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

1. Scientific Investigations related to clothing

Identify a clothing problem during hot weather. Suggest in your proposal how
to tackle the problem with science and technology. The suggestion(s) in your
proposal should be practical, cost-effective, scientific and evidence-based.
The marking criteria of the proposal also include creativity. Please also

suggest a Title for 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 strives 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) in your proposal should be practical, cost-effective,
scientific and evidence-based. The marking criteria of the proposal also

include creativity. 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 and evidence-based.
The marking criteria of the proposal also include creativity. Please also

suggest a Title for your Investigation(s).
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=) FTCER 2640 2460 2700
H | = [BRK 2390 2450 e
| e [ 2460 2500 2660
- | 3 [BEX 2600 2560 00— |
Z | T BT 2600 2440 2850
S 4‘,le 2690 e PR——— 2750
iUl Rl 2530 2530 2850
i BH—XK 2610 2490 2800
Bt e 2470 2750
IOPH*J’JIK A f(mL) 2558 2493 2728
ittt (ZATH/43 8 15.3 15 16.4
BN _es— | _ee— 1550
BN 1960 1350 e |
5 B=X 2010 1360 1570
=l EAE 1980 1360 1570
H | sz |BRK 1990 1350 1580
3 | s BEX 1980 1300 e
- |2 q‘w,{_—:‘r 1950 1300 1570
Ll BN ETXE 1960 1350 1550
ol = ETER 1970 e 1550
i/l Rl E RN 2010 1300 1490
it B+—XK 2000 1350 1550
T P 1360 1490
10F}TPJ'Lefﬁ(mL) 1981 1338 1547
WL bt (A TH538i) 1.9 8 9.3
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AR G R R

WA sRE  [HOKFLAYEER (2:1), HOKFLAFR IR (2:1)
il KL R/
B 2ot K R ‘\u/.‘h,,;fg&h“ HUEL R F10 K03 R 359 K B F(mL)
tHKfL l'{f‘i’i: Imm K FL I'Lf‘iﬁr lmm
K FLBOR: 7241 H K FLEBCRL: 3611
FHNEER: 12mm -ﬂ‘iwﬁ E%: 12mm
{Ed#T
B — K
:L f';'
5 B2 1750 1675
& m'u "' 1830 1630
| &= [ELX 1790 1650
F | or EAE 1820 1660
- ;_ BL K 1810 1660
f| T EAX 1840 1670
- q;/’L' 1800 _ 1670
TN B _ I 1650
#| EEX 1830 e
e 1820 1670
10F7149 ’}x (rfﬁ mL) 1806 1659
i fit (ﬁ}ﬂ/ 43 $i) 10.8 10
i — e e
B K 2690 2450
5 [BEX 2365 2450
=8l EATER 2640 2450
Ul em [EOK 2390 2450
1 o [BAX 2460 2450
- _: B 2600 2360
Z| 3 BAX 2600 —————
I T BN 2690 2500
Ul Il EEREER 2530 2430
_;jt ‘41 - 2610 — 2450
’ Bt e 2440
10f 49K A ff(mL) 2558 2443
it it (’Aﬂ/ 43 8i) 16.3 14.7
B K e 2000
H o 1960 2050
5 & £ 2010 —  _qeee——
g ETE, 1980 2000
,_ B B H 1990 2050
B [BAX 1980 1980
w. 41_-' 1950 1890
| BN ETIEX 1960 2000
ol B 4‘:’L' 1970 —  eo—— |
TN Bl EER 2010 1800
Eny T —N 2000 . 1850
Bt K 2t 1950
10?)1’11* Mﬁ(mu 1981 1957
i fit (ZATH 580 11.9 1.7
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B, = R B

BBl | TP AR
PRI |tHOKTLA o | R

at: BRZA R/ Y

Mg, DOELER 10Kl

PR K ER(mL)

{EH#F

f"-'?"!a‘! A

HAKFLER: Imm
HKFLE R it :”r'L
FRARE AL l)mm

T E

L'J"\j‘_ltf B l'“nm

i

- 12mm KA E4mm

H—X 1560
B _— 1550
gy EE=E] 1750 1570
] ETTE 1830
il By EF e 1790 1520
=N P E RN 1820 1510
- |2 [BEX 1810 e |
Sl DN ET1E 1840 1490
— 1S [EAX 1800 1500
) Rl EEER _ —— 1500
i B —K 1830 1550
- 1820 1480
10F }’H/I\frﬁ‘i(mLJ 1806 1523
iﬁﬁ({/}ﬂ/ﬁ}ﬁ’o 10.8 9.1
A —
B J— |
K 2690 850
SEE=X 2365 770
B M'H X 2640 790
il By EFER 2390 790
F s [BAX 2460 810
- |2 [BEX 2600 820
Z | 5 |EAX 2600 780
= ISR rL N 2690 870
1l Rl ERER 2530 870
i R 2610 I s
106 H‘J/L efr’i(mL) 2558 815
AL (’ATH 73 $iit) 15.3 4.9
RN s 900
B 1960 s fpfe—————
SE=X 2010 940
= EITER 1980 890
Al |s= B AK 1990 880
P s [2K 1980 500
=] I EZ=R 1950 860
] BN ETIER 1960 890
- [B[ELX 1970 870
Ul Rl ESREN 2010 870
”‘& ‘T} —X zmo ‘____m_—_———f
ALK E— 880
10BF fJ?lwrfé(mL) 1981 888
it ik (AT 5380 11.9 5.3
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IFR LS 8

0 LB

AJK it

WH%M HZKFLAY A/ B B it
- B 22 AR AR R VIS B, IR 10 BaA ARt W49k (L)
T A : {Ei A TE A
HAKFLER: Imm LL’f\f % 1mm LU'M“LH{"%{: Imm HKFLER: 1mm
‘LL/HLU}M T2l |HiKFLEE: 7241 KL 7211 LLMLM@‘ 721L
FRARE EE: 12mm fﬂ’il’\!?? FL{%: 12mm rnw.s L% 12mm Ww:, fu “12mm
. o e i N 4”11]1 Jmr
{EE R
b 2K
N 1525 1360 1070
3 q, 1750 1560 1350
E ‘IIH 1830 1570 1360 1080
Al | = [ELX 1790 1540 1350 1070
F | 185X 1820 1350 1050
- ; BN 1810 1570 1370 1060
T [EAX 1840 1580 1030
- | R [ELT 1800 e 1040
| — [EEX e | 1560 1360 T
3t X 1830 1580 1340 1060
‘ i 1820 1570 1350 1030
10%0 VFM\ rr#‘(mLi 1806 1560 1353 1056
it it (’Aﬂ/ﬂﬁ) 10.8 94 8.1 6.3
i 2120 1560 930
N 2690 2070 1560 960
= [E=EX 2365 2140 1530
E [BIX 2640 1970 1550 950
A = & FIER 2390 1560 990
P IBAX 2460 2090 1540 930
- 2 BL K 2600 2150 1640 910
ZI T EAX 2600 2080 1630 910
| B [EL 2690 Pl 1030
il | — X 2530 2120 1530 920
i B 2610 2140 960
' Bt K 2140 1600
108 F73 kBl 2558 2102 1570 949
LBt (2N TH43 i) 15.3 12.6 94 5.7
B K - —— - 1050
B 1960 1850 1650 1050
~ [B=X 2010 1860 1600
= EALER 1980 1880 1580 1050
M| = BErx 1990 1890 1550 1000
F | w [BAX 1980 1880 1560 1040
-| T [BEX 1950 1860 1600 1030
)y e 1900 1860 [ e
~ R ELE 1970 _ee— | 1650 1000
] Rl EEEN 2010 1870 1580 1050
5t R 2000 1890 1600 1040
' T = 1860 1580 1030
0B FE K D) 1981 1870 1595 1034
WLk (2T 538 11.9 11.2 9.6 6.2
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B L SR B

