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In an ideal world, teaching science to secondary school students means not just teaching students the science
content, but also teaching them how to be scientists. Students should experience all aspects of being a
scientist. They should not only master current scientific knowledge found in text books, they should also learn
how to create new knowledge through scientific research and then have the opportunity to publish their work. At
StudentScientists.org, we work towards the development of science curricula that include opportunities for
original student research and publishing. As a part of that effort, we have established the Thailand Scholastic
Journal of Science.

The Thailand Scholastic Journal of Science is a bilingual, entry-level, peer-reviewed journal publishing papers
in Thai and/or English. TSJOS is dedicated to publishing the original research of Thai secondary students in all
areas of STEM. Papers submitted to the TSJOS undergo an editorial selection process and are then forwarded
to a Reviewer. Following review and acceptance, the editor consults with the author to revise the paper
according to the suggestions of the reviewer. Upon revision, the paper is sent to the reviewer for final approval.
The TSJOS publishes papers on a rolling basis as they are received throughout the year.

The Thailand Scholastic Journal of Science is an online, Open-Access Journal with no author or submission

fees. Papers in the TSJOS are copyrighted under Creative Commons licensing, CC BY. Authors retain the
copyright to their papers published in the Journal.
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The Thailand Scholastic Journal of Science provides a venue for Thai secondary school students to publish
original research conducted as part of their science and STEM studies. The TSJOS employs a rigorous
selection, review and revision process to ensure that papers published constitute an original, valid contribution
to human knowledge.

The Journal publishes entry-level research that has been conducted by Thai students in the secondary school

laboratory. Papers are published in all areas of STEM and the natural sciences on any topic related to a typical
secondary science curriculum. Special research conducted by secondary school science students outside their
normal courses using university or industry laboratory facilities are not appropriate for publishing in the TSJOS.

Entry-level research is not expected to address cutting-edge topics. Entry-level papers represent a small but
meaningful contribution to extending our knowledge of the world. Papers published in the TSJOS must
demonstrate originality, validity, and high levels of confidence in the findings, and offer suggestions for
continuing research.

Contact
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If you have any questions or comments regarding the Thailand Scholastic Journal of Science please contact the Editor:

Dr. Jonathan Eales
Editor. TSJOS @gmail.com

The Thailand Scholastic Journal of Science is associated with

Student Scientists Organization

254/153 Ramkamhaeng 112, Sapan Soong
Bangkok, Thailand 10240
www.StudentScientists.org




Thailand Scholastic Journal of Science

22 TSJOS.or

Thailand Scholastic Journal of Science

Volume 3, Issue 1, January-December, 2022

From the Editors

Papers

1 Kneading and Gluten Formation in Dough
Phitawat Aramratsameekul and Supawan Huangchang
nsiangLauIINNIsWIALINENa

WNIF BFINFANNA AL AN1ITIN HINTN

2 Treatment of Subcutaneous Infections With Plu Kao Extract in Nanogel
Natnicha Danprakron and Pratiparn Kongkumnert
mssnwansiaia laamissniauaiassuniitdeasanaainngad lustuuuwn uaa

algdlen uawisznsal uas Ufnro asunin

3 Screening for Aerobic Fibrolytic Microorganisms to Produce Glucose from Waste Paper
Prabhawan Pakhin and Chonthicha Permrungruang
msannsasgaunidus Isiialn lusladniiia ldnaang Indannaszilssnnnszans

1521135560 HABUNS Uas Ta5Y LANGI5EY

4 Factors Affecting the Frequency Produced by Resonating Bamboo Tubes
T. Watthapornsiri, P. Sawangwong, Y. Sakaguchi, Y. Watanabe, M. Ishii, K. Meguro

5 Filtering Microplastics from Water with Lipids Extracted from Jackfruit Seeds
Puarisa Lathalo, Suphanwgdee Maneesuphachat and Burapha Saenwan
msansuly laswanadn luihmsarsnaulesiusaundnayu

19501 aznzla, gwsseyadl NelANZIE uas Yysw uauiu

ISSIN ***x-xxx* (@) |

Download Issue (PDF)




& TSJOS.org

Thailand Scholastic Journal of Science

Thailand Scholastic Journal of Science

Volume 3, Issue 1, January-December, 2022

From the Editor

Dear Readers,

Now that the COVID pandemic is beginning to ease, we have finally been able to begin to achieve our goal of offering Thai
secondary school students the opportunity of publishing their original research in an entry-level reviewed scientific journal. In this
issue we present papers by authors from all around Thailand on topics including gluten formation, filtering microplastics, herbal
treatment of infection, and filtering microplastics from water.

We at TSJOS hope that the papers in our journal will inspire secondary students around Thailand to dream of publishing their own
original research and making a contribution to our scientific understanding of a small corner of our world. We encourage all Thai
secondary students to submit their original, entry-level research to the TSJOS for review.

Jonathan Eales
Editor-in-Chief, TSJOS
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Kneading and Gluten Formation in Dough

Phitawat Aramratsameekul and Supawan Huangchang
Princess Chulabhorn Science High School Pathumthani
51 Moo 6, Bo Ngoen, Lat Lum Kaeo, Pathum Thani, 12140
Email: phitthawat555@gmail.com

Abstract

Gluten in wheat-based bread can both benefit and harm consumers and thus is an important factor in
consumers’ food choices. The effect of kneading time on the gluten content of bread was studied. Relative
gluten content was determined by measuring the force needed to puncture both the kneaded dough and the
baked bread. It was found that the force needed to puncture both the dough and the bread increased with
increasing kneading time up to 12 minutes. Kneading for longer than 12 minutes resulted in a decrease in
the measured force. The gluten content of the dough was also measured directly and found to follow a

trend similar to the force.

Keywords: gluten, kneading time, wheat dough, pound bread

I. INTRODUCTION

Gluten is an important protein in wheat grains. It
has the ability to act as a binding and expanding
agent and is often used as an additive in processed
foods to improve texture, taste and moisture
retention.! Gluten is formed from a complex
combination of hundreds of proteins, although it is
mostly a combination of glutenin and gliadin
proteins. When water is added to flour, the
proteins come out of the ‘frozen state’, which
makes them flexible, a process called ‘hydration’.
The two types of protein attach to each other
chemically with disulfide bonds, as shown in
Figure 1, forming gluten, which is tough, flexible
and insoluble.?

