (N-P-K 0:0:50). The researchers gathered data on electricity 
generated in the Aloe vera derived from a capacitor using a multimeter every 12 hours for 16 
days. Descriptive statistics and repeated measures of ANOVA statistical tests were utilized to 
perform the data analysis. Results showed that the setup with potassium-based fertilizer had 
produced significantly greater electricity (p < .05) among the four setups whose differences 
were insignificant (p > .05). Time had a moderate but negligible effect on the electricity 
produced by the Aloe vera. It is advised to increase the time taken to observe the plant if 
further research will be done on the topic. 
 
Key Words: aloe vera; electricity generation; nitrogen-based fertilizer; phosphorus-
based fertilizer; potassium-based fertilizer 

 
1. INTRODUCTION 

Electricity has become an integral part of 
human life in the modern era. It affects one’s 
capability of acquiring education, communicating 
with others, and cooking food without destroying the 
ecosystem (Löfquist, 2020). In the Philippines, 
electricity has become a necessity in every household 
due to the importance of electrical appliances as assets 
to most of the population (Reyes et al., 2012). Yet, over 
2.3 million homes in the Philippines still lack access 
to electricity (National Electrification Administration, 
2019), and 59 million people in the country have no 
access to clean cooking (Renewable Energy Policy 
Network for the 21st Century, 2020). 

Considering the insufficient electricity 
supply, previous research utilized accessible natural 
resources, such as plants, to create potential energy 
sources. Ying and Dayou (2016) found that plants can 
generate electricity by transmuting sunlight into 
electricity based on photosynthesis. The study shows 
the conversion of chemical energy to electrical energy 
by embedding a pair of electrodes into the plant’s 
leaves. Bundschuh, Yusaf, Maity, Nelson, Mamat, and 
Mahlia (2014) studied the capability of algae-biomass 
being used as fuel for electricity and agriculture. This 

source was expected to provide a new power 
generation system for the low-power electrical 
equipment used in forestry. However, the voltage was 
weak which caused great difficulty in the application. 
Despite these previous studies concerning generating 
sustainable energy, they have only been able to 
generate sustainable energy with low voltage. 

The objective of this study is to create 
sustainable energy from organic life and to produce an 
adequate amount of electricity. Previous studies have 
shown that generating sustainable energy from living 
plants is possible; however, it cannot naturally 
produce an adequate amount of electricity that can be 
used instantaneously (Bundschuh et al., 2014). Thus, 
the researchers of this study will examine which of the 
different N-P-K fertilizers will improve the efficiency 
of energy production of the plant. 

 

 

Figure 1.  
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Figure 1 presents the possibility of how the 
different N-P-K fertilizers may directly affect the 
electricity generated by the  plant. It is 
known that the primary nutrients of the fertilizer – 
Nitrogen, Phosphorus, and Potassium – directly 
influence the plant’s process of photosynthesis 
(Bolfarini et al., 2016; Gierth & Mäser, 2007). Since 
ATP, the energy of the plant, is produced in the 
photosynthesis process, the N-P-K can possibly have a 
significant effect on the electricity produced by plants. 
This study aims to see whether plants can produce 
enough electricity when N-P-K fertilizer is added to 
their soil. 

Specifically, the study aims to answer the 
following: 
a. What is the electricity produced by the 

plants after introducing the N-P-K fertilizers for 
16 days? 
b. Is there a significant difference in the 
electricity produced by the  plant with 
different N-P-K fertilizers observed in a 48-hour 
interval for 16 days? 
 

 

2. METHODOLOGY 

 The experimental research design was 
suitable for this study since it required 
experimentation on the electricity produced by plants 
in response to the added N-P-K fertilizers with varied 
ratios of Nitrogen, Phosphorus, and Potassium. 

3.2. Data Gathering Procedures 
 Before data gathering, the researchers 

accomplished a Research Ethics Checklist and letter 
of approval. Once approved, they began with the 
acquisition of materials sourced from online stores. In 
this experiment, the four Aloe vera samples, sourced 
from a mother plant from a farm, were divided into 
four experimental setups. The first setup, the control 
group, was treated with no fertilizer. For the second, 
Nitrogen-based fertilizer (N-P-K 21:0:0) was treated to 
the plant. For the third, Phosphorus-based fertilizer 
(N-P-K 0:22:0) was added. Lastly, the fourth setup 
was treated with Potassium-based fertilizer (N-P-K 
0:0:50). 

 

As shown in Figure 2, each setup had six pairs of Zinc 
(Zn) anode and Copper (Cu) cathode embedded on two 
leaves of the Aloe vera plant (Chong et al., 2019). A 4.7 
uF 400V Aluminum Electrolytic capacitor was 
connected to store the electricity generated by the 
plants. A digital multimeter was used to measure the 
voltage stored in the capacitor. It was set to have a 
maximum measurement of 2.000 Volts. 

Upon completing the experimental setups, 
the researchers began recording the electricity 
generated by each experimental design using the 
digital multimeter connected to the capacitor. The 
recording of observations occurred every 12 hours 
within 16 days. Throughout the experimentation, the 
plants were watered regularly and were exposed to 
sunlight to maintain its prime condition.  

After obtaining all needed observations, the 
researchers began to organize their raw data in 
preparation for the data analysis. 
 

 
3.  RESULTS AND DISCUSSION 

Two primary data analysis procedures were 
performed using IBM SPSS version 24. The first is 
Descriptive statistics (Mean and Standard Deviation), 
which was used to find the average electricity 
produced by the sample per setup. The second is 
repeated measures of Analysis of Variance, which was 
used to determine if there is a significant difference 
between the setups as time passes. 

Table 1. Descriptive Statistics of Electricity 
Produced by Aloe vera plants treated with different N-
P-K fertilizers 

Table 1 presents the electricity generated by 
the Aloe vera plants treated with different N-P-K 
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fertilizers observed in a 48-hour time interval. A total 
of 128 valid cases were examined with an equal 
number of recorded observations per N-P-K fertilizer 
type (4).    

The visualization of the differences in the 
electricity produced in each setup is shown below: 

 

 
Figure 3. Means Plot of Estimated Marginal 

Means of Watts 
 
As shown in Figure 3, the electricity produced 

by the majority of fertilizer groups tended to hit their 
peaks between and around the end of the second and 
third intervals, with the outlier being the nitrogen-
based fertilizer hitting the rise between the sixth and 
seventh-time interval. A previous study concluded 
that organic sources of fertilizer helped improve the 
quality of the Aloe vera (Saha et al., 2003). This shows 
that by improving the quality of the plants with 
fertilizer, the generated electricity by the plant 
increased. 

The P-based fertilizer setup produced the 
most electricity throughout the first and second-time 
intervals with a continuous rise in electricity 
production. Phosphorus contributes largely to plant 
product yield in agriculture since it influences the 
plant’s ability to utilize water in its system and other 
micronutrients in the plant’s soil (Valkama et al., 
2009). However, it also decreases the Nitrate stored in 
the plant (Wang & Li, 2004). With this, the plant is 
likely to have been influenced by having more 
nutrients and water to utilize.  

The K-based fertilizer setup produced the 
most electricity among the four setups during the 
third-time interval and onwards. Potassium in plants 
increases the rate at which the plant with damage 
repairs itself and maintains the ionic homeostasis 
(Wang et al., 2013). The nature of the experiment 
setup made the K-based fertilizer’s role more 
significant since the plants became weak to hold the 

copper and zinc plates for as long as they had. 
Additionally, the level of K in the soil could influence 
the plant’s uptake of N-P-K elements in the ground 
(Baque et al., 2006). 

The analysis of the results generated by the 
Repeated Measures of ANOVA is presented in two 
ways. The discussion of the assumptions is given first, 
then followed by the main outcome. 

 
The normality test was performed using 

Kolmogorov-Smirnov, and Table 2 shows that the 
collected data for the seven observations are normal (p 
> 0.05) except during time 6 (p = 0.014). 

 

Sphericity is a condition where the variances 
between the differences between the related groups 
are equal. And since the Repeated Measures of 
ANOVA is susceptible to violating this assumption, 
Mauchly’s Test of Sphericity was performed and 
shown in Table 3. Mauchly’s Test of Sphericity 
indicated that the assumption of sphericity had been 
violated, 2(27) = 88.714, p < .0005, and therefore, a 
Greenhouse-Geisser correction was used since <0.75. 
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Also, there was no significant effect of time on the 
generated electricity by Aloe vera with different N-P-
K fertilizers, F(2.666, 31.995) = 1.895, p > 0.05. 

Table 4 presents that the use of fertilizer had 
a nearly moderate effect on the electricity generated 
by the Aloe vera over time (partial 2 = 0.136); 
however, this is not significant F(2.666, 31.995) = 
1.895, p > 0.05.  

The significance of time to the affected 
electricity caused by the addition of different N-P-K 
fertilizers ratios is likely because the time of the 
experiment was too short. The total number of days 
taken to conduct the experiment in other related 
studies is greater compared to this. A study by 
Lazcano, Gómez-Brandón, Revilla, and Domínguez 
(2012) had three months of fertilizer exposure for the 
plant before data gathering, considered as ‘short-
term’. Another study by Valkama, Uusitalo, Ylivainio, 
Virkajärvi, and Turtola (2009) had up to twelve 
months of application of fertilizer. Another 
independent research by Saïdou, Janssen, and 
Temminghoff (2003) had three years to test the effects 
of the fertilizer on the plants. Based on these three 
studies, the time of experimentation was significantly 
shorter than the aforementioned studies. 

 

Table 5 presents that there is a significant 
difference in the electricity generated by Aloe vera 
when treated with different fertilizers, F(2.666, 
31.995) = 1.895, p < 0.05. The effect of the differences 
in the fertilizers applied to the soil where the Aloe 
vera is planted is large (partial 2= 0.520).   

 

Post-hoc Test using LSD was performed to 
determine which of the N-P-K fertilizers show a 
significant difference in the electricity generated by 
Aloe vera. As shown in Table 6, only the following 
different N-P-K fertilizers show a significant 
difference: No fertilizer and K-based fertilizer, N-
based fertilizer and K-based fertilizer, P-based 
Fertilizer and K-based fertilizer, p < .05.  

Previous studies have studied the effect of 
potassium on the plant. Grzebisz, Gransee, 
Szczepaniak, and Diatta (2013) experimented with 
the effects of potassium fertilization on water supplies 
and nitrogen to a plant during its critical stages of 
growth. The plant’s access to potassium during mild 
water-deficiency stress stimulates water uptake 
through the root cells. This results in an extension of 
development, giving it access to various mineral 
elements such as nitrogen and water, which are 
essential for plant growth. Wang, Zheng, Shen, and 
Guo (2013) found that potassium (K) has several 
biological components that strengthen the plant’s 
growth and metabolism. Lower K concentrations can 
further depress the plant resistance to drought stress 
and K absorption; this is due to its weakness in terms 
of water uptake. One of the advantages, as discussed 
in the study, is that it stimulates photosynthesis. It 
also regulates protein synthesis, enhances damage 
repair and water uptake, and maintains ionic 
homeostasis. 

 
 

4.  CONCLUSIONS 
This study discovered the significant 

relationship of potassium to the electricity produced 
by the plant. Yet, the researchers cannot discern the 
effect that fertilizer would have on electricity 
throughout a specific period. Despite these findings, 
there are numerous limitations to this study. The data 
gathering period for the researchers was only limited 
to 16 days because of time constraints. Moreover, each 
experimental setup utilized only one Aloe vera 
sample. Hence, the results of the research may not 
have been precise.  

Furthermore, other variables that may have 
affected the Aloe vera plant’s electrical yield were not 
observed and manipulated. This includes the 
condition of the environment, weather, material of the 
electrodes, plant type, and soil type. The researchers 
recommend that the duration of experimentation be 
conducted for a more extended period. Studying 
fertilizers with other N-P-K ratios with more 
potassium content can provide more information on 
the specific type of fertilizer that could generate a 
significantly more tremendous amount of energy. 
Future studies may research other possible factors 
that may affect and improve the efficiency of 
electricity generation in plants. 
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A Life Cycle Assessment of Disposable Medical Masks and its Impacts 
Towards the Environment in the Context of the COVID-19 Pandemic 
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Abstract: This study is about the Life Cycle Assessment of Disposable Medical Masks and its 
Environmental Impacts in the context of the COVID-19 pandemic in the Philippines. Prior to 
the study, the researchers have noticed that there was an increase in demand for disposable 
medical masks as a response to the COVID-19 pandemic. The overall objective of the study 
was to assess the environmental impacts of the life cycle of disposable medical masks in the 
context of three variables which are energy consumption, waste production, and pollution. The 
impacts were assessed using related literature and gathered data from respective respondents 
through the dissemination of online questionnaires among 5 different focus groups. The results 
from the surveys have shown that the production of healthcare waste has doubled in the past 
year and is mainly composed of disposable medical masks. In addition, answers from the 
surveys have shown that the majority of households improperly dispose of their masks by not 
complying with the set guidelines of the Department of Health. After data collection and 
discussion, the researchers have observed the connections between the increase in demand for 
masks and the damaging of the environment in relation to the three variables. To conclude, 
the researchers have disproved the initial null hypothesis. 
   
Key Words: life cycle assessment; disposable medical mask; environmental 
sustainability; Personal Protective Equipment; COVID-19 

 
1. INTRODUCTION 

At the beginning of the pandemic, the world 
turned its focus to prioritizing safety and health that 
the state of the environment was neglected. With this, 
many environmental advocates and organizations 
have been bringing attention to the rise in energy 
consumption from the production and disposal of 
medical masks. In addition, a more pressing 
environmental concern was brought up due to the 
improper disposal of medical masks. After use, the 
mask cannot be recycled due to the risk of 
contamination therefore, it is needed to be disposed of 
(Parkinson, 2020). Without proper disposal, masks 
end up in landfills and even in the ocean causing 
damage to marine life and worsening the issue of 
general pollution (Kassam, 2020). The several issues 
brought up by these articles show the overall severity 
of the environmental situation caused by disposable 
medical masks. 
 

The study assessed the Life Cycle of 
Disposable Medical Masks and its Impacts towards 
the environment in the context of the COVID-19 
pandemic. 

Specifically, the research answered the 
following questions: 

 
1. What is the Life Cycle of Disposable Medical 

Masks? 
2. What are the proper and improper 

methods/processes in the disposal of medical 
masks? 

3. What are the impacts of the production processes 
of disposable medical masks towards the 
environment? 

a. Energy consumption 
b. Production waste 

4. What are the impacts of the disposal of 
disposable medical masks towards the 
environment? 

a. Energy consumption 
b. Waste production 
c. Pollution 

 

The increasing rate of utilization of disposable 
medical masks has no significant impact towards the 
environment in the context of the COVID-19 
pandemic.  
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2. METHODOLOGY 

A descriptive research design was chosen to 
show the analysis of the life cycle of the masks in 
determining its effects towards the environment. It 
was used to justify the presented realities which were 
obtained through the answered survey forms of the 
chosen respondents in relation to the LCA of 
disposable medical masks. 

To select respondents for data collection in the 
LCI phase, the researchers have utilized a 
convenience sampling technique. This was used 
because of the lack of availability of the respective 
respondents given the ongoing COVID-19 pandemic. 
Each focus group consisted of a certain number of 
respondents, again, depending on the availability of 
respondents in the ongoing pandemic disregarding the 
factors of age and sex. The five focus groups were 
based on their profession and expertise in the main 
focus of this research: environmentalists, medical 
practitioners, waste management officers, mask 
consumers and mask distributors. 

The first focus group consists of 
environmentalists required to have knowledge about 
key environmental issues such as waste pollution and 
overconsumption of energy. The second focus group 
consists of medical practitioners with a minimum of 5 
years of experience serving in their medical field and 
knowledge about the coronavirus. The third focus 
group is composed of waste management officers with 
respective expertise on the presence of waste pollution 
and waste production, specifically in terms of PPE, 
perspectives, and data regarding PPE pollution and 
the environmental effects of the disposal process. The 
fourth focus group is composed of mask distributors 
willing to disclose information regarding their rates of 
supply and demand of sales with respect to the 
ongoing COVID-19 pandemic. Lastly, the fifth focus 
group was mask consumers utilizing disposable 
medical masks as a preventive measure from getting 
the virus; their questions were focused on their rate of 
consumption on a monthly basis and their disposal 
process after usage. 

 

The researchers utilized five different surveys 
wherein one was adapted from past studies to gather 
and collect data. The first survey was a five-item 
questionnaire given to environmentalists created by 
the researchers to gather information about effects 
caused by the life cycle of disposable medical masks 
from an environmental perspective. 
The second instrument given to medical practitioners 

was a seven-item survey to understand the purpose 
and effectiveness of a mask in hindering the spread of 
the COVID-19 virus. The third instrument is a seven-
item survey disseminated among mask sellers which 
focuses on the rate of sales of different types of masks 
in Metro Manila during the COVID-19 pandemic. The 
fourth instrument was a five-item survey focused on 
the consumption rate of masks and means of their 
disposal which is administered to mask consumers in 
Metro Manila. This survey was focused on their 
consumption rate of their preferred types of masks 
and their means of disposal after usage. 

The last survey that was given to HCWM 
officers was an adapted and shortened version of the 
Health-Care Waste Management Rapid Assessment 
Tool. This was developed by the WHO, and its goal is 
to promote safe and appropriate practices in the field 
of HCWM (“Health-care waste management rapid 
assessment tool”, 2016). Its purpose is to understand 
the processes and the overall situation regarding the 
HCWM system. 

 

Preparation of Adapted Survey Questionnaire 
The researchers designed a survey fit to the 
specifications of the study which highlighted the given 
variables, and this was done specifically for the 
respondents under the category of medical 
practitioners and environmentalists. Aside from the 
designed surveys which have been disseminated to 
medical practitioners, environmentalists, mask 
distributors, and mask consumers, an adapted Health 
Care Waste Management (HCWM) assessment was 
utilized for the chosen Waste Management Officers. 
Afterward, a confidentiality conforme has been made 
for respondents to be assured of the compliance 
towards the Data Privacy Act of 2012, to be signed 
prior to answering the designed survey. 

 
Administration of the test to the respondents 

Firstly for the chosen available medical 
practitioners, environmentalists, mask distributors, 
mask consumers, and waste management officers, all 
were given a confidentiality conforme to answer prior 
the survey. Afterwards, questionnaires were 
administered to the respondents. 
 

The researchers made use of Descriptive 
Statistics as its statistical treatment in this study. It 
was used to thoroughly describe and indicate the 
manners on how the life cycle of disposable medical 
masks impact the environment, specifically in the 
context of the COVID-19 pandemic. Through the 
obtained data, the statistical analysis of this was 
focused on the evaluation of the answers of the 
respondents and used as one of the basis of the 
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conducted study. 

3.  RESULTS AND DISCUSSION 

What is the life cycle of a disposable medical mask?

 

There are three main phases of the life cycle 
of disposable medical masks: production, usage, and 
disposal. The researchers decided to give focus to only 
the production and disposal phases. Within the 
production phase, there are four sub-processes that 
occur accordingly: (1) Acquisition of raw materials, (2) 
Transportation of materials, (3) Production line, (4) 
Distribution to the sellers. The generic type of surgical 
face masks that 85.7% of all respondents from the 
distributors’ focus group sell are commonly made up 
of 3 non-woven layers (see figures 1 and 2) which all 
serve a purpose in providing the mask’s filtration 
efficiency. These layers are produced in one of two 
procedures: spun bond or melt-blown (Chua et al, 
2020). 

 

In the disposal phase of the cycle, 6 sub-
processes occur accordingly: (1) Initial segregation, (2) 
Storage, (3) Collection, (4) Transportation, (5) 
Treatment, (6) Final Disposal (DENR-EMB, 2020). 
The first process is the most crucial since it decides 
whether the HCW will undergo proper disposal or not. 
As seen in figure 3, results from the surveys showed 
that 71.4% of HCW are disposed of in the wrong waste 
container. The other 29.6% get stored and transported 

by DENR certified transportation companies to 
treatment facilities. 
 

 
 
All the results and discussions done under this 
research problem can be consolidated into figure 4.1 
and 4.2. 
 

 
What are the proper and improper 

methods/processes in the disposal of medical masks? 
 

One respondent observed that the most 
common yet improper means of disposal include open 
trash burning, littering, and disposal in open-
containers (figure 4.2). Each method creates their own 
negative effect on the state of the environment. Out of 
these three, the one that was frequently admitted by 
the survey respondents was the disposal in open-
containers as seen in table 1. The waste coming from 
this process often ends up in open and unsecured 
dumping grounds which have become a commonplace 
for households to recover and recycle the objects found 
(Ferronato & Torretta, 2019). The continuation of 
these practices causes infections and viruses to be 
spread more rapidly. 
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What are the impacts of the production 
processes of disposable medical masks towards the 
environment? 

As presented in figure 4, 92.9% of masks in 
the distributor's inventory is sold and this leads to the 
increase of product demand from consumers and 
suppliers. 

To further discuss, two t-test: Two-Sample 
Assessing Unequal Variances was utilized to analyze 
the relationship between mask distributors and 
consumers. First, it computed a value of 
P(t<=t)=0.697503595 which shows there is no 
significant difference between the two variables; this 
indicates the increase of sales of masks because of the 
demand and need of the product in the context of the 
pandemic. Second, a value of P(t<=t)=0.500136489 
indicates the significant difference between the 
targeted amount of sales and supplies. This implies 
the gap between the masks being supplied to 
distributors and consumed by the general public; 
there is a possible overproduction of masks which can 
create waste. As said by a mask distributor, the shelf 
life of a mask lasts from 3-5 years before considered 
“expired” or ineffective of use. The excess in inventory 
can lead to the expiration of product and ineffective 
usage. 
 

What are the impacts of the disposal of 
disposable medical masks towards the environment? 

The usage of disposable medical masks is the 
most effective type to be used as a preventive measure 

for the virus because of the filtration from the 
exposure of aerosol spray with proper usage. Although 
according to figure 5, the usage also required proper 
disposal after usage as a health precaution, yet PPE 
is not classified under waste disposed of using proper 
methods of disposal. 

The improper disposal of these disposable 
medical masks results in certain aspects in energy 
consumption, waste production, and pollution which 
lead to severe repercussions that negatively affect the 
environment. 

 
Based on figure 6, the second most utilized is 

non-renewable energy such as coal/coal products 
which are used to generate electricity that runs the 
technology to properly dispose of clinical waste, and 
with the increase of usage, the required energy is 
bound to have a direct relationship as well. 
 
Waste Production 
 

The improper disposal has led to the increase 
of waste in relation with the rate of demand and 
supply of PPE, and the added criteria of usage and 
disposal of this mask. The 3-ply masks are only 
effective up to six hours of usage then a replacement 
is needed. With the given condition, each individual 
consuming these masks must comply for maximum 
protection. 

Especially for frontliners and the general 
public who are constantly exposed to the possibility of 
being infected. This circumstance has led to the 
doubling of healthcare waste wherein most do not 
undergo proper disposal. 
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Pollution 

With the increase of the rate of waste 
production, 100% of these wastes are categorized to 
undergo the improper disposal (refer to figure 5). 
Under the category of improper waste, one specific 
process evident amidst the pandemic is discarding of 
masks in landfills which is shown to be borderline 
sustainable (refer to figure 7). 

 
Referring to figure 8, the disposal process of 

these medical masks greatly impact the environment 
in terms of pollution and this is highly evident in the 
present context of the improper disposal of masks. 

 

As seen in figure 9, the disposal process of the 
medical masks is the least sustainable portion of the 
life cycle and this is because of the three factors which 
are energy consumption, waste production and 
pollution as explained respectively. 

 

4.  CONCLUSIONS 

The following are the summary of the results 
that the researchers gathered from the surveys of the 

study: 
Disposable medical masks are the most 

utilized type of mask for the prevention of COVID-19 
to spread. Therefore, 85.7% of mask distributors focus 
their attention on selling disposable medical masks as 
compared to cotton masks, N95’s, and etc. 

The production rate of disposable medical 
masks is higher than the consumption rate of the 
general public of this product. Therefore, the 
likeliness of product expiration is higher. 
Among the mask consumers and medical 
practitioners, 71.4% of respondents improperly 
dispose of their medical face masks by placing them in 
regular waste bins rather than special color-coded 
waste bins specifically meant for healthcare waste. 
A total of 100% in the HCWM officer focus group agree 
that open burning, littering, and disposal in open 
landfills are common improper means of disposal. The 
most sustainable process, yet still improper out of the 
three is littering. 

In terms of waste production, the usage of 
disposable medical masks in the ongoing pandemic 
has been a factor leading to the increase of medical 
waste by 100%. 
A total of 66.7% of environmentalists agree that the 
overall life cycle of disposable medical masks has the 
most impact on waste production, while 16.7% 
mentioned pollution received the highest impact. 
 

The following conclusions are drawn based on 
the summary of findings: 

While there is no significant difference 
between the number of masks sold and consumed, 
there is a significant difference between the number 
of masks supplied to these distributors and their sales. 
The overall life cycle gravely impacts environmental 
issues such as waste production, pollution, and energy 
consumption (arranged from most impacted to least 
impacted) 
Most processes involved in the life cycle of disposable 
medical masks compromise the environmental 
sustainability of the product. 
 

Having considered the summary of findings 
and conclusions in this chapter, the following 
recommendations are forwarded: 

Future researchers are advised to look into 
and compare disposable medical masks to other 
variants to assess the suitability for prevention in the 
COVID-19 pandemic. In addition, to give medical 
disposable masks a point of comparison in terms of 
environmental sustainability. 

To have a stronger foundation of data and 
information, the researchers suggest making use of a 
wider range of participants particularly in the HCWM 
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officers and mask manufacturers. 
As brought up by one mask distributor, it is 

recommended to focus on the different levels of mask 
quality with regards to their respective price ranges to 
have an understanding of the value of materials 
involved in the life cycle assessment and to make an 
informative decision upon purchase. 

Due to the lack of time and resources under 
the circumstance of the ongoing COVID-19 pandemic, 
the researchers advise to conduct an experiment in 
order to obtain empirical data and make use of this 
research paper as preliminary paper to further back 
up future results and findings. 
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as a Biosorbent of Cadmium 
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Abstract: Water hyacinth has gained a noteworthy reputation as the worst invasive 
macrophyte for its alarming proliferation rates, threatening transportation and irrigation 
systems and ecosystem biodiversity. Sustainable efforts have found the plant to demonstrate 
efficiency in sequestering toxic heavy metals such as cadmium from marine environments. 
Cadmium presence in water, primarily caused by anthropogenic sources, poses public health 
risks due to its toxicity. Consequently, studies on the applications of  Eichhornia crassipes and 
the removal of cadmium have become active research areas in recent decades. This review 
presents literature related to the Cd sorption capacity of water hyacinth biosorbents. The 
effects and optimization of parameters including treatment, temperature, pH, initial sorbate 
and sorbent concentration have been explored in classical and competitive adsorption models. 
Investigations on kinetics, equilibrium, and desorption studies have also been conducted. From 
the gathered literature, water hyacinth biosorbents show potential for industrial-scale 
applications, but its metal recovery and utilization in multi-metal and continuous sorption 
may require further evaluation. 
 
Key Words: water hyacinth; biosorption; batch adsorption; cadmium; heavy metals 
 

1. INTRODUCTION 
Millions of cubic meters of untreated 

wastewater are disposed of in Manila Bay and Laguna 
Lake annually (International Water Association, 
2018). Within these emissions are potential heavy 
metals that significantly impact the environment. 
Cadmium (Cd) is a naturally-occurring, heavy metal 
that bioaccumulates in organisms, causing adverse 
health effects such as cancer and toxicity in various 
organ systems (Rahimzadeh et al., 2017). Industrial 
effluents released from manufacturing processes are 
the primary anthropogenic pathway of Cd into the 
environment (Rao et al., 2010). Moreover, the Cd 
concentration of tap water sourced from Metro Manila 
reached 4.78ppm, exceeding the permissible 
concentration of 0.005ppm set by the WHO (Solidum 
& Solidum, 2012; World Health Organization, 2010).  

To reduce its lethality, remediation 
techniques such as chemical precipitation, ion 
exchange separation, adsorption, filtration, reverse 
osmosis, solvent extraction, and electrochemical 
treatment have been developed, but most entail 
expensive operating costs (Wolowiec et al., 2019). 
Adsorption, however, has been preferred due to its low 
cost and high efficiency, particularly with the use of 
agricultural by-products (Lee et al., 2015). 

Water hyacinth (Eichhornia crassipes) is 
regarded as the world’s most invasive macrophyte for 
its alarming growth. It reduces oxygen levels in 

aquatic ecosystems and encourages diseases in nearby 
communities. Despite its disadvantages, its biomass 
has been reported by numerous valorization studies to 
be efficient in remediating polluted waters and 
removing toxic heavy metals like Cd. With the need 
for cost-efficient sustainable adsorbents, the high 
biomass production, tolerance to pollution, and 
adsorption capacity of water hyacinths qualify them 
as effective biosorbents (Priya & Selvan, 2017). 

Through a systematic review of literature, 
relevant studies on Cd biosorption by E. crassipes 
were synthesized. Particularly, it aimed to evaluate 
the effects of sorbent treatments and experimental 
parameters, identify optimal conditions for Cd 
adsorption by water hyacinth (WH) biosorbents, and 
determine their applicability in industrial-scale 
operations. 

The paper is solely centered on E. crassipes 
biomass as a sorbent of Cd. Different methodologies 
and adsorption systems were considered, where the 
biosorption capacity of WH was determined through 
real experiments. The relevance of output limited the 
reference articles to have been published within the 
last three decades.  

  

2. METHODOLOGY 
The Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA) guidelines, 
which include a screening process for articles from 
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electronic databases, i.e., Scopus, ScienceDirect, and 
PubMed, were implemented. The keywords used in 
the initial search include the following terms and their 
combinations: “water hyacinth” OR “Eichhornia 
crassipes” AND “cadmium” OR “Cd” AND 
“adsorption” OR “biosorption”. Following established 
inclusion and exclusion criteria, twenty-nine studies 
on Cd sorption by WH were deemed eligible (Figure 1). 

A data extraction form was utilized to 
summarize and obtain specific information from the 
studies. The following items were included: (a) 
identification data; (b) adsorption type; (c) adsorbent 
parameters; (d) experimental parameters; (e) 
maximum sorption capacity; and (f) desorption data. 
Studies that had consistencies in variables, 
methodology, and results were sorted and tabulated. 
Analyses involved the comparison of results, 
particularly the influence of treatments and 
parameters on the adsorption capacity of the WH 
biosorbents. 

 

3.  RESULTS AND DISCUSSION 

Three categories of sorbents were recognized 
in the studies: live, dried, and pyrolyzed WH 
biosorbents. Forty-eight percent were conducted using 
dried E. crassipes, while live biomass and biochar 
studies each comprised twenty-four percent of 
publications. One study conducted simulation studies 
(Soriano et al., 2016) which did not fit in any of the 
aforementioned classifications. All sorbent types 
exhibited effective Cd sorption capacity, with the 
highest removal rates for dried biomass, live water 
hyacinth and E. crassipes biochars being 99.9%, 100% 

and 99.24% respectively (Manju et al., 2016; Swain et 
al., 2014; Li et al., 2016). 

 

With the usage of live sorbents, 
phytoremediation studies precede the more common 
adsorption methods at present. Cd is primarily bound 
to WH via peptides (Romanova & Shuvaeva, 2015) 
while the cell wall and subcellular fractions of tissues 
account for most of the uptake (Fett et al., 1994b). 
Four studies applied live WH sorption for Cd removal 
(Table 1). 

