Organo-mineral composites from the shells of Crassostrea
iredalei (slipper cupped oyster), Perna viridis (green shell), and
Telescopium telescopium (horned snail) in the removal of
chromium (VI) from water
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Abstract
Cadmium (II) and lead (II) are commonly found in industrial wastewaters and have negative
effects to the body and the environment with prolonged exposure. Conventional methods to remove
these metals are costly and inefficient. An alternative method that is more economical is through
adsorption, specifically through the use of fruit and vegetable peels. The adsorption efficiencies of a
multi-adsorbent column setup composed of rice husk and mango peels, and single-adsorbent columns
individually composed of rice husk and mango peels were determined and compared in the removal
of cadmium and lead. The heavy metal solution with an initial concentration of 10 mg/L and 30 mg/L
for lead and cadmium, respectively, and a pH of 6.0, was tested on the adsorbent column with a bed
height of 15cm and a flow rate of ~10mL/min. It was determined that the combination setup had the
lowest adsorption efficiency out of all three setups. This was attributed to a reduction on the masses
of the adsorbents to control the bed height variable. The single adsorbent columns achieved a higher
adsorption efficiency with rice husk at 94.661% for lead and the mango peel column at 80.860% for
cadmium.

Keywords: bed height, column adsorption, heavy metals, multi-adsorbent setup, agricultural wastes
Introduction.
Heavy metals found in
industrial wastewater have been increasing over the
years due to industrialization [1]. Among the heavy
metals present, cadmium and lead are one of the
most common heavy metals in industrial wastewater
[2,3]. They are especially prevalent in the Iloilo
Batiano River wherein the amount of heavy metals
exceeded standard levels [4].
Conventional methods are costly and inefficient
in removing heavy metals [5]. Thus, fruit and
vegetable peels have been previously studied by
researchers as potential adsorbents. Among
household wastes, mango peels [2,6] and rice husks
[5] are known to be capable adsorbents and are very
cheap.
Two common methods in removing heavy
metals are the batch and column methods. The
column method is preferred since it tests the
industrial scale applicability of an adsorbent [7].
Most column biosorption experiments used one
type of adsorbent material. However, in some studies
like that of Navaratne et al. [8], multiple adsorbents
were utilized. Multiple adsorbents whether using the
batch [9] or column [8] methods have been observed
to increase the adsorption uptake of heavy metals
when compared to single adsorbent setups. Although
some adsorbents are efficient in removing a single
type of heavy metal, industrial wastewater rather
contains multi-metal species. Thus, evaluating a
multi-adsorbent column setup in a solution

containing multiple heavy metals is a more practical
simulation to real-world industrial wastewater.
Only a few from previous studies have evaluated
the capability of a column setup, composed of two
different adsorbents, in adsorbing multiple heavy
metals. Thus, the study utilized a multi-adsorbent
column setup without well-defined layers. It is
hypothesized that the column setup with multiple
adsorbents will have a higher adsorption efficiency
as compared to single adsorbent columns.
This study aimed to determine the adsorption
efficiency of a fixed-bed column composed of rice
husks and mango peels combined in equal
proportions and compare it to the adsorption
efficiency of a fixed-bed column with single
adsorbents composed of only rice husks and only
mango peels for the removal of cadmium (II) and
lead (II) in the same aqueous solution. It specifically
aimed to:
(i) determine the influent and effluent
concentrations (mg/L) of cadmium (II) and lead
(II); and
(ii) calculate and compare the percent adsorption
(%) of the fixed-bed column setup composed of
rice husks, mango peels, and a combination of
both in adsorbing cadmium (II) and lead (II).
Methods. The rice husks and mango peels were
washed, oven-dried, crushed, and weighed before
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they were packed inside the column. Three hundred
(300) mL of the heavy metal solution containing lead
and cadmium was passed through each of the
columns with an approximate flow rate of 10 mL/min.
A total of three replicates were conducted for each
column. The initial and final metal concentrations
were analyzed using the Agilent 4200 Microwave
Plasma-Atomic Emission Spectrometer (MP-AES)
and were used to calculate for the adsorption
efficiencies of the different setups. The data obtained
were analyzed using One-Way ANOVA with LSD
used as a post-hoc test.
Preparation of the adsorbents. One kilogram husks
of Oryza sativa from Iloilo Central Market was initially
washed with tap water and then with distilled water
thrice by batches. After washing, the rice husks were
oven-dried for eight hours at 70°C to remove any
moisture. It was then ground using a blender. Ten
kilograms of ripe mangoes, ranging from class four to
five on the ripeness chart [15], was obtained from
Iloilo Central Market. The mango peels were sliced
into small squares and were initially washed with tap
water by batch. It was then washed with distilled water
thrice and was oven-dried for 72 hours at 70°C [2].
After drying, it was placed inside a plastic container
and was crushed manually. Both the adsorbents were
sieved to particles larger than 2 mm. After sieving, the
adsorbents were stored in separate air-tight
containers.
Preparation of metal solution.
Solutions with a
concentration of 10 mg/L and 30 mg/L for lead and
cadmium respectively were prepared from the
following salts: 3CdSO4•8H2O (cadmium sulfate
octahydrate, Scharlau) and Pb(NO3)2 (lead nitrate,
Farco) [3]. Using an analytical balance, 60.44 mg of
3CdSO4•8H2O and 47.95 mg of Pb(NO3)2 were
weighed. The salts were then poured into three oneliter volumetric flasks. Deionized water was poured to
mark into each of the volumetric flasks. The flasks
were agitated until there were no visible solid salt
particles in the solution. A pH of 6.0 was obtained
using 0.1 M of hydrochloric acid. A strip of pH paper
with an accuracy of 1 pH was used to determine the
pH of the solution prior to adsorption. The three liter
heavy metal solution was transferred and stored in a
four-liter HDPE bottle.
Column Design.
Before the columns were
packed, they were washed with distilled water thrice
and were left to air-dry. Using a wooden rod, glass
wool was packed inside the column up to a height of
2 cm. After making sure that that layer was flat, the
adsorbent layer (rice husks for setup A; mango peels
for setup B; a 50:50 bed height combination of rice
husk and mango peels for setup C) was then poured
inside the column until a 15 cm layer was formed. The
sides of the column were tapped for even distribution
of the adsorbents. A final layer of glass wool with a
height of 1cm was placed on top of the setup. As a
primer, 100 mL of deionized water was passed
through the column.

Figure 1. The schematic diagram of the column setups
composed of A) rice husks only, B) mango peels only, and C)
combination of rice husks and mango peels.

Column Adsorption Experiment.
Three hundred
mL of the heavy metal solution containing cadmium
(II) and lead (II) was passed through the setup. Using a
burette as an alternative to a peristaltic pump, the first
batch of 50 mL of the 300 mL stock solution was
poured into the burette using a funnel. After some of
the 50 mL of the solution has finished passing
through, the next 50 mL was added into the burette.
The procedure was repeated six times. The effluent
solution was collected in a 500 mL beaker. The
procedure went on until the influent had been fully
poured. The effluent solution was transferred from
the beaker to an HDPE container for analysis.
Concentrated nitric acid was added dropwise to the
solution. The column adsorption experiments were
done for all setups with each setup having three
replicates.
Data Analysis.
The heavy metal concentrations
were analyzed using the Agilent 4200 MP-AES with a
maximum sensitivity of 1 mg/L, and the minimum
concentration it can detect is 0.001 mg/L and 0.003
mg/L for lead and cadmium, respectively at the
Department of Science and Technology - Region VI.
The standard method used was the direct aspiration
and digestion of the samples that was done prior to
analysis. The total percent adsorption was determined
using the initial and final concentrations in mg/L of
cadmium (II) and lead (II) ions present in the solution.
The percent adsorption was calculated using the
formula [8]:
𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑅𝑒𝑚𝑜𝑣𝑎𝑙 =

𝐶𝑖 − `𝐶𝑓
× 100
𝐶𝑖

Where Ci is the initial concentration and C f is the
concentration of the metal ion present in the effluents
collected from columns.
Statistical Analysis.
A test for homogeneity was
conducted for the adsorption capacities for the
replicates of each setup. One-way ANOVA for the
three means using the R Programming Language
version 3.5.3 (March 2019) was used to analyze the
adsorption efficiencies. A significance level of 0.05
was used. When a significant difference was observed,
the Least Significant Difference (LSD) was used as a
post-hoc test.
Safety Procedure.
The leftover influents,
effluents, and greywater collected from the washing
were stored separately in properly-labeled air-tight
polyethylene (PET) bottles and were handed over to
the PSHS-WVC Science Research Assistant for proper
storage and disposal. While the used adsorbents were
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tightly wrapped with paper and were stored inside
properly-labeled air-tight plastic bags. The liquid and
solid wastes were stored separately. Both waste
disposal methods were in accordance with the
protocol of the Department of Science and
Technology Region VI.
Results and Discussion.
Presented in Table 1
are the mean ± standard deviation of the influent and
effluent
concentrations.
The
mean
initial
concentration of cadmium was 29.630 mg/L with a
standard deviation of 0.668. The mean initial
concentration of lead was 9.370 mg/L with a standard
deviation of 0.014. Among the three setups, setup B
achieved the lowest final concentration at 5.672±2.028
mg/L for cadmium adsorption. It was followed by
setup A at 7.498±1.871 mg/L of cadmium and then,
setup C at 10.242±0.956 mg/L of cadmium. Among
the three setups, setup A achieved the lowest final
concentration for lead at 0.050±0.387 mg/L. It was
followed by setup B at 1.509±0.329 mg/L of lead and
then, setup C at 1.975±0.324 mg/L of lead.
Table 1. Mean ± standard deviation of the concentrations
(mg/L) of the influents and effluents for cadmium and lead.

Adsorbent

Cadmium
(mg/L)

Lead
(mg/L)

Initial

29.630 ± 0.668

9.370 ± 0.014

Rice Husk
(setup A)

7.498 ± 1.871

0.050 ± 0.387

Mango Peel
(setup B)

5.672 ± 2.028

1.509 ± 0.329

Combination
(setup C)

10.242 ± 0.956

1.974 ± 0.324

The comparison between the adsorption
efficiency for each setup is shown in Figure. 2. Among
the three setups, setup A achieved the highest percent
adsorption in removing lead at 94.66%. On the other
hand, setup B achieved the highest percent adsorption
for cadmium at 80.86%. For both heavy metals, setup
C achieved the lower percentages adsorption.
As denoted by an asterisk (*) in Figure 2, it was
determined that setup A has a significantly higher
percent adsorption for lead compared to both setup B
(0.012 ≤ 0.05) and setup C (0.002 ≤ 0.05). For
cadmium adsorption, setup B was found to have a
significantly higher percent adsorption compared to
setup A and setup C. Additionally, there was a
significant difference observed in the percent
adsorption for the other two setups. Generally, the
adsorption efficiencies of the single-adsorbent
column setups were much higher than the
combination setup.

Figure 2. The percent adsorption (%) and standard deviations
of each setup for cadmium and lead (* denotes that the p ≤
0.05, thus there is a significant difference between the
means of the setup).

The results of the study suggest that both rice
husks and mango peels vary in the efficiency of
removal of a specific heavy metal in a multi-metal
solution. It was also determined that the combination
of these two adsorbents in the combination column
setup reduced the adsorption efficiency.
The three columns were able to achieve
adsorption efficiencies ranging from 65.438% to
94.661%. However, it was observed that setup C
composed of both adsorbents having a 50:50 bed
height ratio had a lower adsorption efficiency for both
metals. The lower adsorption efficiency of a
combination column setup can be attributed to the
reduction of their adsorbent mass that specializes in
the adsorption of a specific heavy metal [5]. Having a
much lower adsorbent mass would result in less
binding sites for the metal ions; thus, the total
adsorption efficiency would also decrease. In
conjunction with the study by Navaratne et al. [8], the
multi-adsorbent setup did not have the highest
efficiency. Instead, the single adsorbent column
composed of brick clay had the highest adsorption
efficiency for both cadmium and lead. Similarly, in
this study, both the single adsorbent setups, the rice
husk and mango peel columns, had the highest
adsorption efficiencies compared to the combination
setup in removing lead and cadmium, respectively.
However, the results of this study are in contrast to the
findings of Binabaj et al. [9] which determined that
the multi-adsorbent batch setup had the highest
adsorption efficiency compared to single adsorbent
setups due to the diversity of the functional groups
existing on the surfaces. A 50:50 adsorbent ratio was
not guaranteed to produce the highest adsorption
efficiency as observed in the study of Binabaj et al. [9]
which conducted the batch method rather than the
column. Their multi-adsorbent setup, composed of
coal and zeolite, had the highest adsorption efficiency
at a coal to zeolite ratio of 75:25.
The rice husk setup achieved the highest
adsorption efficiency for lead at 94.661% with a
standard deviation of 4.192%. The efficiency of rice
husks in removing lead ions from water is mainly
attributed to the presence of functional groups such
as carboxyl, silanol, and hydroxyl wherein the
different electronegativity charges enable the metal
ion to attach itself unto the functional groups [5]. The
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initial concentration of 10mg/L also has an effect on
removal efficiency because having a lower
concentration results in lesser saturation onto the
available adsorption sites [5]. Similar to the results of
this study, both Prabha and Udayashankara [5] and
Sadon et al. [10] have identified rice husks as an
efficient adsorbent in the removal of lead without
being subjected to any form of chemical
modification. Furthermore, it is worth noting that
Sadon et al. [10] found multi-layered fixed-bed
column setups to be more favorable in the adsorption
of a multi-metal solution as compared to a singlelayered setup which was what was utilized in this
study.
The mango peel adsorbents achieved the highest
adsorption efficiency for cadmium at 80.860% with a
standard deviation of 6.845%. Mango peel adsorbents
have high adsorption efficiencies due to the presence
of hydroxyl and carboxyl functional groups which
have different electronegativity charges [6,11]. The
results of this study go in accordance with the result
of the study of Iqbal et al. [2] which determined a high
adsorption efficiency of mango peels for cadmium at
68.92 mg/g as well as for lead at 99.05 mg/g. Similar
to the case of rice husk adsorbents, the removal
efficiency of mango peel adsorbents can be affected
by the initial concentration of the solution. At low
metal concentrations, adsorption sites take up the
available heavy metal more quickly due to the fewer
metal ions competing for adsorption sites [11]. In this
study, the adsorbent's uptake for lead is greater than
cadmium since the initial concentration of the former
is greater than the latter.
As observed in previous column studies, the
adsorbent mass and column bed height could have
also affected the individual efficiencies of each
column. The adsorbent mass inside the column is
proportional to the bed height. A taller bed height
corresponds to a higher adsorbent mass and an
increased surface area, hence, it results in a higher
adsorption efficiency [5,11,12,13]. Thus, when the bed
height is increased, there are more binding sites for
the adsorbents which allows for an increased
adsorption of heavy metal ions. Since the bed height
was controlled, the combination column had lesser
adsorbent masses to maintain a 15-cm bed height. At
the same time, it is worth noting that increasing
adsorbent mass does not always result in a higher
adsorption efficiency. In a column setup with a higher
bed height, all of the adsorbents may not be fully
utilized [12,13]. This indicates that the adsorbent mass
is in excess. Essentially, the amount of metal ions on
the adsorbents and the amount of free ions remains
constant even with the increase of the adsorbent mass.
Determining the least possible amount of adsorbent
to achieve maximum adsorption efficiency is
significant in terms of economic viability [14].
Moreover, even though bed height is an important
factor in column studies, adsorbent mass should also
be looked into when implementing a multi-adsorbent
column because the number of binding sites are also
dependent on the adsorbent masses. It is important to
consider that adsorbent masses for a certain bed
height are different for each adsorbent due to the
differences in their bulk density.

Lastly, it has been noted that when implementing
a column setup, factors such as adsorbent mass, bed
height, initial metal concentration, particle size,
contact time, and pH level must be tested at different
values in order to determine at which parameter
values can the optimum adsorption efficiency be
achieved.
Limitations. The study determined the potential
use of multi-adsorbents in a column setup in
removing multiple heavy metals. Primarily, it was
focused on the comparison of the adsorption
efficiencies of the (a) rice husk column, (b) mango peel
column, (c) and the combination column composed
of rice husk and mango peels. A burette was used
instead of a peristaltic pump in controlling the
influent flow rate due to material unavailability. pH
paper was used to measure the pH because of the
unavailability of a pH meter. Due to lack of resources,
the study did not subject the column setups to positive
and negative controls as well as different initial
concentrations, adsorbent mass ratio, pH levels, flow
rate/contact time, particle sizes, and there was no use
of mathematical models and breakthrough curves.
Conclusion.
It was determined that the single
adsorbent column achieved the higher adsorption
efficiency with rice husk at 94.661% for lead and the
mango peel column at 80.860% for cadmium while
the combination setup had the lowest adsorption
efficiency which can be attributed to a reduction on
the masses of the adsorbents to control the bed height
variable. Since a reduction of adsorbent mass can
affect the adsorption capability, the adsorption
efficiency for the combination column was the lowest.
Even though the combination column had a much
lower efficiency, the use of multiple adsorbents in a
column is a better design because it was considered to
be capable of addressing multiple heavy metals;
however, some design factors still need to be
explored.
Recommendations.
It is recommended to
manipulate the ratio of the adsorbent mass in the
combination column and test the column at different
metal concentrations and pH levels to optimize
operating parameters. Moreover, implementing a
combination column with three or more adsorbents
at different ratios in adsorbing multiple heavy metals
may further expand the column design and including
mathematical models and breakthrough curves can
better explain the adsorption process.
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Aactual = Ɛ c L
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zoonotic Vibrio parahaemolyticus
HARVEY C. LOQUIAS, REIGEN R. PLACIDO, and HAROLD P. MEDIODIA
Philippine Science High School - Western Visayas Campus, Brgy. Bito-on, Jaro, Iloilo City 5000, Department of Science
and Technology, Philippines
Abstract
Copper-chitosan (Cu-Ch) complexes can be used as antibacterial agents against zoonotic
microorganism strains. This study assessed the antibacterial activity of Cu-Ch complexes synthesized
via a chemical method outlined by Usman et al. [7,8] against zoonotic Vibrio parahaemolyticus using
disk diﬀusion assay. The complexes were characterized using Ultraviolet-Visible (UV-VIS) and
Fourier Transform Infrared (FTIR) spectrophotometry. Characterization results indicate the
formation of Cu-Ch complexes during synthesis, but not nanoparticles. The synthesized Cu-Ch
complexes exhibited no antibacterial activity against Vibrio parahaemolyticus, suggesting that they are
ineﬀective antimicrobials against zoonotic microorganisms. Further studies can look into their
antibacterial activity against other types of microorganisms.
Keywords: chitosan, copper, nanocomplexes, Vibrio parahaemolyticus, zoonotic
Introduction.
Metal
nanoparticles
and
nanocomplexes have been synthesized from
cost-eﬃcient metals such as copper (Cu) and tested
for antimicrobial activity [1,2,3,4]. However, copper
rapidly oxidizes upon exposure to the atmosphere
which can result in the formation of oxides,
aggregation and decreased activity [5,6,7]. To
counter the problem of agglomeration and rapid
oxidation of copper, Usman et al. [8] synthesized
pure copper nanoparticles in the presence of a
chitosan stabilizer through a chemical process.
Chitosan (Ch), a modiﬁed carbohydrate polymer
derived from chitin, has been used with metal
nanoparticles as a chelating agent to retard oxidation
and increase antimicrobial activity [9]. The presence
of chitosan has been found to improve the
antimicrobial activity of copper nanoparticles due to
its stabilizing eﬀect on copper [4, 10,11]. There are
also no reports of bacteria resisting or developing
resistance against this biopolymer [12].
Copper-Chitosan (Cu-Ch) nanocomplexes have
possible applications for treatment of zoonotic and
resistant organisms and bioﬁlms. Tests by Usman et
al. [7] and Syame et al. [13] have shown that Cu-Ch
nanocomplexes can exhibit antibacterial activity on
resistant
gram-positive
bacteria
such
as
Methicillin-Resistant Staphylococcus aureus. Despite
reports of Cu-Ch nanocomplexes exhibiting greater
antimicrobial activity against gram-negative bacteria,
a number of zoonotic gram-negative strains as well
as other gram-positive strains have yet to be
subjected to antimicrobial tests with Cu-Ch
complexes.
Vibrio parahaemolyticus is a gram-negative target
bacterial species to monitor according to the
Philippine Antimicrobial Resistance Surveillance
Plan for the Animal Health Sector (2018-2020). It has
been found to cause gastroenteritis and septicemia
on humans both directly and indirectly exposed to V.
parahaemolyticus infected animals such as oysters [14]
and shrimps [15]. It has also caused diseases in
aquaculture organisms such as shrimp [16,17] and
abalone [18].
How to cite this article:

Although there are a number of studies
investigating
the
antimicrobial
activity
of
copper-chitosan nanocomplexes [4,7,8,10] and a
number of susceptibility studies conducted on V.
parahaemolyticus [19,20,21,22], as far as can be
ascertained, no research has yet been performed to
test the antibacterial activity of copper-chitosan
complexes against V. parahaemolyticus.
To address this, the study aimed to assess the
antibacterial
activity of researcher-synthesized
copper-chitosan complexes against zoonotic Vibrio
parahaemolyticus via disk diﬀusion assay and
characterize them in terms of Ultraviolet-Visible
Spectra
(surface
plasmon
resonance
peaks),
absorbance spectra, and morphology for the
complexes exhibiting the highest antimicrobial
activity. It speciﬁcally aimed to:
(i) measure the zone of inhibition of
researcher-synthesized Cu-Ch complexes against
zoonotic Vibrio parahaemolyticus using disk
diﬀusion assay;
(ii) characterize researcher-synthesized Cu-Ch
complexes in terms of:
(a) surface plasmon resonance peaks;
(b) FTIR / Transmittance spectra; and
(c) morphology (size, shape, agglomeration)
for the Cu-Ch complex treatment
exhibiting
the
highest
antibacterial
activity; and
(iii) determine the viability of researchersynthesized Cu-Ch complexes as nanoparticles
in comparison with
(a) surface plasmon resonance peaks in the
range 500-600 nm as outlined by Mallick
et al. [23] and Usman et al. [7];
(b) blue shi s and decreased intensity peaks
in FTIR Spectra as outlined by Usman et
al. [7,8]; and
(c) diameter size in the range of 50-270nm
for the 0.1% Cu-Ch NPs, in the range of
5-50nm for the 0.2% Cu-Ch NPs, and in
the range of ~2-50nm for the 0.5% Cu-Ch

CSE: Loquias HC, Placido RR, Mediodia HP. 2020. Antibacterial activity of copper-chitosan complexes against zoonotic Vibrio
parahaemolyticus. Publiscience. 3(1):27-31.
APA: Loquias, H.C., Placido, R.R., & Mediodia, H.P. (2020). Antibacterial activity of copper-chitosan complexes against zoonotic
Vibrio parahaemolyticus. Publiscience, 3(1):27-31.
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NPs; predominantly spherical in shape;
and polydispersed in agglomeration, as
outlined by Usman et al. [7,8] for the
Cu-Ch complex treatment exhibiting the
highest antibacterial activity.
Methods.
Copper-chitosan complexes were
synthesized via a chemical method outlined by
Usman et al. [7,8] and subjected to both antimicrobial
tests using the standard disk diﬀusion method as
outlined by the Clinical and Laboratory Standards
Institute
(CLSI,
Performance
Standards
for
Antimicrobial Disk Susceptibility Tests; Approved
Standard 11th Edition, 2012) and characterization
using UV-VIS and FTIR Spectrophotometry.
Materials.
Laboratory grade copper (II) sulfate
(CuSO4), acetic acid, ascorbic acid, barium chloride
(BaCl2), sulfuric acid (H2SO4), and sodium hydroxide
(NaOH) were provided by the Science Research
Assistant in Philippine Science High School-Western
Visayas Campus (PSHS-WVC). Analytical grade
hydrazine (N2H4) was purchased from Sigma-Aldrich
Pte Ltd. Laboratory grade chitosan was purchased
from
KAN Phytochemicals Pvt. Ltd. Vibrio
parahaemolyticus was sourced from the Philippine
National Collection of Microorganisms (PNCM) at
the University of the Philippines - Los Baños College,
Los Baños, Laguna.
Chemical Synthesis. Ten (10) mL of CuSO4 ⋅ 5H2O
(0.05 M) was added to 40 mL of acetic acid solution
(0.1 M) containing chitosan (0.1, 0.2, and 0.5 wt%).
A er constant stirring and reﬂuxing at around
100°C-140°C for 20 minutes, 0.5 mL of ascorbic acid
(0.05 M) was added, and the solution was stirred for
20 minutes at room temperature. Two (2) mL of
NaOH (0.6 M) was then added, obtaining a darker
blue-green solution a er stirring for another 20
minutes. Then 0.5 mL of N2H4 (0.05M) was added
and the solution was stirred for ﬁve (5) minutes. The
pH was kept at an average of 8.0 throughout the
process. The solution was centrifuged at 10,000 G for
10 minutes and washed with acetone (90%, v/v). The
precipitate was vacuum dried at 50°C for 18 hours.
Antibacterial Assay.
Mueller-Hinton (MH) Agar
was utilized as culture media. The copper-chitosan
complexes (0.1, 0.2, 0.5 wt% chitosan content) were
suspended in distilled water and loaded onto blank
sterilized Whatman No. 1 ﬁlter paper disks.
Ciproﬂoxacin-loaded antibacterial discs (5 ug) and
distilled water loaded onto blank sterilized Whatman
No. 1 ﬁlter paper disks served as the positive and
negative controls, respectively. Chitosan was also
loaded onto blank sterilized Whatman No. 1 ﬁlter
paper disks, totaling 6 treatments. The experiment
was carried out in triplicate and the diameters of the
zones of inhibition (in mm) were measured a er
incubating for 16-18 hours at 35±2°C in ambient air.
Characterization.
The
synthesized
Cu-Ch
complexes
were
characterized
in terms of
Ultraviolet-Visible
Spectra
(surface
plasmon
resonance) and Absorbance Spectra using a UV-1800
Shimadzu UV Spectrophotometer
(UltravioletVisible Spectrophotometry) and an IRAﬃnity-1S
Shimadzu Fourier Transform Infrared (FTIR)
Spectrophotometer.

Data
analysis.
The
susceptibility
of
V.
parahaemolyticus to the complexes was determined
based on the CLSI test interpretation document
M45-Methods for Antimicrobial Dilution and Disk
Susceptibility Testing of Infrequently Isolated or
Fastidious Bacteria. Results of the characterization of
the synthesized complexes were analyzed by
comparison
to previously published articles,
speciﬁcally on the UV-Vis and FTIR results of Mallick
et al. [23], Zhou et al. [24], Huang et al. [25], Shameli
at al. [26], Usman et al. [7], and Sportelli et al. [27].
Safety
procedure.
The
handling
of
V.
parahaemolyticus was performed under a biosafety
cabinet in the Department of Science and
Technology VI (DOST VI) Microbiology laboratory.
Organic and inorganic chemical waste were disposed
separately in designated containers found in
PSHS-WVC. Biohazard waste from the antibacterial
testing phase was properly disposed with the aid of
laboratory personnel from DOST VI, following their
protocol for disposal.
Results and Discussion.
The complexes (0.1
wt%, 0.2 wt%, 0.5 wt%) and the pure chitosan solution
(50% w/v) did not exhibit bacterial inhibition. As
shown in Table 1, the negative and positive controls
resulted in 6mm and 30mm diameter zones of
inhibition, respectively. Non-uniform radii of
inhibition around the 0.2% discs (2.45mm, 3.10mm,
and 1.35mm) were observed but were not interpreted
as zones of inhibition as stated in the CLSI M45
guide document. V. parahaemolyticus is resistant to the
Cu-Ch complexes and pure chitosan, and susceptible
to ciproﬂoxacin (5ug). Spectrophotometric analysis
of the researcher-synthesized Cu-Ch complexes
suggests formation of Cu-Ch complexes and
non-formation of Cu-Ch nanoparticles. The Cu-Ch
complexes were not subjected to morphological
characterization as they did not exhibit antibacterial
activity against the test organism.
Table 1. Summary of the antibacterial and characterization
results of the study.

Treatment

Antibacterial
activity (Zone
of inhibition
in mm)

Copper
Complex
formation

NP
formation

Ciproﬂoxacin
(+)

Susceptible
(30 mm)

-

-

Distilled
Water (-)

Resistant
(6 mm)

-

-

Pure Ch

Resistant
(6 mm)

-

-

0.1 wt% Ch
content

Resistant (6
mm)

Y

N

0.2 wt% Ch
content

Resistant
(6 mm)

Y

N

0.5 wt% Ch
content

Resistant
(6 mm)

Y

N

Legend: Y = formation; N = non-formation

The synthesized Cu-Ch complexes are not
identiﬁed to be nanoparticles due to the lack of a
surface plasmon resonance (SPR) peak in the
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500-600 nm range of the UV-Vis absorbance spectra
of the complexes (Figure 1), as well as a lack of
decreased intensity peaks and a signiﬁcant peak in
the 600-700 cm-1 range of the FTIR spectra (Figure
2) [7,26,27]. Cu-Ch nanoparticles are known to show
absorbance in the range of 500–600 nm of their
UV-Vis spectra [7]. Copper-polymer nanoparticles by
Mallick et al. [23] also showed UV-VIS absorbance
peaks at the 500-600 nm range.

the uptake of metal cations [31]. Incomplete capping
or instability of the synthesized complexes can be
attributed to the pH 8.0 level maintained in the
synthesis process modeled a er the chemical
procedure of Usman et al. [7,8].

Figure 3. Molecular structure of Cu-Ch complexes (le ) and
Cu-Ch nanocomplexes (right) a er chemical reduction
presented by Usman et al. [7].

Figure 1. UV-VIS Absorbance spectra of copper-chitosan
complexes (0.5 wt%, 0.2 wt%, 0.1 wt% chitosan content).

Decreasing intensity peaks and peaks in the
600-700 cm-1 range are also characteristic in the
FTIR spectra of Cu-Ch nanoparticles [32]. The
presence of peaks at 3310 cm-1 , 3317 cm-1, and 3315
cm-1 indicate N-H and O-H bonds, both of which are
present due to the characteristic structure of chitosan
[28]. Stretches observed at 2360 cm-1 indicate the
presence of C-N and C-C triple bonds which were
found to be present in the complexes [7,24]. The
2000-1450 cm-1 region contains peaks corresponding
to double bond stretching vibrations. The presence
of blueshi s indicates that ligand groups of chitosan
are combined with the surface of Cu NPs [28].
Furthermore, no color change was observed a er the
addition of the reducing agent (N2H4), indicating that
no nanocomplexes were formed [7,8]. Li et al. [28]
states this is possibly due to the concentration of the
reducing agent that was unable to reduce the
synthesized complexes into nanoparticles.

Figure 2. Processed fourier transform infrared spectra of Ch
and Cu-Ch complexes (0.5 wt%, 0.2 wt%, 0.1 wt% Ch content).

Factors such as pH, metal concentration, and
metal/ligand ratio inﬂuence the complexation of
metal species and polymers [29]. While chitosan has
been observed to exhibit good metal ion uptake, in
crosslinked and uncrosslinked forms [30], it is also
known to form a complex with copper in conditions
below pH 6.1 due to its poor solubility in alkaline
media [10]. However, complexation in acidic
conditions results in chitosan protonation which
signiﬁcantly reduces the aﬃnity of the sorbent for

Pure chitosan and the Cu-Ch complexes
exhibited no antibacterial activity against V.
parahaemolyticus that was susceptible to ciproﬂoxacin
(5ug), which exhibited activity resulting in an
inhibition zone of 30 mm. This coincides with
previous literature stating pure chitosan does not
have antimicrobial activity in alkaline media due to
its poor solubility above pH 6.5 [7]. The inhibitory
activity of pure chitosan can be linked to changing
the bacterial cell membrane permeability, and
poorly soluble chitosan is unable to penetrate outer
bacterial membranes as a macromolecule [29,32].
The lack of activity of the synthesized Cu-Ch
complexes is in contrast with the synthesized
nanocomplexes of Usman et al. [7] which exhibited
antibacterial activity. Huang et al. [32] showed that
despite a synergistic eﬀect on the antibacterial
activity of copper and chitosan, Cu-Ch complexes
exhibit less antibacterial activity compared to Cu-Ch
nanoparticles. Mekhalia and Bouzid [29] posits that
chitosan, as a macromolecule, is unable to pass the
outer membrane of bacteria which functions as a
permeability barrier against macromolecules. Unlike
their macromolecule counterparts, smaller chitosan
molecules such as nanocomplexes can diﬀuse into
the bacterial cells through pervasion and disrupt
normal physiological activity, resulting in cell death.
The coordination bonding between the functional
groups of the chitosan molecules and copper ions
may weaken a bond near the coordinating site and
cause some weak points on the chitosan chain,
resulting in smaller chitosan molecules [10]. This
coincides with how the antibacterial activity of
previously
synthesized Cu-Ch nanocomplexes
[7,8,27] has been attributed to morphology,
speciﬁcally decreased size and increased surface area.
The UV-VIS and FTIR spectra of the synthesized
complexes in this study both indicate non-formation
of nanoparticles. Improvement of coordination
bonding between the chitosan polymer and the
copper ions, and thus decreasing complex sizes, may
be achieved with higher concentrations of the
reducing agent [28].
On the resistance exhibited by the test organism,
a previous study by Gordon et al. [33] showed that V.
parahaemolyticus can recover from stress induced by
copper. The same study also found proteins in
copper-induced V. parahaemolyticus cultures similar to
extracellular copper-binding proteins found in Vibrio
alginolyticus, which may be one of the defense
mechanisms of V. parahaemolyticus against copper.
This coincides with the results of the study of Chari
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et al. [34] where copper nanoparticles tested against
V. parahaemolyticus exhibited no antibacterial activity
against the test organism.
Limitations.
The results only reﬂected the
activity of Cu-Ch as complexes and not as
nanoparticles. Furthermore, results only reﬂected
the
activity
of
the
complexes
against
V.
parahaemolyticus. Only the Kirby-bauer method was
used to test for antibacterial activity, which
investigated activity at one concentration.
Conclusion.
Results indicated that Cu-Ch
complexes, in contrast to Cu-Ch nanoparticles
synthesized by Usman et al. [8,7] exhibit no
antibacterial
activity
against
zoonotic
Vibrio
parahaemolyticus.
Recommendations.
Due to the observed
non-activity
of
the
complexes
against
V.
parahaemolyticus, further tests may consider other
compounds exhibiting diﬀerent modes of action
compared to Cu-Ch complexes. Antibacterial activity
of
the
complexes
against
other
types of
microorganisms may be investigated, especially
against
Gram-positive
bacteria.
An
assay
investigating the minimum inhibitory concentration
(MIC) of the complexes may be utilized to investigate
the activity of the complexes at other concentrations
and in direct contact with the test organism.
Morphological testing of Cu-Ch complexes and
further tests comparing the antibacterial activity of
Cu-Ch
coordination
complexes
and
Cu-Ch
nanoparticles are also recommended for further
studies. Further studies are suggested to employ
measures to monitor the temperature of the reﬂux
setup at 120 °C during the synthesis process.
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Abstract
The routine use of safranin, a synthetic dye, in Gram staining raises a number of environmental
and safety concerns. This study evaluates the utility of the methanolic extract of Bixa orellana (Annatto)
seeds as replacement for safranin as counterstain in Gram staining. Pure and mixed bacterial smears of
Escherichia coli and Staphylococcus aureus were stained with Annatto and safranin. The staining showed
that the Bixa orellana extract did not stain the bacteria in any of the slides. Results show that the pH of
the extract was found to be acidic at 5.92 in comparison to safranin, which was basic at 7.44. The inability
of the extract to stain the bacteria may be attributed to its acidic pH which makes it unable to bind to
the acidic cell wall of the bacteria.

