2021/22
&EAPE TR
Hong Kong Budding Scientist“ard

HH ER
Collection of Students’ Proposals
To Future World Problems/ AuthenticP

HERFE RO EEHEAE
Gifted Education Section
Curriculum Support Division

Education Bureau




B &

i
EEZEFRAY
tEEREE
SR 1M
INEZR

K

i

}

@

B (R 5 REHE)

WE: B (HRER)Skh-/\28
DE: BRESUPENE/NE
FH: BRiERG/E

BRE: RE=HERNR

S BT (BERBE ) SEh- )2

S EREFRHENB/ NS

REBRREER BRERE/\S
rE4g;
TE: FRHIMERBEEghe
HE: HREMRRE2 YT
=F: NEERH L

BRE:

BEE
EEESTH
TEEH

[u]
N

B

2021/220 000000 10000 O

33
52
63
67
71
76

80

99

114
131
169
179
186
194
195
195
196



1

AY

1112

HEREBHBEN ST LERBENFE—E EANEETHE S8 RAREINE
8 BNERANTELUN  RRERE—(AUNBEIARERNEEEEIHE -

EER TEANEEHEMHER  RFIE TR ASXESENMBILE > Fitst
BIRRET VIR EN S EBRENEREN - RRINEARHEMIEBERENTE » SFEBEH
B BEERER - sIEIEAERSMILBNSESL > EITHEBSURAEIE  FARX » ZEMF
MR > A—@ TRRUFHE REHE REFENBRSE  RPIlRHNFIEEHEE -
DI~ ERE  FHEREARIBNMNEET - 2% BERESH M —INERBHENE
& HMFHZERLEAEBEBEFR > TERIMERNEFBRE - ] FIBR 2
HUEHNER > 2BEMF PIRES I NERNRENRGH » L ERESMRASEM2NEEH -
HIHEE » RASKNRIRERFIBAGHNERE  FERESENSER M@ > MAEEAR
BRIFNARABEENNERER - & > STHESRMABLEAMBRSRFEER > 24
MELEEERERE SRR RRIEES -

@ TEANBEEE 58 BERAYF  S—(EIRMEE T —EIRMESEBMN - K
MEZSHEABNEE > AREHE B —EARBNER > LHENEOEERIA (GEEHAK
) WER > FEMESIRR > BGEBRC ©

HEREMEELE  FMELTRELES AR SHERERACERNBESTENEE > Rk
THREFREIKE - FLEENER - BEEBERNCERTHBENEXEER » BENEASES
ZEENHEM - HPIMZEHAMIENSELERE - REREEHERBENED ; SRREAER
RRSIARFERIES > BERARE > BESHNBERHTE -

HERFEXEDHEEHSA

2021/220 000000 0000 |20



EEZF R A

R IIE=
A ZEBLZEEIRN—E RREFH#HE HEHE ) WREHEN—E RE2xR
b E S

1. TRERUFRHE REHE) OBRHSE
SERBRENSMG RORURBE RERR ) PEE—F - BXEHETE
MmAFREEE

o N MENEMERENESR

o [RRFE ! EFMHLE  WIRLEBHRFEER  FWHLUEE - BR - BX
HER SRESRAFTEZRNEHES R ;

o i sYERARRTTRRIFEE |

o REETRIEE | EARAE  STRFTIRHMN ARMIRE 0 UNE RN E BEE
R RAEER

it . LLEFIREMHIZEHIFRT R B EEMR » CEIZERLF B8
AR BT o BLEHEERIBERAE RIAIE LR o

o MEHFANUBKRRLKRFMEENGES (PXIHEX) #F;

o NEEMREFERELHL500F ; HRHERELH2,000F ;

o [Eff  BREENER VB > FAEBB1SK ; BN - FIANESR - Bx
BRE CBERAER - WA EREEN TREER)

o FRIRHMVERE S ENERIRA] (original) » W ERBKAE ~ 2E KX
BIFRAYE Mt LB PR ;

o BUHFIRFHIBHESFZREERINS ;

o MRESEFTEUENELR « BRSURE AR BIMEERER > T a5t BERHES
EHF AR o

2021/220 000000 0000 (30



2. THEBxFHES)

o ZSERBKENE—MIEHHIMNER > RRIEIBBENENRS - REX
ESHREREERENRIBS — ANZHIHERBEHENERREZE
NRBERG LBINERES ;
o ZTMRBRALEREFERBIAR » I BIEE R 2T » FREBM R
X ;
o HNERFEFHREEANES FRENREHEFMEANESHER; N2
A E8E1,500F > REMEAEBE2,000F ;
(BIEHERIIEREHE » BIEE BRI BEEH B RED Y - BRE EREE EHEHIKF
TTRE °)

2021/220 000000 10000 |40



EEFREE (R T IREHE)

1. BRVESERNEESER

HAl—EE TEYRE) BRINEE > RAREZ—(ERES R LUSRASR - R
BRVEABR - ARENE - FEH2RA > TEERTERS8E%TE > B8
B o SR TR ERRMNEE—EEREER (Title of Investigation) ©

2. BRIBFSR

FEREREAMABEETREE  SIBHRMNEE - EBNXAERER » &
ARIITHEBFIR e RS FRIEZIEMSR AEE—EAEUNRERL P —
BEBHNEFSREE - MAHRNWEBR - ARENG » AR RA > 1 5:F
B BERIR SRR TFAERRNEE—ELHREER (Title ofInvestigation) o

3. Htth

A —ERPIREEI SR BRI TRRIM RS EE REHE - &
RNBH SR > FIEERRENSNRRER L - 35 BB L RUAER - AR
B~ FENBRA > WERESS > BERIE - S THRERRNEE—ELR

ZEEHE (Title of Investigation) o

2021/220 000000 (0000 |50



Problems of the Heat
(Future World Problems / Authentic Problems):

1. Scientific Investigations related to food science

Identify a problem related to food science. Suggest in your proposal how to
tackle the problem for the well-being of the society. The suggestion(s) in your
proposal should be practical, cost-effective, scientific, evidence-based and

creative. Please also suggest a Titlefor your scientific investigation(s).

2. Marine Pollution in Hong Kong

From time to time news about marine pollution in Hong Kong concern Hong
Kong people. The natural resources in Hong Kong are limited and the Hong
Kong Government strive to avoid its environment from any marine pollution.
Suggest in your proposal how to tackle one kind of marine pollution in Hong
Kong. The suggestion(s) inyour proposal should be practical, cost-effective,
scientific, evidence-based and creative. Please also suggest a Title for your

Investigation(s).

3. Others

Describe a science related future world problem or important real-life
problem in which your school team has interest.

Suggest in your proposal how to tackle the problem. The suggestion(s) in your
proposal should be practical, cost-effective, scientific, evidence-based and

creative. Please also suggest a Titlefor your Investigation(s).
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https://www.enb.gov.hk/sites/default/files/pdf/FoodWastePolicyChi.pdf
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Bacillus Subitilis (1 x 109 cfu/g): Quickly decompose feed protein and starch,
promote cats’ intestines absorption.

Bacillus Subtilis Natto (1 x 109 cfu/g): Generate types of vitamins that keep
intestines healthy.

Lactoacid Bacteria (5 x 108 cfu/g): Excrete lactic acid to help to maintain a
healthy gastrointestinal tract by inhibiting those disease-causing bacteria.
Saccharomyces Cerevisiae (1 x 108 cfu/g): Generate different types of amino
acid that can promote cats’ growth

Aspergillus Sp. (1 x 107 cfu/g): Help in the decomposition of feed protein and
starch to promote intestinal absorption.

Microbial titer: 2x10° cfu/g
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Introduction and Background

Importance of Face Mask

According to World Health Organization, COVID-19 is caused by a new coronavirus
called SARS-CoV-2, which spreads from an infected person’s mouth or nose in small
liquid particles when they cough, sneeze, speak, sing or breathe heavily [1]. These
liquid particles have different sizes, ranging from larger ‘respiratory droplets’ (>5-10

um in diameter) to smaller ‘aerosols’ (<5um in diameter) [2].

Wearing face masks can prevent this droplet transmission from an infected person.
In a research conducted in South Korea, it stated that surgical masks helped prevent the
spread of severe acute respiratory syndrome and reduced the viral load of a cough in
the cause of COVID-19 [3]. A recent Hong Kong research also found that wearing
surgical masks are effective in significantly reducing the rate of COVID-19

transmission via respiratory droplets [4].

Face Mask — Working Principle and Limitations

Types of commonly found face masks are surgical mask, cloth mask, reusable mask,
nano-filter mask and N95 respirator. The most popular face mask - surgical mask - has
3 layers structure and made of plastics (e.g. non-woven polymer and non-woven fabric).
Outer layer isolates saliva. Middle layer is a filter which prevents virus-carrying
respiratory droplets getting inside your body. Inner layer is efficient to absorb water

vapour that is released from your mouth [5].

However, surgical masks are technically not reusable. Moreover, they are non-
biodegradable and take over 450 years to break down [ 6]. According to the
Environmental Science and Technology journal, there are 129 billion face masks being
thrown per month [7]. Most of the disposable masks, will end up in landfills, or floating

in the seas [8].
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Alternative for Plastic Mask Filter

Due to the serious environmental impact, our project would like to find an efficient
and environmentally friendly face mask filter. We propose to use SCOBY as the
alternative to the plastic mask filter. It is a layer built of symbiotic culture of bacteria
and yeast found in Kombucha. It is 100% cellulose and biodegradable [9]. SCOBY is
also known as a biofilm and pellicle. It is a product of the bacteria in the brew of
Kombucha, which creates strands of cellulose that weave together. Bacteria and yeast

live in the SCOBY structure [10].

SCOBY

Mixture of Sugar, Red
Tea and Kombucha

Researches had confirmed that the SCOBY nanocellulose is one of the most
promising biopolymers due to its properties such as high mechanical strength, high
surface area, chemical stability, hydrophilicity, transparency, biocompatibility,
magnetic and electric susceptibility. Cellulose is the most abundant renewable organic
material produced in the biosphere [11]. Due to its structure and physical properties, we

deeply believe that the SCOBY is suitable for making the mask filter.

Hence, in our project, we would first make SCOBY filter, compare its filtration
efficiency and water vapour permeability with filters in commercially available facial
masks (surgical mask with PFE of =95%, reusable mask, cloth mask), and estimate
its shelf life. We use these types of facial masks as they are easy to obtain and common
to use. The tests enables us to study the feasibility of using SCOBY filter as the filter
of a face mask to fight against the COVID-19 pandemic or other diseases caused by

droplet transmission.
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Experimental Details

Section 1 — Making SCOBY filter

Objective
To grow the SCOBY using Kombucha and make the SCOBY filter

Procedures

1. Add 6 teabags of red tea into 1800mL water in a beaker.

2. Measure 180g of sugar using electronic balance and then add it into the red tea
solution.

3. Boil the mixture for 5 minutes.

4. Cool the mixture to room temperature.

5. Measure 600 mL Kombucha using a measuring cylinder and pour into the mixture.
6. Grow the SCOBY for 21 days at 35°C in the incubator.
7. Peel off the membrane (named as SCOBY filter in this report) from the SCOBY.

l Incubate for 3 weeks

4! Boil a mixture of sugar 2! Add Kombuchainto
solution with red tea the cold mixture

<

l Peel a thin membrane
from the grown SCOBY
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Section 2 - Filtration Efficiency Test

Objective
To compare the filtration efficiency of our facial mask with filters of surgical mask with

PFE of >95%, reusable mask and cloth mask.

Experimental design

B Why do we use corn flour in this filtration efficiency test?
Corn flour actually has certain portion of particles of diameters similar to
respiratory droplet and aerosol [12]. Hence, we use corn flour powder to mimic the

respiratory droplet and aerosol in this filtration efficiency test.
In order to quantify the amount of corn flour passing through the mask filer,

we made a device for accurate measurement of filtration efficiency of tested mask

filter.

B Our Design

Filter holder
(to fix the tested mask filter)

PM2.5 Sensor
(to count the number of particles of
2.5 microns or smaller in diameter)

A\
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B Qur Device

Procedures
1. Fix the tested mask filter in the mask holder of our device (as shown
above set-up).
2. Pump 1g of corn flour on the mask filter.
3. Record the amount of PM2.5 particles.
4. Repeat the procedure above until all the mask filters are tested.

1g corn flour added inside
(to mimic respiratory droplets)

Screen showing results

Filter holder
(to fix the tested mask filter)

PM2.5 Sensor
(to count the number of particles of
2.5 microns or smaller in diameter)

Arduino Connected
to PM2.5 Sensor
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Section 3 — Water Vapour Permeability Test

Objective
To compare the water vapour permeability of our SCOBY mask filter with filters of

other facial masks (e.g. surgical mask, reusable mask and cloth mask).