IRV

AKiR

PR s

HH K FLA A B B

u' Pf.!\ﬂt’) éﬁl’ J‘ﬁ] ’U'ldfga(fﬁf Hluﬁf’ f\lu \( ;u

H:’
‘14‘

Fit FH K ERG(mL)

it ml 2

d.:’?\ﬁ‘LlLfl\ 1mm
i kLB 7241

FRIAE EIE: 12mm

{8 F

HKFLERE: Imm
“"ML@’U& 72

FRARE E®: 12mm

i AR TS se Ba%at )

[EE e
TN
H K
5 =X 1750 1300
m | € EEX 1830 1290
i 3w BH 1790 1320
&1“» 1820 1310
=] R 1810 1330
| §‘L7r 1840 1290
L = r RN
® [BAK 1800 1320
lml =$ q,"-f +840 +350
3 X 1830 1290
B K 1820 1310
10F5 15K ﬁfatmL 1806 1305
it ik (A T80 10.8 7.8
H— e 1950
4 Iﬂ; 2690 2030
~[B= 2365 1790
Ml = FYLER 2640 1860
= | = LK 2390
P % EA% 2460 1810
- | By
L B 2600
Z| ¥ ERK 2600 1980
b=y EFIER 2690 1780
NI Bl ETREA 2530 2050
,-,;Q B K 2610 2020
Bt_X L ——Ped—— 1880
lok}TfJI}\crf‘(mL 2558 1915
it fik (23 TH/53 8 15.3 _ 11.5
K e S 1050
B K 1960 1050
5 [B=X 2010
5] JE CHEEN 1980 1100
| s FERK 1990 1050
Pl BAX 1980 1080
215 [EX 1950 1090
M f;'“ 1960 990
o BN 1970 980
i K RN 2010 980
Eny B 2000 950
‘41 N
10F F’filfk"f'%'futmL) 1981 1032
it ik (237738 11.9 6.2
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—_

o

.k)J

R

AHAALEREE (FEEG)

ST JAKER

PrsEm [ HoKFLAY A B B

Fe B S B T B S ER T B B A0 RN 8l FF et B4R U
at: B 2ot K B/ | T R, IO BR T 10Kl f R # (-

K1 L 17 Mo A 92 328
' “$9KERi(mL)

TERER

1L G

FRNE TR ) deEir

BA25mm

F—K I
B 1010
L F=K 1050
;,’[\ Y liEr¢ 1050
ook FHK 1060
Bl FRAK 1070
- o BHx 1070
=l 3 5\ 1070
;| D ETIR/N 1070
ir F+X 1080
B+—=K 1090

F+-X

10 FP3EHg/KZ5FE (mL) 1062
e (AT 5388) 6.4

http://terms.naer.edu.tw/detail/1331363/

(+H) 25&x

BIZZEWEHE012) (XA (Venturi tube) ) ° HLH

edu iii (2015) ° ( HZZFIEE (Bernoulli's Principle) ) ° HUE https://youtu.be/ap-

kJ5b g0E

@l (2016) ° (URpe JJEERELEERG /) - HUE https:/youtu.be/qwwIG3wwilw

FE(EMZRE (2018)  (FRAg 12 - (A NFIE) - HUE
https://youtu.be/wvLJr6xBVY4
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http://terms.naer.edu.tw/detail/1331363/
https://youtu.be/ap-kJ5b_g0E
https://youtu.be/ap-kJ5b_g0E
https://www.youtube.com/channel/UCKkvsfnvE0COTlomzanLLgA
https://youtu.be/qwwIG3wwiIw
https://www.youtube.com/channel/UC-dGitK6XyQ6gf_KiRS_8Vg
https://youtu.be/wvLJr6xBVY4
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SANEEEE

B R AR B

IR R E R R MR .

f =

2EBR  ERESUPBHENER

Z2ERZ : R Izmis #HuEl HBIER FEH
EEER : BRIEEZEN XZSHER
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51

HEERZW  ANMIARBEZERELI - BRI A TEERHL
—EBZERBR-211F - mELEAVEZELZRBRKX  BEERTE
FEEDEREY)  WAIRMR ; Z—HH - ERPRBERERARER
ANHEEBREZT NEE MREFF LAZRENRK - TREAS
RE - MESBTRE  ZELHENSENK  TERKEERKE
BRKIL - HPIHREM R —TEEY IR R N EERRERAVHRL -
BANREEYRERESRAZERN - DER LR EE

[RIE

HRMBREARERPHEY ERRIAFERPIN - BIRE FRME
HEE EAR/AVER LHABERREERE - alIBFLERKEZAERE
LK WE I ENFE R - AR MR E M BEERARNLKIEER
% Ol E VPR BERVER 7K ) -

ERERTH RAERENEETTETESRBSERERE AL
ERIBIERICHEER RNV (Kasim, Selamat, Daud,
Yaakob, Putra & Sivakumar; 2016) - FLHMERF AREEEL
BUERABNZERERWME - RS E - BREAREmEERmEDE
BEREREIIN (City College of New York; 2012) - [REZMHI
BEE R ERM 5|3 RRAFRERIEE ] - RIEFFIFT E R mMLES
MARBAmRRISD - SHEBREINEE -
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RIBU ERNER POREF AR EENMBEE RIS KRR ER K -
AR E K UBERI R NRE -

4

iR

B ERNEE .
1. MHEEERFEREERBMEANNSEAHEEE -
2. ERMHERRREBENERE NEL -

e e
B ﬂ“*%s wBR

4~ MBEERERIE
1. RFARMPERR MMPEEREERENEE LA -
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REEMIRE

1. WA ENEEFREESH  BEXREDI -

2. MAKEBEBRM A ENE - WEMSIHIRBENR -
3. REMBEE R KRB EER P E LT - B LEMIBEERARL -
4. BERERE  FERRAESIEERES -

- BRER B AR
1. EREAEEIMNKEAR
2. ERARER(EHARD - BE/NEEL -

3. IBELL A RRBATGERIETIRE - BASCEEAR -
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E%ﬁnx:u'l'ﬂ*ﬁiﬁ%z
ERBEIZERINEEBL/KIINEE - BYRINESEEZ R E - FLE
BB EEE S EE TR -

B« BhACRIEE
1. FIBEERE LA RCEENESS . MEMN BT RS
BIKD -

3. EMELNKZHHZER BUSEREM PR CHEAD

SR EBRIKMERImALE - DIETERREa oK@
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v RITRE

ﬁﬁiﬁITEEZé%?EIEB’E SN - B EENEMEER L -

3. HRMELHERRIZERNX—HRELD 70 e - HUILAET A
£%  BPRELL 500 ZREARAEESE - B 4.9 4
BRI - BEMREEREER -

4. BELBRRARE  ABERICREEMEN - Rl i=mn
MEREA -
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BRERRDH

SSEN

FR7KRIER
B fE _ERYK AiCsAElREEE
2 mL BB
4 mL Ee
6 mL Ee
8 mL ER
10 mL EB(KIEMBIEEEL)