Keywords: annatto, bixin, safranin, Gram staining, methanol
Introduction.
At present, due to increasing
environmental consciousness among commercial
dyers and small textile exporters, interest has shifted
towards the utilization of naturally-sourced colour
pigments in food materials, pharmaceuticals and
textiles, as an alternative to their synthetic
counterparts [1]. Although synthetic dyes are
produced from cheap sources and show superior
fastness properties, their usage cause pollution and
can be harmful to humans [2]. Natural dyes, in
contrast, are less hazardous and eco-friendly [3].
Dyes are used in Gram staining, which is a
process which uses basic stains to impart color to
bacteria [4]. It uses a primary stain and a counterstain
to differentiate gram-positive and gram-negative
bacteria. However, commonly used stains such as
safranin and crystal violet are synthetically made.
Gram staining is primarily used in histopathology for
primary
identification of bacteria, as
such
information is useful in deciding the appropriate
treatment for patients [5].
Unlike most organic compounds, dyes possess
color because they absorb light in the visible spectrum
(400–700 nm), have at least one chromophore or
colour-bearing group, have a conjugated system, i.e. a
system of connected p orbitals with delocalized
electrons in a molecule, and exhibit resonance of
electrons, which is a stabilizing force in organic
compounds [6]. Stains are examples of a dye which
has the ability to impart colour to tissues. However,
the pH of a stain affects its ability to adhere to a
specific tissue thus, basic structures have better
affinity towards acidic stains while acidic structires
have better affinity towards basic stains due to their
nature.
B. orellana (Annatto), a dye yielding plant, is known
for its lack of toxicity and its high tinctorial value [7].
Annatto dyes are widely used in the food,
pharmacological and cosmetic industries due to the
intensity of their colours, their greater stability and
the wide variety of tones [8]. According to a study by

Lauro [9], bixin, the liposoluble component of
Annatto, amounts to about 80% of the plant’s
carotenoids.
Bixin, the main colorant found in the seeds of
Bixa orellana, is an example of a dye with the capacity
to absorb light. Studies have shown that bixin is
soluble in organic solvents with medium polarity [10].
The studies conducted by Attokaran [11], Rahmalia et
al. [12], and Scotter [13] have explained that bixin is
soluble to most polar organic solvents. A study
conducted by Braide et al. [14] using methanolic crude
extract of Bixa orellana with NaOH and glacial acetic
acid was unable to stain bacteria. Methanol is a
suitable reconstituting agent and solvent for
extraction because a study conducted by Husa et al.
[15] found that methanol results in the highest bixin
yield in comparison with water, hexane, and acetone
due to its ability to dissolve the cell membrane in
comparison to the other aforementioned solvents.
The aforementioned hazards that synthetic dyes
possess [2] provides an avenue for exploring
alternatives. While there has been research on using
plant-based dyes as alternatives to commercial
bacterial stains [14], the utility of bixin from Bixa
orellana as a replacement for safranin has not been
explored.
The present study proposed to investigate Bixa
orellana, for its potential in being a substitute for
safranin in Gram staining. It specifically aimed to:
(i) compare the UV-Spectra of the Bixa orellana
extract at 50ppm to Bixin;
(ii) compare the pH of the stock solutions of both
Bixa orellana and safranin; and
(iii) compare the staining capabilities (visibility
and color intensity) of both Annatto and safranin.
If the Bixa orellana extract is proven to be a dye
comparable to safranin in terms of effectiveness as a
bacterial stain, it would be beneficial to the
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environment, as the use of plant dyes as an alternative
can lead to more environmentally-friendly practices.

with Bixa orellana extract as counterstain instead of
safranin.

Methods. The study was conducted to evaluate
the potential of the Bixa orellana methanolic extracts
as a substitute to safranin. Bixin, one of the primary
dye components of Bixa orellana extracts, was
extracted utilizing methanol (CH 3OH) as the solvent.
For the preparation of Bixa orellana, the seeds were
collected then ground. The seeds were then
macerated in methanol and stirred using a magnetic
stirrer. The extracts were then placed in a rotary
evaporator to remove the methanol solvent and to
acquire crude extract. Gram staining was then
performed using S.aureus and E. coli as test organisms.
The stains were viewed using a Digital Microscope
and evaluated their staining capability in comparison
to safranin.

Safety procedure.
The use of personal protective
equipment such as laboratory gowns, safety goggles,
gloves and masks in the laboratory was observed at all
times. The solvents and bacteria were stored in sealed
containers with proper labels for clear identification.
The materials used to handle S. aureus and E. coli were
sterilized in an autoclave prior to use. The handling of
bacteria was performed in a biosafety level 2
laboratory. The bacteria cell cultures were properly
labeled and stored in an incubator.

Preparation of Materials.
The Bixa orellana seeds
were separated by hand then washed with distilled
water and sterilized in a hot air oven at 60°C for 24
hours. The seeds were then crushed using a blender.
Extraction.
One hundred grams (100g) of the
pulverized seeds were added to 1 L of methanol
(CH3OH) and stirred for 12 hours using a magnetic
stirrer and stored without sunlight at room
temperature for another 12 hours. The extract was
then filtered using Whatman Filter Paper No. 1 and
was placed in an IKA RV10 Rotary Evaporator at 40 °C
until the methanol had leaving solid crude extract
remained. The extract was then stored in a
refrigerator prior to staining.
Test for pH.
Crude extract of mass 0.25g was
dissolved in 10 mL of methanol (CH 3OH). Its pH was
then measured using a pH meter.
UV-Vis Spectroscopy. Crude extract of mass 0.25g
was dissolved in 10 mL of methanol (CH 3OH). The
absorbance of the reconstituted solutions was then
measured with a UV-Vis spectrophotometer at 300650 nm and compared to the expected absorption
maxima from the study of Silva et al. [16].
Reconstitution of extract.
Crude extract of mass
2.5g was dissolved in 50ml of methanol to form the
solution.
Staining.
A drop of normal saline solution was
placed on the slide. Using an inoculating needle, the
cultured bacteria was smeared on the slide and
allowed to dry. The slide was then passed quickly over
the flame of an alcohol lamp three times. The slide
with the heat fixed smear was then flooded with
crystal violet for one minute and was then rinsed with
distilled water. The smear was gently flooded with
Gram’s iodine for one minute and was then rinsed
with distilled water. The smear was then decolorized
using a 50 v/v% mixture of acetone and alcohol. The
slide was then flooded with safranin as counterstain
and left to stand for one minute. The slide was then
rinsed with distilled water [17]. The process was
repeated using the methanol-reconstituted Bixa
orellana extract as a counterstain. For safranin, 30
slides consisting of 10 slides of mixed E. coli and S.
aureus bacteria, 10 slides of S. aureus, and 10 slides of E.
coli were stained. Another 30 of slides were stained

Results and Discussion.
The study aimed to
investigate the use of Bixa orellana methanolic extract
as a substitute for safranin in Gram Staining.
Specifically, it aims to compare the pH of the stock
solutions of both Bixa orellana and safranin, compare
the UV-Spectra of the bixin extracts, and compare the
staining capabilities of both Bixa orellana and safranin.
60 slides were stained and evaluated. The two stains:
Bixa orellana extract and Safranin were used to stain
the bacteria. The slides were evaluated and compared.
Measurement of pH.
The pH of the Methanol
extract was found to be acidic at 5.92 while the
safranin solution was found to be basic at pH 7.44. The
ability to stain certain structures is determined by the
pH values of the stain. Safranin is an example of a
basic dye, which easily release OH - ions and readily
accept H+ ions, this leaves the stain positively charged
and ready to adhere to negatively charged molecules
like the polyphosphated nucleic acids and proteins
found in the cell wall of bacteria [18]. The results
suggest that the Bixa orellana extract was not able to
stain the bacteria because of its acidic pH, which is in
agreement with Prescott et al. [17], which posits that
the pH of the dye may alter staining effectiveness
since the nature and degree of the charge on cell
component changes with pH. It then follows that
acidic structures are stained by basic dyes while basic
structures are stained by acidic dyes [19]. This is also
in agreement with a study conducted by Chukwu et al.
[20], wherein modified Henna extracts with acidic pH
were unable to stain the bacterial cells while Henna
extracts oxidized with potassium permanganate had a
better counter staining reaction due to its neutral pH
as stated in the study.
UV-Vis Spectroscopy.
In Fig. 1, the UV–Vis
absorbance spectrum is shown for the extract
reconstituted with methanol. The absorption peaked
at 425.64nm, which is in good agreement with the
expected absorption maxima for bixin which are at
429 nm, 457 nm, and 487 nm [14]. This indicates that
bixin was extracted. The presence of bixin indicates
that the methanolic extract has the potential to stain
bacterial cells because unlike most organic
compounds, bixin, is an example of a dye because it
has a chromophore, which is characterized by a
conjugated system and extended delocalized system
[21]. Bixin also contains an auxochrome, which are
groups that increase the color absorption of a
chemical, represented by the hydroxyl group [21].
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Figure 1. The graph of the UV-Vis Spectra for the methanolic
Bixa orellana extract.

Staining.
The evaluation of mixed bacterial
smears as shown in Table 1 showed that S.aureus
counterstained with Annatto stain had no traces of
color other than the violet from the crystal violet
stain. This conforms with the expected coloration for

the Gram Staining of S.aureus. Gram-positive bacteria
are expected to retain the color of the primary stain
with no traces of the counterstain because it has a
thicker peptidoglycan layer which shrinks and traps
the
primary
stain-mordant
complex
during
decolorization [20]. Gram-positives possess cell
membranes with low permeability to iodine in
alcoholic solution. This, combined with the low
alcohol solubility of the dye-iodine compound, can be
the cause of the retention of the primary stain [4].
Gram-negative bacteria is expected to be colorized by
the counterstain as its thinner peptidoglycan layer is
unable to retain the primary stain-mordant complex
during decolorization while the counterstain binds
itself to the bacteria [4]; however, the E.coli in the
mixed bacterial smears counterstained with the acidic
Annatto stain appeared to be decolorized showing no
color compared to the sample counterstained with
safranin which was stained red due to its inability to
bind to the bacterial cell wall.

Table 1. S.aureus and E.coli samples stained using safranin and the methanolic Bixa orellana extract.

S. aureus

E.coli

Mixed

Safranin

Bixa
orellana
extract

Limitations.
The study is limited to the
assessment of the staining capability of Bixa orellana
extract with the bacteria E. coli and S. aureus, and its
comparison to safranin utilizing pH, UV-Vis color
spectra, and staining capability as parameters for the
comparison. No other test organisms were used in this
study. Only the methanolic extract was used to stain
the test organisms. For staining, only one licensed
medical technologist evaluated the slides. The actual
size of the bacteria was not measured.
Conclusion.
The methanolic extract of Bixa
orellana (Annatto) was investigated for its use as an
eco-friendly alternative to safranin in Gram staining.

The Annatto extract failed to stain the E. coli samples,
which remained colourless after staining. The acidic
pH of the Annatto stain had no staining affinity with
the acidic structure of the bacterial cell wall.
Conversely, safranin, a basic stain, had better staining
affinity towards the acidic structures of E.coli. The
Bixa orellana extracts therefore cannot replace
safranin as a counterstain for Gram staining.
However, due to its capacity to absorb light as a dye,
it has the potential to be used as a stain. This can be
explored by future studies given that it is adjusted to
have the optimal parameters of a bacterial stain.
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Recommendations.
The replication of this
study with more focus on the pH of the stain is
recommended, so that the relationship between the
pH and the staining capability of the extract can be
better observed. The pH of the Annatto stain was not
adjusted as the study focuses on baseline parameters.
This may have been a factor to the results of the
staining. It is therefore possible that the adjustment of
the pH, through addition of treatments, may yield
positive results. For future research, we recommend
the use of other plant extracts for Gram staining.
More concentrations may be used in order to further
test their capabilities as an alternative stain.
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Abstract
This study evaluated the larvicidal activity of Citrofortunella microcarpa (calamansi) peel essential
oil (EO) against third and early fourth instar Aedes aegypti. Larvicidal assay was performed against the
test organisms to determine the efficacy of the essential oil at 8 ppm, 9 ppm, 10 ppm, and 11 ppm
concentrations. Data on the larval mortality after 24 hours of exposure were analyzed using Probit
Analysis. Results from the bioassay revealed that calamansi peel EO in 95% ethanol possessed great

larvicidal potential with an estimated LC₅₀ of 8.89 ppm and LC₉₀ of 10.57 ppm. This implies that
calamansi peel EO is effective at low concentrations against third and early fourth instar Ae. aegypti
mosquito larvae and may be used as a potentially safer and alternative biolarvicide posing minimal
harmful effects to non-target organisms.

Keywords: bioassay, biolarvicide, Citrofortunella microcarpa, essential oil, limonene
Introduction.
Mosquitoes transmit many
diseases, including but not limited to yellow fever,
malaria, several forms of encephalitis, filariasis, and
chikungunya. One of the most notable diseases
transmitted by mosquitoes worldwide, particularly
Aedes species, is dengue hemorrhagic fever. It is a
viral disease that causes mild to severe fever, which
can be potentially life-threatening [1]. In the
Philippines, reported cases of dengue from January
to August 2019 have reached 271, 480 cases
nationwide, 213% higher compared to the same
reporting period in 2018 according to a report from
the Department of Health (DOH) [2]. Particularly in
Region VI, there have been 45, 345 reported dengue
cases from January to August 2019, which is 475%
higher compared to the previous year.
Controlling mosquitoes, particularly Aedes sp.
which are vectors of pathogenic diseases that harm
humans, has been the predominant subject of several
new studies. The life cycle of a mosquito involves
four stages: egg, larva, pupa, and adult. The larval
stage of a mosquito is subdivided into four substages:
first instar, second instar, third instar, and fourth
instar. Mosquito control involves targeting the adult
mosquito through spraying chemical insecticides or
by killing mosquito larvae before entering the adult
stage, where they are the most vulnerable, through
synthetic larvicides or botanical extracts as an
alternative [1]. Insect repellents and/or pesticides
containing active ingredients such as N,N-Diethylmeta-toluamide (DEET) are frequently used.
However, adverse effects of DEET have been
reported [3,4], with some being severe enough to
cause sensory disturbances. In addition, DEET,

which is available worldwide in various formulations
including aerosols, creams, lotions, and sprays at
concentrations ranging from 5% to 100%, is not
recommended for children, because exposure to
high
concentrations
of
DEET
can
cause
encephalopathy as well as other side effects [5].
Pesticides and insect repellents are common in
almost every household. These products do not only
contain DEET but other harmful chemicals and
substances as well. Continued use of these pesticides
against disease-carrying mosquitoes has harmful and
adverse effects on the health of the people and the
environment as a whole [6]. Two of the basic
chemical classes of insect repellents include the
following: (1) synthetic chemicals including DEET
and picaridin and (2) botanical oils such as citronella
oil and eucalyptus oil [5]. Other various types of
substances that are both natural and synthetic have
also been discovered and used to protect humans
from mosquito bites [7].
Essential oil (EO) is one of the natural-based
products that are being recently developed because it
contains an abundant amount of bioactive
compounds that have the potential against the
developmental stages of mosquitoes. For example,
limonene is a nerve toxin found to be effective
against insects by hyperstimulating their motor
neurons. Citrus plants, one of the primary sources of
EOs, possess insecticidal properties due to the
presence of the compound D-limonene in abundant
amounts [8,9].
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Among the plants related to citrus, calamansi is
common, native, and widely cultivated here in the
Philippines. Oftentimes, only the fruit itself is being
utilized, then the rest, including the peels, are thrown
away [10]. Therefore, to maximize the use of the
plant, calamansi peels were chosen for this study.
This study promotes the use of a natural-based
product, particularly an alternative biolarvicide, as a
means of mosquito control by killing Ae. aegypti
larvae before it can develop into an adult mosquito
and become a vector of dengue. Moreover, this
alternative biolarvicide poses little to no harmful
effects to the environment as well as non-target
organisms unlike synthetic counterparts.
This study aimed to evaluate the larvicidal
activity of Citrofortunella microcarpa (calamansi) peel
essential oil against third and early fourth instar
Aedes aegypti. It specifically aimed to:
(i) determine the limonene content present in the
calamansi peel essential oil by subjecting it to gas
chromatography-mass spectrometry;
(ii) evaluate the larvicidal activity of the calamansi
peel essential oil against third and early fourth
instar Ae. aegypti by measuring the mortality rate;
and
(iii) compare the results of larval mortality rate
using Probit Analysis.
Methods.
This was an experimental type of
research which was composed of two phases. The
first phase involved the purchasing of commercially
available steam distilled calamansi peel essential oil
(EO) and the verification of the purchased EO. The
second phase involved the actual experiment and
conduct of the test. This phase included the
collection of the test organisms, its acclimatization
process, the conduct of the preliminary testing, and
the final confirmatory testing. The preliminaries
were necessary to establish the range of
concentrations that would give larval mortality from
10% to 90%. Each of the treatments: the calamansi
peel EO in acetone, calamansi peel EO in 95%
ethanol, positive control, and negative controls had
four replicates. The positive control used for this
study was Abate® 1SG while the negative controls
included 95% ethanol, acetone, and dechlorinated
water. The preparation of the set-ups was done in
this phase. After the preparation, the concentration
of the EOs were applied to the set-ups. Larvicidal
activity of the calamansi peel EO was evaluated by
the measurement of the mortality rate of the test
organism introduced. The results obtained were
tabulated. It was then analyzed using Probit Analysis.
The duration of the data gathering was one week.
Acquiring of Essential Oils.
One hundred (100)
mL of Calamansi Essential Oils extracted from the
fruit’s peels via steam distillation was commercially
purchased. A Material Safety Data Sheet (MSDS) was
issued upon purchasing.
Gas Chromatography.
Twenty (20) mL of the
essential oil was subjected to Gas Chromatography Mass Spectrometry Test for Limonene in order to

determine the limonene content present in the
product.
Collection of Mosquito Larvae.
The total number
of larvae was determined from the range of
concentrations obtained from the preliminary
testing. However, 20 larvae (a combination of third
and early fourth instar) were used for each set-up
both
during
the
preliminary
testing
and
confirmatory testing.
Acclimatization Process of Mosquito Larvae.
The
Ae. aegypti larvae used in the study were cultured in
the DOST-ITDI Entomology Section Insectary and
were reared according to their standard procedures
following the guidelines provided by the World
Health Organization (WHO). The larvae were reared
at a laboratory condition of 25 ± 2°C and a relative
humidity of 70% ± 10%.
Preparation of Mosquito Larvae Set-ups.
Using a
pasteur pipette, batches of 20 third and early fourth
instar Ae. aegypti larvae were transferred to 100 mL
glass
beakers
each
containing
50
mL
of
dechlorinated water. Small, unhealthy, or damaged
larvae were removed and replaced as they are not
considered to be valid test organisms, following the
guidelines of World Health Organization.
Preparation of Stock Solution.
Two stock
solutions of 10,000 ppm each (0.1 mL extract in 10
mL acetone and 0.1 mL in 10 mL 95% ethanol) were
prepared. Ethanol and acetone were used as solvents
because the essential oil is not miscible in water, if
applied directly.
Preparation of the Positive and Negative Controls.
Abate® 1SG was used as a positive control, whereas
set-ups with dechlorinated water, acetone, and 95%
ethanol were used as negative controls.
These
controls were then tested against third and early
fourth instar Ae. aegypti mosquito larvae.
Bioassay.
In the preliminary testing, the third
and early fourth instar Ae. aegypti mosquito larvae
were exposed to a wide range of test concentrations
to establish a set of concentrations that would give
larval mortality from 10% to 90%. The results were
also compared to the negative controls to determine
whether the dilution of the extract with the solvents
had an effect on the mortality of the test organisms.
For each concentration, at least four replicates were
prepared.
For the final confirmatory test, the test
organisms were exposed to concentrations ranging
from 8 ppm to 11 ppm. After 24 hours, the mortality
of the mosquito larvae for each set-up was recorded.
The mortality rate was calculated using the following
formula:
𝑀𝑜𝑟𝑡𝑎𝑙𝑖𝑡𝑦 𝑅𝑎𝑡𝑒 =

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑒𝑎𝑑 𝑙𝑎𝑟𝑣𝑎𝑒
× 100
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑙𝑎𝑟𝑣𝑎𝑒 𝑖𝑛𝑡𝑟𝑜𝑑𝑢𝑐𝑒𝑑

The larvae were probed with a pasteur pipette
and if there was no response from the larvae, it was
considered dead. In calculating the percentage
mortality, moribund larvae which is the larvae that is
approaching death, was counted too and was added
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to the total number of dead larvae. Moribund larvae
were qualified as those incapable of rising to the
surface. They did not show any reaction when the
water was disturbed.
Data Analysis.
Probit Analysis is a type of
regression that was used to analyze the obtained
results. The recorded values were plotted in a
spreadsheet, wherein all the values of concentration
used in the final confirmatory test were converted
into the logarithm of the concentration and all the
mean percentage larval mortality were transformed
into probit values in order to obtain the linear
equation that would estimate the LC₅₀ and LC₉₀
values.
Biosafety Procedures and Waste Disposal.
All
laboratory
protocols
were
strictly
observed
throughout the conduct of the experiment, which
included the wearing of laboratory gowns, safety
gloves, face masks, and proper handling of
laboratory equipment. Proper waste disposal was
observed and done according to the institution's
rules. The stock solution was disposed as chemical
waste. Hot water was poured on the mosquito larvae
prior to its disposal as biohazard waste.
Results and Discussion.
This study aimed to
evaluate the larvicidal activity of calamansi peel EO
against third and early fourth instar Ae. aegypti.
Larvicidal
bioassay
was
performed
with
concentrations ranging from 8 to 11 ppm. Results
were observed after 24 hours. After the data analysis,
the lethal concentration values obtained were
compared to determine which treatment achieved
the lowest value, indicative of high efficacy of the
treatment.
Gas Chromatography.
Results from the Gas
Chromatography-Mass Spectrometry test showed
that the limonene content of calamansi peel EO is
83.1%w/w, indicating a substantial amount of
limonene. The limonene present caused the
larvicidal activity of calamansi peel EO. A study by
Cheong et al. [9] reported that calamansi peels were
composed of limonene. Limonene is known to cause
the plants' larvicidal activity. Thus, it entails that it
caused the death of the mosquito larvae [12,13,14].
This active compound is a nerve toxin that kills
insects on contact by acting upon their sensory cells,
leading to hyperstimulation of motor neurons [8].
One of the factors accounting for differences
between this study’s and related study’s results may
be the species of plant and the plant part used. Plant
extracts have various insecticidal and medicinal
values depending on the compound present [16]. In
addition to that, Mahanta et al. [11] stated that major
compounds of the essential oil along with its quality
and quantity is one of the significant factors that can
determine the insecticidal activity of a different plant
essential oil.
Larvicidal Activity.
Table 1 shows the mean
percent larval mortality after 24 hours of exposure
from varying concentrations of the calamansi peel
EO in acetone and calamansi peel EO in 95% ethanol
at 8 ppm, 9 ppm, 10 ppm, and 11 ppm, the LC₅₀ and

LC₉₀, and the positive control and negative control

group for comparison. As the dose per treatment
increases, mean % mortality also increases. As shown
in Table 1, 11.0 ppm of the calamansi peel EO in
acetone has the highest mean % mortality having a
value of 92.14%. Then, it was followed by 10.0 ppm,
9.0 ppm and lastly 8.0 ppm. The same trend was
observed in the calamansi peel EO in 95% ethanol,
having a value of 94.28% mortality at 11.0 ppm. The
larval mortality in the positive control, Abate® 1SG
Mosquito Larvicide, was observed at a concentration
ranging from 0.1 ppm to 0.5 ppm with the larval
mortality rate from 8.0 ± 5.7% to 94.95 ± 3.54% within
exposure period of 24 hours (Table 1). No larval
death was observed in the negative controls using
acetone alone, 95% ethanol alone, and dechlorinated
water alone within an exposure period of 24 hours.
Table 1. Larvicidal activity of calamansi peel EO against
third and early fourth instar Ae. aegypti after 24 hours (n=20).

Dose
(ppm)
8.00
Calamansi Peel EO 9.00
in Acetone
10.00
11.00
8.00
9.00
Calamansi Peel EO
in 95% Ethanol
10.00
11.00
0.10
0.20
Positive Control
(Abate® 1SG
0.30
mosquito larvicide) 0.40
0.50
Negative Control
(Dechlorinated
0.00
Water)
Negative Control
11.00
(Acetone)
Treatments

Negative Control
(95% Ethanol)

11.00

Mean % Mortality ± SD
11.43 ± 4.76
52.85 ± 7.56
84.29 ± 9.76
92.14 ± 6.36
22.14 ± 13.18
50.88 ± 8.26
82.14 ± 8.59
94.28 ± 5.34
8.00 ± 5.70
41.00 ± 8.90
77.00 ± 7.58
91.00 ± 7.41
94.95 ± 3.54
0.00
0.00
0.00

Calamansi peel EO possessed significant toxicity
based on the mortality of the third instar and early
fourth instar Ae. aegypti mosquito larvae. It was
reported in a previous study by Pansit et al. [1] that
calamansi is a more potent larvicide compared to
other plant extracts. In line with this, according to
the results of this study, calamansi peel EO showed
promising larvicidal activity against Ae. aegypti
mosquito larvae.
Comparing the Larvicidal Activities.
As shown in
Table 2, the larvicidal activity of calamansi peel EO
in acetone and calamansi peel EO in 95% ethanol of
this study were compared to the larvicidal activity of
different plant extracts of the other studies.
Comparing
each
of
the
treatments’
lethal
concentrations, the lowest LC₅₀ and LC₉₀ values were
obtained by the calamansi peel EO in 95% ethanol
having 8.89 ppm for its LC₅₀ and 10.57 ppm for its

LC₉₀. Then, it was followed by the calamansi peel EO

in acetone having an LC₅₀ value of 9.08 ppm and

LC₉₀ value of 10.58 ppm. Other citrus species as
reported by similar studies, Citrus grandis, Citrus
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aurantium peel EO and Citrus paradisi and other plant
extracts such as Hyptis suaveolens in acetone, Hyptis
suaveolens in ethanol and Leucas aspera obtained lethal
concentrations greater than 30.0 ppm [11,13,15,16].
Table 2. Lethal concentrations of the different treatments.

Treatments

LC₅₀
(ppm)

LC₉₀
(ppm)

Calamansi Peel EO in
Acetone

9.08

0.58

Calamansi Peel EO in
95% Ethanol

8.89

0.57

Positive Control
(Abate® 1SG mosquito larvicide)

0.21

0.40

Negative Control
(Dechlorinated Water)

0.00

0.00

Negative Control (Acetone)

0.00

0.00

Negative Control (95% Ethanol)

0.00

0.00

Citrus grandis peel [11]

61.04

-

Citrus aurantium peel EO [13]

31.20

73.83

Citrus paradisi peel EO [13]

35.71

70.23

Leucas aspera [15]

44.02

73.24

Hyptis suaveolens in Acetone [16]

95.66

196.76

Hyptis suaveolens in Ethanol [16]