Procedures

[*The amount of water vapour passing through the tested mask filter is checked by the

humidity sensor in this test.]

1. Stick a humidity sensor, which is connected to microbit and computer, at the
bottom of a 2000 mL beaker.

2. Pour 100 mL boiled water into a 150 mL beaker and sealed it with SCOBY filter.

3. Invert the 2000 mL beaker to cover the 150 mL beaker as shown below.

Data shown on
computer screen Microbit

Humidity Sensor

Tested
Mask Filter

Boiled Water

4.  Record the time spent to raise the humidity from 56% to 77%..

5. Repeat steps 1-4 until until all the mask filters are tested.
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Section 4 — Estimate the shelf life of SCOBY filter

Objective
To estimate the shelf life of SCOBY filter by plate count method.

Procedures

(A) Preparation of a sterilized SCOBY filter

1.  Asthe SCOBY filter is a layer built of symbiotic culture of bacteria and yeast, it
contains bacteria. For safety reason, we first sterilize the SCOBY filter by

putting it into a boiled water for 5 minutes and then dry it.

(B) Plate Count Method

1.  Using aseptic technique, apply the dried tested sample on a
petri dish of plate count agar for 20 s.

2.  Take out the sample and cover the petri dish immediately.

3. Put the petri dish in incubator for one day.

4. Count and record the number of colonies formed on the
agar dish as time goes by.

5. Record the time it takes when colonies start to form on the

agar dish.
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Results and Analysis

Section 1 - Making SCOBY filter

At day 21, a thick SCOBY was successfully grown.

Membrane §

SCOBY Filter

Membranes were peeled off from the thick SCOBY growth for 21 days and dried
for one day, we considered the member as the candidate for making biodegradable mask

filter. The membrane was named as SCOBY filter in this report.
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Section 2 — Filtration Efficiency Test

Using PM2.5 Sensor

Filtration Efficiency of different Mask Filters
3500
3000

2996

2

)
o1
S
S

2000

1500

1000 934 814 788
- 0 H 0O
0

Surgical Mask Reusable Mask SCOBY Cloth Mask
(BFE>=95%)

Relative PM

From the experimental results, the cloth mask filter has the highest value of
PM2.5 and much higher than the other three mask filters. This indicates the cloth can
allow a lot of fine powder of corn flour passing through it. It is believed that cloth mask
filter is very inefficient to filter the respiratory droplets or much smaller liquid particles.
It is worth to mention that SCOBY filter has the lowest value of PM2.5. This means
that it can filter the fine powder much better than the surgical mask filter and reusable
mask filter. We believe that the extensive cellulose fiber network with lots of hydroxyl
group in SCOBY can help attract the polar water and so has provided excellent filtration

efficiency in both particle and aerosol penetration.
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Section 3 — Water Vapour Permeability Test

Water Vapour Permeability of Difference Mask Filter

':E::E 24
52
E 5 20
~7 16
S g
2E 12
g
335 8
o 8
= 4
=0
Surgical Mask ~ Reusable Mask SCOBY Cloth Mask
(BFE>=95%)

From the results, it was found that the rate of water vapour (gaseous phrase of water)
passing through the tested filter is in the following order: SCOBY filter > Cloth mask
> Reusable mask filter > Surgical Mask filter. The highest the rate of water vapour
passing through the tested filter is, the higher the water vapour permeability of that
filter. Therefore, it shows that the SCOBY mask filter performs best in the water

vapour permeability test.
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Section 4 — Estimate the shelf life of SCOBY filter

Filters exposed to air at:

Day 1

Non-sterilized SCOBY filter Sterilized SCOBY filter

We sterilized the SCOBY filter before the experiment for safety reasons. Using plate
count method, we can see the sterilization is effective as there is no colony in the dish

for the sterilized SCOBY.

After 3.5 months
Filter from Sterilized SCOBY
Result Photo
No. of colonies 2

After exposed to air for 3.5 months, the SCOBY filter has only two colonies found.
Hence, it is believed that the shelf life of a sterilized SCOBY filter is 3.5 months.
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Summary and Conclusion

In this project, we study the feasibility of using SCOBY filter as the filter of a
face mask to fight against the COVID-19 pandemic or other diseases caused by droplet
transmission. Filtration efficiency, shelf life and water vapour permeability of SCOBY

filter are compared with the filters of surgical mask, reusable mask and cloth mask.

First, we successfully grow the SCOBY and use the membrane peeled as the
SCOBY filter for further testing. In the filtration efficiency test using corn flour, we
found the SCOBY filter and the reusable mask filter shows the best filtration efficiency.
In order to have much accurate comparison, we conduct the test again with a device
installed with a PM2.5 sensor. From the results, it shows the SCOBY filter has the best
filtration performance. We believe that the extensive cellulose fiber network with lots
of hydroxyl group (-OH group) in SCOBY attract the polar water and so has provided

excellent filtration efficiency in both particle and aerosol penetration.

For studying water vapour permeability, we made a set-up installed with
humidity sensor. From the result, it shows that the SCOBY filter has the highest water

vapour permeability.

Last, we test for the shelf life of SCOBY using count plate method. For safety
reason, we sterilize the SCOBY filter first by placing it in boiled water for 5 minutes.
After exposed to air for 3.5 months, the SCOBY filter has only two colonies. Hence, it
is believed that the shelf life of a sterilized SCOBY filter is 3.5 months.

SCOBY filter has much better performance than surgical mask, reusable masks
and cloth mask in filtration efficiency. It has shelf life of 3.5 months. It also shows quite
good water vapour permeability, which is comparable to surgical mask. Hence, SCOBY
is a promising candidate for being mask filter. It is an efficient and environmentally

friendly face mask.
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Improvement and Further Study

In the near future, we would like to use water sprayer to produce water droplets of
few um in diameter for much accurate measurement of filtration efficiency as shown in
our new design. Also, this device will be connected to differential pressure sensors to

measure the breathability of mask filter to have better evaluation of our SCOBY filter.

Water Sprayer

- Fix the tested filter here

Connected to differential ~
pressure sensors

~_— PM2.5 Sensor
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Abstract

Food waste problem become a huge global issue in recent years, we aim to use
crusatceans shells in food waste to remove formaldehyde. Chitin is one of the major
components of crustacean shells , which are made of 15-40% of chitin. Chitosan is a
polysaccharide composed of amine functional group. Treating chitin shell with acidic
substance to demineralize by removing calcium carbonate, then with alkaline solution,
chitosan is extracted. In this study, chitosan extracted from demineralized crustacean
shells. With the DA% and DD% from FTIR, the extraction process was confirmed to
be completed successfully (DD% of >70%). The shell chitosan was then used to test
for the formaldehyde absorption performance. All shells reduced the formaldehyde
amount by >70% while Scylla serrata (crab) shell was the most effective with 76.35%
reduction. In conclusion, different types of crustacean shells can remove formaldehyde
and applicable in real-life situation with a reduction of 61.81% reduction in

formaldehyde in a newly renovated cupboard.
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1. Introduction

1.1 Food waste problem

The food waste problem has become a huge global issue in recent years. Roughly
one-third of food produced for human consumption, gets lost or wasted globally, which
is about 1.3 billion tons per year. [1] Global food waste has caused different
environmental and financial problems. In Hong Kong, of the 10,809 tonnes of
municipal solid waste (MSW) landfilled each day in 2020, some 3,255 tonnes (30% of
MSW) were estimated as food waste. [2] The landfills in Hong Kong are nearly full,

we need to find a new way to dispose of food waste.

Plastics Plastics
1% 21%
Food Waste Food Waste
Glass 30% Glass 30%
1% i
Metals _——— Metals h———
2% 2%
Paper Others (1 Paper Others'™
4% 20% 24% 20%
Total disposal: 11,057 tpd Total disposal: 10,809 tpd
2019 2020

Note:
(1) Others include yard waste, textiles, wood, household hazardous wastes, bulky items and miscellaneous waste
materials.

Fig. 1.1 Composition of MSW disposed of at landfills in percentages in 2019 and 2020 - By major waste type

https://www.wastereduction.gov.hk/sites/default/files/msw2020.pdf
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1.2 Seafood shell in food waste

After enjoying seafood for dining, their claws and legs are largely get dumped back
into the ocean or into the landfill. As mentioned, an estimated 1.3 billion tons of food
waste is generated each year, which included 6 million to 8 million metric tons of
seafood shell waste (accounting for around 0.51% to 0.68%). [3] And these seafood

shell waste is from crab, shrimp and lobster generally. [3]

1.3 Chitin and chitosan in seafood shell

Chitin is one of the major components of the shell of crustaceans. Crustacean shells
are made of 20—40% protein, 20-50% calcium carbonate and 15-40% chitin. [4] The
primary sources of chitin are the crustacean shells obtained from the byproduct of

seafood industries. [5] These crustaceans include crabs, shrimps, lobsters and krill.
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1.4 Conversion of chitin to chitosan

Chitin is a natural polysaccharide and is considered one of the most plenteous
biopolymers. Chitin can be obtained from the shells of crustaceans, such as lobsters,
crabs, and shrimps, as well as from fish scales and many other types of organisms like
insects and fungi. Chitosan is a polysaccharide composed of randomly distributed [-
(1—4)-linked D-glucosamine and N-acetyl-D-glucosamine. It is made by treating the
chitin shells of shrimp and other crustaceans with an alkaline substance, such as sodium

hydroxide. [6]

1.5 Use of chitosan

Chitosan has been widely studied and is used in many fields due its
biodegradability, biocompatibility, non-toxicity, non-adhesiveness and film-forming
properties, together with its antimicrobial and antifungal properties. [7] Selective
applications of chitosan include antibacterial, antioxidant, corrosion protection, drug
delivery, food packaging, water treatment, tissue engineering, etc. [8] Chitosan is also
known to have the ability to remove formaldehyde from the surrounding. This

characteristic will be used in the following experiments.

Food preservation from microbial deterioration
Waste material recovery from food processing discards
Emulsifying agent

Animal feed additive

Biological activities
Antitumor agent

Textiles (antibacterial properties)

Pulp and paper (wet strength)

Enhances blood coagulation
Photography (paper)

— i Promotes tissue growth
¢~ Biomedical ~
"'-\__ englneerlng

i'_‘ Pharmaceuncs B’ _ — Agrlculture 2
it — —
Controlled drug delivery Protection of plants
carriers Seed and fertilizer coating

Microcapsules Cosmetles and -, T Soil treatment

F
tmletnes { ‘__‘_Bnolechnology

fap e o — — Enzyme and cell immobilization

Hand and body areams " Chemical 2 Cell stimulating materials

Shampoo L industry

Water purification, sludge treatment

Reverse osmosis, filtration membranes
Production of biodegradable packaging films

Fig. 1.2 Potential applications of chitosan and its derivatives in various sectors

https.:.//'www.researchgate.net/profile/Rahul-
Patwa/publication/325464789/figure/fig5/AS:700588727738368(@.1544044777044/Potential-applications-of-

chitosan-and-its-derivatives-in-various-sectors.png
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2. Materials and methods

2.1 Different types of shell
Table 2.1 Different types of shell

Charybdis Scylla Litopenaeus

feriatus serrata vannamei

2.2 Extraction of chitosan from different seafood shell

Crustaceans’ shells and 100mL of HNO3 in 6M concentration were prepared.
Crustaceans’ shell were put into a beaker with HNOs to demineralize (Fig. 2.1a). The
demineralized crustacean shells were put into another beaker with 100 mL of NaOH in

12M of concentration at 70°C using a heater to deacetylate. (Fig. 2.1b)

Figure 2.1a Demineralization setup and 2.1b Deacetylation setup
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2.3 Detection of chitin and chitosan by FTIR

Shells of crustaceans has a large amount of chitin which can be converted into
chitosan by deacetylation. FTIR can detect different absorbance of NH and C=O.
Therefore, formula of DA% and DD% are used to show the amount of C=0O and
chitosan respectively. The DA% is known as the degree of acetylation, the formula is
showed in Formula 1 . The DD% is known as the degree of deacetylation, the formula
is showed in Formula 2. [9] The DA% represents the amount of C=0O in chitin in terms
of ratio to be fair. With higher DA%, more C=0O in chitin can be removed by

deacetylation.