EBER - £0mL £ 10 MLAKEERE L - ENPHE
EHABIDRZER - "B K2EEWNS - BIRIE AR
BAEMKRINEE - B« 10 mL BREKREEREHR S KIEMERY
185 KR BE

=z 38 B R 7L
EiEnd - B ATE
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4~ IR

MEONZEFR R ERORIS | MEADYETRIR LRORID | RBRR
(9) (N)

100 g 0.98 N RIS

200 g 1.96 N RIS

300 g 294N RIS

400 g 3.92N RIS

500 g 4.90 N RIS

i€ 500 mEEBAAEMR N - AwmmildgEE R REmIR
B - FFEAF AR & 500 52(4.9 418)RYTLTD -
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BRI & & eR =

ERERERERBRES - HPBR 7 ADRE - A—LRBEARIN
FRIRRAE  ZLERERLIRZRE - LN HARFMARARMEER
HR R AR ZRI LA -

1. REEMRIERE
HMHEZERTBREPBISE AR, Z R EERF A
HEEM - Bt RMARE REERESNEMERER - RE R
RIEERE - ZRPIAEE S IEE SR ERZT2/]0 - 5l
ZREANEAEMCHERZEEIW 1 - 9 EEBREFRR
IKIBBEB R RO EEARIGTNA R/ N O 4l B Re 2 RS - DIES
[FEERMBEE M AR L -

2. ANAFBERE
EETUNER - BAREEEREEMETENNEREDR
A LREMRNEIHNEE R UEAZHEEARKES] - olZ -
R E ARG @ BLZM75/\ERY - B U LR RIBR S 23 M
AR MR RV AL M EETAIIVRE - (BRMBEmRAYED
AR NEHEMRBAIT  RBEEDREHERZR 500 =HH1 7] -
i EmaHE o AR —RAE DM A KIS -

3. MBEERIBR R INEERI R
RMESREEZMENA FrMEEEHmR - BRESEARSE LAV
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(=153

mcy

D
?/:

1.

ERAKKE - JZ2RRZ 5B EREETARE - FAILRRENRSE
MEBX EIEC S MBEER IR RINBE AR LB ER KT A UL INEE -
BRERAERERMERREZEZRBANBEERN - FMB8E
NEBERERKAR - NLEMEPEREIERENINEE - [RK
REMDOLEBERBENSY)  —LEFLUSBARRNRAZE RIS
MANBRENERN - RPEERRBEIEEA)  RES
eI A IR R IR R RE R Kmisoh - INEEUNOREET B R4
EERANYRUS(EHEAS - FERMBRENEEREM
BEEHEIERBIERK - BIRFEL—27 -

Mechanical properties of polypropylene composites reinforced with
alkaline treated pineapple leaf fibre from Josapine cultivar; A.N.Kasim,
M.Z.Selamat, M.A.M. Daud, M.Y. Yaakob, A.putra and D.Sivakumar;
2016; Faculty of Mechanical Engineering, UniversitiTeknikal Malaysia.
Carbonized coffee grounds remove foul smells; City College of New

York; 2012; Science Daily, USA.
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SRNSEEHE

RE—[rEIEE/ 2B

N]LY FEFENH
P 0p i = A==

BEya

it
ol
i
i
N
Ja
W

1REEH : BEEZ - FEK
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KR ERE

aRaT RERF—E oI FENMNE S FARNEE (IVEEERE )

;Jl_l oo ==
AABE S

RBRFRZEHF - HEBFEFIOWES 15000 AMBAEFENSR - HEFEZE LAREBE - mit
FEREESE (WTF) %R 40%MEENRNERD - B—FELIBRBERERENE - —BEE
RONIIR BREETR - HORINE R ES - R 7 BEREEE LR - BORBHREE - HERMR

AT REE—{E oA RN ENTRAVERE - WS RE - DURAEFNIp -

#FHEL 30cm » | EEREISREA

-l
%

EREVBUE

s RERIEEE

H 2 RE

DS REZH mbot B2~ RIBEE ARV AR - M0EE 2B PRI E KB E R S M AR T
FR#ERy - RIBEEEIREEKZE - BN  BERRHRTRXLBEREERY) - ARNKRERER
B BEREENLEREZ 1K - EE8EKEFREERY(EBIDR)AVIERT Z /D RIERE
BERRORE - RS AEREKESS - mbot BFLLAIE - EEFITHRIR MR - REEAIR

RIDAL D AR ERARIPRE RV R L - RERIZIEYGENE -
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RIEM B RBIE

FfP9%E M mBot FEBERRABRNSHRERIFEE - FIH mBot RESFIIR -

RFESM

1.3 PF9fERA mBot 1 RYBLIEZS(EERH)F] mBlock #RAS R EREIRG -

2.mBlock #R#%S : FFIFRICRREBE KR O 2 5 2380EERE - WRCHAFE R - MBI BRRVARAEIR L

MERZTEHT . LERERAGK & 2BERKIERIEREDREE -

mBot FiEF.

B MiERA s P
3
o miEss [

Jp! dist < = SEACIR ﬂlfg

SEA AE

»
BN #5» @

sEAH AE @
sEAL AE

BN #Es

=8
(i - 500) VB RETXIET

3SHREENFEUR

o AEEERKESEE

. AEARRERKEESEETERENRE

o AENDREEAARRERME ENTEMR

o AEARAXNNNIBREARIZEETEBRIIR

o AEARYRRRIREETEBRIUR
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AT BRAER

o ARERENREHEERUR

mbot ¥85& 30 EKEUFERERE - F8 1 OKFE%A - AR mblock 2& TR EERYEF MK E

G - REHMERARREAVERYRE mbot 2EBEEBREMUR -

FEREREHY mbot fTERRAS

BEEE 1SKEERE | AEEEBEI30 | AEBESTR

MBEATE | EKERET | &85

2

DIBWFE ALY Tk Tk
ERTERNTE ALY Tk Tk
N Ak Ak Ak
M ALY Tk Tk

AR ERYNREAZFEBERRAEE -
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o AIEUVEBREEARRAERME _ERTEMR

ARETTEIERE 50 EoK - AREDE P TIF - MM EEHwIMEENSIRARR - DIEHLEVE
AEWNZERERSZERE - ARBESNEENZRESFENDS - BATINE FEF

—EINERARR - DBEIERIGRYVATHEES - KBNRRTESEVPITSEBIR -

VD EEE R AR [ER AR E_ERITT R

| /
/
4 . /
-

1TERRE (FD)

3
2
1
0
T (| P ORie | REE CBEERME [ oo | e
2) #) fi25f) ZY(GIECKZE) | RIVD(GEDKZE)
[—— (R () 3.1 3.17 YT v -

AR DOVHEBBFREARMERITTEIRE  ORBFLETR - BEFHNTRERERR - EtEIER

A0 - BERBRINENEN - RILEREZRIE -
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ARARERAKNRBRASZRVREETEBRIUR

HEIT=RIBIEEZID(200 52)/3% (200 528270 +50 se/K)RDRIE « 55— 2RI 200 Fer9527/
D KBREYREREEERAREENANRRE  NE=71E - StEBRELZ/ D
BNEE - BRELV/RVENESHUE - BIRURBL - £ TG RRVERBEER