From the collated articles, untreated, raw 
and live E. crassipes biomass have been observed to 
perform well in terms of Cd sorption at near-neutral 
pH levels of 6.0-7.0. Acidic conditions have been found 
to be less ideal due to the binding competition between 
Cd2+ and H+ ions to WH adsorption sites. Similarly, 
Cd removal is most favorable in the absence of other 
metals; single-sorption systems produced the best Cd 
removal rates. (Hasan et al., 2007; Patel et al., 2014; 
Mishra & Tripathi, 2008). It was found that longer 

accumulations. Moreover, the highest percent removal 
was at minimum initial Cd concentrations. While 
modifications might improve the metal uptake of E. 
crassipes, cadmium, at high concentrations, bears 
toxic effects on WH and suppresses plant growth and 
absorption (Fett et al., 1994a; Mishra & Tripathi, 
2008). At larger scales where Cd is prevalent, live 
sorbents are not as reliable for removal. 

 
The Cd removal behavior of dried water 

hyacinth roots, shoots, and whole biomass has also 
been studied in various conditions (Table 2). To 
maximize surface area and available sites for 
adsorption, the biomass is usually dried and crushed 
into powder. According to Khatoon et al. (2016), 
pretreatment of biosorbents may result in the opening 
of biopolymer rings, increasing porosity and stability, 
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ultimately improving the heavy metal removal 
efficiency of the sorbent. 

The effects of different pretreatment factors, 
including drying temperature and sorbent size on the 

maximum adsorption of the WH have been taken into 
consideration. Modenes et al. (2011) observed greater 
adsorption capacity at the lower drying temperatures 
due to greater pore size contraction at high 
temperatures. Modenes et al. (2011) also found little 
variation in adsorption capacity of different sorbent 
particle sizes.  

The studies on dried WH biosorption of Cd 
have determined different parameters to maximize 
adsorption rates. Several studies have found that a 
neutral acidity of pH 5.0 to 7.0 would be optimal for 
Cd adsorption due to a lower concentration of 
hydrogen ions competing for the sorption sites on the 
sorbent (Modenes et al., 2011; Manju et al., 2016;  
Zheng et al., 2016). Sorbent dose affects the 
electrostatic interactions between particles, and a 
ceiling of adsorptive capacity emerges at greater 

sorbent doses (Ibrahim et al., 2012). At 0.2 to 0.5mm, 
5g L-1 of biomass reached maximum adsorption, while 
1.0mm particle size plateaued at 0.2g mL-1; this 
signifies that the use of a smaller sorbent size requires 
less sorbent to reach the optimal amount (Ibrahim et 
al., 2012; Murithi et al., 2014; Li et al., 2020). Initial 
Cd concentration also affects the adsorption capacity 
of the biomass. With a greater amount of Cd ions 
present, the increased rate of adsorption reaction 
causes more amounts of the metal to be adsorbed but 
decreases the removal percentage of Cd (Mahamadi & 
Zaranyika, 2007; Mahamadi & Nharingo, 2006; Li et 
al., 2020; Murithi et al., 2014; Manju et al., 2016).  The 
adsorption of Cd ions by WH consistently followed the 
pseudo-second-order model and fitted the Langmuir 
adsorption model. With the presence of other heavy 
metals, the competitive adsorption of Pb and Zn 
significantly hindered the adsorption of Cd, while Na, 
K, Mg and Ca had minimal to no impact (Mahamadi 
& Nharingo, 2010; Murithi et al, 2014). 

 

The utilization of water hyacinth-derived 
biochars for Cd removal from aqueous solutions is 
relatively unexplored, with publications surfacing 
only recently (Table 3). However, it is a promising 
method to manage the invasive species and 
immobilize Cd effectively. 

The heating temperature during biochar 
generation influences adsorption capacity. A pyrolysis 
temperature between 450ºC to 700ºC is found to be 
ideal (Zhang et al., 2015; Ding et al., 2016; Li et al., 
2016). Ding et al. (2016) inferred that higher pyrolysis 
temperatures encouraged surface area and porous 
structure, but increasing the temperature beyond 
600ºC causes the loss of oxygen-containing groups. 
Increasing temperature results in greater Cd removal, 
but extreme heat dissipates functional groups 
essential for adsorption. Zhou et al. (2019) 
recommended a heating rate of 15ºC min-1 for 2 hours, 
demonstrating a slow pyrolysis to be most effective.  

Compared to dried and live biosorbents, WH 
biochars appear to be better accumulators of Cd at 
high and low initial concentrations in terms of 
adsorption capacity and metal removal. Higher 
concentrations of Cd require longer exposure times as 
presented by Zhang et. al (2015). Solution 
temperature heavily influences the adsorption 
behavior of biochars due to its endothermic 
characteristic (Ding et al., 2016; Liu et al., 2020), 
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wherein increasing the temperature during sorption 
encourages Cd sorption mechanisms to occur. Solution 
pH has been considered as one of the most influential 
factors to the adsorption capacity of biochars. The 
surplus of H+ at low pH levels (>2.50) overwhelmed 
and protonated the negatively-charged biochar 
surface, repelling Cd2+; thus, a moderate pH level of 
5.0-6.0 has been deemed optimal (Ding et al., 2016; Li 
et al., 2016; Liu et al., 2020). 

Biomass regeneration potential and 
cadmium recovery are necessary determinants for the 
applicability of WH biosorbents at industrial scales. 
The practical efficiency of a biosorbent is determined 
not only by its adsorptive capacity but also by its 
accessibility and potential for reuse. 

Shen et al. (2018) reported the use of nitric 
acid as an eluent at lower molar concentrations, 
wherein the Cd (II) removal efficiency of E. crassipes 
biochar pellets remained at 91.1% after three 
adsorption-desorption cycles. Meanwhile, Zheng et al. 
(2016) utilized Cu (II) ions, that have high affinity to 
sorption sites, to desorb over 90% of Cd (II) from dried 
biomass. Liu et al. (2020) demonstrated the 
sustainability of WH biochar-alginate capsules, which 
retained up to 70% of its initial adsorption capacity 
following 10 reuses. 

As shown in Table 4, a number of studies 
accounted for the usefulness of the high Cd desorption 
capacity of WH for biomass regeneration and Cd 
recovery (Mahmood et al., 2010; Ding et al., 2016; 
Shen et al., 2018). However, at present circumstances, 
a survey of literature shows that WH-biosorption 
studies expounding on Cd recovery are limited. 

 
 
 

 
4.  CONCLUSIONS 

Water hyacinth biosorption is an effective 
means for cadmium remediation. Through biosorption 
applications, the environmental concerns associated 
with the toxicity of cadmium and the invasive 
property of E. crassipes are minimized. Several 
solution and sorbent parameters significantly impact 
its adsorption capacity. Cadmium sorption is favored 
at near-neutral pH levels to reduce competition with 
interfering ions, while lower initial sorbent and 
sorbate concentrations allow maximized adsorption 
without risk of precipitation. Unlike dried biomass, 
live biosorbents are hindered by metal toxicity. 
Pretreatment of biomass is advantageous as dried 
biosorbents have consistent efficient removal rates. 
However, biochar studies have become more 
prominent in recent years. The inclusion of pyrolysis 
at high temperatures allows more sorbent 
modifications such as the increased presence of 
functional groups, porosity, and surface area that aid 
in adsorption. Despite the accessibility, inexpensive 
cost, and excellent removal capacity of WH biomass, 
its usage in industrial scales requires further 
investigation, specifically on the themes of cadmium 
desorption, metal recovery, multi-metal, and 
continuous sorption systems. 
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An Experimental Study on Sugarcane ( ) Bagasse 
and Corn (Zea mays L.) cob as a Potential Bio-adsorbent 

for Used Engine Oil 
 

Alyssa Marygrace M. Hugo, Julius Alvin A.  Librando, and Yuji C. Muñoz 

 
Abstract: Oil pollution is one of the leading causes of detriment to water ecosystems. Bio-
adsorbents have been studied for oil cleanup potential, but mixed bio-adsorbents have not been 
thoroughly studied yet. Thus, this study investigated Sugarcane ( ) 
bagasse and Corn ( ) cobs, two of the most underutilized agricultural wastes, as bio-
adsorbents in their natural form. Five formulations were used, and used motor oil was utilized 
as the adsorbate. One gram of bio-adsorbent was used in a mixture of 3 grams of oil and 200 
milliliters of water per trial. The oil sorption capacity (OSC) and water sorption amounts were 
collected to determine the efficiency in selectively adsorbing motor oil. Results showed that all 
formulations had similar oil sorption capacities, ranging from 288% to 298%, with pure 
bagasse (F1) having the highest and the formulation with a bagasse-cob mass ratio of 3:1 (F2) 
having the lowest. Statistical analysis posited that all group means for OSC are equal. 
Additionally, findings suggested that water sorption amount increases as the percentage by 
mass of bagasse in the formulation increases. F1 sorbed the most water with 5.80 grams, 
whereas the formulation with pure cobs (F5) sorbed the lowest with 2.09 grams, followed by 
the formulation with a bagasse-cob mass ratio of 1:3 (F4) with 3.22 grams. These results 
signified that not all mean water sorption amounts measured were equal, suggesting that 
formulations F4 and F5 are the most efficient in selectively absorbing oil.  
 
Key Words: oil sorption capacity; bio-adsorbents 
 
 

 
1. INTRODUCTION 

Oil spills are one of the leading causes of 
water pollution worldwide, posing dangers to aquatic 
habitats, poisoning fishes, and affecting people’s 
livelihoods in coastal communities (National Oceanic 
and Atmospheric Administration, 2019). The majority 
of these spills are caused by human activity, 
particularly the runoff from cars that leak motor oil. 
Though there are multiple ways of dealing with oil 
spills, the use of adsorbents is primarily seen as being 
most effective due to its flexibility and simplicity 
(Crini et al., 2018). Synthetic materials form the most 
significant proportion of all adsorbents, but while they 
are effective and yield a high oil sorption capacity, 
their non-biodegradability, cost, and disposal method 
may sometimes outweigh their benefits (Al-Jammal & 
Juzsakova, 2017). An alternative route may be the use 
of bio-adsorbents—adsorbents derived from biological 
material like agricultural wastes (agro-wastes) (Crini 
et al., 2018). While this method has been thoroughly 
researched, most procedures focus on chemically 
treating agro-waste via silanization, acetylation, and 
other treatments to make it less hydrophilic (Gorgulho 

et al., 2018). The hydrophilic nature of agro-waste due 
to its cellulose content is one of the major limiting 
factors in the mainstream use of adsorbents. Suitable 
adsorbents must repel water to prevent sinking, 
requiring a minimum water sorption amount 
(Guilharduci et al., 2017). However, recent papers 
have demonstrated the potential of certain agro-
wastes to attain promising results without chemical 
treatments. In particular, Choi (2018) showed the 
potential of powdered corn cobs in adsorbing large 
amounts of oil due to their low hydroxyl action, 
making them naturally hydrophobic. Behnood et al. 
(2016) and Gorgulho et al. (2018), on the other hand, 
demonstrated the potential of sugarcane bagasse as a 
decent bio-adsorbent due to its floatability and high 
surface area.  

Though these studies have laid the 
groundwork on the feasibility of bagasse and corn cob 
bio-adsorbents, no research to date has described the 
potential of the two agro-wastes when used together. 
Sugarcane bagasse and corn cob have different 
properties that play to their advantages separately, 
but it is unknown whether these properties would 
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interact constructively—leading to an increase in 
their capability to adsorb oil—or not. Additionally, 
both materials are the main underutilized agro-
wastes of the Philippines and can be accessed easily 
due to the Philippines’ large market for sugar and corn 
(Cajes, 2013; Baconguis and Pasagdan, 2013). Hence, 
this study aimed to identify whether a combination of 
bagasse and corn cob may increase Oil Sorption 
Capacity. It also aimed to determine what kind of 
formulation can serve as the most efficient adsorbent, 
which is the adsorbent with the highest oil sorption 
capacity and lowest water sorption capacity.  
 

2. METHODOLOGY 
 

 For the adsorbents, corn cobs were collected 
from fresh yellow corn bought from Biñan City 
Market. These collected corn cobs were used in natura 
or “in their natural state,” only dried to eliminate 
moisture. The researchers collected sugarcane 
bagasse from “Tubo ko,” a sugarcane juice stall in SM 
Sta. Rosa, also in natura. 

Used motor oil, the adsorbate, was sourced 
from a mechanic shop from Santa Rosa, Laguna. Only 
one source vehicle for the used motor oil was used for 
consistency. The study used a synthetic blend motor 
oil with an oil grade of SAE 20W-40, which is one of 
the primary motor oil grades sold in the Philippines, 
and the oil grade available to the researchers. 

 

 All sugarcane bagasse and corn cobs were 
thoroughly rinsed and washed with distilled water 
(Gorgulho et al., 2018) to get rid of impurities. They 
were cut with a thickness between 0.5 to 1.0 cm (Choi, 
2018) and sun-dried for 24 hours. Afterwards, the 
adsorbents were weighed on a weighing scale and 
dried in an oven at 110°C for 2 hours. The measuring 
and drying processes were repeated until the 
adsorbents’ mass plateaued and were brittle enough 
to be powdered (Ascutia et al., 2015). The dried 
sugarcane bagasse and corn cobs were reduced 
separately using a ceramic mortar and pestle, as 

adapted from Ascutia et al. (2015). A blender was used 
to process the dried materials further, and they were 
sieved separately using 24-mesh and 28-mesh sieves. 
Particles within the -24 +28 mesh range were used for 
the experiment. 

 

 

Table 1 summarizes the specific details about 
the adsorbents placed in each container. Labels were 
used in conducting the experiment, where SB labels 
referred to F1, 3B-1C labels referred to F2, 1B-1C 
labels referred to F3, 1B-3C pertained to F4, and CC 
pertained to F5. This correspondence is shown in 
Table 1. 

The experiment had three trials. The 
researchers poured 200 milliliters (mL) of distilled 
water and 3 grams (g) of used motor oil in each of the 
five glass containers for each trial, then were left for 
30 minutes to allow the oil to spread more evenly on 
the water. This set-up is shown in Figure 1. 

Formulations with mixed materials were 
mixed thoroughly after weighing the necessary 
components. After weighing all adsorbents accurately, 
they were placed onto the oil in the mixture evenly and 
were left in contact for four hours. 

The adsorbents were recovered from the 
containers using a surgical scalpel and were placed 
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directly onto the filter paper by wiping then weighed. 
The containers were placed beside a bag of desiccants 
and covered for drying. Once the mass did not change 
for at least 24 hours, the adsorbents were weighed to 
get the final mass. 

 

The study used an experimental research 
design with the five manipulated bio-adsorbent 
formulations as the independent variable and the Oil 
Sorption Capacity (OSC) as the dependent variable. 
The controlled variables were the amount and type of 
motor oil and water used in each container and the 
bio-adsorbents’ initial mass. 
 

In determining the amount of oil adsorbed 
(Aoil) and water absorbed (Awater), calculations using 
the following formulas were used: 

 
where Mi is the initial mass of the adsorbents before 
placing in the mixture, the mass of the recovered 
adsorbents before drying is Mw, and Mf is their mass 
after drying. Mf and Mw are derived from raw data 
(which are Ccont, Cpaper, Rw, and Rf). Ccont is the mass of 
the clean, empty recovery container. Cpaper is the mass 
of the clean filter paper. The mass of the recovery 
container, filter paper, and recovered adsorbent before 
drying is denoted as Rw, and their mass after drying is 
Rf. The average amount of oil adsorbed and water 
absorbed of all adsorbent formulations were 
compared. 

The oil sorption capacity (OSC), denoted by Q, 
was computed using the following formula adapted 
from Choi (2018) 

 
Mf is the final mass of the recovered adsorbent after 
drying, and Mi is the adsorbent’s initial mass before 
it was immersed in the oil-water mixture. However, 
OSC was expressed as a rate in % for this study by 
multiplying Q by 100. This formula measured how 
much oil the adsorbent can adsorb with respect to the 
adsorbent’s initial mass. OSC values greater than 
100% mean that the mass of oil adsorbed exceeded 
the initial mass of the bio-adsorbent before usage. 

One-way analysis of variance (ANOVA) was 
employed to identify any differences in the mean 
OSCs and water sorption amounts. Tukey’s HSD post 
hoc test was used to determine which adsorbent 
formulations differed if the one-way ANOVA test 
indicated an existing difference.

3. RESULTS AND DISCUSSION 
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The mean OSC in % of the bio-adsorbents 
ranged from 288% to 298%. F1 showed the highest, 
and F2 had the lowest OSC, as illustrated in Figure 9. 
F3, F4, and F5 showed OSCs of 290%, 291% and 293%, 
respectively. The slight drop of F2’s mean OSC from 
F1 and the upward trend of mean OSC starting from 
F2 until F5 may hint that the adsorption mechanism 
of corn cob and bagasse particles may be opposing 
each other. However, their values were relatively too 
close to each other for such a conclusion to be drawn. 

One-way analysis of variance was conducted 
to identify any significant differences among the mean 

results showed no statistically significant differences 
[F(4,10) = 1.78, p = 0.210]. This result signifies that all 
five bio-adsorbent formulations had similar mean 
OSCs. No further post hoc analyses were conducted 
since all group mean OSCs were found to be 
statistically equal. 
 

The mean water sorption amounts exhibited 
by all bio-adsorbent formulations ranged from 2.09 
grams to 5.80 grams, as the graph of water amount 
sorbed in Figure 10 illustrates. The values followed a 
downward linear trend from F1 to F5. F1 sorbed an 
average of 5.80 grams of water, F2 sorbed 5.41 grams, 
F3 sorbed 4.45 grams, F4 sorbed 3.22 grams, and F5 
sorbed only 2.09 grams of water. 

 
As shown in Figures 10 and 11, this declining 

trend in water sorption indicates that an increasing 
proportion of bagasse in the bio-adsorbent formulation 
leads to higher water sorption. This trend showed the 
higher hydrophilicity of sugarcane bagasse, as 
discussed by Gorgulho et al. (2018) and Guilharduci et 
al. (2017). Consequently, formulations that contained 
more corn cob particles by mass sorbed less water. 
This observation was also reported by Choi (2018) in 
her paper, stating that corn cobs are less attracted to 
water than other agricultural wastes due to their 
lower hydroxyl action.  

Upon employing one-way analysis of variance 
to see any significant differences among the mean 

there were indeed significant differences in the five 
group means [F(4,10) = 23.40, p = 0.000046]. Upon 
conducting Tukey’s HSD as the post hoc test, results 
showed that the water sorption of F4 was significantly 
lower than those of F1 and F2. The mean water 
sorption of F5 was also shown to be lower than those 
of F1, F2, and F3. These results signify that, in 
general, formulations F4 and F5 had significantly 
lower water sorption amounts, one of the 
characteristics of an ideal oil bio-adsorbent. 
Considering that all bio-adsorbents had similar oil 
sorption capacities, these two formulations can then 
have more efficiency in adsorbing oil, especially in 
larger scales of oil spill cleanup.

4.  CONCLUSIONS 

The average OSCs of all bio-adsorbent 
formulations ranged from 288% to 298%, where F1 
achieved the highest and F2 had the lowest with 
288%. Upon conducting one-way analysis of variance 
on the five bio-
was found that there were no statistically significant 
differences in the mean OSCs among all formulations. 
For the water sorption amount, there was a downward 
trend from F1 with the highest water sorbed of 5.80 
grams, where it decreased from then on with F5 as the 
lowest (2.09 grams). These findings point to the higher 
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hydrophobicity of corn cob particles and higher 
hydrophilicity of bagasse. Upon conducting a one-way 

least one pair of formulations had significant 
differences between their mean water sorption 

hoc test, it was shown that, in general, F4 and F5 
formulations had significantly lesser water sorption 
amounts compared to the F1, F2, and F3 formulations. 
 

This study explored the novel idea of 
combining sugarcane bagasse and corn cob to create 
an effective bio-adsorbent and hypothesized that at 
least one bio-adsorbent formulation would have a 
differing mean oil sorption capacity, as well as for 
water sorption amount. 

Results indicated that the mean OSCs of all 
bio-adsorbent formulations are relatively similar in 
effectiveness when adsorbing oil. Additionally, upon 
statistical analysis, it was also proven that there are 
no significant differences between the mean OSCs. 

Statistical analysis proved that there are 
indeed significant differences between the water 
sorption of F4 and F5 formulations with a lower 
amount than F1, F2, and F3 formulations. Thus, F4 
and F5 have different mean water sorption amounts 
than the rest.  

Because of their similar OSCs, all 
formulations have great potential in adsorbing oil and 
can be used for oil spill cleanup. However, since lower 
water sorption indicates more efficiency for exhibiting 
greater selective attraction to oil, F4 and F5 can be 
more efficient than the rest. 

The ideal interaction from all mixed bio-
adsorbents was exhibited by the F4 formulation, 
which had the highest mean OSC among all mixed bio-
adsorbents while having one of the lowest water 
amount sorbed. These characteristics shown by bio-
adsorbent formulation F4, as well as F5, are the ideal 
attributes of an oil bio-adsorbent. In general, for a 
larger scale oil-adsorption, formulations F4 and F5 
may be a better choice than the rest due to less 
attraction to water and a better exhibition of selective 
attraction to oil. Regardless, corn cob and sugarcane 
bagasse can be used as effective bio-adsorbents 
without chemical treatment and may be used 
interchangeably or in conjunction with each other for 
any oil spill cleanup applications, without compromise 
in their oil sorption capacity. 

It is recommended for future researchers to 
delve into other formulations to analyze the 
interactions between sugarcane bagasse and corn 
cobs. Additionally, further studies can emphasize 
different oil concentrations in the oil-water mixture. 
This recommendation also brings the possible need to 
standardize the oil-sorbent ratios in sorbent testing. 

Lastly, future research may also focus on exploring 

its tendency to sink. 
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Abstract: The increase in demand of coffee in the Philippines, led to the increase of production 
of spent coffee grounds (SCG) waste; utilization of this material is crucial as SCG pose 
environmental hazards. To evaluate the adsorbent capability of SCG, this study utilized 
systematic mapping. Research questions that were defined are as follows: 1) What is the 
research trend on adsorption studies using SCG? 2) What are the processes utilized to produce 
adsorbent from SCG? 3) What are the different contaminants adsorbed using SCG? 4) What 
are the important characterizations and performance of SCG adsorbents? It was determined 
that SCG undergoes various processes such as drying, carbonization, and physical and 
chemical activation to convert its structure to porous material with a high surface area of up 
to 2785 m2/g. Furthermore, it was used to adsorb various contaminants such as heavy metals, 
dyes, and pharmaceuticals with adsorption capacity and removal efficiency of up to 1222.5 
mg/g and 100%, respectively. It was also determined that various factors affect adsorption 
capacity and removal efficiency, namely pH level, adsorbent dosage, initial concentration, and 
contact time depending on the contaminant. With these, the potentials of SCG as raw material 
for adsorbent production were found beneficial to reduce its disposal to landfills. 
   
Key Words: spent coffee grounds; adsorption; systematic mapping; valorization 

 
1. INTRODUCTION 

Aside from the beverage industry, 
pharmaceuticals and cosmetics industry also utilize 
coffee products, making it the third most consumed 
product next to water and tea, and the second most 
traded commodity next to petroleum (Szenthe, 2020). 
Consequently, global coffee production reached 163.7 
million 60-kilogram bags in the year 2019-2020 
(Shahbandeh, 2021). The Philippines alone produced 
210 thousand 60-kg coffee bags in 2019 (International 
Coffee Organization, 2020). As a consequence of this 
big market, approximately 6 million tons of SCG are 
generated yearly all around the world (Ballesteros et 
al., 2014; Getachew & Chun, 2017). SCG left off in 
dumpsites gradually produces methane gas which 
contributes to the depletion of the ozone layer that 
protects the planet from excessive ultraviolet rays 
(Crumbley, 2009). Thus, there is a need to valorize 
such waste and devise sustainable ways to protect the 
environment. 

Several researchers have investigated the 
various utilizations of SCG. With the use of direct 
transesterification, H. C. Nguyen et al. (2019) were 
able to produce biodiesel from SCG. In another study 

conducted by (Coelho et al., 2020), polysaccharides 
extracted from SCG were utilized to produce 
biopolymeric films. Adsorbents were also derived from 
SCG to adsorb different known contaminants such as 
tetracycline and strontium (V.-T. Nguyen et al., 2021; 
Shin et al., 2021). 

In a study conducted by (Shin et al., 2021), 
magnetic and non-magnetic biochar were derived from 
SCG to adsorb strontium ions (Sr2+). Magnetic biochar 
was obtained by mixing pre-treated SCG into FeCl3 

6H2O which allows it to become an easily recoverable 
adsorbent via magnets once the adsorption process is 
finished. Characterization of both materials exhibited 
different surface morphological structures and 
elemental analysis. Magnetic biochar contained traces 
of Fe, implying that it was successfully impregnated 
in the SCG, making it magnetic. However, both 
materials showed no significant difference in their 
adsorption capacities of Sr2+. 

Alkaline-modified SCG were utilized in a 
study conducted by (V.-T. Nguyen et al., 2021) to 
adsorb tetracycline from aqueous solutions. SCG was 
impregnated with NaOH then carbonized with N2 gas. 
The adsorbent obtained was able to adsorb 113.64 
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mg/g of tetracycline which is almost three times of the 
tetracycline adsorbed by untreated SCG (39.22 mg/g). 

Several studies in different fields such as 
medicine, social sciences, and environmental sciences 
have used systematic mapping to review the research 
trend about a certain topic or evaluate the 
performance of a specific material in a certain 
application. In a study conducted by Tigue et al. 
(2020), systematic mapping was utilized to review the 
existing trend on acid mine drainage treatment using 
geopolymer and permeable reactive barrier. Their 
systematic mapping approach consisted of five steps 
namely: Definition of Research Questions, Conduct 
Search, Screening of Papers, Keywording using 
Abstracts, and Data Extraction and Mapping. In this 
study, the aforementioned steps will be adapted and 
modified to provide a review on the utilization of SCG 
as an adsorbent using a systematic mapping approach 
framework. In order to achieve this objective, the 
following specific objectives are to be addressed: 

 

 

 
 

 
 

 
 

 
 
This study only focused on adsorbents derived 

from SCG and data extracted can be utilized to 
maximize its potential in future research studies. 
Furthermore, all research articles reviewed were 
obtained from Scopus only. Also, instead of SCG going 
into landfills and harming the environment, it can be 
further utilized and processed as an adsorbent to 
remove different known contaminants in 
wastewaters. 
 

2. METHODOLOGY 
In order to provide an organized review of the 

current findings on adsorption studies using SCG as a 
precursor for adsorbents, systematic mapping was 
utilized. Figure 2.1 illustrates the steps that were 
adapted and modified from the study of Tigue et al. 
(2020). All steps were followed asides from 
keywording, which was incorporated in the data 
extraction and mapping step. 

 

 
 

Figure 2.1.  
 

 

The first step in this systematic process is the 
definition of research questions. Four research 
questions were synthesized to guide the whole 
systematic process as presented below. 

These will aid in providing an overview of the 
studies through the relevant information and details 
present in every study. 

 

 
 

 
 

 
 

 
 

Scopus was used to gather the articles 
relevant to this study. A search string (TITLE-ABS-
KEY (coffee AND grounds)) AND (adsorption) was 
defined to limit the results for the search process. 
Adsorption studies that utilized SCG were considered 
in the relevant searches. 

 

2.3. Screening of Relevant Papers 
Important information from the studies 

obtained were examined in screening of relevant 
papers. These information are mainly observed in the 
title, abstract, and keywords present in the study. The 
papers obtained were tabulated in spreadsheet format 
to present the extracted information in an organized 
manner. As can be seen in Figure 2.2, details such as 
title of publication, date of publication, authors, 
journal name, general utilization, and specific 
utilization were initially obtained and placed in a 
spreadsheet. 
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Figure 2.2.  

 

To address the defined research questions, 
relevant information was extracted. The information 
obtained were based on the studies acquired from the 
conduct search which were then screened and 
categorized. Relevant information such as adsorbate, 
processing and characterization of SCG, and 
adsorption capacity and removal efficiency reported in 
the study were analyzed to aid in gathering data 
which were used to answer the research questions. 

 

3. RESULTS AND DISCUSSION 
 

The search string defined for studies on 
adsorption returned 451 papers, wherein 151 papers 
were considered relevant. As can be seen in Figure 3.1 
the number of published papers per year was no more 
than 10 from 2002 to 2018 except for 2016, which 
eventually decreased in the following two years. In the 
year 2019, a sudden increase in the number of 
published papers was observed. This implies that 
studies on adsorption using SCG have just recently 
gained more attention. Hence, there is more to explore 
on the mentioned topic and systematic mapping would 
aid in providing an overview on the topic to know how 
to fully maximize the potential of SCG as an 
adsorbent. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
Figure 3.1.  

 

SCG naturally contains 58.5% carbon content 
on a dry weight basis (Pujol et al., 2013). To fully 
maximize such property, they undergo processes such 
as drying, carbonization, activation, etc. These allow 
SCG to develop porous structures and high surface 
areas, wherein adsorbates can adhere during the 
process of adsorption. Moreover, processes involving 
production of adsorbent from SCG were categorized 
into two: Dried SCG and Processed SCG. Shown in 
Figure 3.2 is the flow of general processes performed 
on SCG to produce an adsorbent. 

To produce Dried SCG, SCG are initially 
washed to remove impurities. Followed by drying or 
sieving, both of which could be interchanged. 
Processed SCG also undergo these, however 
additional steps are taken such as physical or 
chemical activation, and carbonization. These 
processes allow SCG to form a microporous or 
macroporous structure and high surface area to 
produce a more effective adsorbent (Yuliusman et al., 
2017). 

Aside from these common processes, some 
studies also added unique steps to obtain Dried SCG. 
Torres-Caban et al. (2019) pretreated SCG with 0.1M 
NaOH to further remove soluble materials. To reduce 
drying time and temperature, Loffredo and Taskin 
(2017) steam sterilized SCG 
for 15 minutes. 

Studies that produced processed SCG also 
included innovative steps, such as ultrasonic 
treatment that increases the extraction of the 
components (Benyekkou et al., 2020), hydroalcoholic 
extraction process that was utilized to replace 
commonly used processes before activation (Alcaraz et 
al., 2019), and CO2 plasma jet that produces activated 
carbon with unique surface morphology and pore size 
(Kang et al., 2020). 

 
 

 
 

No. of Publication Cumulative 
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Figure 3.2. 
 

 

 
Figure 3.3 illustrates the corresponding 

percentage of papers published based on the 
contaminant SCG was able to adsorb. Some of the 
contaminants under the “Others” category are ozone, 
BTEX, crude oil, and livestock wastewater pollutants 
(Acosta et al., 2021; Hsieh & Wen, 2020; Huong et al., 
2021; Sangpongchai & Prueksasit, 2017). 

 

 
Figure 3.3.  

 

 
As SCG undergo various processes to derive 

adsorbent from it, characterization tests such as BET, 
Elemental Analysis, SEM, and FT-IR are conducted to 
verify if the processes were successful in producing an 
adsorbent. Seen in Table 3.1 are the range of values 
obtained for the different characterization tests 
conducted on adsorbents derived from SCG. 

 

Table 3.1. 
 

 
Characterization Range of Values  

Surface Area (m2/g) 0.047 – 2785 
Pore Volume (cm3/g) 0.00935 – 14.2 

Pore Size (nm) 0.6– 520 
Composition 

%C 30.59 – 99.64 
%H 0.8– 18.56 
%O 0.23 – 64.11 
%N 0.8– 21.69   

 
Characterization Range of Values   

%Ash 1.8 – 37.7 
SEM magnification (x) 40 – 50000 

FT-IR (cm-1)  
C-H 630 – 3472 
C-O 900 – 1741 
O-H 613 – 3890 

  
 

 
 

 
Figure 3.4 illustrates the adsorption capacity 

of SCG of heavy metals ranging from 0.657 mg/g up to 
 et al., 2018; Song et al., 2019). 

The removal efficiency, on the other hand, ranges from 
60% to 100% as can be seen in Figure 3.5. Copper and 
zinc presented low removal efficiency of 18% and 9% 
respectively (Jutakridsada et al., 2016; Sertoli et al., 
2019). 