Formula 1 : DA= A 55+A3450+1.33x100%
Formula 2 : DD%=100- As55+A3450+1.33x100%
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2.4 Formaldehyde test

4cm? of Charybdis feriatus, Scylla serrata and Litopenaeus vannamei shell were
prepared as shown in Table 2.2. They were put in an air-tight box for 48 hours in a fume
cupboard respectively with 0.5 mL of formaldehyde (1:100) They are tested with a
control setup. The result was measured by 2 formaldehyde meters for 5 minutes (Fig.
2.2)
Table 2.2 Crab shell and chitosan gel used in formaldehyde test

Charybdis Scylla Litopenaeus Control
fe}’iatuS serrata vannamei (formaldehyde
only)

Fig. 2.2 Measurement setup for formaldehyde
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3 Result of formaldehyde test

3.1 Extraction of chitosan from different seafood shell

From DA% in Fig. 3.1, chitin was found in all shell samples and Scylla Serrata
has the most. Most of chitin was converted into chitosan after deacetylation as shown

in Fig. 3.2 and both crab shells contained more chitosan with DD% of ~75%.

Table 3.1 product after chemical treatments

Types of shell Charybdis Scylla Litopenaeus
feriatus serrata vannamei
After e ;hnlli“”
Demineralization
After
Deacetylation
6000 * = T - e
50.00
40.00
5
< 30.00
(o)
20.00
10.00
0.00
Charybdis feriatus Scylla serrata Litopenaeus vannamei

Type of shells

Fig. 3.1 DA% with FTIR spectrum of crustacean shells before deacetylation
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Fig. 3.2 DD% with FTIR spectrum of crustacean shells before deacetylation
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3.2 Result of Formaldehyde Test

All shells were able to reduce the amount of formaldehyde to around 0.3 mg/m?
(>70% decrease comparing to the formaldehyde only control setup). Shell of Scylla
serrata performed best, it reduced the reading to around 0.26 mg/m? and reduce 76.35%
of formaldehyde (Fig. 3.3 and 3.4). The DD% was reduced after the absorption of

formaldehyde (Fig. 3.5) which showed the formaldehyde is chemically reacted.

__1.60
£ 140
21.20 111
< 1.00
2.0.80
<
2 0.60
= 040 0.31 0.26 0.33
HE = B
% 0.00
Control Charybdis Scylla serrata Litopenaeus
feriatus vannamei

Type of shells

Fig. 3.3 Formaldehyde reading after 48 hours

76.35

75.00 72.07 7050

Percentage of formaldehyde
reduced (%)
(o]
()]
o
o

Charybdis Scylla serrata Litopenaeus
feriatus vannamei

Type of shells

Fig. 3.4 Percentage of formaldehyde reduced
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Fig.3.5 DD% with FTIR spectrum of crustacean shells after formaldehyde test

3.3 Findings

In formaldehyde test, it shows that different types of crustacean shell performed
slightly different from others but all of them were able to reduce more than 70% of the
formaldehyde. And the shells were still dry. (Table 3.2)

Table 3.2 Appearance of crustacean shell after formaldehyde test

Types of shell Charybdis Seylla Litopenaeus
feriatus serrata vannamei
After
Formaldehyde
Absorption
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4. Discussion

4.1 Chitosan Extracted from crustaceans

From Fig. 3.1, the absorbance value of C=0O in amide (-CONH-) is high, so the
DA% of chitin in crustacean shell are quite high. Therefore, more amide can be turned
in to amine (-NH3) through deacetylation to absorb formaldehyde.

From Fig. 3.2, the absorbance value of C=0 is lower and the absorbance of NH>
becomes higher. From Formula 1, with a lower absorbance value of C=O in chitosan
and a higher absorbance value of NHz, the DA% calculated out will be smaller. Lower
value of DA% in chitosan means a higher DD% in chitosan. DD% is the degree of
deacetylation [9]. DD% represents the amount of chitosan in ratio to be fair. In the
procedure of deacetylation, C=0 is removed by NaOH, i.e. amide (-CONH-) in chitin
is converted to amine (-NH3). All of the shells have a DD% over 70%, which means the
conversion of chitin to takes place to a great extent. Therefore, more -NH> is in the

shells. -NH> is used to absorb formaldehyde.

4.2 Result of Formaldehyde Test

From Fig.4.1, formaldehyde molecules are removed by condensation of water
molecules with chitosan and some -NH> in chitosan will be lost when -NH> reacts with
formaldehyde and condenses to water. This is consistent with the result shown in Fig.
3.5, most of DD% were decreased after formaldehyde absorption. From the result of
FTIR after the formaldehyde absorption in Fig. 3.5, the DD% of the crab shells are still
high (>60%), which means they are still capable to absorb more formaldehyde.

Methanal removal by Chitosan

o NZ S H
070 o N
HO— -,N‘»:--’ \H\"“‘:/\“Ov 0
. xc—H
chitoss
1tosan q
II:O
H»,O

Fig.4.1 structure of chitosan after absorb formaldehyde
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4.3 Application

Some crab shells are put in a cabinet inside a newly renovated room in our school.
The shells were put in the cabinet for 48 hours. Then measured by 3 formaldehyde
meters for 5 minutes. The setup is shown in Fig. 4.2. The crab shells reduced the amount
of formaldehyde to around 0.37 mg/m>. The crab shells successfully reduced around

61.81% of formaldehyde in the cabinet.

Fig. 4.2 Crab shells in a cabinet inside a newly renovated room

4.4 Further investigation

The extracted product of the crustacean shells is tested with formaldehyde to show
that the product is chitosan and shows an ability to remove formaldehyde. However,
the effect of concentration of formaldehyde on the effectiveness of chitosan in
crustacean shells will be further investigated.

The method to obtain chitosan from crustacean shells in this investigation can be
improved to achieve a higher yield in chitosan. Further investigation regarding which
condition can achieve a higher yield in chitosan is needed.

Finally, the formaldehyde absorption ability of the shells should be compared with
some common commercial products, such as photocatalysts, activated carbon,
formaldehyde removal solution, etc., and pure chitosan to further confirm the

effectiveness.
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5. Conclusion

Crustacean shells can be used as an alternative way to obtain chitosan through
demineralization and deacetylation since crustacean shells are commonly find in food
waste around the world and can obtain huge amount from food waste in a low cost. The
product after the extraction process shows an ability to remove formaldehyde with
>70% reduction. In general, chitosan prepared from crab (72.07% and 76.35%) is better
than those from shrimp (70.50%). The shells also work in the real-life condition with a

decrease in formaldehyde for >60%.

(~1400 words)
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Research Study on Biodegradable Bioplastic 2.0

Abstract

The research project aims to use chitosan and starch or cassava flour to synthesize
naturally biodegradable bioplastics and to find out the best ingredients. We hope to replace
existing non-degradable petroleum-based plastic and to reduce plastic waste pollution.

In this project, we have successfully used naturally biodegradable polymeric chitosan
and cassava flour to synthesize bioplastic prototype and to make different container product
models. Our experimental results show that the best composition for bioplastics is 70%
chitosan/30% cassava flour, with 15% acetic acid. Significantly, the lowest solvent
absorption capacity, the strongest tensile strength and the fastest biodegradable
characteristics of synthesized bioplastics can be obtained, with over 60% complete
biodegradation in 32 days. These suggest that naturally polymers - chitosan/cassava flour

are definitely new materials for the production of eco-friendly bioplastics in the future.

2|Page
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Ch.1 Introduction

1.1 Problem

Plastics are the most widely used polymers in our daily lives, especially in food

packaging. In recent years, the annual output of petroleum-based plastics has exceeded 300

million tons. One of the environmental impacts of petroleum-based plastic production is

pollution. It results in plastic being a material that is difficult to break down by soil

microbes. Plastics waste, especially disposable plastic wastes such as garbage plastic bags,

shopping bags, tableware, packaging materials, etc., have led to aggravation of

environmental pollution and attracted attention to the disposal of polymer wastes, such as

synthetic resin polyethylene, etc. With large molecular weight, stable internal structure,

complex composition, strong corrosion resistance of plastic polymer wastes, and these

needed 200 to 600 years for natural degradation. The plastic waste pollution is currently a

major worldwide problem [3].

Since plastics cannot be decomposed easily, they can remain in the ocean for hundreds

of years and accumulate in the food chain. If humans keep consuming plastic-contaminated

seafood, their health may be harmed. Recent several studies have found consuming

plastic-contaminated seafood may disrupt reproductive systems, stunt growth, diminish

appetite, and cause tissue inflammation and liver damage.
3|Page
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Research Study on Biodegradable Bioplastic 2.0

1.2 Possible answers to the problem

Nowadays, recycling and burning plastic waste are two of the possible solutions to

solve the problem of plastic pollution. Unfortunately, it is difficult to obtain products with

the same strength as the original plastic from recycled plastic waste because it is very hard

to isolate the plastic from the polymer type. Also, burning plastic waste is not a wise move

since it may produce toxic gases such as cyanide, chlorine and carbon monoxide, and cause

air pollution. As a result, the problem of plastic pollution still exists.

In recent years, there has been a rapid development in research into the synthesis of

biodegradable plastics, and the expected characteristic of biodegradable plastics is that the

resulting biodegradable products are non-toxic to the environment. Biodegradable plastics

with high economic feasibility are synthesized through blends of natural polymers, which,

in addition to being naturally degradable, can also be used as feedstocks that are readily

available and renewable. Much of the latest research has been developed into plastics

blended with environmental friendly natural polymers. For example, the cellulose, lignin

and starch in plants, the chitosan, glucosamine and gelatin in animals and algae in the ocean

can be used to produce bioplastics. Since starch, cassava flour and their derivatives are

biodegradable, non-toxic and cheap, they are usually be modified for filling plastics. Corn

eco-plastics have been synthesized from starch blends and thermoplastic chitosan [7]. The

4|Page
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results show that the plastic film has good heat resistance. Therefore, naturally

biodegradable polymers (such as starch, cellulose, cassava flour, chitosan and chitin)(Fig.

1.2.1), play a unique role in environmental protection, and their research and development

have progressed rapidly [1, 2].

CHs
OH o=
NH
% o -
HO 0] o
NH
0:\/ OH
(a) - An

OH OH OH
O 0 ')
HO
HO %o OHB%OH
NH, NH NH
(b) :

Figure 1.2.1 (a) Chemical structure of chitin (b) Chemical structure of chitosan
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Research Study on Biodegradable Bioplastic 2.0

In this research project, it is desirable to synthesize biodegradable bioplastics and to

find out the best ingredients from the natural polymers, in order to replace the existing

plastics and solve the problem of the plastic wastes pollution. In the present study, we have

evaluated different natural degradable polymers and used different composition of chitosan,

cassava flour or starch to synthesize biodegradable bioplastics and test for their solvent

uptake capacity, tensile strength and biodegradability as compared with polypropylene

plastic. To the best of our knowledge, this is the first report regarding the synthesis of the

biodegradable plastics by using chitosan and cassava flour, and the investigation of the best

composition of the bioplastics. We aim to replace existing plastics and reduce plastic

pollution. In the future, we also hope to use more precise scientific methods to use natural

polymers to synthesize and test for biodegradable bioplastics.

6|Page
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1.3 Objectives

1. To synthesize different bioplastics from chitosan and cassava flour or starch.

2. To find out the best composition ratio of chitosan-cassava flour/starch to produce
bioplastic.

3. To investigate the mechanical properties of different composition ratio synthesized
bioplastics, such as tensile test and solvent absorption test.

4. To test the biodegradability of the synthesized bioplastics.

1.4 Hypothesis

Using natural biodegradable polymers (such as cassava four or starch, chitosan) can
synthesize biodegradable bioplastic. It is expected that bioplastic have higher mechanical
properties and rapid decomposition, which can effectively replace petroleum-based
plastics. Bioplastic becomes a new material for the production of eco-friendly bioplastics

in the future.

7| |Page
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Ch.2  Experimental Methods

2.1 Synthesis and characterization tests of bioplastic

1) Bioplastic synthesis
Prepare 0.6-1.4g different composition of Starch/Cassava flour and Chitosan
Add with 10 mL distilled water and 10mL 5%-15% Acetic acid
!

Add 1mL 5%-15% acetic acid and 1 mL Glycerol into different starch mixtures
!
Stir with glass rod to mix and pour into Petri dish
Dry in 65-70°C oven
!
2) Tensile Test
The dry bioplastics were cut into different length and tested for tensile strength
!
3) Solvent Uptake Test
The dry bioplastics were cut into size of 1 cm x 1 cm
Then weigh and put into a beaker filled with four different solvent;
1. Ethanol (C,Hs0H), 2. Sodium hydroxide (NaOH)(pH10),
3. Hydrochloric acid (HCI)(pH4), 4. Distilled water
!