Since gluten has a complex structure of large
molecules that are tangled together (Figure 2), it

forms a strong network which is both flexible and
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Figure 1. Binding of the proteins gliadin and glutenin
by disulfide bonds to form gluten.?

extensible, enabling the dough to capture the
carbon dioxide gas produced by the yeast, which
causes the dough to rise.* Gluten also helps make
bread fluffier and gives it a soft, chewy texture.
Wheat is rich in gluten proteins, with up to 23
grams per 100 grams of wheat, but consuming too
much gluten can affect your immune system,
leading to gluten intolerance for some.®

The amount of time for which wheat flour dough
is kneaded affects the gluten content of the dough
due to the time it takes for the glutenin and gliadin
proteins to hydrate and then react with each other
to form gluten.” Since gluten forms a strong
molecular network that is flexible and extensible,
the gluten content of dough and baked bread will
affect its elasticity and resilience, meaning that the
force needed to puncture dough and bread can be
used as a measure of relative gluten content.®

Figure 2. An image of gluten proteins taken with a
scanning electron microscope.’
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Here the effect of wheat dough kneading time on
gluten content is studied. The relative gluten
content of both the dough and the baked bread was
determined by measuring the force needed to
puncture the dough and bread. The gluten content
in the dough was also determined by dissolving the
dough in water and measuring the mass of the
insoluble solids, which will be mainly the gluten
proteins. It is hoped that the results of this study
will be helpful for others in the food industry
wanting to understand gluten levels in kneaded
bread.

II. METHODS

Preparation of Pound Bread Dough

Bread flour (160 g) and cake flour (40 g) was sifted
together, then yeast (3.0 g) was added and mixed
well. Eggs (17 g), salt (2.0 g), sugar (30 g), and
water (102 g) were then added and mixed well with
the flour mixture.

Kneading the Dough

Unsalted butter (30 g) was put in a kneading
machine, along with the dough mixture and set to
mix at medium speed for 50 seconds. Seven
batches of dough were made and kneaded for times
ranging from 0 minutes to 20 minutes. Each batch
was then taken out of the kneading machine and
placed in a covered bowl for 45 minutes to allow it
to rise. The risen dough was kneaded briefly to

Figure 3. The Force Probe being inserted into the
bread to record the force needed to puncture it
using Datalogger program.
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expel excess air, and then divided into three 100 g
portions, with the remainder (74-76 g) reserved for
the insoluble solids testing. The 100 g portions
were put into three bread molds which were placed
on the left (A), center (B) and right (C) of the oven
and baked for 30 minutes. The baked bread was
removed from the mold to cool for 30 minutes,
then placed back in the mold for testing. This
process was repeated for a total of four batches for
each kneading time tested.

Force Testing of the Dough and Bread

Before baking, the force needed to puncture the
dough was recorded using Datalogger by inserting
the Force Probe into the left, center, and right side
of the dough in the mold. After baking and
cooling, the part of the loaf extending above the
edge of the mold was cut off to remove the top
crust, and the force needed to puncture the bread
was measured in the same way as the dough, as
shown in figure 3.

Testing for Gluten Content

The reserved portion of the dough was weighed
then soaked in water for 15 minutes and filtered to
separate the water. The dough was then soaked in
water for another 10 minutes leaving the insoluble
gluten as a solid, as shown in Figure 4, then
filtered. The insoluble portion (wet gluten) was
weighed, then dried in an oven and weighed again
to determine the amount of dry gluten formed in
the dough.

=7

Figure 4. The insoluble gluten left as a solid after
soaking the dough in water.
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III. RESULTS AND DISCUSSION

The results of measuring the force required to
puncture the dough on the left side, center, and
right side of the mold (sample shown in Figure 5),
indicated that, on average, there was no significant
difference in force between the three points. The
results of the tests on the baked bread also showed
no difference in the three points tested, indicating
that the baking process did not change the
reliability of using force as a measure of gluten
content.

The results for the means of all the tests for both
the dough and the bread are shown in Figure 6. It
is clear that the trend is the same for both. For
kneading times of 0 — 12 minutes, the force
increased, indicating increasing gluten content as
the gluten had more time to form. But for kneading
times greater than 12 minutes, the force needed to
puncture both the dough and bread decreased. This
is likely due to the fact that after 12 minutes all the
proteins in the dough had formed into gluten

| Left
__ | Center

— | Right

Left Center Right (N)

NN s e e e SR e e e |
1 2 3

Time (s)
Figure 5. Representative sample of the results of
the force measurements on the left, right, and
center points of the dough in the mold.
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Figure 6. Force needed to puncture dough and
baked bread as a function of kneading time.
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networks, and further kneading acted to shear the
aligned gluten molecules, reducing the strength of
the gluten networks.*

While the force trends are the same for both dough
and baked bread, the force required to puncture the
bread was significantly higher. This is likely due
to the baking process causing an increase in the
resilience of the bread as a result of molecular
changes during the baking process unrelated to
gluten content.®

The results of the testing for gluten content, Figure
7, show a similar trend to the results of the force
tests. The proportion of insoluble gluten in the
dough increased with increasing kneading time
from 0-12 minutes. This is because the kneading
causes the particles in the flour to become smaller,
allowing water to penetrate to more of the protein
molecules and thus enabling the formation of
gluten.® For kneading times beyond 12 minutes
gluten content stayed constant. This is likely
because the water had completely penetrated to all
the proteins and no more gluten formation was
occurring.

IV. CONCLUSION

It has been shown that both the insoluble gluten
content and the force needed to puncture the dough
and bread increased for the first 12 minutes of
kneading time, clearly showing increasing gluten
content with increased kneading time up to a
maximum of 12 minutes. For kneading times
greater than 12 minutes, insoluble gluten content
stayed constant, while puncture force declined,
likely due to a breakdown in the integrity of the
molecular networks of gluten.