 

 
Figure 3.4.  
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Figure 3.5.  

 
 

As can be seen in Figure 3.6, the highest 
adsorption capacity exhibited by SCG is on an Anionic 
Azo Dye at 1222.5 mg/g (Jung et al., 2017) followed by 
methylene blue and acid orange 7 at 986.8 mg/g and 
665.9 mg/g respectively (Jung et al., 2016). Moreover, 
Figure 3.7 illustrates that removal efficiency for dyes 
are all at least 80%. 

 
Figure 3.6.  

 

 
Figure 3.7.  

 
 

 
Based on the extracted data, pharmaceutical 

contaminants are the least explored in terms of using 
SCG as an adsorbent. Hence, as shown in Figure 3.8, 
the not very high adsorption capacity ranging from 
5.5774 mg/g up to 370.37 mg/g as compared to heavy 
metals and dyes (V.-T. Nguyen, Nguyen, Chen, Hung, 

exhibited a removal efficiency of 90%, 55%, and 96% 
for diclofenac, sulfamethoxazole, and tetracycline 
respectively (Lazarotto et al., 2020; Lykoudi et al., 
2020; V.-T. Nguyen, Nguyen, Chen, Hung, Vo, et al., 
2019). This also implies that there is more to explore 
in using SCG as an adsorbent for pharmaceutical 
contaminants. 

 
 

Figure 3.8. 
 

 
  

4. CONCLUSION 
This study has reviewed the potential of SCG 

as an adsorbent to many known contaminants of the 
environment. The results show that adsorption 
studies using SCG as a precursor for adsorbent have 
slowly been building up through the years and have 
recently gained more attention. It was found that as 
SCG contains high carbon content (58.5%), hence it 
undergoes processes such as drying, carbonization, 
and chemical and physical activation that will allow it 
to develop porous structures and high surface areas of 
up to 2785 m2/g which are essential for adsorption. In 
addition, adsorbents derived from SCG are able to 
adsorb contaminants with adsorption capacity and 
removal efficiency of 1222.5 mg/g and 100%, 
respectively. These include heavy metals, dyes, and 
pharmaceuticals, all of which pose a hazard to the 
environment. Moreover, the data extracted and 
summarized from different studies can be utilized to 
maximize the potential of SCG as an adsorbent in 
future research studies. As this study was limited to 
151 papers, more databases aside from Scopus can be 
explored to obtain more research papers that will 
undergo systematic review. This will give a wider 
overview of the current findings on SCG as an 
adsorbent to different known contaminants. 
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Abstract: The insurgence of plastic waste has posed a detrimental challenge to the 
environment. Despite actions taken, the plastic problem persists, giving rise to several other 
issues affecting life on Earth. One of the identified solutions to avert this is to create a 
biodegradable alternative that would limit plastic dependency and limit the pressure on the 
environment. In this paper, the current vegetable protein-based packaging industry was 
explored. This includes the emergence of biodegradable films, innovations applied in their 
development, and market adoption barriers. This also considers synthesizing the developed 
films' pertinent properties as a vital component to knowing whether it satisfies its purpose as 
intended. From a set of established criteria, a narrative review was conducted on 40 selected 
published journal articles from the Elsevier-Science Direct database on vegetable protein-
based biodegradable packaging (PBBP) material. The findings of the study present a wide 
range of credible alternatives exhibiting competitive properties. While PBBP is still not at par 
with conventional plastics, the defined gaps in this sector could be a stepping stone for future 
studies to focus on developing low-cost methods and materials while giving equal importance 
to durability and biodegradability, hence, a broader scale for PBBP adoption. 
 
Key Words: plastic alternatives; bioplastic; mechanical properties; plastic pollution 
 

1. INTRODUCTION 
Throughout the years, plastics were widely 

used by society. According to Thompson et al. (2009), 
plastics are lightweight, durable, corrosion-resistant 
materials with high thermal and electrical insulation 
properties, and were given importance due to its 
versatility and convenience.  However, plastics have 
negatively impacted the environment. Plastic 
pollution became one of the pressing environmental 
issues, as its rapid increase in production overwhelms 
the world’s capability to deal with it. The world’s 
plastic production totaled around 359 million metric 
tons in 2018, where non-biodegradable single-use 
plastics account for 40 percent (Tiseo, 2021).  

In the Philippines, plastic pollution is also 
rampant. An article by the World Wide Fund for 
Nature (2018) pointed out the factors causing the 
enormous amount of plastics: people continuously 
purchasing in small amounts that resulted in more 
waste; and improper waste disposal, making the 
country one of the world’s leading plastic polluters. 
While environmental preservation is a significant 
task for the government and other environmentally-
allied professionals, it is incumbent among all people 
to be vigilant and concerned about this issue. 

To address this problem, biodegradable 
plastics derived from natural sources that do not 
contain harmful chemical fillers and quickly break 

down were created (Connecticut Plastics, 2020). 
However, biodegradable plastic production is deemed 
costly, given the pertinent processes and needed 
components. 

That made the researchers interested in 
assessing the technological readiness of a plastic 
alternative, namely vegetable protein-based 
biodegradable packaging materials, if ready for mass 
production and utilization, that will take a step 
further in lessening conventional plastic use. With 
that, they would highlight and synthesize the recent 
innovations in PBBP material development and define 
the impediments that prevent its wider adoption in 
various industries.  
 

2. METHODOLOGY 
The study’s design is a narrative review, a 

type of qualitative research synthesis that analyzes a 
body of literature with diverse methodologies and 
theoretical conceptualizations (Baumeister, 2013). It 
focused on a specific type of plastic alternative, 
biodegradable protein films.  
To narrow down the research scope, a set of criteria 
was established for the article selection: (1) the film 
must have a vegetable protein matrix; (2) it must 
highlight any innovation in components, process, or 
properties; (3) it must present quantitative data on 
the mechanical properties; and (4) it must be a journal 
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article published within the last five years. Although 
quantitative data is pertinent, the review did not 
employ the statistical significance of the individual 
findings. 

Data collection was primarily done using the 
internet. The Elsevier-Science Direct database was 
mainly utilized as it provides a wide range of 
bibliographic data regarding biodegradable films. A 
comprehensive bibliographic search was carried out 
using the following search string keywords: 
Biodegradable Packaging Material; Biodegradable 
Films; Vegetable Proteins; Innovation; and 
Mechanical Properties, and with publication year  
ranging from 2015 to 2020. The search results were 
refined to published journal articles. No books and 
review articles were included because these do not 
provide a thorough discussion regarding the studies. 
A total of forty (40) studies on innovations in PBBP 
materials were pooled.  

An analysis of the collated studies was also 
conducted.  First, the studies were assessed based on 
the type of innovation and publication year to display 
the recent trends and characteristics of PBBP 
research by presenting illustrative representations. 
Second, the journal articles were sorted per 
innovation, and salient, emerging themes were 
identified. A qualitative discussion was imparted to 
synthesize the studies’ findings. Lastly, an analysis of 
the Strengths, Weaknesses, Opportunities, and 
Threats (SWOT) of PBBP production was undertaken 
to display extensive understanding of the industry's 
internal and external attributes. 

3.  RESULTS AND DISCUSSION 

The most ventured innovation among the 
gathered studies, as shown in Figure 1, is the 
incorporation of bio composite materials as 
reinforcement and experimentation on film 
development process. Following those were studies 
that focused on strengthening mechanical properties 
and the causation of inhibitory properties as 
researchers also took note of bacterial infections and 
food spoilages. 

 
Figure 2 shows the collated studies based on 

publication year from 2015 to 2020, to ensure a 
synthesis that is relevant in today’s context.  Out of all 
40 gathered studies, 14 were published in 2020, 
whereas 10 of the studies were published in 2016, as 
slightly old but still pertinent innovations were 
considered. Lastly, 5 and 7 studies were from 2018 
and 2019, respectively, while 2 studies were published 
in 2015 and 2017 each. 
 

Various studies in creating protein-based 
biodegradable films sought into adding composite 
materials into the film matrix for reinforcement. The 
incorporated biocomposites commonly include 
cellulose fibers, chitosan particles, and plant extracts. 
The findings of these studies, as shown in Table 1, 
highlighted improved barrier and mechanical 
properties, especially moisture content, water vapor 
permeability, and tensile strength that are usually 
assessed in biodegradable packaging materials. 
Hence, the incorporation of composite materials led to 
enhanced properties of vegetable PBBP films that 
could springboard future studies that will venture into 
creating improved biodegradable packaging materials 
for wider adoption. 
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Note: SPI - Soy Protein Isolate; WPI - Whey Protein 
Isolate; PPI - Pea Protein Isolate; TS - Tensile 
Strength; WVP - Water Vapor Permeability 

Based on the studies, an inhibiting factor for 
PBBP utilization is the costly and complex processing 
methods of transforming proteins into biodegradable 
films. Different processes have been explored, 
including integrating conventional techniques like 
injection molding, and extrusion. However, this still 
requires reinforcement techniques that emanate 
additional costs. Some of these techniques are shown 
in Table 2. As indicated, the incorporation of such 
processes improved the films’ properties, enabling 
them to achieve their packaging function. 

 

Table 3. Recent innovations strengthening 
mechanical properties of the films. 

Table 4. Notable studies venturing into 
PBBPs’ causation of inhibitory properties. 

Some conducted studies gave attention to the 
provocation of inhibitory properties, aside from 
strengthening the mechanical properties in a 
produced PBBP material. These researchers sought to 
obtain active packaging films that can help prevent 
food spoilages or bacterial infection. In doing that, the 
credibility of the film improved, and as seen in Table 
4, said researchers were successful in doing so. 

 
Note: The complete list of innovations is 

available upon request. 
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The PBBPs showed biodegradability varying 
from weeks to months, depending on raw materials 
added into the formulation, and they were composed 
of vegetable proteins and other bio-based materials, 
instead of non-renewable petroleum, which is harmful 
to the environment. An increase in the number of 
PBBP-related studies was also observed, mirroring 
that, people become more engaged and aware of 
climate change while addressing the sustainability 
problem. Lastly, promising properties of PBBPs that 
are not present with conventional plastics are being 
initiated, like inhibitory properties. 

Some steps in creating PBBP materials 
require proper treatment of raw materials using 
certain pieces of equipment that are not usually 
available for most countries that could be interested 
in producing PBBPs for market use. Meanwhile, 
studies usually lean into achieving sufficient 
mechanical properties and not on the improvement of 
film biodegradation. That is crucial, for the driving 
force behind the PBBP creation is producing 
packaging materials that help address plastic 
pollution. Regarding biodegradability, some films 
degrade only in a certain environment, where others 
require composting facilities that cater to 
biodegradable packaging waste, while some employ 
chemical and other degrading techniques.   
 

People start to realize the possible consequences of 
harmful activities to the environment. Amongst 
studies exploring PBBP, plastic pollution is the 
common dilemma motivating researchers to 
contribute to the existing body of knowledge and 
create a step towards limiting single-use plastic 
consumption. Concerning the development of 
biodegradable films, utilizing by-products like 
pomegranate and banana peels to reinforce their 
properties was seen to have an unintended benefit of 
solving poor waste disposal. Although some films and 
coatings show appreciable potential in biodegradable 
packaging production, conducting physical and 

chemical modifications may pave the way for market 
adoption, since people are more inclined to invest in 
environmentally-sound products nowadays.  
Producing viable plastic alternatives could become a 
sustainable market opportunity that both individuals 
and the environment can benefit from. 
 
 

At present, few consumers have knowledge 
on the existence of PBBP films and its production, 
which can stem uncertainty, making it difficult to 
kickstart market consumption of such films. 
Additionally, due to the assurance that PBBP films 
can degrade, importance of preferable biodegradation 
conditions was downplayed, focusing instead on 
enhancing mechanical properties. As composite 
manufacturing is a highly specialized field and raw 
materials are costly, spending high amounts of money 
is inevitable in the production of composite PBBP 
films, leading to the question if the product is worth 
the trouble or not. Lastly, despite the created 
sustainable solution, the accumulation of PBBP film 
wastes is still inevitable as biodegradation requires 
certain conditions. Therefore, if said conditions are not 
met, that could potentially worsen the condition of the 
environment. 
 

4.  CONCLUSIONS 
Over the past five years, innovative research 

on PBBPs has risen, predominantly on infusing 
composite materials and performing strengthening 
processes for the improvement of its properties. With 
that, its possibility of market production is high. 
However, the availability of pertinent equipment and 
uneconomical production cost makes its adoption still 
implausible. To accelerate development, future 
studies should consider developing ways in creating 
durable yet cost-friendly PBBPs. In addition to that, 
biodegradability should also be considered. 
Shortening the biodegradation time and establishing 
a wide range of environmental conditions for 
degradation are some aspects to improve on. While 
PBBPs can reduce plastic consumption, it is not the 
silver bullet to ending plastic pollution. 
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Abstract: The growing demands for petroleum products increase the risk of oil spills, and these 
accidents cause long-term devastation to biodiversity and communities. Researchers are now 
searching for adsorbents from biowastes due to current oil cleanup methods' costs and 
potential dangers. Hence, the lack of relevant studies and underutilization of mahogany 

 fruit shells (MFS) have prompted an investigation into oil adsorption 
capacity and particle size effects. Sorption capacity was measured using untreated MFS in 
chosen particle sizes of B-8 (0.6mm<x<2mm) and B-25 (0.1mm<x<0.6mm) in pure oil and 
water systems and oil-water mixture. Contact time was optimized by comparing 1-hour and 
24-hour exposure in the pure systems. Surface characterization showed heterogeneity with 
fiber aggregations and no porosity, limiting adsorption. One-Way Analysis of Variance 
determined contact time insignificance, greater water affinity of particles, and B-25 
superiority, which achieved maximum adsorption of 1.886go/gmfs in a pure oil system and 
1.684go/gmfs in an oil-water mixture due to the increased surface area in smaller particles. These 
results, combined with the limited usage of mahogany fruit shells, justify their use as a 
potential oil bioadsorbent. 

 
Key Words: mahogany; particle size; oil spill; biosorbent; surface characterization 
 

1. INTRODUCTION 
The Exxon Valdez and Deepwater Horizon 

disasters in 1989 and 2010, respectively, are notable 
international oil spills; in the Philippines, the 2006 
Guimaras oil spill headlines such occurrences. 
Although caused by varying factors in different places, 
the commonality between these disasters is a 
combination of destruction and long-term devastation. 
The adverse effects on marine life, seabird deaths, 
mangrove destruction, and community displacement 
recorded from these oil spills are proof of detrimental 
impacts to ecosystems, biodiversity, and humans 
(Barron et al., 2020; Beyer et al., 2016; Sacramento & 
Geges, 2019; Xia et al., 2017) 

With 116,000 tons of oil released into water 
bodies in 2018 alone, these spills continue to pose 
significant risks to the environment (International 
Tanker Owners Pollution Federation Ltd., 2019). 
Researchers are developing cleanup techniques, with 
chemicals as the conventional means (Tewari & 
Sirvaiya, 2015). However, this approach is expensive 
and possibly dangerous to the environment if misused 
(El-Din et al., 2018; Shah et al., 2019). Thus, the need 
for inexpensive and sustainable alternative oil 
cleanup methods is highlighted in cases wherein the 
affected area lacks funds and resources. This 
challenge was apparent in the Guimaras oil spill, 
where the local government was forced to utilize an 

improvised approach in cleaning the oil using human 
hair and chicken feathers from the locals (Patil et al., 
2020; Romero, 2006). 

The mentioned materials employ the 
biosorption method, which offers an eco-friendly 
treatment for reducing and recovering contaminants 
such as oil from aqueous mediums by using 
biodegradables or biomasses (Doshi et al., 2018). Since 
biosorption is geared towards providing a more 
straightforward and inexpensive alternative to 
chemical methods, the renewability and availability of 
industrial and agricultural waste products make 
these suitable biosorbents (Mohammed et al., 2014; 
Wolok et al., 2020). 

Mahogany ( ) is a tree 
species naturalized to the Philippines; its fruits are 
known for a bursting mechanism that disperses seeds. 
Although its bark chunks are used in treating wounds 
and infections, and its logs utilized for furniture, the 
commercially established purposes and uses of 
mahogany products do not employ the fruit shell, 
making these widely underutilized waste products 
(Sartape et al., 2015). Currently, there have only been 
two biosorption studies conducted using mahogany 
fruit shells (MFS), with Sartape et al. (2015) reporting 
up to 99.05% removal of methylene blue dye at pH 9 
and Magoling & Macalalad (2017) achieving 92.3% 
Chromium (VI) removal efficiency. 
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Finding other uses of MFS may reduce waste 
in areas with dense mahogany tree populations, and 
the potential for a successful bioadsorbent may benefit 
coastal communities at the most significant risk of oil 
spills. Hence, the researchers tested and statistically 
determined the effect of varying the MFS particle size 
and contact time on water sorption and oil adsorption 
capacity. To further understand the biosorbent, 
scanning electron microscope (SEM) analysis was 
done for surface characterization. It is worth noting 
that the study is limited to a home-based setup; 
therefore, synthetic motor oil was used as a substitute 
for crude oil, and no saltwater simulation was done. 
The inability to perform a more complex laboratory 
study does not invalidate the findings of this study; 
given the lack of research focusing on MFS, insights 
and baseline data on oil adsorption in this study will 
expand the scientific community's knowledge body. 

 

2. METHODOLOGY 
 

A kilogram of dried mahogany fruit shells 
was procured from a seller in Tambulig, Zamboanga 
del Sur, Philippines. The MFS preparation of Sartape 
et al. (2015) was adapted. The shells were brushed to 
remove foreign particles and sun-dried for 72 hours. 
After crushing, the MFS underwent batch screening 

(Figure 1). Particle sizes of B-8 and B-25 were 
produced with ranges of 0.6mm<x<2mm and 
0.1mm<x<0.6mm (Figure 2). These were stored in 
airtight containers with desiccants until usage. 

 
An MFS sample was sent via courier to the 

De La Salle University Central Instrumentation 
Facility (DLSU-CIF) for Scanning Electron 
Microscopy (SEM) using a JEOL JSM-IT500HR to 
perform surface characterization without Energy 
Dispersive X-ray Spectroscopy (EDS). Platinum 

sputtering was ordered, and magnifications of 50X, 
200X, 1000X, and 5000X were selected for the 
prepared biosorbent. 
 

The methodology of Ben Jmaa & Kallel (2019) 
was adapted for the preparation of the pure systems 
and oil-water mixture. In identical glass containers of 
900g capacity, the pure oil and pure water systems 
were filled with 30g of Raimol Flash 4T Motor Oil 
20W-40 SG/CD and water, respectively. The original 
oil-water mixture ratio of 30g of motor oil to 970g of 
water was downscaled to 6g:194g to fit the same 
containers. 

The pure systems were used to determine the 
maximum oil adsorption and water sorption capacity 
of the MFS and optimize the contact time for the oil-
water mixture. One experiment run of the pure 
systems comprises pure oil and pure water setups for 
each particle size. These systems were agitated for 10 
minutes using a magnetic stirrer set to 1000rpm 
before introducing 0.45g of MFS, the standard loading 
for both chosen particle sizes in all experiments. 
Subsequently, the systems with biosorbent were 
mixed for a further 15 minutes before letting these 
settle until the assigned contact time. A comparison 
between 1-hour and 24-hour contact time and 
biosorption capacity was drawn by performing five 
experiment runs of the pure systems in both particle 
sizes for each chosen duration. 

The oil-water mixture aimed to simulate the 
performance of the MFS biosorbent in oil spill 
applications. An experiment run consists of three 
setups containing motor oil and water in a 6g:194g 
ratio: B-8 (0.6mm<x<2mm), B-25 (0.1mm<x<0.6mm), 
and C (No biosorbent). These mixtures were agitated 
for 10 minutes using a magnetic stirrer set to 1000rpm 
before MFS loading. The stirrer continued mixing for 
an additional 15 minutes, after which the setups were 
left to settle until the investigated contact time. Due 
to the presence of water in the mixture, the spent MFS 
biosorbents were dried in an oven at 90°C until weight 
became constant. 

MFS in both pure systems and oil-water mixtures, 
while a jewelry scale with accuracy up to 0.001g and a 
capacity of 50g was used in weighing samples. Ethical 
disposal of generated waste products was observed 
throughout experimentation. 

 

As adopted from de Fátima Gorgulho et al. 
(2018), Equation (1) was used to compute oil and 
water sorption capacity (q) by subtracting the weight 
of the MFS before sorption (Wi) from the weight after 
sorption (Wf); the difference was then divided by Wi 
(Figure 3). The mean sorption capacity values were 
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interpreted using One-Way Analysis of Variance 
(ANOVA) to statistically determine the significance of 
contact time to sorption, after which the same tool was 
used to investigate the relationship of particle size to 
sorption. In addition, the significance of the difference 
between MFS oil adsorption and water sorption was 
statistically tested by using ANOVA to compare the 
means of each particle size of the same contact time 
(Figure 4). 

 
 

3.  RESULTS AND DISCUSSION 

The analysis by the DLSU-CIF determined 
that at 50X magnification, the B-25 MFS sample 
consisted of long round-like fibers with varying sizes 
and inconsistent shape patterns (Figure 5). At 1000X, 
there were no signs of porosity; instead, a surface 
formed by aggregations of fiber layers and sheets was 
identified at 5000X (Figure 6). Fiber bundling in 
lignocellulosic biomasses such as MFS provides 
morphological structure (Lee et al., 2015; Magoling & 
Macalalad, 2017). Particle heterogeneity may increase 
adsorption as rough surface morphologies increase the 
surface area available (Meili et al., 2017; Shamim, 
2018; Zanini et al., 2017). 

 

 

 
The SEM analysis findings are also aligned 

with the data from Sartape et al. (2015), who have 
reported beforehand that the MFS exhibit a rough 
surface morphology due to the incorporation of 
multiple particles that smoothened after adsorption. 

Average water sorption for B-8 after five 
trials was 2.173gw/gmfs and 1.995gw/gmfs in 1-hour and 
24-hour setups, respectively (Table 1). The results 
show that the shorter contact time produced better 
results when compared to the 24-hour exposure; 
therefore, informally validating the hypothesis that 
there are no significant drawbacks to choosing a 1-
hour contact time. Mean oil adsorption shows 
1.558go/gmfs and 1.649go/gmfs uptake in 1-hour and 24-
hour setups, respectively (Table 1). Unlike the pure 
water system, the longer contact time is associated 
with greater adsorption capacity, prompting 
statistical analysis for the significance of the 
difference. The mean values for sorption in both 
assigned contact times suggest particles’ greater 
affinity for water, as evidenced by the higher water 
sorption values. 
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Average water sorption for B-25 after five 
trials was 2.827gw/gmfs and 2.822gw/gmfs in 1-hour and 
24-hour setups, respectively (Table 2). The results are 
consistent with the findings from the B-8 tests, 
showing that the shorter contact time produced better 
results. This trend suggests that there may be no 
significant adverse impacts if a 1-hour contact time is 
chosen. It is worth noting that the difference between 
the two is slim; hence, further statistical analysis is 
needed. Mean oil adsorption shows 1.769go/gmfs and 
1.886go/gmfs uptake in 1-hour and 24-hour setups, 
respectively (Table 2). These values are aligned with 
the B-8 results, which presented greater oil adsorption 
capacity in 24 hours, prompting statistical analysis for 
the significance of the difference. Greater water 
sorption is also evident in the B-25 particle size. 

 

The B-8 pure water and oil systems had a p-
value of 0.546 and 0.261, respectively, when the two 
contact time groups were subjected to One-Way 
ANOVA. The B-25 pure water and oil systems 
garnered p-values of 0.961 and 0.288 when using the 
same statistical method (Table 3). The analysis proved 
that in all pure systems, regardless of particle size, the 
sorption capacities of 1-hour and 24-hour contact 
times were not significantly different (p > 0.05). This 
result determined that no significant drawbacks are 
attributed to a shorter exposure time. Therefore, the 
choice to employ a 1-hour contact time in the oil-water 
mixture experiments is justified. 

 

When comparing water sorption and oil 
adsorption in the pure systems, the One-Way ANOVA 

resulted in p-values of 0.035, 0.065, 6.6 x 10-5, and 6.6 
x 10-5 for B-8 1-hour, B-8 24-hour, B-25 1-hour, and B-
25 24-hour setups, respectively (Table 4). These values 
indicate that there is no significant difference in water 
and oil sorption in B-8 with 24 hours of contact time 
(p>0.05). However, contrary to this finding, B-8 and B-
25 with 1-hour contact time and B-25 with 24 hours of 
contact have a significantly greater affinity for water 
intake (p < 0.05). The data and statistical analysis 
suggest that MFS, similar to most untreated 
lignocellulosic biomasses, does not exhibit 
hydrophobicity (Sbiai et al., 2011). 

The mean adsorption capacities in the oil-
water mixture after five trials were 1.478go/gmfs and 
1.684go/gmfs for B-8 and B-25, respectively (Table 5). 
The data showed greater oil adsorption for B-25. 
Statistical analysis is needed to characterize the 
difference between the two particle sizes. 

 
When comparing the two chosen particle 

sizes in pure water systems, p-values were determined 
to be 0.024 and 0.002 for 1-hour and 24-hour contact 
times, respectively. Regarding pure oil systems, the p-
values for 1 hour and 24 hours were 0.043 and 0.032 
(Table 6). The statistical analysis determined that the 
B-25 particle size has significantly higher oil 
adsorption and water sorption capacity than B-8 
across all contact times (p < 0.05). This result implies 
that the smaller particle size performs better in 
systems containing pure substances; however, the 
performance of the MFS biosorbent in a mixture 
cannot be generalized from this finding. 

 

 
 

One-Way ANOVA results showed a p-value of 
0.003 when the B-8 and B-25 particle sizes were 
compared (Table 7). The B-25 MFS bioadsorbent was 
determined to have a significantly greater oil 
adsorption capacity in oil-water mixtures based on 

464



  
 SUSTAINABILITY, ENVIRONMENT, 

AND ENERGY 

this value. This finding was consistent with the 
results of particle size comparison in the pure water 
and oil systems. 

The consistency of B-25 in outperforming B-8 
in terms of sorption capacity can be observed across 
all the experimental setups (Figure 7). The sorption 
superiority of the finer particles may be explained by 
the increased surface area associated with smaller 
sorbent sizes, which gives rise to a more significant 
number of binding sites and contact surfaces on the 
MFS, ultimately enhancing the sorption capacity in 
the process (Behnood et al., 2013; El Gheriany et al., 
2020; Ibrahim et al., 2009; Kelly-Vargas et al., 2012). 

 

 
 
4.  CONCLUSIONS 

Statistical analysis determined an 
insignificant difference in the 1-hour and 24-hour 
contact times. It was noted that the B-25 particle size 
(0.1mm<x<0.6mm) was more effective than B-8 at 
sorption in both pure systems and oil-water mixtures 
due to the increased surface area in smaller particles. 
However, One-Way ANOVA presented the 
biosorbents’ significantly higher affinity for water. 
MFS water sorption is attributed to it being untreated 
lignocellulosic biomass; whereas, the low oil 
adsorption capacity is due to the lack of porosity. The 
investigation on the oil adsorption of MFS and particle 
size effects suggests that the bioadsorbent can be used 
as a potential oil cleanup method. Considering that 
mahogany ( ) fruit shells are 
underutilized wastes, an added purpose expands the 
body of knowledge and benefits places with dense 
mahogany tree populations. 

Home-based experimentation limited the 
capacity to use crude oil and saltwater; hence 
synthetic motor oil and tap water were used as 
substitutes. An investigation into the performance of 
MFS in adsorbing different oil types in saltwater is 
recommended. Noting the hydrophilic nature of 
lignocellulosic biomasses, further studies may focus 
on the physicochemical modification of MFS to 
optimize adsorption. Lastly, the determined water 
affinity opens up pathways for future research 

concerned with MFS use in water or moisture 
sorption. 
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Comparative Analysis of Colorfastness of Extracted Pigment from 
Kangkong ( ) with Varied Alcohol Solutions 
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Abstract: Inorganic pigments are the most preferred pigments to be produced due to their 
greater resistance to fade, efficiency in the application, and how it is overall easier and faster 
to produce. However, natural water is polluted, and close vegetation is damaged because of the 
affected water channels that have been damaged due to improper disposal by the 
manufacturing industry. This paper reviews a comparative analysis of the colorfastness of 
extracted pigment from kangkong with varied alcohol solutions. A total of 7 varying ethyl 
alcohol solutions with concentrations ranging from 10% to 70% were obtained using the 
dilution equation. Kangkong leaves were then utilized for the extraction of chlorophyll due to 
its high leaf yield rate. The Brightness levels and Saturation levels had an inverse and direct 
correlation to the alcohol concentration, respectively. This suggests that a greater alcohol 
concentration is more effective and efficient in the extraction of chlorophyll because the 
samples had a better expression of colors. After observing the color value before and after 
administering the colorfastness test, the alcohol concentration in the extraction of chlorophyll 
has an inverse relationship with the colorfastness of the pigment on textile material. 
   
Key Words: kangkong; ethyl alcohol; colorfastness; chlorophyll; pigment 

 
1. INTRODUCTION 

Pigment has been used since 2600 BC and has 
grown in relevance to society over time (Whittle, S., 
2016). However, it is relatively unappreciated by the 
masses. It has both a functional and aesthetic 
significance in its application to textile materials. In 
the coming years, its market size is expected to grow 
in value, with it having reached 33.2 billion US dollars 
back in 2019 (Grand View Research, 2020). With the 
rapid increase in value for pigment, the methods 
employed to achieve this feat are questioned. 

There are two types of pigments that are used 
for application on textile materials: organic and 
inorganic pigments. The latter being the most 
preferred to be produced. This is due to the inorganic 
pigment’s greater resistance to fade, efficiency in the 
application, and how it is overall easier and faster to 
produce. However, the production method that is used 
for inorganic pigments is destructive to the 
environment. Inorganic pigments are produced by 
using inorganic metallic compounds, that if used in 
high amounts, will cause a negative effect on the 
environment it is exposed to. 

Due to a majority of the manufacturing 
industry using inorganic pigments as colorants for 
their products, natural water is polluted and close 
vegetation is damaged because of the affected water 
channels (Impact of dyes, 2016). The reason behind 
this damage is due to inorganic pigments being 
composed of chemicals, that if disposed of improperly, 

may cause a negative impact on the aforementioned 
water channels (Koel Colours Private Limited, 2018). 
Despite this, the cost-effectiveness of inorganic 
pigments has allowed the pigments to be continually 
produced, thus increasing water pollution in the 
environment. As such, it is necessary to provide 
grounds for manufacturers to transition to utilizing 
organic pigments, as well as using an alternative 
environment-friendly production method. 

For this study, the researchers have opted to 
see if the variation of alcohol concentrations in the use 
of ethyl alcohol in the extraction of chlorophyll from 
Kangkong leaves will result in the change of color 
fastness when applied to cotton textile material. 
 

2. METHODOLOGY 
The methodology of this study has a total of 5 

phases wherein phase 1 is the preparation of alcohol 
concentrations by dilution, phase 2 is the extraction of 
chlorophyll using the diluted alcohol concentrations, 
phase 3 is where the pigment is applied to the textile, 
phase 4 is the colorfastness test, and finally, in phase 
5, the color value is then digitally identified. 

 

The following materials were used by the 
researchers for this study: cotton textile materials, 
kangkong leaves, and 70% ethyl alcohol. As for the 
equipment, a medium-sized pot was used for the 
extraction process of the chlorophyll. 
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Fig. 1. Preparation of alcohol concentration by 

dilution 
 

Due to ethyl alcohol being solely 
commercially sold in 70% alcohol concentrations, a 
method for diluting the alcohol from 70% is necessary 
to obtain varying concentrations for the study. Using 
the dilution equation, which is (C1)(V1) = (C2)(V2), we 
calculate the volume of the starting solution, which is 
represented by V1. Initial concentration is 
represented by C1, while C2 represents the desired 
concentration and V2 for the total final volume. After 
dilution, a total of 7 solutions of varying ethyl alcohol 
concentrations should be obtained. 