(2 FHBERBREBA ) M/ mVES - S=RAESRENEBRBER (2 FHBERBA

BR) ML/ @VES  EBULRESRERE -

AAA E ERFLA/NEHERERICR
180
160
140
120
100
80
60
40
20
0
Bk | WG | BERT | BEGR | BEGR | BERR
WEME | WRET | DRAE | DENE | DRET | WREH
BT | MO | WOEE | EGD | SeomE | mns
BERV AT | BERlAY BERVEHT | BERlAY
TEGE) | EE) TE(GE) | EE()
B 0.1Imm 0 3.2 1 0 0 0
B 0.5mm 0 164 129.8 11 0 9.3
m0.75mm 178.8 170.9 179.6 11 10.7 10.3

fham o AR ERDECRDRIER T REANEERA  BRINEENS -
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o AFEARYRBRDFREETEBBRIMR

HEIT=EIREZ7D(200 52)/%70(200 528270 +50 5e/K) MRl « E—ZRIEG a0/ 8D - &
BARFHEMB I MERRERIARESE  ME=7iE - SIERRBRLZV/ RV ENSE
g BRERV/RIENESHE - BRVURBY - B_RAERRROVLERBER (2 F75
EORBA ) Fezib/ BB E - F=TAEREENERBER (2 FARKBR ) M)/ %

/AR

RS - EBLULERTSRBIRE -

BREZVENES(R)

LIRERK| LIRS RS NP B

¥ L‘@ ‘H E,_ Y0 \‘?"@"‘/I‘ VA& e T i@\ %87 IER T :I:.E%
oj 37 = 7,7 870 A S I o 575 T
HEBEERL | HEEESR

MIBREEE | MERER

[ERE#E 137.7 164 129.8 11 11.6 11.2

(B 4L)

TB(HA) | 199 199.6 199.1 95 94.7 934
fRmERe) | 119 23.5 215 6 5.7 5.9
Nz 28.8 170.9 179.6 11 10.2 9.3

(B 4L)

=] S

AR RN ERRERS - SRRV ED - EEYRINEDREBRRZA - RILRDMRE

ma

& -
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[z B ER

HMRRET FER IVEBRE L - EamiTREIDH - sk

FORERBEIRRITTE - BRASRIBERNBRBHEEERBER

HRAVR - @R ERBRIMRE TR ETT - RULHA

mom O UBREARRVE S - HENEZIDE - B BEN

ABEREAPOERENAONZERID#ENESSEMRAELE -
MEFENYRNTEEREZIRIENEE - B MEZDIEN
BZEBEARIRE (K ES) NER - N RMHEEEER
ENBRHREZITE - ARRBIRERBALR - FrAF Mol DIE

ERTIENARBRBYNER - RMFERRTEENZEN

B FTEMANESRE -
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SEEHR

https.//plasticschange.hk/cowfinalreport chi/

N

HBREABRETEEHESE " BREBF ) RN AEERSFINNATRE—BBIERLE 2

N\BRBREBEBBFER  RBIFIDASIAES "EEETEFE,

https././www.wwf.org.hk/whatwedo/oceans/tackling marine_litter/

BREXRBEZTEEESE - BRBFAIREE

https.;/www.hk01.com/%E5%91%A8%ES5%6A0%B1/255019/%E6%B5%B7%6E£6%6B4%68B%E5%9

E2683%6E5%9C % BE-

%6E6%6B8%I9B%ES%6BB%A2%E0 %94 %6 BF %6 E 7 %6AD %96 %6 E6 Z6AC XAV ES %6A6 %6A5 %6 E 7 %695 %8B

6-

%6E6 2687 %6A8%E7 %681 %98%6E6 %687 2%6A8%6E6 %6B5%B7 % E 7 %684 2%6A1%6E6 2%6AD %A 2% E4 %6 BC %691

01 /3% - UBFIR] BERRRINEZE FHF 8RN

https.//www.hk01.com/%E5%91%A8%ES5%A0%B1/255222/%E6 %85 %B7 %E6 %6B42%68B%E5 %9

E2683%6ES5%9C % BE-

%6E72694%B1%E6%6B8%685%E7%90%86 %6 ES5 %688 %6 BO%E6 %688 %6 9B 26 E5 %6 BB %6A2-

%6E9%6A6%99%6E626BE %6 AFZ6E7 %6 9A 268426 E5 %6 BB A2 E7 %689 %6A 9% E6 %694 %6 BF 26 E7 6AD %96

%6E69688%90%6E5%68A % IF2%6ES5 %697 %S E

01 % - UgFark ] BEERRE FERBEYBERAINE ?
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https://plasticschange.hk/cowfinalreport_chi/
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Inhibitory potential of natural flower teas for management of diabetes

Abstract

This research project is to investigate and find out the effective natural inhibitor of
a-glucosidase from natural flower teas. It hopes to effectively reduce blood glucose levels,
to moderate the effect of diabetes, and to manage diabetes.

In this project, we have successfully extracted the bioactive ingredients (extracted
both by water soluble solvent and ethanol solvent) which can inhibit a-glucosidase
activities from eight kinds of natural flower teas, and significantly compare them with the
common diabetes drug Glucobay (acarbose). Our experimental results show that the water
soluble Osmanthus fragrans tea extract (0.25g/ml) has a significant inhibitory effect (up to
80%) on a-glucosidase activity, close to the inhibition level of clinical drug Glucobay

(acarbose).
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Ch.1 Introduction

1.1 Problem

Diabetes is a common metabolic disease in Hong Kong characterized by

abnormally high plasma glucose levels, leading to major complications, such as

retinopathy and cardiovascular diseases. One of the effective managements of diabetes

mellitus to postprandial hyperglycemia (high blood glucose after meal), is to retard the

absorption of glucose by inhibition of carbohydrate hydrolyzing enzymes, such as

a-glucosidase, in the digestive organs [1-3].

a-Glucosidase is the key enzyme catalyzing the final step in the digestive process

of carbohydrates. Hence, a-glucosidase inhibitors such as acarbose can retard the release

of glucose from dietary carbohydrates and delay glucose absorption, resulting in reduced

plasma glucose levels and suppression of postprandial hyperglycemia (Fig. 1.1.1).

The clinical use of acarbose drugs (Glucobay) are commonly used for the

treatment of diabetes mellitus. However, users of acarbose are required to consult with

doctors because of its side effects. It would be ideal if we could prevent diabetes or

obesity by taking daily natural foods containing health promoting ingredients [3].
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Figure 1.1.1. Mechanism of a-glucosidase inhibitor against increasing blood
glucose.

1.2 Possible answers to the problem

In recent years, many efforts have been made to identify effective a-glucosidase
inhibitors from natural sources in order to develop a physiologic functional food for use
against diabetes [3]. Plant-based foods have been used in traditional health systems to treat
diabetes mellitus. The successful prevention of the onset of diabetes consists in controlling
postprandial hyperglycemia by the inhibition of a-glucosidase and pancreatic a-amylase
activities, resulting in aggressive delay of carbohydrate digestion to absorbable

monosaccharide.
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In this research project, it is desirable to find a natural food extract containing an

inhibitory effect of a-glucosidase activity in natural foods (from eight natural flower tea

samples). For people with diabetes, it is ideal to just controlling their diet that it can

effectively lower the blood glucose levels and achieve the effect of relieving their diabetes.

In the present study, we have screened and evaluated ingredients with a-glucosidase

inhibitory activity from eight flower tea extracts and compared them with Glucobay

(acarbose) as a positive control. To the best of our knowledge, this is the first report

regarding the identification of the natural flower tea extracts as the potent natural

inhibitors of the a-glucosidase activity. We aim at investigating the natural flower tea first,

and in the future we also hope to use other scientific methods to study more natural foods

that can control blood glucose levels.
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1.3 Objectives

1. To investigate the effect of a-glucosidase activities from varieties of natural flower

teas.