Incubate for 1 min and take out from the beaker for comparing their weight

l

4) Biodegradation Test

The bioplastics were cut into size of 1 cm x 1 cm
Then weigh and put into soil for 7-12, 22 and 32 days
!

Weigh again and calculate the net weight different
Compare with polypropylene (PP) plastic as control

l

Compare different composition of synthesized bioplastics

8|Page
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Statistical Analysis

All experiments were performed at least four or five times. The analysis of every time

point from each experiment was carried out in duplicate or triplicate. Means, standard errors,

and standard deviations were calculated from replicates within the experiments and

analyses using Microsoft Excel.

2.2 Bioplastics synthesis

Bioplastics synthesis were performed by weighing chitosan, starch, and cassava flour

of different predetermined masses with different concentrations of acetic acid by electronic

balance (Table 2.2.1).

Step 1

Step 2

Step 3

Step 4

Step 5

Chitosan is then dissolved in 10 mL of 5-15% acetic acid while stirring with a glass rod in
beaker A.

Pour the starch/cassava flour and 10 mL of distilled water into beaker B, mix and heat on
a hotplate while stirring with a glass rod until all the starch/cassava flour is dissolved.
Add 1 mL of glycerol and 1 mL of 5-15% acetic acid into beaker B and mix.

The two mixtures of beaker A and B are poured and mixed together; some of the
bioplastics are added with food coloring.

After the sample begins to form a gel, the sample is poured into a petri dish or mold, and
air-dried in an oven at 65-70°C until all solvents have evaporated and a bioplastic film or

product model is obtained. And use polypropylene (PP) plastic as control.

9|Page
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No. | Chitosan [ Starch/ | Chitosan | Starch/ | Total | 5-15% 2% Distilled | Total
(%) cassava | (9) cassava | (9) acetic acetic | water (mL)
flour (g) flour (9) acid acid (mL)
(mL) (mL)

1 70 30 14 0.6 2.0 10 0 10 20
2 60 40 1.2 0.8 2.0 10 0 10 20
3 50 50 1.0 1.0 2.0 10 0 10 20
4 40 60 0.8 1.2 2.0 10 0 10 20
5 30 70 0.6 14 2.0 10 0 10 20
6 25 75 1.0 3.0 4.0 10 2 10 22
7 0 100 0 4.0 4.0 10 2 10 22

Table 2.2.1 Experimental design of bioplastic synthesis.

2.3 Investigate the tensile strength of bioplastics

Bioplastic samples were cut to lengths of 4.0 cm and 1.0 cm wide. The measurement

condition is a constant tensile velocity with a maximum load of 20N or 100N. The sample

is clamped on a tensile test apparatus (Fig. 2.3.1), and applies forces and runs the

apparatus according to a predetermined condition until the sample is disconnected.

Repeated procedure above for each sample is done 3 times tensile test. Recorded tensile

test results are presented in the form of tables between tensile strength and extension. The

magnitude of the breaking strength of a material depends on the amount of loading applied

and the cross section and lengths of the bioplastic material itself.

10| Page
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Step 1

Step 2

Step 3

Step 4

Step 5

The experimental bioplastics were cut into 2.0 cm to 4.0 cm in length and 1.0 cm wide.
Place the bioplastic on a wooden ruler with the width of the bioplastic aligned.

Use a medium-sized A-clamp to hold the ruler and the bioplastic together from 0 to 5
mm.

Use another medium-sized B-clamp to clamp the other side of the bioplastic. The length
in the middle of the two clamps is an independent variable.

Use a spring balance (Type 1: 0-20 N; Type 2: 0-100 N) to hook the ring of the B-clamp
and apply force slowly backward until the test plastic film breaks, and record the force

reading (N, Newton) of the spring balance.

(i G

1111 1\ i Z“, 1]

T B

Figure 2.3.1 Tensile test apparatus.

2.4 Investigate the solvent uptake capacity of bioplastics

This test is based on the method performed in the literature [6]. In brief, bioplastic

was cut to the size of 1.0 cm x 1.0 cm. The bioplastics were then weighed with an

electronic balance. The bioplastic is put into a 10 mL beaker filled with 5 mL of four

different solvent, then keep in room temperature. Every minute, the bioplastic was taken

out. The solvent on the bioplastic surface is wiped with a tissue, and then weighed.

11| Page
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The absorption capacity of the solvent is calculated using the following formula:

W —WO0
Solvent Uptake (%) = [W—O] x 100%

WO = weight of dry sample
W = weight of sample after immersion in the solvent

Step 1

Step 2

Step 3

Step 4

Step 5

Cut the bioplastic film into the size of 1.0 cm x 1.0 cm and set it aside for use.

Weigh and record the selected four small pieces of bioplastic film with an electronic
balance.

Prepare 5 mL each of 1) distilled water, 2) ethanol alcohol (C,HsOH), 3) sodium
hydroxide (NaOH)(pH 10), and 4) hydrochloric acid (HCI)(pH 4) into four beakers.
Place the four bioplastic films into the four beakers at the same time and start the timer.
After one minute, the bioplastic was taken out. The solvent on the bioplastic surface is
wiped with a tissue, and then weighed. The absorption capacity of the solvent in the

bioplastic was calculated using the above formula.

2.5 Investigate the biodegradation rate of bioplastics

This test is based on the method used in the literature [5, 6]. Biodegradable plastics

were examined by the soil burial test method. Observations were made until the samples

were completely degraded in the soil and a control experiment was conducted with

commonly used PP (polypropylene) plastics.
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Step 1

Step 2

Step 3

Step 4

Cut each bioplastic film into the size of 1.0 cm x 1.0 cm.

In the beginning the samples were weight was recorded as an initial data. Samples were
buried in the soil at a depth of 2.0 cm.

Monitor the initial weight of the soil every week. If the soil quality decreases, add
distilled water back to the soil and restore the original soil weight (For growth of the
microorganisms). Disperse the water evenly over the soil.

Sample checking took place once in every ten days (after 7-12 days, 22 days and 32
days), followed by weighing and putting back in soil. Observation was carried out until
sample was degraded completely in soil. The initial weight was determined and the

weight after decomposition of the bioplastic was measured at indicated days.

The loss of weight in degradation can be calculated using the following formula:

Ch.3

wo—-wrt

Weight Loss (%) = T] X 100%

WO = initial bioplastic weight before placement in soil
WT = bioplastic weight after taken out and cleaned at day (T)

Results

3.1 The synthesis of bioplastics

We have used naturally biodegradable polymers to synthesize bioplastics. By mixing

various proportions of chitosan and cassava flour/starch (70/30, 30/70, 50/50, 60/40, 40/60,

25/75, 0/100) (Table 2.2.1) with different concentrations of acetic acid (5%, 10%, 15%), we
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have successfully synthesized bioplastics with various performance. To identify the best
composition of chitosan and cassava flour/starch for bioplastics synthesis, the bioplastics
were tested for their tensile strength, solvent uptake capacity, and biodegradation rate.
Experimental results have revealed that the successful synthesis of bioplastic prototypes
were used chitosan and cassava flour. This suggests that cassava flour and chitosan

polymers are very promising new materials for the production of bioplastics.

3.1.1 Appearance of bioplastic prototypes

Bioplastic prototypes obtained in this study are shown in Fig. 3.1.1A-B, which is a
coloured bioplastic film from light yellow to brown (plastic films without edible colouring
added), with a rough surface. The resulting film colour greatly depends on the composition
of the chitosan and starch/cassava flour. The higher the concentration of acetic acid and
chitosan content used in the synthesis process, the darker and thicker the bioplastic film.
The more cassava flour/starch used in the synthesis process, the clearer the colour and softer

the texture of the bioplastic film (Fig. 3.1.1A-B).
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5 % Acetic acid

10 % Acetic acid

Figure 3.1.1A  Bioplastic synthesized with 5% acetic acid [Chitosan/Starch % A)
70/30, C) 30/70; Chitosan/Cassava Flour % B) 70/30, D) 30/70]; Bioplastics
synthesized with 10% acetic acid [Chitosan/starch % E) 50/50, F) 60/40, G) 70/30,
H) 40/60, 1) 30/ 70].
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15 % Acetic acid

Figure 3.1.1B  Bioplastics synthesized with 15% acetic acid [ A-L ]

Chitosan/ starch (%) Chitosan/ cassava flour (%)
A 70/30 B 70/30
C 30/70 D 30/70
E 50/50 F 50/50
G 60/40 H 60/40
I 40/60 J 40/60
K 25/75 L 0/100

3.1.2 Appearance of bioplastic model

In terms of applications, various bioplastic utensil product models, such as small cups,

containers and spoons, have been successfully synthesized and molded (added with food
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coloring)(Fig. 3.1.2). The synthesized bioplastic product models look the same as the

commonly used plastic products. Although the surfaces are rough, the texture and hardness

are comparable to PP (polypropylene) or PS (polystyrene) plastics. There was no major

problem with the usage, except that the bioplastic small cup made from 50/50

chitosan/cassava flour was less waterproof. The research study 2.0 showed that the

bioplastic film synthesized from 70/30 chitosan/cassava flour was highly waterproof.

Figure 3.1.2 Bioplastic utensil product models synthesized with different acetic
acid concentrations and added with food coloring [A) Chitosan/starch% 50/50, B)
Chitosan/cassava flour % 50/50, C) and D) Chitosan/Starch % 25/75, E)
Chitosan/cassava flour % 70/30]
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3.2 Tensile test for bioplastics

The tensile strength of synthesized bioplastics was tested to investigate the ability of

various synthesized bioplastics to withstand tension. The tensile strength of the bioplastic

film is a specific strength obtained from the maximum pull before breaking/tearing. This

measurement is to determine the magnitude of force (N) required reaching the maximum

pull point on every surface area of the film. This is the result of an experimental synthesized

bioplastic 1.0. Based on the result data in (Appendix Table 3.2.A and Fig. 3.2.A), the highest

tensile strength (14N) is obtained from the composition of chitosan/starch 70/30 with 5%

acetic acid, while the lowest tensile strength (2.7N) is from the 30/70 % composition with

10% acetic acid (Appendix Fig. 3.2.A).

Furthermore, the experimental results of synthesized bioplastic 2.0 tensile strength test

are shown in Table 3.2.1 and Fig. 3.2.1. In the tensile test, the highest tensile strength (38N)

is obtained from the composition of chitosan/cassava flour 70/30 % with 15% acetic acid.

As shown in Fig. 3.2.1, the higher the concentration of acetic acid and chitosan content used

in the synthesis process, the higher the tensile strength of the bioplastic film.
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A) Bioplastic synthesized with 5% acetic acid

No. Chitosan/starch (%) Length of bioplastic (cm) | Tensile Strength (N)
1 70/30 2 30
2 30/70 2 13
Chitosan/cassava flour . . .
No. (%) Length of bioplastic (cm) | Tensile Strength (N)
(1]
3 70/30 2 23
4 30/70 2 15

B) Bioplastic synthesized with 15% acetic acid

No. Chitosan/starch (%) Length of bioplastic (cm) Tensile Strength (N)
1 70/30 2 20
2 60/40 2 10
3 50/50 2 11.8
4 40/60 2 25
5 30/70 2 12.8
No. Chitosan/;:;s)sava flour Length of bioplastic (cm) Tensile Strength (N)
6
6 70/30 2 38
7 60/40 2 16
8 50/50 2 17
9 40/60 2 31
10 30/70 2 8
*11 25/75 2 34
*12 0/100 2 8.5
*2 mL of 100% acetic acid was added
Table 3.2.1
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Figure 3.2.1 Tensile strength of synthesized bioplastic 2.0 with different
concentration of acetic acid
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3.3 Solvent uptake test for bioplastics

The solvent uptake test of synthesized bioplastics was tested to investigate the

resistance of a bioplastic sample to some type of solvent. The lyophobicity test is performed

by measuring the difference in weight of bioplastics before and after putting in different

solvents. The solvent used in this study were distilled water (H20), ethanol (C,HsOH),

sodium hydroxide (NaOH)(pH10) and hydrochloric acid (HCI)(pH4).