Gluten Content (g /100 g dough)

0 LANELI B B AL A L A I A L
0 5 10 15 20
Kneading Time (minutes)

Figure 7. Mean gluten content in the dough as a
function of kneading time.
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Abstract

Plu Kao (Houttuynia cordata) extracts have well known antibacterial and anti-inflammatory effects. The
potential for using Plu Kao extract to treat subcutaneous bacterial infections is investigated here. Because the
crude extract is insoluble in water, subcutaneous penetration is enhanced by encasing it in a nanogel. It is found
that applications of nanogel containing 10% and 15% Plu Kao extract are an effective way to enhance the
penetration of Plu Kao extract through pig skin. It is also shown that nanogel containing 10% and 15% Plu Kao
extract are both effective inhibitors of Staphylococcus aureus, indicating that this may be an effective method

for treating subcutaneous infections in humans.

Keywords: Plu Kao, Houttuynia cordata, nanogel, subcutaneous skin inflammation

I. INTRODUCTION

Cellulitis is a skin condition that presents as
swelling, redness and pain at the site of an
infection. The most common cause is bacterial
infection that may enter the body through wounds,
cracks, or damaged skin. The most common
bacterial species involved 1is Staphylococcus
aureus. (See a Doctor, 2018)

Tinida Inta et al. (2019) studied the inhibition of S.
aureus with a crude extract of Cockscomb (Celosia
argentea). They identified alkaloids, tannins,
flavonoids, and saponins in the extract. One or
more of these compounds may be the reason that
extract of Guava leaf also inhibits this
bacterium. (Inta et al., 2019). There are many other
herbal extracts known to have the same effect,
including Houttuynia cordata, known in Thailand
as Plu Kao.

Plu Kao, known also as Fish mint, is a well-known
herb that contains the flavonoid Quercetin that has
antibacterial properties (Bureau of Information,
2020). Because crude Plu Kao extract is largely
insoluble in water, poor penetration is a major
limitation in its use on the skin. An effective

method of delivery is required to treat
subcutaneous skin infection.

A hyaluronic acid-grafted polymer was
synthesized by Luckanagul et al (2021) that self
assembles into nano particles forming a nanogel
that can be wused to deliver biocompatible
metabolites containing curcumin.

A nanogel delivery system is a nanoparticle size
carrier system that is a hydrophilic polymer lattice
structure. (Kasa et al., 2019). Biomedical scientists
often create nanogels from natural polysaccharides
like hyaluronic acid because they have outstanding
water-holding properties, low toxicity and are
biodegradable (Thai Rath, 2020).

Hyaluronic acid can be chemically modified to
become polyN-isopropylacrylamide, known as
HA-pNIPAM, for use as a trans-dermal delivery
system (Luckanagul et al., 2021). Luckanagul et al.
(2021) found that nanogel transdermal delivery
systems have the potential to improve drug
absorption and mobility, which suggests that a
nanogel could be used to deliver Plu Kao extract to
the subcutaneous layers of the skin to control
bacteria induced inflammation.
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II. METHODS

Preparation of nanogel HA-pNIPAM and Plu
Kao extract

Freshly picked leaves from healthy disease-free
Plu Kao plants, were washed and allowed to dry in
air for 20 minutes. The leaves were then placed in
a 40 °C oven until completely dried, then ground
thoroughly to a powder. Two hundred grams of leaf
powder was soaked in 400 ml of 95 percent ethanol
for 72 hours. The solution was filtered with
Whatman No.1 paper, and the residue evaporated
in a rotary evaporator at 40 °C until a viscous
extract was obtained.

Nanogel, HA-pNIPAM, obtained from Nabsolute
Co. Ltd., was prepared at 0.005% w/v in a buffer
solution that was agitated by sonication for fifteen
minutes. The resulting suspension was left to
precipitate overnight at 4°C, then centrifuged at
3,000 g for five minutes. Plu Kao extract was
added dropwise to the 0.005% HA-pNIPAM to
obtain the following ratios: (100:0 95:5, 90:10 and
85:15) %v/v. The suspensions were centrifuged at
500 rpm. The four samples containing Plu Kao
extract were then incubated in the dark at 4°C for
48 h. The preparations incorporating Plu Kao
extract were designated as PK-HApNIPAM.

Particle Size Mean and Distribution

Samples  containing the three  different
concentrations of Plu Kao extract, (0%, 5%, 10%
and 15%) v/v were placed in a Zetasizer Nano ZS
90 nanoparticle size analyzer to measure particle
size and distribution by dynamic light scattering,
DLS. Values of mean particle diameter, DL.Sx, and
Polydispersity index, PDI, were obtained.

Entrapment Efficiency (%EE) and Drug
Loading Efficiency (%DLE)

A UV absorption spectrophotometer at a
wavelength of 230 nm was used to measure the
density of Plu Kao extract in each of the prepared
suspensions. The suspensions were then
centrifuged for stratification between the water and
the nanogels at 4°C for 15 minutes to find Plu Kao
entrapment efficiency in the polymer. The %EE
was found as the ratio of the weight of the extract
retained in the nanogel and the weight of the total
extract. The %DLE was found as the ratio of the
weight of the extract contained in the nanogel and
the weight of the nanogel without the extract.

Plu Kao Extract Penetration through Pig Skin
The skin from the back of a pig's ear was prepared
for permeability testing. A Franz Diffusion Cell
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was prepared following Luckanagul et al. (2021).
The temperature of the receptor was set to 37 °C
and the magnetic stirrer was set to 100 rpm. The
pig skin was cut to size and sealed at the base of the
donor chamber. The acceptor chamber was filled
with 12 ml of phosphate buffer, PBS, at a pH of
7.4. One ml of solution was removed and replaced
by one ml of new buffer at intervals of 1, 2, 4, 8
and 24 hours. The samples were analyzed with the
UV spectrophotometer to find the absorbance at a
wavelength of 230 nm and the amount of Plu Kao
extract present was found by comparing to the
standard curve.

Growth inhibition of Staphylococcus aureus
The agar disc diffusion method was used to test for
bacterial inhibition. A petri dish was prepared with
Potato Dextrose Agar (PDA). Staphylococcus
bacteria were prepared in Mueller Hinton Broth
(MB). Sterile spatulas were dipped in the bacterial
suspension and then swabbed onto the surface of
the agar in the petri dish. Drops of concentrated
Plu Kao extract (15% v/v) and nanogels containing
the 3 different concentrations of Plu Kao extract
were placed on the surface and left to dry. The agar
plates were incubated at 37 °C for 24 hours, then
the diameters of the clear inhibition zones were
measured across three angles.