2. To compare and evaluate the a-glucosidase inhibitory activities of the different kinds

of flower teas in order to the find out the natural potent a-glucosidase inhibitors.

3. To investigate the effect of a-glucosidase activities in boiled flower teas extracts,

whether it can maintain the inhibitory effect.

4. To determine the combined effect of different extracts of eight flower tea samples on

a-glucosidase activity inhibition.

1.4 Hypothesis

There are active ingredients (inhibitors) inside the natural flower teas which can

inhibit the o-glucosidase activity. Drinking flower tea can effectively reduce blood

glucose levels and moderate the effect of diabetes, and finally manage diabetes.
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Ch.2  Experimental Methods

2.1 a-Glucosidase inhibitory assay

Prepare 0.5-1g of different kinds of flower teas (Roses, Roselle, Chrysanthemums,
Butterfly pea, Jiaogulan, Osmanthus fragrans, Jasmine, Calendula)

l

Add 5 mL of phosphate buffer into the flower tea respectively
!
Grinding, pressing and extracting the flower tea separately in water or 50%
methanol for 15, 30 & 45 mins
!
1) Roselle, 2) Chrysanthemum, 3) Rose, 4) Butterfly pea, 5) Jasmine,
6) Calendula, 7) Osmanthus fragrans, 8) Jiaogulan (Various extracts of flower tea),

9) Glucobay solution (+ve control), 10) Phosphate buffer (-ve control)
!

Add 500uL of phosphate buffer (0.1M) into the test tubes using pipetman

respectively
!
Add 250uL of 4-nitrophenyl a-D-glucopyranoside (substrate)(pNPG)
into each test tubes

l

Add 100uL of test sample into each test tubes

l

Add 250uL of a-glucosidase solution
!

Incubated at 37°C for 30 minutes (3 sets of samples)

!

Add 1mL of sodium carbonate (1M) into each sample respectively

!

Enzymatic activity was quantified by measuring the absorbance at 405nm
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The effect of the flower tea extracts on a-glucosidase activity was determined

according to the method as described [11-12], using a-glucosidase from Saccharomyces

cerevisiae. The substrate solution p-nitrophenyl glucopyranoside (pNPG) was prepared in

0.1M phosphate buffer, and pH 7.0. 250 uL of a-glucosidase (1.0U/mL) was

pre-incubated with 100 uL of the different flower tea extracts (water or 50%

methanol)(1.25g/ml) or Glucobay solution (0.025g/ml) for 10min. Then 250 uL of 3.0mM

PNPG as a substrate dissolved in 0.1M phosphate buffer (pH 7.0) was then added to start

the reaction. The reaction mixture was incubated at 37°C for 30min and stopped by adding

ImL of 0.1M sodium carbonate (Na,COs3) solution. The a-glucosidase activity was

determined by measuring the yellow-colored para-nitrophenol released from pNPG at 405

nmon a Spectrophotometer (Genesys 10S UV-VIS). The results were expressed as

percentage of the blank control [6].

The percentage of inhibition is calculated as:

Abscontrol — Absextract

Percentage of Inhibition = | ] x 100

Abscontrol

Statistical Analysis

All experiments were performed at least in duplicate or triplicate. Analysis at 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.
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2.2 Extraction of a-glucosidase inhibitor in natural flower teas

The varieties of natural flower teas were purchased from local supermarkets or

Chinese pharmacy. 5 grams of flower tea were cut into small pieces; 5 ml of phosphate

buffer was added. The mixture was then filtered through a strainer, poured into eppendrof

microtubes. The microtubes were centrifuged at 10,000 rpm for one minute, and the

supernatant was retained and to get the flower tea extracts containing the a-glucosidase

inhibitor.

These eight types of flower teas include (Table 2.1.1 & Fig. 2.2.1):

1. | Rose (Rosa)(ze s 1= %)

=)

2. | Butterfly pea (Clitoria ternatea) (Y& = %

3. | Roselle (Hibiscus sabdariffa)(;z 4#¢ = %)

4. | Chrysanthemum (Chrysanthemum)(% 7= %)

5. | Jiaogulan (Gynostemma pentaphyllum) (%2 *% @ %)

6. | Calendula (Calendula)(£ § 7= %)

7. | Osmanthus fragrans (Osmanthus fragrans) (1= %)

8. | Jasmine (Jasminum)(G 47 7= %)

Table 2.1.1
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Figure 2.2.1 Different natural flower teas. (a) Rose; (b) Roselle; (c)
Chrysanthemum; (d) Butterfly pea; (e) Jiaogulan; (f) Osmanthus fragrans; (g)
Jasmine; (h) Calendula.
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2.3 Investigate the effect of a-glucosidase activities from varieties of flower teas and
compare with Glucobay solution

Eight different flower tea extracts (Roselle, Chrysanthemum, Rose, Butterfly pea,

Jasmine, Calendula, Osmanthus fragrans and Jiaogulan), (each concentration is 1.25g/ml)

and Glucobay solution (0.025g/ml) and phosphate buffer were added into eight test tubes,

respectively. Then, a-glucosidase inhibitory assays were performed.

2.4 Investigate the effect of incubation time on the a-glucosidase inhibitory activities

As to test the effect of incubation time on the a-glucosidase inhibitory activities,

three identical sets of assay were performed. Eight different kinds of dried flower teas

were extracted with 5ml of distilled water at room temperature, and incubated them for 15

30 or 45 minutes. Then, a-glucosidase inhibitory assays were performed.

2.5 Investigate the effect of the a-glucosidase inhibitory activities when using
different solvent for extraction

Distilled water and alcohol (50% methanol) were used for comparison. Eight kinds of

dried flowers were added to 5 ml distilled water/phosphate buffer or 50% methanol (16

test tubes in total) for extraction. The mixture was filtered and centrifuged to obtain

extracts in phosphate buffer; repeat the previous steps but replacing phosphate buffer with

50% methanol. The mixture was filtered and centrifuged to obtain extracts of flower teas

in 50% methanol. Then, a-glucosidase inhibitory assays were performed.
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2.6 Investigate the inhibitory activities of a-glucosidase in boiled extraction of
various flower teas

The room temperature (RT) distilled water and 100 °C boiled distilled water were

selected for comparison. Eight kinds of dried flowers were added to 5 ml distilled water at

room temperature and 100 °C boiling (total 16 test tubes) for extraction with different

temperature. The mixtures were incubated for 30 or 45 minutes, filtered and centrifuged to

obtain boiled extracts of flower teas. Then, a-glucosidase inhibitory assays were

performed.