The results of the solvent absorption by bioplastics are shown in Table 3.3.1, Fig. 3.3.1

and Appendix Fig. 3.3.A. Based on the data, the lowest absorption capacity of water and

NaOH solvents was produced by bioplastic films at a (30/70) chitosan/starch and 5% acetic

acid. The lowest absorption capacities of ethanol solvent were produced by bioplastic films

at a (30/70) chitosan/starch bioplastic with 5% acetic acid, (70/30) chitosan/starch or

cassava flour bioplastic with 15% acetic acid. While the lowest absorption capacities of HCI

solvent were produced by 30/70 chitosan/starch or cassava flour, with 5% acetic acid. In

summary, the synthesized bioplastic films from (70/30) chitosan/cassava flour with 15%

acetic acid had the lowest overall absorption capacity of the four solvents (H.0: 25%,

C,HsOH: 0%, HCI: 22%, NaOH: 14%). The results suggest that the synthesized bioplastic

can be said hydrophobic as % absorption of water is less, and the lyophobicity of

bioplastics is relatively high, which is very similar to that of PP plastics, which is in line

with the general functions of commonly used plastics.
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A) Bioplastic synthesized with 5% acetic acid

Solvent Uptake (%)

No. | Chitosan/starch (%) H,O C,HsOH NaOH Hal
(pH10) (pH4)
1 70/30 14 14 60 17
2 30/70 0 0 14 25
Solvent Uptake (%)
No. Chitosan/cassava H,0 C,HOH NaOH HCI
flour (%) (pH10) (pH4)
3 70/30 20 7 13 13
4 30/70 50 29 50 75
B) Bioplastic synthesized with 15% acetic acid
Solvent Uptake (%)
No. | Chitosan/starch (%) H,O C,HsOH NaOH HCl
(pH10) (pHA4)
5 70/30 25 0 22 14
6 60/40 29 0 22 11
7 50/50 75 0 67 40
8 40/60 20 0 60 20
9 30/70 14 0 0 17
Solvent Uptake (%)
No. Chitosan/cassava HsO C,HOH NaOH HCI
flour (%) (pH10) (pH4)
10 70/30 6 0 12 12
11 60/40 33 0 33 44
12 50/50 20 0 22 50
13 40/60 50 0 75 67
14 30/70 10 0 0 14
*15 25/75 50 10 33 55
*16 0/100 67 0 117 38
*2mL of 100% acetic acid was added
Table 3.3.1
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Figure 3.3.1 Solvent absorption capacity of synthesized bioplastic films with
different concentration of acetic acid [Key : Chitosan (C); Starch (S); Cassava flour
(CF); Acetic acid (AA)]

3.4 Biodegradation test for bioplastics

The biodegradation rate of synthesized bioplastics was tested to ensure it is fully

biodegradable after being discarded, reducing the pollution of plastic waste. The soil

biodegradation test was designed to investigate the time required for the complete

degradation of the bioplastic. (i.e., when samples [Fig. 3.4.1] are subjected to soil burial

treatment, which is common under landfill conditions) On average, all samples showed

complete or nearly complete degradation within 36 days of continuous soil immersion.

Within the first week, colour and shape changes of bioplastics were observed, with
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most of samples showing curling and softening. After 3-4 weeks, some of the samples were
completely degraded, i.e. indistinguishable from the soil, with a very low amount of the
remaining samples.

In Table 3.4.1 and Fig. 3.4.2, the results of the biodegradation tests are shown for 12, 22
and 32 days. At 22 days, the synthesized bioplastic with a chitosan/cassava flour
composition percentage of 30/70 and 5% acetic acid showed a 100% weight loss after
degradation. In addition, the results show that the highest tensile strength and lower solvent
uptake were achieved by the bioplastics made from chitosan/cassava flour 70/30 and 15%
acetic acid. It was also able to degrade after 32 days, yielding a weight loss of 60%. After 6
weeks, the bioplastic samples were completely degraded, i.e. indistinguishable from the soil,
with very few remaining samples, and no degradation at all as compared to polypropylene

(PP) plastics.

A) B) Q)

D)

n 0 @
w

s 9

»

v'é

Figure 3.4.1 Bioplastic film samples before biodegradation test [% starch/chitosan;
[A) 50/50, B) 60/40, C) 70/30, D) 40/60]
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A) Weight loss (%) of bioplastic synthesized with 5% acetic acid

No. Chitosan/starch Weight loss in Weight loss in Weight loss in
(%) 12 days (%) 22 days (%) 32 days (%)
1 70/30 25% 75% 90%
2 30/70 17% 17% 30%
No. Chitosan/cassava | Weight loss in Weight loss in Weight loss in
flour (%) 18 days (%) 22 days (%) 32 days (%)
3 70/30 14% 43% 60%
4 30/70 43% 100% -

B) Weight loss (%) of bioplastic synthesized with 15% acetic acid

No. Chitosan/starch Weight loss in Weight loss in Weight loss in
(%) 12 days (%) 22 days (%) 32 days (%)
1 70/30 9% 9% 20%
2 60/40 27% 27% 50%
3 50/50 25% 58% 70%
4 40/60 11% 22% 30%
5 30/70 0% 0% 5%
No. Chitosan/cassava | Weight loss in Weight loss in Weight loss in
flour (%) 12 days (%) 22 days (%) 32 days (%)
1 70/30 0% 33% 60%
2 60/40 0% 0% 0%
3 50/50 0% 45% 60%
4 40/60 10% 10% 20%
5 30/70 22% 33% 50%
*6 25/75 13% 13% 30%
*7 0/100 11% 20% 30%
8 PP control 0% 0% 0%
*2mL of 100% acetic acid was added
Table 3.4.1
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Weight loss of bioplastic synthesized with 5% acetic acid
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Weight loss of bioplastic synthesized with 15% acetic acid
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Figure 3.4.2 Biodegradation test of synthesized bioplastic films with different
concentration of acetic acid

Ch.4 Discussion

We have used naturally biodegradable polymers - chitosan, cassava flour and starch
to synthesize biodegradable bioplastics with different properties by mixing different
amounts of cassava flour/starch and chitosan with different concentrations of acetic acid.

We have investigated the solvent absorption capacity, tensile strength and biodegradation
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rate of different synthesized bioplastics. According to our experimental results, the best
composition of chitosan and cassava flour for the synthesis of bioplastics is 70/30 % with
15% acetic acid. The synthesized bioplastics can significantly exhibit the lowest water
absorption capacity, the strongest tensile strength and the fastest biodegradable
characteristics, over 60% biodegradation in 32 days.

Recent studies indicated that the production of bioplastics mostly uses chitosan as a
choice of material for designing environmental friendly bioplastics, because of its
biodegradable characteristic. The chitosan-containing bioplastics have higher rigidity than
other plastics. It arises from the presence of a large number of linear chains in chitosan [8,
9]. Chitosan contains a linear chain structure of polymers, which tends to form a
crystalline phase due to the regular arrangement of polymer molecules. The crystalline
phase can provide strength, rigidity and hardness [9, 15].

In addition, it is known from the literature that chitosan is a thickening agent or filler
and increases the density of the synthesized bioplastic, so it will increase the elasticity and
tensile strength of the bioplastic. Chitosan has amine functional groups, primary and
secondary hydroxyl groups, which induce high chemical reactivity in starch suspensions.
The addition of chitosan is due to the physical interaction of hydrogen bonds between
cassava flour and chitosan solution, resulting in the bioplastic with good tensile strength
[7,11].
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Our experimental results show that the lowest water absorption capacity was obtained

with the synthesis of bioplastic from the composition of 70/30 of chitosan/cassava flour. It

can be said that the bioplastic is hydrophobic, since chitosan has the basic nature of

hydrophobicity, the equilibrium composition between cassava flour/starch and chitosan

leads to molecular interactions that reduce the hydrophilicity of cassava flour/starch [10].

In biodegradation test, studies showed that the bioplastic film with more starch content

has a shorter degradation time. This is due to the presence of glucosidic bonds in the

amylose and amylopectin units. The existence of this bond causes the starch molecules

more easily biodegraded through hydrolyzed mechanisms [6]. This suggests that cassava

flour plays an important role in the degradation performance [13].

Cassava flour is superior to starch (corn starch) as a new material for the production of

bioplastics, because according to literature, the production of cassava in Indonesia is 21.8

million tons per year [13, 14]. Cassava or tapioca peels are rich in starch. The cassava skin

wastes produced by cassava agriculture and industry can be used as a raw material for the

production of bioplastics, so the cassava skin wastes from the cassava industry can be

improved into a new material for bioplastics [10, 13].
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Ch.5 Conclusions and important findings

In this research, we can successfully synthesize biodegradable bioplastic
prototypes and product models using naturally biodegradable polymers - chitosan
and cassava flour. Among them, the best composition that is the most suitable for
synthesis of the best eco-friendly bioplastics is 70% chitosan/30% cassava flour with
15% acetic acid. Our experimental results show that bioplastic has the strongest
tensile strength; its rigidity and flexibility are suitable for different plastic
applications. Synthesized bioplastics have significantly the lowest water absorption
capacity and acid-base solvent absorption capacity, indicating that synthesized
bioplastics are highly lyophobicity (solvent repellent) and are in line with the general
functions of normal plastics. In addition, the synthesized bioplastic had the fastest
biodegradable characteristics, it showed that the bioplastic exhibit over 60% complete
biodegradation in 32 days after continuous soil immersion.

The properties of bioplastics depend to a large extent on the composition of cassava
flour and chitosan, where higher chitosan content increases tensile strength. In the solvent
uptake test, the adsorption capacity of distilled water, ethanol, sodium hydroxide (pH 10)
and hydrochloric acid (pH 4) was lower as the starch content in the bioplastic composition
decreased. More importantly, the cassava flour and chitosan used in this study are

naturally biodegradable, they can be completely degraded over time, and no toxic
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substances will be left after disappearing, which can effectively relieve landfills pressure,
and reduce environmental pollution. The bioplastic synthesis method is low cost,
environmental friendly, simple and effective. This shows that the chitosan/cassava
flour polymers are definitely very promising new materials for the production of

eco-friendly bioplastics.

Ch.6  Prospect

We hope to synthesize antibacterial bioplastics by adding silver nanoparticles from
chitosan and cassava flour. Use these bioplastics in hospitals or clinics to reduce the
chance of contracting infectious diseases. In the future, we also hope to use more scientific
methods and high technological testing and certificating methods for research and use other
naturally biodegradable polymers to synthesize high-performance biodegradable

bioplastics.
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Appendix

A) Bioplastic synthesized with 5% acetic acid

No. | Chitosan/starch (%) Bioplastic length (cm) Tensile Strength (N)
1 50/50 1 9.4
2 50/50 2 6.5
3 50/50 2 6.7
4 50/50 3 9.4
5 50/50 5 12
6 60/40 2 12
7 60/40 4 9.4
8 70/30 2 14
9 40/60 2 4.7

B) Bioplastic synthesized with 10% acetic acid

No. | Chitosan/starch (%) Bioplastic length (cm) Tensile Strength (N)
1 50/50 4 7.5
2 60/40 4.5 12
3 70/30 3.5 13
4 40/60 3 7
5 30/70 7 2.7

C) Bioplastic synthesized with 15% acetic acid

No. | Chitosan/starch (%) Bioplastic length (cm) Tensile Strength (N)
6 40/60 4 5.6
7 40/60 2 7.6
Table 3.2.A
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Figure 3.2.A Tensile strength of bioplastic 1.0 with different concentration of acetic
acid
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Figure 3.3.A Solvent absorption capacity of synthesized bioplastic with different
concentration of acetic acid
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Introduction

Our team was honoured to conduct an interview with Professor Yuen
Kwok-Yung on 28th March 2022 through an online video conference. During the
interview, he told us his wonderful story of becoming a successful scientist and
shared his unforgettable work experiences with us. We were deeply inspired by him

and have learned from his valuable words the qualities a scientist should possess.
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A. Biography

Professor YUEN Kwok-Yung is a microbiologist,
physician and surgeon. Professor Yuen is currently the
Chair of Infectious Disease at the Department of
Microbiology of the University of Hong Kong (HKU). He
co-directs the State Key Laboratory of Emerging
Infectious Disease of China in Hong Kong. He is also a
member of the Chinese Academy of Engineering
(Medicine and Health section).

Professor Yuen is a world-renowned scientist in

microbiology and epidemiology. He graduated from the
Faculty of Medicine at the University of Hong Kong in Professor YUEN Kwok Yung
1981 with distinction in Medicine and worked at the United Christian Hospital as a
surgeon and physician for seven years. He then left to join a microbiology research
team at the Queen Mary Hospital. He started working in the Department of
Microbiology of HKU in 1988 and headed the Department of Microbiology from 2002
to 2011. In 2000, he was appointed the Scientific Co-director of the HKU-Pasteur
Research Centre to set up a joint research venture between the Institute Pasteur and
the University of Hong Kong because of his expertise in the area of emerging
infectious diseases. Professor Yuen led a research team identifying the Severe Acute
Respiratory Syndrome (SARS) coronavirus that caused the global outbreak of SARS in
2003. For these achievements, he was honoured by TIME Asia magazine as "Asian
Heroes of the year" in 2003. During the recent ongoing COVID-19 pandemic, he acts
as a member of the Hong Kong SAR Government's Expert Advisory Panel under the
Steering Committee cum Command Centre in relation to the Novel Coronavirus [1-3].