 

 
Fig. 2. Extraction of chlorophyll with varying alcohol 

concentrations 
The process of extracting the chlorophyll 

from the kangkong leaves is straightforward. It 
simply involves submerging the leaf into boiling water 

to weaken it and allow the chlorophyll to more easily 
transfer into the solvent, ethyl alcohol. For 6 min, the 
leaf sits within the boiling water, which is the time 
found after performing preliminary tests to determine 
the steps that needed to be adjusted to properly 
extract the chlorophyll. The weakened leaf is allowed 
to rest, submerged in the bowl of 200 milliliters (mL) 
ethyl alcohol for 1 h. Once extracted, the chlorophyll-
alcohol solution is immediately used in the next phase.  
 

 

Fig. 3. Application of chlorophyll onto textile 
material 

 
The extracted chlorophyll is used to dye a 2 

in x 2 in textile material made of cotton. The bucket 
method or sink method was used to apply the 
chlorophyll. The method is simply submerging the 
textile into the chlorophyll-alcohol solution for 10 min 
while it is stirred to ensure an equal distribution of 
color across the sample. The samples were then dried 
while concealed from sun exposure to prevent them 
from being affected by lightfastness, which is different 
from colorfastness. Once dried, the images of the 
samples were captured with the homemade photo 
studio. More details on the studio will be provided in 
a later section. 

 

 

 

 
 

Fig. 4. Colorfastness test method 
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Once the samples have been collected, it is 
then subjected to the colorfastness test. The test 
involves replicating the stress typical clothing 
undergoes while laundering to observe if the color will 
fade after experiencing the stress. The test is based on 
the colorfastness test procedures published by the 
Southeast University (Shishir, M. M. H., 2014). After 
preliminary testing, it was necessary to decrease the 
stress since the color fade is too extreme to make a 
comparative analysis between the samples. The 
samples were submerged into room temperature 
water repeatedly for 3 times and then dried in the 
same drying conditions mentioned in the previous 
phase. 

 

A digital application was used to digitally 
identify them using the images captured using the 
home studio to identify the color value of the samples. 
The application used is adobe photoshop was able to 
provide a detailed analysis of the coloration of the 
sample using the captured images such as the hue, 
saturation, and brightness. These are necessary 
components to assess the change in coloration of the 
sample before and after the colorfastness test since 
the loss of color due to color fade is attributed to the 
loss of saturation in a color (What is Color Fading and 
Can It Be Prevented, 2017). 

 

3.  RESULTS AND DISCUSSION 
A total of 7 varying ethyl alcohol solutions 

with concentrations ranging from 10% to 70% were 
obtained. It was observed that a noticeable change in 
color had occurred in the solutions. Due to how in each 
solution, the percentage of the ethyl alcohol used was 
decreased, resulting in the dilution of color in the 
decreasing concentrations. As for the cotton textile 
materials, each piece had been submerged in a 
corresponding ethyl alcohol solution for over 12 hours 
to best see the coloration of the chlorophyll. As for the 
drying process, it was opted that the cotton textile was 
to be dried under a period of 10 minutes with no 
exposure to sunlight  

 
  

 
The brightness levels, which correspond to 

the color value of a sample, were found for each 
sample before and after the colorfastness test seen. 
The average levels across the three trials were found 
and graphed in figure 5. The Saturation levels were 
also taken into account because this also represents 
an important component in the expression of color. 
Like the brightness levels, the average saturation 
levels across all three trails for each alcohol 
concentration was found. This can be viewed in figure 
6. The Brightness levels had an inverse correlation 

with the alcohol concentration, while the Saturation 
levels had a direct correlation with the alcohol 
concentration based on the graphs of the average 
levels of brightness and saturation. These 
relationships imply that a greater alcohol 
concentration is more effective and efficient in 
extraction chlorophyll because the samples had a 
better expression of colors. This is consistent with the 
fact that alcohol is capable of weakening the cell walls 
of plant cells to allow for the contents of the cell to be 
released (Center, B. S, 2015). It is because of this 
function of alcohol that chlorophyll can easily be 
extracted with solutions of greater alcohol 
concentrations. 

 

There is a clear effect from the colorfastness 
test; however, what is important is how drastic the 
change is in each level after administering the test 
after comparing the levels of the samples before and 
after the colorfastness test. It can be observed from 
figures 7 and 8 that as the concentration of the alcohol 
decreased, there is a noticeable loss of change in 
levels. The difference implies that there is an inverse 
relationship between alcohol concentration and 

469



 
SUSTAINABILITY, ENVIRONMENT, 

AND ENERGY

colorfastness because there is a decrease in the 
difference between the average brightness and 
saturation levels before and after the test, albeit 
minimal. 

 

4.  CONCLUSIONS 
After observing the color value before and 

after administering the colorfastness test, alcohol 
concentration in the extraction of chlorophyll has an 
inverse relationship with the colorfastness of the 
pigment on textile material. Additionally, it also has 
an inverse relationship with brightness levels and a 
direct relationship with saturation levels. If the 
priority is to provide a higher quality color application 
on textile material, then the use of a high alcohol 
concentration when extracting chlorophyll is 
preferred; however, if colorfastness is prioritized, 
finding an alcohol level that balances the color 
expression while maintaining a minimal loss of color 
is necessary. 
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Advantages and Disadvantages of Traditional Abaca, Genetically 
Modified Abaca, and Cross Hybrid Abaca 
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and Mikaela Mae S. Pascasio 

Abstract: Abaca (Musa Textilis Née), also known as Manila hemp, is a plant native to the 
Philippines, which expanded through different parts of Asia. It is a biodegradable and 
sustainable source of fiber known for its high quality. Due to viruses, poor government support, 
and lack of fundings, the abaca fiber industry is encountering obstacles in keeping up with the 
global demands. Over time, researchers developed new abaca types such as crossbred abaca 
and genetically modified abaca to solve these problems, but these have their own deficiencies 
as well. The purpose of the study was to identify, assess, and elaborate on the advantages and 
disadvantages of each of the abaca types. This was accomplished through the evaluation of 
literature and the collection of data in interviews. The study was a systematic review focusing 
on meta-synthesis, with information derived from previously published research or related 
literature and information from experts in the field. It was determined that traditional abaca 
is vastly preferred over genetically modified abaca and cross hybrid abaca, due to a number of 
reasons, including lack of research and economic viability. Traditional abaca was found to be 
more sustainable overall. It was recommended that traditional abaca should be promoted more 
to spread awareness, and that farmers should be educated regarding the proper process of 
caring for abaca plants. Stigma regarding cross hybrid and genetically modified abaca should 
be addressed as well.   
 
Key Words: traditional abaca; cross hybrid abaca; genetically modified abaca; 
Philippine abaca industry; abaca virus 
 

1. INTRODUCTION 
 

Abaca, also known as Musa textilis Née, is a 
plant that originated in the Philippines. It is known 
as Manila hemp internationally. The Philippines was 
first to cultivate (Lalusin, 2010) and has remained the 
world’s top abaca supplier for several years. It is 
among thecountry’s top exports, boosting the 
Philippines’ economy, and has an average of 4.7 billion 
pesos in export value (PhilFIDA, n.d.). Traditional 
varieties are still used due to the lack of new and 
improved varieties of abaca (Lalusin, 2010). These 
traditional abaca varieties are more likely to contract 
diseases such as the abaca bunchy top virus (ABTV) 
or the abaca bract mosaic virus. These viruses kill or 
give low-quality abaca yields, potentially affecting the 
industry as it reduces the income of many 21st century 
farmers. Furthermore, the Philippines is currently 
facing competition in the abaca industry with 
Indonesia and Costa Rica. 

  

Figure 1. Top abaca producing countries. 
 
 
Waller et al. (2019) stated that farmers lack 

knowledge in utilizing modern farming practices 
affecting farming productivity and efficiency. 
Moreover, the PhilFIDA roadmap of 2018-2020 
discussed issues about lack of funding for the abaca 
industry requiring 5.633P billion and that more abaca 
seedling nurseries are lacking per region to hike 
outputs in production. Furthermore, the industry has 
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been encountering losses due to the impacts led by the 
abaca viruses and poor management of the 
government. The researchers were led to conduct the 
study because of the lack of consolidating research 
regarding which among cross hybrid abaca, 
genetically modified abaca, and traditional abaca is 
considered the best. The advantages and 
disadvantages of each abaca type will be determined, 
assessed, and compared. Furthermore, the study 
would help 21st-century farmers apply new farming 
methods and help the industry gain new and efficient 
farming methods and techniques. 

 

Due to the lack of consolidating research, 
there is no concrete and validated document that can 
be distributed regarding which type of abaca is best to 
cultivate, given the properties and characteristics of 
the different abaca types. With that, the researchers 
aim to answer the following questions: 

1. Which among traditional abaca, genetically 
modified abaca, and cross hybrid abaca is 
best suited for the Philippines‘ abaca 
industry in terms of economic viability, 
growth, and production? 

2. What are their properties, uses, and 
applications? 

3. What are the advantages and disadvantages 
of each? 

4. How will their advantages or benefits, 
disadvantages or issues, and properties affect 
the Philippine abaca industry? 

 

The researchers assessed the advantages and 
disadvantages of traditional abaca, genetically 
modified abaca, and cross hybrid abaca. The specific 
objectives are as follows: 

 
a) To identify the properties and uses of 

traditional abaca, genetically modified abaca, 
and cross hybrid abaca 

b) To determine and assess their benefits and 
issues and their possible impacts and 
influences in the abaca industry 

c) To compare and evaluate the differences 
between each type of abaca 

 

This study reviewed, compared, and assessed 
the advantages and disadvantages between 
traditional abaca, genetically modified abaca, and 
cross hybrid abaca, which was done through a 
systematic review focusing on meta-synthesis. The 
data was derived from interviews of experts or people 
involved with the Philippine abaca industry, as well 

as previous studies to find which abaca type would be 
more beneficial economically and agriculturally. 
Interviews were conducted for clarification and 
support for the gathered data. The different properties 
and uses of the abaca types were discussed and 
distinguished from each other. Each abaca type was 
examined, identifying its benefits and disadvantages. 

 

The comparisons between traditional, 
crossbred, and genetically modified variants of abaca 
can help 21st-century farmers gain information in 
applying modern methods and techniques in farming. 
It can guide in identifying the type of abaca, its 
properties, its productivity, efficiency, and 
effectiveness in farming. This study can also aid 
experts and organizations in the abaca industry in 
identifying needed information for strategies to 
improve the abaca economy, aid industrial growth, 
compete internationally, and utilize advanced 
agricultural methods. The paper may also help future 
researchers and organizations in conducting similar 
studies about the abaca industry. 

 

2. METHODOLOGY 
The researchers performed a systematic 

review focusing on meta-synthesis regarding the 
characteristics and properties of each type of abaca 
from related studies. A meta-synthesis is used to 
combine qualitative data by combining information 
from related literature to find common themes and 
concepts (Siddaway et al., 2019). A systematic review 
was utilized for this paper because it summarizes the 
large quantities of research that have been published 
about the different types of abaca. 

The researchers first identified the research 
questions, then searched for related literature, 
composed of articles selected through inclusion 
criteria. The content from the articles was analyzed 
and various themes were noted. Following that, 
respondents for the study were identified and 
contacted, and online interviews or surveys were 
conducted to further expound and validate the 
previously collected data. The data from the 
interviews was cross-checked with the previous data 
to find similar ideas and themes. The data were 
synthesized and evaluated to find the answers to the 
questions presented. The results were then 
interpreted and the conclusion for the topic was 
formed. 

The data was presented through a narrative 
on which abaca cultivar is the most preferable to 
produce and utilize. The reasons and explanations as 
to why would be presented as well to elaborate the 
previously found data and research. 
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3.  RESULTS AND DISCUSSION 

Abaca is among the strongest natural fibers. 
It can be used as a raw material in textile 
manufacturing. It has high fiber yield and quality, 
high tensile strength, and resistance to virus diseases. 
Abaca is considered to be sustainable, as its waste can 
be reused as fertilizer. It is also the type of abaca 
preferred by buyers and farmers due to familiarity 
and that other abaca types may have unwanted side 
effects. 

Cross hybrid abaca possesses high yield, good 
fiber quality, and disease resistance. The Bandala 
hybrid, specifically, is resistant to the bunchy top 
virus. Another abaca hybrid, a hybrid of Pacol and 
traditional abaca, is also resistant to ABTV and can 
be used as a raw material. However, its fiber quality 
is lacking (Lalusin et al., 2015). It is stated that cross 
hybrid abaca has similar qualities to traditional 
abaca, such as folding endurance, burst strength, 
tensile strength, and environmental adaptability. 
Furthermore, the application of cross hybrid abaca 
may help reduce losses caused by the viruses. 
However, cross hybrid abaca requires more tests, 
trials, and studies to verify and further identify its 
potentials in the industry and the market. In addition, 
it was noted that some abaca hybrids such as the 
Daratex have low fiber recovery due to their low 
tensile strength. 

Genetically modified abaca is more resistant 
to ABTV. However, the fiber quality is still 
inconclusive (PhilFIDA, n.d.). Both hybrid and 
genetically modified are neither strong enough nor 
have enough reliable studies. Additional issues for 
genetically modified abaca would also include 
sustainability and production cost. More studies are 
needed to properly identify characteristics and the 
results of existing studies are inconclusive. With this, 
genetically modified abaca is currently not a viable 

option. A lot of the current information and research 
regarding its characteristics, among others, are 
theoretical and therefore may be faulty. 
 

The abaca virus can cause damage to the 
plant, reducing its production quality and economic 
viability. Using resistant varieties would be the best 
way to control the effects of diseases, yet it should be 
the same standard as the current abaca types. 
Currently, traditional varieties are still 
recommended, as with the results of the survey. 
However, traditional varieties are more susceptible to 
ABTV, due to the environment than conventional 
farming practices create, i.e., a breeding ground for 
insects. These can still be managed with 
recommended practices, like regular cleaning and 
fertilization. Otherwise, depletion of the topsoil and 
its fertility may occur. 

Some reasons as to why abaca diseases occur 
would be that: an infected cutting knife for all the 
plants, following “pohada” system, the attitude of 
farmers, and lack of knowledge and funding. These 
are all important issues, but temporary solutions are 
used instead, as abaca is an industrial crop. 

Studies regarding genetically modified abaca 
have inconclusive results (PhilFIDA, n.d.), and 
nothing has been developed for commercial use. At 
present, there are still negative connotations with 
farmers regarding genetically modified and hybrid 
abaca due to a previous issue with these. Additional 
issues include fiber quality, resistance traits stability, 
etc. Cross hybrid abaca types cannot also be mass-
produced, for similar reasons. According to a 
respondent, one hybrid type was introduced in the 
1990s called Daratex, which incurred many issues, 
such as cooking fiber batches. The industry suffered 
due to losses encountered. 
 

Currently, it is believed that traditional 
abaca would provide more benefits in the long run. 
More studies may be needed to answer the question 
more objectively, as there is more information 
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regarding traditional abaca than either cross hybrid 
or genetically modified abaca. Foreign buyers, who 
constitute a significant amount of the market, are 
against hybrid or genetically modified types. 
Furthermore, traditional abaca has been used since 
the 1900s, and it has been helping the country's 
economy consistently. 

 
In 2019, over 70,000 metric tons of traditional 

abaca were produced. The demand in 2020 was around 
125,000 to 150,000 metric tons. Exports of abaca fiber 
and manufacture also generated an average of 
US$97.1 million per year in the last decade 
(Department of Agriculture, 2019). Additionally, 
abaca is sought after as a raw material as it is 
sustainable: it can replace synthetic, plastic, and 
petroleum-based products; it is more sustainable than 
wood pulp. Abaca causes relatively fewer 
environmental problems than typically used materials 
as it does not disturb weather patterns. 

Neither cross hybrid types nor genetically 
modified types have been properly propagated in the 
market. A respondent stated that the Bandala hybrid 
can be used for its virus resistance, have a high 
production level if propagated, and can be used to 
produce textile products, similar to traditional abaca. 
According to another respondent, it is too early to 
introduce abaca hybrids, not while it is inferior to 
traditional abaca.  

 

Traditional abaca may be best suited to the 
environment, as new hybrids have not yet gone 
through multilocational trials. It was also stated that 
the Bandala hybrid might also thrive in the Philippine 
environment, though there have been no proper 
conclusions regarding this. Abaca is location-specific; 
different varieties are recommended for different 
areas. In general, it can survive and thrive in the 
country’s environment. Abaca also requires partial 
shade. However, they thrive on well-drained fertile 
soil, mountains and interlands, with type II, III, and 
IV climates, as well as areas rich in volcanic soil 
(PhilFIDA, n.d.). 

Additionally, the mindset of farmers 
regarding the plants must be changed. Many farmers 
lack information regarding modern techniques 
(Waller et al., 2019). They should adapt to modern and 
proper farming practices such as fertility maintenance 
as traditional abaca is self-sustainable to reproduce. 

Currently, there is insufficient information 
and data to determine the abaca type with more 
efficient and cost-effective production. One reason 
would be that both hybrids and genetically modified 
types have restricted market access. Traditional 
abaca can produce more as hybrid abaca is easily 
broken, with a low chance of recovery. According to 

another respondent, the abaca with the more efficient 
and cost-effective production type would be varieties 
with low-quality fibers, especially wild and hybrid 
species, as the production cost would be lower. 

Fibers are the ultimate product of abaca. 
Several factors affect fiber quality, such as the method 
of stripping, blade used, etc. Hybrid abaca has a lower 
fiber recovery since the tensile strength is lower 
compared to traditional abaca. Much fiber is broken 
while stripping, and more effort is required to produce 
the same amount of hybrid fiber with traditional 
abaca fiber. Genetically modified abaca elseways, 
shows inconclusive results on its data on fiber quality 
and abaca yield (PhilFIDA, n.d.). More studies or 
trials are needed to assess the properties of the 
genetically modified abaca and its fiber. 

 

4.  CONCLUSIONS 
It was determined that traditional abaca is a 

more viable option in the market due to it being of 
higher quality compared to the other abaca types 
despite issues in its vulnerability against diseases. 
This vulnerability can be remedied with proper 
sanitation, cleaning practices, detection of the abaca 
viruses, and application of modern agricultural 
practices. The usage of crossbred abaca and 
genetically-modified abaca could help prevent 
significant financial losses led by the viruses and 
improve the fiber quality and yield; however, further 
tests and trials are needed to determine the 
capabilities of the crossbred and genetically modified 
abaca varieties. 

The survey only had a limited number of 
respondents and it is recommended to conduct similar 
studies in the future. To solve issues in the abaca 
industry, political leaders, abaca farmers, 
researchers, and the general public should be 
educated on the importance and potential of abaca 
through seminars, online campaigns, training 
programs, and conferences. A respondent had also 
addressed the importance of modern applications in 
agriculture for abaca farming. Abaca farmers should 
also be educated regarding the issues of the 
traditional abaca and the abaca industry. This would 
include identification of infected plants, 
implementation of proper farming practices, among 
other information. Raising awareness on the issues 
should also be promoted to the general public, the 
government, and people in positions of power through 
seminars, online campaigns, training programs, and 
conferences. The spreading of the virus could be 
prevented this way. 

For the industry to improve, it would be 
recommended that experts set and evaluate 
reasonable goals for the industry. If previously used 
methods do not work, then new methods and 
strategies should be used. People involved in the 
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industry should be actively engaged in it as well for 
the industry to thrive. More studies regarding cross 
hybrid and genetically modified abaca should be 
conducted. Additionally, political leaders, researchers, 
and farmers should be educated about the abaca 
hybrids’ agronomic and economic potential. This could 
be a way to reduce the stigma and misconceptions that 
surround hybrid and genetically modified abaca in the 
market. 
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Zoologists on the Move: Mga Karanasan, Hamon, at Motibasyon 
ng mga Zoologists edad 25-50 sa Metro Manila 

 
Eunice Gabrielle A. Galimpin and Natalie Teresita Romualdez 

 
Abstrak: Ang pananaliksik na ito ay tungkol sa danas ng mga  sa Metro Manila. 
Binigyang pansin dito ang pangkalahatang danas, hamon, at motibasyon ng mga kalahok. 
Ang pananaliksik ay isinagawa gamit ang penomenolohikal na disenyo ng pag-aaral. Pinili 
ang labing-isang (11) kalahok gamit ang teknik. Bumuo rin ng Patnubay 
na Talatanungan na naglalaman ng dalawampung (20) tanong na ginamit sa isinagawang 
pakikipanayam. Batay sa pagsusuri ng mga mananaliksik, nakita na ang mga karaniwang 
karanasan ng mga  ay ang pagsasagawa ng mga eksperimento sa  o 
laboratoryo, ang paggawa at pagbabahagi ng mga pananaliksik nila, at pagtuturo sa mga nais 
maging isang . Ang mga hamon naman na kinaharap nila ay ang mga panganib na 
nakakasalubong nila tuwing nagsasagawa sila ng  at ang kakulangan ng suporta at 
kamalayan ng gobyerno at ng mga lokal na tao. Samantala, ang nagsisilbing motibasyon nila 
ay ang mga oportunidad at gantimpala na natatanggap nila sa trabaho, mga panlabas na 
impluwensya kagaya ng mga  at magulang nila, ang kanilang mga adbokasiya, iba’t 
ibang batayan ng pagpili nila ng trabaho, at ang kanilang relihiyon. Sa kabuuan, hindi naging 
madali ang mga karanasan ng mga , gayunpaman patuloy nila itong ginagawa dahil 
sa mga taong nakapaligid sa kanila at mga benepisyong kanilang natatanggap. 
 
Susing Salita: hamon; hayop; karanasan; motibasyon;  

 
1. INTRODUKSIYON 

Ayon sa  
(CHED) ng Pilipinas, ang  na kurso, 
kabilang na ang  ay nakatanggap ng 31,188 na 
mag-aaral sa buong Pilipinas, subalit, 8,693 lamang 
ang nakapagtapos sa kursong ito noong 2018 
hanggang 2019. Kapansin-pansin na wala masyadong 
mga pananaliksik tungkol sa buhay ng isang  
sa Pilipinas. Lahat ng mga pananaliksik na mayroong 
relasyon sa buhay ng mga  ay tungkol 
lamang sa kanilang mga hamon. Ayon kina Stanhope, 
Carver, at Weinstein (2015), mahirap maging isang 

, dahil mas nanganganib ang kanilang 
buhay pagdating sa kanilang kalusugan. Bukod dito, 
hindi kaya ng mga  ipahayag ang mga bago 
nilang kaalaman dahil hindi sila marunong makipag-
usap sa ibang taong hindi bahagi ng kanilang 
larangan, at puro  lamang ang kanilang 
ginagamit (Johnson, 2009).  

Ayon pa rin sa 
 (CHED) ng Pilipinas, ang  

na kurso ay nakatanggap ng 215,234 na mag-aaral sa 
Pilipinas, at 42,425 ang nakatapos sa kursong ito. 
Kung ikukumpara ang mga mag-aaral na kumuha ng 

 at ang mga kumuha ng 
, makikita ang malaking diperensya sa 

dalawang ito.  
 

Kaugnay nito dahil sa kakulangan ng 
impormasyon at kamalayan tungkol sa kanila, nais ng 
mga mananaliksik na malaman ang mga karanasan, 
hamon, at kanilang motibasyon. Makatutulong ang 
pag-aaral na ito upang magkaroon ng mas malalim na 
kaalaman sa mga natatanging karanasan ng mga 

.  
 

Nakatuon ang pananaliksik na ito sa pag-
aanalisa sa mga karanasan, hamon, at motibasyon ng 
ilang mga  edad 25-50 sa Pilipinas.  

Nais ng mga mananaliksik na masagot ang 
mga sumusunod na katanungan:

1. Ano ang karaniwang ginagawa ng isang 
 sa trabaho, at mga halimbawa nito? 

2. Ano ang mga hamon na nararanasan ng mga 
 patungo sa kanilang trabaho? 

3. Ano ang mga naging motibasyon ng mga 
respondente upang maging isang ? 

 

Sakop ng pananaliksik na ito ang pagsusuri sa mga 
karanasan, hamon, at motibasyon ng  sa 
Metro Manila. Nakatuon ang pag-aanalisa sa iba’t 
ibang aspeto sa buhay-trabaho ng mga .  
Nilimitahan ng mga mananaliksik ang pag-aaral na 
ito sa mga  edad dalawampu’t lima (25) 
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hanggang limampung (50) sapagkat mayroon na 
silang sapat na kaalaman at karanasan sa kanilang 
larangan. Ang mga  ay manggagaling sa 
tatlong (3) na institusyon na ito: Unibersidad ng 
Pilipinas, Unibersidad ng Santo Tomas, at ang 
Pambansang Museo ng Pilipinas. Ang mga nasabing 
paaralan at museo ay ilan sa mga institusyon sa 
Metro Manila na mayroong departamento ng  
o kaya mayroong mga  na sanay na sa 
kanilang trabaho.  
 

2. METODOLOHIYA 
 

Ang pag-aaral na ito ay tungkol sa mga 
karanasan, hamon, at motibasyon ng mga  
sa Metro Manila. Ito ay isinagawa gamit ang 
penomenolohikal na disenyo. Tinangka nitong 
ilarawan ang danas ng mga sa Metro 
Manila. 

 

Ang mga kalahok ay binubuo ng labing-isang 
(11) piniling  (guro at ) mula sa 
Unibersidad ng Pilipinas, Unibersidad ng Santo 
Tomas, at ang Pambansang Museo ng Pilipinas. Pinili 
ang mga kalahok gamit ang Purposive Sampling 
teknik. 

 

Ang instrumento ng pananaliksik na ginamit 
sa pangangalap ng mga datos ay ang Patnubay na 
Talatanungan. Naglalaman ito ng dalawampung (20) 
tanong na nagsilbing gabay sa isinagawang interbyu. 

 

Nagsimula sa pagbuo ng patnubay na 
talatanungan ang mga mananaliksik. Matapos itong 
maaprobahan at maipa-validate ay humanap ng 11 na 
mga potensyal na kalahok na siyang kinapanayam.  

 

Mula sa isinagawang pakikipanayam, sinuri 
ng mananaliksik ang mga sagot ng mga 
respondenteng  na dalawampu’t lima (25) 
hanggang limampung (50) taong gulang. Sinuri ang 
mga karanasan, hamon, at motibasyon nila sa 
pagtatrabaho batay sa mga nangingibabaw na tema. 

 
3.  RESULTA AT DISKUSYON 

Batay sa isinagawang pagsusuri ang mga 
karaniwang gawain ng isang  ay ang 
pagsasagawa ng mga eksperimento. Tuwing 
ginagawa nila ito, kadalasan na sa  sila, o 

nasa loob ng laboratoryo. Narito ang isa sa mga 
halimbawang verbatim: 

 
Isa rin sa mga karaniwang gawain nila ay 

ang paggawa at pagbabahagi ng mga pananaliksik. 
Ang mga nakuha nilang impormasyon galing sa mga 
eksperimento ay sinusuri, at ibinabahagi nila sa 
pamamagitan ng mga  o sa mga 
kumperensya. Narito ang isa sa mga halimbawang 
verbatim: 

 
Bukod dito, nagtuturo rin sila sa mga nais 

maging isang . Sapagkat maraming 
 na nangangailangan magturo habang sila 

ay nagsasagawa ng mga pananaliksik. Narito ang isa 
sa mga halimbawang verbatim: 

 
Batay naman sa resulta para sa mga hamong 

kinahaharap ng mga  sa trabaho, isa dito ay 
ang mga panganib na nakakasalubong nila tuwing 
nasa sila. Sapagkat marami silang 
nararanasan sa na maaaring makapinsala sa 
kanilang kalusugan at kaligtasan kagaya ng mga 
problema sa kalikasan, mga taong hindi nakauunawa 
sa trabaho nila, at iba pang mga kadahilanan na hindi 
nila makontrol. Narito ang isa sa mga halimbawang 
verbatim: 

Isa ring hamong nararanasan nila ay ang 
kakulangan ng suporta at kamalayan ng gobyerno at 
ng mga lokal na tao. Dahil dito, ilan sa mga  
ay hindi nakagagawa nang maayos na pananaliksik. 
Kadalasan umaasa sila sa tulong galing ibang bansa 
upang magawa nila ang kanila trabaho na madalas 
hindi pinapansin ng mga Pilipino. Narito ang isa sa 
halimbawang verbatim 

 
 
Batay naman sa makikitang resulta sa 

motibasyon ng mga  pagdating sa kanilang 
trabaho, isa dito ay ang mga oportunidad at 
gantimpala. Sapagkat ito ay nagbibigay ng pagkilala 
at mga koneksyon sa mga nasa larangan nila. Narito 
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ang isa sa mga halimbawang verbatim: “

 
Isa ring motibasyon ng mga  ay ang 

mga panlabas na impluwensya kagaya ng mga 
 nila, mga kasama nila sa trabaho, at 

magulang nila. Sila ay nagsisilbing motibasyon 
sapagkat ang mga taong ito ay naghihikayat sa kanila 
upang ipagpatuloy nila ang pagiging . Narito 
ang isa sa mga halimbawang verbatim: 

 
Bukod dito, ang nag-uudyok din sa mga 

kalahok ay ang kanilang adbokasiya at ang mga 
batayan kung bakit nila pinili ang kanilang trabaho 
kagaya ng kanilang personal na interes mula 
kabataan, mga layunin nila sa buhay, at ang mga 
panloob na kadahilanan. Sapagkat ito ay 
nagpapalalim sa kanilang dedikasyon para sa 
kanilang trabaho. Narito ang isa sa mga halimbawang 
verbatim: 

 

 
 

  Ipinapakita sa resulta na ang karaniwang 
gawain ng mga  ay nangyayari sa loob ng 
laboratoryo, , at unibersidad. Ang mga 
gawaing isinasagawa sa loob ng laboratoryo ay DNA 

 at ang pag-opera at pag-obserba ng mga 
organismo. Ayon kay Sunderland (2012), ang mga 
gawain tulad ng pag-oopera na kinakailangan para sa 
paglilipat ng mga nilalaman ng isang ay 
isinasagawa sa laboratoryo. Ang mga halimbawa 
naman ng mga gawain sa  ay ang 
pangongolekta ng mga sampol, paghahanap ng mga 
hayop, at ang mga panlabas na gawain katulad ng 

 at . Ang nakikitang mga  
pagdating sa samahan ng hayop at ang kanilang 
kapaligiran ay nakatutulong sa perspektibong 
analitikal dahil pinapadali nito ang mga obserbasyon 
na maaaring dumagdag sa kaalaman ng mga  
(Sunderland, 2012). Ang huling karaniwang gawain 
ng isang  ay ang pagtuturo ng . 
Bagaman hindi ito ang pangunahing trabaho nila, ito 
ay nakatutulong sa paghihikayat ng kanilang 
larangan. Ayon kay Hernawati, Amin, Irawati, 
Idriwati, at Aziz (2018), may mga guro ng 

 na sinubukan ang pagsasama-sama ng mga 
, at natuklasan nila na may 

magandang epekto ito sa kakayahan at kagalingan ng 
mga estudyante sa pag-aaral ng . Makikita 
rito na malaki ang impluwensya ng mga  sa 
pagpapaunlad ng kanilang larangan kapag sila ay 
nagtuturo. Isa pa sa ginagawa ng mga  
habang nagtuturo ay ang pagsusulat at pagbabahagi 
ng mga akademikong papel.  