78.88

193.49

Calamansi peel EO in acetone and calamansi
peel EO in 95% ethanol were able to obtain low
concentrations compared to the other plant extracts
because of the abundance of limonene. Plants with
limonene are more efficient than plants without
limonene when it comes to larvicidal activity
[11,12,13]. This study has proven that the kind of
major compounds present in the extract determine
the differences in insecticidal activity of plant. The
dominant compounds found in C. grandis are
nootkatone and eudesmol [11] in contrast with the
findings of this study where limonene is found to be
dominant. In the study done by Sanei-Dehkordi et
al. [13], it was found that C. aurantium contains 94.81%
limonene and it obtained LC₅₀ value of 31.20 ppm

and LC₉₀ value of 73.83 ppm. This is in line with this
study because Sanei-Dehkordi et al. [13] also stated
that high presence of limonene showed effective
larvicidal activity. Other studies by Oumarou et al.
[16] and Elumalai et al. [15] did not use citrus species,
thus, limonene is not present in their plant sample.
This means that a different extract was used which
affected the larvicidal activity of the plant.
Furthermore, the difference in results with previous
studies may also be due to difference in the species
of mosquito used. The mosquitoes used in other
studies were not limited to third and early fourth
instar Ae. aegypti, as in the study by Sanei-Dehkordi
et al. [13] for example Anopheles stephensi was used.
This may account for the lethal concentration being
higher in the said study than that found in this one.
In the study of Oumarou et al. [16], they used
Anopheles gambiae, the resulting lethal concentration
being 78.88 ppm in contrast with this study’s lowest
lethal concentration which is 8.89 ppm. It is
important to note the factors that can affect the

findings of the study which include the test organism
and the plant used since the differences may have an
impact in the results obtained.
Limitations.
This study was conducted
primarily for the purpose of evaluating the larvicidal
activity of Citrofortunella microcarpa (calamansi) peel
EO against third and early fourth instar Aedes aegypti.
The conduct of the study was limited only to the
third and early fourth instar larval stages of the Ae.
aegypti mosquito considering that these are stages
where the mosquito larvae are most vulnerable. This
study was also limited to the essential oil from peels
of C. microcarpa fruit. The calamansi peel EO used in
the study was commercially purchased. The EO was
specifically tested to determine the amount of
limonene present in the product, hence, other
components of the EO were not discussed.
Conclusion.
The present study which
evaluated the larvicidal activity of C. microcarpa
(calamansi) peel essential oil is found to be effective
at low concentrations against third and early fourth
instar Ae. aegypti mosquito larvae. Therefore, it can
be used as an alternative to the commercially
available larvicide.
Recommendations.
It is recommended to
increase the number of replicates for each
concentration in order to eliminate outliers. A
smaller range of intervals between concentrations
may also be tested for larvicidal activity observation
for more accurate results. It is also recommended to
test the calamansi peel EO against other types of
mosquitoes. The EO that was used in this study was
commercially purchased, therefore it is also
suggested to perform the manual extraction of the
EO via steam distillation. Only the limonene content
of the EO was determined, thus it is also
recommended to subject it to other tests to
determine other compounds also present in the
product.
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Abstract
Most synthetic microbial stains are pollutants that pose carcinogenic, mutagenic and teratogenic
health risks. Thus, this study aimed to investigate the ability of Clitoria ternatea ethanolic extract as a
potential stain for bacteria. The extract was utilized in the simple staining and Gram staining of
Staphylococcus aureus, Escherichia coli, and mixture of the two. The properties of the stain such as
presence of anthocyanin, pH level, color, and solubility of the extract were determined. The staining
ability of the extract, in terms of visibility of cell walls and color intensity, was determined through
frequency count that showed that majority of the replicates had defined cell walls with incomplete
uptake of stain in simple staining and Gram staining. Clitoria ternatea ethanolic extract has the
potential to impart stain on Staphylococcus aureus and Escherichia coli bacteria through simple staining
and Gram staining; however, due to the incomplete uptake of stain by the bacteria, it cannot be
considered as an alternative to commonly-used bacterial stains. Hence, the researchers recommend
the development of a new staining technique for the potential stain.
Keywords: Clitoria ternatea, dyes, stain, anthocyanin, ethanolic extract
Introduction.
Dyes, natural or synthetic, are
substances that are soluble in a medium and are
usually used to give a desired color to non-food
materials [1,2,3,4], such as animal and plant tissues,
and microbes to make them visible and distinct [5,6].
Microorganisms viewed under the microscope need
to be fixed and stained to improve visibility,
emphasize morphological features, and sometimes
preserve them [1]. In microbiology, this process is
known as staining [3].
In staining bacteria, bacterial smears are initially
made to fix bacteria on the slide [1]. Most stains for
bacteria are cationic as they bind to negativelycharged structures such as the bacterial cell wall.
Because of the opposite charges of both the stain and
bacterial cell wall, the stain adheres to the surface of
the bacterial cells [7]. Currently, most microbial
stains in use are chemically synthesized due to its
convenience [4,8]. However, they pose a threat to the
environment and human health [9] as some
synthetic dyes contain allergenic components [3,4]
and toxic heavy metals, contributing to land, water
and air pollution [3]. For example, crystal violet, a
dye that has been extensively used as a biological
stain, is regarded as a toxic biohazard substance that
causes serious environmental and health problems
[2].
Because of this, researchers are searching for
alternative dyes for staining microbial cells, which
are not hazardous to living things [3,9]. Research
show that extracts for the production of dyes can be
obtained from natural sources such as plants [3,6,10],
animals, and the soil [4]. According to recent studies,
natural dyes from plants are used as histological
stains for tissue components [3,9]. These natural dyes

are known to be convenient, cheaper, safe, non-toxic,
eco-friendly, renewable and biodegradable [3,6].
Plant
extracts
contain
natural
phenolic
compounds that are structurally related to a family
of water-soluble pigments known as anthocyanins
[11]. Anthocyanin compounds are flavonoids found
in the flower petals, fruits and leaves of several
plants, and are known to be the plant's main colorant
molecule [12]. It contains flavylium cation that is its
chromophore [13]. The color stability of these
compounds depends on several factors such as
chemical structure and pH [13,14]. Cationic or basic
stains are called so because their coloring agent is
located in the basic part of the compound while the
acidic radical is inactive [15]. They also carry a
positive charge and stains negatively-charged
elements [16]; thus, many of them are considered as
Lewis acids or electron acceptors [17]. On the other
hand, anionic or acidic stains have their coloring
agent located in the acidic part of the compound
[15], and they carry a negative charge that stains
positively-charged elements [16]. Thus, many of
them are considered as Lewis bases or electron
donors [17]. With anthocyanins having a positive
charge [11], they are considered to be the key
compound causing the staining ability of several
plant extracts [18], especially in staining negativelycharged structures such as those of bacterial cell
walls. Thus, plants with the presence of anthocyanin
can potentially be a source of natural histological
stains.
Clitoria ternatea, commonly known as blue
ternate, is a strangling and climbing herb commonly
used as a medicinal plant due to its wide range of
pharmacological activities and phytochemicals,
including
anthocyanin
[11,18].
Anthocyanin
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compounds of blue ternate plants are commonly
found in their flowers as they are responsible for the
flowers’ red violet-blue color [14]. The ability of
Clitoria ternatea as a stain is not much given focus and
studies on it are limited. A study conducted by
Suebkhampet and Sotthibandhu [11] utilized the
aqueous crude extract of Clitoria ternatea as a stain
for blood smears; however, its capacity to stain
microorganisms such as bacteria is yet to be
explored.
This study aimed to investigate the ability of the
ethanolic extract of Clitoria ternatea flowers as a
potential stain for bacteria. Specifically, it aimed to:
(i) test the ethanolic extract of Clitoria ternatea
for the presence of anthocyanin;
(ii) determine the properties of ethanolic
extract of Clitoria ternatea such as (a) pH level, (b)
color, and (c) solubility, and compare them to
the properties of crystal violet, a conventional
bacterial stain;
(iii) use the ethanolic extract of Clitoria ternatea
to stain Gram-positive Staphylococcus aureus,
Gram-negative Escherichia coli, and mixture of
the two bacteria using the simple staining and
Gram staining method; and
(iv) evaluate the ability of ethanolic extract of
Clitoria
ternatea
to
stain
Gram-positive
Staphylococcus aureus, Gram-negative Escherichia
coli, and mixture of the two bacteria in terms of
(a) visibility of cell walls, and (b) color intensity.
Methods.
This is an exploratory study.
Clitoria ternatea flowers were oven-dried, macerated
in ethanol and filtered. The crude extract was
obtained and reconstituted with ethanol. The
properties of the extract were determined and
compared to crystal violet. The ethanolic extract and
crystal violet was used to stain Staphylococcus aureus,
Escherichia coli, and mixture of the two bacteria
through simple and Gram staining. Positive control
using crystal violet and negative control without any
stain were also prepared. The staining ability of both
the ethanolic extract and crystal violet were
evaluated by a licensed professional using a modified
rubric.
Ethanolic Extraction.
The collected C. ternatea
flowers were separated petal by petal, washed with
distilled water and oven-dried at 75°C for 24 hours
[12]. The powdered petals were macerated in 95%
ethanol with 1:10 mass to volume ratio. The mixture
was filtered using No. 41 Whatman filter paper and
subsequently filtered using No. 1 Whatman filter
paper [11]. The filtered extract was then subjected to
rotary evaporation to obtain the crude extract, which
was dissolved again in 95% ethanol in a 1:1 mass-ofextract-to-volume-of-solvent dilution ratio.
Test for the Presence of Anthocyanin.
The
ethanolic extract of C. ternatea was tested for the
presence of anthocyanin. A change from the original
color of the extract to orange-red to blue-red color
upon addition of 1% (v/v) hydrochloric acid (HCl) was
used as an indicator for the presence of anthocyanin
in the extract [19].

Assessment
of
Physical
and
Chemical
Properties.
The following properties were assessed:
pH, color, and solubility. The pH values of the
ethanolic extract of C. ternatea and crystal violet were
measured using a pH meter. The color of both stains
were determined based on the Pantone Colour
Matching System. For the solubility of ethanolic
extract in water, one mL of distilled water was added
to one mL of ethanolic extract, and the solution was
checked if both liquids are miscible where there is no
distinction between the two liquids in the mixture.
Preparation
of
Bacterial
Smears
and
Staining.
Staphylococcus aureus, Escherichia coli, and
mixture of the two bacterial smears were prepared in
a biosafety cabinet. The ethanolic extract was used as
primary stain for the experimental set-up in the
simple staining of S. aureus and E. coli, and in the
Gram staining of S. aureus, E. coli and mixture of the
two bacteria [20]. Crystal violet, on the other hand,
was used for the positive control. Other parts of the
simple staining and Gram staining method were not
modified. Negative control without any stain was
also prepared.
Data Analysis.
The evaluation of the visibility
of cell walls of bacteria and their color intensity
utilized nominal scale data, with values from zero to
three, and are based on a rubric modified from
Sridhara et al. [21]. Frequency count was used to
describe the stain performance of the extract and of
crystal violet in terms of visibility of bacterial cell
walls and the color intensity. The bacterial smears
were evaluated, and the results were verified by a
licensed medical technologist.
Safety Procedure.
During the conduct of the
research, the use of appropriate personal protective
equipment (PPE) was observed, and hand hygiene
was performed regularly. Chemicals and bacteria
were handled properly according to their MSDS. For
the disposal of bacterial smears, all slides were
collected, autoclaved and turned over to the science
research assistant (SRA) in charge of the laboratory.
Results and Discussion. The ethanolic extract
obtained a positive result in the test for the presence
of anthocyanin. Both the ethanolic extract and
crystal violet have low pH, have different shades of
violet in color, and are soluble in water. For the
staining ability of ethanolic extract through simple
staining, majority of the Gram-positive S. aureus and
Gram-negative E. coli replicates had defined cell
walls but with incomplete uptake of stain. For the
Gram staining, S. aureus and mixture of the two
bacterial smears had replicates with defined cell walls
but incomplete uptake of stain. E. coli replicates had
defined cell walls, and the bacteria were properly
differentiated.
Presence of Anthocyanin. The color of the
ethanolic extract changed from deep violet to deep
red, which indicates the presence of anthocyanin in
the extract. The use of ethanol as the solvent during
extraction optimizes anthocyanin extraction [18], and
is reported to perform better compared to using
water as the solvent [6,9,21]. Flavylium cation is the
basic chromophore of anthocyanin [13]. It is electron
deficient and highly reactive [22]. The positive
charge in its structure gives it the capacity to bind to
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the negatively-charged bacterial cell walls [11,18], thus
imparting color to the bacteria. However, several
factors may influence the stability of this compound
including light, temperature, and the compound’s
chemical structure and pH [14]. In this study, all
factors except pH were controlled.

Plate 1. S. aureus stained with
the ethanolic extract using
simple staining.

Plate 3. S. aureus stained with
the ethanolic extract using
Gram staining.

Plate 2. E. coli stained with
the ethanolic extract using
simple staining.

Plate 4. E. coli stained with
the ethanolic extract using
Gram staining.

Plate 5. Mixture of S. aureus and
E. coli stained with the ethanolic
extract using Gram staining.

pH.
Crystal violet staining solution was
reported to have a low pH with a value of 5.43
whereas the ethanolic extract of C. ternatea was also
reported to have a low pH with a value of 4.75.
In staining, the pH of the stain affects the
nature and degree of the charge on specific tissue
structures [1,4], influencing the ability of the stain to
adhere to it [21]. It is known that tissue elements are
attracted to the oppositely-charged ions of the stain
[4]. The magnitude of the electrostatic charges to be
imparted by the dye to the cell component is
affected by the pH of the stain [16]. Bacteria are
generally stained better with cationic stains due to
their anionic cell walls.
Crystal violet is a cationic dye [2,16]. Its major
structural form is a monovalent cation that serves as
its principal form in solid state and in aqueous
solution across a wide range of pH values. As the pH
changes, the positive charge in the central carbon
atom is delocalized by resonance of the three
nitrogen atoms present in the molecule, making it
more stable [2]. Crystal violet dissolved in water has a
pH range of 2.5 to 3.5 at 10 g/L at 20°C [23]. The
reported pH value of crystal violet, which is 5.43,
coincides with the expected acidic pH.

The pH value of the ethanolic extract, which is
4.75, is low and acidic. Ethanol, the solvent of
extraction, is known to have a slightly basic pH value;
however, in the study of Sridhara et al. [21] and Itodo
et al. [24], ethanolic extracts are reported to have
acidic pH values. This coincides with the acidic pH of
the ethanolic extract of C. ternatea. A factor that
affects the pH of anthocyanin is the structure of the
compound, which also influences its color. The
flavylium cation in the compound has conjugated
double bond that causes the delocalization of the
positive charge leading to multiple resonance
structures. Anthocyanin at pH 1.0 is red. When pH is
between 1.0 and 4.0, discoloration from red to violet
occurs, and colorless carbinol base would be formed.
This
will
then
undergo
water
catalyzedtautomerization to produce chalcone. At pH 4.0 to
6.0, the structure changes into anhydrobase that
gives an extension of conjugation to its structure,
causing a color change from violet to blue with
stronger intensity [14].
Having acidic pH values, both crystal violet and
the ethanolic extract of C. ternatea are considered as
Lewis acids, which make them cationic stains with
good staining affinity towards the anionic bacterial
cell walls [16,17]. The staining affinity of the acidic
ethanolic extract is supported by the study of
Sridhara et al. [21] wherein the ethanolic extracts of
Hibiscus at an acidic pH of 5.7 gave optimal staining
in the negatively-charged cytoplasm of tissues. It is
also substantiated by the study of Itodo et al. [24] that
concludes that the cytoplasmic staining ability of the
onion skin extract solution was due to its highly
acidic pH.
Color.
Crystal violet is known to be blue-violet
in color [2]. It is an example of a quinonoid dye with
a quinonoid ring as its chromophore and an
auxochrome that is responsible for its color and
staining properties [15]. It was observed that the
corresponding color of crystal violet based on
Pantone Colour Matching System is Pantone 2685.
The ethanolic extract of C. ternatea, on the other
hand, was observed to have a deep violet (Pantone
276) color that is from the anthocyanin compound.
Both crystal violet and ethanolic extract are violet in
color, which is useful for the evaluation of the color
intensity of the ethanolic extract as it is relative to
the positive control, crystal violet.
The color of crystal violet depends on its acidity.
It is yellow at a strongly acidic pH of 0 and is green at
a pH of 1.0. When dissolved in water, its color is
blue-violet or vibrant purple. The vibrant purple
color of crystal violet is caused by the delocalization
of the positive charge present in the central carbon
atom of crystal violet across the double bonds in the
benzene rings that stabilizes the carbonation [2].
The color of the ethanolic extract also depends
on the acidity of anthocyanin present in it [12,14].
Anthocyanin in acidic conditions is red in color
[11,14], which explains the change of color of the
ethanolic extract from deep violet to deep red upon
the addition of the strong acid, HCl. As the pH
increases, the structure of the compound changes,
and discoloration occurs [14]. The pH value of the
ethanolic extract that is 4.75 lies near pH 4.0, and the
extract has a violet color. This agrees with the study
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of Saptarini et al. [14] that states that at pH 4.0, the
color of the anthocyanin compound changes from
red to violet. Similar with crystal violet, the color
change of the dye is caused by the delocalization of
the positive charge present in the molecule across
the conjugated double bond that gave some
resonance to its structure, thus stabilizing the
flavylium cation [14].
The color of both crystal violet and ethanolic
extract is influenced by the pH of their dye molecule,
and their colors are different at a distinct pH [2,14].
This may be attributed to the difference in their
nature and structure. Both stains contain different
molecules; thus, they have different spacing of
energy levels. This affects the absorption of the
visible light radiation in the electromagnetic
spectrum that causes dyes to appear colored. This
spacing is influenced by the degree of delocalization
of the bonding electrons of the molecule [25]. This
may cause the different shades of violet in both
stains.
Solubility.
C. ternatea ethanolic extract was
soluble in water. It was comparable to crystal violet,
which is known to be water-soluble. Due to the
positive charge in the flavylium cation of
anthocyanin [13], its structure is considered as polar.
Thus, the ethanolic extract is soluble in polar
solvents such as water [14].
Visibility of Cell Walls.
The staining ability in
terms of cell wall visibility is based on the uptake of
the stain by the bacteria. A complete uptake of the
stain means the bacterium shows its regular and
expected shape where Gram-positive S. aureus must
be round and purple whereas Gram-negative E. coli
must be rod and pinkish-red. For the positive control
for simple staining, all replicates of S. aureus and
E.coli had bacterial cells with defined cell walls and
complete uptake of stain, as in Figure 1. S. aureus
bacteria stained with ethanolic extract through
simple staining showed that 11 out of 15 replicates
had defined cell walls with incomplete uptake of
stain whereas only four out of 15 replicates had
defined cell walls with complete uptake of stain. The
E. coli bacteria stained using ethanolic extract
through simple staining had 12 out of 15 replicates
with defined cell walls but incomplete uptake of stain
whereas three out of 15 replicates had defined cell
walls with complete uptake of stain.

0 - Cell walls defined and has no color
1 - Cell walls defined but has no color
2 - Cell walls defined with incomplete uptake of stain
3 - Cell walls defined with complete uptake of stain

Figure 1. Staining ability of Clitoria ternatea ethanolic
extract on S. aureus and E. coli through simple staining.

For the Gram staining, crystal violet was able to
stain all of the replicates for the S. aureus and mixture

of the two bacterial smears with defined cell walls
and complete uptake of stain whereas no trace of
crystal violet is visible on all replicates of E. coli
bacterial smears, as in Figure 2. S. aureus stained with
ethanolic extract had 14 out of 15 replicates with
defined cell walls and incomplete uptake of stain
whereas only one replicate had defined cell walls but
only exhibits pinkish-red color that can be attributed
to the counterstain, safranin. For the Gram staining
of E. coli, all of the replicates had defined cell walls
with proper differentiation between Gram-positive
bacteria and Gram-negative bacteria because it
exhibited the expected pinkish-red color. All 15
replicates of mixture of the two bacterial smears
stained with ethanolic extract through Gram staining
had defined cell walls with incomplete uptake of
stain.

0 - Cell walls not defined
1 - Cell walls defined and the cells are pinkish-red (E. coli) and purple (S. aureus)
2 - Cell walls defined with incomplete uptake of stain (both S. aureus and E. coli)
3 - Cell walls defined and properly differentiated where S. aureus cells are purple and
E. coli cells are pinkish-red

Figure 2. Staining ability of Clitoria ternatea ethanolic extract
on S. aureus, E. coli, and mixture of the two bacteria through
Gram staining.

The results showed that the ethanolic extract of
C. ternatea is a potential bacterial stain because it was
able to impart color to the bacteria, although the
uptake is incomplete. Its staining ability may be
attributed to comparable results between the
ethanolic extract and crystal violet in terms of
staining factors such as pH, color, and solubility. Its
ability to impart color can be attributed to the
presence of anthocyanin and an acidic pH,
suggesting that it has a cation that binds with the
anionic bacterial cell wall. However, the results
suggest that, currently, the ethanolic extract cannot
be used as an alternative to crystal violet as there was
an incomplete uptake of the stain. One factor that
may have affected the uptake of stain was the
staining procedure used that was a standardized
procedure in staining bacteria using synthetic dyes
such as crystal violet. The ethanolic extract may
require its own developed staining procedure [11]
due to its chemical structure and compatibility with
counterstains, which may be different from synthetic
dyes [21].
Color Intensity.
The color intensity checks the
contrast between the specimen and the background
since stains are used to enhance contrast in the
microscopic image [3]. The intensity of the color
contrast is correlated with the purity of the stain,
thus affecting its staining efficacy [25]. A darker stain
can provide better contrast between the stained
specimen and the lightly-colored background.
The color intensity of the ethanolic extract was
evaluated in comparison to the color intensity of
crystal violet in staining Gram positive S. aureus and
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Gram negative E. coli. For the simple staining of S.
aureus, the ethanolic extract had lighter color
compared to crystal violet in 11 out of 15 replicates.
Equal color intensity between the ethanolic extract
and crystal violet was observed in 4 replicates out of
15. For the simple staining of E. coli bacteria, 13 out of
15 replicates stained with ethanolic extract through
Gram staining had a lighter color on bacteria
compared to crystal violet whereas three out of 15
replicates stained with ethanolic extract had equal
color intensity to crystal violet, as in Figure 3.

0 - No stain
1 - Lighter than the positive control

2 - Equal
3 - Darker than the positive control

Figure 3. Color intensity of Clitoria ternatea ethanolic extract
on S. aureus and E. coli through simple staining.

For the Gram staining, the color intensity was
evaluated relative to the positive control. For S.
aureus and mixture of the two bacterial smears, the
color intensity of the ethanolic extract was evaluated
based on the visibility and intensity of smears
stained with crystal violet while the E. coli bacterial
smears were evaluated based on the absence of
purple stain or the intensity of the counterstain. All
replicates of S. aureus and mixture of the two
bacterial smears were observed to exhibit lighter
color compared to crystal violet while E.coli bacterial
smears had an equal color intensity compared to the
positive control of stained E.coli bacterial smears, as
in Figure 4.

0 - No stain
1 - Lighter than the positive control

2 - Equal
3 - Darker than the positive control

Figure 4. Color intensity of Clitoria ternatea ethanolic extract
on S. aureus, E. coli, and mixture of the two bacteria through
Gram staining.

Staining is performed to impart color to
bacterial cells in order to highlight its morphological
features [4] and to create contrast in the image
viewed with the aid of a microscope [3]. Despite the
ethanolic extract having a deeper shade of violet
than crystal violet, it generally had a lighter color.
This indicates that crystal violet, being a
conventional biological stain [2], created a better
contrast between the background and the bacterial
cells compared to that of the ethanolic extract. The
color intensity is affected by dye impurities [25],
which may be present in the ethanolic extract. These
impurities influence staining by altering the intensity
of coloration imparted by the stain or by changing

staining patterns, and the nature and staining
mechanism
[25].
The
standardised
staining
procedure used that was designed for synthetic dyes
may also attribute the lighter color imparted by the
ethanolic extract on bacteria.
Limitations.
Only three properties of the
ethanolic extract were evaluated namely pH, color,
and solubility. The test for the presence of
anthocyanin was the only phytochemical screening
done. The Pantone Colour Matching System, a
standardized color reproduction system used in
industries, was used due to unavailability of color
charts for microbial stains. Due to the lack of
standardized rubrics for evaluation, the researchers
modified a rubric from Sridhara et al. [21] and had it
verified by only one licensed medical technologist.
The staining ability of the extract was also evaluated
using one Gram-positive and one Gram-negative
bacteria only.
Conclusion.
Based on the findings of the
study, the Clitoria ternatea ethanolic extract has the
potential to stain Gram-positive Staphylococcus aureus
and Gram-negative Escherichia coli bacteria through
simple staining. Also, it has the potential to stain and
differentiate S. aureus, E. coli and mixture of the two
bacteria using the Gram staining method. However,
despite comparable results in the pH, color and
solubility of the ethanolic extract and crystal violet, it
cannot currently be used as an alternative bacterial
stain because it was not able to stain the bacteria as
effectively as the positive control in terms of the
visibility of bacterial cell walls and color intensity.
Recommendations.
The
researchers
recommend: (1) the development of a new staining
technique for the potential stain; (2) the
determination
of
other
phytochemicals
and
functional groups present in the ethanolic extract; (3)
the preparation of more oven-dried flowers to be
soaked in order to accommodate more number of
replicates per set-up; and (4) having varying
concentrations for the potential stain.
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Abstract
Platelet storage lesion is the degradation of platelets when stored in an external environment,
causing a loss in platelet viability, in turn, causing their low availability. The aim of the study is to
compare the effects of l-carnitine with its derivative acetyl l-carnitine with respect to platelet count,
mean platelet volume, pH, and platelet shape change. Three blood bags were used and separated into
three setups: l-carnitine, acetyl l-carnitine, and saline, and were stored at 20 to 24oC. Platelet count and
mean platelet volume were determined by using a hema-analyzer, and pH was determined by using a
pH meter. Platelet morphology was assessed by collecting stained samples and observed under a
microscope, where regular and irregular platelets were recorded. One-way ANOVA analysis for mean
platelet volume, pH and morphology did not show any significant difference (p>0.05) among the
setups, indicating that there is insufficient evidence to conclude that acetyl l-carnitine can be used as a
platelet preservative.

Keywords: platelet storage lesions, platelet preservation, l-carnitine, acetyl l-carnitine, platelet storage
Introduction.
Platelet storage lesion (PSL) is a
term that covers the progressive degradation of
platelets in storage [1]. This degradation is seen with
the lowering of pH, platelet count and volume, and
changes in platelet morphology, and accordingly
there is a significant societal motivation to decrease
PSLs. Whereas current platelet-storage protocols are
deemed adequate, there are nevertheless societal gains
to be achieved by examining alternatives. These gains
include cost-per-day-of-storage, collection and
disposal costs, and the associated administrative costs.
PSLs cause platelet metabolism inadequacy thus
reducing the efficiency of intracellular metabolism.
This further causes the platelet’s shelf-life to decrease
to only five to seven days [2]. The true cause of PSL
has not been clearly understood; however, it has been
observed to be linked to lactic acid accumulation and
platelet aggregation [3]. Additionally, it has been
shown that heightened metabolic activity within the
platelet contributes to the production of PSLs [3].
There is research on preserving platelets using
preservatives, one being l-carnitine. L-carnitine is a
common ergogenic acid due to its importance in the
conversion of fat into energy [4]. It can change the
metabolic pathway in platelet mitochondria from
glycolysis to ß-oxidation, which uses fatty acids
instead of glucose to make energy available at the
cellular level [1]. The use of fatty acids instead of
carbohydrate
complexes
lowers
lactic
acid
accumulation and thus lowers the chance of PSLs
occurring in the platelets. Studies have shown that lcarnitine is a significantly effective platelet
preservative [1,5] and its derivative, acetyl l-carnitine
(ALCAR), has its uses in the medical field. ALCAR is
also able to metabolize fats to make energy available
at the cellular level; however, it is mainly used to treat

neurological diseases such as cerebral ischemia [6], a
condition wherein there is a reduction in the supply of
blood to the brain. ALCAR is vital for mitochondrial
lipid transport which is important for the
mitochondria’s function [7]. Additionally, ALCAR has
anti-aging abilities for cells [7,8] and is more effective
than l-carnitine against oxidative stress [9]—the excess
of production of free radicals vis-à-vis the body’s
capacity to neutralize them— which is a factor in
producing PSLs. L-carnitine itself has been proven to
be a successful platelet preservative; however, further
research is needed to determine whether its
derivatives exhibit the same results [5].
ALCAR is less expensive than l-carnitine; but, that
alone does not signal efficacy. The motivation of
researching ALCAR is to determine whether
decreased per-unit application cost is dominated by
shorter storage periods or increased PSLs or a
combination thereof.
The study aimed to determine the effects of
ALCAR as a preservative against PSLs in comparison
to the tested l-carnitine. It specifically aimed to:
(i) determine platelet count, mean platelet volume,
platelet pH, and platelet morphology with respect
to platelet concentrates treated with 1mL each of
15mM ALCAR, saline as the negative control, and
l-carnitine as the positive control at Days 0 (before
treatment), 3 and 5 after application of
preservatives; and
(ii) compare mean change (with respect to Day 0)
of platelet count, mean platelet volume, platelet
pH, and platelet morphology at Days 0, 3, and 5
among the different treatments and control.

How to cite this article:
CSE: Alvarez SLE, Oberio, ZL. 2020. The effects of acetyl l-carnitine on the prevention of platelet storage lesions. Publiscience. 3(1):48-52.
APA: Alvarez, S.L.E., & Oberio, Z.L. (2020). The effects of acetyl l-carnitine on the prevention of platelet storage lesions. Publiscience, 3(1):48-52.

Effects of ALCAR on the prevention of PSLs | 49
Methods.
The study aimed to determine if
ALCAR is an effective platelet preservative and to
compare its efficacy with l-carnitine. Platelet count,
mean platelet volume, platelet pH, and platelet
morphology was observed and analyzed to determine
the efficacy of l-carnitine and ALCAR. Platelet
samples were obtained and separated into three blood
bags to be treated with ALCAR, l-carnitine, and saline
for five days. The first three parameters were
measured on Days 0, 3, and 5 using a hema-analyzer
and platelet morphology was observed on Day 5.
Materials. Platelet concentrates (PCs) was isolated
from whole blood using a large, specialized centrifuge
at a soft spin of 110 rpm then a hard spin of 1000 rpm
both for 15 minutes at 20-24 oC . The platelets were
separated into three bags and stored at 20-24 oC.
Citrate Phosphate Dextrose Adenine (CPDA-1) was
already introduced inside the blood bag upon being
purchased as it is the standard chemical which lines
the bag specifically to work as a preservative. Lcarnitine and ALCAR, obtained from in powdered
form from Now Foods and iHerb respectively, and
were each dissolved in sterile normal saline to
produce 1 mL of 15 mM of l-carnitine and ALCAR
solutions. After PC extraction, the preservatives were
thoroughly mixed with the PCs by gently shaking the
blood bag. The local blood bank that assisted with the
study by supplying healthy blood samples,
equipment, and guidance requested not to be named
in the research paper for confidentiality purposes.
Models and other specific settings of equipment used
are not mentioned under the blood bank’s request.
Sampling.
Blood samples were acquired from a
local blood bank agency at Day 0. From each of the
three donors, 450 mL of blood was extracted by a
phlebotomist in a triple bag. CPDA-1 contained in the
bag was used as an anticoagulant after blood
extraction. The blood bank ensured that no
contaminants or pathogens that can affect the results
were present in the samples by analysis of
Transfusion Transmitted Infections (TTIs). In order
to ensure confidentiality, no name, age, sex, or any
other personal data of the donor was given to the
researchers.
Extraction of Platelet Concentrate.
The platelets
were extracted by a medical technologist via the
platelet-rich plasma method to obtain the PCs.
The blood unit was subjected to a soft spin of 110
rpm for 15 minutes using a large, specialized
centrifuge machine. Afterwards, the platelet-rich
plasma was collected and transferred to the first
satellite bag then subjected to a hard spin of 1000 rpm
for 15 minutes. Both spins were conducted in a blood
centrifuge at 20-24 oC. Separation of PC from
platelet-poor plasma was done using a plasma
separator by transferring the platelet-poor plasma to
the primary bag. PCs with a volume of 60-70 mL was
obtained from the procedure, to be used for one
replicate each. The obtained PCs were tested by
medical technicians to see if the platelets were
infected with any disease (i.e. malaria, AIDS, hepatitis,
etc.). The healthy PCs were stored at 20-24 oC with
constant gentle agitation using a platelet agitator.
Separation of Setups.
Each PC was used for one
replicate of each setup. Blood extraction was done on

a quadruple bag to enable the use of three setups:
ALCAR, l-carnitine, and saline.
Before storage in the agitator, the PC was
separated into three parts, each approximately at a
volume of 60mL. The PC in the first satellite bag was
transferred and equally divided to all three satellite
bags. Approximately 60 mL PC each was transferred
to both the second and the third satellite bags. The
first bag became the negative control setup, the
second the positive control and the third for the
ALCAR variable setup. The primary bag was used to
contain unwanted red blood cells and platelet-poor
plasma, which was returned to the blood bank.
The negative control setup consisted of the PC
with 1mL saline solution. The positive control setup
consisted of the PC and 1mL of 15mM l-carnitine.
Storage and Preservation. CPDA-1 has been added
during blood extraction at around 63 mL per blood
unit in order to prevent coagulation. The samples
were stored at a volume of 20 mL at 20-24 o C with
constant gentle agitation in their respective satellite
bags. Three replicates were prepared, and each
replicate consisted of the three setups: l-carnitine
(positive control), saline (negative control), and
ALCAR.
The chosen concentration for the preservatives
used in the study was 15 mM based on a pilot study of
Deyhim et al. [1] in determining the best
concentration and volume of l-carnitine in preserving
PCs.
L-carnitine solution was prepared by dissolving
the l-carnitine powder in sterile, normal saline at a
concentration of 15 mM. A volume of 1 mL l-carnitine
solution was added to the positive control setup [1].
ALCAR was prepared and added to the variable setup
the same way as l-carnitine. The preservatives were
added to the PCs one day after blood extraction.
One mL of l-carnitine and ALCAR each were
introduced into the platelet bag via aseptic infusion
one day after extraction. Insulin syringes were used
after filtering the preservative solution through a 0.22
µm filter. Sterile normal saline was used in order to
dissolve the l-carnitine and ALCAR powders. As a
control, an equal volume of 1 mL of saline was also
added to the third setup. The site of puncture was
sealed and a stripper was used to mix the preservative
with the blood bag contents. A biosafety cabinet level
II located in a nearby hospital from the site of storage
was used. Transportation of samples was done using
an approved Styrofoam box and was returned after
application of preservatives.
Data Gathering.
After extraction, platelet count
and mean platelet volume were measured by running
a sample of 1mL through the hema-analyzer three
times and taking the average. The pH was tested using
a pH meter by sampling a 1mL volume of the PCs and
washing the bulb of the pH meter after every
measurement. All successive measurements were
taken on Days 3 and 5 of storage.
Platelet
morphology
was
analyzed
by
photographing microscope smears of the platelets in
each setup and manually counting the ratio of
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Statistical Analysis. One-way ANOVA and paired
t-test (α=0.05) was used to compare the mean changes
of Day 0 and Day 3, and Day 3 and Day 5 between all
setups. Post-hoc tests were conducted to see if there
were any significant differences. The results were
verified by a statistics teacher of Philippine Science
High School – Western Visayas Campus.
Safety Procedure.
The researchers wore the
necessary personal protective equipment such as lab
gowns, surgical gloves, and lab goggles. Proper
grooming (i.e. hair was short/tied up) was observed.
The researchers followed the standard operating
procedure of the American Association of Blood
Banks, under the supervision and guidance of a
hematology professional. Platelet samples, and
instruments used for blood extraction and
preservative application were treated and handled as
biohazards and were safely disposed. Sharp objects,
i.e. blood syringes, were disposed in their respective
containers. The waste bags were discarded to specific
medical waste contractors.
Results and Discussion. The aim of the study is
to determine the effects of ALCAR on the prevention
of PSLs by observing the treated platelets’ platelet
count, mean platelet volume, platelet pH, and change
in platelet morphology. An error was made in the
preparation of the l-carnitine and ALCAR solutions
wherein the study used 1mL of 15 mM preservative
solution then mixed with their respective PCs. This
resulted in a final concentration much lower than 15
mM and thus may have contributed to the
inconclusive results collected. Instead of 15 mM
concentration, 1mL stock preservative concentration
of 1000 mM should have been used to make the final
and intended 15 mM concentration.
Despite the dubious results, there is potential
value in observing the effects of small concentrations
of preservatives on platelets, and hence they are
presented. Other than the major flaw in the
preservative preparation and application method, it is
possible there are other factors that had an effect on
the results.
Platelet Count.
The saline setup had a smaller
platelet count compared to the l-carnitine and ALCAR
setups on Day 0, but each setup equalized from Day 3
of storage onwards. Days 3 and 5 showed similar
results, with the biggest change on the saline setup.
Day 0 showed no samples with platelet count higher
than 1x105/mm3. Days 3 and 5 showed platelet counts
greater than 2x105/mm3. There was an insignificant
increase in platelet count between all measurements.

103/mm3

Platelet Count Based on Preservative Used
p=0.92

400.0

p=0.56

200.0
0.0
Day 0

Day 3
Day 5
Days in Storage

L-Carnitine

ALCAR

Saline

Figure 1. Platelet count means (103/mm3) on Days 0, 3, and 5
of storage with three replicates of L-Carnitine (solid), ALCAR
(lined), and Saline (dotted).