2.7 Investigate the combined effect of different flower teas on the inhibitory activities

of a-glucosidase

To investigate the comprehensive combined effect of mixing more than one flower

teas extract, eight different flower teas extracts (Roselle, Chrysanthemum, Rose, Butterfly

pea, Jasmine, Calendula, Osmanthus fragrans and Jiaogulan) or mixed with two flower

tea extract were added to the test tubes. Then, a-glucosidase inhibitory assays were

performed. Samples were incubated in 37 °C water bath for 30 minutes. Then the reactions

were stopped by adding 1mL of 0.1M sodium carbonate (Na,COs) solution. The

a-glucosidase activity was determined by measuring the yellow-colored para-nitrophenol

released from pNPG at 405 nm. The results were expressed as percentage of the blank

control.
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Ch.3 Results

3.1 The effect of a-glucosidase activities from varieties of flower tea

We have extracted the potential substance containing the inhibitory effect of

a-glucosidase activity from different flower teas; Roselle, Chrysanthemum, Rose,

Butterfly pea, Jasmine, Calendula, Osmanthus fragrans and Jiaogulan, and compared with

their the inhibitory effect. According to our experimental results, we found that the

extracts of Chrysanthemum, Roselle, Butterfly pea and Osmanthus fragrans contained the

highest inhibitory effect of a -glucosidase activity, and the effect was the best among the

others. The inhibition of a -glucosidase activity in Osmanthus fragrans flower tea extract

is the highest (around 88%), which is close to the inhibition level of the positive

control-clinical drug Glucobay (acarbose). It suggested that it should have a-glucosidase

inhibitor in the some of the flower tea extracts

Among the eight kinds of natural flower tea extracts, Osmanthus fragrans has the

highest inhibitory effect a-glucosidase activity. The reactant with Osmanthus fragrans

extract has the lowest absorbance and the colour of the mixture is lighter than others. It is

concluded that Osmanthus fragrans has a higher inhibitory effect on a-glucosidase activity,

and the inhibitory effect is the best among the other eight samples. Calendula extract has

the least inhibitory effect on a-glucosidase activity and showed the lowest effect, followed

by Jiaogulan, Jasmine, and Rose (Fig. 3.1.1).
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Samples Absorbance (Abs) %Inhibition

1. Roselle 0.536 74%
2. Chrysanthemum 0.848 59%
3. Rose 1.286 38%
4. Butterfly pea 0.504 76%
5. Jasmine 1.325 36%
6. Calendula 1.978 4%
7. Osmanthus fragrans 0.249 88%
8. Jiaogulan 1.822 12%
9. Glucobay 0.168 92%
10.PB 2.071 0%
Table 3.1.1

120%

100%

% Inhibition

80%
60%
40%
20% I '
00 - Il
1 2 3 4 5 6 7 8 9 10

Figure 3.1.1 Graph of the percentage of inhibition of a-glucosidase activities in
different flower tea extracts and Glucobay solution (positive control).

3.2 The effect of incubation time on the a-glucosidase inhibitory activities
The longer the extraction time of incubated flower tea is, the more effective the

substances containing the inhibitory effect of a-glucosidase can be released. After soaking
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all the dried flower tea samples in room temperature distilled water for 15, 30 and 45

minutes, it was identified that the inhibitory activity of a-glucosidase was more effective

after incubation dried flower tea extracts for 45 minutes. The results showed that dried

flower tea soaked for 45 minutes could effectively release potential inhibitor of

a-glucosidase (Fig. 3.2.1-3.2.2).

samples Absorbance] %lInhibition JAbsorbance| %Inhibition JAbsorbance %Inhit?ition

(Abs) 30mins (Abs) 45mins (Abs) 60mins
1. Roselle 2.583 49% 2.772 45% 3.532 30%
2. Chrysanthemum 2.628 48% 2.764 45% 2.324 54%
3. Rose 4.577 9% 4.673 7% 4.823 4%
4. Butterfly pea 2.469 51% 2.885 43% 2.044 59%
5. Jasmine 4.046 20% 4.174 17% 4.133 18%
6. Calendula 4.089 19% 3.922 22% 3.149 37%
s 2.33 54% | 2358 | 53% | 1207 | 76%
8. Jiaogulan 3.893 23% 4.371 13% 4.235 16%
9. Glucobay 0.019 100% 0.019 100% 0.019 100%
10.PB 5.036 0% 5.036 0% 5.036 0%
Table 3.2.1
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Figure 3.2.1 Graph of the effect of incubation time on the percentage of inhibition
of a-glucosidase activities in different flower tea extracts and Glucobay solution

(positive control).
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Figure 3.2.2 Graph of the effect of incubation time on the percentage of inhibition
of a-glucosidase activities in different flower tea extracts and Glucobay solution

(positive control).
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3.3 The effect of the a-glucosidase inhibitory activities when using different solvent
for extraction

Natural flower tea samples contain different compounds that inhibit the activity of

a-glucosidase, such as anthocyanins, polyphenols and flavonoids. The solubility of

polyphenols is determined by the type of polar solvents such as methanol, ether, or water.

Methanol is considered to be the most effective method to extract polyphenols, and water

can also extract soluble phenols and flavonoids. In order to compare the content of

compounds soluble in different polar solvents, and to determine the inhibitory activity of

a-glucosidase in the flower tea extract, flower tea samples were extracted by distilled

water and 50% methanol. After 15 minutes of incubation with distilled water and alcohol

(50% methanol) at room temperature for extraction, the results showed that the natural

flower tea extracts in water solvent has a better inhibitory effect on a-glucosidase (Fig.

3.3.1-3.3.2).
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% Inhibition % Inhibition
Absorbance ) Absorbance )
Samples (Extracted in (Extracted in
(Abs) (Abs)
water) 50% methanol)
1. Roselle 0.622 70% 0.536 64%
2. Chrysanthemum 1.067 48% 1.548 25%
3. Rose 1.131 25% 1.286 38%
4. Butterfly pea 1.57 54% 1.504 27%
5. Jasmine 1.137 45% 0.825 30%
6. Calendula 1.439 27% 1.49 27%
7. Osmanthus
fragrans 0.749 75% 0.522 64%
8. Jiaogulan 1.022 51% 0.978 53%
9. Glucobay 0.046 98% 0.268 87%
10. PB 2.071 0% 2.071 0%
Table 3.3.1
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Figure 3.3.1 Graph of the percentage of inhibition of a-glucosidase activities in
different flower tea extracted in 50% methanol as compare to extracted in water.
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Figure 3.3.2 Graph of the percentage of inhibition of a-glucosidase activities in
different flower tea extracted in 50% methanol as compare to extracted in water.
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3.4 The inhibitory activities of a-glucosidase in boiled flower tea extract

Comparing the addition of room temperature with 100°C boiling distilled water to
extract various dried flower teas, the results showed that most of the flower tea extracts
maintained the original inhibitory effect of the a-glucosidase activity. Only a small
number of flower tea samples showed that their inhibitory effect could not be enhanced on
the a-glucosidase activity after with 100°C boiling water extraction. Results showed that
both 100°C boiling distilled water extraction and distilled water extraction at room
temperature on dried natural flower teas for 30 minutes could effectively release

substances containing the inhibitory effect of a-glucosidase. (Fig. 3.4.1).

samples Absorbance | % Inhibition | Absorbance | % Inhibition
(Abs) (RT water) (Abs) (100°C water)
1. Roselle 1.815 39% 2.583 49%
2. Chrysanthemum 1.446 51% 2.628 48%
3. Rose 2.625 12% 2.469 15%
4. Butterfly pea 2.082 30% 4,577 9%
5. Jasminum 2.77 7% 4.046 20%
6. Calendula 2.351 21% 4.089 19%
s 1.144 62% 2.33 54%
8. Jiaogulan 1.898 36% 3.893 23%
9. Glucobay 0.091 97% 0.019 99%
10. PB 2.983 0% 5.036 0%
Table 3.4.1
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Figure 3.4.1 Graph of the percentage of inhibition of a-glucosidase activities in
different flower tea extracted in 100°C distilled water as compare to flower tea
extracted in room temperature distilled water (RT water).