III. RESULTS AND DISCUSSION

Particle Size Mean and Distribution

Figure 1 shows the average particle size, DLSx, in
each of the four nanogel samples and the size
distribution index DLI. The 15% sample of PK-
HApNIPAM had the smallest particles (mean 13.1
+ 1.5 nm), while the 5% sample had the largest
(280.6 = 3.3 nm). Supang Khondee (2017) found
that insoluble particles larger than 10,000 nm
remained on the surface of the skin, particles from
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Figure 1. Mean Particle Size and Particle Size
Distribution Index (PDI)
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Figure 2. Nanogel Drug Loading Efficiency
(%DLE) and Entrapment Efficiency (%EE)

3,000 — 10,000 nm accumulated in hair follicles
and particles smaller than 3,000 nm penetrated
through the pores in the epidermis. The particle
size in all cases here were small enough to
penetrate the epidermis.

Particle size distribution also varied, as shown in
Figure 1. PK-HApNIPAM 5% had the lowest
dispersion with a PDI of 0.22 + 0.03, followed by
PK-HApNIPAM 15% with a PDI of 0.487 + 0.007,
while PK-HApNIPAM 10% had a PDI of 1.00. The
PDI value ranges from zero for a perfectly uniform
nanogel to 1.0 for highly differentiated nanogels
with multiple particle sizes.

A PDI of less than 0.5 is desirable because it is an
indicator of the aggregation of smaller particles and
uniform particle size leads to more uniform, stable
delivery. (Danaei et al., 2018). The most suitable
nanogel containing Plu Kao extract is the 15% PK-
HApNIPAM with skin permeable mean particle
size and a particle size distribution less than 0.5.

Extract Entrapment Efficiency and Drug
Loading Efficiency

Extract Entrapment Efficiency (%EE) and Drug
Loading Efficiency (%DLE) are shown in figure 2.
The results show that the percentage of extract
contained in the nanogel is very small. We note that
Plu Kao extract is dense and viscous, and when
centrifuged is readily precipitated. The percentage
of polymer content also affects the retention.

The nanogels were kept for 27 days prior to testing,
Table 1 shows that most of the Plu Kao extract
content of PK-HApNIPAM 5% and
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Extract Extract
PK- o o levels before | levels after
HApNIPAM 7%DLE | %EE Centrifuging | Centrifuging
(pg/ml) (pg/ml)
5% 0.1 0 89.84 0.4

10% 203 | 0.1 195.24 101.7

15% 19.9 | 0.07 | 393.18 99.4

Table 1. Nanogel Drug Loading Efficiency
(%DLE), Entrapment Efficiency (%EE) and Extract
Retention levels.

PK-HApNIPAM 10% is present in the ethanol
fraction rather than in the polymer of the nanogel.

It was found that the nanogel containing Plu Kao
extract had the ability to retain the extract and
extract packaging efficiency at levels suitable for
use. PK-HApNIPAM 10% and PK-HApNIPAM
15% had the highest percentage of extract filling
and entrapment efficiency.

Further research should be conducted on ways to
improve the duration of retention, the %EE, and the
%DLE, in order to improve the effectiveness of the
Plu Kao nanogel preparations.

Skin penetration

From Figure 3, PK-HApNIPAM 15% has the
highest percentage permeability followed by PK-
HApNIPAM 10% and PK-HApNIPAM 5%,
respectively but the difference between the three
concentrations is very small.

The result shows the improved penetration of
insoluble extract particles through the pig skin with
the nanogel delivery system which is consistent
with the research report of Luckanagul et al.
(2021).
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Figure 3. Penetration of extract through pig skin
over time.
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Figure 4. Inhibition of S. Aureus

Inhibition of Staphylococcus aureus

Figure 4 and table 2 show the diameters of the
inhibition zones of S. aureus on the agar plate for
the four different extract concentrations in the
nanogel.

Significant and similar inhibition is seen for both
10% and 15% HApNIPAM concentrations and no
effect is seen for 5%. This finding is consistent with
the previous findings that 10% and 15%
HApNIPAM concentrations demonstrated
significant levels of %EE and %DLE, while 5%
showed negligible levels of these measures.

These results show that the 10% HApNIPAM
concentration is most effective at inhibiting S.
aureus. Further research is recommended into its
development as a medical treatment for
subcutaneous infections.

IV. CONCLUSION

It was found that the nanogel delivery system
HApNIPAM has the ability to deliver an extract of
Plu Kao with small particle size (less than 250
micron) with a DPI of less than 0.5 to the
subcutaneous layers of pig skin. Most importantly,
the nanogel containing the Plu Kao extract is
effective in inhibiting Staphylococcus aureus in the
laboratory setting. It is hoped that future clinical
trials will show that nanogel delivery of a Plu Kao
extract is an effective treatment for subcutaneous
inflammation caused by the common bacterium
Staphylococcus aureus.
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PK- Bacteria Inhibition Area
HApNIP Diameter (mm)

AM 1 2 3 Mean

0% NA | NA | NA NA

5% NA | NA | NA NA

10% 125 | 13.0 | 12.0 | 125+04

15% 11.0 | 10.5 | 11.0 | 10.8+£0.2

Note: NA = No inhibition

Table 2. Bacteria Inhibition Area Diameter for the
Nanogel Extract Preparations tested.
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Abstract

Waste paper, which is produced in large quantities, contains a high perentage of cellulose, which
can be converted to glucose by enzymes produced by aerobic fibrolytic microorganisms. Samples
from five natural sources: river water, pond water, clay, and dried and fresh cow dung were
screened for the presence of these microorganisms. The samples were incubated with filter paper.
It was found that the paper is digested by microorganisms in dried and fresh cow dung only. The
conversion of cellulose to glucose over time was confirmed by testing with Benedict’s reagent,
confirming that the cow dung contains aerobic fibrolytic microorganisms.

Keywords: Aerobic fibrolytic microorganisms, cellulose, cow dung, waste paper.