An anomaly was observed during the experiment
wherein there was an increase in platelet count from
Day 0 to Day 3 instead of a decrease. For this reason,
the data could not be analyzed to accurately represent
the effects of the preservatives on platelet count. It is
unknown exactly why this occurred in the
experiment. So far, no related research has been
found to explain this phenomenon, therefore the data
cannot be analyzed. It is possible that this was due to
the measurement on the first day, where platelet
count was low even during preliminary experiments.
Mean Platelet Volume
Mean platelet volume
measurements were taken at the same time as platelet
count. The gathered data for all setups were 5.5 μm3
on Day 0, 5.8 μm3 on Day 3, and 6.1 μm3 on Day 5
which were all below the normal range of values
between 7.2 μm3 and 11.7 μm3 [10]. A trend whereby
the volume of the platelets increased was observed
during subsequent analyses.
Mean platelet volume of ALCAR setup was highest
in Day 5 during preservation. L-carnitine consistently
resulted in the lowest values among all measurements.

Mean Platelet Volume Based on
Preservative Used
μm3

activated platelets to the total number of platelets. For
a qualitative comparison, microscopic analysis of the
samples involving the shape and concentration of
platelet change was also done to show their shape and
configurations. Discoid and irregular shapes were
noted among the platelets. Six photographs were
taken from each slide and were gridded and printed
into paper for manual counting. A four-by-four area
was used to count the platelets. The number of
irregularly-shaped platelets was divided by the total
number of platelets to obtain the percent change of
platelet morphology.
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Figure 2. Mean platelet volume means (μm3) on Days 0, 3, and
5 of storage with three replicates of L-Carnitine (solid),
ALCAR (lined), and Saline (dotted) each.

Statistical
analysis
showed
insignificant
differences in mean platelet volume among all setups.
Platelet pH.
L-carnitine dropped from 6.7 to 6.6
on Day 5 while ALCAR dropped from 6.7 to 6.6 on
Day 3 of storage. Saline dropped from 6.6 on Day 3 to
6.5 on Day 5. This data is all within the normal range
of values between 6.4 and 7.4 [11] and
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shows insignificant difference between Days 0 and 3
and Days 3 and 5.

Platelet pH Based on Preservative Used

pH

p=0.46
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Figure 3. Platelet pH means on Days 0, 3, and 5 of storage with
three replicates of L-Carnitine (solid), ALCAR (lined), and
Saline (dotted).

% of platelets that
changed shape

Platelet Morphology.
Statistical analysis showed
that the platelet morphology results are statistically
insignificant between all setups.

Platelet Morphology Based on
Preservative Used
p=0.45

50.0%
0.0%

In previous literature, the focused factors included
the acidity of the platelet medium and the metabolic
activity of the platelets. With the current technology
used for platelet storage, there is an increase in
number of studies observing the metabolic activity of
platelets. In the body, platelets derive up to 80% of
their energy through ß-oxidation [1]. The energy
from ß-oxidation comes from fatty acids, reducing
the reliance on glucose. In vitro, however, requires
different mechanisms. Prevention of platelet
activation is necessary for long term storage and
increased platelet viability. Platelet metabolism shifts
to glucose during storage, increasing lactate
concentration, which is a byproduct of the metabolic
pathway. This accumulation leads to the decrease of
plasma pH, inducing platelet activation [1].
The studies of Deyhim et al. [1] and Sweeney et al.
[12] used l-carnitine to prolong platelet shelf-life. By
switching the metabolism of platelets from depending
on glucose to fatty acids, the metabolites that are
produced during glucose metabolism, primarily
lactate, is eliminated. This change can help prevent
the lowering of the pH inside the blood bag,
minimizing platelet storage lesion. The study that was
conducted followed these observations and tested to
see whether another chemical such as ALCAR could
be capable of obtaining similar results. The final data
showed that not only is there an insignificant
difference in comparison to l-carnitine, but that it
cannot be conclusively said that ALCAR is a viable
platelet preservative.

Day 5
Days in Storage
L-Carnitine

ALCAR

Saline

Figure 4. Platelet morphology means on Day 5 of storage with
three replicates of L-Carnitine (solid), ALCAR (lined), and
Saline (dotted) treatments each.

In the study of prolonging platelet shelf-life,
platelet storage lesion is the biggest hurdle against the
loss of platelet viability. It does not stem from a single
variable, but instead involves multiple factors that
influence platelet degradation [1,14,16]. In order to
improve platelet shelf life, factors such as
temperature, agitation, medium acidity, and oxygen
permeability are needed to be considered.
Understanding the mechanisms of platelet storage
lesion involves understanding each of these factors
and more in order to know their roles in maintaining
platelet viability.
Limitations.
The methods had the fundamental
flaw of preparing the wrong concentration which may
have resulted in insignificant data.
Conclusion.
All four parameters showed no
significant results during the entire observation
period. It can be concluded that this study did not
yield enough information to say that ALCAR is
effective in improving platelet viability.

Plate 1. Regular (circled) and irregular (boxed) platelets taken
from a platelet sample.

All results showed an insignificant difference in
mean platelet volume, platelet pH, and platelet
morphology among all setups all throughout the fiveday observation period. This is because five days is the
standard storage period for platelets. Previous studies
showed that platelets were observed not to have
significant decrease in quality during this period
[12,13,14,15]. Multiple studies have since explored
more options on preventing PSLs and thus increasing
platelet shelf-life [14,15].

Recommendations.
Future studies must use
1mL of stock l-carnitine solution and ALCAR solution
of 1000 mM each rather than 15 mM in order to
achieve to achieve more accurate results. The
researchers also recommend the use of the Kruskal
Wallis and Wilcoxon tests to analyze the data due to
its small sample size.
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Abstract
Seed priming is a technique used to improve the overall germination behavior of rice through
the imbibition of solutions. This study aimed to investigate the effects of different priming methods
on two local varieties of Oryza sativa (rice). This study employed three different priming methods
using mannitol, glycerol, and sorbitol on red and black varieties of Oryza sativa and compared the
germination behavior between primed and unprimed seeds. The researchers compared three
different parameters such as germination percentage, germination index, and shoot/root ratio by
performing a Kruskal-Wallis test using SPSS. Seeds primed with mannitol in black rice resulted in a
significant difference in the germination index and shoot/root ratio compared to unprimed seeds.
Seeds primed with glycerol in red rice resulted in a significant difference in the germination index
compared to unprimed seeds.
Keywords: seed priming, imbibition, germination percentage, germination index, shoot/root ratio
Introduction.
Seed priming is a technique
used to improve the overall germination behavior
of rice. This is done by starting all processes
necessary for germination but inhibit radicle
protrusion preventing the seed to germinate.
Osmotic solutions are used in order to partially
hydrate seeds up until a point necessary for
germination process to start but not enough for
radicle protrusion [1].
Priming has shown to increase resistance in
crops against both biotic and abiotic stresses [2].
Multiple studies conducted on seed priming have
yielded mostly positive results with most of them
focusing on studying the effects of multiple types of
stresses, be it biotic or abiotic, along with different
crop varieties and priming agents [3,4,5].
There are several types of seed priming
including
hydropriming,
halopriming,
osmopriming, and hormonal priming, and all have
shown
great
promise
in
improving
seed
germination [6]. Osmopriming utilizes osmotic
sugars to induce germination in seeds. This specific
method
has
shown
great
potential,
with
polyethylene glycol being one of the most common
solutions used [7,8]. A previous study has shown a
significant difference between osmopriming and
hydropriming when it comes to seed germination
[9]. However, there are still knowledge gaps found
in this field. Some priming agents are yet to be
tested on rice or compared against other agents.
Also, the effect of seed priming on multiple local
rice varieties has not been tested.
Commonly used rice varieties include Rc 216,
Rc 160, Rc 300, and Rc 222. However, due to the
lack of research regarding high-value rice varieties,
the researchers chose to investigate the black and
red rice varieties. In this study, the effects of

different osmopriming methods on different rice
varieties were investigated and compared.
For this study, the parameters germination
percentage, germination index, and shoot/root ratio
for each rice cultivar treated with the different
osmopriming methods (mannitol, glycerol and
sorbitol), the number of seeds that germinate every
day, and the length of the seedling, shoot and root
on the seventh day were measured. Using these
parameters,
the
germination
percentage,
germination index and shoot/root ratio were
computed. These were used to compare the effect
of different osmopriming methods on seed
germination within each cultivar.
This research aimed to investigate the effects of
different osmopriming methods (mannitol, glycerol
and sorbitol) on the seed germination behavior of
two local varieties (red and black) of Oryza sativa
(rice). S
 pecifically, it aimed to:

(i)
determine the parameters for each rice
cultivar treated with the different osmopriming
methods such as the number of seeds that
germinate every day and the length of seedling,
shoot, and root on the seventh day;
(ii) compute for the parameters for each rice
cultivar treated with the different osmopriming
methods such as germination percentage,
germination index, and shoot/root ratio; and
(iii)
compare the effect of different
osmopriming methods on seed germination
parameters within each cultivar in terms of
germination percentage, germination index, and
shoot/root ratio.
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This study tested the effects of three
Methods.
different priming methods using mannitol, glycerol
and sorbitol with specific concentrations on two
different local varieties of rice (red and black).
Several germination parameters were used to test the
seed priming effects on seed germination. The
methods were done in correspondence with the
International Rice Research Institute (IRRI), Los
Baños, Laguna.
This study was conducted in one of the
laboratories of Philippine Science High School Western Visayas Campus’ (PSHS-WVC) SLRC
Building over a 16-day period, including a 10-day
germination test.
Three different priming methods and one
unprimed control for each variety were used in the
study. The concentrations indicated below were
based on previous studies on seed priming [11,12].
Table 1 shows the priming agent, concentration, and
treatment numbers.
Table 1. P
 riming agents, concentrations, and treatment.

Treatment
Number

Priming Agent

Concentration*

1

mannitol

2%

2

glycerol

5%

3

sorbitol

0.25 M

* References: [11] Seed priming alleviated salt stress effects
on rice seedlings by improving Na+/K+ and maintaining
membrane integrity; and [12] Effects of different priming
methods and duration on seedling characters maize (Zea
mays L.)

Seeds, Priming Agents, and Equipment. Black and
red rice seeds were purchased from a local farm. The
priming agents mannitol, glycerol, and sorbitol were
all obtained from Patagonian Enterprises. The
beakers, stirring rods, Petri dishes, flasks and
graduated cylinders were all from PSHS-WVC’s
Chemistry Science Research Assistant (SRA).

Seeds were tested for
Moisture Content Test.
their
moisture
content at Western Visayas
Agricultural Research Center (WESVIARC). A grain
moisture tester (Riceter f511) was used to measure the
moisture content. The test chamber was filled with
seeds, then the handle was turned to crush the grain,
and the moisture content was instantly provided.
Optimum moisture content for rice is at 14.0% or
lower after drying.
Twenty-five
Preparation of Priming Agents.
grams of mannitol was measured using an analytical
balance (Shimadzu aux-220), then dissolved in 500
mL of water in a 2 L beaker and stirred using a
stirring rod in order to achieve the desired 2%
concentration. A 100 mL graduated cylinder was
used to measure 25 mL of glycerol and 475 mL of
water to create a 5% glycerol solution, and both
solutions were mixed using a stirring rod in a 2 L
beaker. The same process was repeated to achieve a
0.25 M sorbitol solution using 15 mL of sorbitol and
485 mL of water.

Treatment of Seeds. During the priming process,
the seed weight to solution volume ratio of 1:5 was
used. Using 100 g of seeds from each variety, the
seeds were soaked in 5% solution of glycerol for 24 h.
The same was done for mannitol and sorbitol.
Soaked seeds were then recovered from the solution,
spread on a metal tray with paper towels and allowed
to dry for 24 h. The seeds were then brought to
WESVIARC to have their moisture contents
measured, following the same methods as the first
test.
Germination Test.
A total of eight (8) setups
were used for the two varieties (red and black). Three
different priming agents and a control of untreated
seeds were used in each variety. Twenty-five seeds
were sown in one 90 mm Petri dish which contained
one layer of Whatman No. 2 filter paper moistened
with 10 mL of water which was measured using a
syringe. Each setup had three replicates which were
made up of six Petri plates each. A total of 150 seeds
were used in each replicate and 144 Petri plates were
used for the study.
Every day, at 7:00 AM and at 3:00 PM, seeds
were watered as needed to maintain a 100% moisture
level using a syringe. Natural light was allowed to
enter through the windows while an artificial source
of light was turned on from 7:00 AM to 6:00 PM.
External factors were also observed and recorded
such as the temperature, presence of insects, animals
or any other factor that might affect the study. At
3:00 PM, the number of germinated seeds were
recorded. A seed was deemed to have germinated
once it reached a radicle length of 2 mm which was
measured using a vernier caliper.
Measuring of Seedling Shoot and Root Length. On
the seventh day of the experiment, the seedling
shoot and root length were measured. The two
longest germinated seeds in each Petri plate were
chosen, and their length was measured using a
vernier caliper.

The germination
Calculation of Parameters.
percentage, germination index and shoot/root ratio
were calculated using the formulas stated by Li [13]
and Wilson [14];
Germination P ercentage = (GS/ST ) ×100
where GS is the total number of germinated
seeds and ST is the total number of seeds tested.
Germination Index = ∑ (Gt/Dt)
where Gt is the number of germinated seeds on
day t and Dt is the time corresponding to Gt in days.
S hoot/Root Ratio = SL : RL
where SL is the length of the shoot and RL is the
length of the root.
Data Analysis.
Using IBM SPSS Statistics, a
Kruskal-Wallis test was conducted with a significance
level of 0.05 to examine the differences in the
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germination behavior of Oryza sativa according to
the priming technique used. It was followed by a
Dunn Test for pairwise comparisons in a post hoc
manner.

Before the conduct of the
Safety Procedure.
study, the chemical safety data sheet of chemicals to
be used were reviewed. During the conduct of the
study, the proper use of personal protective
equipment was observed inside the laboratory and
proper precautions were followed. The chemicals
obtained were placed inside appropriate containers
and were handled properly according to their safety
protocol. After the conduct of the experiment, the
seedlings were thrown away properly into the
garbage bins, and chemical wastes were properly
disposed.
Results and Discussion.
During the moisture
content test, red rice yielded a moisture content of
12.6% while black rice yielded a moisture content of
14.0% which are both within the optimal 14.0%
moisture content. The moisture content should be
within the optimal percentage in order to proceed to
priming.
The table below shows the results of the
germination test for red rice. The germination
percentage of the primed seeds relative to the
unprimed seeds showed an overall increase. The
means of the germination index of the primed seeds
were comparable to one another and were higher
than those of the unprimed seeds. The means of the
shoot/root ratio were also comparable.
Table 2. The germination percentage and the germination
index at the end of the 10 d experiment and the shoot/root
ratio on the seventh day of the experiment sorted into four
groups according to the priming technique (mean ± standard
error) for RED RICE.
Treatment

Germination
index*

Shoot/Root
Ratio

98.00 ±
0.00

49.30 ± 0.25

0.85 ± 0.05

Glycerol

98.00 ± 0.77

49.44 ± 0.23 a

0.85 ± 0.06

Sorbitol

98.00 ± 1.02

50.33 ± 0.83

0.82 ± 0.10

Unprimed

97.56 ± 0.80

44.44 ± 1.34 a

0.81 ± 0.05

Mannitol

Germination
%

* Means followed by the same letter are significantly
different at p ≤ 0.05 (Dunn Test).

A significant difference (h = 8.273, p = 0.041) was
found between the germination index of red Oryza
sativa seeds that were primed with glycerol and the
unprimed seeds based on pairwise comparison of
treatments. This would mean that priming with
glycerol does indeed lead to a better germination
index compared to non-priming.
The test showed that there was no significant
difference between germination percentage and
shoot/root ratio between primed and unprimed
seeds.

Table 3 shows the results of the germination test
for black rice. Similar to the red variety, the
germination percentage of the primed seeds relative
to the unprimed seeds showed an overall increase.
The means of the germination index of the primed
seeds were comparable to one another and were
higher than those of the unprimed seeds. The
shoot/root ratio among all treatments vary with
mannitol having the lowest shoot/root ratio and
unprimed seeds having the highest.
Table 3. The germination percentage and the germination
index at the end of the 10 d experiment and the shoot/root
ratio on the seventh day of the experiment sorted into four
groups according to the priming technique (mean ± standard
error) for BLACK RICE.
Treatment

Germination
%

Germination
index*

Shoot/Root
Ratio*

Mannitol

97.78 % ±
0.45

47.92 ± 0.74 a

0.93 ± 0.04
a

Glycerol

96.45% ±
0.80

44.29 ± 0.37

1.28 ± 0.14

Sorbitol

97.58 % ±
0.22

46.02 ± 0.49

1.46 ± 0.12

Unprimed

93.11 % ± 1.74

36.58 ± 0.19 a

1.75 ± 0.17 a

* Means followed by the same letter are significantly
different at p ≤ 0.05 (Dunn Test).

A significant difference (h = 9.974, p = 0.019) was
found between the germination index of black Oryza
sativa seeds that were primed using mannitol and
unprimed seeds based on pairwise comparison of
treatments. This would mean that priming with
mannitol does indeed lead to a better germination
index compared to non-priming for black Oryza
sativa seeds.
A significant difference (h = 8.435, p = 0.038) was
found between the shoot/root of seeds primed with
mannitol and unprimed seeds.
The test showed that there was no significant
difference between germination percentage between
primed and unprimed seeds.
Seed priming has been used to reduce the time
between seed sowing and seedling emergence, and to
synchronize that emergence [15]. Primed seeds have
shown to have earlier, more uniform and sometimes
greater germination and seedling establishment and
growth [16]. Currently, many rice varieties have been
tested with priming such as Inpago 8, Situ Bagendit,
IR64 and more. Seed priming using mannitol,
glycerol, and sorbitol has not yet been tested on local
varieties such as red and black varieties. Investigation
of the effects of seed priming on red and black rice
will allow a better understanding of seed priming
and its effects.
A significant difference in the germination index
(GI) of both red and black rice varieties was found. In
red rice, the GI of seeds treated with glycerol had a
significant difference among the GI of unprimed
seeds. In black rice, the GI of seeds treated with
mannitol had a significant difference compared to
the GI of unprimed seeds. These results are
consistent with the results of a previous study [3],
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where primed aerobic cultivars were compared with
unprimed aerobic cultivars, showed an improved GI.
This could be attributed to how the priming process
works, wherein seeds that have undergone seed
priming have already completed the processes
necessary for germination without the occurrence of
the germination itself [1]. This gives the primed seeds
an advantage for an earlier germination compared to
the unprimed seeds, thus increasing the speed of
germination and the germination index.

are still other factors during the other stages of crop
production that should be considered such as
infestations and forces of nature. Abiotic factors such
as light, moisture content, and temperature are
largely dependent on nature and could not be
controlled. Therefore, temperature was measured
and recorded every day at 3:00 PM using a room
thermometer. Also, several natural factors could not
be controlled such as the presence of pests and
sunlight exposure.

Germination percentage has shown to have no
significant difference among the treatments and the
control, although there was an observed increase in
the germination percentages of primed seeds when
compared to the germination percentage of the
unprimed seeds over a period of ten days. The lack
of significant difference goes against the existing
literature which has shown a significant difference in
the germination percentage of seeds with the use of
priming in different crops such as maize, wheat, rice,
and canola [17,18]. Granted that the seeds were
obtained from one source, the seeds could have had
similar seed quality, which refers to the physical,
physiological and genetic attributes that determine
the performance of the seed [19], and could be
influenced by both genetic background and
environmental conditions of the mother plant
during seed development [20]. Priming, despite
being able to speed up the germination process and
therefore increasing resistance against biotic and
abiotic resources [21], cannot salvage seeds from
undergoing the deterioration process [22].

This study had shown that seed
Conclusion.
priming does indeed have a significant effect on
some of the germination behaviors of Oryza sativa ─
specifically its germination index and in the case of
black rice, its shoot/root ratio ─ but does not affect
the germination percentage. Mannitol is the best
priming agent for black rice, while glycerol is the
best priming agent for red rice.

Regarding the shoot/root ratio between primed
and unprimed seedlings, there was no significant
difference in red rice varieties. However, there was a
significant
difference
in
black
rice
with
mannitol-primed seeds having the minimum
shoot/root ratio. The results for the black rice variety
are supported by a previous study [23], which shows
that seed priming caused a significant difference in
the shoot/root ratio. However, the results of this
study led to a lower shoot/root ratio of seeds primed
with mannitol compared with unprimed seeds. This
indicates a longer root than shoot after seven days.
The shoot/root ratio is defined as the ratio of the
amount of plant tissues that have supportive
functions to the amount of those that have growth
functions [24]. Previous studies have shown that
plants show different reactions based on different
limitations in the environment. For example, root
growth is favored when there is a lack of nitrogen,
phosphorus, or sulfur [25].
Biotic factors that could affect germination such
as insects and pests were present. While these factors
were not fully controlled, the researchers employed
several techniques to minimize their effects such as
using an insecticide chalk to line the perimeter
around the set-up, closing the windows to prevent
insects from infesting the seedlings, distributing
water equally among all Petri dishes, and using an
artificial source of light from 7:00 AM to 6:00 PM
while allowing natural light to enter through the
windows.
Limitations.
This study was limited to the
germination stage alone, and while germination is
one of the initial factors influencing yield, there

Recommendations.
For future experiments
similar to this study, a longer period for the data

gathering is recommended. The crop yield may also
be another parameter to measure and compare in
future studies. Other priming agents and other
varieties could also be employed in future studies on
the subject.
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α

Germination Rate = [(GR0 x GR1)/50] x 100; wherein
GR0 = Total number of germinated seeds today.
GR1 = Total number of germinated seeds yesterday.
Germination Percentage = (TG/TS) x 100; wherein
TG = Total number of germinated seeds.
TS = Total number of tested seeds.
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Abstract
Anethum graveolens (dill) has been known to have insecticidal activity on several insect pests.
Studies state that components of the essential oil of Anethum graveolens, which are mainly composed
of carvones and limonenes, can be used as antifeedant against insect pests. This study used the
essential oil of Anethum graveolens in order to determine whether it has potential antifeedant
bioactivity against Cochlochila bullita (lace bugs) on Ocimum kilimandscharicum (sweet basil). Three (3)
setups containing eighteen (18) Cochlochila bullita were subjected to four concentrations, 100, 200,
400, and 800ppm, of Anethum graveolens essential oil and two control groups for a period of 48 hours.
Results showed that there was no significant difference in the number of frass spots observed in
200ppm, 400ppm, and 800ppm, with those of the control groups. The 100ppm concentration had a
significantly higher number of frass spots but showed no antifeedant bioactivity. These results
indicated that Anethum graveolens’ essential oil does not have antifeedant bioactivity against
Cochlochila bullita.
Keywords: antifeedant, lace bugs, Anethum graveolens, essential oil, Ocimum kilimandsharicum
Introduction.
The Philippines is mainly an
agricultural country that produces a variety of food
crops such as rice and corn and a variety of
different plants that serve medical and herbal
purposes. One of these plants is Ocimum
kilimandscharicum, also known as basil, which is a
popular spice and medicinal herb. Basil’s different
plant parts have different uses and benefits [1]. Basil
has been studied to contain a wide range of essential
oils, phenolic compounds, and a wide array of other
chemical components that help give the plant its
aroma and flavor [2]. According to Sathe et al. [1],
the basil plant, which includes the ocimum family, is
heavily infested by several pests such as whitefly
Aleurodicus dispersus and aphid Macrosiphum sp.
However, it is the pest, Cochlochila bullita, a species
of lace bugs, that causes the most damage [3] by
sucking the nitrogen-rich plant fluids causing the
leaves to wilt and eventually die [4].
Management of lace bugs includes repeated
applications
of
organophosphorus,
synthetic
pyrethroid,
imidacloprid,
thiamethoxam,
or
acetamiprid insecticides [5]. However, pesticide
poisoning is still one of the global health problems
and contributes to environmental concerns [6]. It is
estimated that five million people die every year as
a result of intentional, accidental and occupational
exposures worldwide [7]. Therefore, an alternative
organic solution must be discovered. Plants such as
Anethum graveolens have long been harvested in
order to study their components and their effects
on insect pests.

Anethum graveolens is proven to be a source of
effective insecticides. Anethum graveolens essential
oil contained thirteen bioactive components such as
carvone,
trans-dihydrocarvone,
dill
ether,
phellandrene, and limonene [8]. Carvone and
limonene were considered the major components
for the cytotoxicity of Anethum graveolens. According
to Babri et al. [9], the essential oil of Anethum
graveolens was efficient against Periplaneta americana,
Musca domestica, and Tribolium castenum and carvone
and limonene were two major components of the
oil. Yildrim et al. [10] confirmed that carvone and
limonene had greater insecticidal activity when
dosage and exposure time were increased. Carvone
attained 100% mortality at 30μl after 24 hours.
Furthermore, a previous study [11] showed that
carvone and limonene, which are the major
constituents in Anethum graveolens’ fruit, are
monoterpenes. A previous study [12] that used
essential oils of Hedychium species, whose major
components were monoterpenes, had significant
insecticidal activity against azalea lace bugs. Current
evidence indicates that monoterpenoids may act on
various types of insects, particularly affecting their
nervous systems.
Plants have chemical components in their leaf
extracts that are a source of insecticide. The plant
Anethum graveolens, or dill, has had its leaf and seed
extracts studied for its insecticidal potential and
thus, had been used against aphids [13], beetles and
cockroaches [9]. These studies reinforce the
statement that plants have chemical components
that are of insecticidal value and are therefore good
sources of insecticides. This knowledge establishes
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that plant extracts could further be studied and/or
applied to several other kinds of insect species in
order to determine their insecticidal activity.
Any effect that leads to the decreased
consumption of food is considered as antifeedancy.
This can range from a variety of effects and modes
of action depending on the chemical and the target
pest. Kordan and Gabrys [14] stated that insect
feeding can be preingestional (affecting gustatory
senses involved in finding food), ingestional
(affecting the digestive system), or postingestional
(long-term effects affecting future consumption of
food). According to a study by Schlyter et al. [15],
carvone is known to have antifeedant properties
against Hylobius abietis and Hylobius pales. The study
suggested that carvone had antifeedant effects
linked to olfactory (smell) and gustatory (taste)
senses depending on the volatility of the carvone
analogue used.
Antifeedancy was chosen for the study due to
the visual damage caused by Cochlochila bullita
feeding on basil leaves. Black frass spots, curled and
dried leaf tips, loss of entire leaves, and diminished
flower production lowers the selling value of
affected basil plants. Avoiding damage caused by
the feeding allows the basil plants to stay in prime
condition to be sold.
Although previous research by Sakhanokho et
al. [12] has shown that essential oil
rich in
monoterpenes are effective against Stephanitis
pyrioides (azalea lace bugs), as far as the researchers
can ascertain, none of the previous research has
been able to test the potential antifeedant
bioactivity of the essential oil of Anethum graveolens.
This study encouraged research on finding a
naturally derived product that is able to act as a
pesticide, through antifeedant bioactivity, against
Cochlochila bullita that infest the plant Ocimum
kilimandscharicum. Furthermore, the data and
information that this study produced will add
baseline knowledge to future researchers about
insecticidal activity of Anethum graveolens against
Cochlochila bullita. It specifically aimed to:
(i) assess the antifeedant bioactivity of the
essential oil of Anethum graveolens on Ocimum
kilimandscharicum by counting the total number
of frass spots on the leaves per treatment; and
(ii) determine if there is a significant difference
in antifeedant bioactivity among the treatments
and the negative control group using One-Way
ANOVA.
Methods.
The experiment consisted of four
major stages: (1) collection and rearing of Cochlochila
bullita (lace bugs), (2) dilution of essential oil
concentrations, (3) antifeedant assay, and (4) data
analysis. Anethum graveolens’ essential oil was
obtained and shipped from the United States. A
certificate
of
analysis
containing
gas
chromatography - mass spectrometry test results was
also provided. Lace bugs were collected from
Orchard Valley, Pavia, Iloilo, and reared in a
greenhouse created by the researchers at Philippine

Science High School - Western Visayas Campus
based on the methods of previous studies [1,16,17].
The lace bugs were confirmed in the College of
Agriculture and Resources and Environmental
Science in Central Philippine University.
The
dilution for the essential oil concentrations was based
on a previous study by Khosravi and Sendi [18]. The
basil leaves were soaked in four (4) different
concentrations of essential oil that were prepared
with a dilution of 0.4% dimethyl sulfoxide (DMSO),
which serves as an emulsifier, and a control group
consisting of distilled water. Three replicates were
made for each setup. The number of frass spots per
basil leaf was then counted manually at six (6) hour
intervals for forty-eight (48) hours as part of the raw
data. The raw data was then analyzed using IBM
Statistical Package for the Social Sciences Statistics
(SPSS) 23.
Collection and rearing of lace bugs.
Basil plants
were procured from 3 Sunshine Garden, Tagbak,
Jaro, Iloilo City. They were verified by an
entomologist at Central Philippine University. The
basil plants were then transported to and raised in an
improvised greenhouse created at Philippine Science
High School - Western Visayas Campus (10°45'10.1"N
122°35'15.9"E). For four days, the basil plants were
watered every morning and afternoon. Cochlochila
bullita colonies were collected from basil plants
located at Orchard Valley, Pavia, Iloilo (10°46'09.7"N
122°33'03.8"E). Adult lace bugs were collected by
cutting the entire basil leaves on which the lace bugs
were situated on using scissors and were placed
inside plastic box containers which were covered
with perforated cling wrap. The lace bugs were then
transported to the greenhouse and placed onto the
basil leaves. The basil plants were transferred inside
the laboratory in the Student Learning Resource
Center Building at Philippine Science High School Western Visayas Campus. The lace bugs were
acclimatized inside the laboratory for three days
[1,16]. Male and female adult lace bugs were collected
from the basil plants for the antifeedant assay. As
described by Sajap and Peng [4], adult lace bugs were
classified according to sex using a hand microscope.
Dilution of essential oil concentrations.
The
essential oil of Anethum graveolens was acquired from
Plant Therapy Essential Oils Corporate, 510 2nd Ave
S, Twin Falls, ID 83301, the United States of America
through Lazada PH, an online shopping site, as the
medium. The essential oil concentrations were
diluted according to a previous study [18] in which
0.01, 0.02, 0.04, and 0.08 mL of essential oil were
mixed separately in 0.4 mL of dimethyl sulfoxide
(DMSO) emulsifier inside a 100 ml volumetric flask.
Distilled water was added into the volumetric flask
until the final volume of 100 mL was reached. This
provided a 100 mL solution of 100, 200, 400, and
800ppm concentrations of essential oil. A negative
control group of distilled water was also prepared.
Antifeedant assay test.
Three mature leaves
(fourth or fifth leaves from the bottom of a branch)
of one Ocimum kilimandscharicum were placed inside
an 11 cm diameter petri dish, with their stalks
covered in sections of moist paper towel. This
constituted one replicate. There were three replicates
in total [17]. The basil leaves which the lace bugs were
placed on were exposed to a concentration of
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essential oil from Anethum graveolens through dipping
for ten seconds and then air-dried, whereas the
negative control was only dipped in water [19]. Three
adult lace bugs (two females and one male) were
starved for at least six hours prior to the experiment
[20] and then released into each petri dish. All petri
dishes were then covered with their friction-fitting
lid. The dishes were arranged in a randomized
complete block design. The lace bugs were put under
a photoperiod of 14:10 (L:D) hours [17]. Observations
on the number of frass spots on the leaves per
treatment were conducted every six (6) hour interval
for two (2) days [21].
Statistical Analysis.
After every six (6) hour
interval, the leaves were assessed for damage by
counting the number of frass spots. Frass spot
numbers are highly correlated with leaf damage and
serves as an index for the amount of Cochlochila
bullita feeding on the basil [17]. The number of frass
spots per leaves per treatment was recorded and
analyzed using One-Way ANOVA. The means were
separated using Fisher’s protected least significant
difference (LSD) test.
Safety Procedure.
The
experiment
was
conducted inside a laboratory at Philippine Science
High School - Western Visayas Campus. The
researchers wore lab gowns, gloves, and face masks
in order to avoid exposure and contamination
during the handling of the essential oils. The
researchers followed the advice given by the
supervising entomologist, especially on the proper
handling and disposing of the lace bugs. The petri
dishes that contained the basil leaves and the lace
bugs were inserted with damp tissue paper in order
to keep the lace bugs from going out of the petri dish
as advised by the consultant entomologist. After
experimentation, the lace bugs were disposed by
drowning them in water and rinsing them down the
drain. The unused dilutions of dill essential oil were
poured into a properly labeled plastic container.
Results and Discussion. This section is divided
into two parts: (1) number of frass spots, and (2)
antifeedant bioactivity.
Number of frass spots.
Frass spots on the leaves
were observed and counted from each treatment and
control group. The mean number of frass spots on
each treatment was compared with the other
treatments and the control groups. Using One-way
ANOVA, all treatments except for the 100ppm
treatment showed no significant difference in the
mean number of frass spots between each other and
with the control groups. The mean number of frass
spots recorded from the 100ppm concentration’s
treatments were significantly higher compared to the
other treatment concentrations and the control
groups. This indicates that more feeding occurred on
these particular treatment’s leaves.
The results of the study showed that treatments
with 200ppm, 400ppm, and 800ppm concentrations
of Anethum graveolens essential oil showed no
significant difference with that of the negative
control group. This was analyzed from the number
of frass spots observed on the 200ppm, 400ppm,
and 800ppm treatments. Only the 100ppm
treatment concentration was recorded to have had a

significantly higher (p ≤ 0.05) number of frass spots
as compared to the negative control group. Because
frass spots were used to measure the damage to the
basil leaves due to their correlation to leaf damage
[17], this indicated that more feeding occurred in the
100ppm treatment.

Figure 1. The total mean number of frass spots correlated
with treatment concentration after 48 hours (* denotes that
the p ≤ 0.05, thus there is a significant difference between
means of the frass spots).