     Bukod sa mga karaniwang karanasan ng 
mga , ipinakikita rin ng resulta ang mga 
hamon na natuklasan ng mga  sa trabaho. 
Isa sa mga hamon nila ay ang mga panganib na 
natagpuan habang ginagawa nila ang kanilang 
trabaho, lalo na sa pagsasagawa ng . 
Kasama sa mga panganib na maaari nilang 
maranasan ay ang pagkakaroon ng sakit. Ayon kay 
Stanhope, Carver, at Weinstein (2015), ang mga 

, isang uri ng , ay nagkakaroon 
ng iba’t ibang uri ng sakit, lalo na sa balat. 
Nararanasan din nila magkaroon ng impeksyon at 

. Bukod pa rito, maraming 
hayop ay mayroong iba’t ibang uri ng  kaya 
kinakailangang magkaroon ng kamalayan tungkol 
dito upang maiwasan ang pagkalat ng mga 

 at  
Hotea, Imre, & Morariu, 2014). Maliban sa mga sakit, 
maaari din silang makaranas ng iba pang problema sa 

. Ang mga halimbawa nito ay ang mga isyu 
sa kalikasan. Dahil dito, nahihirapan ang mga 

 magsagawa ng  sapagkat konti 
nalang ang nakukuha nilang mga sampol. Ayon kay 
Batool at Hussain (2016), maraming dahilan tulad ng 
pagbabago ng klima, pagbaha, , at iba 
pang mga isyu na nakaaapekto sa kalikasan, at dahil 
dito, hindi kaya ng mga hayop mamuhay sa ganitong 
klaseng kapaligiran. Maliban sa mga hamong 
nararanasan nila tuwing , nagkakaroon din 
sila ng mga paghihirap sa labas nito. Ang hamon na 
ito ay ang kakulangan ng suporta at kamalayan sa 
mga Pilipinong . Ayon sa resulta, mahirap 
maging isang  sa Pilipinas sapagkat hindi 
sila gaanong sinusuportahan ng gobyerno. Sa taong 
2020, ang badyet na ibinigay sa Kagawaran ng Agham 
at Teknolohiya, o mas kilala bilang  ay 
nabawasan. Ang dating 20.26 bilyong piso ay naging 
20.18 bilyong piso na lamang. Bukod pa rito, ayon kay 
Lamberte (2018), 6.3 na porsyento lamang ng buong 
badyet ng  ay ibinigay para sa sektor ng 

 at  (R&D) para sa taong 2019. 
Ipinakikita nito na hindi ito prayoridad ng gobyerno. 
Isa pang hamon na kinakaharap ng mga Pilipinong 

 ay ang paghahanap ng trabahong 
pangmatagalan. Batay sa resulta, mahirap 
magkaroon ng trabaho sa larangang ito, maliban 
nalang kung propesor o guro ang nais maging ng isang 
nagtapos ng Dalubhayupan o Haynayan. Ayon kay 
Russell (2009), maraming idinagdag na bagong 
impormasyon tungkol sa larangan ng  pati na 
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rin ang pagdaragdag ng iba’t ibang mga  sa 
 ng hayop. Dahil dito, pabago-bago ang 

kurikilum ng .  
    Bagama’t may kahirapan sa propesyong 

kanilang napili, isa sa mga naging motibasyon nila ay 
ang mga oportunidad o gantimpala na makukuha nila 
sa trabaho. Batay sa resulta, maaari silang makakuha 
ng , o kaya makapunta sa ibang 
bansa upang mailahad ang kanilang mga gawa. Sa 
pamamagitan ng pagtatanghal ng kanilang mga 
pananaliksik, ito ay nagbibigay ng karangalan sa 
kanila bilang isang . Batay sa pagsisiyasat 
nina Lucrezi, Milanese, Danovaro, at Cerrano (2017), 
pinili ng mga respondente nila na kunin ang kursong 
Haynayan dahil gustong nilang pumunta sa ibang 
bansa, at magsagawa ng pananaliksik. Maliban sa 
mga makukuhang oportunidad at gantimpala, isa 
pang motibasyon nila ay ang mga panlabas na 
impluwensya, kagaya ng mga , mga 
magulang, at  nila. Ayon kina Cake, 
McArthur, Mansfield, Zaki, Carbonneau, at Matthew 
(2019), isa sa mga pangunahing impluwensya sa 
pagkukuha ng trabaho kasama ang mga hayop ay ang 
mga hinahangaan nilang tao o matuturing nilang 

. Base rito, makikita na hinahangaan ng mga 
 ang kanilang mga  at ang mga 

magulang nila. Bukod sa mga panlabas na 
impluwensya, ang nag-uudyok din sa mga  
ay ang kanilang adbokasiya at ang mga batayan kung 
bakit nila pinili ang kanilang trabaho kagaya ng 
kanilang personal na interes mula kabataan, mga 
layunin nila sa buhay, at ang mga panloob na 
kadahilanan. Ayon sa resulta, maraming kalahok ang 
nagsabing mahilig sila sa mga hayop, sa mga gawaing 
panlabas, pati na rin sa kalikasan. Ang mga interes 
na ito ay nagsisilbing motibasyon sapagkat 
nagbibigay ito ng ligaya sa kanilang buhay. Ayon sa 
pananaliksik nina Cake et al. (2019), karamihan ng 
mga naging motibasyon ng mga kalahok nila ay 
mayroong kaugnayan sa kahiligan at ang maagang 
pagkakalantad sa mga hayop. Ang ideya na ito ay 
lalong pinagtibay ni Michael Oldham, isang 

. Ayon kay Oldham (2016), noong bata pa 
siya, naging interesado na siya sa mga hayop, sa 
partikular ang mga  at . Dahil 
nalantad siya sa interes na ito sa murang edad, 
naging impluwensya ito upang maging isang 

. Ayon din sa isa pang pananaliksik nina 
Cake et al. (2019), mayroong anim na salik na nag-
impluwensya sa mga respondente nila, at ang mga ito 
ay layuning panlipunan, , 
bokasyonal na pagkakakilanlan, mga hamon at 
pagkatuto, , at . 
Batay sa mga salik na ito, makikita na mayroong 
kaugnayan sa mga naging motibasyon ng mga 

 upang kunin at ipagpatuloy ang kursong 
Zoology. Ngunit, mayroong isang salik na hindi 

nabanggit, at ito ay ang relihiyon. Ayon kay 
Hernandez, Foley, at Beitin (2010), malaki ang naging 
impluwensya ng relihiyon sa mga respondente nila sa 
pagpili ng karera. Nararamdaman ng mga 
respondente nila ang patnubay ng Diyos habang sila 
ay nasa proseso ng pagdedesisyon.  

 

4.  KONGKLUSYON 
Hindi naging madali ang pagiging isang 

zoologist sa Pilipinas sapgkat marami silang mga 
hamon na nararanasan.  Katulad ng mga panganib na 
natatagpuan nila sa  o kaya naman ang 
kakulangan ng suporta ng gobyerno o mga lokal na 
tao.  Gayunpaman kumukuha sila ng inspirasyon sa 
mga taong sumusuporta sa kanila, mga oportunidad 
at gantimpala na natatanggap nila, at sa 
pagmamahal nila sa kanilang larangan. 
 
5.  PASASALAMAT 
        Taus-pusong pasasalamat ang 
aming ipinaabot sa mga sumusunod na indibidwal at 
tanggapan dahil sa mahahalagang tulong, 
kontribusyon at/o suporta tungo sa matagumpay na 
reyalisasyon ng pananaliksik na papel na ito: 
1.  Sa labing-isang (11)  galing sa 
Unibersidad ng Pilipinas, Unibersidad ng Santo 
Tomas, at ang Pambansang Museo ng Pilipinas sa 
paglalaan ng panahon at sa matapat na pagsagot sa 
aming inihandang kwestyuner, 
2.  Sa mga awtor, editor at mga mananaliksik ng 
mga akdang pinaghanguan naming ng mahahalagang 
impormasyong aming ginagamit sa pagsulat ng una 
at ikalawang kabanata ng pananaliksik na papel, 
3.  Kay Bb. Anna Patricia Gerong (Research in 
Daily Life 1), Bb. Abbygale C. Pinca (Pagbasa at 
Pagsusuri ng iba’t ibang Teksto tungo sa 
Pananaliksik), at G. Jemyr B. Garcia (Pagsulat sa 
Filipino sa Piling Larangan), mga masisigasig naming 
dalubguro na gumabay sa amin sa tamang hakbangin 
sa pagsulat at paggawa ng isang pananaliksik na 
papel, 
4.  Sa aming mga magulang at pamilya, sa 
pagtulong nila sa amin sa gramatika ng aming papel, 
at sa pagsuporta nila sa aming pananaliksik, 
5.  Sa mga kaklase namin, lalo na sa aming 

, sa pagpaalala tungkol sa mga  at sa 
pagsasagot ng aming mga tanong, 
6.  Sa Panginoong Diyos, sa pagdinig sa aming 
mga dalangin lalung-lalo na sa mga panahong gusto 
naming sumuko, at sa pagbigay ng pag-asang 
matapos namin ang pananaliksik na ito nang maayos 
sa itinakdang-panahon.  
Muli, maraming-maraming salamat po. 

Eunice Gabrielle A. Galimpin 
Natalie Teresita Romualdez 
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The Effect of Spent Coffee Grounds to the Growth of 
 (Tomato) 

 
Romar A. Baranda, Alliyah Roma dR. Cada, Jan Daniel H. Carola, 

and Chelsea Len M. Rodolfo 

 
Abstract: Six billion tonnes of spent coffee grounds (SCG) are thrown untreated into landfills, 
leading the spent coffee grounds to leach organic pollutants that may potentially harm bodies 
of water and emit methane, a greenhouse gas, into the atmosphere. Studies have confirmed 
that the ratio of carbon and nitrogen (C: N) of SCG is ideal for plant fertilizers. This study 
focused on determining the effects of SCG on the growth of tomato plants using four 
parameters: the number of leaves, the average leaf surface area, and the relative growth rate.  
The study used an experimental research design to study the causal relationship between SCG 
treatments and plant growth. Tomato seeds were grouped into four and sown on separate pots. 
The study used three trials, each containing different weights of SCG, namely: 0 g, 5 g, 9 g, 
and 14 g. The SCG treatments were applied after germination using the side-dressing method. 
The number of expanded leaves, leaf surface area, and relative growth rate of the tomato 
plants were observed every five days for 45 days. The researchers found that SCG treatments 
that exceeded SCG-5 displayed adverse effects on the growth of the tomato. Thus, the relative 
growth rate and SCG treatments of over 5 g are inversely related to one another. Results show 
that SCG-5 had the highest positive effect on plant growth in terms of all the parameters. The 
researchers can then conclude that SCG-5 is an effective alternative fertilizer that improves 
plant growth.   
 
Key Words: tomato, spent coffee grounds, fertilizer, plant growth, ericaceous plant 

 
1. INTRODUCTION 

Solanum lycopersicum, commonly known as 
tomato, is an economically important and in-demand 
crop in the Philippines due to its versatility as a 
nutritious ingredient. This is clearly seen with the 
increased amount in terms of production in the 
country (Renna et al., 2018; Manzano & Mizoguchi, 
2013). It is classified as an ericaceous plant, which 
thrives and grows better on soil with low pH,  
specifically with a 5.5 - 8.0 soil pH range, hence also 
being in favor of high acid fertilizers (Cubero & 
Baquiran, 2017). 

 Tomato has five growth stages, namely the 
germination stage (25 to 35 d), vegetative period  (20  
to  25  d),  flowering stage (20 to 30 d), early fruiting 
stage (20 to 30 d), and mature fruiting stage (15  to  20  
d). The number of days and success within each stage 
may vary depending on environmental conditions 
(Jones, 2013; Garcia et al., 2011). To produce and grow 
the standard requirements to achieve satisfactory 
results of plant growth, farmers usually resort to 
commercial fertilizers. However, the unnecessary 
overuse of these fertilizers results in increased soil 
salinity, metal accumulation, water eutrophication, 
and nitrate accumulation, leading to health hazards 
and the greenhouse effect (Savci, 2012). Therefore, a 

need for organic and convenient alternatives is needed 
to reduce the environmental impact of commercial 
fertilizers. 

Spent coffee grounds (SCG) are the primary 
solid residual material obtained during the coffee 
brewing process. When dumped into landfills, they 
leach high concentrations of organic pollutants into 
bodies of water, affecting the organisms that live there 
and emit methane, a greenhouse gas that causes 
global warming (Cruz et al., 2012; Cervera-Mata et al., 
2017; Thenepalli et al., 2017). SCG is known to have a 
pH level between 6.5 to 6.8 (Coffee Grounds and 
Composting, n.d.). It has been studied as a potential 
fertilizing agent throughout recent years due to its 
nitrogen and potassium content, together with its 
carbon and nitrogen (C: N) ratios that are ideal for 
fertilizers (Caetano et al., 2014).  

Fertilizers play the role of supplementing the 
essential nutrients of a plant in order to promote 
efficient plant growth (Purbatanji et al., 2019). The 
plant growth of a plant can be assessed in a cost-
effective and non-destructive way by measuring its 
number of expanded leaves, average leaf surface area, 
and relative growth rate (RGR). The expanded leaves 
account for the total and average leaf surface area of 
the plant. Meanwhile, leaf area growth is considered 
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an essential parameter in determining plant 
productivity as it determines light interception 
activities. It is also directly correlated to the RGR or 
the change in mass per day (Wood & Roper, 2000; 
Paproki et al., 2012 as cited in Pound et al., 2014; 
Koester et al., 2014). 

Thus, this study aims to assess the effects of 
SCG on the growth of Solanum lycopersicum. 
Specifically, in terms of the number of expanded 
leaves, average leaf surface area, and RGR using 
varying amounts of SCG namely 0 g, 5 g, 9 g, and 14 
g.  
 

2. METHODOLOGY 

The researchers bought tomato seeds from a 
local nursery. The seeds were first planted on seedling 
bags, each containing 30 g of topsoil from a local area 
around Silang, Cavite. The germination phase lasted 
for 41 d. Once germination is complete, one strong 
strand from each seedling bag was transplanted into 
their respective pots each containing 1 L of soil. Given 
that there were four treatments SCG-0, SCG-5, SCG-
9, and SCG-14 with 0 g, 5 g, 9 g, and 14 g respectively, 
each replicated three times, there were a total of 12 
experimental units or pots (see Fig. 1). 

All SCG used was a mixture of Coffea arabica 
and Coffea canephora beans gathered from Cafe 
Agapita on the day of application. The SCG 
treatments were applied through side-dress 
application during the second week since the plants 
were transplanted (see Fig. 2). They were furrowed 2 
in. deep and at least 2 in. away from the plant in a 
circle around each plant and covered with soil. Netting 
was also done by setting up the wooden planks apart 
from each other and covering them entirely with 0.4 
mm x 0.7 mm small mesh nets. The researchers 
introduced the SCG to the plants three times in equal 
amounts in a fifteen-day interval. 

 
 
 
 
 

The plants were examined every five days for 
45 days for the changes in the number of the expanded 
leaves, leaf surface area, and relative growth rate 
(RGR). All leaves on the plant, no matter how small, 
were counted for the number of expanded leaves. The 
researchers used ImageJ software (Fig. 3) to measure 
the leaf surface area of all leaves on each plant. This 
data was then used to determine whether there is an 
increase or decrease in the RGR of the tomato plants. 

 

3.  RESULTS AND DISCUSSION 
 

Fig. 4 shows the data on the number of 
expanded leaves collected over 45 days. The plants in 
SCG-9 have the highest number of leaves among the 
pots on the initial collection of data. However, an 
increase in the number of leaves on plants was seen 
on SCG-5 plants upon the second SCG application. 
Thus, SCG-5 garnered the highest number of leaves 
with 20 leaves leaving SCG-0 and SCG-9 with the 
second and third highest number of leaves and SCG-
14 with the least number of leaves, 19 and 16 
respectively. 
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After 15 d, a continuous increase was 
displayed by the plants in SCG-5. On the other hand, 
a slow rise in the growth of leaves in SCG-9 resulted 
in fewer leaves than SCG-0. SCG-5, followed by SCG-
0, SCG-9, and SCG-14, displayed a decreasing trend 
in its number of expanded leaves which continued 
until the end of the data collection period.  

A higher number of expanded leaves would, 
in turn, mean that SCG-5 observed the most 
considerable amount of growth (Wood & Roper, 2000). 
However, it is also worth noting that the control 
group, SCG-0, has the second-highest number of 
expanded leaves. This leaves a negative implication 
that greater amounts of SCG affect the emergence of 
leaves on the tomato plant.  

The results imply that low concentrations of 
SCG applied are more effective in plant growth. This 
is evident by the data in the number of expanded 
leaves as SCG-5 showed the most significant increase 
in the number of expanded leaves.  

 

Fig. 5 shows the average leaf surface area 
obtained on the 45th day of tomato plants grown in 
four varying SCG weights. 

Upon the last day of data collection, SCG-5 
had the highest average leaf area with a value of 2.92 
cm2. SCG-0 came second with an average leaf area of 

1.69 cm2, followed by SCG-9 with 0.77 cm2, and last 
was SCG-14 with 0.64 cm2. 
The changes in leaf surface area may be due to varying 
environmental conditions such as climate, 
topography, and soils (Trimble, 2019). However, leaf 
surface area changes are more tightly related to soil 
nutrient status, specifically C: N ratios or N 
mineralization, than climate. Considering that the C: 
N ratios in SCG are ideal for fertilizers, the SCG is 
most likely to be the cause of the changes in leaf 
surface area (Gong & Gao, 2019; Ordonez et al., 2009; 
Caetano et al., 2014). 

The plausible cause for affecting the soil 
nutrients status is overfertilization which may be 
rooted in the excessive amounts of fertilizer added at 
one time. The salinity of excessive SCG could have 
promoted the reduction of photosynthesis and an 
increase in leaf dehydration (Kozlowski et al., 1997;  
Ciesielczuk et al., 2018). Moreover, SCG may have 
caused high N-buildup in the soil that led to excessive 
vegetative growth, yet turning younger leaves into 
smaller sizes, delaying the growth of tomato plants 
(Sainju, Dris, & Singh, 2003). Thus, greater amounts 
of SCG applied resulted in lower leaf surface area 
values. 

Fig. 6 shows the total leaf surface area of 
tomato plants treated with varying amounts of SCG 
throughout 45 d. 

Fig 6. Total leaf surface area of (a) SCG-0, (b) 
SCG-5, (c) SCG-9, and (d) SCG-14. 

Table 1 summarizes the RGR of the tomato 
plants. The slope of the trendline for the total leaf 
surface area (as shown in Fig. 6) served as the RGR as 
it measures the change in total surface area, 
accounting for the mass of the plant, over the change 
in time. 
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SCG-5 yielded the highest RGR among all the 
other SCG treatments with 28.4 cm2/d, followed by 
SCG-0, SCG-9, and SCG-14 with values 8.2455 cm2/d, 
1.7718 cm2/d, and 1.0098 cm2/d, respectively. 

From the data, the greater amount of SCG 
applied led to low RGR values. Factors that cause it 
may be the minerals and nutrients accumulated in the 
tomato plants as the incorporation of SCG increases 
the nitrogen, potassium, and phosphorus contents 
(Chrysargyris et al., 2020). As aforementioned in 
Section 3.2 of this paper, excess nutrient content is a 
sign of overfertilization resulting in the decline of the 
photosynthetic ability of the plant. Thus, creating 
smaller leaves, implying lower value for the mass of 
the plants, leading to the stunted growth rate of 
tomato plants. Moreover, overfertilization in potted 
plants also leads to very low or no plant growth at all 
(Woorman, 2011).  

4.  CONCLUSIONS 
Results for all parameters showed that SCG-

5 had the best plant growth results compared to SCG-
9 and SCG-14, which displayed signs of 
overfertilization. It also surpassed the growth of the 
tomato plant without any treatments of SCG, making 
SCG-5 a viable fertilizer for tomato plants. To further 
support this finding, the most appropriate amount of 
SCG to be applied from 0 to 8 g can be identified in 
order to determine the highest amount for maximum 
efficiency properly. Other stages and parameters of 
plant growth that were not assessed in this study due 
to its limitations can also be evaluated. Moreover, 
future researchers may explore different methods of 
SCG or fertilizer application as well. 
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Bibliometric Analysis on Biosensors and 
their Applications in Agriculture 
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Shoshannah B. Tiu, and Mark Christian Felipe R. Redillas 

Abstract: Biosensors are systematic devices that detect signals from biochemical substances 
and convert them into quantitative data. They aid in preventing and diagnosing potential 
diseases and pathogens. The ease of use and accessibility of these devices has paved the way 
for many technological advancements, especially in the agricultural sector. In this study, the 
impact of piezoelectric, electrochemical, optical, and molecular biosensors in agricultural 
settings were analyzed using a bibliometric analysis software called VOSviewer. Various 
parameters and data sets such as biosensor trends, keyword relationships, and biosensor 
citation prevalence were used. The created maps showed that in the variable for co-authorship, 
Chinese authors were among the most prominent; while in the variable for co-occurrence: 
biosensor, agriculture, and biosensing techniques were among the top three words used; and 
in citation analysis for countries: China, United States, India, and Italy were the top countries 
with the most research and contribution in the field of biosensors. The results in this research 
will aid future studies and workings on biosensors by highlighting plausible trends and 
prospects in the field of research.   
 
Key Words: plant biosensor; agriculture; farming; advancements; bibliometric 

 
1. INTRODUCTION 

Biosensors are scientific devices that produce 
optical, thermal, or electrical signals in proportion to 
their analyte by using biochemical reactions (Kumar 
& Upadhyay, 2018; Oluwaseun et al., 2018). Most 
biosensors consist of the following parts: analyte, 
bioreceptor, transducer, electronics, and display 
(Bhalla et al., 2016). There are distinct qualities that 
biosensors need to attain optimum performance 
levels, namely: selectivity, reproducibility, stability, 
sensitivity, and linearity. In farming, they are used in 
preventing and detecting diseases, crop pests, and 
pathogens (Oluwaseun et al., 2018; Bagde & Borkar, 
2013). Moreover, this technology can aid in 
maximizing the quality of crops or products that 
farmers grow, as stated by Bhalla et al. (2016). For 
instance, biosensors could monitor the quality of the 
soil, water, and air of the surrounding areas by noting 
the pollutants present. 

Biosensors are classifiable according to the 
method by which signal is transduced from the 
specimen to the device, e.g., optical, electrochemical, 
thermometric, piezoelectric, and magnetic 
(Damborský et al., 2016). Recently, there has been 
another biosensor aside from what was mentioned 
that is considered as emerging, known as molecular 
biosensors. The research addresses four classifications 
of biosensors: piezoelectric, electrochemical, optical, 
and molecular biosensors. Piezoelectric biosensors, or 
acoustic biosensors, utilize mechanical waves to detect 

and obtain biochemical and biophysical information 
about the compound of interest. It detects changes in 
any physical property, e.g., mass elasticity and 
conductivity. Electrochemical biosensors can 
distinguish hybridized DNA, neuron tissue, bacteria, 
and enzyme reactions as biochemical events (Li et al., 
2017), and convert these into electrical signals (Cho et 
al., 2020). Optical biosensors measure the responses of 
target analytes to illumination or light emission by 
utilizing various techniques. These techniques include 
light absorbance, reflectance, fluorescence, and more. 
Lastly, molecular biosensors utilize certain 
biochemical reactions moderated by biological 
materials, e.g., enzymes and cells, to detect chemical 
compounds through electrical, optical, or thermal 
signals (Campuzano, 2017). The research focuses on 
one specific type of molecular biosensor, the loop-
mediated isothermal amplification (LAMP) biosensor. 

 Technological advancements in these devices 
have brought significant changes to the agricultural 
sector by playing a crucial role in protecting plant 
crops for quite some time. However, the gap in 
technological know-how and expensive developmental 
processes have hindered some countries from 
incorporating biosensors into the agricultural sector. 
Most of said countries are third-world countries where 
agriculture is still developing, and traditional farming 
methods are employed to maximize crop growth. If 
biosensor technology continues to advance, cheaper 
alternatives to current technology will emerge, giving 
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the marginalized agricultural sector the technological 
opportunity to improve crop production. With that 
being said, the need for cheaper alternatives for 
biosensor utilization and production requires further 
research and development. 

This research is focused on biosensors often 
used in plant agriculture. The study aims to examine 
the importance of biosensors in plant crops, and to 
determine the trends of biosensor research according 
to the year they were published. Moreover, the roles, 
applications, and uses of biosensors in farming 
agriculture were explored and discussed. Hence, the 
results of this study serve as a basis for future 
research by means of highlighting the trends and 
important concepts of different biosensors used in 
plant agriculture. Recent studies about plant 
biosensors and their uses were also compiled and 
reviewed. 

 

2. METHODOLOGY 

Scopus (https://www.scopus.com), is a 
bibliographic database containing a large variety of 
subject areas (E.g., Biochemistry, Arts and 
Humanities, Chemical Engineering, etc.). This 
navigation tool is generated by Elsevier, a 
Netherlands-based company, known for containing 
numerous published works from different publications 
and journals. This database was used as the primary 
bibliographic source for data and collecting articles 
relating to advancements or studies of biosensors for 
plant agriculture. The collected data, stored within a 
comma-separated value (CSV) file, was then processed 
through VOSviewer (ver. 1.6.15). CSV files collate 
data of different journal’s various parameters from 
databases. These parameters include but are not 
limited to document title, authors, and DOI.  

 

In the data mining and mapping, the search 
queries “agriculture AND biosensor” were used, and 
this premise only searches all journals with both 
words in the title or the abstract. The query string 
used was “TITLE-ABS-KEY (biosensor AND 
agriculture) AND DOCTYPE (ar) AND PUBYEAR > 
2004”, which translates to: articles with keywords 
“biosensor” and “agriculture” in the document title, 
abstract, or keyword, ranging from 2005 to present. 
The result yielded 153 documents in total. The “ar” in 
the query string denotes “article.” Since the scope of 
this research is for the application of biosensors only 
in plants, the proponents checked each document to 
ensure the documents were suited only to plant 
agriculture. After thorough reviews, fifty-one (51) of 

the documents were removed, most of which were 
related to human medicine and animal livestock.  
 

VOSviewer is a software capable of creating 
visual aid maps that connect data through relations 
between keywords, authors, publications, research, 
etc. (Van Eck & Waltman, 2011). This software is 
utilized by a wide user base for establishing 
correlations amongst data from a pool of journals and 
articles, which may take form in a distance-based, 
graph-based, or timeline-based mapping system (Van 
Eck & Waltman, 2014). The map produced by 
VOSviewer will be based on the various parameters as 
mentioned previously, and may also be interpreted in 
several ways, i.e., size, color, distance, and 
connections of the data. Furthermore, these 
interpretations dictate the several aspects of the data 
(Van Eck & Waltman, 2020). For instance, size 
difference may determine the number of times a 
specific term appeared in the data, distance may 
determine degree relation, and connections may 
determine presence of a relation between terms. 
 The data sets were then organized using the 
bibliographic-data-based using VOSviewer mapping, 
which is based on the bibliographic data extracted 
from Scopus. Three types of analysis were employed: 
co-authorship, co-occurrence, and citation (country).  
2.3.1. Analysis of Co-authorship 
 In the analysis of co-authorship, VOSviewer 
found 446 authors. However, counting manually, a 
total of 461 authors, most of which had the same 
surname and initial (e.g., Liu, X.) were found. 
Consequently, the map was created based on the 
initial finding of 446 authors, as that was the number 
recognized by VOSviewer. 

 In the analysis of co-occurrence, “all 
keywords” were considered, i.e., both “author” and 
Scopus “index” keywords. Full counting method was 
employed, and a thesaurus was used to eliminate 
terms with identical definitions, plural forms, and 
irrelevance to the study, thus, excluding words such 
as “organo-phosphorus compound/organophosphorus 
compound,” “soils/soil,” and “article.” 
 The minimum number of occurrences that 
were used was five (5), preventing irrelevant words 
from being added to the map. The parameters resulted 
in a total of 57 keywords, after eliminating words with 
less than five occurrences and words excluded and 
combined by the thesaurus. 
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In this analysis of citations, the measured 
quantity is the countries involved in publishing the 
articles. The threshold for minimum number of 
publications was set to one (1), ensuring inclusivity of 
the available countries. The total number of countries 
resulting from this set parameter is 44. 
 

3.  RESULTS AND DISCUSSION 
The researchers conducted bibliometric 

mapping based on three types of analysis: co-
authorship, co-occurrence, and citation, and 
accordingly, used authors, all keywords, and 
countries, respectively. The maps produced will be 
described and analyzed through their physical 
attributes and characteristics such as size, clustering, 
color, and line thickness. The data extracted from 
Scopus were divided into five (5) distinct categories. 
The central search premise was “biosensor AND 
agriculture.” 

 

From 2005-2020, there has been a significant 
growth in yearly publications about biosensors used in 
agriculture (Figure 1). In the years 2005-2010, the 
average number of publications was 2.67 articles a 
year. In 2016-2020, the average was 10.8, which 
indicated a 404.5% increase in mean publications per 
year. Kundu et al. (2019) attributed advancements in 
other fields of sciences such as material science and 
nanoengineering to the increased attention and 
production of journal articles in the field of biosensors. 

For the search “biosensors” and “agriculture,” 
consisting of 102 documents, VOSviewer only 
identified 446 total authors. However, 461 total 
individuals were found responsible for authoring the 
102 articles. Some authors such as Liu, Y., Liu, X., and 
Wang, Y. have the biggest nodes for the (Figure 2), and 
although this signifies more written works, it was 
found that these authors are different individuals. 

However, other nodes showing the same size, such as 
He, H. and Wen, Y., signify an equal number of 
authored works. 

The authors clustered are termed co-authors. 
A green cluster consisting of He, H., Wen, Y., etc. 
represents one article, while the pink cluster 
consisting of Pu, Y., Liang, G., etc. represents co-
authors of another article. Bigger nodes, such as Liu, 
Y., Liu, X., and Wang, Y., are positioned to be 
proximally close to the authors they have worked with 
individually. According to the numerical data 
extracted from VOSviewer, Liu, Y. authored three 
articles; concurrently, three different authors named 
Liu, Y. were found to author the three different 
articles. The observations in color and line thickness 
show no significant role in identifying relations 
between the authors.  

As mentioned, there were 446 total identified 
authors by VOSviewer. However, Figure 2 only 
represents a portion of the 446 authors since only the 
cluster with the most connection can be displayed. 
Other authors with high link strengths which are not 
connected to this big cluster are not shown in the map 
provided.  

 The top three most occurring 
keywords are biosensor, agriculture, and biosensing 
techniques (Figure 3). “Biosensor” and “agriculture”, 
being the search premises, were the highest with 69 
and 40 occurrences, respectively. Node size is directly 
proportional to the frequency of the keyword, Figure 3 
has clusters which are grouped into distinct colors: 
red, yellow, green, purple, and blue. The colors 
represent a common theme or relation among the 
words, as observed in a study performed by Briones-
Bitar et al. (2020).  

The observed theme among the clusters are 
as follows: agriculture and biosensing (keywords: 
“agriculture,” “biosensor;” red cluster), chemistry 
(keywords: “metabolism,” “limit of detection;” blue 
cluster), pesticides and words associated to chemicals 
(keywords: “acetylcholinesterase,” “organophosphate 
pesticide;” green cluster), chemical processes 
(keywords: “colorimetry,” “chemical detection;” yellow 
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cluster), and metals and other materials (keywords: 
“graphene,” “gold;” purple cluster). 

The link strength of each keyword is 
attributed to the line thickness and size of its node. 
According to Md Khudzari et al. (2018), line thickness 
in the maps represent a higher link strength, and as 
observed, keywords such as biosensor and agriculture 
have thick lines running across the map and a link 
strength of 401 and 273, respectively. 