3.5 The combined effect of different natural flower teas on the inhibitory activities
of a-glucosidase

Various natural flower tea extracts or a mixture of two flower tea extracts were mixed
and tested for the comprehensive combined effect on the inhibition of a-glucosidase
activities. Single flower tea extract may be not adequate to assess the delay of
carbohydrate digestion. Many scientists have investigated the combination of different
plant-based foods containing various chemicals that exhibit additive and synergistic
interaction in anti-diabetic properties that exert positive health-promoting effects, leading

to the development of functional foods [9, 10]
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Our results showed that the percentage of inhibition of a-glucosidase activity from

the mixed flower tea was greater than the sum of the total inhibitory effect, indicating that

the combination of butterfly pea flower and Osmanthus fragrans extracts produces a

synergistic inhibitory effect on a-glucosidase activity, and also exerted an additive

inhibitory effect (Fig. 3.5.1).

5 —
% Inhibition f’cg‘r:‘]'bbi'rfg’d“
Samples Abs (without Samples Abs with
combined) Butterfly pea)
1. Roselle 1815 39% 1. Roselle 1.847 45%
+ Butterfly pea
2. Chrysanthemum 1446 5004 2. Chrysanthemum 1614 5204
+ Butterfly pea
3. Rose 2.625 12% 3. Rose 1.745 39%
+ Butterfly pea
4. Butterfly pea 2.082 30% 4. Butterfly pea - -
5. Jasmine 277 79% 5. Jasmine 2069 28%
+ Butterfly pea
6. Calendula 5351 2106 6. Calendula 1,726 40%
+ Butterfly pea
7. Osmanthus 7. Osmanthus
fragrans 2.144 36% fragrans 1.614 64%
+ Butterfly pea
8. Jiaogulan 0.898 36% 8. Jiaogulan 1.877 34%
+ Butterfly pea
9. Glucobay 0.091 97% 9. Glucobay 0.107 96%
10. PB 2.983 0% 10. PB 2.863 0%
Table 3.5.1
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Figure 3.5.1 Graph of the combined effect on the percentage of inhibition of
a-glucosidase activities in different flower tea.

Ch.4 Discussion

We have extracted the potential substance containing the inhibitory effect of
a-glucosidase activity from eight different flower teas, and compared with their the
inhibitory effect. According to our experimental results, we found that the extracts of
Chrysanthemum, Roselle, Butterfly pea and Osmanthus fragrans contained the highest
inhibitory effect of a -glucosidase activity, and the effect was the best among the others.

The inhibition of a -glucosidase activity in Osmanthus fragrans tea extract is the highest
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(around 88%), which is close to the inhibition level of the clinical drug Glucobay

(acarbose). It suggested that it should have a-glucosidase inhibitor in the some of the

flower tea extracts

The water-soluble extract of Osmanthus fragrans may contain the most polyphenols,

so the a-glucosidase activity inhibition is the highest. The literature points out that

polyphenols have hypoglycemic effects. Through scientific research and clinical

verification, tea polyphenols have a regulating effect on human glucose metabolism

disorders, thus effectively preventing and treating diabetes and its complications, and it is

the health care product of choice for diabetic patients [8-9].

Recent studies have indicated that plant-based edible natural plants or drinking

natural teas contain high total polyphenolic compounds and high flavonoid yields that are

closely related to in vitro intestinal a-glucosidase and pancreatic a-amylase inhibitory

activity [6-7].
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Ch.5 Conclusions and important findings

Our research project successfully confirmed that Chrysanthemum, Roselle,
Butterfly pea and Osmanthus fragrans tea extracts have the highest inhibitory effect
on a-glucosidase activity. Significantly, our experimental results show that the water
soluble Osmanthus fragrans tea extract (0.25g/ml) has an inhibitory effect (up to 80%b)
on o-glucosidase activity, close to the inhibition level of clinical drug Glucobay
(acarbose).

In addition, the a-glucosidase enzyme activity inhibitor in flower tea maintains
its inhibition effect after heating at high temperature. Furthermore, the results of this
study demonstrate that the combination of butterfly peas and Osmanthus fragrans
flower tea extracts produces a synergistic inhibitory effect on a -glucosidase activity
and exerted an additive inhibitory effect.

This study showed that extracts of natural flower tea contain a-glucosidase inhibitors,
and it indicated that daily consumption of natural flower tea is a potential new method for
preventing or treating diabetes through diet. In recent years, many efforts have been made
to identify effective a-glucosidase inhibitors from natural sources in order to develop a
physiologic functional super food for managing diabetes. Natural flower tea is the best

choice of healthy and functional food.
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Ch.6  Prospect

Investigate whether the a-glucosidase inhibitor in the natural flower tea extracts is a

competitive inhibitor or non-competitive inhibitor by enzyme kinetic study.

Investigate and isolate the important bioactive components from the natural flower

tea extract by chromatography (ion exchange chromatogram column and gel

chromatogram column). Purification of a-glucosidase inhibitor can also be carried

out in order to study its properties.
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Introduction

Environmental Problems caused by the Textile Industry

According to The 2015 United Nations Climate Change Conference, the textile industry is
the second-largest source of pollution in the world. Different stages of textile production produce
tones of harmful pollutants. According to the World Wildlife Fund, to produce a single cotton
t-shirt, 2,700 liters of water is necessary. Nowadays, cotton is the world’s largest

pesticide-consuming crop and harms both soil and water.

Polyester fiber is the most common material and uses up 70 million barrels of oil each year.

It requires more than 200 years to be completely decomposed which leads to more rubbish.

Leather also causes pollution by using harmful chemicals in the tanning process, which

harms workers’ health.

What can we do to relieve environmental damages made by the textile industry? Are there
any eco-friendly materials we can use instead? Recently, QUT fashion academic Dean Brough

and other designers proposed using kombucha SCOBY as a textile material.
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What is Kombucha SCOBY?

Kombucha is a drink made by adding acetic acid bacteria and yeast to sweetened tea which
assists in digestive health. Yeasts and bacteria are involved in metabolic activities. They
hydrolyze sucrose into glucose and fructose by invertase and produce ethanol in the process,
with fructose as a substrate. Acetic acid bacteria produces gluconic acid and ethanol to produce

acetic acid. It will form a pellicle on the surface of the tea made of cellulose which we call

SCOBY.

Red Tea SCOBY

In the previous experiment, we had come to a conclusion that Red Tea SCOBY performs the
best among Red Tea SCOBY, Green Tea SCOBY and Oolong Tea SCOBY and other
commercially available textile materials (polyester, nylon and cotton) based on surface
morphology, tensile strength and heat retention. From the SEM scanning, we can see that there
are a numerous number of “porous” fibers between cotton and polyester while for Red Tea
SCOBY, the fibers are closely packed with very little to no space between them. The scanning is

shown below:
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The fine fibers in Red Tea SCOBY perform excellently in tensile strength and heat retention
tests. In the tensile strength test, results showed that polyester is the stiffest substance, followed
by nylon, cotton, Red Tea SCOBY and Oolong Tea SCOBY. In the study of the thickness effect
of tensile strength, the tensile strength of SCOBY increased with thickness. Hence, we made an
assumption that tensile strength is directly proportional to its thickness and estimated the tensile
strength thickness. It is found that with the same thickness, the tensile strength of Red Tea

SCOBY is nearly double that of the polyester and 3.7 times stronger than the cotton.

In the heat retention test, Red Tea SCOBY showed the best performance among all the other
materials. The fibers of Red Tea SCOBY are closely packed so it conserves heat energy better

than cotton and polyester.