Antifeedant bioactivity.
The results of Fisher’s
protected LSD test showed there was no antifeedant
bioactivity observed between the four treatments
and the control groups. Based on these results,
Anethum graveolens essential oil did not show
antifeedant bioactivity against Cochlochila bullita.
The result of this study is in conjunction with a
study conducted by Kumar et al. [22], which
investigated the bio-efficacy of plant essential oils
and insecticides against Cochlochila bullita on Ocimum
basilicum. The study revealed that karanj oil and
neem oil containing monoterpenes were least
effective in reducing the lace bug population in
comparison
to
the
synthetic
pesticides
prophenophos, imidacloprid, and malathion. Due to
the insecticidal activity of essential oils being linked
to their terpene contents, it is possible that terpenes
are ineffective against Cochlochilla bullita.
The
concentrations
(100ppm,
200ppm,
400ppm, 800ppm) used for this study was based on
a study conducted by Khosravi and Sendi [18],
wherein toxic effects of the essential oils of Thymus
vulgaris L. (garden thyme) and Lavandula angustifolia
L. (lavander) were observed against the elm leaf
beetle
Xanthogaleruca
luteola.
However,
the
concentrations used for this study were lower
compared
to
the
Hedychium
essential
oil
concentrations used against azalea lace bugs in an
earlier study by Sakhanokho et al. [12].
According to Fatope et al. [13], the major
cytotoxic components of Anethum graveolens include
carvone, dihydrocarvone, and limonene. The study
of Ibrahim et al. [23] found that monoterpenes such
as limonene found in plants or artificial food of
herbivorous insects can positively and negatively
influence the food consumption of different types of
insects. The study of Alfaro et al. [24] found that the
limonene concentrations stimulated feeding for
another insect pest, Pissodes strobi, when at low
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concentrations.
They
mentioned
that
some
monoterpenes may act as synergists for nonvolatile
feeding stimulants at low concentrations, but act as
feeding inhibitors at higher concentrations. The
significantly higher feeding observed in 100ppm
treatment, compared to the other treatments with
higher concentrations, may be attributed to each
treatment’s concentration of limonene content of the
Anethum graveolens essential oil, of which the 100ppm
treatment had the lowest concentration.
In addition to four (4) treatment concentrations
and a negative control group, an additional
treatment with three replicates consisting of 0.4%
DMSO emulsifier and distilled water was utilized and
had undergone the process simultaneously along
with the other treatments.
Most studies involving the use of dimethyl
sulfoxide primarily used it as a negative control [25]
or as a solvent [26]. Additionally, a study by Orchard
et al. [27], which studied the influence of different
carrier oils on the antimicrobial and cytotoxic effects
of different essential oils, simply used DMSO as a
solvent for its negative control, which was seawater,
to mimic a natural environment. The use of DMSO
as the negative control in this study was done to
determine whether or not DMSO, the emulsifier,
would have any effect on the antifeedant bioactivity
of Anethum graveolens against Cochlochila bullita.
Limitations.
Anethum graveolens essential oil
was commercially purchased online with a certificate
of analysis acquired from the online seller. The lace
bugs in the bioassay test was limited to the adult
stage of their life cycle. Additionally, the age of these
adult lace bugs was not controlled. The age of the
Ocimum kilimandscharicum (sweet basil) plants for the
experiment was not determined due to the limited
number of basil plants that could be procured. The
study measured the antifeedant bioactivity based on
the frass spots observed. There was no positive
control used in the experiment due to lack of a
known product that causes antifeedancy against
Cochlochila bullita.
Conclusion. The statistical analysis showed no
antifeedant bioactivity against lace bugs. Thus, it can
be concluded that there is no antifeedant bioactivity
in the essential oil of Anethum graveolens against
Cochlochilla bullita when used at concentrations of
100, 200, 400, and 800ppm.
Recommendations. The results obtained from
the present investigation suggest that further studies
on promising organic plant based essential oils must
be studied regarding their potential antifeedant
bioactivity against Cochlochila bullita. In order to
further develop this study, future researchers are
recommended to: (i) increase the amount of
concentration of Anethum graveolens essential oil in
the treatments to be used; (ii) consider how to culture
Cochlochila bullita to take into account the life stage
and age of the lace bugs to be subjected to
experimentation; (iii) increase the number of
replicates in order to make the data more reliable;
(iv) maintain the temperature inside the laboratory at
an optimal temperature range for lace bug
development which is 19°C-33°C [28]; (v) take into
account the age of the basil plants that will be utilized

during the bioassay test; and (vi) consider the
amount of limonene present in the treatments.
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Abstract
This study aimed to determine the plant growth promoting activities exhibited by bacterial
endophytes isolated from the roots of Zea mays L. var. rugosa (sweet corn) Sugar King. A total of
eight different bacterial strains were isolated and characterized through Gram staining and
screened for a positive reaction for nitrogen fixation, ammonia production and zinc solubilization
through the use of Jensen’s media, peptone water with Nessler’s reagent, and zinc incorporated
media, respectively. Results showed that Gram-negative bacteria were the dominant group. Colony
characterization showed that circular forms comprised the majority. Similarly, the colonies with
entire forms and either pulvinate or flat elevation were recurrent throughout the isolates. Cell
characterization revealed that all isolates were rod in shape. The plant growth promoting
screenings revealed that all isolates were plant growth promoters. All were found to be positive for
ammonia production and zinc solubilization; however, none were found to be positive for nitrogen
fixation.

Keywords: endophytes, nitrogen fixation, ammonia production, zinc solubilization, Zea mays L. var. rugosa
Introduction.
Endophytes are organisms,
often fungi and bacteria, that live between living
plant cells [1]. They are defined as microorganisms
that could be isolated from surface-sterilized plant
tissues and do not visibly harm host plants.
Endophytism is a universal phenomenon, and it is
likely that all plants harbor endophytic bacteria [1].
There have been studies on the characterization and
testing of endophytic bacteria for their beneficial
effects on plants. It has been shown that some
species of endophytic bacteria were able to produce
indole-3-acetic acid which can promote plant
growth [3]. Endophytic bacteria can also do nitrogen
fixation in order to assist plants in obtaining
nitrogen, which they use to promote growth
development. Other plant growth enhancing
capabilities were characterized by the ability to
produce siderophores, ammonia, phytohormones,
inorganic phosphate solubilization and biocatalyst
like cellulase, amylase and protease [14]. Endophytic
bacteria are also capable of being a biocontrol agent
due to a mechanism of antibiosis which makes
substances to be used against organisms that are
harmful to the host plant [11]. In order for the
endophytic bacteria and its host plant to have a
symbiotic relationship, it is essential for the host
plant to supply metabolites and nutrients to the
endophyte and for the endophyte to produce auxins
and do other plant growth promoting activities such
as nitrogen fixation and phosphate solubilization. In
order to be able to fully utilize these
microorganisms, screening of endophytic bacteria
having plant growth promoting abilities is
necessary.

Corn is one of the staple food crops in the
Philippines. Most of the corn sold in markets today
are hybrids due to the advanced traits they have
over natural corn. The Zea mays L. var. Rugosa (sweet
corn) Sugar King variety was selected for the study
due to its early maturity, uniform large cobs, good
husk protection, and a strong plant habit designed
for most weather conditions. These traits
are
considered as the possible benefits of the plant
growth promoting activities that were screened for.
Using culture-dependent isolation techniques
and standard procedures for the testing of plant
growth promoting factors of the bacteria, the study
focused on the characterization and screening of
endophytic bacteria present in the roots of the corn
hybrid variety Zea mays L. var. rugosa (sweet corn)
Sugar King. The samples were characterized based
on colony morphology, cell morphology and Gram
stain. Bacterial strains from the isolated samples
were not identified. Bacterial samples were
inoculated into selective media to test for plant
growth promoting activities. Jensen’s media,
peptone water, and zinc incorporated media were
used to screen nitrogen fixing, ammonia producing
and zinc solubilizing bacteria, respectively. The
plant growth promoting activities associated with
each cultured bacteria were also determined.
The study aimed to isolate, characterize, and
screen endophytic bacteria present in the roots of
Zea mays L. var. rugosa (sweet corn) Sugar King
variety for plant growth promoting activities, which
can be used as biofertilizers. It specifically aimed to:
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(i) isolate endophytic bacteria from Sugar
King variety sweet corn using culturedependent isolation methods;
(ii) characterize endophytic bacteria isolated
from Sugar King variety sweet corn using
culture-dependent isolation methods; and
(iii) screen the endophytic bacteria for plant
growth promoting factors such as ammonia
production, nitrogen fixation, and zinc
solubilization.
Methods.
Sweet corn gathered from
Barangay Agutayan, Sta. Barbara, Iloilo were
screened for possible activities on nitrogen fixation,
ammonia production, and zinc solubilization. A
total of nine samples were randomly selected and
three mixed culture plates were generated from the
gathered samples. The three mixed culture plates
contained eight pure bacterial strains and each were
then characterized based on their colony
morphology, cell morphology and Gram stain. Each
bacterial strain was tested for positivity in nitrogen
fixation,
ammonia
production,
and
zinc
solubilization through the use of selective media.
Preparation of Growth Media.
Trypticase Soy
Agar (TSA) and Trypticase Soy Broth (TSB) were
used as growth media for the isolated bacterial
endophytes. Three media bottles were each filled
with 20 g of TSA and 500 mL of distilled water
while another was filled with 6 g of TSB and 200
mL of distilled water. The mixtures were then
boiled using a hot plate and continuously stirred
using a sterile glass stirring rod until a clear solution
was formed. After boiling, the solutions were
sterilized in an autoclave at 121° C for 15 minutes,
then was allowed to cool down for 3-4 minutes
before being distributed. Sixty standard sized Petri
dishes were filled with the TSA solution until the
bottom of each dish was fully covered while 20
sterile test tubes were each filled with 10 mL of the
TSB solution. The plates and test tubes were then
allowed to rest for a few minutes before being
stored at 2-8° C in a refrigerator.
Preparation of Selective Media.
Jensens's media,
peptone water, and zinc incorporated media were
used for the screening of nitrogen fixation,
ammonia production and zinc solubilization,
respectively. In making Jensens's media, the
procedure by Richard et al. [16] was followed.
Twenty grams of sucrose, 1g of dipotassium
phosphate, 0.500g of magnesium sulphate, 0.500g
of sodium chloride, 0.100g of ferrous sulphate, 2g of
calcium carbonate and 15g of agar were suspended
in 1L of distilled water in a culture bottle. In making
peptone water, the guideline reported by Jorgensen
et al. [9] was followed. In a culture bottle, 10g of
peptone and 5g of sodium chloride were suspended
in 1L of distilled water. In making zinc incorporated
media, the procedure by Kamran et al. [10] was
followed. Half a gram of zinc chloride was
suspended in 500 mL of TSA in a culture bottle.
The three mixtures were then boiled using a hot
plate and continuously stirred using a sterile glass
stirring rod until a clear solution was formed. After
boiling, the solutions were sterilized in an autoclave
at 121° C for 15 minutes, then was allowed to cool
down for 3-4 minutes, before being labelled and
stored at 2-8° C in a refrigerator.

Sample Gathering.
Samples of Sugar King
variety sweet corn roots (SCR) were gathered from
Brgy. Agutayan of Sta. Barbara, Iloilo. Nine root
samples were gathered randomly and stored in
polythene bags inside a cooler partially filled with
ice, in order to minimize bacterial activity, before
being transferred to the Microbiology Laboratory of
PSHS-WVC.
Surface Sterilization.
Following the procedure
for surface sterilization by Youseif [18], samples
were surface sterilized with 70% ethyl alcohol and
bathed in 1% sodium hypochlorite for two minutes.
The outside surface of the samples was inoculated
onto TSA plates to check for sterilization efficiency.
Respective samples from agar plates that showed no
signs of microbial growth were gathered and
smashed together using a mortar and pestle in
preparation for the serial dilution.
Serial Dilution.
Three sets of three test tubes,
labelled 10-1,10-2, and 10-3, respectively, were filled
with 9 mL of 0.9% saline solution. One gram of the
sample was added to each of the test tube labelled
10-1. Before the sample settled, 1 mL of the
suspension was transferred into the test tubes
labeled 10-2 using a micropipette. The procedure
was repeated once again to achieve a concentration
of 10-3.
Isolation of Mixed Culture.
One drop of the
diluted samples from the test tubes labelled 10-3 was
pipetted onto one side of an agar plate. Using an
inoculating loop heat-sterilized using an alcohol
lamp, the sample was streaked on the agar plate
using the quadrant streak method. The agar plates
were then incubated for 24 hours at 37° C. The
plates were placed upside-down during the
incubation period to avoid the interference of
condensation in the growth of the microbes. After
the incubation period, the colony morphology of
the microbial plates was observed. Those with the
same morphology were classified as the same
colonies before the isolation of pure cultures to
avoid multiple cultures of the same bacteria.
Isolation of Pure Culture (TSA).
For the agar
culture, a sterile inoculating loop was used to
transfer bacteria from the mixed culture plate to
another agar plate. The bacteria were then streaked
using the quadrant streak method and incubated
at 37°C for 24 hours.
Isolation of Pure Culture (TSB).
A stock culture
for each isolated colony was prepared. A sterile
inoculating loop was gently touched to the surface
of an existing colony to gather the bacteria. The
loop was then inserted into the broth, moving the
loop back and forth to ensure the inoculation of the
bacteria to the media. The broth was then incubated
at 37°C for 24 hours. Pure culture colonies were
necessary for the biochemical testings as bacteria
may react differently in isolation than when it is
combined with other species.
Colony morphology.
Colony morphology was
observed before and after the isolation of pure
culture bacterial colonies to ensure that the colonies
isolated were correct. The shape, margin, elevation,
size, color, and texture of the bacterial colony were
identified. This determined the groupings, based on
the similarities of their characteristics, for the
isolation of pure culture colonies.
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Cell morphology.
Microscopy was conducted to
determine the shape and arrangement of the
bacterial cell.

SCR5 and SCR 7) were Gram-negative (Figure 1)
while three (SCR 1, SCR 6, and SCR 8) were Grampositive (Figure 2).

Gram staining.
From each pure culture colony
grown, a bacterial smear was prepared. Smears were
prepared by heat fixing bacteria onto a sterile glass
slide. Following the procedure of Jorgenson et al.
[9], the smears were then saturated with the
following reagents: the primary stain crystal violet
for 1 minute; Gram’s iodine solution for 1 minute;
95% ethanol for 5 seconds; and the counterstain
safranin for 1 minute rinsing the glass slide with
distilled water after the addition of each reagent.
During microscopy, purple-stained bacteria were
considered
Gram-positive while
pink-stained
bacteria were considered Gram-negative.

Table 1. Morphological characteristics of individual strains.

Isolate*

Colony
Morphology

Cell
Gram +/Morphology

SCR 1

Circular, Lobate,
Umbonate,
Moderate, Brown,
Smooth

Rod

Gram +

SCR 2

Rhizoid,
Rhizoidal, Flat,
Moderate, White,
Rough

Rod

Gram -

Screening Nitrogen Fixation. The procedure for
nitrogen fixation screening by Ebeltagy et al. [5] was
followed. Nitrogen-free malate agar (Jensen’s
media) was used in the screening for nitrogen
fixation with bromothymol blue (BTB) acting as an
indicator [8]. The isolates were then incubated at
37°C for 24 hours. Isolates with blue colored zones
were marked as nitrogen fixers.

SCR 3

Irregular, Entire,
Flat, Small, White,
Smooth

Rod

Gram -

SCR 4

Circular, Lobate,
Raised, Moderate,
Dark, Brown,
Smooth

Rod

Gram -

Screening Ammonia Production.
The procedure
for ammonia production screening by Richard et al.
[16] was followed. Isolates were inoculated into 10
mL peptone water in separate test tubes, then
incubated for 2-3 days at 28 ± 2 degrees Celsius.
After the addition of 0.5 ml of Nessler’s reagent,
isolates that produced a brown-yellow discoloration
were marked positive for ammonia production.

SCR 5

Circular, Entire,
Pulvinate,
Moderate, Brown,
Rough

Rod

Gram -

SCR 6

Circular, Entire,
Pulvinate, Small,
Orange, Smooth

Rod

Gram +

SCR 7

Circular, Entire,
Pulvinate,
Moderate, Brown,
Smooth

Rod

Gram -

SCR 8

Irregular, Lobate,
Flat, Moderate,
Brown, Smooth

Rod

Gram +

Screening Zinc Solubilization.
The procedure
for zinc solubilization screening by Kamran et al. [9]
was followed. Zinc chloride (ZnCl2) medium plates
were used in the screening for zinc solubilization.
The isolates were aseptically inoculated as a spot on
the respective medium plates and covered with
aluminum foil. They were then incubated in the
dark at 28° C for one day. The presence of clear
zones around the colony indicated the presence of
zinc solubilizing strains.

*Nomenclature was given based on the crop and tissue type
isolated which is sweet corn root (SCR).

Data Analysis.
The basis for positive results in
each screening was from past articles [9,10,16].
Evaluation of results were done through visual
assessment and were verified by a licensed medical
technologist.
Safety Procedure.
While in the process of
isolation and handling of bacteria, proper lab
equipment such as lab gowns, sterile gloves, and
masks were used to ensure the prevention of
contamination and infection of bacteria. Used
gloves, tissues, and other trash were properly
disposed into designated disposal bins inside the
Microbiology Laboratory of PSHS-WVC. Bacteria
cultures were properly decontaminated with 10%
sodium hypochlorite. Work areas were disinfected
with 70% ethyl alcohol after working.
Results and Discussion.
Results obtained
from the study revealed that Zea mays L. var. rugosa
(sweet corn) Sugar King variety harbors culturable
endophytic bacteria. Eight bacterial strains were
isolated from the sweet corn roots (SCR). All isolates
were characterized based on their colony
morphology, cell morphology, and Gram stain
(Table 1). Five of the isolates (SCR 2, SCR 3, SCR 4,

Figure 1. Isolates of the sweet corn root (SCR) that did not
retain the crystal violet stain indicating it as Gram-negative.

Figure 2. Isolates of the sweet corn root (SCR) that did
retain the crystal violet stain indicating it as Gram-positive.
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For the characterization of the bacteria based
on colony and cell morphology as well as Gram
Stain, results showed that the endophytic bacteria
lcommunity of the Sugar King sweet corn was
composed of both Gram-positive and Gramnegative bacteria. Gram-negative stain, circular
form, entire margin, pulvinate and flat elevations,
and rod shape predominated among all isolates.
The functional potentialities in relation to plant
growth promoting activities of root isolates were
assessed. Strains were tested in vitro for their ability
to conduct three plant growth promoting activities
such as ammonia production, nitrogen fixation and
zinc solubilization (Table 2).
Table 2. Presence of plant growth promoting activities in
endophytic bacteria from Zea mays roots.

Isolate*

Ammonia Nitrogen
Zinc
Production Fixation Solubilization

SCR 1

Present

Absent

Present

SCR 2

Present

Absent

Present

SCR 3

Present

Absent

Present

SCR 4

Present

Absent

Present

SCR 5

Present

Absent

Present

SCR 6

Present

Absent

Present

SCR 7

Present

Absent

Present

SCR 8

Present

Absent

Present

*Nomenclature was given based on the crop and tissue
type isolated which is sweet corn root (SCR).

The results demonstrated that the endophytic
bacterial community isolated were all capable of
producing ammonia, with SRC 2 and SRC 3
exhibiting maximum production. Marques et al. [13]
suggested that the ammonia produced by
endophytes is beneficial for the root and shoot
elongation, consequently increasing plant biomass.
Presence of these endophytes may have contributed
to the large cobs and sturdy structure characterized
by the sweet corn Sugar King variety. Nitrogen
fixation is another biological process that plants
undergo in order to take in nitrogen. It is an
important biological process wherein bacteria
convert molecular nitrogen, which plants cannot
utilize, into usable forms like ammonia [15]. None of
the strains isolated were able to fix nitrogen during
the screening. This may be either due to all isolates
being not really able to fix nitrogen or an error was
conducted during the screening, specifically during
the formulation of the selective media. All
endophytic isolates of Zea mays L. var. rugosa were
observed to be zinc solubilizers. So far, the Bacillus
spp. and Pseudomonas spp, both of which are rods, are
the only bacterial species from maize crops that
were reported to be zinc solubilizers as they form a
clear halo zone [10]. Reports from past studies have
confirmed that zinc solubilizing strains significantly
improved the activity of enzymes, plant growth,
yield attributes and successfully biofortified maize
grains aside from the increase in zinc content [9].
Endophtic bacteria are tissure specific, but not
plant specific [18], meaning that the strains isolated

from the study could be utilized as bio-fertilizers,
which are becoming more and more popular in
many countries, for many crops. Biofertilizers are
natural products carrying living organisms derived
from plant organs or soil itself, so they do not have
any ill effects on soil health or the environment,
unlike chemical fertilizers. In modern agriculture,
chemical fertilizers have degraded the fertility of
soil making it unsuitable for raising crop plants. In
addition, the intensive use of these inputs has also
led to severe health and environmental hazards
such as soil erosion, water contamination, pesticide
poisoning, falling groundwater table, water logging
and depletion of biodiversity. Although chemical
fertilizers are more commonly used, bio-fertilizers
are more practical and beneficial to farmers and
agriculturalists. Saeed et al. [17] reported that
biofertilizers increased yield, yield components and
growth promotion better than chemical fertilizers.
Biofertilizers naturally activate the microorganisms
found in the soil. Being cheaper, more effective and
environmentally friendly, biofertilizers are gaining
importance for use in crop production, restoring
the soil's natural fertility and protecting it against
drought, soil diseases and therefore stimulate plant
growth. This shows that biofertilizers that utilize
plant growth promoting endophytes are practically
and economically better than chemical fertilizers.
Endophytic bacteria isolated from Zea mays L. var.
rugosa exhibiting capabilities for plant growth
promotion (specifically ammonia production and
zinc solubilization) could have potential use for
biotechnological purposes in agriculture, in
particular, as biofertilizers.
Limitations. The data presented in the study is
exclusive to the sweet corn hybrid variety Zea mays
L. var. Rugosa. The selective media used in the study
were verified by only one licensed medical
technologist. Due to the lack of resources, the
researchers were not able to identify the isolated
bacterial strains.
Conclusion.
The present study showed that
Zea mays L. var. rugosa (sweet corn) Sugar King
variety is home for diverse plant growth promoting
bacterial endophytes. Being able to showcase plant
growth promoting activities, inoculation of maize
plants with these endophytic representatives may
result to a more stimulated plant growth and
increased biomass production compared to
uninoculated plants. The present study suggests the
potential application of these endophytes in
agricultural traits that could result in reduced input
costs due to the use of agro-chemicals, better
production yield and health, and in a way, may lead
to improved soil quality and fertility. However,
further field experiments and actual identification
of the representative endophytes are encouraged to
support the findings of the study.
Recommendations.
It is recommended to
add screenings for other important plant growth
promoting activities such as indole acetic acid
production and phosphate. Future researchers of
similar field can use other corn hybrids as the plant
sample to see differences in the resulting isolated
bacteria. It is also recommended to consult experts
on how to make the various growth media to be
used for screening to further legitimize the results.
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Increasing the sample size can improve the quality
of the gathered data being a more accurate
representation
of
the
endophytic
bacterial
community from the sample site. For the success of
biofertilizer technology and the utilization of
endophytes, further research and development is
needed to understand the mechanisms of action of
various biofertilizers and to find out more
competent endophytic strains and carrier materials
to make agriculture practices more sustainable and
economical. Finally, identification of bacterial
strains is recommended to further strengthen the
legitimacy of the study.
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Abstract
The construction of the Jaro Floodway was completed in 2011 to divert the floodwater from the
Jaro River towards the Iloilo Strait. Its construction may pose a threat to the nearby mangrove forest
due to its large-scale anthropogenic disturbance. This study aims to determine the effect of the
floodway to the nearby mangrove forest in terms of its areal change. Google Earth imagery was
downloaded for the years 2005, 2009, 2012, 2014, 2016, and 2018. The images were digitized in
Quantum Geographic Information System (QGIS) and classified into four thematic classes, namely,
mangrove, non-mangrove, fishpond, and water. Mangrove cover increased throughout the years
measuring 8.98 (2005), 9.35 (2009), 11.39 (2012), 16.60 (2014), 26.82 (2016), and 42.98 ha (2018). The
general increase in mangroves is attributed to a combination of factors such as sedimentation rate
and mangrove planting efforts. Its construction led to the formation of a new delta which the
mangroves currently thrive in.
Keywords: mangrove colonization; sedimentation; remote sensing; mapping; satellite imagery
Introduction.
Mangroves in the Philippines
have significantly decreased by 51% throughout the
years, where it amounted to approximately 500,
000 hectares in 1918 and about 256, 000 hectares in
2010 [1,2,3,4]. Anthropogenic disturbances, illegal
logging,
urban
development,
agriculture,
aquaculture, and natural disasters (e.g. storm surges,
tsunamis, flooding) are the primary causes which
have been attributed to the degradation of
mangroves in the Philippines [4,5]. However,
environmental factors such as wave action, duration
and depth of tidal inundation, salinity, sediment
accretion, and ground subsidence might have also
influenced the colonization of the mangroves [2].
Studies such as those of Albano [2], Long et al. [3,4],
Dan et al. [6], Fromard et al. [7], Heumann [8], and
Nascimento et al. [9] have used remote sensing to
measure the mangrove cover in the study area.
The construction of the Jaro Floodway was
completed in 2011 with the goal to minimize the
flooding in Iloilo City by diverting the floodwater
from the Jaro River to the Iloilo Strait. It is 4.8 km
long and 82 m wide and designed to protect the city
against a 20-year flood return period [10]. However,
its construction may pose a threat to the nearby
mangrove forest due to its large-scale anthropogenic
disturbance, which may lead to an overall change in
ecological processes in the area such as water current
movements, sedimentation, and salinity shifts.
Possible causes that can be attributed to the change in
mangrove cover will be determined by examining
the large-scale environmental change as seen from
the series of satellite images. Results of the study can
contribute in providing insights on how mangroves
adapt to environmental changes.

Types of remote sensing data may vary, each
having a significant purpose to analyze an area from
a distance. There are numerous ways that remote
sensing technology has been applied in the different
fields of sciences, which include: applications in land
use/land cover mapping, geologic and soil mapping,
agriculture, forestry, rangeland, water resources,
snow and ice mapping, urban and regional planning,
wetland mapping, wildlife ecology, archaeology,
environmental assessment, disaster assessment, and
landform identification and evaluation [11,12].
As stated by Kuenzer et al. [13], remote sensing
(RS) has been widely proven to be essential in
monitoring and mapping threatened mangrove
ecosystems. Examples of remote sensing systems
that have been utilized for mangrove forest studies
include the use of aerial photography, or satellite
images provided by Landsat, SPOT, MODIS, ASTER,
etc. [8]. Landsat images were used by Long et al. [4]
to estimate the mangrove cover for the entire
Philippine archipelago during 1990, 2000 and 2010
to be approximately 269, 256, and 241 kilohectare,
respectively.
This research determined the change in area
covered by mangrove for the years 2005, 2009, 2012,
2014, 2016, and 2018 in Brgy. Bito-on, Jaro, Iloilo
City before and after the construction of the Jaro
Floodway using freely available high-resolution
satellite images from Google Earth. It specifically
aimed to:
(i) determine the area of the mangrove forest in
the Jaro Floodway in Brgy. Bito-on, Jaro, Iloilo
City using Quantum Geographic Information
System (QGIS); and
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(ii) determine the rate of mangrove colonization
in the Jaro Floodway in Brgy. Bito-on, Jaro,
Iloilo City by adapting the formula used by
Albano [2].
Methods.
The methods was divided into three
steps: (1) georeferencing of satellite images from the
years 2005, 2009, 2012, 2014, 2016, (2) digitization of
each georeferenced satellite image and image
classification into four thematic classes, namely,
mangrove, water, non-water, and fishpond areas and,
(3) calculation for the rate of mangrove colonization.
Study area.
The study area included the
mangrove cover area at the mouth of the Jaro
Floodway in Brgy. Bito-on, Jaro, Iloilo City as in
Figure 1. A grid with a 200 m spacing bounded by
geographic coordinates 122.5836⁰E, 10.7487⁰N and
122.5982⁰E, 10.7361⁰N was created in QGIS software,
version 3.4.6. The grid served as a guide in
downloading high resolution images from Google
Earth for the years 2005, 2009, 2012, 2014, 2016 and
2018.

by the software. An ocular inspection was also
conducted in order to verify the classified areas.
Mangrove colonization rate.
The rate of
mangrove colonization for the years 2005-2009,
2012-2014, 2014-2016, and 2016-2018 was calculated
using the formula used by Albano [2]:
𝐶𝑅! =

𝑀𝐶! − 𝑀𝐶!
𝑏−𝑎

where 𝐶𝑅! is the average rate of mangrove areal
cover change (ha/yr) or colonization rate of x, 𝑀𝐶! is
the mangrove areal cover for the earliest year a, and
𝑀𝐶! is the mangrove areal cover for the most recent
year b.
Results and Discussion.
The construction of
the Jaro Floodway began in 2008 and was completed
in 2011. After its construction, mangrove cover
steadily increased throughout the years as in Figure
2. In 2005, mangrove cover was measured to be 8.98
ha, this increased by 34.00 ha by 2018 to 42.98 ha.
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Figure 2. Area of mangrove cover in the Jaro Floodway from
2005 to 2018.

Satellite image georeferencing.
Satellite images as
of December 2018 were georeferenced using Google
Earth Pro, version 7.3.2 and Smart Geographic
Information System (SmartGIS) 2019, version 19.11.
Images were available for the years 2005, 2009,
2012, 2014, 2016, and 2018. The georeferenced
images were saved as a Geospatial Tagged Image File
Format (GeoTIFF), then imported as a raster layer to
QGIS for digitization.
Digitization and image classification.
The
georeferenced images for each year were then
classified into four (4) thematic classes using visual
interpretation namely water, fishpond, mangrove,
and non-mangrove areas. Water was identifiable as a
dark blue color in the satellite image. Fishpond areas
were rectangular shaped with a well-planned
distribution, as seen through the satellite image.
Mangroves were identifiable in the satellite images as
green regions along the coast. These are the only
plant species which could thrive on the salinity of the
brackish water. Other areas which do not fit the
criteria for the other three thematic classes were
classified into a non-mangrove area. Every thematic
class was then manually traced over using QGIS and
saved as a shapefile layer. After the digitization
process, the area of each thematic class, which was
measured in hectares, was automatically determined

Mangrove colonization rate has also increased
from 2005 to 2018, as observed in Figure 3, wherein
the slope of the line steadily increases. It can also be
observed that from 2009 to 2012 and 2016 to 2018
there is a notable increase in mangrove colonization
in the area. Overall, the colonization rate of
mangroves in the Jaro Floodway increased by 7.99
ha/yr from 2005-2009 and 2016-2018.
Mangrove Colonization
Rate of Mangrove
Colonization (ha/yr)

Figure 1. Study area.
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Figure 3. Rate of mangrove colonization in the Jaro
Floodway from 2005 to 2018.
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The extent of mangrove colonization depends
on various environmental factors such as availability
of propagule or seedling source, wave action,
duration and depth of tidal inundation, and salinity
[1]. In this study, the rate of mangrove colonization
after the construction of the Jaro Floodway is mainly
attributed to sedimentation [2,14]. Bathymetric
charts available from the National Mapping and
Resource Information Authority show that the water
depth at the river mouth section of the Jaro
Floodway before it was constructed is approximately
1 m, which is too deep for the propagules to grow.
Thus, sedimentation played a major role by reducing
the water depth to the optimal depth needed for
mangroves to grow, which resulted in an increase in
mangrove cover from 9.35 ha in 2005 to 42.98 in
2018. This study does not imply that an abrupt
change in sediment accumulation is beneficial for
the environment but rather emphasizes that
mangroves increased from this environmental
change.
There have been mangrove planting efforts in
the study site that were initiated by the government.
The Department of Public Works and Highways
reported that a total of 13,000 seedlings were planted
along the coasts of Barangay Bito-on. Personal
communication
with
the
Department
of
Environment and Natural Resources also reported
that there are annual mangrove planting efforts after
the Jaro Floodway was constructed. However, there
are no reports on the survival of the planted
seedlings. Despite this data gap, it is still likely that
natural colonization took place because mangroves
are known to colonize unutilized areas at a fast rate.
Albano [2] reported that unutilized fishponds in
selected barangays of Guimaras and Sorsogon, were
naturally colonized by mangroves at a rate of 2,305
𝑚!
𝑚!
𝑦𝑟 in 2006-2012 and 1,890
𝑦𝑟 in 2000-2015,
respectively. Nascimento et al. [9] also reported that
mud deposition at the mouth of the Amazon River
lead to an increase in mangrove cover by more than
700 𝑘𝑚! in 12 years. Although the results of this study
indicate that there was an increase in the mangrove
cover, the contribution of mangrove planting efforts
and natural colonization could not be quantified
because of the lack of field data. However, in the case
of natural colonization, the most likely propagule
and seedling source is the nearby mangrove forest
located at the mouth of the Jaro River.
Limitations.
The study determined the area of
mangrove cover and rate of mangrove colonization
in the Jaro Floodway; thus, the species of the
mangroves present in the area were not identified.
Calculation for the rate of sediment accumulation
could not be quantified with the methods used.
Conclusion.
Mangrove cover increased after
the Jaro Floodway was constructed. Sedimentation
from the Jaro Floodway led to the formation of a
new delta lobe that increased the area covered by
mangroves from 9.35 (2005) to 42.98 ha (2018).
Results of the study can contribute in providing
insights on how mangroves adapt to environmental
changes. Government offices can also use the results
in the study in future decision making and aid in the
development of rehabilitation projects.