 

Countries mostly involved in the 
development and studying of biosensors in agriculture 
are highly developed countries. The countries with the 
most publications are China (24), United States (14), 
India (13), and Italy (13). The productivity of these 
countries is most likely a result of their high 
competitiveness and high funding allocation. China 
and India are two of the most populated countries in 
the world; hence, a large amount of agricultural 
production is required to support their country, which 
may explain the amount of effort they put into the 
pursuit of biosensor research. 
 The cluster or proximity of the nodes for 
Figure 4 indicate how closely countries work together 
in their research or how much the authors of each 
country cite each other’s work. India is located at the 
center of the map, which indicates extensive 
collaborations with its corresponding countries in the 
map such as China, Poland, and Italy. 
 Among the top four, India and China have the 
highest link strengths (8). These two countries have 
not only published several articles for biosensors, but 
also have collaborated with other countries. The 
thickness of the lines that connect them with other 
nodes are significantly thicker than other countries, 
which possibly reveal the great strides these two 
countries have taken to enhance the use of biosensors 
in agriculture. 
 
 
 

 
 

 

4.  CONCLUSIONS 
Overall, the results from the bibliometric 

analysis through VOSviewer show that in the link for 
co-authorship, most authors were clustered to be 
Chinese. For co-occurrence, on the other hand, the top 
words were biosensors, agriculture, and biosensing 
techniques. The citations for the country variable 
section indicate the top three biosensing research to 
be China, India, and Italy, with the first two countries 
being in the same field of biosensor research. In the 
future, the possible research in biosensor use and 
study will be heavily focused on by developing and 
agricultural-focused countries which is a highly 
relevant explanation as to why China and other 
similar countries have a high biosensor research 
footprint. As research on biosensors progresses 
further, it is important to be able to determine the 
trends in keywords and uses in citations by different 
authors and countries in order to foresee the possible 
direction this research is heading for. 
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Abstract: Electricity is an essential resource and aspect of our daily lives. To cope with its high 
demands, supercapacitors and more efficient batteries have been introduced to the market; 
the separator is an integral part in the performance of supercapacitors. This study determined 
the morphology, chemical composition, and mechanical properties of oil palm empty fruit 
bunch nanocellulose as a separator for supercapacitors and compared its performance with 
other agricultural materials (e.g. eggshell membrane, cotton textile, and tree leaves) and an 
membrane electrode assembly. The OPEFB nanocellulose has the morphology and mechanical 
properties that make it a possible supercapacitor separator material. The porous agglomerate 
of microfibers and surface nanostructures provide higher effective surface area and may aid in 
the diffusion of ions. Measured Young’s modulus of 6.00 MPa/%, yield strength of 3.20MPa, 
and tensile strength of 5.30MPa are comparable to separators used in commercial 
supercapacitors and the reported eggshell membrane separator. This study provides 
sustainable and “green” alternatives for current commercial supercapacitor separators. 
  
Key Words: nanocellulose, separator, supercapacitor, mechanical strength 

1. INTRODUCTION 
 A supercapacitor is an electrochemical 

energy storing device used to power technology in 
various fields ranging from the military to the 
automotive industry. It has four major components: 
electrodes, current collectors, electrolytes, and a 
separator (Nor et al., 2014). The positive and negative 
electrodes are divided by a non-conductive material 
called a separator and a small distance to allow for 
greater storage of electrical energy in a smaller area 
of space (Dume, 2017).  

 Separators act as a barrier to prevent short-
circuiting by the direct contact of the opposite 
polarities and to allow the easy flow of electrolytes (He 
et al., 2017). Present supercapacitor separators use 
polyolefins for electrochemical stability; however, 
their low porosity does not meet the high energy needs 
of the supercapacitor (Du et al., 2017), and the 
mechanical deformability (Azais et al., 2016) can lead 
to circuit shortage. Polyolefins are also nonrenewable, 
unsustainable for mass production, and hold around 
20 to 30% of space in landfills (Longo et al., 2011). An 
example of a polymer-based separator is a Membrane 
Electrode Assembly (MEA) commonly used in fuel 
cells (Fuel Cell Store, n.d.). One of the most common 
membranes in the commercial market is Nafion™, a 

perfluorosulfonic acid polymer membrane (Kundu et 
al., 2005).  

Cellulose, and its nanoscale forms, is a 
natural polymer with innovative applications in 
materials science (Klemm et al., 2018). Moreover, 
nanocellulose (NC) has emerged as a promising 
material for separators. Aside from being sustainable, 
NC separators have electrochemical and mechanical 
stability which are essential in a supercapacitor (Guo 
et al., 2020). 

In this study, NC from oil palm empty fruit 
bunch (OPEFB) was characterized as a separator 
material for supercapacitor applications. OPEFB is a 
major waste product of the palm oil industry. As of 
2013, the Philippines produces an average of 120,000 
tons of oil palm (Philippine Coconut Authority, n.d.). 
With the rise of agricultural waste, waste 
management methods have been proposed which 
include waste recycling and deriving energy from 
waste (Abdullah & Sulaim, 2013). The OPEFB can be 
collected during the recycling process of agricultural 
wastes, and then made into a separator. It has been 
successfully made as a bioplastic (Iriani et al., 2019) 
and used as an electrode (Nor et al., 2014). 
Furthermore, NC has proved to have excellent 
electrochemical and mechanical properties; its rich 
carbon content and high porosity ensure outstanding 
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electrochemical performance (Guo et al., 2020).  
Separators made from agricultural products can be 
locally produced, making technology more accessible 
to developing countries. This study will benefit the 
fields of materials science and electrochemistry while 
also encouraging sustainable energy initiatives from 
the government. 

In this study, the morphological, chemical, 
and mechanical properties of OPEFB NC as a 
separator were investigated. Specifically, the authors: 

characterized the OPEFB nanocellulose in 
terms of its surface morphology and chemical 
composition by scanning electron microscopy and 
energy dispersive spectroscopy and mechanical 
properties, i.e. mechanical strength, and stiffness, by 
a comprehensive materials testing system; 

measured the stiffness of the separator 
material through Young’s modulus, its yield strength, 
and tensile strength; and 

compared the morphological and mechanical 
properties of OPEFB nanocellulose with that of MEA 
144A and other separator materials made from 
agricultural wastes reported from previous studies.  

 

 

OPEFB is a byproduct of palm oil production 
(Han and Kim, 2018) composed of cellulose, 
hemicellulose, and lignin (Rosli et al., 2017). It 
contains around 40-44% of cellulose (Foo et al., 2020), 
so it may be deemed a potential source of NC 
(Septevani et al., 2020). Aside from its content being 
notable, it has high availability due to its abundance 
in Southeast Asian countries. OPEFB also accounts 
for  of oil palm biomass (Geng, 2013). Thus, it is a 
reliable and sustainable source of NC for 
supercapacitor applications.  

In the study of Teow et al. (2020), the OPEFB 

scanning electron microscope (SEM) analysis 
displayed in Figure 1. It can be inferred that it is 
possible to use cellulose as a separator as its size can 
be reduced to fit the supercapacitor. 

 

Previous works have applied OPEFB in 
supercapacitor electrodes (Ishak et al, 2015; Dolah et 
al, 2014; Farma et al., 2013); however, no study has 
used it as a separator. 
 

Mechanical properties play a big role in 
characterizing the quality of cellulose material. 
Through these, the performance of a separator may be 
expected. Given the position of a separator, it needs to 
have minimal resistance from the movement of 
electrolyte ions (Yu et al., 2012). Properties that could 
predict the performance of the separator include 
surface morphology, mechanical strength, and 
stiffness. The surface morphology of a material can be 
utilized to characterize the porosity and material 
structure (Adeleke et al., 2019). The mechanical 
strength and stiffness of a separator also play a crucial 
part in characterizing the possible life span of the 
supercapacitor and other energy storage devices. The 
study conducted by Mandake and Karandikar (2016) 
showed that thicker separators would correspond to 
lower porosity. Considering that high porosity is 
needed in a separator, it should be thin enough for 
high porosity while maintaining a good mechanical 
strength and stiffness. In the studies of Gao (2015) on 
cotton textile as a separator, Yu et al. (2012) on 
eggshell membrane as a separator, and Jin et al. 
(2019) on tree leaves as a separator, the results 
showed excellent mechanical strength and properties 
alongside high porosity and superb electrochemical 
properties. 

A source that has been used as a separator 
material is eggshell membrane (ESM) (Yu et al., 
2012). It has high mechanical strength, with reported 
maximum stress and maximum strain values o
= 6.59 ± 0.48 MPa and max = 6.98 ± 0.31%, 
respectively. Figure 2 displays the surface morphology 
of the eggshell membrane showing shell membrane 

 
 

 
The cotton textile was also reported to show 

ideal surface morphology as a separator material. The 
nanostructure and nanowires found on the surface of 
the material (Figure 3) were found to have minimum 
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2015). 
 
 

The application of four different tree leaves to 
create a separator for a graphene-based 
supercapacitor was investigated by Jin et al. (2019). 
These four tree leaves are cinnamomum camphora 
(CC), magnolia grandiflora (MG), platanus orientalis 
(PO) and osmanthus fragrans (OF). The separator 
made from activated CC showed most promising 
results. Figure 4 shows the surface morphology of the 

of the separator materials based on agricultural 
sources discussed are summarized in Table 1. 

 

2. METHODOLOGY 

The separator material used in this study is 
an oil palm empty fruit bunch nanocellulose (OPEFB 

NC) film. The OPEFB NC material was characterized 
to determine its morphological and mechanical 
properties, as well as chemical composition. A 
comparative study was done with other agricultural-
product based NC separator materials from previous 
studies and the OPEFB NC investigated in this work 
on the basis of mechanical strength and surface 
morphology. 

The quantitative characterization techniques 
used in studying the properties of OPEFB NC are 
scanning electron microscopy, energy dispersive 
spectroscopy, and stress-strain test.  The surface 
morphology of the OPEFB NC was measured using a 
JEOL JSM 5310 scanning electron microscope (SEM). 
Elemental analysis was done using the EDAX energy 
dispersive spectroscopy (EDS) system attachment of 
the JEOL JSM 5310 SEM to determine the elemental 
composition of the sample (Intertek, n.d.). 
Furthermore, a PASCO Comprehensive Materials 
Testing System ME-8244, an equipment used for 
tensile testing (PASCO, n.d.), was utilized to obtain 
the stress vs. strain and force vs. position graphs for 
the OPEFB NC sample.  From the stress-strain plot, 
the mechanical properties, speci
modulus, yield strength, and tensile strength of the 
sample were determined. The measured morphology 
and mechanical properties of the OPEFB NC 
separator material were then compared with those of 
eggshell membrane, cotton textile, and tree leaves.  

 

For most metals and plastics polymers, stress 

or the modulus of elasticity. In this study, the measure 
of stif
determined from the slope of the linear portion of the 
stress-strain curve. As the stress on the sample was 
increased during testing, the sample experiences a 
gradual elastic-plastic transition.  The yield strength 
(in Pa) was determined at the point on the stress-
strain curve when the curve starts to depart from 
linearity; this is the amount of stress that the sample 
can take without undergoing plastic deformation. 
After passing the yield point, the stress needed to 
continue the plastic deformation of the sample 
increases and then reaches a maximum point. The 
tensile strength (in Pa) is simply the stress at the 
maximum point of the stress-strain curve. This is the 
maximum stress the sample can sustain when in 
tension.  
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3.  RESULTS AND DISCUSSION 
The SEM images of the OPEFB NC in Figure 

5 show the surface morphology at x10000, x1000, and 
x500 magnification, respectively. The microfibers of 

interspersed with nanoparticles, which are possibly 
silica on fiber surface, consistent with the report of 
Mohammad et al. on thermally pre-treated OPEFB 
used for biofuel production (2020). The presence of 
silica in supercapacitor electrode or separator 
materials was shown to exhibit excellent stability and 
flexibility (Pérez-Madrigal et al., 2016).  The size of 
the microfibers in the OPEFB are comparable to those 
found in eggshell membranes and cotton textile. The 
nanoparticles and interwoven microfibers on the 
surface of the OPEFB sample indicate larger effective 
surface area, which may aid in better diffusion of ions 
and in turn good electrochemical performance. The 
OPEFB surface morphology is smoother compared to 
that of the eggshell membrane fibers, cotton textile, 
and tree leaves. This is ideal for a supercapacitor 

separator material as it allows good contact between 

porosity as compared to the other three materials may 
reduce the ion mobility.   

The results of the elemental analysis of the 
OPEFB sample obtained from EDS are shown in 
Figure 6.  The EDS spectra shows that the sample 
consisted of C (41.26 wt%), O (51.59 wt%), Al (0.58 
wt%), Si (0.56 wt%), S (5.44 wt%) and Cu (0.57 wt%).   

The mechanical properties of the OPEFB 
sample were determined from the plot of the stress-
strain data as depicted in Figure 7. On the stress-
strain curve, the linear portion of the elastic region is 
until the applied stress rose to 3.20MPa. Calculating 

modulus of 6.00MPa. At a stress level of 3.20 MPa 

(yield strength), the curve starts to depart from 

linearity. This is the point when yielding occurs and 
plastic deformation of the sample begins. As further 
stress was applied to the sample, it then fractured 
when the applied stress reached 5.30 MPa (tensile 
strength). 

The tensile strength of the OPEFB NC is 
slightly lower than that of the eggshell membrane 
separator material (Table 2).  However, compared to 
the MEA 144A separator used in commercial 
supercapacitors, the Young
is almost twice.  This implies that OPEFB NC 
separator has sufficient strength to prevent contact 
between electrodes and will be able to maintain 
integrity during manufacturing and transport. This 
structural integrity in OPEFB NC is also necessary as 
separators swell and deform during the charge-
discharge process. 

 

4.  CONCLUSIONS 
 The OPEFB NC separator has the 

morphology and mechanical properties that make it a 
possible supercapacitor separator material.  The 
porous agglomerate of microfibers and surface 
nanostructures provide higher effective surface area 
and may aid in the diffusion of ions.  Measured 

3.20MPa, and tensile strength of 5.30MPa are 
comparable to separators used in commercial 
supercapacitors and reported separator material from 
eggshell membrane. For future studies, the 
electrochemical properties should also be investigated 
to further assess its suitability as a supercapacitor 
separator. 
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The Potential Electrospinnability and Filtration Capabilities of Pea-
Protein Isolate/Polyvinyl Alcohol Air Filter Nanofabrics: 

A Systematic Review 
 

Eryn Sophia B. Amante, Christian L. Angeles, Enrique Rafael A. Lejano, 
and Cheska Marie F. Rosal 

Abstract: Given the pervasiveness of air pollution with varying components and the 
shortcomings of conventional air filter mats, multifunctional air filters are becoming 
increasingly important. This has led to the development of air filter nanofabrics comprising 
bio-based components (such as chitin and proteins) and polymers (such as polyvinyl alcohol 
and pullulan). Electrospun air filter nanofabrics containing pea protein isolate (PPI) and 
polyvinyl alcohol (PVA) have yet to be developed to the researchers’ knowledge. In this study, 
the potential electrospinnability and filtration capabilities of PPI and PVA were assessed and 
elaborated via a systematic review. Since PPI’s globular morphology lacks molecular 
entanglement, PVA, an auxiliary spinning polymer with protein binding capabilities, is needed 
to aid PPI. Combining the two has successfully produced electrospun homogenous nanofabrics. 
Additionally, the nanofabrics likely possess physical and chemical filtration capabilities due 
to desirable material properties and powerful intermolecular interactions. Thus, PPI/PVA 
nanofabrics show great potential for multifunctional air filtration applications. 
 
Key Words: air filter; nanofabric; pea protein isolate; polyvinyl alcohol; electrospinnability 
 

 
1. INTRODUCTION 
 

Clean air is crucial to maintaining good 
health. According to WHO (2019), nine out of ten 
people inhale toxic air—often leading to strokes, 
chronic respiratory diseases, and lung cancer. While 
traditional air filter mats can effectively filter larger 
particulate matter (PM) through size-based 
mechanisms, polluted air also contains toxic 
chemicals (like nitrogen dioxide, methane, and 
formaldehyde), viruses, and bacteria not easily 
captured by these filters. Furthermore, conventional 
filters often comprise chemically synthesized 
materials—such as polyethylene and polypropylene—
producing secondary pollution when disposed of 
(Souzandeh et al., 2016). Therefore, multifunctional 
and eco-friendly air filters are needed to fill this 
significant gap in air filtration technology. 

 Souzandeh et al. (2016) helped fill this gap by 
developing multifunctional soy protein 
isolate/polyvinyl alcohol (SPI/PVA) air filter 
nanofabrics. Protein isolates are highly concentrated 
protein fractions produced for their prominent 
nutritional and functional properties (Sandberg, 
2011). Polyvinyl alcohol (PVA) is a water-soluble 
polymer synthesized by hydrolyzing polyvinyl acetate 
in ethanol with potassium hydroxide. It has several 
applications due to its cohesiveness, film toughness, 

and biocompatibility (Wu et al., 2019). The 
nanofabrics were developed by electrospinning, which 
is among the simplest and most effective methods for 
creating nanofabrics. It is a voltage-driven process 
governed by the electrohydrodynamic phenomena 
where fibers and particles are made from a polymer 
solution (Nanoscience Instruments, 2019). The 
nanofabrics’ efficient particulate and chemical 
removal efficiency and overall eco-friendliness due to 
their biodegradable components make them highly 
desirable. Since bio-based nanofabrics can potentially 
revolutionize air filtration technology, expanding 
upon relatively little existing knowledge is 
imperative. Thus, alternative protein isolate 
components should be explored.  

Pea exhibits similar properties with soy, given 
they are both members of the legume family. Since pea 
protein shares the globular nature of soy protein, an 
auxiliary spinning polymer such as PVA must be 
employed to enhance the nanofabric morphology. 
Therefore, this study aims to expand upon existing 
knowledge by assessing the feasibility of integrating 
pea protein isolate (PPI) and PVA to be electrospun 
into nanofabrics by conducting a systematic review.  

A systematic review is an assessment of 
information and evidence for pre-defined questions 
using systematic methods of searching, selecting, and 
evaluating relevant primary studies and thorough 
extraction, analysis, and synthesis of the studies 
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included in the review (Wright et al., 2007). By 
utilizing the systematic review process, the study 
seeks to answer two main questions: 

Are PPI, PVA, and a solution of the two 
compatible with electrospinning? 

Would a nanofabric comprising PPI and PVA 
exhibit multifunctional filtration capabilities? 

 

2. METHODOLOGY 

The systematic review structure was adapted 
from the Cochrane Handbook For Systematic Reviews 
of Interventions and The Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA) 
to formulate a suitable systematic review design. The 
Cochrane Handbook is a guide that meticulously 
explains all the necessary steps in preparing for and 
executing a Cochrane systematic review. This type of 
literature review produces high-quality evidence and 
great credibility due to its strict, predefined methods 
of data collection and risk assessment (Handoll et al., 
2008). PRISMA served as a guide for summarizing 
and reporting the study selection and screening 
process.  

The Cochrane Risk of Bias Tool formed the 
basis for the Risk of Bias Assessment phase. This 
phase improves the study’s transparency by 
potentially spotting flaws or biases within each 
selected article’s methodology and reporting of results. 
Thus, the researchers assessed each of the final 
articles for possible bias through four of the six 
Cochrane bias domains. Each domain was given a 
rating of high risk, low risk, or unclear risk of bias 
based on signaling questions. 

The researchers conducted a comprehensive 
literature search using the databases and keywords 
listed in Tables 1 and 2. 
 
Table 1. List of databases used 

 

Table 2. Summary of search strategy and keywords 
utilized 

 
The inclusion and exclusion criteria set 

boundaries and confinements for the study. Since pea 
protein isolate (PPI) and polyvinyl alcohol (PVA) have 
been included in various studies, the researchers 
found it suitable to set criteria for their research.  

 
Table 3. Inclusion and Exclusion Criteria 
 

 

For organized documentation, the PRISMA statement 
flow diagram was utilized (Figure 1). 
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Sixty-five articles were selected through their 
titles. After collecting and organizing the articles, a 
color-coding method was used to decide whether the 
article was usable (green), usable but needs further 
reading (purple), or unusable (red). After the initial 
screening, the researchers conducted a full-text 
assessment of eligibility for systematic review, 
wherein the researchers used the color-coded method 
to decide if the article’s information would be the key 
for answering research questions included in the 
review (green), helpful information to supplement the 
review (blue), or information deemed unhelpful for the 
review (red). Subsequently, eligible articles were 
assessed and categorized into research objectives one 
or two. 

Each selected article was given a color-coded 
assessment for bias using the following colors: Green 
(Low Risk), Yellow (Uncertain), and Red (High Risk). 
From Figure 2, the “majority” method was utilized to 
classify whether an article is a high risk or low risk. 
The assessment showed 88.8% of the final articles had 
a low risk. This means that most of the studies are not 
prone to different biases.   

  
Figure 2. Summary of Risk of Bias Assessment 

(Tabular and Graph) 
 

3.  RESULTS AND DISCUSSION 

Creating bio-based PPI/PVA nano fabrics 
begins with electrospinning; therefore, the electro 
spinnability of these components is crucial for 
successful fiber formation. PPI’s globular nature and 
lack of molecular entanglement hampers its 
electrospinnability. Therefore, an auxiliary polymer is 
vital to improving PPI’s electrospinnability. PVA, a 
proven spinnable polymer, complements PPI in 
electrospinning due to its biodegradability, non-
toxicity, biocompatibility, and protein binding 
capabilities through hydrogen bonding (Li et al., 
2020). The two notable parameters that must be 
considered when electrospinning PVA are alcoholysis 

degree and solution viscosity (Table 4.a). An 
alcoholysis degree of 87-89% and a relatively lower 
solution viscosity are recommended for optimal nano 
fabrics. Moreover, several studies provide supporting 
evidence on the electro spinnability of PPI and PVA, 
both with other components and with each other. 
Although, the following parameters must be 
considered: viscosity, the pH level of concentration, 
the ratio of PPI to PVA, electrical conductivity, and 
distance from tip to the collector, each of which is 
elaborated in Table 4.b. It is evident that PPI and PVA 
could be electrospun as long as similar parameters are 
followed. 

 

 
 

 

 
 
Generally, a 50:50 PPI:PVA ratio 

concentration is found to form fibers successfully. As 
seen from Figure 3, the fibers formed from the 
concentrations: 20/80, 30/70, 50/50, and 40/60 were 
more homogeneous (fewer beads) than other 
concentrations. 
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As for the pH level of the solution, Figure 4 

shows that a basic solution (pH 9) provides more 
fiber-like results with no bead formation.  

 

 
Meanwhile, the solution viscosity and 

electrical conductivity are summarized in Table 5, 
where a viscosity range of 0.120 and 0.253 Pa·s and 
a low electrical conductivity form nanofibers. The 
parameters allow pea protein isolate and polyvinyl 
alcohol to be electrospun; therefore, homogenous 
fibers could be created. 

 

 
 
 
 
 
 

3.2.Multifunctional filtration 
capabilities of nanofabric comprising 
PPI and PVA 
  

Specific material properties of PPI/PVA 
nanofabrics are the primary parameters that would 
influence its physical filtration capabilities through 
size-based mechanisms. Nanofiber diameter affects 
the capturing of larger particles, as the sieving 
mechanism entails trapping large particles in between 
fiber pores. Areal density affects the capturing of 
smaller particles (micrometer to nanometer range). It 
controls the contact possibilities between these 
particles and the nanofibers, thereby influencing the 
inertial impact, interception, and diffusion 
mechanisms (Souzandeh et al., 2016). Thermal 
stability is necessary to avoid nanofiber deformation 
and fracturing when filtering high-temperature 
pollutants (Król-Morkisz and Pielichowska, 2019). 

Protein/PVA nanofabrics are extremely 
capable of filtering PM10-2.5 (Table 6). These 
filtration efficiencies are attributed to fiber diameter 
and the nanofiber pores being smaller than the 
particles. For example, the SPI/PVA nanofabric 
maintained near 100% filtration efficiency with its 
pore size of 4.4 m. Given that 10 m is equivalent to 
10,000 nm, the fiber diameter and pores are generally 
smaller than particulate matter (PM). Consequently, 
capturing efficiency is indirectly related to the fiber 
diameter. Though the PPI/PVA nanofabric’s air 
filtration efficiency was not tested, its diameter of 
~495 nm falls within the range that has successfully 
captured particles through sieving. Therefore, 
PPI/PVA nanofabrics show great potential for physical 
filtration, although the ideal fiber diameter has yet to 
be defined. 

 

 
Figure 5 displays the importance of areal 

density in filtering PM smaller than 1 m. Increasing 
the areal density improved the capturing of 0.3 m 
particles, which are among the most challenging sizes 
to capture. However, there is a point where increasing 
areal density stops improving filtration efficiency. 
Therefore, finding an appropriate combination of fiber 
diameter and areal density is crucial to filtering larger 
and smaller particles. 
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Nanofabrics utilizing PPI/PVA have good 

melting points—an indicator of thermal stability. 
Their thermal stability is ascribed to fiber uniformity 
and hydrogen bonding between solution components. 
Polymers are generally composed of amorphous 
molecular chains; thus, the chains experience 
elongation from the electrostatic field during 
electrospinning. The resulting well-aligned, uniform 
molecular chains are necessary for the stable 
transferring of phonons (Asmatulu and Khan, 2019). 
Hydrogen bonding between the various functional 
groups of proteins and polymers restricts the 
movement of the intermolecular chains and the 
segmental rotations of the nanofiber molecules (Zhang 
et al., 2014). This restriction and uniformity in the 
molecules improve particle capturing. PPI/PVA 
nanofabrics with good thermal stability are feasible 
since Maftoonazad et al. (2019) have successfully 
developed homogenous nanofibers using these 
components. Furthermore, the hydrogen bonds 
present within the PPI/PVA nanofabrics slow down 
the oxidation and elimination of hydroxyl present 
within the nanofibers; thus, suppressing its thermal 
degradation.  

The amino acid and functional group content 
of PPI/PVA nanofabrics are the main parameters that 
would influence its chemical filtration capabilities. 
PPI contains amino acids with ionizable side chains—
such as lysine, histidine, and arginine—meaning they 
may accept or donate protons. Their surface charge 
due to electrospinning and their affinity for acid-base 
reactions have proven essential for antibacterial 
activity and attracting smaller charged pollutants 
such as gaseous particles (Dickson & Koohmaraie, 
1989). Aside from ionizable side chains, amino acids 
also contain functional groups such as carboxyl, 
amino, and hydroxyl (Figure 6). PVA also has 
functional groups like hydroxyl, carboxyl, alkyl, 
carbonyl, and ether. In particular, the abundant 
hydroxyl groups attached to its carbon chain can form 
multiple hydrogen bonds. These functional groups 
exhibit chemical reactivity, meaning they can 
generate interactions (such as hydrogen bonding, ionic 
bonding, and charge-charge) with pollutants. Like the 
ionizable side chains, the functional groups attract 
electronegative particles using the positive charge 
gained from electrospinning (Lubasova et al., 2014). 
This charge-based interaction is referred to as 
electrostatic attraction and is the predominant 
mechanism of nanofabrics for dealing with toxic 
chemicals and bacteria. 

 

 
 

Table 7 showcases the comparison of amino 
acid profiles between soy and pea protein isolates. The 
amino acids highlighted in the table contain ionizable 
side chains, and pea protein isolate contains equal or 
even greater amounts of these amino acids. The amino 
acids of SPI have proven essential in filtering toxic 
chemicals, as incorporating SPI into PVA nanofabrics 
tremendously raised the removal efficiency of 
formaldehyde and carbon monoxide (Table 8) 
Therefore, the similar amino acid content in PPI 
means PPI/PVA nanofabrics show great potential for 
chemical filtration. However, PPI must first be 
denatured to expose these functional groups fully. 
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Further evidence for similar functional group 

content between PPI/PVA nanofabrics and other 
nanofabrics with similar components can be seen by 
analyzing their respective FTIR spectra (Figure 7). 
The various peaks at corresponding wavenumbers 
throughout the FTIR spectra signify the functional 
groups’ presence within the nanofibers. Some 
examples include the peaks at wavenumbers 3000-
3500 cm-1 representing hydroxyl groups and Amide I 
& II groups at wavenumbers 1500-2000 cm-1. The 
FTIR spectrum of the PPI/PVA nanofabric exhibited 
peaks at similar wavenumbers compared to the other 
nanofabrics, meaning a combination of PPI and PVA 
contain similar functional groups after being 
electrospun. These functional groups have proven 
essential for filtering PM2.5 and toxic chemicals due 
to the strong interactions they may exhibit; therefore, 
a PPI/PVA nanofabric for chemical filtration shows 
excellent promise. 

4.  CONCLUSIONS 
The research aimed to assess the feasibility 

of developing PPI/PVA air filter nanofabrics via 
electrospinning by conducting a systematic review. 
PPI’s globular nature and lack of molecular 
entanglement make it largely incompatible with 
electrospinning, while PVA is a polymer that has 
successfully been implemented in many 
electrospinning applications. A combined PPI/PVA 
solution is compatible with electrospinning under 
specific parameters and has resulted in nanofabrics 
with desirable properties. PPI/PVA nanofabrics have 
also shown potential filtration capabilities based on 
their similarity with other bio-based air filter 

nanofabrics. Specifically, its physical filtration 
function stems from its sufficient fiber diameter, 
appropriate areal density, and high thermal stability. 
Its chemical filtration function stems from its 
desirable amino acid and functional group content and 
the robust intermolecular interactions between them 
and pollutants.  
 These findings serve as a foundation for 
developing another multifunctional and eco-friendly 
nanofabric that serves as an alternative to traditional 
air filters. Although the results were synthesized from 
many credible sources, they remain inferences 
without experimental evidence. Therefore, it is highly 
recommended that future researchers conduct 
laboratory experiments to truly develop PPI/PVA 
nanofabrics to verify this study’s results. It is hoped 
that this study will contribute to the budding field of 
air filter nanofabrics and help readers further 
understand the importance of preserving clean, 
quality air. 
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Abstract: The COVID-19 pandemic hindered transport systems globally. Its transmission is 
quick due to the dense living condition in metropolises, and mass   transit systems soon became 
a hotspot for contracting the virus. As a result, individualized forms of transport became 
favorable. The study investigated other forms of individualized transport that hinders the 
spread of the virus and deters increasing the patronage for private cars. It also seeks to aid in 
the development of sustainable transport policies in Metro Manila. Accomplishing this 
required the perceptions of Metro Manila travelers on bicycling, their socio-demographic 
characteristics, and trip behavior. The data was gathered through an online survey, which 
were then analyzed and modeled using the descriptive statistics functions of MS Excel to 
determine which parameters motivate or demotivate travelers from using a bicycle. Results of 
the survey led to the conclusion that the cyclist’s security is a significant motivator and 
demotivator, and unlike its motivator counterpart, cost does not necessarily demotivate 
travelers from bicycling, but it is also advised to proceed with caution when interpreting the 
results for the cost motivator since these may also indicate a demotivation for private car use 
instead of primarily a motivation to use a bicycle for travel. These results were also 
disaggregated by trip length. It was found that long trip motivators generally held higher 
significance but this trend is not followed for both short and long trip demotivators which 
makes it seem that travelers are more easily demotivated to cycle. 
   
 
Key Words: bicycle; active transport; barriers; opportunities; Metro Manila 

 
1. INTRODUCTION 

The COVID-19 pandemic brought upon a 
challenging hurdle for transportation around the 
world. Quarantine has been implemented, limiting 
public transportation operations because of the 
contact between people (Yoo et al., 2020). Higher 
capacities of mass transit do not correlate with an 
increase in volume inside the spaces, since high 
density of commuters in a space decreases the 
effectiveness of social distancing (Evans & Wener, 
2007). However, using private vehicles is also not 
ideal. To compare, influenza, which has a similar 
transmission, is estimated to have a higher  risk in a 
car as opposed to air travel with one infected person 
in the plane (L.D. Knibbs, L. Morawska, S.C. Bel, 
2012).  

Citizens who regularly travel have begun to 
use active transport as an alternative for the lack of 
public transportation due to its one-person capacity 
and compliance with existing quarantine protocols 

(Cruz & Ives, 2020). Active transport provides 
essential mobility, physical fitness, and enjoyment 
(Litman, 2016). Lastly, the decrease of private vehicle 
use and increased physical activity may result in a 
reduced risk of diabetes, depression, and dementia in 
the general population (Woodcock et al., 2010).  