1. INTRODUCTION

Cellulose is a linear polymer of glucose molecules
that is an important structural component in the cell
walls of plants. It is classed as a dietry fibre,
insoluable in water and resistant to the enzymes
found in the digestive systems of humans and
animals. For this reason celluose is used to make
paper and various types of apparel. Paper and
cardboard contain a high percentge of cellulose and
is a major component of landfills. If a way can be
found to cheaply digest the cellulose currently being
deposited in landfills to glucose, (figure 1) it could
partly replace sugar cane as a source of raw material
to make ethanol.

Enzymes Yeast Ethanol
24 Glucose —m —— H

Carbon dioxide

Starch

Waste paper Cellulase | Yeast E'h‘:"°|
(Cellulose) ) Glucose ’C bon dioxid

arbon dioxide
Figure 1: Ethanol production process using glucose as a
product of cellulose digestion by cellulase

Aerobic  fibrolytic  microorganisms produce
cellulase, the enzyme that digests cellulose fibers to
obtain glucose. A number of organisms, including
species of fungi, bacteria, (actinomycetes), and
paenibacillus species, have been found to produce

enzymes that are active in digesting cellulose and
hemicellulose (Islam, 2018).

A medium containing one or more of these
organisms can be cultured in the laboratory to digest
cellulose in the form of filterpaper. Samples from
five natural sources are screened for the presence of
aerobic fibrolytic microorganisms, which can be
cultured for use in converting waste paper into
glucose.

2. METHODS

Culturing microorganisms

Samples of 40 ml form five sources that possibly
contain microorganisms: river water, pond water,
clay, dry cow dung and fresh cow dung were each
combined with ten ml of distilled water and put in
five sterilised beakers, each with a 0.085 g strip of
filter paper. Filter paper was chosen as the test
material because it has a cellulose content close to
100%. The five cultures were incubated at 39°C
until the paper was found to be digested in some of
the beakers. The presence of glucose in the beakers
after incubation was tested for with Benedict’s
reagent.

Following this, new samples of dry and fresh cow
dung suspensions were sterilised by boiling. The
filter paper from the cow dung in the first
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experiment was added to sterilised beakers along
with new filter paper and the mixtures were
incubated for 18 hours at 39 °C. The final condition
of the new filter paper was observed and the
solutions were again tested for any increase in the
concentration of glucose with Benedict’s reagent.
This procedure was repeated three times.

The procedure was repeated with sterile shredded
paper replacing the new filter paper strips. The
condition of the waste paper and any increase in
glucose concentration was observed in the same
way after incubation.

3. RESULTS AND DISCUSSION

Figure 2 shows the results for the test for the ability
of microorganisms in each of the samples to digest
cellulose. The top row of images in figure 2 shows
the sample solutions in the beakers after incubating
with paper. The first three samples from the left do
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not show any evidence of paper residue on the
bottom, while in the beakers with dry and fresh cow
dung samples there is a clear layer of residue left
from the digestion of the filter paper.

The bottom row of images in figure 2 shows the
pieces of filter paper after incubation. Again, the
three on the left show no signs of degradation, while
the paper that was in the dry and fresh cow dung
shows clear signs of degradation, with the left end
of the paper partially disintegrated. The
microorganisms present in river water, pond water,
and clay did not digest the paper, while those
present in both dry and fresh cow dung clearly were
able to digest the cellulose in the paper, resulting in
disintegration of the paper and residue on the
bottom of the beaker.

When the solutions were tested for the presence of
glucose (figure 3) it was found that pre incubation
testing of both fresh and dried cow dung gave a
weak positive result (light green color), indicating a

River water Pond water

Dry cow dung Fresh cow dung

[ = B

[

Lo

el

Figure 2. Digestion of cellulose filter paper by samples from natural sources media. The top row of pictures shows the
digested residue from the shredded waste paper added to the beakers of dry and fresh cow dung. The bottom row of
pictures shows the pieces of filter paper after incubation, with only the paper left in the dry and fresh cow dung showing
evidence of being partially digested on the left end.

River Water Pond Water Clay Dry Cow Dung | Fresh Cow Dung
. . No colour No colour No colour Weak positive Weak positive
Pre incubation
change change change
. . No colour No colour No colour | Strong positive Strong positive
Following incubation
change change change

Following incubation
with cellulose residue
in boiled cow dung

Strong positive

Stroni iositive

Figure 3. Results of testing with Benedict’s solution. Only the dung showed the presence of glucose, with the increasing
level of glucose after incubation being evidence for the conversion of cellulose to glucose.
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low concenation of glucose. This is expected, since
some sucrose would be expected in dung, even after
sterilization, left from the digestion process. The
result of the Benedict’s test after incubation, for
both the unsterilized and the sterilized condition,
(rows 2 and 3 of figure 3) showed a dark green
color, indicating that the fibrolytic microorganisms
present in the filter paper that had been in the
manure continued to break down cellulose during
incubation, resulting in higher concentrations of
glucose. No glucose was found in the water or clay
samples, as expected.

Here, we show that fibrolytic microorganisms
derived from cow dung can be used to digest
cellulose, converting it into glucose. Whether this
mechanism can be scaled up to produce commercial
quantities of glucose from waste paper will be the
subject of further research.

4. CONCLUSION

It has been demonstrated that cellulose in the form
of filter paper is converted to glucose by
microorganisms when incubation in either dry of
fresh cow dung suspensions, but is not digested in
river water, pond water, or clay samples. This
indicates the presence of microorganisms in the
dung that produce cellulase. = Upon further
incubation of the microorganisms derived from the
cow dung in suspensions of sterilized dry and fresh
cow dung, the production of glucose was shown
using Benedicts test. This demonstrates the
potential for using the microorganisms found in cow
dung in the production of glucose from waste paper,
for use in the production of ethanol.
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Abstract

Bamboo has been used to make flute-like instruments for millennium. While the formation of standing
waves in rigid cylindrical tubes is well understood, bamboo tubes are typically neither completely rigid nor
cylindrical, leading to the possibility that sound produced might diverge from theoretical predictions. The
frequency of sound produced from bamboo tubes with one open end was therefore studied. Bamboo tubes
of different length, radius, and hole position with respect to the tube mouth were prepared. The rim of each
of the tubes was tapped with a metal rod and the resonant sound analysed. First, the effect of the length of
the bamboo tube on the frequency produced was investigated for tubes ranging in length from 15 to 30 cm.
The result showed that the longer the tube, the lower the frequency, matching the theory for a cylindrical
tube. Next, the effect of the position at which a hole is drilled in the tube on the frequency was studied, with
holes drilled at positions ranging from 5 to 25 cm away from the tube’s mouth. The results showed that the
further the hole was from the mouth, the higher the frequency. Lastly, the effect of the radius of the tube
was observed and showed that the bigger the tube, the lower the frequency, and the higher the period,
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following the theoretical prediction.