Recommendations.
Further studies regarding
the survey of the presence of mangroves in the area
and comparative studies between the number of
naturally
colonized
mangroves
and
planted
mangroves could be conducted. Quantifying
sedimentation in the area may also be investigated.
Other sources of satellite imagery data and
georeferencing software can also be used for the
conduct of the study. When using a different source
for the satellite imagery data, it is advised that the
earliest and most recent available satellite image of
the study site should be downloaded. There should
also be a specific time interval for every acquired
satellite image for the computation of the mangrove
colonization rate.
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Abstract
In the Philippines, Clarias gariepinus (African catfish) and Chanos chanos (milkfish) are two
economically important fish species. Studies conducted by Echem et al. (2018) and Agbabiaka et al.
(2017), respectively have suggested that both of these species have high mean intensity and prevalence
of parasites which can cause mortalities in fish. The study aimed to identify and determine the
prevalence and mean intensity of parasites present in Clarias gariepinus and Chanos chanos in Zarraga
and Dumangas, Iloilo, respectively. The gills and intestines of 30 fish samples from each species were
dissected and examined under a microscope. It was found that Dactylogyrus spp. and Gyrodactylus spp.,
both monogeneans, infected the gills of both species. Meanwhile, varied species of cestodes were only
present in the intestines of Clarias gariepinus. A positive correlation was found between the number of
parasites present, and the length and weight of Clarias gariepinus, while no correlation was observed in
Chanos chanos. This may be explained by the difference in the environmental preference of the fishes.
Keywords: Cestodes, correlation, mean intensity, monogenean, prevalence
Introduction.
Fish is among the most widely
cultured food items in the country as it is a
common source of protein. Diseases brought about
by parasites are one of the main reasons for the
decrease in fish supply [1]. This usually results in
huge economic losses among fish farmers and fish
hatchery owners. In the country, Chanos chanos is
generally considered as one of the main aquaculture
products [2]. On the other hand, Clarias gariepinus
(African catfish) is also one of the most abundant
cultured species in the country [3].

The study aimed to identify the types of
parasites present in Clarias gariepinus in Zarraga,
Iloilo, and Chanos chanos in Dumangas, Iloilo.

Clarias gariepinus [4] and Chanos chanos [1] are
known to be susceptible to parasites. However, the
degree of parasitism varies among these species.
The diversity and composition of parasites that
infest fish such as Clarias gariepinus and Chanos
chanos vary depending on several factors such as
water quality, diet, habitat, and weight and length of
the fish [5,6].

(iii) determine the mean intensity of parasites
present;

Zarraga and Dumangas, Iloilo are the two main
producers of Clarias gariepinus and Chanos chanos in
the province, respectively. Several studies have been
conducted concerning the parasitism in Clarias
gariepinus and Chanos chanos. However, those that
address parasite prevalence in the province are
limited. This study aims to determine the mean
intensity and prevalence rate and identify the types
of parasites present in Chanos chanos from
Dumangas, Iloilo and Clarias gariepinus from
Zarraga, Iloilo. The data obtained in this study may
help local fish farmers in selecting treatments for
their farms.

Methods. The data gathering was composed of
three phases: sample collection, sample preparation,
and fish dissection and examination. Sample
collection involved the purchase, collection, and
transportation of Clarias gariepinus and Chanos chanos
samples from their respective fish farms to the
Microtechnique Laboratory in Southeast Asian
Fisheries
Development
Center
(SEAFDEC),
Tigbauan, Iloilo. Sample preparation involved
euthanizing, measuring, and identifying the sexes of
the fish samples before dissection. Fish dissection
and examination involved the dissection and
evisceration of the fish samples, examination of the
gills and intestines, and data recording. Prevalence

It specifically aimed to:
(i) identify the parasites present in Clarias
gariepinus and Chanos chanos;
(ii) determine
present;

the

prevalence

of

parasites

(iv) correlate the weight of the fish to the
number of parasites present; and
(v) correlate the length of the fish to the number
of parasites present.
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and mean intensity of parasites in each of the fish
samples were calculated by formulas provided by
Bush et al. [7]. Pearson Correlation Test was then
performed using IBM Statistical Package for the
Social Sciences Statistics Version 22 (SPSS) to
determine the relationship between the number of
parasites present and the length and weight of the
fish samples from each fish species.
Sample Collection. A total of 30 live fish samples
per fish species were directly purchased from their
respective fishponds. Samples were purchased in
groups of 10 as these are the maximum number that
could be dissected per day. Fish samples were stored
in aerated fry bags, along with water from the pond
where the samples were harvested [8]. Fry bags were
transported in large buckets, with a total number of
five (5) samples per bucket [8]. This method was
repeated until 30 Clarias gariepinus and 30 Chanos
chanos samples were collected and examined.
Clarias gariepinus and Chanos chanos samples were
then transported to the Microtechnique Laboratory
of SEAFDEC/AQD in Tigbauan, Iloilo for the
dissection and examination of the gills and intestines.
Sample Preparation.
The fish samples were
sedated using 2.4 mL phenoxyethanol with a
concentration of 200 ppm diluted in five (5) liters of
water inside the fry bags [9]. The total length (TL) of
each fish was then taken using a ruler with a 1-mm
precision [8] Each fish sample was then weighed
using an Asuki TB-300 digital weighing scale with a
one (1) mg precision [8].
Fish dissection and examination.
Fish samples
were dissected by first cutting the left and right
operculae open. The gill arches were then cut and
removed from the cavity using dissecting scissors
and tweezers. The gill filaments were cut from the
gill arches, placed on a glass slide, and covered with a
cover slip. An incision was then made from the anus
of the fish up to its mouth, exposing the digestive
tract [10]. The fish samples were then eviscerated.
The small and large intestines were removed, and
placed on a petri dish filled with freshwater for
Clarias gariepinus, and seawater for Chanos chanos to
mimic the salinity of the fish pond where the fish
species were collected. The gill filaments were
examined under the Olympus BX51 compound light
microscope, and the Howell Binocular Compound
Microscope at 40x and 100x magnification.
Photographs of parasites in the gills were taken at
100x magnification. The intestines were examined
under the Howell Binocular Stereomicroscope.
Parasites found in the gills and intestines were
identified up to the genus level based on
morphology, using the book Health Management in
Aquaculture by Cruz-Lacierda et al. [11], and further
verified
by
the
Fish
Health
Section
of
SEAFDEC/AQD. After identification, parasites were
counted based on their types.
Data Analysis. The parasites were then quantified
by calculating the prevalence and mean intensity.
The formula for prevalence is shown below.

Prevalence =

Number of infected samples
Number of samples

X 100

Mean intensity can be calculated using the
equation:

Mean intensity =

Total number of parasites
Number of infected samples

The length and weight of the fish samples were
then correlated to the number of parasites present in
each fish species using the Pearson Correlation Test
in SPSS.
Safety Procedure.
Before dissection of
Clarias gariepinus samples, spines located along the
pectoral fins were removed by cutting them using
dissecting scissors. The spines contain venom that
causes swelling and increased blood flow to the
affected area. Improper handling of Clarias gariepinus
could result in potential injuries during the
dissection of the fish. After dissection and
examination, used fish samples were properly
disposed according to SEAFDEC protocols. Samples
were buried in a vacant lot in SEAFDEC/AQD, Brgy.
Buyu-an, Tigbauan, Iloilo.
Results and Discussion.
The results and
discussion is composed of six (6) parts: parasites
present, prevalence, and mean intensity; attachment
sites; Clarias gariepinus weight and length-parasite
relationship;
Chanos
chanos
weight
and
length-parasite relationship; parasitism comparisons
between Clarias gariepinus and Chanos chanos; and
water parameters that may have affected the extent
of parasitism in each fish species.
Parasites present, prevalence, and mean intensity.
Overall, all fish samples of Clarias gariepinus were
infected with at least one type of parasite, while no
parasite was recorded for 16 out of 30 samples of
Chanos chanos. Table 1 shows that Clarias gariepinus
was parasitized by three different parasites, namely,
Dactylogyrus spp. (monogenean, Fig. 1A), Gyrodactylus
spp (monogenean, Fig. 1B), and Cestode (Fig. 1C).
Among the parasites that were recorded, two types
were also found to parasitize Chanos chanos, which
and
include
Dactylogyrus spp. (monogenean),
Gyrodactylus spp .(monogenean) as summarized in
Table 2. Cestodes were only found to be present in
Clarias gariepinus.

A

B

C

Figure 1. Parasites present in the fish samples:
(A) Monogenean [Dactylogyrus spp.]; (B) Monogenean
[Gyrodactylus spp.]; and (C) Cestodes.

Attachment sites. Attachment sites of the parasites
in each fish species are shown in Tables 1 and 2.
Dactylogyrus spp. (monogenean), and Gyrodactylus spp .
(monogenean) were found attached to the gills of all
fish samples for both Clarias gariepinus and Chanos
chanos. Cestodes were only found in the intestines of
Clarias gariepinus.

80 | Constantino et al.
Table 1. Parasites found in Clarias gariepinus.

Parasites
recorded

Site of
attachment

TP*

inf**

Dactylogyrus spp.
(monogenean)

Gills

1157

30

Gyrodactylus spp.
(monogenean)

Gills

61

15

Cestode

Intestines

32

5

*TP number of parasites, **inf number of infected samples
Table 2. Parasites found in Chanos chanos.

Parasites
recorded

Site of
attachment

TP*

inf**

Dactylogyrus spp.
(monogenean)

Gills

19

12

Gyrodactylus spp.
(monogenean)

Gills

1

1

Figure 2. The graph shows the correlation of catfish weight
to the number of parasites (r=0.639).

*TP number of parasites, **inf number of infected samples

The prevalence (%) and mean intensity (MI) of
parasites present in Clarias gariepinus and Chanos
chanos are shown in Table 3. Dactylogyrus spp.
(monogenean) was found to be the most prevalent
parasite infecting both fish species, followed by
Gyrodactylus spp. (monogenean), and finally Cestodes
for Clarias gariepinus. Dactylogyrus spp. (monogenean)
had the greatest MI among other types of parasite
for Clarias gariepinus and Chanos chanos. The parasite
exhibited an MI of 39 parasites per sample in Clarias
gariepinus and two (2) parasites per sample in Chanos
chanos. Dactylogyrus spp. (monogenean) has an MI of
four (4) parasites per sample in Clarias gariepinus, and
an MI of one (1) parasite per sample in Chanos chanos,
the least MI of parasites in both species. Meanwhile,
Cestodes exhibited an MI of six (6) parasites per fish
sample in Clarias gariepinus.
Table 3. Prevalence and mean intensity of parasites present.

Clarias gariepinus

Chanos
chanos
%* MI**

Parasites present

%*

MI**

Monogenean
(Dactylogyrus spp.)

100

39

40

2

Gyrodactylus spp.
(monogenean)

50

4

3.33

1

Cestode

16.67

6

-

-

*% prevalence, **MI mean intensity

Clarias gariepinus weight and length-parasite
relationship. Among the two fish species, Clarias
gariepinus was the most infected, hosting three types
of parasites, and a total of 1250 parasites in 30
samples. The correlation of catfish weight and length
to the number of parasites present in the fish are
shown in Figure 2. The correlation coefficients (r) of
the length and weight to the number of parasites
were 0.639 and 0.622 respectively. A positive
correlation of the weight and length to the number
of parasites present was found to be significant at
α=0.01. With this, the correlation of the weight and
length of catfish to the number of parasites present
can be described as moderate since the values of r
fall between the range of 0.40-0.69 [12].

Figure 3. The graph shows the correlation of catfish length
to the number of parasites (r=0.622).

Chanos
chanos
weight
and
length-parasite
relationship. Chanos chanos exhibited a lower
prevalence and MI of parasites present than Clarias
gariepinus. Among the three parasites observed,
Chanos chanos hosted only two types, with a total
number of 20 parasites found for all fish samples. No
significant correlation between the weight and length
of Chanos chanos and the number of parasites was
observed.
Clarias gariepinus and Chanos chanos both had the
presence of Dactylogyrus spp. (monogenean) and
Gyrodactylus spp. (monogenean) in the gills. Of the
two fish species examined, only Clarias gariepinus had
a presence of cestodes in its intestines.
The presence of parasites in the fishes may be
explained by the water quality of the pond where the
fishes were sourced from. When the water
parameters differ from the ideal conditions of the
fish species, slow growth, inability to reproduce, and
the increased risk of parasite infestation due to
decreased immunity is expected. Along with this,
unfavorable water conditions allow for the easy
proliferation of parasites in the water system. Some
of
these
parameters
include
the
salinity,
temperature, and dissolved oxygen of the water in
the pond. [13]. Also, a similarity in diet, habitat, and

Monogenean and cestode infestation in Clarias gariepinus and Chanos chanos | 81
feeding capacity of the host may have affected the
presence and abundance of these parasites [14].
Parasites were observed to be more prevalent in
the gills, than in the intestines. This is because the
gills are in direct contact with the water where the
fish is exposed to [15]. The gills are more likely to
catch more parasites, especially monogeneans
because of its threadlike filaments which makes it
easy for monogeneans to hook and attach to [16].
Additionally, most parasites present in the fishes
were monogeneans. Monogeneans are ectoparasitic
flatworms, which mostly infect only the skin and the
gills of the fish [11].
The absence of cestodes in Chanos chanos may be
due to the salinity of the water where the fish is
found. This is because cestodes usually infest
freshwater fishes, such as catfish, carps, and
snakeheads, while Chanos chanos is a euryhaline fish
[11]. The difference in the water salinities in which
the two organisms exist may have contributed to the
minimal parasitism in Chanos chanos. Furthermore
monogeneans exist mostly in temperatures optimal
for catfish growth, which may explain the parasite
prevalence in the samples [17,18,19]. In contrast,
Chanos chanos exists in environments with high levels
of dissolved oxygen. Dissolved oxygen (DO) can also
affect the extent of the parasitism by supporting the
immunity of the host fish against parasitic
infestations [20]. Along with this, fishes that are
exposed to environmental systems which have low
DO and high turbidity, such as Clarias gariepinus, are
more vulnerable to parasite infestation [21].
It was found that both the length and weight of
Clarias gariepinus had a positive correlation to the
number of parasites present in the fish species. This
is supported by the study of Khalil et al. [22], which
indicated that the larger the fish, the larger the
surface area that the parasites can attach to, leading
to an increase in parasitism. The study of Amare et
al. [1] also showed a positive correlation between the
number of parasites present and the size of the fish.
The results of Oscar et al. [6] also showed a high
number of monogeneans present in the gills and a
positive correlation between the length and weight of
the fish to the number of parasites present.
No significant correlation was observed between
the size and number of parasites present in Chanos
chanos. This is inline with the findings of Echem et al.
[2], which reported a negative correlation between
the size of the milkfish and the number of parasites
present. This is because monogeneans infesting the
fish are not present in their optimum habitat for
growth. Monogeneans mostly infest freshwater
fishes, while Chanos chanos is a euryhaline fish. The
difference in the tolerance to saltwater of the parasite
and the fish species may have affected the extent of
monogenean parasitism in the fish [11].
Treatments for the parasitism depend upon the
type
of
parasites
present.
Treatments
for
monogenean infestation include Praziquantel (PZQ),
hydrogen
peroxide,
formalin,
potassium
permanganate, hyposalinity and hypersalinity, and
restocking. Meanwhile, cestode infestations are
usually treated using PZQ and niclosamide.

Praziquantel (PZQ) is a selective drug used for
the
treatment
of
trematode,
cestode,
and
monogenean infections only in ornamental fishes,
and is not approved by the US Food and Drug
Administration (USFDA) for the use in fishes that are
being consumed [23,24]. Hydrogen peroxide,
formalin, and potassium permanganate have also
been used in the aquaculture industry as immersion
treatments
against
disease-causing
organisms,
including ectoparasites [25,26,27]. Hyposalinity and
hypersalinity are osmotic shock treatments used
against parasitic infestations, especially monogenean,
in certain fish species by decreasing or increasing the
salinity of the water bath where the fishes are
exposed to [23,28]. Disinfection in aquaculture
involves emptying, drying, and disinfecting the tanks
or ponds where the fishes are cultured [23].
Niclosamide is a drug which belongs to the family of
medicines called anthelmintics, which are generally
used to treat worm infections, like cestodes [29].
Limitations. The examination of fish parts for
the presence of parasites was only limited to the gills
and intestines of both fish species. The samples were
also limited to Clarias gariepinus and Chanos chanos
cultured and obtained from one fish farm in Zarraga,
Iloilo, and one fish farm in Dumangas, Iloilo
respectively. The sample size for each fish species
was limited to 30 samples. Clarias gariepinus samples
were commercially available, however, Chanos chanos
samples were collected using aerated fry bags to
transport the samples to the laboratory as suggested
by the fish farm owner. This was to assure that
milkfish samples were alive once they arrived at the
laboratory to be dissected and examined.
Conclusion.
Dactylogyrus spp. (monogenean)
exhibited a high prevalence rate and mean intensity
in Clarias gariepinus, while it exhibited a moderate
prevalence rate and low mean intensity in Chanos
chanos. Meanwhile, Gyrodactylus spp. (monogenean)
exhibited moderate and low prevalence rates and
mean intensities for Clarias gariepinus and Chanos
chanos respectively. Cestodes were the least prevalent
among the parasites, and were only found in Clarias
gariepinus. As the length and weight of Clarias
gariepinus increases, the number of parasites found in
the fish increases with it. Meanwhile, the length and
weight of Chanos chanos has no effect on the parasite
count in the fish. Therefore, farmers culturing the
fish species would be informed on possible
treatments concerning parasitism of monogeneans
and cestodes. Along with this, it would promote the
awareness among fish farmers about how size could
affect the extent of parasitism in their fish culture.
Recommendations.
This study recommends
to increase the number of fish samples and increase
the number of fish farms where the samples are
sourced from in order to obtain a more accurate
representation of the fish population in the specific
area. Also, more varied sizes of Clarias gariepinus and
Chanos chanos samples could be used in future studies
in order to have a more accurate analysis of the
correlation of length and weight to the number of
parasites present in each fish species. It is also
recommended to take water and soil samples from
the pond where the fish samples are collected to
further relate the environmental parameters to the
extent of parasitism.
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Abstract
Freshness is an important factor in fish consumption. However, fish freshness is falsified by using
formalin which is cancerous to humans. Fish freshness can be determined using eye color. This study
aimed to determine the effect of formalin treatment on Chanos chanos (milkfish) through the mean
saturation and value from the HSV (hue, saturation, value) color space of the eye and the pupil, and to
compare the significant difference between formalin-treated and untreated fish. Sixty (60) Chanos
chanos (milkfish) samples were documented throughout a seven-day period, segmented in GNU
Image Manipulation Program 2.10.8, and processed using a program developed in Scilab 6.0.2. In
both setups, the mean saturation of the eye and the value of the pupil increased over time while the
mean value of the eye and the saturation of the pupil decreased. This change indicates that the eyes
become cloudier as a fish loses its freshness. Formalin treatment led to a significant increase in the
mean values of the eye and the pupil.

Keywords: color, computer vision, fish freshness, formalin, image analysis
Introduction.
The Philippines is a country
that primarily relies on its aquatic resources such as
in the fisheries industry. In 2018, the Philippines
produced a total of 4.35 million metric tons of fish,
crustaceans, mollusks, and aquatic plants. The
Philippines also ranked 8th among the top fish
producing countries in the world in 2016 [1]. Chanos
chanos (milkfish) is one of the three most consumed
fishes in the Philippines [2]. In Region VI alone, the
total number of Chanos chanos (milkfish) produced
was 88,981.8 metric tons or 29.3% of the total
country production, making Region VI the largest
producer of Chanos chanos (milkfish) in the
Philippines.
Fish is a highly perishable commodity and its
freshness is an important indicator of its overall
quality, as well as its fitness for human consumption.
Biological and chemical changes that occur post
death and during storage may result to the
deterioration of fish quality. Significant changes in
the appearance, odor, color, flavor, and texture of
the skin, slime, eyes, gills, and belly can be used to
approximate fish freshness. Color is one of the most
important quality parameters in fish processing since
color deterioration is a sign of decreasing freshness.
However, quality evaluation performed by experts,
such as sensory analysis of appearance and odor, is
time-consuming and labor-intensive since humans
are susceptible to fatigue, bias, and other limitations
[3]. Through the developments in the field of
computer vision technology, product assessment has
become all the more standardized and accurate by
employing automated noninvasive methods and
visual evaluation [4].
Formalin is a preservative that is classified by
the International Agency for Research on Cancer [5]
as carcinogenic, but is used by fish traders to prevent

spoilage. Formalin is a solution of 37% formaldehyde
in water which is used in preservation and treatment
against microorganisms that may cause fish diseases
[6].
Formalin-treated
fish
are
almost
indistinguishable from untreated fish which makes
them difficult to identify, leading to the accidental
consumption of these fish. Considering the threat
that formalin poses to consumers [7], the practice of
using formalin to extend the shelf life of fish [6] in
markets should be ended.
Previous studies utilized various methods for
identifying the level of fish freshness. Dowlati et al.
[3] evaluated the freshness of wild and farmed Sparus
aurata (gilthead seabream) using computer vision
technique by measuring lightness (L*), redness (a*),
yellowness (b*), chroma, and total color difference in
fish eyes and gills. The results showed a strong
correlation between color parameters and storage
days. The L* and b* values increased over time, while
the a* value decreased. Similar results were reported
by Unal Sengor et al. [8] whose study utilized both
the Minolta color measurement method and the
image analysis method to assess the freshness of
Sparus aurata (gilthead seabream) stored without ice,
with ice, and with ice and cover paper. While
previous studies have utilized computer vision to
determine fish freshness over time and in varying
storage conditions or lighting setup, there is a
scarcity of studies that use computer vision to
examine the changes in the eye color of formalintreated and untreated fish.
To overcome human limitations [3], formalin
detection in fish may be automated for increased
efficiency, consistency, and accuracy. However,
much remains unexplored in the field, thus available
training data for automation is limited. The results of
this study will primarily be useful to fish quality
assessment agencies, will contribute to the
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advancement of quality assessment automation, and
will be beneficial to the general public specifically,
fish consumers.
The aim of this study was to determine the
effect of formalin treatment on Chanos chanos
(milkfish) through the mean saturation and value of
eye and pupil of eye using computer vision. It
specifically aimed to:
(i) document a timelapse of fish progression in
formalin-treated and untreated samples of
Chanos chanos (milkfish) for 7 days;

installed opposite of each other on the left and right
sides of a wooden lightbox of dimensions of 50 x 50
x 30 cm. The interior walls were painted matte black
to minimize background light and light reflectance.
The sample tray was green in color for adequate
contrast with the fish sample [3]. The images of fish
eyes were captured using a digital color camera (1855mm 1:3.5-5.6G VR). Top-view images were taken at
a vertical distance of 30 cm [10]. All images were
taken using constant camera settings (see Table 1).
The LED lamps were turned on an hour before
image capturing to ensure stable lighting [3].
Table 1. Camera control settings.

(ii) identify the mean saturation and mean value
of the eye and the pupil of the eye relative to the
stage of fish progression from the images using
Scilab 6.0.2; and
(iii) calculate the significant difference of the
mean values for the treated and untreated setups
using JASP 0.9.2.
Methods.
The data-gathering procedure was
divided into five (5) phases: sample preparation,
image acquisition, image analysis, statistical analysis,
and disposal. The sample preparation was further
divided into three (3) sub-phases: sample (a)
collection, (b) preparation, and (c) treatment. Image
acquisition was conducted over a span of 7 days
where images of the samples were collected for
image analysis. Image analysis consisted of image
segmentation, the extraction of HSV values from the
segmented images, and the calculation of the mean
saturation and value of the processed images.
Statistical
analysis
involved
generating
the
mathematical models as visual displays of the sample
progression and calculating the significant difference
of values between setups. The samples used were
then disposed.
Sample preparation. Fresh-caught, farmed Chanos
chanos (milkfish) with fork lengths of 20.2 to 26.8 cm,
total lengths of 26.1 to 34 cm, and weights of 123 to
252 g, were collected from the Southeast Asian
Fisheries
Development
Center
(SEAFDEC)
Brackishwater Station in Dumangas, Iloilo. After
capture, the fish were immersed in icy water to
shock them. Euthanasia was performed shortly after
capture through spiking or iki jime which physically
destroys the central nervous system [9]. The fish
were individually placed inside ziplock bags and
immediately transported to a laboratory in
Philippine Science High School - Western Visayas
Campus in polystyrene boxes with 1:1 fish-to-ice
volume ratio [6]. The fish were separated into two
groups, one was immersed in 5% formalin for five (5)
minutes [6] while the other remained untreated. The
fish samples from the two groups were stored in a
chest freezer at a temperature of 0°C to 5°C and
observed every 24 hours for seven days.
Image acquisition.
A color camera and an
illumination chamber or lightbox as described by
Dowlati et al. [3] were used in an image acquisition
system to capture the images of fish. Two LED lamps
(Natural Daylight, 240 V / 4W) with a color
temperature of 6500 K were used to capture high
quality
images
under
reproducible
lighting
conditions. The lamps with lengths of 30 cm were

Variable
Image size
Zoom
Flash mode
Sensitivity
Operation mode
Aperture Av.
Exposure time Av.
Image type
Macro
Focal length

Settings
6000 x 4000 pixels
No zoom
No flash
ISO-200
Manual
f/6.3
1/15 s
JPEG
On
18mm

Image analysis.
Segmentation is the process of
partitioning an image into regions that correlate
strongly to features of interest in an image. The
regions of interest, the eye and the pupil, were
manually
segmented
using
GNU
Image
Manipulation Program 2.10.8 to isolate them for
color analysis [10]. The elliptical marquee tool was
used to select and segment images of the eye and the
pupil which appears as a black circle in the middle of
the eye [11]. The RGB values of the processed images
were converted to their respective HSV equivalents.
Image analysis was done using Scilab 6.0.2 [12].
Statistical analysis.
The analysis of results was
done by calculating the statistical difference between
the data points of the treated and untreated samples
using the independent samples t-test through the
JASP 0.9.2 software. Data was expressed using mean
and standard deviation. Differences among the mean
values of treated and untreated samples were
examined with a significance level of α=0.05.
Safety Procedure.
The proper use of splash
goggles, laboratory gown, gloves, and mask was
observed throughout the conduct of the study. All
fish samples were buried in a vacant lot in San
Miguel, Iloilo. Used and unused formalin was turned
over to the science research assistant for proper
storage and disposal.
Results and Discussion.
Figure 1 shows the
changes in the eyes of the same untreated fish over
seven days. The iris became darker over time, while
the pupil became cloudier. The same is true for the
formalin-treated samples as seen in Figure 2.
However, the iris of formalin-treated fish discolor
earlier compared to untreated fish. The pupils of the
formalin-treated fish became cloudier than those of
the untreated samples.
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Figure 3 shows the mathematical models
generated to display the comparison of observable
trends in the changes in saturation and values of eyes
and pupil between formalin-treated and untreated
Chanos chanos (milkfish) samples.

Right

Figure 1. Typical fish eye changes during storage of
untreated Chanos chanos (milkfish).
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to 0.24437 for the untreated setup and 0.22680 to
0.38552 in the formalin-treated setup.

1
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Right

Figure 2. Typical fish eye changes during storage of
formalin-treated Chanos chanos (milkfish).

Changes in fish freshness were determined by
calculating the mean value and saturation of eye and
pupil images using the Scilab 6.0.2 image processing
library. Tables 2 and 3 present the mean and
standard deviation of the saturation and value of the
eye and pupil for untreated and formalin-treated
samples, respectively.
The mean saturation of the eye increased over
time in both setups, from 0.31589 to 0.36988 for
untreated samples and 0.29678 to 0.39731 for
formalin-treated samples. In contrast, the mean
saturation of the pupil decreased over time, from
0.33927 to 0.19270 for untreated samples and
0.33872 to 0.20830 for formalin-treated samples.
The mean value of the eye slightly decreased, from
0.59896 to 0.57457 in the untreated setup and from
0.63972 to 0.62432 in the formalin-treated setup.
The mean value of the pupil increased, from 0.17985

The graph for mean saturation of eyes as seen in
Figure 3-a shows a steady increase in saturation. This
is in contrast to the trend seen in the mean saturation
of pupils as seen in Figure 3-b where the saturation
of the pupils steadily decreases. Statistical analysis
shows no significant difference for eye and pupil
saturation (see Table 4).
The graph for mean value of eyes as seen in
Figure 3-c shows an increase then a decrease in value
halfway through. Meanwhile, the graph for mean
value as seen in Figure 3-d of pupils display an
increase in value over time. Statistical analysis shows
a significant difference for eye and pupil value (see
Table 4).
Converting an image to its HSV equivalent
means separating its hue, saturation, and values into
different channels. The channels produced can be
converted into matrices with each pixel having an
appropriate numerical value. Saturation ranges from
zero to one, a saturation of zero means that the pixel
is the closest to gray that it could be while one would
denote that a pixel is the purest form of its respective
hue. Value is the proximity of a pixel to black or
white when converted into grayscale. It also ranges
from zero to one, a value of zero means that the
pixel is black while a value of one means that the
pixel is white [13].

Table 2. Statistical parameters of the regions of interest on the basis of pixel saturation and value for untreated fish.

Eye
Day
1
2
3
4
5
6
7

Saturation
Mean
Std.
Deviation
0.31589
0.04081
0.29658
0.02841
0.30757
0.03079
0.31227
0.02873
0.33848
0.03227
0.34215
0.03731
0.36988
0.04368

Value
Mean
0.59896
0.61924
0.60468
0.60815
0.60102
0.58334
0.57457

Std.
Deviation
0.04168
0.03003
0.02991
0.02705
0.02391
0.02385
0.02311

Pupil of Eye
Saturation
Value
Mean
Std.
Mean
Std.
Deviation
Deviation
0.33927
0.04284
0.17985
0.04270
0.31360
0.02673
0.24334
0.04032
0.30239
0.03282
0.22710
0.03580
0.26640
0.03943
0.23290
0.02782
0.22886
0.02896
0.23852
0.03287
0.20231
0.02518
0.23912
0.02731
0.19270
0.02150
0.24437
0.02915

Table 3. Statistical parameters of the regions of interest on the basis of pixel saturation and value for formalin-treated fish.

Eye
Day
1
2
3
4
5
6
7

Saturation
Mean
Std.
Deviation
0.29678
0.03621
0.30936
0.04304
0.32907
0.04530
0.34628
0.05262
0.34923
0.05805
0.37609
0.05936
0.39731
0.06421

Value
Mean
0.63972
0.64632
0.65367
0.65065
0.65171
0.63269
0.62432

Std.
Deviation
0.03854
0.03573
0.03731
0.03838
0.03828
0.04039
0.04345

Pupil of Eye
Saturation
Value
Mean
Std.
Mean
Std.
Deviation
Deviation
0.33872
0.04976
0.22680
0.03693
0.29464
0.04322
0.27685
0.03921
0.24712
0.03451
0.34837
0.06162
0.21575
0.03088
0.38856
0.05923
0.21177
0.02742
0.40569
0.06166
0.20736
0.02696
0.39506
0.06147
0.20833
0.02164
0.38552
0.05602
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Table 4. Statistical analysis of the significant difference in
regions of interest parameters between treated and
untreated fish.

(a)

(b)

(c)

(d)
Figure 3. (a) Mean saturation of eye; (b) Mean saturation of
pupil; (c) Mean value of eye; and (d) Mean value of pupil for
formalin-treated and untreated samples.