The main objective of this research is to 
investigate the perceptions of Metro-Manila travelers 
toward bicycling as an alternative. Specifically, this 
study analyzed a few successful programs and to 
determine how to implement these in the local setting 
best. Determining these will aid the development of 
bicycling policies for the country. 

The following section discusses the 
methodology. Section 3 covers the data analysis, while 
Section 4 concludes the study.   
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2. METHODOLOGY

Contributing factors to implementation of 
bicycle policies were gathered from literature. The 
hypotheses are then formulated from the identified 
factors, which are evaluated through data gathering. 
An online survey with questions on both the 
motivators and demotivators for bicycling measured 
the perceptions of the respondents toward these 
factors. Socio-demographic characteristics of the 
respondents were also gathered. Measures of central 
tendency were used to compare relative significance 
among the factors. Finally, disaggregated data were 
analyzed in a similarly.

Figure 1. Conceptual framework

On Appendix A, 233 samples were gathered 
using an online survey conducted using Google Forms 
from October 2020 to January 2021. Perceptions were 
quantified as the respondents' level of agreement with 
statements of the different factors on Table 1.

Table 1. Motivators and barriers for cycling
VARIABLE BICYCLING

MOTIVATORS
BICYCLING
BARRIERS

ASSIGNED
VALUES

Comfort and 
Convenience

There are 
establishments 
along the 
bicycle lanes

The 
frequency of 
extreme 
weather

Very likely 
(1) – Very 
unlikely (4)

Qualitative variables such as sex and 
educational attainment were assigned either 1 (Yes) 
or 0 (No) values. On the other hand, values of 
categorical class were used for scalar variables like 
travel frequency, while age utilized the actual values. 
Lastly, a Likert Scale from 1 to 4 (very likely and very 
unlikely, respectively) measured their perceptions. 
These numbers were assigned values 2, -1, 1, and 2, 
respectively.

3.  RESULTS AND DISCUSSION
Demographic, Trip Conditions and 

Situations, and Bicycling Trip Preferences of Metro 
Manila Travelers
The percentage of sexes in Table 2 show similar 
results from the 2020 Labor Force Survey of the 
Philippine Statistics Authority. Next, respondent's 
age ranges from 22 to 54 years, the majority being 
young adults, employed, single, earn on average Php 
29,206.01/month (est. 1 USD = Php 48.44) which 
reflects the high unemployment proportion, and all 
have finished compulsory education.

Table 2.  Socio-demographic traits and travel behavior 
(general and by bicycle)

VARIABLES PARAMETERS COUNT(%) MEAN (S.D.)
Sex Male

Female
105(45.06%)
128(54.94%) -

Age (years) Exact value - 29.3 (10.43)
Marital Status Single

Married
Annulled
Widow

164(70.39%)
66(28.33%)
1(0.43%)
2(0.86%)

-

Educational 
Attainment

No formal 
education
Elementary 
diploma
High School 
diploma
College degree
Masteral or 
higher

0(0%)
0(0%)
89(32.8%)
113(48.5%)
31(13.3%)

-

Employment Status Employed
Unemployed

122(52.36%)
111(47.64%)

-

Monthly Income 
(Php)

Less than 10,000
10,000 –25,000
25,000 –45,000
45,000 –70,000
70, 000 –100,000
More than 
100,000

92(39.5%)
43(18.5%)
48(20.6%)
21(9.0%)
13(5.6%)
16(6.9%)

29,206.01 
(29,215.65)

Trip Purpose Work
Supermarket
Market
Others

89(40%)
72(32%)
29(13%)
35(15%)

-

Travel Frequency 
(days/month)

< 1
4 – 8
12 – 16
20 – 24
Everyday

40(17%)
85(37%)
23(10%)
52(22%)
33(14%)

-

Transport Mode Walk
Bicycle
Mass Transit
Rideshare
Carpool
Private Car

18(8%)
36(16%)
34(15%)
10(4%)
10(4%)
122(53%)

-

Travel Duration 
(minutes)

< 15
15 – 30
30 – 60
60 – 120
> 120

49(21%)
84(36%)
55(24%)
34(14%)
11(5%)

39.11 (31.76)

Bicycle Ownership Yes
No

134(58%)
99(42%) -

Travel Frequency by 
Bicycle (days/month)

Never
< 1
4 – 8
12 – 16
20 – 24
Everyday

124(53.22%)
32(13.73%)
37(15.88%)
19(8.15%)
9(3.86%)
12(5.15%)

4.56 (8.14)

Travel Duration on 
Bicycle (minutes)

< 5
5 – 15
15 – 30
30 – 60
> 60

4(3.67%)
16(14.68%)
33(30.28%)
29(26.61%)
27(24.77%)

35.20 (19.03)
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Most travel for work and supermarket, 
implying these are prioritized trips as seen on table 2. 
On the same table, majority report traveling for at 
most 4 to 8 days a month, and the disparity between 
private car users and the other modes (n=108) depicts 
people's fear of the virus when using mass transit. 
Lastly, bicycle users are slightly greater than mass 
transit users, implying an increase in bicycling 
activity. 

Figure 2 presents that Metro Manila 
travelers usually depart from their homes at 8:00 AM 
and return at 5:00 PM, and most trips, both on and off 
the bicycle, last for 15 to 30 minutes as seen on Table 
2. However, the higher responses for longer durations 
present the city's underdeveloped bicycling 
infrastructure. Furthermore, the high amount of long 
duration trips is likely a result of peak hours, 
especially since mass transit currently operate at 
limited capacities leading to increased private car 
usage (Abad, 2020). 

 

 
Figure 2. Usual departure and arrival time 

Approximately 21% and 49% of bicycle 
owners have never or sparingly use their bicycles for 
travel, respectively as presented on Table 3, but the 
development of the bicycling infrastructure may 
increase these proportions (Cameña & Castro, 2016; 
Rissel et al., 2015).To add, Table 4 presents that 
respondents prefer: flexible pavement, leveled roads, 
and free-flowing traffic, but most built roads in Metro 
Manila are constructed with rigid pavement, have 
steady traffic, and are level. Thus, the problems lie 
with the current pavement type and traffic situation. 
 
Table 3. Number of bicycle owners by travel frequency 

PARAMETER (DAYS/MONTH) COUNT(%) 

Never 28(20.90%) 
< 1 29(21.64%) 
4 – 8 37(27.61%) 
12 – 16 19(14.18%) 
20 – 24 9(6.72%) 
Everyday 12(8.96%) 

Table 4. Bicycling preference of the respondents
VARIABLE PARAMETER CURRENT PREFERRED

COUNT 
(%) 

COUNT (%) 

PAVEMENT 
TYPE 

Rigid 57 (52.30) 58 (24.89) 
Flexible 42 (38.53) 163 (69.96) 
Unpaved 10 (9.170) 12 (5.150) 

TERRAIN Level 77 (70.64) 199 (85.41) 
Rolling 10 (9.170) 10 (4.290) 
Mountainous 22 (20.18) 24 (10.30) 

TRAFFIC 
SITUATION 

Free-flowing 32 (29.36) 188 (81.39) 
Steady 47 (43.12) 30 (12.99) 
Congested 30 (27.52) 13 (5.630) 

 

On Table 5, COST motivator parameters for 
an increase in fuel costs or parking fees likely 
motivates travelers to use a bicycle while the 
availability of cheaper bikes weakly do so. However, 
because 53% regularly use private cars, this may also 
be viewed as a demotivation for private car use rather 
than solely a motivator for bicycling. Equipping lanes 
with streetlamps and having a large cycling 
community shows promise for increasing ridership. 
However, SCRT presents the presence of traffic 
enforcement as a weak motivator. This is likely due to 
fear of encountering corrupt enforcers who accept 
incentives to drop a motorist's violations, a practice 
observed called ‘kotong’. Finally, Figure 3 further 
proves the significance of security when traveling by 
bicycle as it is the most significant motivator. 
 
Table 5. Summary of cycling motivators 

VARIABLES (CODE) PARAMETERS MEAN(S.D.) 

Cost (COST) 

Vehicle fuel 
costs are 
increasing 

1.03 (1.30) 

Vehicle parking 
fees are 
increasing 

0.76 (1.39) 

Locally 
manufactured 
bicycles are 
promoted 

0.34 (1.52) 

Security (SCRT) 

Installation of 
streetlamps 
along the 
bicycling lanes 

1.26 (1.13) 

Seeing other 
bicyclists use 
the bicycling 
lanes 

1.15 (1.16) 

Traffic 
enforcement is 
present 

0.56 (1.44) 

Safety (SFTY) 

Bicycle repair 
stations or air 
stations are 
present along 

0.41 (1.53) 
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the bicycling 
lanes 
Use of helmets 
and compliance 
w/ safety 
policies is 
strictly enforced 

0.47 (1.58) 

Bicycle safety 
accessories are 
easily accessible 
for purchase 

1.18 (1.13) 

Information (INFO) 

Bicycling lanes 
are clearly 
marked and 
separated from 
motor vehicle 
lanes 

0.42 (1.67) 

Development 
and 
improvement of 
bicycling 
facilities are 
being covered 
by news reports 

0.60 (1.47) 

Awareness 
campaigns on 
bicycling laws 
are promoted to 
motor vehicle 
drivers 

0.29 (1.57) 

Comfort&Convenience 
(COCV) 

Bicyclists are 
not affected by 
vehicular traffic 
congestion 

0.24 (1.60) 

Adequate lane 
widths for 
bicycling lanes 
are provided 

0.00 (1.68) 

Presence of 
establishments 
along the 
bicycling lanes  

1.12 (1.20) 

Reliability (RLBT) 

LGUs conduct 
routine road 
clearing 
operations 

0.40 (1.57) 

Bicyclists have 
full control over 
their departure 
time 

1.14 (1.24) 

Availability of 
first aid 
stations along 
the bicycling 
lanes 

-0.40 (1.70) 

 
Figure 3. Plot of spread and mean of each motivator 

variable 
 

SFTY on Table 5 shows that by making 
bicycle safety equipment more accessible, bicycling 
may improve patronage while the remaining show less 
significant results. Thus, it is advisable to plan a 
relationship that will benefit both stores and the 
bicycle infrastructure. To add, INFO presents the 
sensitivity of travelers toward news regarding 
bicycling. Thus, updating the public on the state of a 
city's bicycle infrastructure may increase ridership 
depending on how news is viewed. 

Constructing bicycling lanes along 
establishments may increase bicycle ridership, 
however COCV on Table 5 shows that if these lanes 
occupy existing roads and further worsen traffic, 
dedicated lanes alone weakly motivate bicycle 
ridership. Thus, policies should achieve coexistence 
between bicycles and vehicles in Metro Manila. 
Interestingly, first aid on lanes weakly motivates 
Filipinos to cycle because they are likely already 
accustomed to frequent accidents. Furthermore, 
RLBT on the same table presents the preference of 
travelers to have full control over their departure time 
implying that they plan the shortest travel route and 
time possible. 

On Table 6, COST shows most find owning 
bicycling locks unnecessary, expecting that 
establishments have these. Emphasis on the value of 
reducing crime rates along routes is visible from the 
SCRT results. Next, clearing the lanes of hazards and 
adding bicycle safety measures at intersections is 
necessary for them to consider bicycling. However, for 
the SFTY variable, insufficient bicycle lane networks 
may detract travelers from bicycling. Furthermore, 
bicycle safety knowledge, information on the bicycle 
infrastructure’s state and the environment it is built 
on, and knowledge of bicycle routes that cyclists can 
take may avoid detracting travelers from cycling. 
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Table 6. Summary of cycling demotivators 
VARIABLES PARAMETERS MEAN(S.D.) 

COST 

No bicycle available 
for use 

-0.01(1.76) 

Bicycle locks are 
needed 

0.95(1.46) 

Helmets and safety 
accessories are 
required by law 

0.36(1.57) 

SCRT 

Prevalence of bike 
theft 

1.15(1.27) 

General threat of 
crime 

0.73(1.35) 

Lack of secure 
parking spaces for 
bicycles 

1.18(1.29) 

SFTY 

Insufficient bicycle 
lane networks in my 
area 

1.09(1.31) 

Obstructions are 
found on the bicycle 
lanes 

0.96(1.29) 

“Bike boxes’ are not 
provided at 
intersections 

1.14(1.28) 

INFO 

Maps of bicycle 
routes in the city 
are unavailable 

0.65(1.57) 

Areas with bicycle 
lanes are reported 
to have low air 
quality index 

0.67(1.40) 

Lack of bicycle 
safety classes 0.98(1.27) 

COCV 

Extreme weather 
occurs frequently 0.94(1.30) 

Bicycling for long 
periods results in 
body aches 

0.21(1.53) 

Bicycle lane 
networks are 
disconnected across 
neighboring towns 
and cities 

1.18(1.28) 

RLBT 

Bicycle lanes are 
not consistently 
maintained 

1.15(1.20) 

LGUs do not strictly 
enforce bicycling 
laws 

1.06(1.30) 

Bicycle chains 
require frequent 
maintenance 

0.41(1.49) 

Table 6 shows the COCV variable presents 
the preference of travelers for weatherproof and 
continuous bicycle lanes. Thus, policies should 
mitigate both the issue of disjoined bicycle lanes and 
effects of extreme weather. Lastly, the respondents 
show more concern toward maintaining the 
infrastructure and policing system rather than the 
bicycle itself as seen on RLBT. 

Figure 4 further proves that addressing 
SCRT, SFTY, RLBT of using bicycle lanes may 
improve the chances of increasing patronage. Thus, 
policies may primarily address the cyclists' security, 
bicycle lanes’ safety, and bicycles’ qualities sold at 
stores. 

 
Figure 4. Plot of spread and mean of each 

demotivator variable 

Figure 5. Trip motivators disaggregated by length 
 
Generally, longer trips result in higher 

significance of a variable. Thus, the higher 
significance for long trip motivators on Figure 5 
implies that most respondents cycle for longer periods 
which presents them to be more sensitive of these 
variables' effects. Lastly, the relatively low 
significance of INFO, COCV, and RLBT for both trip 
durations requires deeper investigation because 
results from earlier present that these variables are 
essential for increasing bicycle ridership. 

Unlike on Figure 5, SFTY holds the most 
significance for both trip durations. Thus, increasing 
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bicycling patronage may require resolving the issues 
of rider safety when using the bicycle lanes. 
Furthermore, minute differences between the SFTY 
and INFO demotivators may indicate that travelers 
similarly value these variables for both durations. 
However, RLBT during longer trips becomes more 
significant, indicating a change in the trend observed 
earlier. The increase in RLBTs significance may 
indicate that travelers are more easily demotivated to 
cycle regardless of trip length. 

 
Figure 6. Trip demotivators disaggregated by length 

4.  CONCLUSIONS 
This section will cap the study with 

recommendations for bicycle policy development, and 
the conduction of research for this topic. 

The following are the recommendations for 
bicycle policy development based on the findings of 
this study: make bicycle safety equipment and 
accessories accessible to the public, present the 
benefits of bicycling while addressing the barriers and 
providing the preferences of the travelers for the 
bicycle lanes, identify the type of bicycle safety 
equipment that travelers want to personally own or 
expect to be shared then look into subsidizing the 
shared equipment, seek to achieve the coexistence of 
bicycling with the other transport modes, lastly is to 
not rely on data from studies conducted on foreign 
countries as Metro Manila travelers have shown 
behavior that deviate from the results of those studies. 
 Subsequent studies should take the 
succeeding recommendations into account. First is to 
replicate the methodology of this study in a normal, 
non-pandemic setting of Metro Manila to gain a point 
of comparison of the travelers’ changes in perception 
during and after the pandemic. Second, enlarge and 
specify the study area in order to gain a 
comprehensive understanding of the perceptions of 
Metro Manila travelers from several locations of 
Metro Manila. Third, evaluate the parameters to be 
used by either replacing these with more appropriate 
parameters or by reframing the currrent parameters 
for these to better fit the main idea of each variable. 
Finally, establish communication with other 
researchers, LGUs, and government agencies who or 

which are involved in the research and development 
of the bicycle infrastructure of the city. 
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Mung beans (Vigna radiata) as a Main Component in Bioplastic 
Synthesis: An Exploratory Research 

 
Sophia Nhory S. Escasinas, Aaron De Angelo P. Lao, Jessa A. Pasia  

and Frederick Tom C. Relos 

 
Abstract: Non-biodegradable and single-use plastics became helpful to the masses, yet harmful 
to the environment. Thirty-five percent of plastics made for packaging, typically used once, are 
usually scattered or littered (Davis, 2015). Bioplastics are recently consolidated to potentially 
become an alternative to traditional plastics, which can reduce the dependency of plastic to 
petroleum and better disposal of plastic. With this in mind, investing in research and 
development with regards to bioplastics is much needed for our environment. Hence, 
promoting it as an advocacy should be uplifted (Thompson et al., 2009 cited in Pathak et al., 
2014).This study aims to synthesize Mung beans (Vigna radiata) based bioplastic film as an 
alternative for non-biodegradable plastics gathering data on its properties using Solubility 
Test, Swelling Test, and Biodegradability Test.The result of the Solubility test revealed that 
the bioplastic material is soluble in the strongly acidic solvent and insoluble in the remaining 
solvents including distilled water after the soaking period. The Swelling test showed that there 
is a minimal difference in weight after the material was submerged in distilled water making 
it more preferable when it comes to manufacturing of bioplastic material. The Biodegradability 
test revealed that there is a massive change in weight after the soil burial period. Therefore, 
we conclude that the Mung bean starch based bioplastic film can be an alternative to single-
use and non-biodegradable plastics and can be a solution to the existing and rising 
environmental issues caused by the continued use of non-biodegradable materials in numerous 
fields.   
 
Key Words: bioplastic; biodegradable; mung beans; starch; environment 
 

1. INTRODUCTION 

The relevance of plastic to humans has grown 
immensely. This has led researchers to innovate an 
alternative plastic that is non-polluting, in hopes of 
solving the environmental problems. However, 
environmental problems are not yet fully resolved. 
This gave an opportunity for the destructive effect of 
plastic to increase exponentially (Koushal et al., 
2014). On the grounds that garbage bins are still filled 
with plastic bags, pollution (land and water) and 
sewage problems continue to be a major issue of 
society. Consequently, floods have been said to be 
caused artificially by plastics followed by sewage 
problems, land, water, and air pollution. In addition, 
these lightweight packaging materials also carry 
adverse impacts, due to the fact that wind can carry 
them to undesired critical public places like trees, 
roadside ditches, or even in drains, rivulets, and rivers 
(Kakoti, 2017). 

Bioplastics are recently consolidated to 
potentially become an alternative to traditional 
plastics, which can reduce the dependency of plastic to 
petroleum, as well as, better disposal of plastic. With 

this in mind, investing in research and development 
with regards to bioplastics is much needed for our 
environment. Hence, promoting it as an advocacy 
should be uplifted (Thompson et al., 2009, cited in 
Pathak et al., 2014). 

Mung beans belong to the family of legumes. 
Two of the main parts of legumes are protein and 
starch. Legume starch pastes are said to be more 
adherent than cereal starches because of higher 
resistance to swelling and rupture (Lineback & Ke, 
1975, cited in Abdel-Rahman et al., 2008). Galvez and 
Resurreccion (1993), cited in Abdel-Rahman et al. 
(2008), exemplified that the amount of starch from 
mung beans is contingent on seed coats, the medium 
where it was soaked, and the length of time it was 
grinded. 

Bio-based plastic exhibited high degradability 
in soil and compost systems, but most are not capable 
of finding ways in aquatic systems (Gil-Castell et al., 
2016 cited in Thakur et al., 2018). The community's 
way of living may be magnified through the utilization 
of various bioplastic materials which can be useful to 
various fields such as agriculture, medicine, and the 
like; because the closest materials that may 
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potentially beat petrochemical based plastic in the 
future are biodegradable polymeric materials (Raza et 
al., 2018, cited in Thakur et al., 2018). 

 The use of non-biodegradable plastics gave 
rise to various environmental problems, it’s also one 
of the modern days’ biggest environmental issues. The 
widespread use of single-use plastics in product 
packaging caused public outrage over the 
environmental disasters caused by these wastes.  

Hence, this study aims to synthesize an 
alternative for non-biodegradable plastics with the 
use of Mung Beans as its main component in the form 
of bioplastic.  

 Eventually, usage and production of 
biodegradable polymer materials has been increasing 
in the interest of the public and scientific field over the 
past two decades as an alternative to plastics. Which 
is still needed to develop chemical and physical 
properties of synthetic plastics. As a result, a solution 
was proposed for the current problem of plastic waste  
(Reddy et al., 2003, cited in Pathak et al., 2014).  

Bioplastic production is considered to be 
costly compared to petroleum based plastics. 
Theoretically, the plant provides a substitute solution 
to making these materials less expensive. In return, 
the plant hypothetically gives an elective answer for 
integrating these mass item products effortlessly. 
While the handling of PHA in microbes and yeast 
includes a costly aging interaction with outer 
wellsprings of energy, like power, it is more affordable 
in plant frameworks since it depends on water, soil 
nutrients, CO2 and daylight. Moreover, a plant 
processing system is also more environmentally 
friendly (Bastoli, 1998, cited in Gill, 2014).  

 Given the theories gathered, the researchers 
used the methods of Prabhavat (1988) and Singh et al. 
(1989), as cited in Abdel-Rahman et al. (2008), in order 
to determine the efficient way of extracting mung 
bean starch that will be used in the bioplastic 
synthesis.  

 

 

Note. Figure 1 shows the process of Mung bean starch 
extraction. From “Isolation and Physicochemical 
Characterization of Mung Bean Starches” by Abdel-
Rahman et al., 2008, International journal of food 
engineering, 4(1), Materials section, Figure 1 
(https://doi.org/10.2202/1556-3758.1184). CC BY. 
Hence, this study proposes that these theories can be 
used to explore the said topic through prototype 
development and formulation with the use of the 
gathered related literature. 

1.4.1. In what solvent/s is/are the Mung bean based 
bioplastic film soluble? 
1.4.2. What is the result of a swelling test in each 
solvent after 2 hours of saturation? 
1.4.3. In what depth is the Mung Bean based 
bioplastic the highest in terms of weight loss 
percentage after 7 days of soil burial process? 
1.4.4. Is there a significant difference between the 
depth of soil burial and the weight loss percentage? 
Ho . There is no  significant difference between the 
weight loss percentage and the given depths. 

This study aims to synthesize Mung bean 
based bioplastic as an alternative for non-
biodegradable single-use plastics. This study may 
greatly affect single-use plastic consumers, 
entrepreneurs, future researchers, the community, 
the environment, and others as they can be aware and 
knowledgeable about the environmental effects of the 
plastics that they use and they can see how bioplastic 
can change one’s way of living. 

 

2. METHODOLOGY 
 

This study aims to develop an alternative for 
non-biodegradable plastics with the use of Mung 
Beans (Vigna radiata) as its main component in the 
form of bioplastic. This study will use True 
Experimental Research design in product 
development and formulation. 

In order to test the Swelling, Solubility and 
Degradation characteristics of the biofilm, the 
researchers will be using the instruments for the data 
collection process. 

 Starch was extracted from Mung 
Beans bought from Taytay Public Market, Taytay, 
Rizal using the method adapted from Prabhavat 
(1988) and Singh et al. (1989), as cited in Abdel-
Rahman et al. (2008). 
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 In order to make the bioplastic film, 25g of 
extracted Mung bean starch was put into the beaker 
followed by the addition of VG/PG glycerin, stirred 
using a stirring rod. Hydrochloric Acid (HCl) is then 
added while stirring to incorporate the mixture well. 
Dissolved Sodium Hydroxide (NaOH)-water solution 
(1:10 ratio) is then added in order to neutralize pH to 
7. The mixture was poured into a petri plate and 
baked in the oven at 125 degree Celsius for drying. 
The petri plate was cooled in order to scrape the 
bioplastic film from the plate. 

Solubility test of the bioplastic material was 
conducted by following the procedure of Jayachandra 

(2016) as cited in Rizwana et al. (2020). The sample 
was cut into 2cm by 2 cm square weighing 
approximately 0.75 grams and was placed inside of 
16x150 individual test tubes containing 15 ml of 
specific solvents – distilled water, methanol, ethanol, 
and muriatic acid (HCl) for 30 minutes. Deliberate 
selection of solvents was done to distinguish the 
activity of material with variables such as polar, non-
polar, and high acidic solvent. 

Swelling test of the specimen is conducted to 
observe the change in the material’s original 
properties after synthesis by following the procedure 
of Jayachandra (2016) as cited in Rizwana et al. 
(2020). To validate the protuberance and other 
morphological changes, a pre-weighed piece of sample 
was utilized. Using the beaker test method, the 
samples were submerged in different beakers 
containing different solvents. Multifarious solvents 
such as water, methanol, and ethanol were used to 
soak the samples for approximately 2 hours and data 
were recorded appropriately. 

Biodegradability test of the bioplastic 
material, was conducted by pre-weighting the 
specimen and using soil burial method. A garden soil 
that had 58.38% moisture content was measured at 
800 grams. Afterwards, it was stored inside a 
container. 

The samples were buried in depths of 2cm, 
3cm and 4cm for 7 days having the same condition of 
soil moisture content and an average outside 
temperature of 32 degree celsius. The weight of each 
specimen was measured before conducting the test. 
Samples were periodically removed on the 1st, 3rd, 
5th and 7th day of the burial period, washed with 
distilled water and dried before analysis. The dried 
films were weighed for monitoring weight loss (Jain 
and Tiwari, 2015). The biodegradability test was 
measured by Equation (Marichelvam et al., 2019):  

 
Wherein: Wo is the weight before the soil burial 
(initial) and W is the weight after the test (7th day) 

This study focuses on the Mung beans as a 
main component in bioplastic synthesis through 
product development with the use of the gathered 
related literature wherein the researchers reviewed 
and explored the evident components of Mung beans 
that contribute to its possibility to be used in 
bioplastic synthesis, which leads to testing its 
solubility, swelling and biodegradability.  
The study limits the development of bioplastic using 
Mung beans with other active ingredients and tests on 
solubility, swelling, and biodegradability only and 
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does not include tensile strength test, SEM analysis, 
and other tests. The researchers may also gather data 
about the other topics or focuses stated above.  

We understand that as researchers we have 
the responsibility to uphold the ethics in research such 
that no animal or human will be used as a sample or 
during the trial period. Also, this is also to assure that 
we will observe ingenuity of our output, hence, if there 
are replications of similarities to other existing 
research projects it is not intentional. 

 

3.  RESULTS AND DISCUSSION 

Through unit/thematic analysis and based on the 
research question/s the following findings were  
presented:  

The results of the solubility test were shown 
in Table 1. The results of the test presented that the 
sample was insoluble in water after 30 minutes of 
saturation making it more acceptable to be a material 
used in bioplastic based products. It is also insoluble 
in methanol (polar) and ethanol (non polar) and it is 
completely soluble in muriatic acid or HCl (strongly 
acidic). Solubility plays a major role in bioplastic 
synthesis as the material should have the capability 
of holding its structure after submerging it in different 
organic solvents. 

 
 

The results of the swelling test were shown 
on Table 2. This showed that there is a slight 
negative change in the weight of the sample when it 
was soaked in ethanol and methanol, but slight 
increase in weight when soaked in distilled water 
with the same amount of solvent for 2 hours. The 
results from swelling tests show that there is a low 
amount of engorgement in water which is more ideal 
to be a bioplastic material.  
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The results of the biodegradability test were 
shown on Table 3. There is an evident change in the 
structure of the material before and after the test.  A 
substantial variation in the texture was also shown by 
the bioplastic film. The table showed the 
biodegradability progression that occured, with the 
existence of flaws and loss of filmy nature. Therefore, 
from  the  soil burial method and weight loss 
percentage result, it  could  be  concluded that  the  
bioplastics synthesized having Mung bean starch as 
its main component are biodegradable. The 
environmental factors  such  as  temperature,  
moisture,  and biological  activity would affect the rate 
of degradation. 

Biodegradability of 66.54% was achieved in 7 
days for the sample placed in the soil at a depth of  4  
cm, 66.46% in 3 cm, and 66.77% in 2 cm. 

From  the results of the experiment, it  may 
be  concluded that there is no significant difference 
between the burial depth and the weight loss 
percentage as the P-value shown in Table 4 is .900133 
using alpha 0.05. However, there is a significant 
difference between D1 vs D2 and D1 vs D3 with the 
LSD test result of 0.87279 and 0.89809 respectively 

4.  CONCLUSIONS 

The result of the solubility test revealed that 
the bioplastic material is soluble in the strongly acidic 
solvent and insoluble in the remaining solvents 
including distilled water after the soaking period. The 
swelling test revealed that there is a minimal 
difference in weight after the material was submerged 
in distilled water which makes it more preferable 
when it comes to manufacturing of bioplastic based 
commercial products. The biodegradability test 
revealed that there is a change in weight after the soil 

burial period. Therefore, we conclude that the Mung 
bean starch based bioplastic film can be an alternative 
to single-use and non-biodegradable plastics. 
 

The results of the study showed the 
properties of the material that makes it an ideal 
alternative to be used in packaging and other 
activities and it can be a solution to the existing and 
rising environmental issues caused by the use of non-
biodegradable materials in numerous fields. In order 
to study the properties of the material further, we 
recommend the utilization of other testing methods 
and manipulation of other factors such as pH level, 
humidity, soil moisture, solvent selection, and the 
likes. We also recommended the FTIR Analysis, 
Thermogravimetry Analysis, SEM examination, 
Tensile strength test, and other tests.  We also 
recommend further study on the possible products 
that can be made using the material. 
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A Prototype of D.I.Y. Landslide Alarm 

Dexter Blair E. Andres, John Franky Nathaniel V. Batisla-Ong, and Eugine Ais 

 
Abstract: Landslides can be described as a movement of soil, debris or rock down a slope caused 
by earthquake, rainfall or rapid snow melts. Many years back, it was considered as a potential 
hazard that can kill dozens of lives when not properly addressed. In the Philippines, many 
areas around certain regions are located in the possible hazardous places of a landslide. In 
order to address this problem, the researchers have created a device that can alert people 
regarding an upcoming landslide event. A wide array of literature has also created this kind 
of device and many of them are very successful. The researchers used different sensors like 
Acceleration and Gyroscope Sensor, Water Flow Sensor, and Soil Moisture Sensor to determine 
certain thresholds which can foretell an upcoming landslide. Each sensor has been tested in a 
variety of methods to establish the accuracy and functionality which is crucial for this kind of 
device. The researchers have found out the correct configuration of sensors so that they can be 
effective and useful. Just like any other mechanisms, a false alarm can always be expected. 
That is why the researchers are continuing to improve the prototype’s functionality. The 
researchers recommend determining the quality of the sensors that are going to be used so 
that false alarms and other malfunctions can be prevented.   
 
Key Words: low-cost; landslide alarm; do-it-yourself; sensors; modules; 
microcontroller 
 

1. INTRODUCTION 

Landslides are one of the most dangerous 
geohazards world-wide and constitute a serious 
menace for public safety leading to human and 
economic losses (Park, 2011, cited by Formetta et al., 
2016). Every year, thousands of lives are taken away 
by this unexpected slope failure while also destroying 
economical and infrastructural assets. It is impossible 
to stop a slope from failing but there are ways to 
mitigate or reduce the risk of slope failure (Akbar & 
Chen, 2017). The production and creation of different 
landslide alarms is evolving every day to perfectly suit 
the phenomenon itself (Ismail et al., 2017). In 
conceptualizing an early warning device, the possible 
threats like slope failure and heavy rainfall must be 
considered and taken into account. Possible ground 
movements require mechanisms that can detect slight 
changes in a slope’s altitude and shall therefore be 
also present in the prototype’s start up (Arbanas et al., 
2011). 