Keywords: Bamboo tube, resonance, frequency, tube length

1. INTRODUCTION

Bamboo, scientifically known as Bambusoideae, is
a subfamily of tall treelike grasses of the family
Poaceae, comprising more than 115 genera and
1,400 species. Bamboos are distributed in tropical
and subtropical to mild temperate regions, with the
heaviest concentration and the largest number of
species in East and Southeast Asia, for example,
Japan and Thailand, and on islands of the Indian
and Pacific Oceans. Bamboo wood is a light
weight, flexible, tough, and high tensile. It is highly
versatile raw material for different work such as
building material, utensils and musical instruments
(Britannica). Flute-like instruments have been
made from bamboo since time immemorial. Many
groups have their own instruments that are made
from bamboo such as the Indian Bansuri and Venu,
the Chinese Dizi, and the Filipino Kulintang
(Sachs).

To understand the design and sound output of
bamboo flutes, sound production in cylindrical
tubes is important. =~ The basic parameters that
affect the frequency (f) and period (7) of the
resonant standing waves produced in a cylindrical
tube which is closed at one end are the length (L)

and radius (R) of the tube. The period of the
standing wave which is formed in such a tube can

be modelled by the equation:

_4(L+0)
- v

T €))
where C is the end correction (Anderson, 1928).
The length of the end correction is dependent on
the radius of the tube, as:

C = 0.66R )

as determined by Boelkes and Jc
Hoffmann (2011).

Figure 1 is a representation of
the fundamental standing
wave (red) formed in a
cylindrical tube (black) with
one open end, with the tube
length (L), radius (R), and

end correction (C) indicated. —
The closed end of the tube is R
a displacement node Figure 1. Standing

(pressure anti-node) while the wave in a tube.
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displacement antinode (pressure node) is located a
short distance beyond the open end of the tube.

While this is the theoretical model for a cylindrical
tube, the bamboo tubes typically used to make
flutes are not perfectly cylindrical, therefore might
deviate from the theoretical model. Thus, the
frequency of the resonant sound produced by the
bamboo tubes as a function of tube length and
radius were measured and compared to the
idealized theoretical model, represented by PVC
tubes.

Bamboo flutes typically have finger holes drilled at
regular intervals along the tube. Having an open
finger hole part way up the tube allows air to pass
in and out at that point, which effectively makes
that point a pressure node, a displacement antinode,
and effectively makes that the end of the standing
wave. Susan Wang (2009) showed that for a plastic
recorder, the effective end correction at an open
finger hole was not 0.66 R, as it is for the end of a
cylindrical tube, but was approximately three times
greater, due to the smaller size of the finger holes.
Here, holes were drilled in the bamboo tubes to test
whether the end correction behaves similarly to
Wang’s results for a plastic recorder.

2. METHODS

Four different lengths of bamboo tubes, 0.15, 0.20,
0.25, and 0.30 + 0.01 m, measured from the
external joint line seen between sections of the
bamboo to the end of the tube were prepared. The
radius of these tubes was kept fairly constant at 2.4
+ 0.2 cm. To test the effect of radius on sound
frequency, four bamboo tubes of varying diameter
were cut to a length of 0.15 £ 0.01 m. The inner

stand

Metal Stick

Boss head
® % .

Barmboo Tube

Recording mic

Figure 2. Experimental apparatus setup.
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radius of the tubes ranged from 1.90 to 2.95 + 0.05
cm. Finally, to determine the effect of the position
of a hole drilled in the tube, five tubes of radius 2.4
+ (0.2 cm and length 0.30 = 0.001 mm had 8 mm
diameter holes drilled at locations ranging from
0.050 to 0.250 + 0.0002 m from the closed end of
the tube. A set of tubes with dimensions in ranges
similar to the bamboo tubes was made from PVC

pipe.

Each of the tubes described above was suspended
on a string, so it was free to resonate. The tube was
then tapped with a metal rod on its open edge with
a constant force. The resonant sound it made when
tapped was recorded, then analysed with sound
analysis software “Audacity” to determine the
frequency. Three trials were recorded for each
tube. The temperature was maintained at 26 = 1 °C
for all trials. A diagram of the experimental setup
is shown in Figure 2.

3. RESULTS AND DISCUSSION

The period of the sound produced by both the
bamboo and PVC tubes varied linearly with the
length of the tube, as seen in Figure 3. The slopes
of the linear fits for the bamboo and PVC were,
114 £ 035 ms/m and 11.2 = 0.27 ms/m,
respectively, which is equal to the value predicted
by the theoretical model (Equation 1) of 11.7 + 0.3
within uncertainties. The value for the bamboo
tubes was lower than the PVC, but still just within
uncertainty. This shows that the natural variations
in the internal diameter of the bamboo tube over its
length caused no significant deviation from the
theoretically predicted behaviour of a cylindrical
tube.

|
Bamb
Linear Fit for: | PVC Seaslifamiog
PVC
T-PVC = mL+b -

~3 L-
4 m (Slope): 11.2 +/- 0.346 — mlsb

b (Y-Intercept): 0.480 +/- 0.0803 — mitb

Correlation: 0.999
3 RMSE: 0.0387

Period (ms)

B

Linear Fit for: | Bamboo
Bmb = mL+b
m (Slope): 11.4 +/- 0.267 ms/m
b (Y-Intercept): 0.217 +/- 0.0619 ms
Correlation: 0.999
RMSE: 0.0298 ms
0 T T T
0 0.1 0.2 0.3
Length (m)

Figure 3. The length of the tubes and the period of the
resonant sound produced.
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The value for the y-intercept of the graphs, from
Equations 1 and 2, depends on the radius of the
tubes. The y-intercept of the bamboo and PVC fits
both match the theoretical predicted value within
uncertainties. It must be noted that the fact that the
range of lengths tested, and the large distance that
the fit was extrapolated, led to fairly large
uncertainties, so not much weight should be placed
on the agreement with theory here.