The increase in saturation of the whole eye for
both treated and untreated samples means that the
eyes became more colored over time. This can be
observed in the images acquired where the eyes
gradually turns yellow or red. This change in
coloration could be attributed to internal chemical
changes that occur in lipids and proteins. Lipid
oxidation reduces the fish’s shelf life and modifies its
color and texture with the formation of yellow
pigment as the resulting product of reaction between
protein and oxidized lipid [14]. The decrease in
saturation for the pupil of the eye means that the
pupil became grayer as the fish loses freshness and
becomes unfit for human consumption. The pupil’s
grayness is an indicator of its turbidity which is a
visual indicator of fish freshness [3]. However, there
is no significant difference in the saturation changes
in eye and pupil when the treated and untreated
samples are compared, therefore it cannot be an
effective indicator of formalin presence.
The increase in value of the whole eye of the
untreated samples, peaking at day 2, and the
formalin-treated samples, peaking at day 3, and their
subsequent decrease after peaking means that the
eyes gravitate towards white in the first two or three
days, then proceeds towards lower value, or towards
black, after. The value of the pupils displays a steady
increase over time, thus indicating that the pupils
become cloudier over time. This explains why for
the first three days there is an observed increase in
the value of the whole eye. The subsequent decrease
in value is due to the yellowing of the eye starting
from the fourth day, thus decreasing the total value
of the whole eye. The whitening of the pupil is an
indicator of turbidity in which the eyes become
cloudier as a fish loses its freshness [3]. Previous
studies report similar data. In the L*a*b* color space,
lightness or L* describes the brightness of the fish
eye which is similar to value in the HSV color space.
Dowlati et al. [3] found that the L* increased during
ice storage for farmed gilthead seabream while
Balaban et al. [15] reported that the average L* values
of the snapper and gurnard eyes increased
significantly with storage time (P < 0.05). Contrary to
the saturation of the eye and pupil, statistical analysis
showed that there is a significant difference in the
mean values of the eye and pupil between treated
and untreated setups, suggesting that value may be a
useful tool for the identification of formalin-treated
fish.
Though the values of treated and untreated
samples are significantly different in the eye and
pupil, the resulting trend is contrary to the
background literature. The study by Dowlati et al. [3]
revealed that fish eyes become cloudier as a fish loses
its freshness. Yeasmin et al. [6] presented the illegal
use of formalin as a way to make fish appear fresher.
Following this logic, the formalin-treated fish
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samples should have eyes that are less cloudy than
the untreated control samples, contrary to what had
been observed in this study. This contradiction
indicates that though formalin-treated fish may
seem fresh according to several indicators of fish
freshness, it does not pass as fresh when assessed
through eye turbidity.
The results of the study may improve the
current process of formalin presence identification
in the marketplace through the development of an
objective measuring standard based on value from
the HSV color space instead of apparent color. This
may be further enhanced through automation with
the use of software development.
Limitations.
Since
image
acquisition
was
manually performed, the positioning of the camera
was not constant all throughout the duration of the
data gathering. Slight deviations may have occurred
during the conduct of the data gathering, varying the
light received by the camera.
Conclusion.
In this study, image processing
was employed for fish freshness assessment by
measuring the color parameters of the eye and pupil
of formalin-treated and untreated Chanos chanos
(milkfish). A significant difference was observed in
the changes in eye and pupil value between treated
and untreated samples, thus justifying the use of eye
and pupil value as an indicator of formalin presence.
In contrast, no significant difference was found in
the changes in fish eye and pupil saturation between
treated and untreated samples; hence saturation is
not an effective indicator of formalin presence.
Additionally, formalin immersion was found to
degrade eye freshness rather than enhance it as
formalin-treated fish had cloudier eyes than
untreated fish.
Recommendations.
The process of capturing
and
segmenting
images
is
time-consuming.
Automation of image segmentation removes any
human biases that may be present in identifying the
parts of a fish eye. However, a separate study must
also be conducted for the determination of the eye
and pupil of a fish using computer vision and
thresholding. Automation is the potential extension
of this study, thus the integration of the computer
vision segmentation and image processing is
recommended.
Quality assessment of the fish samples through
trained experts during the conduct of the study is
recommended to compare the manual and the
computer-assisted process of product evaluation and
to verify the precision and accuracy of the data
gathered. To completely avoid light reflection in
images, an image acquisition setup consisting of a
light box with an external light source is also
recommended.
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A novel application of a double convex-hemispherical lens
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Abstract
Concentrator photovoltaics require solar trackers to maximize sunlight capture. However, solar
trackers are expensive both in components and utility. In this study, the lens configuration was
modified to eliminate the need for solar trackers, as well as improve power output. This configuration
consisted of a double convex, hemispherical lens, and a Fresnel lens all positioned on top of the
multi-junction solar cell. The double convex-hemispherical lens (DCX-HSL) setup was based on the
Fresnel lens setup which is composed of a Fresnel lens placed on top of the multi-junction solar cell.
To test the merits of the DCX-HSL setup, it was tested against a signal Fresnel lens concentrator over
the course of one photoperiod. The results showed that there is a significant difference in the power
output of the DCX-HSL to the Fresnel lens setup from 10:15 to 14:15. The improvement of the power
output from 10:15 to 14:15 is due to the added convex lens and hemispherical lens that focuses more
light to the solar cell.
Keywords: three-lens system, concentrator photovoltaic, hemispherical lens, convex lens
Introduction. The lenses concentrate the sun’s
rays to the solar cell. Photovoltaics (PV) systems are
known to convert sunlight into electricity at an
estimated amount of one sun (1368 W/m2) under
favorable weather conditions [1]. The manufacturing
of PV systems is expensive due to the components
used in the system. There are different kinds of PV
systems, ranging from conventional PV to
Concentrator PV (CPV). CPVs were developed to
utilize concentrating lenses and mini-reflecting
mirrors to increase the power efficiency of the
device. The introduction of concentrator lenses and
mirrors in a PV system increases the power output
per unit cost. CPV technology is relatively new when
compared to conventional PV systems, requiring
further optimization and research in comparison to
them. One such consideration is the dispersion of
light caused by the concentrating lenses. This is due
to the optical properties and design of the lens being
used [2]. The angle of the CPV relative to the sun is
an important factor in optimizing sunlight
collection, and therefore power production [3]. To
achieve maximum efficiency, the sun must be
perpendicular to the CPV for the concentrated light
to be focused unto the solar cell [1].
To improve the CPV's ability to concentrate
light, there were various designs and modifications
that have been investigated. One study involved the
use of a compound convex lens set up to improve
the concentration of light and the concentration
ratio [3]. Additionally, Jing et al. [4] developed a
cost-effective
compound
setup
using
a
three-dimensional lens. The setup also increases the
acceptance angle and improves the irradiance
distribution. This increases the performance of the
solar cell as sunlight is directed to the solar cell

longer due to the increase in acceptance angle. If a
three-lens system CPV with a convex lens and a
three-dimensional lens or similar were added to a
Fresnel lens-based CPV, then the modified CPV may
gain both benefits from the two studies.
The lenses concentrate the sun’s rays to the solar
cells; thus, it produces more electrical energy per cell
and decreases the need for several solar cells, making
CPVs more efficient than PVs [5]. The drawback is
the increase in the cost for each individual solar
panel or module [6]. To further improve the CPV,
studies by Jing et al. [4], Huang et al. [7], and Barrios
et al. [3] attempted different designs and
modifications to improve the collection efficiency of
the lens system, conversion efficiency of the solar
cell [8], and many more aspects. As a result of these
different studies, cost-effective CPVs were developed
with capabilities of the costlier variants.
The Fresnel lens has been the lens of interest in
these studies due to its properties such as being
lightweight, cost-efficient, and smaller in volume
compared to other concentrating lenses [7]. Fresnel
lenses were used as a circular spot concentrating lens,
which increased the conversion efficiency of the
solar cell from 6.4% to 7%.
This study aimed to design a three-lens system
to improve the range of the acceptance angle and the
overall power output of a Fresnel lens CPV. The
three-lens setup is referred to as the double
convex-hemispherical lens (DCX-HSL), which was
the modified setup while the Fresnel lens setup was
the control setup. It specifically aimed to:
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(i) measure the voltage and current of the
DCX-HSL setup and the Fresnel lens setup; and
(ii) compute and compare the power output of
the DCX-HSL setup and the Fresnel lens setup.
Methods.
The software Ray Optics
Simulation™ v1.0.0 was utilized to create a light ray
diagram for the theoretical modeling of the
DCX-HSL setup and the Fresnel lens setup. A
diagram was created to simulate how the ray
dispersion differs between the DCX-HSL setup and
the Fresnel lens setup. The acceptance angles of the
DCX-HSL setup and the Fresnel lens setup were
theoretically modeled.
Assembly of the Fresnel lens setup.
Figure 1 shows
the structure of the Fresnel lens setup. The setup was
composed of one 5 cm x 5 cm Fresnel lens with a
focal point of 5 cm and a multi-junction solar cell.
The Fresnel lens, which served as the primary lens in
this setup, was situated 5 cm above the
multi-junction solar cell.

Figure 2. 3D image of the DCX-HSL lens setup.

The control setup consisted of a solar cell with a
Fresnel lens functioning as its primary concentrator
whereas the DCX-HSL setup was comprised of the
same solar cell with convex, Fresnel, and
hemispherical lenses acting as its primary,
secondary, and tertiary concentrators respectively

Figure 1. 3D image of the Fresnel lens setup.

Assembly of the DCX-HSL setup. A double convex
lens and a hemispherical lens (HSL) with a radius of
2.5 cm and 0.5 cm, respectively, were attached to a
Fresnel lens setup as shown in Figure 2. The
hemispherical lens with a focal point of 0.5 cm was
attached above the solar cell. The Fresnel lens was
adjusted 5 cm above the hemispherical lens while the
convex lens with a focal point of 10 cm was situated 5
cm above the Fresnel lens.

Field testing of the Compound Fresnel-3D lens setup
and Fresnel lens setup. The setups were tested on the
rooftop of the Student Learning Resource Center
Building located at Philippine Science High School Western Visayas (10°45'10.7"N 122°35'15.8"E). The
DCX-HSL setup and Fresnel lens setup were placed
flat on a table and were adjusted to 0° with reference
to the ground using a surface leveling application.
Voltage, current, and solar irradiance were measured
hourly with the time of data gathering recorded. A
multimeter was used to measure the voltage and the
current ,while a solar irradiance meter was used to
measure the solar irradiance. Multiple trials were
done until the value of three consecutive trials for
each data had a difference of 0.001 volts for the
voltage, 0.01 mA for the current, and 1 W/m2 for the
solar irradiance, which were the lowest precisions of
the measuring devices used. The testing was
conducted hourly from 6:15 am to 5:15 pm. Weather
conditions such as the cloud cover were recorded as
it may affect the data gathered.
The hourly mean of the voltage
Data Analysis.
and current was calculated and was used for the
calculation of the hourly power output. The power
output of the DCX-HSL setup and Fresnel lens setup
was calculated using the formula

P = I × V

(1)

where P is the calculated power output in watts, I is
the measured current in amperes, and V is the
measured voltage in volts. The values, however, of
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the power and current in this paper were expressed
in milliwatts and milliamperes, consistent with the
precision of the tools used.
For the statistical analysis, the Wilcoxon Signed
Ranks Test was used to compare the power output of
the DCX-HSL setup and the Fresnel lens setup.

to the limit in the precision of the measuring tools.
The same may be said when the two setups had a
zero current output where they may have had an
output between 0.01 mA and 0.00 mA. The mean
current of the DCX-HSL in the whole day setup was
0.0242 mA while the Fresnel lens setup was 0.0142
mA.

The findings and
Results and Discussion.
discussion were separated into four parts: voltage
and irradiance, current and irradiance, power and
irradiance, and data analysis.
Voltage and Irradiance.
The Double
Convex-Hemispherical Lens (DCX-HSL) setup had a
lower voltage output compared to the Fresnel lens
throughout the photoperiod, except from 10:15 to
14:15 (midday) as shown in Figure 3. The lower
output of the DCX-HSL setup may have been due to
the refraction caused by the HSL. Sunlight during
6:15 to 8:15 and 15:15 to 17:15 can reach the solar cell
of the Fresnel lens setup without going through the
Fresnel lens. The DCX-HSL, on the other hand, has
an HSL that may have refracted some sunlight away
from the solar cell. During midday, it was expected
for both setups to have the highest output but only
the DCX-HSL setup reached its peak, while the
Fresnel lens setup dropped. This may have been due
to the offset of the sun and the acceptance angle of
the two setups. The setups were stationary and
adjusted to be perpendicular with respect to the
horizon. Therefore, the conditions do not meet the
requirements for the CPV to produce the maximum
power. Since the DCX-HSL has a higher acceptance
angle compared to the Fresnel lens setup, light rays
were still redirected to the solar cell. This may be
why the DCX-HSL setup increased in voltage and
current output during midday, as expected while the
Fresnel lens setup’s dropped. The mean voltage of
the DCX-HSL setup and Fresnel lens setup during
05:15 to 17:15 (whole day) was 2.1512 V and 2.1649 V,
respectively.

Figure 4. Average current of the DCX-HSL and Fresnel lens
setup vs time during the photoperiod.

Power and Irradiance.
After calculating the
power output of the DCX-HSL and Fresnel lens
setup, the results show a similar trend to that of
Figures 3 and 4. The mean power output throughout
the day of the DCX-HSL setup was 0.0606 mW,
while for the Fresnel lens setup, it was 0.0341 mW.

Figure 5. Average power output of the DCX-HSL and
Fresnel lens setup vs time during the photoperiod.

The mean irradiance throughout the day was
732 W/m2. Irradiance gradually increased until 11:15,
upon which it gradually decreased. At 13:15 to 14:15,
the irradiance had a slight increase before rapidly
decreasing until 17:15.
Figure 3. Average voltage of the DCX-HSL and Fresnel lens
setup vs time during the photoperiod.

The current of the two
Current and Irradiance.
setups has a similar pattern to Figure 3 as shown in
Figure 4. Since the current is proportional to the
voltage, the current of the DCX-HSL setup is lower
to the current of the Fresnel lens setup except during
midday just like Figure 3. It is notable that during
midday the Fresnel lens setup had a constant output.
Other than the offset of the sun, this may also be due

The DCX-HSL setup yielded a higher power
output than the Fresnel lens setup for both the whole
day and midday by 77.65% and 251.05%, respectively.
Data Analysis.
The p-value of the data was
calculated using the Wilcoxon Signed Ranks Test
with a confidence value (α) of 0.05 for a 95%
confidence level. The test showed a significant
difference from 10:15 to 14:15 (midday) in the output
of the DCX-HSL setup and the Fresnel lens setup, as
shown in Table 1. As for the whole photoperiod,
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there is no significant difference between the output
of the DCX-HSL setup and the Fresnel lens setup.
Table 1. The p-value for the difference in the power outputs
between the DCX-HSL and Fresnel setups at midday and the
whole day.

Z

p-value
Asymp. Sig.
(2-tailed)

Midday

-2.023

0.043

Whole Day

-0.255

0.799

Time of the
day

The addition of a convex lens as a primary lens
and a hemispherical lens as another secondary lens
in the optical system of a Fresnel lens setup
increased its overall power output. The increase in
power output was calculated to be 77.65% by the
whole day while the calculated increase during
midday was 251.05%. This may be due to the addition
of lenses which increased the acceptance angle of the
system [3].
At 10:15, cloud covers were observed; therefore,
a lower output is expected for both setups. The
power output of the DCX-HSL and Fresnel lens
setup from 9:15 to 10:15 dropped from 0.0749 and
0.0742 to 0.0233 and 0.0226, respectively.
The data shows a similar trend to Barrios et al.
[3] wherein the irradiance rose from 6:15 to 12:15,
where the sun rises to its peak, resulting in an
increase in the voltage and current output
throughout the said duration. As the irradiance
decreased from 13:15 to 17:15, the voltage and current
output also decreased. Weather conditions may
explain the similarities observed between the results
of this study and of Barrios et al. [3]. Furthermore,
cloud covers noted in the study caused a sudden
decrease in the voltage and current output; resulting
in a lower power output. The standard deviation of
the power of the DCX-HSL setup was ±0.0815
whereas the Fresnel lens setup was ±0.0251. This
shows a large standard deviation in the power of
both setups. The large standard deviation may be
caused by the intermittent cloud covers during the
conduct of the data gathering.
Limitations. External factors such as the sudden
cloud covers cannot be controlled during the data
gathering. This may have affected the voltage and
current
output
of
the
CPV.
Precision
in
measurements was limited to the precision of the
tools used. The schedule of the data gathering was
affected by time constraints, thus, it was only
performed in under one day.
Conclusion.
It was determined that the power
output of the CPV increased with the addition of a
convex and hemispherical lens for the entire
photoperiod. The DCX-HSL had a higher power
output than that of the Fresnel lens setup. The
DCX-HSL setup yielded a significant power output
relative to the Fresnel setup from 10:15-14:15. The
mean power output of the DCX-HSL setup and
Fresnel lens setup during the photoperiod was
0.0606 mW and 0.0341 mW, respectively. Highest
power output increase of DCX-HSL setup was

recorded at midday at 251.05%, while on average, the
DCX-HSL setup reported a 77.65% increase for the
whole day. Although it is worth noting, that there is a
large calculated standard deviation of the power for
the DCX-HSL and the Fresnel lens setup. This shows
similar results with Barrios et al. regarding the
increase in power output and a significant difference
during midday only.
Since the data gathering was conducted for only
one day, the effects of the atmospheric condition
were not minimized. Therefore, the results may vary
during other days where the weather conditions are
different. Further research regarding the three-lens
CPV system should be done with at least a three day
data gathering period for more accurate data. The
type, design, or number of lenses may also be altered
to learn its effects on the CPV.
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Abstract
The efficiency of photovoltaic (PV) panels decreases as their operating temperature increases.
To address this, phase-change materials (PCMs) are attached to the panel to absorb heat. PCMs are
used to cool PV panels since they have the desired thermodynamic properties for heat storage such
as high latent heat. The study focuses on determining the conversion efficiency of PV cells with rice
bran wax in rice bran oil (RBW/RBO) mixture as PCM. Rice bran wax was added to rice bran oil in 1:7
by volume ratio. Three setups were compared in this study: PV cell without PCM, with paraffin wax,
and with the RBW/RBO mixture. The paraffin wax was used because it is a commonly-used PCM for
PV cells. The RBW/RBO mixture was used because it is a renewable resource and considered a waste
product. The voltage and current of the PV cells were measured every 15 minutes for 45 minutes to
compute the conversion efficiency. The RBW/RBO mixture increased the conversion efficiency of
the PV cell by 0.232%. This may be attributed to its melting point being within the PV cell’s operating
temperature. The RBW/RBO mixture can be used and improved to further increase the efficiency of
PV cells for household use.
Keywords: phase change materials (PCM), photovoltaic cells, rice bran, solar energy, bio-based
Introduction.
PV cells generate electricity by
creating a potential difference in PV panels using
light energy from the sun [1]. The sudden decrease
in the efficiency of PV panels is due to the radiation
losses when the operating temperature is above
ambient temperature [2]. Since much of the
sunlight that is shining on the PV cells becomes
heat, proper thermal management improves its
conversion efficiency or the amount of the solar
energy that can be converted into electricity. Thus,
operating
temperatures
above
the
ambient
temperatures will always mean less output for PV
cells [3]. Researchers are seeking to mitigate the
influence of high temperature on PV conversion
efficiency by rapidly removing heat from PV
module surfaces to maintain as good a performance
as possible, and hence better meet performance
expectations [4]. Gondora et al. [5] suggested the use
of phase change materials (PCM). It is an example
of a passive cooling system that can function as
energy storage mediums, whereby energy is stored
during the melting process and is released during
solidification [6]. It is the best option in maintaining
ideal operating temperature of the PV cells as it
absorbs a significant amount of heat without raising
the temperature of the PV panel, and offers more
energy storage capacity and less temperature
fluctuation with respect to traditionally used
materials due to their having a high latent heat
capacity [6].
Paraffin wax is the most common type of PCM
as it possesses a melting temperature within the
thermal comfort range of PV cells, a high latent heat
capacity, and exhibits small volume changes during
the transition phase [7]. However, paraffin wax is

unsustainable in the long term [8]. It is a nonrenewable resource created as a by-product of
petroleum, coal, or oil shale [8]. Schukina et al. [9]
used bio-based PV cell with attached bio-based
PCMs that are derived from fatty acids have higher
efficiencies than those attached with salt hydrates
and petroleum-based PCMs.
The food and agricultural industry produce
numerous by-products that is considered by most as
waste. Rice bran is a by-product of rice milling and
is considered as bio waste [10]. Fatty acids from the
rice bran can be extracted into rice bran oil or rice
bran wax, which are organic bio-based materials.
Zaccheria et al. [11] conducted a study about
potential bio based PCM. The results showed that
the rice bran can be used to produce an oil with a
very high free fatty acids (FFA) content. Muthuvel et
al. [12] checked the thermophysical properties of the
rice bran oil distilled fatty acid (RBDFA); his study
showed that the melting point of RBDFA ranges
from 29°C to 30°C, heat of fusion value is 140.3
kJ/kgK and the value of the specific heat which is
2303 J/kgK. The high value of specific heat indicates
its capacity to absorb higher amounts of heat
energy, making it a viable PCM in building
applications [12].
This study aimed to determine the potential of
rice bran wax and rice bran oil (RBW/RBO) mixture
as a bio-based PCMin determining the conversion
efficiency of PV cells. It specifically aimed to:
(i) determine the thermophysical properties of
the rice bran oil;
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(ii) measure the temperature, voltage, and
current of the PV cells with and without attached
phase-change material; and
(iii) compute the conversion efficiency of the
PV/PCM systems.
Results of the conversion efficiency of the PV
cells using RBW/RBO mixture from the study can be
compared to the conversion efficiency of the PV cells
without PCM and with paraffin wax to determine
which of the following PV systems generated the
highest conversion efficiency.
Methods.
The study was done in three
phases. The thermophysical properties of the rice
bran wax and rice bran oil (RBW/RBO) mixture
were
analyzed
using
Differential
Scanning
Calorimetry (DSC). The second phase was the
assembly of the set-up of PV cells with the PCM
(PV/PCM) systems. Three PV setups were used in
this study. One PV cell without PCM attached was
used as a control setup. Then, the same PV cell was
subjected to two kinds of PCM: paraffin wax, and
the 1:7 rice bran wax in rice bran oil mixture. The
last phase was the measurement of the values of the
voltages and currents in order to compute and
compare the conversion efficiencies of the PV/PCM
set-ups.
Finding a potential bio-based PCM. For thermal
storage applications of solar energy, the PCM must
have a melting point of 16°C to 65°C [2]. A certificate
of analysis was issued upon purchase of rice bran oil
from a local oil company. According to the result of
the analysis, the melting point of the rice bran oil is
15°C. To increase the melting point to be within the
accepted range, rice bran oil was mixed with rice
bran wax, which has a melting point of 79º C [8].
The rice bran wax was melted first using a hot plate
and rice bran oil was added to it while it was being
heated. It was then mixed and stirred. Several ratios
were tested, and it was found that the 1:7 ratio in
terms of volume was the most suitable; since, its
melting temperature is in line with the operating
temperature of the PV cell of between 15ºC to 35º C
[13].
Measuring the thermophysical properties using DSC.
The melting point and latent heat of fusion were
measured using DSC which was done at the
University of the Philippines Miag-ao. One gram of
the rice bran mixture sample was heated and the
changes in its heat capacity were tracked as changes
in the heat flow. This allowed the detection of
changes in the physical properties of the PCM. In
DSC, the 1:7 ratio of the RBW/RBO mixture was
heated at a constant rate. The samples were held for
1 minute at 15 °C. It was heated at a linear rate of
10°C/min from 15 °C to 36 °C in a nitrogen
atmosphere. This was to determine if the sample
was starting to melt. It was held again for 2 minutes
at 36 °C and was heated from 36°C to 40°C at
1°C/min before it was held for 2 minutes to
determine if the samples were completely melted. It
was heated again at 40°C to 500 °C with a heating
rate of 10°C/min before it was cooled from 500 °C
to 40 °C at 20°C/min. The latent heat of fusion of

the material was determined by taking the area
under the peak of the curve and the melting point
was determined by taking the slope of the point
tangent to the peak. Data on the thermophysical
properties of RBW/RBO mixture were compared to
the established thermophysical properties of
paraffin wax as it is the most common type of PCM
that is being attached to PV cells for cooling. The
basis of the thermophysical properties of paraffin
wax was acquired from the research of Kavitha and
Arumugam [7].
Testing of PV set-ups. The testing of the PV cell
with and without attached phase change materials
was performed in Philippine Science High SchoolWestern Visayas Campus. A box made of illustration
board 21 cm high, 9 cm wide and 15 cm long was
constructed to act as a dark room for the PV cell and
to hold in place the xenon lamp. The container was
placed under the PV module to create the PV/PCM
system. K-type thermocouples were attached to the
back of the PV cell and to the PCM to monitor
temperature changes. The temperature, current,
and voltage were measured every 15 minutes using
thermocouples and multimeter. The open-circuit
voltage (VOC) and short circuit current (ISC) were first
measured by connecting the PV cell to an equivalent
circuit with a single diode and series resistance
mode, under illuminated light of a xenon lamp. The
VOC was measured when the current in the circuit
was zero, while the ISC was measured when the
voltage is zero. Only VOC and ISC were measured due
to the unavailability of specialized equipment for
voltage sweep analysis, used in determining the
actual measurement of maximum power output
(PMAX) in the PV cell. Instead, the actual values of the
two were used in a derived equation to calculate the
efficiency, together with its underlying parametersfill factor (FF) and maximum power output (PMAX).
The voltage and current of the PV cells were
simultaneously measured using a multimeter. The
temperature of the PCM and the back surface of the
PV cell were also measured simultaneously. The
value of the solar irradiance was also measured
every 15 minutes using the solar irradiance meter.

Figure 1. Photo of the setup with the PV cell, PCM inside
the aluminum container, xenon lamp inside a dark box,
multimeter for the measuring of the voltage and k-type
thermocouple
thermometer
for
measuring
the
temperatures.

Calculation of the Conversion Efficiency. To
calculate the conversion efficiency, the fill factor
(FF) of the PV cell is needed. Fill Factor (FF) was
essentially a measure of the quality of the solar cell.
It is solved using the equation:
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where P MAX was the measured power of the PV
cell, P T was the theoretical power of the PV cell
using LTSpice software simulation, IMP was the
current of the maximum power of the PV cell, VMP
was the voltage of the maximum power of the PV
cell, VOC was the open-circuit voltage, and ISC was
the short-circuit current.
The conversion efficiency of the PV/PCM
systems can then be calculated using the equation:

𝜂=

𝐹𝐹 × 𝐼𝑠𝑐 × 𝑉𝑜𝑐
𝑃!"

where VOC was the open-circuit voltage, ISC was
the short-circuit current, FF was the fill factor, Pin
was the power input and η was the efficiency. The
gathered data was compared to the PV cell without
PCM attached, and to the PV cell with paraffin wax.
Safety Procedure.
Proper laboratory attire was
worn, such as laboratory gown, with respect to the
laboratory’s rules and regulations Proper precaution
during data gathering was practiced while handling
the PCMs and the set-up to avoid burns. After
handling the phase change materials, hands were
washed to avoid accidental ingestion.
Results and Discussion.
The temperatures of
the PV cells and PCMs were measured and results
showed that the PV cell with RBW/RBO mixture had
the lowest average change in temperature of 0.050
ºC/min. The conversion efficiencies of the different
set-ups were calculated and the results showed that
the PV cell with RBW/RBO mixture had the highest
efficiency with 18.776%.
Thermophysical properties of 1:7 RBW/RBO mixture.
Results of the DSC analysis show that the melting
point of paraffin wax is 58.75ºC, while the melting
point of the RBW/RBO mixture is 30.06 ºC. A PCM
with melting points in the temperature range of the
operating temperature of the PV cells, which is
between 15 to 35º C [13], may have the advantage of
not melting at most ambient temperatures and being
melted solely by incident solar radiation [2].
Consequently, they may continue melting and
absorbing heat for a longer period providing a
longer duration of PV temperature regulation [8].
The latent heat of fusion is the amount of energy
that the PCM must absorb to change from solid to
liquid phase. Latent heat can play a significant role in
storing greater amounts of energy [14]. Table 1 shows
that one gram of PCM needs 34.945 Joules (J) to
change its phase. Especially, the melting point of the
material must be equal or close to the operating
temperature on some applications. The latent heat
should be as high as possible on a volumetric basis to
minimize the size of the thermal energy storage
device [15]. In this case, RBW/RBO mixture starts
melting above the ambient temperature of 25º C at
30º C, in contrast with the paraffin wax which starts
melting at 58º C.; hence, the RBW/RBO mixture
provides better thermal regulation than the
traditional paraffin wax, which is the commonlyused PCM.

Table 1. The values of the thermophysical properties of the
different phase change materials.
Parameters
Melting point
(ºC)
Latent heat (J/g)

RBW/RBO
mixture

Paraffin wax

30.06

58.75

34.95

193.9

Values of the temperature, voltage, and current of PV
cells with and without phase-change materials.
The
PV cell with the attached RBW/RBO mixture had
the highest voltage of 4.530 V followed by the PV
cell with paraffin wax with 4.526 V, then lastly the
PV cell without PCM with 4.500 V. As for the
current, it remains constant at 0.006 A in all setups.
The temperature of the PV cell with RBW/RBO
rises by 1.5 °C from 34.3 °C during the first trial up
to 35.8 °C during the 3rd trial. The PV cell with
paraffin wax increased by 1.7 °C from 33.3 °C to 35.0
°C. The PV cell without PCM rises by 2.4 °C from
35.9 to 38.3 °C. The temperature of the PV cell in the
setup without the PCM is higher than that of those
with attached PCMs. The average change in
temperature for the 45 -minute duration of the PV
cell with RBW/RBO mixture was found to be 0.050
ºC/min, the paraffin’s was 0.056 ºC/min and the PV
cell without PCM was 0.080 ºC/min. As in Figure 2,
the temperature of PV cells with PCMs is lower than
the PV cell without the PCM in the 45-minute
duration. This implies that PCMs absorbed the heat
during the period. Results show that the PV without
PCM attached has a low voltage output compared to
those with PCMs attached. This may be due to the
elevated temperatures with which the PV cell
without PCM operated in.

Figure 2. Graph of temperature vs time of the PV cell with
and without PCM.

Computed power and efficiency of the different setups of PV cell.
It can be seen in Figure 1 that PCM
reduced the PV’s temperature. As the temperature
of the PV cell decreased, its voltage output
increased. Therefore, attaching a PCM to a PV cell
can increase the power of PV cell and conversion
efficiency. The value of the efficiency of
photovoltaic cells with the rice bran wax and oil
(RBW/RBO) mixture was the highest among the
three with 18.776% for the three trials, followed by
the PV cell without paraffin wax which has a
conversion efficiency of 18.750% then lastly the PV
cell without PCM which has 18.544% . RBW/RBO has
the highest conversion efficiency since it absorbs
and discharges a large amount of energy during its
phase change. Its melting temperature, which is
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30.06 ºC is within operating temperature of the PV
cell that ranges between 15 °C and 35 °C, within
which it will produce energy at maximum
efficiency [13]. This contributes to the efficiency of
the PV cell as the PCM absorbs the heat. This is
evident in the results that the PV cell with
RBW/RBO mixture has the highest efficiency value
of 18.776%.

[3] Dincer I, Rosen MA. 2007. Exergy: Energy,
Environment and Sustainable Development.
Elsevier Science Publishers.

Limitations.
The solar simulator was
improvised using a xenon lamp as it emits the same
2
irradiance value of 1000 W/m as the solar
simulator.

[5] Gondora W, Doudin K, Nowakoski DJ, Xiao B,
Ding Y, Bridgwater T, Yuan Q. 2016.
Encapsulation of phase change materials using
rice-husk-char. Applied Energy. 182, 274-281.
https://doi.org/10.1016/j.apenergy.2016.08.102

Conclusion.
Rice bran oil in wax mixture was
investigated as a possible PCM for PV panels.
Comparing PV cell with and without PCM showed
that the rice bran oil and wax (RBW/RBO) mixture
as PCM was effective in reducing temperature and
improving the efficiency of the PV cell. The reason
was that the melting point of RBW/RBO mixture
was around the operating temperature of the PV
cell, which contributes to the heat removal from the
panel by phase change. Results showed that the
PCM with rice bran mixture had the lowest
temperature of the PV cell among the three. Among
PCMs that were evaluated, the RBW/RBO mixture
showed a potential for the desired application of the
photovoltaic cells. Based on the presented results, it
can be concluded that the incorporation of
RBO/RBW on the back surface of the PV cell had a
positive impact on lowering the temperature of the
PV cell and on increasing its power and conversion
efficiency.
Recommendations.
Considering the findings
and the conclusions drawn from the results, it is
recommended that further studies should explore
other bio-based phase change materials. Rice bran
oil has a low melting point of only 15°C and it would
not suit as a PCM if put under the operating
temperature of a PV cell. Hydrogenation of the
PCM can increase its melting temperature, but the
lack of time and complexity of the process made
mixing of two PCMs a better option. The setup was
an improvised solar simulator to have a controlled
condition. It would have been better if a real solar
simulator was used. Testing the PV/PCM systems in
practical conditions, e.g. under the sun, is also
recommended.
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Abstract
Silver nanoparticles (AgNPs) have excellent properties and various applications in several scientific
fields. The present study aimed to optimize the reaction parameters for AgNP synthesis using ascorbic
acid and trisodium citrate, through response surface methodology (RSM). Three parameters were
evaluated - initial pH of silver nitrate (AgNO3) solution, digestion time, and AgNO3 concentration.
Absorbances at peak wavelength of the resulting solutions were analyzed using an ultraviolet-visible
(UV-vis) spectrophotometer and was taken as a measure of yield. The effects and combined interactions
of the parameters to the yield, and the optimal conditions for synthesis were determined using RSM.
AgNO3 concentration was found to be the most significant determinant of the yield. Atomic Force
Microscopy (AFM) showed that the synthesized AgNPs at optimal conditions were spherical and about
30 nm in diameter. It is believed that these parameters are suitable for bulk production of AgNPs for
various applications in several scientific fields.

Keywords: absorbance, yield, response surface methodology (RSM), UV-visible (UV-vis) spectrophotometry, atomic force
microscopy (AFM)
Introduction.
Nanoparticles are structures
with dimensions under 100 nm. Silver nanoparticles
(AgNPs) have been widely explored due to their
excellent physical, chemical, and optical properties
that depend on their size, shape, and structure that
can be vastly different from their bulk forms. AgNPs
have also been widely used in several scientific fields
from chemistry to medicine [1,2].
One cost-effective method of synthesizing
AgNPs with high yield and without agglomeration is
through the chemical reduction method using
chemical reductants. Examples of reductants used to
reduce the precursor salt, silver nitrate (AgNO3), are
hydrazine
hydrate,
ascorbic
acid,
and
the
combination of ascorbic acid and trisodium citrate
[3,4,5]. Studies of Guzman et al. [3], Malassis et al. [4],
and Qin et al. [5], have used these reductants to
synthesize AgNPs. Furthermore, this method is
widely investigated due to the ease and accuracy of
the process and its potential for the bulk production
of AgNPs [6].
Published work regarding optimization mostly
utilized the one-factor-at-a-time (OFAT) method.
This method, however, overlooks the interaction
between the different variables involved in the
system. In order to precisely determine the
interaction of these variables, the design of
experiment (DoE) method needs to be employed, in
which face-centered
central
composite
design
(FCCCD) under RSM is a utilizable tool. Response
Surface Methodology (RSM) is a statistical tool that
can define the effect of independent variables, alone
or in combination, on the process. A mathematical
model is also produced from the analysis of the effect
of the independent variables [7].