Professor Yuen's contribution to global public health is undeniable. Throughout
his career, he has received high recognition for his research in microbiology and
infectious diseases, his teaching and leadership. He has helped the government many
times to control emerging infectious disease outbreaks in animals, hospitals and

communities.

B. __Research Interests

Professor Yuen'’s research interests are focusing on microbiology, epidemiology,
novel microbes and emerging infectious disease agents. He is one of the most
renowned scientists in the field of infectious diseases. In the outbreak of avian
influenza virus H5N1 in 1997 in Hong Kong, Professor Yuen was the first to report in
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the Lancet about the unusual clinical severity and high mortality of infected patients
which could be identified by the in-house designed molecular test at his laboratory.

Professor Yuen has been widely known among specialists in infectious disease
as he made his mark in 2003 when the outbreak of SARS gripped the world. He
played a significant key role in the discovery of the agent causing SARS, the SARS
coronavirus (SARS-CoV-1), thus leading to measures that were crucial to containing
the outbreak of this disease. Throughout the years, he has led his team in the
discovery of over 50 novel disease agents and many other bacteria, fungi, and
parasites named after Hong Kong or China. This has helped fighting against the
epidemics worldwide [1-4].

Professor Yuen and his team have also played
an important role in supporting Hong Kong in
response to several outbreaks of infectious
diseases including the current COVID-19. Recently,
they are developing the world's first novel vaccine
(VectorFlu™ ONE) for COVID-19 which can be used

as a nasal spray. They are now working on _
Novel nasal COVID-19 vaccine

completing all the phases of clinical trials. Professor

Yuen believes Hong Kong soon has to partner with mainland pharmaceutical firms to

manufacture the nasal vaccines [6-7].

C. _Significant achievement and contribution to society

1. Academic achievement

Professor Yuen is a world-renowned leader in microbiological and epidemical
research. In the outbreak of avian influenza virus H5N1 in 1997 in Hong Kong, he
published the first clinical and laboratory diagnostic paper on Influenza A H5N1 in the
Lancet which has been cited over 500 times since 1998 in a review paper on this
subject in the New England Journal of Medicine in 2005. He is one of the top 1%
researchers in the world, as ranked by the Essential Science Indicator (ISl web), and
has published more than 950 papers in peer reviewed journals including the Lancet,
New England Journal of Medicine, Science, Nature, Cell, Journal of Virology, and
PNAS, with over 28,000 citations.

Professor Yuen’s success is exemplified by his numerous Fellowships at
distinguished institutions, including the Hong Kong Colleges of Pathologists, Surgeons

and Physicians, the Fellow of the Royal College of Physicians(Lond and Edin),
3|Page
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Surgeons(Glas) and Pathologists(UK), and also the Fellow of the American College of
Physicians (USA). He was appointed by the HKU the Henry Fok Professorship of
Infectious Diseases in 2005 in recognition of his significant contributions. The
Ministry of Science and Technology of China has given the honour of the State Key
Laboratory of Emerging Infectious Diseases — the first State Key Laboratory outside
the Mainland, to HKU in recognition of its exemplary contributions this area and
Professor Yuen has been the first Director of this laboratory.

Professor Yuen also received a Croucher Senior Medical Research Fellowship in
2006-2007 and was elected to the Chinese Academy of Engineering (Basic Medicine
and Health) in 2007. Professor Yuen was awarded
the Justice of Peace by the Hong Kong SAR in 2002
and the Silver Bauhinia Star Award of the Hong
Kong SAR government in 2004 [1-4].

Professor Yuen was awarded the “2021 Future

Science Prize in Life Science”, known as “China's

iz

AR ; 7. Nobel Prize” for his research and seminal

Apsalm of Life - b y . . . .
e e e contributions to the understanding of emerging

Joint Academic Conference
P infectious diseases from SARS in 2003 to 2019 novel
‘ coronavirus disease (COVID-19), which lead to more
effective responses and strategies in controlling
Professor YUEN presented in these diseases for mankind [5].

conference

2. Devotion to education

Professor Yuen has headed the Department of Microbiology at HKU for more
than 10 years. As a lecturer in medical school, Professor Yuen not only delivers
medical knowledge but also the medical ethics a doctor should have. “We should be
fair to all patients as everyone can enjoy the benefits of good health, whether he is
rich or poor.” Apart from this, he always mentioned the importance of research to
the students or young researchers. “Research is the pursuit of truth. It is dangerous
when you are far away from the truth.”

In addition, “Keep on having a beginner’s heart” is a phrase that Professor Yuen
often emphasizes. Professor Yuen mentioned to his students or young researchers
that “Let this guide you on discovering a career of your passion. Let your curiosity
ferments, asking question what we already know? Can there be anything more to it?”
Professor Yuen’s discovery of the SARS coronavirus in 2003 was simply the result of
taking every opportunity as it comes. What started off with his first case control
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study into bacteria in bronchopulmonary infections in 1989, turned into many great
opportunities with the outbreak of avian influenza virus H5N1, seasonal pandemic
influenza, and finally SARS in 2003 [1-3]. “There is no winning formula, being

hardworking, curious, caring, and kind can never go wrong.” says Professor Yuen.

D. Path to become a scientist

1. Interested in science

Curiosity is the fundamental element for people to discover the unknowns. It
motivates us to think and investigate. Professor Yuen has had this characteristic since
his childhood. He loves asking why and this endures when he grows. From studying
science, his enthusiasm to explore can be satisfied. An inquisitive mind finally drives
him to become a scientist.

In fact, Professor Yuen never dreamed of being a microbiologist when he was
young. As a child, he was obsessed with space and solar system, and so he wanted to
be an astronaut. He also wanted to be a vet as he loved animals so much. He
remembers that he would excitedly bring home animals and insects he found out in
the streets. His “pets” ranged from birds to cats and from rats to flying bugs.
However, his family could not afford to send him to study veterinary overseas.
Inspired by his grandfather, he turned out to be a medical doctor. His grandfather
was a well-respected Chinese medicine practitioner in their home village in rural
China. Once, young Professor Yuen was amazed by his grandfather's unusual practice
of putting herbal pills under an unconscious patient’s tongue, which is now known as
sublingual administration of medicine, and the patient awoke. He found being a
medical doctor can help a lot of people.

When asked why he was passionate about microbiology or epidemiology, and
how he became a scientist from a medical doctor, he highlighted a remark from
Professor Sir David Todd, the Founding President of the Hong Kong Academy of
Medicine. “No one in Hong Kong was willing to teach microbiology and infectious
diseases in the past, but it is very important to the public health because it can affect
a lot of people.” This comment from Professor Todd encouraged Professor Yuen to
take a leap of faith in pursuit of a more uncommon career path - microbiology.

Curiosity is also the reason for Professor Yuen to pursue his career into scientific
research. He emphasized that “Question about what you already know, inquire about
the unknown and ask for more to learn.” With passion, creativity, an open mind, and

perseverance, eventually Professor Yuen becomes a renowned scientist.
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2. Marvelous research experiences

Professor Yuen excitedly shared with us that he is thrilled every day as there are
often many discoveries in his research. He is surprised with the findings and
impressed with the wonderful results. During the interview, he shared a recent
research experience about the COVID-19 disease. Dramatic morphological damage
has been observed in the testes of patients who were severely ill with COVID-19 and
died from the disease [8]. Therefore, Professor Yuen and his team started to
investigate the effect of SARS-CoV-2 in
the testes by intra-nasally challenged
golden Syrian hamsters with SARS-CoV-2
(origin, Omicron and Delta variants).
They significantly found that the
SARS-CoV-2 infected hamsters suffered

from testicular inflammation and

damage. After 120 days, the testes even
shank by 60-75% (greatly reduced in size Marked decrease in size of both testes in
and weight) despite a recovery of nfectedhamsters[3]

pneumonia in hamsters. The sharp drop in male sex hormone and sperm count not
only dramatically reduces reproductive ability but also may cause sterilization [9]. As
there are many marvelous research experiences, Professor Yuen can only share with
us the most recent one. He is very pleased with his research because he can
contribute to the society, not because of the accolade. He shared that scientific
recognition is only the ‘by-product’ of research, helping others in need is the source

of happiness.

3. Future prospects on medical research

Professor Yuen believes that the future of medical research will be influenced by
artificial intelligence (Al). The research and development of Al technologies is
constantly increasing nowadays. He said that doing research and reviewing or
searching for literature was a lengthy and complicated process in the past. As Al can
help people to search for numerous literature and review in a very short time, the
time for scientific literature review can be significantly reduced. In addition, Al can
formulate and propose different hypotheses for scientists and they can choose the
suitable hypotheses for further experimental investigation. This can make the
research process smoother and easier than in the past. However, Professor Yuen
reminded that scientists should still need to come up with some innovative ideas for
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solving medical problems in the future. He thinks doing research is not just to prove

your hypothesis, but to make new observations and draw a novel conclusion.

E. Advice for teenagers who want to be a scientist

1. Being curious and sceptical

Professor Yuen thinks that scientists should be full of scepticism and curiosity
about the unknown world. First of all, scientists need to remain doubts and be
creative. This helps every scientist to maintain their interests in exploring the world.

As teenagers, we always ask many questions and scientists should do so. Since
curiosity goes along with asking a question and wanting to answer it, it drives and
motivates scientists to try understanding and explaining the world. Professor Yuen
said whether it is in the known or unknown field, we should always pursue further
and use our knowledge to satisfy our curiosity!

2. Perseverance

Scientific research involves failure. Despite barriers and obstacles that should
arise, Professor Yuen reminded us that scientists should never give up. If we give up
easily when we are facing difficulties in the failed research project, we cannot get
very far in the research journey. “If we stop to investigate any time, eventually we
could not find the answer.” Instead, scientists should learn from the failure and keep
trying again and again with courage but without giving up. As a scientist, Professor
Yuen likes to find many new ways to tackle the problems, and he will list out all the
difficulties to clear one by one in his mind. He mentioned, “Failure is an essential and
inescapable part of scientific research. Every failure takes you one step closer to

success. Hence, perseverance will bring your mission to fruition.”

3. Talents and interests

Professor Yuen decided to work on science because he loves science. He shared
that we must find out where our talents and interests are. He said that being a
scientist has to be good at mathematics and science, also logical and critical thinking.
He reminded, “If you have a flair for what you are doing, and also enjoy working on it,

you will not easily give up even if it is hard.”
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4. Free from external influences

When Professor Yuen's research projects are not supported by the government
funds, he wouldn't complain about it. It is because he emphasized that there is no
free lunch in the world. Therefore, it is absolutely necessary for scientist to make
achievements and publish their research findings in renowned journals. During press
conference, when Professor Yuen explained his amazing findings to the public, he
told the facts and truth of his research. But no one believed him, and even it would
attract a lot of criticism and denial. Actually, he would not be influenced by the pubilic,
and he had to follow the scientific truth.

Scientific research is about discovering and exploring, and what is discovered
lays the foundation for the related future research. If your research is just to satisfy

other people's ideas, it loses its initial meaning.

F. _Epilogue

We are grateful to Professor Yuen for taking the time to have an interview with
us during the COVID-19 pandemic. What impresses us most is that after decades of
research life, Professor Yuen still keeps his heart of beginner and hopes to discover
more important research findings, and makes contributions to public health, medical
development and the society.

Commenting on the phenomenon that students choose medicine or science for
a better future, Professor Yuen thinks that it is ridiculous to force someone to study
medicine if they are not interested in it. It is a shame that some of his medical
students work on other careers, other than being a doctor who studied medicine for
seven years. He stressed that we should not force ourselves on somethings which we
do not like. “Keep on having a beginner’s heart” is a phrase that Professor Yuen

emphasizes. “Let this guide you on discovering a career of your passion.”

G. _Reflection

Professor Yuen is an approachable person. He is not as serious as | thought
before. He was very willing to share with us what he knew and what we wanted to
know. After interviewing Professor Yuen, | felt his passion for microbiology, which
prompted him to do it in this field. Passion is the reason to persevere in everything,
no matter how difficult it is. We will not give up easily. Holding on what you think,
with a passion for things is what our new generation worth learning.

(Zeng Meng Qiu)
8|Page
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Professor Yuen is one of my most appreciated scientists. His curiosity about
science is admirable. Although he has great achievements in infectious diseases, he is
not satisfied with them. He still keeps exploring different fields of science, such as
astronomy. He is also amiable. During the interview, Professor Yuen shared many
interesting things about his childhood and we know that he was already inquisitive
about science at that time. After this interview, | think | should learn from him and
keep my passion for science. | hope | can fulfil my curiosity by doing more research
and coping with all the challenges in the future.