Looking at Figure 4, the period of the sound
produced is linearly related to the radius of the four
tubes of equal length, both for the bamboo and
PVC pipes. However, the slope of the two fits is
very different, and the quality of the fit for the
bamboo tubes is very low, indicating the different
radius bamboo tubes behaved very differently.
From Equations 1 and 2, the slope of the fit can be
used to calculate the proportionality constant in
Equation 2 (0.66 + 0.02 (Boelkes, 2011)).

The slope of the PVC fit gives a value of 0.68,
which matches the model within uncertainties. The
slope of the bamboo fit is much lower, and gives a
constant of 1.8, which is almost double the
accepted value. The largest radius bamboo tube
produces a sound period similar to the matching
PVC tube, but the narrower bamboo tubes
increasingly deviate from the PVC results. It is
possible that the internal structure of narrow
bamboo tubes is different from larger radius tubes,
and thus changes the behaviour of the resonating
standing wave formed in the tube. This produces
an end correction which is much longer than that
predicted for a cylindrical tube of that radius. More
research into standing wave formation in narrow
bamboo tubes is needed to understand this result.

Since bamboo tubes are typically used to make
flutes, the effect of the finger holes on the

25 ET

Linear Fit for: | PVC _e |Bamboo
T-PVC = mR+b _m IPVC
m (Slope): 7.975 +/- 0.6538 ms/m _ mR+b
b (Y-Intercept): 1.713 +/- 0.01527 ms __ mReb
Correlation: 0.9933
RMSE: 0.006880 ms

Period (ms)

Ly
Linear Fit for: | Bamboo
B-T=mR+b
m (Slope): 21.02 +/- 2.922 ms/m
b (Y-Intercept): 1.310 +/- 0.06705 ms
Correlation: 0.9812
RMSE: 0.02409 ms

1 —— ]
0 0.01 0.02 0.03
Radius (m)

Figure 4. The radius of the tubes and the period of the
resonant sound produced.
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frequency of the sound produced was studied.
Wang showed that, for a recorder, the finger holes
effectively behaved as the displacement antinodes
(pressure nodes) of the standing wave, albeit with
significantly longer end corrections. Looking at
Figure 5, it is clear that this is not how the tubes in
this investigation behaved. Wang showed that the
end correction was the same for each of the finger
holes, and about three times longer than the end
correction at the end of the recorder.

Here, as the hole moves closer to the base, the
effective end correction of the standing wave
increases dramatically. While the end correction
for the 0.30 m hole position (just the 0.30 m long
tube with no hole) is 0.035 m, which is in
agreement with Equation 2, when the hole is drilled
half way down the tube, at 0.15 m, the end
correction is 0.14 m, meaning that the effective
location of the displacement antinode is just 1 cm
inside the end of the tube. When the hole is 0.05 m
from the base, the effective location of the antinode
has moved down only 4 cm, to 5 cm inside the end
of the tube. Clearly, the holes are not acting as
pressure nodes, as they did for Wang’s recorder.
While more research is needed, it is likely that this
is due to the relative sizes of the holes in the two
cases. The finger holes in Wang’s recorder were
approximately one third the diameter of the tube,
but here, the finger holes were only one sixth the
diameter of the tubes. Very small holes likely
restrict air flow to the point where the holes do not
act as pressure nodes, but only have a slight
influence on the formation of the standing wave.
More research is needed to determine how the
relative size and location of a hole in a tube affects
the formation of the standing wave.

T

Linear Fit for: | Bamboo

_e | Bamboo
B-EC = mH+b
m (Slope): -0.68

02 b (Y-Intercept): 0.24

Correlation: -1.0
RMSE: 0.0045
x
| Linear Fit for: | PVC
| CPVC = mH+b

m (Slope): -0.68

b (Y-Intercept): 0.23

| Correlation: -1.0

0.1

Effective End Correction (m)

RMSE: 0.0050

] T T T
0 0.1 0.2 0.3
Hole Position from base (m)

Figure 5. The distance of the drilled hole from the
closed end of the tube and the period of the resonant
sound produced. Note that the 0.30 m data shows the
period for a tube with no hole.
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4. CONCLUSION

Bamboo tubes, even though they are not perfectly
regular cylinders with flat ends, have been shown
to closely follow the theoretical model for the
formation of resonant standing waves in cylindrical
tubes. However, it was shown that holes drilled in
the tube cause the standing wave behaviour to
deviate significantly from the theoretical model.
More research is needed to determine the effect of
hole size on standing wave formation.
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Abstract

This study explores a process that removes microplastics from water using lipids extracted from jackfruit
seeds by fractional distillation. The lipids extract is applied to a sieve that is then used to filter a suspension
of microplastics in water. Photographs of water samples taken with a microscope before and after filtering
with and without the lipids extract showed that passing water through the lipid coated wire mesh removed
94.1 + 0.5 % of the microplastic. Without lipids coating the sieve the rate of removal was 5.1 + 0.2 %,
showing that fatty coatings can greatly enhance the efficiency of microplastic capture in this setting.

Keywords: microplastics, lipids, Jackfruit seeds, fractional distillation

I. INTRODUCTION

Environmental protection is becoming a more
pressing worldwide problem and developed
countries are now aware of the need to control water
quality and limit industrial waste. Various
innovative methods are in development to reduce
pollutants, including microplastics, which are now
found in air, soil, water, and at every level in the
food chain.

The highest density of environmental microplastics
in the world has been identified in sediments in the
Mediterranean Sea off the coast of Italy (Amos,
2020). Concerns that ocean currents that carry
oxygen and nutrients to nourish deep sea creatures
will  become heavily contaminated  with
microplastics has stimulated research into their
removal.

Treat Effluent Before After Removal
-ment type (MP/L) (MP/L) (%)

"DF1  Secondary 05402  03+0.1  40.0

DF2 Secondary 2.0+1.3 0.03+0.01 98.5
RSF Secondary 0.7+0.1 0.020+0.007  97.1
DAF Secondary 2.00£0.07  0.10+0.04 95.0

BMR  Primary 5.9+1.0 0.005+0.004  99.9

DF1: disc filter with pore size 10 mm, DF2: disc filter with
pore size 20 mm, RSF: rapid sand filters,

DAF: dissolved air flotation and MBR: use of a membrane
bioreactor.