The phenomenon leads to the development of 
different types of early warning systems specifically 
designed to take the attention of the local community 
living in a landslide prone area. Early Warning 
Systems (EWSs) are defined as monitoring devices 
that can be applied to reduce the risk of natural 
hazards. They can warn a certain area for an incoming 

phenomenon that may otherwise be lethal if not acted 
upon immediately (Medina-Cetina & Nadim, 2008 
cited by Intrieri et al., 2013).  

Many scientific groups have already created 
certain landslide alarms that use different methods of 
gathering data. An example of this is the utilization of 
ALOS / PALSAR imagery based on geomorphological 
satellite data interpretation to monitor landslide 
events (Schlögel et al., 2015). Certain research used a 
Geocube system with GPS sensors that span at a 
distance of at least 5 km which is capable of observing 
and monitoring the behavior of avalanches (Benoit et 
al., 2015).  

As the future progresses, the locals need a 
more precise and accurate way of predicting 
landslides. A landslide alarm system that is cost-
effective and easily understood without that need of 
increasingly complex mechanisms too advanced for 
those who are living near a landslide prone area, will 
significantly affect their living. This study aims to 
explore the possibility of creating a practical and 
simple landslide alarm system that can warn locals 
regarding a possible landslide incident in their area. 
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As shown in the first theory, the Hall Effect 
is utilized by a sensor called, Water Flow Sensor. The 
Hall Effect is the production of a voltage difference 
across an electrical conductor, transverse to an 
electric current in the conductor and a magnetic field 
perpendicular to the current Hall Effect sensors are 
used for proximity switching, positioning, speed 
detection, and current sensing applications (Suresh et 
al., 2014). The sensor can measure the flow rate of the 

fluid within the range of 1-30 liters per minute and 
can withstand water pressure less than or equal to 2.0 
MPa. This sensor can be used to determine the volume 
of water that has passed through it. Therefore, it can 
be applicable as a rain gauge that will measure the 
volume of the rain that has already penetrated it. 
 The second theory pertains to the mechanism 
of a sensor called Soil Moisture Sensor. The soil 
moisture sensor is provided as a pair of cylindrical 
rods each coated with a thin layer of dielectric 
material, which is buried in the soil or other medium 
and is connected to a conversion circuit in which the 
electrodes act as a variable capacitance (Gluck et al., 
1994). The soil moisture content of land masses affects 
the capability of soil to be stable. The higher soil 
moisture content the soil has, the more possible a 
landslide incident will occur.  
 The third theory talks about the sensor called 
MPU 6050. The MPU-6500 sensor is a 3-axis 
accelerometer and 3-axis gyroscope that can detect 
changes in a system’s movement. It has a power 
consumption of 3-5 volts and can detect even the 
slightest concussions. This kind of sensor is also used 
for fall detection for senior citizens (Jefiza et al., 2017). 
Landslide systems shall have this kind of sensor to 
monitor the movement of the soil. The sensor, 
integrated to the prototype, can increase the 
functionality of the system. 
 
Research Questions 
Below are the proposed research questions that will be 
discussed in this study: 
Proposed research questions: 
What is the functionality level of the sensors?  
soil moisture  sensor   b. water flow sensor  
What is the difference between the functionality levels 
of the Prototype in terms of types of soil?  
Is there a significant difference between the 
functionality levels of the Prototype in terms of types 
of soil?  
 
Ho: There is no significant difference between the 
functionality level of the Prototype in terms of types of 
soil. 
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2. METHODOLOGY 

 

To ensure the functionality and efficacy of the 
prototype, the researchers have created several 
testing simulations for each of the sensors. The water 
flow sensor, soil moisture sensor, and the MPU-6050 
were tested accordingly with different procedures to 
obtain necessary data that will then be used in further 
processing. The researchers were guided by a 
professional when the sensors were tested. 

 

 

 The statistical tool used by the researchers 
was One-way Analysis of Variance.This method is 
defined by the comparison of means from two or more 
samples. The statistical tool Percent Error was also 
used to determine the Accuracy and Reliability. 
 

3.  RESULTS AND DISCUSSION 
 

 The data gathered was based on the inquiry 
and presented by the research questions as follows: 
What is the functionality level of the sensors? 
(Accuracy Rate) 
Soil Moisture Sensor     
Water Flow Sensor 
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Based on the gathered data from the trials conducted, 
the percentage error of the soil moisture sensor on 
sand, loam, and clay is approximately equal to 37.5%, 
7.9%, and 0% respectively. To calculate these values, 
the researchers have used the formula stated on the 
methodology that relates the bulk density of each type 
of the soil to the volumetric soil moisture content. 

After the Volumetric Soil Moisture Content is 
calculated, the percentage error can now be computed 
using the Percentage Error formula. This gives rise to 
the percentage error presented above.  
The computation for the Percentage Error of the 
Water Flow Sensor comes from the mean value of both 
the experimental value and the expected values, 
which are 152.55ml and 155.75 ml, respectively. The 
formula for the Percentage Error, that is used for both 
the Soil Moisture Sensor and the Water Flow Sensor, 
is as follows: 

  
The water flow sensor gave off a percentage error of 
2.07%, significantly lower, thus, can be concluded, 
more accurate. The researchers have conducted the 
same experiment 22 times to gather enough data for 
this value to be derived. This percentage error value 
can signal that the water flow sensor can be fully 
integrated to the prototype to increase its overall 
functionality. 
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The MPU-6050 / Gyroscope’s trials gave the 
result that the researchers expected. The ups and 
downs of the graph are proportional to the volume of 
the speaker which causes the vibration. The 
movements caused by this commotion reflect the 
expected outcome thus, proving its nonparametric 
functionality.  
 
2. What is the difference between the functionality 
levels of the Prototype in terms of types of soil? 

The researchers have found out that the type 
of soil on which the soil moisture sensor is inserted 
affects the output data it can collect. As presented in 
Figure 15, the type of soil with the highest percentage 
error is loam. The researchers hypothesized that this 
phenomenon happens because of the impurities found 
in loam soil that affects the conductivity of the sensor 
itself. The variety of sawdust, rice straw and other 
organic materials are insulators that prevent the 
sensor from giving the right output, thus having a 
higher percentage error. 
 Trials conducted in sand gave off a 
significantly lower percentage error compared with 
loam. The fact that sand has more spaces in between 
each particle means that water can easily sink at the 
bottom of the container. This means that the data 
collected from the sensor can be off, the researchers 
hypothesized, for a certain margin because of this 
phenomenon.  
 The clay seems to be the best type of soil on 
which the sensor could work on. With a percentage 
error of 0%, the researchers believed that this is 
because of the fact that clay naturally sips water and 
distributes it equally in all parts. That is why the 
sensor readings are far more reliable since there are 
no impurities nor does water easily sink. This data 
however, is still inconclusive. Further trials must be 
conducted to truly identify the sensor’s functionality. 
 
 
3. Is there a significant difference between the 
functionality levels of the Prototype in terms of types 
of soil?  

The researchers have also found out that the 
variety of soil did not affect the efficiency of the 
prototype’s signal efficiency as shown in Figure 16. 
Also, in Figure it showed that the p-value is greater 
than the level of significance, hence, the null 
hypothesis is accepted.  

Based on the works of Purnomo (2019), who 
had used a very similar methodology to this research, 
an instantaneous distance shift within the smallest 
scale of 0.4 mm can indicate a landslide event. They 
have created a system on which the significant data 
input came from the soil; whereas this research mostly 
relies on the data given by the atmosphere for it may 
also indicate a landslide event. The difference in this 
data structure can be varying at different times for 
there is a more suitable environment for the prototype 
to be tested. 

 

4.  CONCLUSIONS 
The very purpose of this study is to create a 

landslide alarm system that could warn locals 
regarding a possible landslide incident in their area. 
The data gathered by the researchers using various 
trials have proven that the soil moisture sensor, water 
flow sensor, and the MPU-6050 are capable of such 
requirements. The soil moisture sensor was tested on 
different types of soil and based on the results, it can 
work best on clay soil. The water flow sensor has a 
percentage error of 2.07%. The MPU-6050, although 
no statistical treatments were applied, was observed 
to be functional. 
As said above, the researchers have found out that the 
types of soil do not matter to the functionality of the 
prototype. The time it takes for the prototype to send 
an output signal (buzzer), is roughly the same whether 
the type of soil is changed. This means that the 
prototype can work with the same signal-sending 
efficiency even though the overall environment is 
changed. It can also be concluded that the prototype 
does not pick any particular soil on which it can work 
the best. 

The data gathered, together with the 
prototype created, has been found out to be effective 
and accurate on different aspects. After the trials, the 
researchers have realized several features that must 
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be done in order to improve the system. The 
prototype’s functionality can definitely fulfill its goals 
if a little more time and effort is put into it. Even 
though some problems were experienced along the 
way, the researchers worked hard in order to put this 
product into its initial stages. The development will 
definitely be sure to follow because the researchers 
will work on it more after this study has been 
presented. 
After the entire study is done, the researchers 
recommend to 
Create a more stable enclosure for the sensors to sit in 
Attach a solar panel module to increase the 
prototype’s lifespan 
Increase the prototype’s functionality by adding 
another sensor called DHT22 (Temperature and 
Humidity Sensor) 
Create a more rigid experimental design to test the 
functionality of the sensors. 
Further, parametric statistical treatment is suggested 
to get the empirical data to determine the 
functionality of the MPU-6050. 
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TERPENES PROPERTIES AS BIOPESTICIDES 

April Rose Q. Cañete, Carl Andrew M. Escuro, Reginald A. Roces, 
and John P. Cammagay 

Abstract: Biopesticide consists of many different types like plants, fungi, bacteria, microalgae 
and nowadays it is not yet widely introduced and rarely available in the market; common 
available pesticides are chemical-based pesticides that harm not only the environment but also 
humans. Plant essential oils are created from different plant resources, most of them are 
members of the mint family (Lamiaceae) and a multiple combination of a class of terpenes that 
consist of two-isoprene units or called monoterpenes composed of oils. It linked an aromatic 
compound with a molecular formula of C6H5OH or called phenols and a sesquiterpenes. 
Further research is needed in the emerging or happening of organic pesticides with showing 
the possible control agents, formulation, delivery and commercialization. Since the availability 
of biopesticides are minimal, the researchers come up with the idea of synthesizing a prototype 
of biopesticides from lemon peel, neem leaves, cinnamon bark and garlic using steam 
distillation as a mode of extraction of the essential property which is terpenes that holds a 
promising role in killing pest particularly aphids. The findings of this study aim to test the 
efficacy of the prototype made by the researchers which is the biopesticides that has extracts 
from lemon peel, neem leaves, garlic and cinnamon bark. The researchers are recommending 
the application of the prototype to the other pests and insects in order to know the effectiveness 
of it besides aphids. 
 
Key Words: control agent; terpenes; aphids; biopesticides; steam distillation 
 

1. INTRODUCTION 

 Throughout the world, pesticides are widely 
used to secure a variety of crops (Desai et. al., 2017). 
There is a harmful impact on using chemical 
pesticides and fertilizers that causes impotence of the 
soil, water hardness, genetic differentiation in plants, 
development of insect resistance, increase in toxic 
remains through food chain and animal feed that 
makes an escalation in health issues and many more 
(Srijita, 2015).  

 Due to the presence of pests that leads to 
damage of plant crops, the use of synthetic pesticides 
raises the call for secured foods as well as the 
ecological costs that it brings, which only shows the 
status of emerging studies in the field of biopesticides 
(Costa et al., 2019).  

 Residues that came from pesticide may cause 
a remarkable source of contamination of ecological 
factors such as air, soil, and water (Jayaraj et al., 
2016). They have been reported to contaminate our 
environment as their residues accumulate in air, soil, 
water, animal tissue samples, and humans around the 
world (Desai et al., 2017). More usage by pesticides for 
the increased agricultural manufacture that brought 
to rise pollution of environmental sections (Jayaraj et 

al., 2016). Regardless of their repressive effects on 
pests hazardous to plants and animals, pesticides can 
also be dangerous to human health and contaminate 
the environment (Mostafalou & Abdollahi, 2017; 
Albuquerque et al., 2018; Gomiero, 2018 cited by 
Costa et al., 2019). 

A key role acts during this contact is that the 
Plant Secondary Metabolites (PSM) that may also act 
as nurturing deterrents through controlling the food 
intake of herbivores (Dearing et al., 2005, cited by 
Costa et al., 2019), changing hunting actions (Roy & 
Bergeron, 1989, cited by Costa et al., 2019) or breeding 
(Tran & Hinds, 2012, cited by Costa et al., 2019).  
Essential oils are believed to be one in all the very 
pleasing botanical pesticides because they are 
nontoxic to mammals, similarly not harmless within 
the environment (Isman, 2000 cited by Costa et al., 
2019).  

In 1995, the study by Pimentel presented that 
just a small percentage (0.3%) of valuable pesticides 
were set to the target pest; however the 99.7% moved 
anywhere else in the environment (Jayaraj et al., 
2016).  According to Aneja et al. (2016),  further 
research is needed in the emerging or happening of 
organic pesticides with showing the possible control 
agents, formulation, delivery and commercialization.  
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 Due to pest infestation in crops and plants 
non-organic pesticides are invented and are widely 
used in the society and as an effect its residues leave 
traces in soils, air, and bodies of water that is adding 
to the pollution and more importantly causes harm to 
us. 

 On the other hand, plants are everywhere 
and most of all it has a lesser amount of danger to use. 
Based on the previous published researches terpenes 
properties are abundant in plants and have the 
possibility to be a component of biopesticide.  In line 
with this, the researchers aim to synthesize a 
prototype of biopesticide with the property mentioned 
above which is terpenes. 
 

 Multiple combination of a class of terpenes 
that consist of two isoprene units or called 
monoterpenes composing the oils. It linked an 
aromatic organic compound with a molecular formula 
of C6H5OH or called phenols and a sesquiterpenes 
(Nnamonu & Onekutu, 2015). 

 Essential oils (EO) biological activity and 
their components on pest insects comprise behavior 
and changes in feeding behavior, soap toxicity, and 
lethal toxicity via contact was reported by Castro et al. 
Their favorable mammalian toxicity and 
nonpersistance in the environment is the most 
attractive aspect of using Eos, that makes it exempted 
from registration in the United States of America 
(Vickers et al., 2009, cited by Boncan et al., 2020).  

 Volatile oils can be used for plants matrices 
using any kind of method categorized as conventional 
like using distillation with the use of water by heat as 
a way to bring out the total important material, and 
advanced which focus on the development in 
extraction competence by reducing extraction time, 
usage of energy, solvent, and CO2 emission (de Matos 
et al., 2019). 

 Modes of EO extraction are precise to their 
hydrophobic and volatile nature. Hydro distillation 
and steam distillation that is accommodated in usual 
ways are for the majority of herb parts, and cold 
expression for citrus rind (Pejin et al., 2011, cited by 

Maes et al., 2019). 

Figure 1: A visual introduction to some 
common terpenes and terpenoid and their structures 
(i.e., isoprene units). 

  
These theories are also applied in the study of 

terpenes properties as biopesticides as well as the 
possibility that is related to these theories. 

Hence, this study proposes that these theories 
can be true to explore the said topic through 
experimentation, and development of a prototype that 
will lead to answer the following questions. 
 

1.5.1. What is the effect of terpenes on the plant’s 
aphids after applying it for 7 days? 

1.5.2. Is there a significant difference between the 
result of treated and untreated? 

1.5.3. Is there a significant difference between the 
results in three cases (mild, moderate, and extreme)? 

1.5.4. What is the effect of terpenes on the leaves? 
 

 
This study will help: 
Farmers 

- this study can help them in minimizing the 
population of the pest. 

-give them knowledge about terpenes properties. 
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Businessman 
-this will give them an opportunity to develop 

biopesticide and improve what’s in the market. 
Experts 
-this will serve as a reference for them to innovate 

ideas  and the possibility of terpenes as biopesticide. 
 
Future Researchers 

-will give them additional ideas about the 
topic of biopesticide as well as the terpenes properties. 

The study through meta-synthesis and meta-
analysis wherein the researchers gathered review of 
related literatures and synthesizes it to explore their 
chosen topic which is terpenes properties as 
biopesticides and produce a prototype out of it focuses 
on raw materials, formulation and the properties of 
the developed biopesticides. 

The study limits only on terpenes properties 
and the formulation of biopesticides which 

means that the researchers will only collect 
information about raw materials connected to the 

topic. It also limits on the mentioned focuses 
above. 

 

2. METHODOLOGY 

This study aims to test the efficacy of the 
prototype made by the researchers which is the 
biopesticide that has extracts from lemon peel, neem 
leaves, garlic and cinnamon bark in controlling tomato 
plant’s aphids. 

Figure 4. Sample of the Prototype of Terpenes 
Properties as Biopesticide

 
 
 

The researcher used posttest only control 
design wherein the treated tomato leaves will be 
observed as well as the untreated to have a 
comparison between the two data after 
experimentation. 

 
The cases are classified as mild, moderate, 

and extreme wherein specific measurements are 
assigned: 

 
 
 
 
 
 
 
 
 
 
 

A prototype of pesticide is being tested on the leaves 
of tomatoes. The control group of leaves to be treated 
will be classified as a) mild case, b) moderate case, c) 
extreme case. 
 

Using the validated observation sheets, the 
researchers proceeded to the experimentation, in a 
span of seven days the tomato leaves’ color and aphids’ 
infection were  observed as well as the untreated with 
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continuous application of the prototype. After the data 
gathering, the collected data was analyzed through 
statistical tools. 

The data gathered were tallied in a tabular 
form using Microsoft Excel and it is analyzed using 
non-parametric (frequency, percentage and mean) and 
parametric (two sample t-test and one-way analysis of 
variance) statistics.     

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

3.  RESULTS AND DISCUSSION 

Based on the research questions the following data are 
presented: 
3.1. What is the effect of terpenes on the plant’s aphids 
after applying it for 7 days? 
3.2. Is there a significant difference between the result 
of treated and untreated? 
Presentation of Data 
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Table 3 shows the data computed using Microsoft 
Excel one way anova single factor and figure 7 shows 
the downfall of the growth of pest. 

  The result of data shows that there 
is a significant difference between the treated and 
untreated cases which are mild, moderate and 
severe. As the experimentation goes by the aphid’s 
growth infection in the treated cases are already 
gone while the untreated cases continue to increase 
the number of pests  on its leaves.  

  The researchers observed 
discoloration on leaves as it lightens all throughout 
the experimentation process, factors such as the 
condition of plants, changes in temperature, breaking 
down of chlorophyll and such should be considered. 
 

4.  CONCLUSIONS 
The study found out that the biopesticide 

prototype showed an enormous significant difference 
between the treated and untreated tomato leaves in 
every case. The outcome of the experiment revealed a 
huge decrease of the population of aphids as the day 
passed until it wiped out all the aphids in the treated 
leaves.  In the same effect, data showed that between 
the three cases number of aphids it showed that there 
is no significant difference. This is only indicated that 
the biopesticide prototype is effective in whatever 
cases (mild, moderate, and extreme).     
However, mild discoloration in leaves observed when 
the biopesticide prototype was applied. Out of all the 
results gathered the researchers concluded that the 
prototype terpenes properties as biopesticides has 
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potential to be a controlling agent for aphids in plants. 
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Abstract: Mushroom cultivation has long been of economic importance, specifically in Asian 
nations where most mushrooms are grown and sold. The globally popular Pleurotus ostreatus 
and a mushroom with similar composition profiles to it, Calocybe indica, are gaining 
recognition among farmers in urban areas due to their low-cost production and ability to grow 
on diversified substrates. Assessing the cultivation of both C. indica and P. ostreatus with 
selected substrates has been unexplored by researchers, most especially systematic reviews 
that focus on the cultivation of mushrooms in the Philippines. This paper sought to find the 
effectiveness of wheat straw, paddy straw, and sugarcane bagasse substrates in increasing 
specific growth parameters of C. indica and P. ostreatus. A systematic review with a narrative 
synthesis approach was performed to determine the effects of the chosen substrates on growth 
and yield parameters. The study utilized the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) as a basis for reporting the results and the Cochrane 
risk-of-bias tool to appraise the studies included in the review critically. Results show that 
wheat straw had increased the rate of spawn run and pinhead formation of both mushrooms, 
while paddy straw obtained high yield parameters. Though there was a lack of substantiation 
of a leading substrate among the three, paddy and wheat straw are substrates that might have 
the potential in increasing the mushroom’s yield and quality in the Philippines. 
   
 
Key Words: mushroom cultivation; Pleurotus ostreatus; Calocybe indica; 
lignocellulosic substrates; systematic review 
 

1. INTRODUCTION 

Mushrooms are a group of macro-fungi unable 
to perform the process of photosynthesis. Therefore, 
they feed on the nutrients of organic matter by 
releasing enzymes that decompose their organic 
material. These fruiting bodies belong to the kingdom 
Fungi under Phylum Basidiomycota and Ascomycota. 
However, most edible and commercially cultivated 
fungi belong to Basidiomycota under the order of 
Agaricales (Rahi & Malik, 2016). One species under 
Agaricales would be the Pleurotus ostreatus, 
otherwise known as Oyster mushrooms. They are low 
in maintenance, easy to cultivate, and can tolerate 
and thrive in a wide range of temperatures and 
climatic conditions (Sbhatu et al., 2019; Bellettini et 
al., 2019). According to the National Horticulture 
Board (n.d.), P. ostreatus thrives in an environment 
with a temperature of 20°C to 30°C and humidity of 
55% to 70%. They productively grow on various 
lignocellulosic wastes, making them simple to 
produce. One mushroom that is also capable of 
thriving over a selection of lignocellulosic wastes is 
Calocybe indica. This fungus is cultivated in South 

India and other South Asian countries and is most 
suitable for tropical regions. This mushroom's 
cultivation is low-cost and can be grown throughout a 
year (Samonte, 2014). C. indica has a high fruit yield 
of 100% to 800% (Spowart, 2017) and is also less 
perishable than other fungi whose shelf life is only a 
week at room temperature. Though C. indica 
possesses properties similar to the P. ostreatus, no 
research that focused on assessing both C. indica and 
P. ostreatus with selected substrates as their focused 
subject was found. 

Additionally, no systematic review focuses on 
the potent mushroom cultivation that concentrates on 
the Philippines. Thus, a systematic review is needed 
to analyze both mushrooms’ substrate efficacy. This 
study aims to critically assess all relevant 
investigations related to Agaricales production in 
answering research questions that address the 
effectiveness of various lignocellulosic substrates in 
increasing specific growth and yield parameters of C. 
indica and P. ostreatus. 

This review was confined to literature 
situated in Asia and had used wheat straw, paddy 
straw, and sugarcane bagasse as their substrates. 
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These agro-wastes are frequently used in a plethora of 
studies involving P. ostreatus and C. indica 
cultivation. While it was stated that this paper was 
limited to the three mentioned substrates, at least one 
of the three is required in a study due to the limited 
research conducted on the topic. Different growth and 
yield parameters were used to evaluate each 
substrate's influence, namely, spawn run, pinhead 
formation, total yield, and biological efficiency.  

Spawn run and pinhead formation were the 
first two steps for mycelial growth that primarily focus 
on its substrate colonization duration. On the other 
hand, the total yield and biological efficiency exhibited 
the substrates' effect on the fruiting bodies' overall 
growth.  

This study's findings will be beneficial to 
Filipino mushroom farmers, for a thorough analysis of 
the strategies and substrates in increasing mushroom 
production will be imparted to them. It offers an 
opportunity for milky mushrooms to be introduced to 
the Philippine mushroom industry. It also encourages 
rice and sugarcane farmers to invest in mushroom 
production since it is an environment-friendly 
alternative to managing their wastes. Additionally, 
future researchers may use these findings as evidence 
of the selected substrates' influence towards both 
mushrooms' growth parameters. 

  

2. METHODOLOGY 

A systematic review was conducted to provide 
evidence of the substrate efficacy in the cultivation 
parameters of both C. indica and P. ostreatus. Studies 
were gathered and critically assessed in different 
criteria and biases to ensure the quality of the review's 
findings. A narrative synthesis, accompanied by 
graphical data presentations, was used in analyzing 
the results from the eligible literature. 
 

Due to physical limitations, purely electronic 
databases accessible through the University Library 
were used for gathering literature to review. These 
databases include the following: SciFinder, 
ScienceDirect, and AnimoSearch. Keywords were 
formed from the research questions combined with 
truncation symbols. Table 1 includes the keywords 
used with the respective database. 

To secure the eligible articles' quality, the 
researchers screened the studies through the 
inclusion and exclusion criteria. A study was included 
for the following reasons: 
It included at least one of the three target substrates. 
It investigated the substrates' effects using the 
following parameters: spawn run, pinhead formation, 
total yield, and biological efficiency. 
It focused on the cultivation of the C. indica or P. 
ostreatus. 
It has an experimental research design with at least 
two replications of the experiment. 
Its methodology was conducted in vitro and within an 
Asian country. 

On the other hand, a study was excluded for 
the following reasons: 
It addressed another concept aside from cultivation. 
Its full-text cannot be accessed due to premium 
publication restrictions. 
It was written in a language aside from English. 
Its publication date exceeded seven years from the 
present time. 
It was not a peer-reviewed article. 
 

Researchers followed the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses 
(PRISMA) Flowchart for eligible articles' screening 
process. Titles and abstracts were first screened 
concerning the topic. Afterward, the inclusion and 
exclusion criteria were applied to the screened articles 
with their full text, followed by the critical assessment 
review. The remaining articles were considered 
eligible studies for the review. Data were then 
extracted, including the study design and 
characteristics, the substrate used, and the outcome 
parameters. 
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Risk of bias assessment was conducted 
following the Cochrane risk of bias tool to ensure 
validity and objectivity from the eligible articles. The 
following criteria were used in the assessment: (1) 
performance bias, (2) detection bias, (3) attrition bias, 
and (4) reporting bias. Assessments were rated as 
uncertain, high, or low. Results were presented in a 
table showing the included study and the degree of 
bias present based on the researchers' individual and 
group assessments. 

3.  RESULTS AND DISCUSSION 

This systematic review included ten studies. 
A flow chart of the identification and inclusion of 
studies is presented in Figure 1. 

The final ten journals chosen reached an 
overall judgment of Risk of Bias Assessment (RoB) of 
75-100% of low risk and less than 25% rating of “some 
concerns,” most information across the journals were 
sufficiently low-risk bias. Despite some incomplete 
information, it is unlikely that this would affect the 
synthesized results. 

Subbiah and Balan (2015) states that C. 
indica’s spawn run usually appears at 15 to 20 days 
while P. ostreatus’ 2 to 3 weeks (Buah et al., 2010). In 
Table 2, it was observed that the reviewed journals 
followed these values with slightly larger ranges (C. 
indica - 15.00 to 23.20 days, P. ostreatus - 13.81 to 29 
days). 

Two substrates are tied as a preferred 
substrate for C. indica: paddy and wheat straw. Patel 
and Trivedi (2016) and Shrikhandia and Sumbali 
(2019) had paddy straw as their best substrate, while 
for Singh et al. (2019) and Vijaykumar et al. (2013), it 
was wheat straw. Similarly, wheat straw was also a 
suitable performing substrate for P. ostreatus, 
followed by sugarcane bagasse. Spawn run was 
significantly higher than other substrates in two 
studies (Abid et al., 2020; Yang et al., 2013). 

 The first growth milestone to a fruiting body, 
pinhead formation, signifies a mushroom's health 
(Ibrahim et al., 2017). For C. indica, it takes 10 to 
28.67 days to form (Subbiah & Balan, 2015; Kumar et 
al., 2017). Similarly, P. ostreatus takes 16 to 27 days 
to develop pinheads (Buah et al., 2010). 
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In Table 4, Shrikhandia and Sumbali (2019) 
and Navathe et al. (2014) had the paddy straw develop 
the fastest pinheads. Contrariwise, Singh et al. (2019) 
and Vijaykumar et al. (2014) had wheat straw as the 
best substrate. Note that in Singh et al. (2019), paddy 
straw was not able to cultivate mushrooms.  
P. ostreatus’ best substrate for pinhead formation was 
identical to its spawn run: wheat straw. Occurring in 
two literature works (Yang et al., 2013; Abid et al., 
2020), it was the fastest pinhead formation across 
journals. Following these values was sugarcane 
bagasse for C. indica and paddy straw for P. ostreatus. 
It is evident among both mushrooms that wheat straw 
is the most efficient for pinhead formation. 

Despite the incomplete information, paddy 
straw was revealed to be a dominant substrate in 
terms of the average yield in the C. indica. Three out 
of five studies concluded this with wheat straw as the 
second-best substrate. Consequently, Vijaykumar et 
al. (2014) and Singh et al. (2019) had wheat as their 
preferred substrate with paddy straw following these 
values.  

Studies on P. ostreatus show that wheat 
straw has a more significant influence than paddy 
straw in the mushroom’s growth. This was supported 
by Abid et al. (2019) and Yang et al. (2013), with their 
total yield was highest on paddy straw. This was 
closely followed by paddy straw. Although sugarcane 
bagasse had a significantly high value in Sitaula et 
al.’s (2018) work, overall, it still had relatively lower 
values. 
 
 
 
 

Biological efficiency is the amount of yield per 
kilogram of substrate. Similar to the yield, paddy 
straw outperforms other substrates on the biological 
efficiency of C. indica. With a range of 77.6% to 
134.86%, paddy straw is the best substrate in three 
out of four journals, excluding the studies that did not 
assess it. Having more divided views, among P. 
ostreatus studies, paddy has the overall highest 
biological efficiency in Sitaula et al. (2018) and Yang 
et al. (2013). In contrast, wheat straw was favored in 
Singh et al. (2019), followed by paddy straw. It can be 
said that paddy and wheat straw have a slightly 
similar performance. 
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It is speculated that the composition of the 
substrates affected the growth and yield of the 
mushroom. Ahmed et al. (2009) and Elahe et al. (2016) 
reported that the right amount of hemicellulose, 
cellulose, lignin, and the carbon-nitrogen (C/N) ratio 
is accountable for quick spawn run. Hoa et al. (2015) 
also stated that an adequate amount of C/N ratio is 
desired for mycelium growth. However, a lower ratio 
is better for the creation of primordia that develop into 
fruiting bodies. Wheat straw has the lowest C/N ratio 
out of all the chosen substrates as seen in Table 10. 
Hence, the contents of wheat straw fulfill the 
nutritional demand of both mushrooms, which results 

in early primordial formation. 
Additionally, Amin et al. (2010) expressed that 
cellulose-rich substrates are also responsible for 
higher yield. With a relatively higher cellulose content 
than sugarcane bagasse, wheat and paddy straw 
initiated high yield performance in P. ostreatus and C. 
indica. Lastly, paddy straw has the second-highest 
C/N ratio and highest cellulose content. It 
outperformed the other two substrates in yield 
parameters but had equal performance in growth 
parameters to wheat straw. This could be due to the 
abundance of both the C/N ratio and cellulose content. 

 
4.  CONCLUSIONS 
 

The studies reviewed sufficiently provided 
detailed information that indicated wheat straw 
seemed to outdo the other substrates on spawn run 
and pinhead formation for both C. indica and P. 
ostreatus. Simultaneously, paddy straw excelled on 
total yield and biological efficiency for both 
mushrooms. To some extent, this suggests that both 
wheat straw and paddy straw as substrates may be 
acceptable for use in specific parameters by farmers 
and producers, depending on the targeted parameter 
that needs concentration. No evidence supported 
which substrate outdid all other substrates alone, 
considering both parameters and mushrooms. 
Instead, the results from studies situated in Asian 
countries similar to the Philippines’ climate suggested 
that the application of wheat straw and paddy straw 
substrates is worth investing in to attain more 
efficient production. Results provided limited 
coverage of the influences the substrates have from 
various set-ups and environmental effects. This 
emitted implications on the validity of mushroom 
cultivation evaluations. 
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