(Chau Hei Lam Zoe)

| am very glad to have such a valuable opportunity to talk to Professor Yuen.
When he told us about his research experiences, | can see a twinkle in his eyes. | can
feel his enthusiasm in science. Professor Yuen taught us the first step is to recognize
our talents and interests since this brings us a willingness to keep on working on
things. | am surprised that Professor Yuen keeps the excitement about science even
though he has worked on microbiology for a long time. | think this is because he
sticks to his original intention, and figures out the answer to anything make him
excited. After the interview, | try to think about and explore the issue | like and enjoy
the happiness of learning.

(Peony Yeung)

Professor Yuen shared many valuable experiences during the interview. He told
us, “Don't hold back when you have a problem.” “Once you stop, you won't find the
answer.” Those words inspired me a lot. And | also learned that curiosity is the
beginning of being a scientist and one of the important elements of being a good
scientist. Even just viewing through the computer monitor during the online video
conference, we can feel his passion and enthusiasm for science and his hopes for a
better future for the scientific community. This motivates us to put more effort into
our studies so that we can follow our dreams and passions in the future. We are very
grateful for this experience and hope to have more opportunities like this.

(Pang Sze Yan)
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Biography

Professor Dong-An Wang is currently a professor in the Department of Biomedical Engineering
at City University of Hong Kong and the Head of Research at Ming Wai Lau Center for
Reparative Medicine, Karolinska Institutet, Hong Kong. He has also published numerous journal
papers related to biomedicine which were met with positive recognition from top journals such

as Science and Nature Materials.

Professor Wang’s research focuses on the creation and development of biomaterials to substitute

human cells tissues or organs for medical purposes, including:

e Functional biomaterials for tissue engineering and therapeutic cell delivery;
e Nucleic acid delivery for therapeutic engineering;
e Applications of stem cells for regenerative medicine;

e Engineered biomimetic and pathological tissue platforms for in vitro drug evaluation.
Occupation

Biomedical engineering

According to Professor Wang, biomedical engineering encompasses a broad range of scientific
fields. His work mainly concerns the interface of chemistry, biology, and engineering. He
believes that his scientific knowledge can be used for creating useful products and solutions that
will improve human lives logically and scientifically. His philosophy of research is to observe
the interaction between non-living beings and living beings, such as the interaction between

biomaterials and biological cells.

Professor Wang’s dedication and passion for improving the quality of people's lives and love of
science led him to explore this career path as a biomedical engineer. “I’m a scientist as well as an
engineer,” he tells us -- When it comes to conducting research, he also has to consider the
application potential of his research on top of scientific value. The interdisciplinary nature of his
work allows him to incorporate science in creating innovative products that can practically

benefit people.
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Teaching young people

In addition to being a researcher, Professor Wang also enjoys teaching as a professor. To him, it
is like a cycle of life for the older generation to work for and work with young and bright minds,

which he finds to be interesting and exciting.
The challenges and thrills of scientific research

The importance of speaking

Professor Wang believes that being a biomedical engineer is not simply about conducting
research. In fact, interpersonal skills have proved to be crucial in his journey as a biomedical
engineer. To establish the impact of their research, scientists often have to share and present their
ideas to convince others to invest in their projects. Communication skills are therefore something

we must hone if we want to be successful in this field.

Paradox of research

Professor Wang brings up a dilemma that most researchers have experienced: Innovation or
practicality. He explains that the public enjoys innovation and newfound knowledge, but the
process of transformation and incorporating new knowledge into useful products takes much
time, effort, and risk. On the contrary, building on existing knowledge may be less risky and
therefore more practical, but the findings lack vitality and excitement. We imagine that it would
be challenging to compromise one for another, but Professor Wang tells us that it is possible to
establish a midpoint between these two seemingly conflicting aspects. As a researcher, it is only

through experimentation can we find the balance between innovation and practicality.

Time management is key

“It is a matter of managing time and effort and changing gears”, we were told. Professor Wang
advises aspiring scientists to learn and practice “working on two legs”. Good time management

allows him to juggle varying priorities and conduct his work smoothly and productively.
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The most exciting discovery

Professor Wang shares with us his most memorable discovery during his time as a researcher at
John Hopkins University in the United States of America. It was from a final year project of a
bright undergraduate student who worked on a cell culture encapsulated in hydrogel. “We didn’t
put a lot of hope in the cultured sample of the American little girl,” he recalls, yet he, among
many others, was surprised to find that long after the culture was forgotten, the cells flourished
outside of the hydrogel. The outgrown part of the tissue showed characteristics similar to the
human cartilage, which then propelled the next 20 years of research work and clinical trials for
man-made cartilage substitutes. The fact that accidents can lead to intriguing discoveries is
something that Professor Wang finds memorable, and something that we are very intrigued by

too.
Qualities of an outstanding scientist

Imagination is more important than knowledge

Professor Wang reinforces that imagination is crucial in the research process, suggesting that
thinking outside the box is the key to innovation. He encourages young scientists to train their
imaginative skills and integrate imagination into their thinking process. Needless to say, this does
not mean that knowledge should not be valued -- “Knowledge is fundamental to imagination,” he
tells us. With existing knowledge as a basis, we can create brand-new discoveries with
imagination. Ultimately, Professor Wang believes the integration of knowledge is the key for

aspiring scientists to truly “own” a skill.

No pain no gain

Professor Wang states that the norm of “happy learning” nowadays may have caused students to
remain in their comfort zone. He believes that the old and somewhat cliche saying “no pain no
gain” is the key to success and advises students to break out of their comfort zones and persevere

in research to make discoveries. We asked him what he wanted to say to his younger self if he
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could, and his answer was to be braver. He states that we must be well-prepared for the scientific
journey and life in general, and to do that we must be braver, and not fear the challenges and

obstacles ahead.

Beauty must be made on the basis of truth and not distortion

Professor Wang shared a small story of a technical mistake with us: during his research, he
observed a cell culture with the wrong lens, leading to a surprisingly beautiful image. However,
he tells us that this was wrong: As a scientist, beauty must be made on the basis of truth and not
distortion. Quoting Oscar Wilde, “the truth is never pure and rarely simple”, yet it is a scientist's

responsibility to reflect and discover the truth of things.

Epilogue

Professor Wang has encountered many teachers around the world, but the person he looks up to
most is none other than the titular hero in the movie Forrest Gump. He admires the simplicity
and purity of Forrest Gump, who only tries his best, works hard, and concentrates on what he
really loves. Professor Wang believes that he is very much moved and affected by this figure.
Perseverance, devotion, kindness... these are traits that not only apply to a fictional hero, but to
the real heroes that work for the betterment of our lives through research, and traits that we
should aim at having whatever we do, wherever we are. We too, when faced with difficulties,

should learn from Forrest Gump, who never gives up despite what others say.

Reflection

Valerie: I think the most memorable part of the interview was when Professor Wang told us that
if we were to work in a scientific career, even if the career does not involve experiments, it is
important to know reality and what the world looks like in reality. Throughout the interview, he
tells us about the realistic challenges and the realistic experiences of a biomedical engineer,
which was indeed both interesting and practical for all of us. “I may be a bit blunt,” he tells us,

“but it’s the truth that you need to know.” His straightforwardness is what made his advice

2021/220 000000 (0000 (1830



insightful, and made us more prepared for the journey ahead and the obstacles and opportunities

that await us.

Ho Yee: What struck me the most during the interview with Professor Wang was his passion
towards biomedical engineering and his commitment towards spreading and teaching the
knowledge of this subject. His devotion to science and engineering, especially creating or
improving new technologies to aid society, is contagious. His unending thirst for knowledge is
something that I think everyone, regardless of their occupation or interest, should learn from.
The professor also reminds us of the importance of a diverse skill set as all careers require more
than just plain knowledge. His experience in the field allows him to recount all the various
aspects of a biomedical engineer’s career, intensifying my knowledge of this path and what it
entails. I believe that his dedication and determination is the catalyst for his success and is

something that I will take with me throughout my journey.

Crystal: I am deeply inspired by Professor Wang’s views and advice to young scientists. I
especially agree with the stress on creativity over knowledge in biomedical engineering and the
importance of communication skills and also diligence. His message and advice are not limited
to the field of biomedical engineering but are also applicable to other branches of science and
even in life. Professor Wang couldn’t have said better about “No gain, no pain” when it comes to
learning, and encourages us all as budding scientists to endure through the pain and learn from
mistakes, and never give up on our dreams. His insight into the industry, his interesting
experience and his reason for pursuing a career in biochemical engineering reaffirms and
reminds me of why I aspire to be a scientist and what I have to do to equip myself for the road

ahead.

Chun Kiu: During the 1 hour interview with Professor Wang, I have acquired much wisdom
which I would keep in mind when working towards my goals as a scientist. Good time

management and communication skills are essential for excelling in our field of research, which
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is built on top of our knowledge and scientific skills. Professor Wang’s belief regarding the
importance of imagination over knowledge is something I fully agree with. Knowledge serves as
a basis for innovation, but imagination brings our potential to the fullest. His message recalled
my memory of the following quote by Albert Einstein: “Imagination is more important than
knowledge. Knowledge is limited. Imagination encircles the world.” Integration of knowledge

and imagination is key for budding scientists to reach new heights.

Research is not easy and a number of results are out of our expectation. Not only does it require
our patient and hardworking attitude, but also our sharp observation to find out any deficiency of
the research design so as to improve the accuracy of our findings. As pointed out by Professor
Wang, ‘no pain no gain’ is the universal truth which leads us to success in every field. He also
placed emphasis on the fact that discoveries must be made on the basis of truth, no matter how
the results may vary from our expectations. These messages have been a source of inspiration for

me, and will continue to be on my journey towards my goals as a scientist.
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I. Introduction

We are honoured and grateful that Prof. Dennis LO Yuk Ming was available to
enlighten us with his insights through an online video conference on February 14, 2022.
During the interview, Professor Lo has shared his experiences as a scientist, which included
his passion in research, the trials and tribulations he faced in the research, his opinion on
being a researcher and also his advice to budding scientists. It was such a pleasure to have
this precious opportunity to talk to Professor Lo. We are filled with enthusiasm and also
developed a better understanding on scientists’ work by his inspiring and thought-
provoking word.
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11. Biography

Professor Dennis Lo has been
invited to serve several leading roles.
He served as the director of the Li Ka
Shing Institute of Health Sciences and
the Li Ka Shing Professor of Medicine. 2224, ma.*:}:e:»;:;:;:u:.:.:.}:s;ga
Back at the age of 23, he received - d "'"“““ﬂ‘%’.‘.gs.‘
preclinical training at the University of
Cambridge He also received his
Bachelor of Medicine and Bachelor of
surgery at the University of Oxford. Moreover, he obtained various degrees from Oxford. Shortly
after, he started his academic career.

In 1997, Professor Lo returned to Hong Kong. Later, he joined the Faculty of Medicine at
the Chinese University of Hong Kong (CUHK) and was advanced to full professorship in 2003.
He is currently the associate director of the State Key laboratory in Oncology in South China
(CUHK), the chairman of the Department of Chemical Pathology. Professor Lo also performs
duties in a number of academic, medical committees and councils.

Being capable in Genetics and Medicine, DNA testing and other aspects of chemical
pathology, Professor Lo had multitudinous contributions in the medical field. One of the most
significant contributions was he developed a non-invasive prenatal testing. It is a method to find
out the risk of the fetus being born with certain abnormalities. This new invented testing method
had advantaged many pregnant women. Usually, pregnant women had to use amniocentesis to do
testing, but there is a risk of miscarriage. Nowadays, they only need to do blood draw and just
bear insignificant risk of miscarriage.

0
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(]

I11. Research Interests

When Professor Lo was studying Obstetrics and Gynaecology at Oxford University, he
learnt that amniocentesis, the previous technology to detect whether a fetus has genetic disorders
or a chromosomal abnormality, is invasive. If the pregnant woman undergoes amniocentesis,
there will be an estimated risk of miscarriage that is about 0.5-1.0%. Therefore, he started to
think about other non-invasive ways to substitute for amniocentesis. First, he tried to find foetal
cells in the mother's blood cell. The experience of learning PCR at Oxford made him be better
able to detect foetal DNA inside mother’s cell.

Unfortunately, the concentration of foetal cells in mother's blood cell was too low. It was
almost impossible to be used as a new technology to detect genetic and chromosomal condition.
Nonetheless, Professor Lo still believed that the solution was inside the mother's blood. He spent
about 8 years to work on it.