Table 1. Microplastic capture efficiencies from Yeo and
Julaihi (2021).

Biofilms of yeasts including marine species of
Candida are found to adhere to plastics. These films
have been studied as a way to remove microplastics
that adhere to the film (Pananusorn and
Muangsuntorn, 2021). Adding magnetic nano-
particles and oil to water containing microplastics is
being investigated as another method of removing
the particles from water (Table 1). (Yeo and Julaihi,
2021). Low surface tension oil acts as an adhesive
between both types of particles, the aggregation can
be removed with a magnet and the magnetic
particles reused.  Another possibility is the
attachment of devices to boats to filter microplastics
from the water.

Each of these methods separate microplastic
particles from water but many have practical
limitations. Biofilms are often toxic and magnetic
nanoparticles may be harmful to living things.

The use of non-toxic fats extracted from plant
material to trap microplastic particles avoids these
limitations and is investigated here. Jackfruit
(Artocarpus heterophyllus) is common in Thailand

Sample Fat (%)
Jackfruit Pulp 1.49 £ 0.04
Jackfruit Seeds 4.29+0.12
Jackfruit Leaves 0.73£0.05

Table 2. Fat content of jackfruit parts (Amadi, 2018)
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and has been selected as the source of organic fats.
Table 2 shows that jackfruit seeds contain more fats
than other parts of the plant. Lipids extracted from
jackfruit seeds are non-polar and insoluble in water
(Pollard, 2008) and might be able to be used as a
coating to trap microplastic particles.

II. METHODS

Lipid extraction

Jackfruit seeds were cleaned and baked at 65°C for
eight hours. The seeds were then ground to a powder
that was soaked in 70 % Hexane for 48 hours. The
hexane solution was filtered and lipids were
extracted by fractional distillation at 90 - 100 °C.
The crude extract was stored out of the sunlight at
room temperature.

Suspending microplastic in water

Expanded polyethylene was shredded in a blender
to chips with an average particle size of close to 25
um. The blended microplastic was added to water at
a concentration of 2 g/ and examined under a
microscope. Measurements were made with the
computer program ImageJ. Particles were counted
down to a minimum size of 5 pm and mean size and
total area were recorded.

Preparing a coated sieve

Five grams of lipid extract was applied to a sieve.
Four hundred ml of microplastic suspension was
poured through the sieve with and without the lipid
coating. The procedure was repeated five times.
Average particle sizes and percentages of plastic
remaining after filtering were found with the
microscope and Imagel.

ITII. RESULTS AND DISCUSSION

Particle area under the microscope is a measure of
the total plastic present per litre. Average particle
size and total area after passing water through each
type of sieve, with and without lipid coating, is
shown in table 3. Microplastic in the pre-filtered
water had a mean size of 25.4 + 2.9 um. That was
not significantly reduced by filtering without the
lipid coating (25.2 + 3.6 um) and the total plastic
content per litre was reduced slightly from a relative
area of 0.86 + 0.02 to 0.81 £ 0.01.

After filtering with a lipid coated sieve, the mean
particle size was reduced by around 12%, from 25.4
+2.9t021.1+ 1.0 pm, and the plastic content per

WWW.tsjos.org

. .. Mean size Area
Testing Condition (um) (Rel. units)
Before filtering 254+29 0.86 £0.02
After filtering with an 250436 081001

uncoated sieve

After filtering, with a

lipid coated sieve 21.1+1.0 0.051 +£0.004

Table 3. Mean size and relative area before and after
filtering.

litre was greatly reduced from a relative area of 0.86
+0.02 to 0.051 + 0.004. Comparing values in table
4 with Yeo and Julaihi's results in Table 1, the
percentage reduction in total plastic per litre is
equivalent within errors to the dissolved air flotation
method, DAF.

A lipid coated sieve removes more microplastic
because the surface of a coated sieve is more
viscous and rougher than that of an uncoated one.
Viscosity and roughness increase the capture
efficiency (Yeo and Julaihi, 2021). A sieve coated
with jackfruit seed lipid extract is more effective in
trapping microplastic than an uncoated sieve.

This result provides proof of concept: a viscous
insoluable coating may capture microplastic
particles suspended in water, but there is no
indication that the capture is reliable over the long
term.

In practical applications, thickeners such as ethyl
cellulose or carboxymethyl cellulose (Arancibia,
2016), which have the property of increasing
viscosity, could be added. They are insoluble in
water and will increase particle adhesion. A more
concentrated hexane solution could be used to
shorten the time required for the extraction of the
lipid mixture in large quantities. The properties of
other natural extracts, such as latex (Kientz et al.,
1996), or saturated fat extracts from other plants,
could also investigated.

Sieve type Microplastic
Removed (%)
Uncoated 5.1+2.9
Lipid-coated 94.1+0.5

Table 4. Microplastic removed by filtering.
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IV. CONCLUSION

Sieves coated with lipid extract from jackfruit seeds
reduced the concentration of microplastic in the
water by 94% compared to a very small reduction
of only 5% when using an uncoated sieve,
indicating that effective filtering of microplastics
can in principle be achieved with lipid coatings.
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Treat Effluent Before After Removal
ment type (MP/LY)  (MP/L™) (%)
| ] ] ] ] 1
DF1 Secondar 0.5+0.2 0.3+0.1 40.0
y
DF 2 Secondar 2.0+1.3 0.03+0.01 98.5
y
RSF  Secondar 0.7 £0.1 0.020 97.1
y +0.007
DAF  Secondar 2.00 0.10 £0.04 95.0
y +0.07
BMR Primary 59+1.0 0.005 99.9
+0.004

DF 1 : disc filter with pore size 10 mm, DF2 :
disc filter with pore size 20 mm, RSF : rapid
sand filters, DAF : dissolved air flotation and
MBR : membrane bioreactor

157199 1. Uszansniwnisendululaswanannlu
35n15%1149¢) (Yeo & Julaihi, 2021)
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Sample Fat (%)

Jackfruit Pulp 1.49 + 0.04
Jackfruit Seeds 4.29 £ 0.12
Jackfruit Leaves 0.73+0.05
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2018)
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