Chowdhury et al. [8] were able to optimize the
synthesis of AgNPs using RSM. Their study used
trisodium citrate as the reductant and AgNO3 as the
precursor salt. The variables that were tested were the
concentrations of silver nitrate (0.5 mM, 1.0 mM, 1.5
mM), trisodium citrate (0.5 %, 1.0 %, 1.5 %), and the
stirring time (10 minutes, 15 minutes, 20 minutes).
Design-Expert 11, a software which can be used for
constructing design of experiments under RSM and
can be used for the statistical, regression, and
graphical analysis of the results, suggested a total of 17
experimental runs. In addition, Design-Expert 11 also
includes the interpretation and graphics for the
analyses and the optimization process [9]. This study
applies the same methods but on different
manipulated variables such as those used in an OFAT
study conducted by Yusof et al. [10] that established
the importance of initial pH of the AgNO3 solution,
digestion time (or the reaction time of the synthesis
where AgNO3 was used as precursor salt, ascorbic acid
as reductant, and trisodium citrate as stabilizer) and
AgNO3 concentration as variables that affect the
synthesis of AgNPs.
There is a lack of studies optimizing AgNPs by
manipulating the initial pH of the AgNO3 solution,
digestion time, and AgNO3 concentration through
RSM; therefore, this study wanted to tackle this. It
specifically aimed to:
(i) obtain the absorption spectra and the
absorbance at peak wavelength (λmax) of the
AgNPs using a UV-visible spectrophotometer
synthesized by varying the following variables:
initial pH of the AgNO3 solution, digestion time,
and AgNO3 concentration;
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(ii) determine the optimal values of the three
variables varied simultaneously at three levels
each in a central composite design;
(iii) estimate the yield of the synthesized AgNPs
under predicted optimal conditions; and
(iv) evaluate the accuracy of the prediction model
by comparing the yield/absorbance predicted by
the model to the experimental yield/absorbance
of AgNPs at optimum conditions.
The optimal conditions may then be used to
efficiently synthesize AgNPs for bulk production in
the future.
Methods. A total of 17 AgNP aqueous solutions
were prepared varying the three parameters. The
respective absorbances at λmax for each setup was
determined
using
UV-vis
spectrophotometry.
Optimal conditions for the synthesis of AgNPs were
determined through RSM using the software DesignExpert 11. Actual yield of the AgNPs synthesized with
the optimal conditions of the variables was then
compared to the predicted yield given by the
software. Atomic Force Microscopy (AFM) was then
performed to determine the size of the synthesized
AgNPs at optimal conditions.
Materials. All chemicals were of analytical grade
and were either provided by PSHS-WVC or bought
from D’Malt Enterprises.
Synthesis of AgNPs.
An 80-mL solution of 6.0 x
10-4 M ascorbic acid and 3.0 x 10-3 M trisodium citrate
solution was stirred for five minutes at 100°C. Then,
15 mL of the AgNO3 solution of desired concentration
was poured into the solution. The resulting solution
was kept heated and stirred at 900 rpm using a
magnetic stirrer. All experiments utilized the same
process; however, variables were varied according to
the values presented in Table 1. The pH, time, and
concentration values were converted to their coded
factors (-1, 0, +1). Coding reduces the range of each
factor to a common scale, -1 to +1, regardless of its
relative magnitude. Coded factors could then be used
for the design description and analyses in RSM [9].
Table 1. Coded factors and the corresponding values for each
variable.

Variables

-1

0

+1

pH

6

7

8

Digestion time
(minutes)

2.5

3.5

4.5

AgNO3
concentration (M)

0.005

0.010

0.015

Determination of Absorbance/Yield.
The reaction
mixture samples were studied at a wavelength of 300
to 500 nm using a Shimadzu UV-1800 Ultravioletvisible spectrophotometer. The absorbance at λmax
(~400-420 nm) for each sample were obtained from
the spectra. The yield or concentration of NPs in the
NP solution is proportional to the absorbance at λmax
following Beer-Lambert’s Law [11]:

Yield (in M) = A/Lɛ

(1)

where A is the absorbance at λmax, L is the path
length = 1 cm and ɛ is the extinction coefficient
expressed in M-1 cm-1.
This yield can also be expressed in number of
particles per unit volume by multiplying the yield (in
M) to the Avogadro’s number (NA):

Yield (in particles/L) = Yield (in M) x NA

(2)

This estimation is based on the premise that the
size distribution and shape of particles are uniform
[11]. From the spectra and AFM images, this appears
to be relatively satisfied; hence, the obtained
absorbances can still be a fair estimate of the yield.
Statistical analysis. A multiple regression analysis
was performed after obtaining the absorbances of all
the samples. The absorbances were taken as the
response since they are proportional to the yield.
Then, a mathematical equation can be determined
which best describes the relationship of the response
to each variable and the relationship of each variable
to one another. Analysis of Variance (ANOVA) for the
response surface model was conducted and the
mathematical model was validated using the p-value
at 95% confidence level. The optimal pH, digestion
time, and AgNO3 concentration can be determined
through the response surface plot generated by the
software [7].
Testing of optimal conditions.
AgNPs were
synthesized using the calculated optimal conditions
provided by the software to validate the predicted
absorbance.
The percent error was computed by dividing the
difference of the actual absorbance and the predicted
absorbance by the actual absorbance multiplied by
100 and was used as a measure of the accuracy of the
model or simply, how far the derived values are
compared to the values obtained from the
experiment:
% 𝑒𝑟𝑟𝑜𝑟 = |

(𝑎𝑐𝑡𝑢𝑎𝑙 𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒−𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑 𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒)
𝑎𝑐𝑡𝑢𝑎𝑙 𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒

| 𝑥 100 (3)

AFM. Images of AgNPs deposited on a mica
surface were taken to determine the size and observe
the size distribution of the synthesized AgNPs at
optimal conditions. For this purpose, a Shimadzu
SPM-9700HT AFM was used in contact mode.
Safety procedure. Personal protective equipment
was worn during the preparation of several chemical
solutions and in the synthesis of AgNPs. All excess
chemicals were stored and labelled in waste bottles
and were handed over to the PSHS-WVC Science
Research Specialist (SRS) for proper storage and
disposal.
Results and Discussion.
This section presents
the results and discusses first, the synthesis process
which includes the mechanism and the UV-vis
characterization technique, followed by the statistical
analysis and determination of optimum conditions
through RSM, and finally, the accuracy of the
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statistical model through characterization of a sample
synthesized using optimal parameters through UVvis and AFM.
Synthesis. The preliminary confirmation of the
formation of silver nanoparticles is the change in
color of the solution from colorless into a specific
color depending on the resulting particle size and
shape. Presence of surface plasmon resonance (SPR),
the frequency in which conducting electrons on the
particle oscillate in response to the incident
electromagnetic radiation, gives rise to the different
colors of silver colloids due to light absorption and
scattering in the visible region. Metals with free
electrons possess plasmon resonance. For AgNPs, this
is characterized by a peak at 400-420 nm in the visible
spectrum which provides specific colors to the
aqueous solution [12]. In the study, the solutions were
observed to change color from colorless to green
during the synthesis (Figure 1). The resulting solutions
also had an absorption peak within 400-420 nm
(Figure 2) which is indicative of the presence of
spherical AgNPs of ~30 nm in diameter [11,12,13]. This
was also in accordance with the study of Zielinska et
al. [12] in which silver nanoparticles were synthesized
by reducing silver nitrate using ascorbic acid, and a
green color of the aqueous solution was obtained.

due to coalescence of atoms and are then stabilized by
capping agents which can be in the form of ligands,
surfactants, or polymers. In this study, trisodium
citrate acted as a capping agent and adsorbed into the
surface of Ag atoms, preventing them from
agglomerating. Growth of AgNPs were observed
through the color change from light yellow to yellow
to green into which it finally stabilized.
Yield determination.
UV-vis spectrophotometry
was conducted to obtain the respective absorbances at
λmax for each setup. After the acquisition of the data
for all 17 samples, RSM was used to analyze the data
and determine the optimal conditions. RSM is a
combination
of
mathematical
and
statistical
techniques that could be used to approximate and
optimize a system from several responses and
different types of experimental runs [7]. A facecentered central composite design (FCCCD) under
RSM was employed to identify the interaction
between the variables for high absorbance and AgNP
yield and to develop a statistical model that describes
the synergistic or antagonistic effects of each variable
to one another within a minimum number of
experimental runs. Table 2 shows the FCCCD of three
variables along with absorbance at λmax (E) as the
response. The highest response, 0.611, was found at
run 12, whereas the lowest response, 0.020, was found
at run 17.
Legend: A = Run, B = Initial pH of AgNO3 solution, C =
Digestion time (in minutes), D = AgNO3
concentration, E = Absorbance
Table 2. Face-centered central composite design (FCCCD) of
three variables along with absorbance at peak wavelength as
response.

Figure 1. Presence of AgNPs is denoted by the color change from
colorless (left beaker) to green (right beaker) after synthesis.

Figure 2. UV-vis spectrophotometry absorbance spectrum of
a sample prepared using 0.015 M AgNO3 (pH=8).

Mechanism.
The mechanism behind the
synthesis of silver nanoparticles was the reduction of
silver ions (Ag+) to metallic silver (Ag0). Ascorbic acid
having a higher redox potential than silver, reduced
the silver ion to metallic silver according to the
following reaction [14]:

C6H8O6 + 2 Ag+ + → 2 Ag0 + C6H6O6 + 2 H+

During the initial stages of the reaction, the Ag+
reduced to Ag0 acted as nucleation centers and
eventually became catalysts for the reduction of the
remaining metal ions [15]. Metal clusters were formed

A*
B
C
D
E
1
1
0
0
0.160
2
-1
-1
1
0.534
3
0
1
0
0.300
4
0
0
0
0.279
5
1
-1
1
0.510
6
0
0
0
0.227
7
1
-1
-1
0.108
8
0
0
-1
0.016
9
0
-1
0
0.125
10
-1
0
0
0.262
11
-1
1
1
0.426
12
0
0
1
0.611
13
1
1
1
0.592
14
0
0
0
0.255
15
1
1
-1
0.101
16
-1
-1
-1
0.131
17
-1
1
-1
0.020
* arranged based on standard order given by the software
There was a total of fifteen (15) experiments
which had unique variable combinations and two (2)
more experiments replicating the center-point
(middle point of all variables). The center-point
provides a measure of process stability and inherent
variability and a way to check for the curvature of the
response surface model [7].
Table 3 shows that the established model and
model terms are significant at p < 0.05 and can thus
represent the system accurately. Model terms A, B,
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and AB were added nevertheless to increase the
measure of fit (R2) of the system albeit insignificant.
In addition, an insignificant lack-of-fit indicates that
the model is an accurate representation of the system.
Table 4 shows the fit statistics of the response surface
model. An R2 value equal to 1 implies a perfect
correlation between the actual system and the
established model that represents the system.
Adjusted R2 was determined to be 0.8902, and the
predicted R2 was determined to be 0.8262. This was in
reasonable agreement with the adjusted R2 in terms of
a high significance value of a model as the difference
of adjusted R2 and predicted R2 is less than 0.2 [9]. The
lack-of-fit F-value, adjusted R2 and predicted R2
values indicate that the model fits the trend for
synthesis of AgNPs using ascorbic acid and trisodium
citrate as far as the chosen parameters are concerned.
Table 3. ANOVA for response surface model.

ANOVA for Reduced Quadratic Model
Source

Sum of
Squares

Mean
df
Square

F-value

p-value

Model

0.5628

5 0.1126

26.94

< 0.0001

A-pH

0.0010

1

0.0010

0.2299

0.6410

B-Digestion
time

0.0001

1

0.0001 0.0230

C-AgNO3
0.5276
concentration

1 0.5276 126.28

0.8822
< 0.0001

AB

0.0108

1

0.0108

2.59

0.1361

C2

0.0233

1

0.0233

5.57

0.0378

7.32

0.1260

Residual

significant

0.0460 11 0.0042

Lack of Fit

0.0446

9 0.0050

Pure Error

0.0014

2 0.0007

Cor Total

0.6087 16

not
significant

Table 4. Fit statistics for response surface model.
Fit Statistics
Std. Dev. 0.0646

R2

0.9245
2

Mean

0.2739

Adjusted R

C.V. %

23.60

Predicted R2

0.8902
0.8262

Adequate Precision

14.3875

Determination of second order polynomial equation.
A three-level factorial design in FCCCD was used to
calculate all possible combinations of input variables
that are able to optimize the response within the
region of 3-D space. The general equation for
response surface methodology is a full quadratic
equation. Using Design-Expert 11, the equation was
found to be:

Absorbance = +0.22 + 0.0098A + 0.0031B + 0.22C + (4)
0.0368AB + 0.0752C2

.

where A = pH, B = digestion time, C = AgNO 3
concentration
The reduced quadratic equation indicated how a
high absorbance of AgNP sample was affected slightly
by initial pH of AgNO3 solution and digestion time,
but significantly by the AgNO3 concentration during

reaction. Positive coefficients signified a synergistic
effect on the response. The reduced quadratic
equation can be used to make predictions about the
response (absorbance) for given values of each factor.
However, the values for each factor must be specified
in the original units consistent to each factor.
From the results, as pH was increased from 6 to
8, the yield increased to some extent. A study by
Deepak et al. [16] has stated that synthesis of AgNPs in
the alkaline conditions proceeds faster than in acidic
conditions. In acidic conditions, there is less
nucleation for silver crystal formation in which new
silver atoms deposit to form silver nanoparticles. As
pH increases, dynamics of Ag+ ions increase, and more
nucleation regions are formed due to the presence of
hydroxyl (OH-) ions which are very much needed for
the reduction of metal ions. The results of the study
also coincide with the results of Chitra and Annadurai
[17] in which their synthesis of AgNPs was found to be
more favorable at alkaline conditions.
Digestion time is also important in synthesis of
AgNPs as you allow more time for the reaction to
proceed. The RSM results show that increasing the
digestion time subtly increases the yield.
Albeit statistically insignificant, AB (pH and
digestion time interaction) had lower p-value than AC
(pH and AgNO3 concentration interaction) and BC
(digestion
time
and
AgNO3
concentration
interaction); the values of the latter two are not shown.
This may indicate that the interaction of the two
parameters only affect slightly the absorbance and
subsequently, the yield of AgNP. However, it is
ultimately the AgNO3 concentration which had the
most intense effect on the response and is in line with
the study of Chowdhury et al. [8].
The chosen range for the pH and digestion time
happened to be already close to the optimum values
and appears to be only slight changes; thus, the effect
of these two parameters (and even their combined
interaction) are not observed significantly. In the
cases where the pH and digestion times are favorable,
the parameter that matters more is the concentration
of AgNO3 which determines the amount of available
Ag+ for reduction to Ag0 and eventually, the
formation of NPs. This is expected as the high
concentration of the reactant drives the reaction
forward in the initial stages of the equilibrium
reaction. This effect is also consistent with the RSM
analysis where the factor corresponding to the AgNO3
concentration (C) had a statistically significant weight
in the derived quadratic model.
Determination of surface response plot.
A 3D
surface response plot is a graphical representation of
the statistical equation obtained from the established
model. This is used to visualize the interaction among
the variables and to define the optimal condition of
each variable for maximum AgNPs yield production.
The plot is based on the function of two variables
while the third variable is at its optimum condition.
Furthermore, the elliptical or saddle shape of the
contour plot specifies the level of the interaction
significance. It also indicates when there is a perfect
interaction among independent variables [18]. Figures
3 and 4 demonstrate the 3D plot of AgNPs yield using
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the interaction of AgNO3 concentration with the other
two parameters.

Figure 5. AFM photograph of synthesized AgNPs at optimal
conditions.
Figure 3. 3D interaction plot of AgNPs yield, initial pH and
AgNO3 concentration.

Figure 4. 3D interaction plot of AgNPs yield, digestion time,
and AgNO3 concentration.

These surface plots further establish the idea that
the optimal condition of high yield AgNPs depends
on the AgNO3 concentration.
Determination of optimal conditions.
Optimal
values of each parameter were determined after the
mathematical model was deemed fit to represent the
whole system. Optimization of reaction parameters
was performed using the software and 87 solutions
were presented. The solution with the highest
desirability (desirability = 0.955) was chosen which
was pH = 8, digestion time = 4.5 minutes, and AgNO 3
concentration = 0.015 M. The predicted absorbance
value using these conditions is 0.582. Comparing this
to the actual measured absorbance of 0.592, the
model is accurate by 98.28% (1.72% error).
The yield in concentration units can be calculated
using Equation 1 and the approximate value of the
extinction coefficient (ɛ=235 x 108 M-1 cm-1) for the size
and wavelength of the nanoparticles synthesized [11].
Thus, at the optimum condition within the range
studied, the yield is about 1.5 x 10 10 particles/mL
(using Equation 2). The findings of the study aligned
with that of Soni and Prakash [19] and Baker et al. [20]
which stated that the concentration of raw materials
(AgNO3), initial pH of the AgNO3 solution, and
digestion time affect the yield of AgNPs produced.
Atomic force microscopy analysis.
Figure 5 shows
the image obtained through atomic force microscopy
of the AgNPs synthesized using optimum conditions.
The dark sections show imperfections in the substrate
used. The particles are roughly homogenous,
spherical in shape, and are ~30 nm in diameter.

The use of FCCCD, using RSM, is a relatively
efficient method to determine optimal conditions
especially in the synthesis of NPs. The study showed
that the optimization of three process parameters
namely initial pH of the AgNO3 solution, digestion
time between AgNO3 solution, ascorbic acid and
trisodium citrate solution, and AgNO3 concentration
to yield of AgNPs was possible. Previous studies such
as that of Chowdhury et al. [8] and of QuinteroQuiroz et al. [21] both optimized synthesis of AgNPs
using RSM with three and four variables, respectively.
The findings of the study supported the idea from the
aforementioned studies that the synthesis of AgNPs
by altering process parameters can be optimized
through FCCCD using RSM.
Limitations.
The factorial design (three-level)
was limited to three variables only namely initial pH
of the AgNO3 solution, digestion time, and AgNO3
concentration. Other variables such as temperature,
stirring speed, reductant concentration, and stabilizer
concentration were all held constant. It is also worth
noting that the optimum condition only applies
within the range of values used for each parameter.
Lastly, the yields are also estimated based on the
assumption that the particles are monodispersed as
seen in the AFM image, and the relative uniformity in
color (λmax) but should nonetheless be confirmed by
other more accurate particle characterization
techniques.
Conclusion.
This study aimed to optimize
reaction parameters for the synthesis of AgNPs using
ascorbic acid and trisodium citrate through RSM.
Optimal conditions for the synthesis of AgNPs
resulted in a yield of 1.5 x 1010 particles/mL. This was
achieved at pH 8 for the initial AgNO3 solution, 4.5
minutes of digestion time, and 0.015 M of AgNO3
concentration. AgNO3 concentration had the most
pronounced effect on the absorbance within the
specified range of values used in the experiments. It is
believed that the three parameters are highly suitable
for the bulk production of spherical-shaped AgNPs
with sizes of about 30 nm to be used in several
scientific fields.
Recommendations.
Dynamic Light Scattering
(DLS)
characterization
technique
should
be
performed to determine particle distribution and to
correct for the absorbance values so that more
accurate yield estimations can be achieved. The
chosen range of the parameters was also still not at the
saturation point which will probably be determined
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by the amount of reducing or stabilizing agent. This is
because the latter two will eventually become the
limiting reagents once AgNO3 is already present in
excess. However, the effect of other parameters at
elevated concentrations should not be ruled out and
still needs to be explored. The proponents of the
study also recommend accounting other factors such
as stirring speed, heating temperature, and reductant
and stabilizer concentration among others as factors
to be altered simultaneously and tested using RSM. A
six-level factorial design is recommended so that all
the interactions of these variables will be accounted
for. This will be done in order to further optimize the
synthesis process of silver nanoparticles, particularly
for bulk production.
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Abstract
Plastics have become a major environmental concern due to its persistence in ecosystems. Plastic
degradation processes nowadays are centered on photocatalysis because of its potential as a clean
energy source. This study used undoped and nitrogen-doped titanium dioxide nanoparticles
(TNPs/N-TNPs) as photocatalysts. TNPs were reported effective in polyethylene degradation due to
its high surface-area-to-volume ratio, and nitrogen doping can shift its absorption spectrum to the
visible region. To test photocatalytic activity, LDPE films were irradiated in aqueous nanoparticle
suspensions under ultraviolet and visible light. FTIR and microscope characterization were
conducted before and after irradiation. Photodegradation was then quantified by solving for carbonyl
and vinyl indices. N-TNP treated films under visible light showed the most observable difference in
the number of spots and scratches and the greatest increase in carbonyl index. This confirms that
nitrogen doping extended the photocatalytic activity of TNPs into the visible spectrum for more
efficient photodegradation.
Keywords: carbonyl index, irradiation, nitrogen-doping, photocatalysis, vinyl index
Introduction. Polyethylene is a type of plastic
that is usually discarded after being used for a short
period of time [1]. Low-density polyethylene
(LDPE) is commonly used for household and
industrial purposes due to its resistance from being
dissolved in concentrated acids, ketones, and
vegetable oils [2]. However, its accumulation made
it a major cause of pollution and a threat to all types
of biomes, especially the aquatic environment.
Plastic particles are being consumed by marine life
that confuse them with food sources [3]. Different
ways have been proposed for the conversion of
plastic waste, but none is considered as a sustainable
solution that can significantly reduce the pollution it
causes. Thus, there is an urgent need to develop
methods on how to properly degrade LDPE plastics.
Recent studies on plastic degradation are
centered on photocatalysis which uses solar or other
forms of energy to degrade plastics. Heterogeneous
photocatalysis was proven efficient for polymer
degradation. It uses semiconductors as catalysts to
generate reactive species like superoxides and
hydroxyl radicals when exposed to light [4].
Titanium dioxide (TiO2) has the most potential
as a semiconductor catalyst due to its high
efficiency, low cost, chemical inertness, long-term
stability, and nontoxicity [5,6]. TiO2 nanoparticles
(TNPs) have been reported to be effective in
polyethylene
degradation
due
to
its high
surface-area-to-volume ratio, particularly with the

tube-shaped TNPs, creating a larger surface area
with more active sites for reactions to occur [7].
However, the TNP’s wide band gap (3.0-3.2 eV) and
high recombination of electrons and holes limit its
practical applications [8]. It can only absorb light
from the ultraviolet (UV) spectrum, which is ~4% of
the solar energy reaching the earth’s surface [10]. By
shifting the absorption threshold towards the visible
region which is ~43% of the solar energy, its
photocatalytic functions can be maximized [9].
Doping or the substitution of a dopant for an
ion in the precursor material is a method used to
shift the absorption threshold of a nanoparticle and
further enhance its photocatalytic abilities [9].
Doping using nonmetals produces localized states
within the band gap. Thus, when TiO2 is exposed to
visible light, electrons are promoted from these
localized states to the conduction band [9]. TNPs
that have been doped at the Oxygen (O) sites with
nonmetals showed significant improvement in
photocatalytic abilities [11,12,13]. However, nitrogen
doping was found to be the most effective
compared to other nonmetal doping such as
Sulphur (S), Phosphorus (P), and Carbon (C), due to
the efficient mixing of 2p orbitals of N and O [9,14].
Nitrogen-doped TNPs (N-TNPs) were already
used to degrade other organic pollutants including
benzenes [15], rhodamine B [16], and organic dyes
[17]. Hence, N-doping of the TNPs can notably
enhance the photocatalytic degradation of LDPE.
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The aim of this study was to compare the
efficiency of undoped with nitrogen-doped
titanium dioxide nanoparticles in degrading
low-density polyethylene when irradiated under
ultraviolet and visible light. It specifically aimed to:
(i) describe the degree of morphological changes
on LDPE films through microscope images; and
(ii) determine the chemical changes in the LDPE
films in terms of its carbonyl and vinyl indices
using Fourier Transform Infrared (FTIR)
Spectroscopy.
This experimental research aimed
Methods.
to evaluate the photocatalytic activity of undoped
(TNPs) and nitrogen-doped titanium dioxide
nanoparticles
(N-TNPs)
against
low-density
polyethylene (LDPE).
Reagents.
Commercially available LDPE were
purchased from the local market. Undoped,
tube-shaped, titanium dioxide nanoparticles (TNPs)
with
99.9%
purity
and,
<50nm
APS
and
nitrogen-doped, tube-shaped, titanium dioxide
nanoparticles (N-TNPs) with 99.9% purity and,
<80nm APS were purchased at Nano Research Inc.
Preparation of nanoparticle suspension and LDPE
TNPs and N-TNPs aqueous suspensions at
films.
20mM concentration were prepared by mixing
1.599g of TNPs and 1.878g of N-TNPs each with 1L of
distilled water in separate beakers. The mixtures
were then ultrasonicated for 30 minutes.
Twelve pieces of LDPE films were cut into 4cm
by 26cm strips prior to the exposure to light [4].
Only the 4cm by 4cm at the center of the films were
analyzed leaving the remaining area touchable.
Irradiation.
Photodegradation of LDPE films
were carried out for 336 hours in 250mL beakers
containing 150mL of the 20mM TNP and N-TNP
aqueous suspensions enclosed in two 24” x 8” x 6”
wooden boxes containing either an 18W UV lamp or
a 9W visible lamp [7]. After irradiation, LDPE films
were thoroughly rinsed with distilled water.
Characterization.
LDPE films were observed
under a compound light microscope at 40x total
magnification for scratches and spots that may be
caused by photodegradation [4]. The films were also
characterized using Fourier Transform Infrared
(FTIR) Spectroscopy before and after irradiation.
Vibration peaks were recorded and analyzed for the
chemical transformation of the films [18].

V inyl Index (V .I.) = A909/A2020
The peak at 909 cm-1 corresponds to the
stretching vibration of the vinyl group (CH2=CH).
The peak absorbance of 2020 cm-1 was taken as the
reference peak [20].
Paired t-test was the statistical tool used to
determine if there was a significant difference in the
indices before and after irradiation.
Safety Procedure.
The sonication process of the
nanoparticles was made under the fume hood to
reduce the smell. Used nanoparticles were placed in
separate waste bottles and were turned over to the
unit that disposes chemicals.
After irradiation,
Results and Discussion.
scratches and spots were seen on the surface of the
LDPE. Figure 1 shows microscopic images of the
surface of LDPE films before and after 336 hours of
irradiation. There is an observable difference in the
scratches observed on the surface of TNP-UV films
before and after irradiation. However, the scratches
on the surface of TNP-VL after irradiation were
consistent with the image before. N-TNP-UV set-up
showed additional spots and two highlighted
scratches after the treatment. The set-up N-TNP-VL
formed larger and longer scratches with additional
spots on the surface of the LDPE.

i. TNP-UV before

ii. TNP-UV after

iii. TNP-VL before

iv. TNP-VL after

v. N-TNP- UV before

vi. N-TNP-UV after

vii. N-TNP-VL before

viii. N-TNP-VL after

The carbonyl index (C.I) was
Data analysis.
solved using the following formula:

C arbonyl index (C.I.) = A1710/A1380
The peak at 1710 cm-1 from the FTIR
corresponds to the absorption from the presence of
carbonyl group (C=O). The peak absorbance of 1380
cm-1 was taken as reference peak [7,19].
The vinyl index was determined using the
following formula:

Figure 1. Microscopic images at 40x total magnification of
LDPE films before and after 336 hours of irradiation under
ultraviolet and visible light.
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Chromophoric groups, factory defects, and weak
links within the LDPE surface can be initiation sites
for photocatalytic reactions, leading to the
degradation of the plastics upon prolonged exposure
to TNP or N-TNP suspension with UV and visible
light irradiation [4]. Hence, scratches seen on the
surface of LDPE films indicate photocatalytic
degradation. These visual changes on the surface of
LDPE films due to photodegradation were also
confirmed by the results from the FTIR analysis.
FTIR analysis was used to describe the structural
changes made in the surface of LDPE. Figure 2 shows
the infrared spectra of the LDPE irradiated under
visible and ultraviolet light before and after 336
hours of irradiation. The increase in the absorbance
values around 2850cm-1 to 3000cm-1 means that
there is a formation of carbonyl and vinyl
compounds. The increase in the absorbance values
around 3584cm-1 to 3700cm-1 implies the formation
of
hydroperoxides
and
-OH
stretching.
Hydroperoxides are reactive species generated after
the exposure to light of nanoparticles [4]. Among all
the set-ups, only TNP-VL treated films showed a
consistent graph before and after treatment and
irradiation. These results from the FTIR analysis
were used to calculate the carbonyl and vinyl indices
which are indicators of photodegradation.

iii. N-TNP-UV

iv. N-TNP-VL

Figure 2. FTIR graphs of LDPE films before and after
treatment and 336 hours of irradiation under ultraviolet and
visible light.

i. TNP-UV

Table 1 shows the computed mean, standard
deviation, t-values, and P-values of the CIs of each
treatment. TNP-UV and N-TNP-VL treatments
showed P-values lower than 0.05 and t-values higher
than the tcrit (tcrit = 4.30) which indicates a significant
difference in the CIs of the films before and after
336 hours of irradiation. The highest mean value was
observed in N-TNP-VL treated films while TNP-VL
showed the lowest.
Table 1. Paired t-test of the carbonyl indices (CI) of LDPE
films at 95% confidence level.

Paired Differences
Mean

ii. TNP-VL

t

Standard
Deviation

Sig.
(2-tail
ed)

TNP-UV

0.09443

0.02152

7.601

0.017

TNP-VL

0.00234

0.01953

0.208

0.855

N-TNP-UV

0.09893

0.06673

2.568

0.124

N-TNP-VL

0.12290

0.02200

9.673

0.011

Based on the results of the statistical test, CIs of
set-ups TNP-UV and N-TNP-VL after irradiation are
significantly different with the value before
irradiation, thus, photodegradation occurred [4]. The
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set-up for N-TNP-UV showed no significant
difference. However, the mean difference is as high
as TNP-UV and N-TNP-VL set-ups. This might be
caused by a low precision of data as reflected by the
high standard deviation. TNP-VL has a P-value
higher than 0.05 and t-value lower than 4.30. This
suggests that low to no photodegradation occurred
and that TNPs do not react with visible light [15].
Table 2 shows the computed mean, standard
deviation, t-values, and P-values of the VIs of each
treatment. All showed P-values higher than 0.05 and
t-values lower than the tcrit (tcrit = 4.30). This means
that the difference in the VIs of the films before and
after 336 hours of irradiation is not significant.
Table 2. Paired t-test of the vinyl indices (VI) of LDPE films
at 95% confidence level.

Paired Differences

t

Sig.
(2-tail
ed)

Mean

Standard
Deviation

TNP-UV

0.09576

0.12083

1.373

0.304

TNP-VL

0.04416

0.14890

0.514

0.659

N-TNP-UV -0.00367

0.19312

-0.033

0.977

N-TNP-VL

0.07852

0.497

0.669

0.02253

The formation of vinyl groups from the
photocatalytic degradation of LDPE films was not as
intense as that of the carbonyl groups, due to the
vinyl groups being typical of chain terminations,
while the carbonyl groups appear throughout the
polymeric chain. The formation of vinyl groups
occurred in the latter parts of the degradation
process [21]; thus, the results for the vinyl index were
inconclusive.

The use of FTIR was not
Limitations.
maximized. The options peak search and spectrum
search could have been used to easily identify the
peaks and its corresponding functional groups.
However, due to some defects in the equipment, it
was impossible to do so. Also, set-ups for
nanoparticle treatment only and irradiation only
were not included. Thus, results might be due to the
irradiation only or the nanoparticle treatment only.
Conclusion.
Based on carbonyl index values,
nitrogen doping of TNPs was able to enhance its
ability by utilizing both UV and visible light in the
photocatalytic degradation of LDPE films. It can use
solar energy more efficiently to produce reactive
species, such as hydroxyl radicals and superoxides,
and accelerate the degradation of LDPE films. While
TNPs are effective in utilizing UV light for the
photodegradation of LDPE films, they are inefficient
in absorbing light from the visible spectrum.
Recommendations.
The results obtained can
be further improved with the use of ImageJ software
by quantifying the length, depth, and the area of
scratches and spots made on the surface of the LDPE.
Additionally, the use of the FTIR spectrophotometer
can be maximized by using the peak search option,
which was not available during the data gathering
process. It is recommended to

allot a longer time of irradiation to light to clearly
observe the degradation progress of plastics. As the
time of irradiation is increased, the amount of
nanoparticle suspension must also be increased for
the reaction to continue. Also, a negative control can
also be added in the research design.
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𝐴𝑏𝑢𝑛𝑑𝑎𝑛𝑐𝑒𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 =

𝐴𝑏𝑢𝑛𝑑𝑎𝑛𝑐𝑒𝑇𝑜𝑡𝑎𝑙 =

≤

𝑛𝑜. 𝑜𝑓 𝑚𝑖𝑐𝑟𝑜𝑝𝑙𝑎𝑠𝑡𝑖𝑐𝑠 (𝑏𝑎𝑠𝑒𝑑 𝑜𝑛 𝑡𝑦𝑝𝑒)
× 100%
𝑡𝑜𝑡𝑎𝑙 𝑛𝑜. 𝑜𝑓 𝑚𝑖𝑐𝑟𝑜𝑝𝑙𝑎𝑠𝑡𝑖𝑐𝑠

𝑛𝑜. 𝑜𝑓 𝑚𝑖𝑐𝑟𝑜𝑝𝑙𝑎𝑠𝑡𝑖𝑐𝑠 (𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒𝑠)
𝑚𝑎𝑠𝑠 𝑜𝑓 𝑡𝑟𝑒𝑎𝑡𝑒𝑑 𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡 𝑠𝑎𝑚𝑝𝑙𝑒 (𝑔 𝑑. 𝑤. )

𝑃𝑃𝐸 =

(𝑂𝐹 − 𝐴𝐹)
𝑥 100
𝑂𝐹
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