During this period, Professor Lo read some research showing that cancer cells' DNAs
would be released into the cancer patient's plasma. He considered that cancer cells could be
similar to foetuses since they are both growing in human's body. Hence, he hypothesised that
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foetuses would release their DNASs into mother's plasma like what cancer cells do. He and his
teammates then boiled the plasma and discovered the DNA of a man in a pregnant woman's
plasma. His hypothesis was finally proved to be correct. It can be used to ascertain the foetus'
sex, blood type, Thalassemia and other diseases. Moreover, with the help of this discovery,
pregnant women could know whether the foetus has Down syndrome simply by a blood test.
Since the Down syndrome patient has an abnormal ratio of chromosome 21, we can know the
result by checking chromosome 21 of the foetus’s DNAs in the mother’s plasma. The accuracy
rate is about 99.7%.

Professor Lo took a further step to apply the plasma DNA analysis in detecting other
diseases. By the same logic, if there are any other cells in human body, the DNAs of these cells
can be found in human plasma. Through detecting plasma, we can know whether there is
mutation of DNA. Thus, we can determine the stage of cancer. In 20,000 Hong Kong residents,
Professor Lo's team fathomed that 70% of the people who used the plasma DNA analysis was
discovered of having Nasopharyngeal Cancer. This can lower the mortality rate of the
corresponding cancer. The technology was also used for testing SARS too. The accuracy rate
could be as high as 80%.

For the next step forward, Professor Lo wishes to extend plasma DNA analysis to
ascertain monogenic diseases and hopes to lower the cost of this technology so as to popularize
its use and benefit more people.

I11. Significant achievement and contribution to society

a. Academic Achievement

In 2001, Professor Lo received the Ten Outstanding Young Persons of the World to
recognize his work in medical innovation. A few years later, he was awarded the 2005 State
Natural Science Award from the State Council of China.

In 2014, he was also granted the King Faisal International Prize for Medicine for his great
contributions in Non-Invasive Diagnosis of Fetal Diseases. He was given the ‘Thomson Reuters
Citation Laureate - Chemistry’ in 2016. He was also selected as the winner of the inaugural
Future Science Prize-Life Science Prize, which was seen as China’s Nobel Prize at the same
year. In the following year, Professor Lo had received the Distinguished Clinical Chemist Award
from the International Federation of Clinical Chemistry and Laboratory Medicine. The award is
now known as the IFCC-Howard Morris Distinguished Clinical Chemist Award.

Frequently, in 2021, Professor Lo was awarded Breakthrough Prize in Life Sciences. This
Breakthrough prize, well known as the ‘Oscars of Science’, acknowledges top scientists in the
world. Making many contributions for the discovery of foetal DNA in maternal plasma,
Professor Lo won the Royal Medal in Biological Sciences. He was the first Chinese scientist to
win this award.
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b. Influence on future generations

Professor Lo believes that it is important to leave legacy of a scientist’s work to the future
generations so that they can benefit from his findings. He shared his knowledge by publishing
significant medical articles. He has published more than 230 articles in international journals
over the years. One of his winning articles in 2007 was "Hypermethylated RASSFIA in Maternal
Plasma: A Universal Fetal DNA Marker that Improves the Reliability of Noninvasive Prenatal
Diagnosis." He was presented Outstanding Contribution for a Publication in the International
Journal Clinical Chemistry, American Association for Clinical Chemistry in 2007.

To nurture young science minds, he is lecturing students currently at the Chinese
University of Hong Kong. Professor Lo is the director of the Li Ka Shing Institute of Health
Sciences and the Li Ka Shing Professor of Medicine at the University of Hong Kong. Professor
Lo is delighted to see that more and more students are willing to throw themselves into the
research field. “What young people have is time, simply go and try,” said Professor Lo. Leading
by example, Professor Lo has shown youngsters a way to develop a career as a scientist over the
years. Through the amazing but arduous journey of research, Professor Lo has been awarded
prominent fellowships throughout the years. In 2011, he was awarded Fellow of the Royal
Society. Professor Lo was awarded both Foreign Associate of the National Academy of Sciences
and Fellow of the World Academy of Sciences in 2003. A few years later, he was awarded
Thomson Reuters Citation Laureate — Chemistry.

V. Path to become a scientist

a. Passion

Professor Lo possesses a great passion for scientific research. Since he was a child, he
has been intrigued by science. Under the influence of his father, a doctor, Professor Lo indirectly
learnt some medical proper nouns. In his school library he found the journal Scientific American
— which frequently told stories of scientists and the ideas they put into practice. His Biology
textbook in secondary school featured a photo of James Watson and Francis Crick, the pioneers
who discovered the structure of DNA, standing outside King’s College Chapel in Cambridge.
Soon after, Prof Lo began his education in the same city which then led to Oxford. From there he
embarked on a professional journey marked by inquiry and persistence, and joy was found in
seeing science as a hobby, not a job. He also likes photography and he mentioned that there is a
strong connection between doing scientific research and photography. He has said that doing
scientific research and photography are observing the sights of nature and explaining it to
everyone in a human way. He has developed a strong interest in doing scientific research.

Professor Lo has said, ‘“We should leave no stone unturned in science.” The belief has
always been driving him to continue his non-invasive production inspection project. His next
step is to find out if non-invasive production inspection can work on RNA and can detect some
single gene diseases. The idea came because he wanted to detect more diseases and help more
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patients. Professor Lo also said that science is the search for the eternal truth so he has been
working hard with his students and colleagues to advance in this area.

b. Perseverance

The quality of perseverance is undoubtedly a key factor to achieve success. Professor Lo
first started his research in finding fetal DNA in mother's blood for 3 years. But he ran round in
circles these years. The concentration of fetal DNA was too low at that time. Therefore, he
returned to his post in hospital. However tough this period was, he endeavoured to adapt to the
front-line role and finance his studies for the doctorate. Despite having gone in the undesired
direction of the research, he constantly reminded himself of his belief 'leave no stone unturned.'
Professor Lo's character and enthusiasm for science made him persist in the research by all
means. He finally gained an inspiration on how to find fetal DNA in mother’s plasma. Now, his
discovery has been used for testing genetic disorders or a chromosomal abnormality of feotuses
and benefits lots of pregnant women.

c. Open-mindedness for innovative research means

Professor Lo reminded us of the importance of staying open-minded for new
technology. He showed us around his state-of-the-art laboratory through Zoom. The novel
equipment has broadened our horizons. There are several DNA sequencing machines for
conducting gene mapping.

There are also macﬁines for performing droplet digital PCR.1 oil droplet represents 1
pcr. We can know whether reaction is conducted by observing the oil droplet. It has a high
efficiency. We can observe 2 million oil droplets per time. Besides, Al technology has adopted in
the field of Epigenetics. Professor Lo's team has found out that the data from the DNA
sequencing machine are like a photo. Using a technology similar to facial recognition technology
to analyse the photo, we can observe the change in Epigenome. It has a high accuracy about
90%.
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d. Dynamic interests

From Professor Lo, we realised that our interests can profit our research. He said that a
good scientist needs to have a broad knowledge base, which can be
accumulated through our interests. Despite the hustle and bustle,
Professor Lo still developed a vast array of interests in his spare time.
Other than his interest in science, he is also enthusiastic about arts. He
puts his talent of designing into practice. The international prestigious
science journal Genome Research recently adopted the cover designed
by him and a local artist Carmen Ng. His sophisticated language skills
helped him produce accurate patent documents and presentable
research reports. He also enjoys watching movies from which he
sometimes gained inspiration for his research. Travelling can also
broaden his horizons. He has been to most of the destinations on his
bucket-list. Playing golf is another hobby and allows him to immerse in nature to gain
inspiration for his research. These are the indispensable hobbies that Professor Lo developed
through time taking him to new heights.

e. A Grateful heart

While Professor Lo recalling the journey he has been through, he glowed with gratitude.
Professor Lo ascribed his success to the support he received throughout the years. He said he was
obliged to Professor KAN Yuet Wai FRS, a geneticist and hematologist, for bringing him
inspiration and nominating him to enter Fellowship of the Royal Society. He was inspired by
Professor Kan’s article ‘a slow boat from China’, which ignited his interest in research in
Biology and prenatal testing. Besides, he was thankful to his secondary school Biology teacher
Mr. Steven Hui for nurturing his interest in DNA. He also appreciated the long-standing
collaboration with Professor CHIU Wai Kwun and Professor CHAN Kwan Chee. Finally, he was
in his wife’s debt for her support and understanding towards his hectic research life. From
Professor Lo, we learnt that we should be grateful for the people who stand by us.

f. Advice to budding scientists

One of Professor Lo’s mottos is “Every day counts.” He always tells himself that every
time when he does an experiment, he would treat it as his last day on Earth. This mentality
encourages him to work harder for his research in the hope to leave more legacy to the future
generations.

He also stressed on humbleness and honesty. We should be humble about Nature which
is still far beyond humans’ understanding. Each of us can only see part of it but he believes that
when all the individual efforts assemble, we can draw a more comprehensive picture of Nature.
Moreover, as scientists, we should be honest about the progress of every research as the result pf
each research could bring significant impact to the others.
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Besides, creativity is one of the essential qualities that a successful scientist should
have. If we did not have creativity, we wouldn’t be able to think of new innovative ideas. He also
gave us a practical tip on protecting our ideas derived from the research, which is file a patent for
our invention. This in turn can help gain more resources for facilitating the research.

V. Our reflection

Through the interview, we can greatly feel Professor Lo's passion for science. For
Professor Lo, doing research isn't only a job, but also an interest. His passion has driven
him to keep doing research over these years. No matter how much time is spent, he still
chooses to continue his research. He is an enthusiastic person too. We were surprised that
he would show his laboratory to us through Zoom. With his perseverance, passion,
kindness and innovative ideas, he is indubitably a successful scientist.

We are grateful that Professor Lo has shared a lot of valuable experience and
advice with us. Professor Lo has been working hard on the non-invasive prenatal test and
he plans to push this technology to the RNA side in the future. He also mentioned that if he
could travel to the future, he would like to research on the irreversible diseases of the brain
and see if there would be any solutions to these diseases. In retrospect, Professor Lo
thought that when doing any scientific research, 10%o of the time comes from the flash of
inspiration while 90% is done by hard work. We should have passion and never give up!
“Make sure every day counts” is a word of encouragement from Professor Lo and brings
us epiphany. It is an honour to have the chance to conduct an interview with Professor Lo
and it is a really great opportunity for youngsters, like us, to learn from him.

CHENG Man Hei’s thoughts: I really appreciate Professor Lo since he didn’t give up
even when the research journey was not a smooth sailing. If I were him, I might desist the
research easily. Without a clear finish line, it could be strenuous to keep researching. However,
with his tremendous fortitude, a brand-new piece of technology is invented. His discoveries and
inventions have helped a lot of pregnant women and patients. | am sure that Professor Lo can
extend his technology smoothly and benefit more people around the world! After conducting the
interview with Professor Lo, | want to explore more in the field of science. | hope that | can have
the same attitude as Professor Lo.

CHEUNG Megan Sze Yiu’s thoughts: It was an honor to interview Professor Lo.
During the interview, | gathered a lot of new information about him. He had decided to study
Medicine since he started his passion for science at a tender age. Professor Lo had read many
journal articles about Science and Computer Literacy. Moreover, he read Biology books, which
further developed his interest in science. | think that he is a good role model for us, and | should
follow his lead by starting to develop my own interest. This interest might also be helpful to
society in the future!
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WONG Ka Fun'’s thoughts: It is also my dream to become an influential scientist in
the future and what Professor Lo said really woke me up and helped me a lot. | learnt that it is
not enough only to have passion for doing research, but we should also have team spirit.
Working with team members is like an iron triangle, making the research process and results
more and more stable. Also, we should be honest about the progress of our research because any
research or experiments may affect many people. Finally, we should be innovative and humble,
and keep improving ourselves in different fields such as writing or programming. This word
really helped me a lot. I hope I can really talk to Professor Lo face to face next time!

Professor Lo is a successful scientist. He made contributions to help our society.
Not only is he a scientist but he is also a great teacher and boss. He gave a good office
environment for his colleagues to relax and make them feel at home. During the interview,
Professor Lo shared about his life of being a scientist. He also mentioned that inspiration
only occupies a small portion during his research. The more important thing is our amount
of effort used in doing it. His word has deeply inspired us and led us to work harder in our
studies or hobbies.

Lastly, it was an honour to interview Professor Lo. We would like to express our
appreciation and gratitude to Professor Lo for spending his time with us for this
memorable interview. We also hope that everyone could work harder so that we can build
a better society in the future!
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