Therefore,we are going to use Red Tea SCOBY for further investigation. To increase the
production yield, we found the optimum conditions for finer SCOBY growth is temperature,
sugar concentration and exposed area. This enables us to study the feasibility of using SCOBY as

an alternative to textile materials.
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Aim and Objective

Aim: to investigate the feasibility of using SCOBY as alternative to textile materials

The objectives of this research are:
1. To have a deeper insight into pollution caused by the textile industry.
2. To increase the production yield of Red Tea SCOBY by growing it in different conditions

3. To find out the features of Red Tea SCOBY by studying its other properties by experiments

Methodology

We plan to find out the problems arising from the textile industry and study the feasibility of
SCOBY by using microbes to grow “textile”. To study it, we searched for secondary
information from websites, books , and carried out experiments.

First, we will increase the production yield of Red Tea SCOBY by optimizing its growth
conditions (temperature, sugar concentration, exposed area and days of growth). Next, we will
study the textile properties of the SCOBY and compare them with various textile materials (e.g
Cotton, Nylon and Polyester) to study the feasibility of using SCOBY as textile material.

In the experimental investigation, two sections are involved:

Section 1: Growing SCOBY at different conditions

Section 2: Comparing “textile” properties of SCOBY with various textiles.
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Experimental details

Section 1

Growing SCOBY at different conditions

—

Objective

To grow the SCOBY at different conditions (such as temperatures, sugar
concentrations and exposed areas)

To find out the optimum conditions for SCOBY growth.

Safety Precaution

. Wear safety goggles and gloves

Procedure to grow SCOBY

. Weigh 20 g sugar using electronic balance.

Mix 20 g sugar, 600 mL water and 2 tea bags of Red Tea, and boil the mixture using an
electric kettle.

Pour it into a 1L beaker and cool it.

Measure 200 mL Kombucha using a measuring cylinder and mix it in with the mixture.
Pour the mixture into three 250 mL beakers evenly.

Cover the mixture and grow “SCOBY”.

After a few days, the SCOBY will be air-dried overnight.
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Part A _Growing SCOBY using different temperatures

1. Prepare two different bottles with SCOBY in it.

2. Put one of the bottles at room temperature.

3. Put the other in an incubator with the temperature set to 35°C.

4. Check on the SCOBY for 7 days, 15 days and 30 days respectively.

5. Measure the thickness of the SCOBY.

6. Compare both of them and find out the more optimum temperature that assists SCOBY

growth.

Part B__Growing SCOBY at 35°C using different sugar concentrations

1. Prepare 5 bottles with the different levels of sugar concentrations
(6.67g/200mL, 20g/200mL, 33.33g/200mL and 133.3g/200mL).

2. Once cooled, pour the SCOBY culture into each bottle.

3. Put them into the incubator and set it to 35 °C.

4. Measure the thickness of the SCOBY in both containers.
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Part C_Growing SCOBY using different exposed surfaces

1. Prepare containers of different exposed surfaces.
2. Pour the SCOBY mixture into the containers.

3. Measure the size of SCOBY grown in each container.

Part D _Growing SCOBY with seawater

Same as the Procedure to grow scoby, except the tap water is replaced

by the seawater
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Section 2

Compare “textile” properties of SCOBY's with commercially available textile materials.

Objective

To study the features of SCOBY by comparing the textile properties of Red Tea
SCOBY with Cotton and Polyester

Safety Precaution

1. Wear safety goggles and gloves

Part A _Air Permeability Test

1. Cover the plastic tube with Red Tea SCOBY and secure it with a rubber band.
2. Place a table tennis ball inside of the tube, and cover it .

3. Put the setup on a flat surface so that gravity will not affect the experiment.

4. Put the hairdryer in front of the side of the tube covered with SCOBY.

5. Switch on the hair dryer for 2s.

6. Observe the movement of the ball.

7. Repeat Steps 1-6 using cotton.

Part B Dyeing Test

1. Add and dissolve one spoon of fabric dyeing powder into 150

mL hot water
2. Immerse SCOBY into the solution.

3. Wait for the color to become fully absorbed into SCOBY.
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4.Take the SCOBY out and wash it under running water for 1 minute.

5.Dry it for one day

Part C Chemical Test

1. Prepare beakers containing 20 mL of the following solutions respectively:

e Dilute Sodium Hydroxide solution

e Baking Soda solution

e Dilute Sulphuric Acid

e (Coconut oil

o C(ellulase solution

e Distilled water (control)

e Boiled water

2. Immerse one SCOBY into each solution for 2 hours.

2019/20 — 2020/21 | 133



Part D Chemical Test with SCOBY in acid and alkaline environments

Experiment :
1. Prepare 2 samples of SCOBY, dilute hydrochloric acid and dilute sodium hydroxide
solution.
2. Add 20mL dilute hydrochloric acid to a SCOBY sample.
3. Add 20mL sodium hydroxide solution to another SCOBY sample.
4. After 3 hours, compare the samples

5. Observe the texture of the samples.
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Results and Analysis
Section 1

Part A _Growing SCOBY using different temperatures (room condition and 350C)

SCOBY grown at different temperatures

E10
£
% s Optimum
:‘7‘: [ temperature
2 4 for SCOBY
% 2> growth
E o
5 20 25
(in Refrigerator) (room condition) (in incubator)

Temperature (2C)

We carried out an experiment on growing SCOBY at refrigerator temperature (5°C),
room temperature (20°C) and incubator temperature (35°C). 15 days later, its
thickness went up to 9mm in the environment of 35°C). SCOBY grew in room
condition and in the refrigerator performed poorly, with Smm thickness at 20°C and

Omm at 5°C. As a result, 35°C is used as our default SCOBY growth temperature.
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Part B_Growing SCOBY at 350C using different sugar concentrations

SCOBY grown at different sugar
concentrations

o
@]

Thickness of SCOBY (mm)
o N b O

0] 20 40 60 80 100 120 140 160
Sugar Concentration (g / 200 mL)

On the 15" day, the SCOBY using sugar concentration of 20g/200mL grew to 9mm
and reached the peak in the curve, while its thickness using sugar concentrations 6.67,
33.33, 133.3 g/200mL only grew 7mm, 6mm, 3mm respectively.This might be caused
by insufficient nutrients for microbe growth in 6.67g/200mL sugar
concentration,while 33.33g and 133.3 g of sugar provided excess nutrient for
SCOBY, causing extra microbe growth and increase the toxic chemicals during
fermentation, which disfavour the microbes’ growth. Therefore, SCOBY thickness
decreases when the sugar concentration exceeds its need. Based on our results, it

grows the best in the 20g/200mL sugar concentration.

2019/20 — 2020/21 | 136



SCOBY grown with tea at 35°C
14 using 20 g/200 mL sugar solution
E 12
= 10
S s
2 0 ®
o 4
e
S 2
i
=0
0 15 30 45 60
No. of Growth Days

The chart shows that SCOBY thickness increases with the number of days and is
saturated at ~45™ days. Although SCOBY grew to 9mm on the 15" day, by the 30™
day, the thickness of SCOBY only increased marginally (by 33.3%).Therefore, it is

suggested to increase the yield by growing them for ~15 days with a more batches.
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Part C_Growing SCOBY using different exposed surfaces

Same Volume of Kombucha matrix used (3200 cm? )

Larger Exposed Area Smaller Exposed Area

Area of SCOBY Area of SCOBY
=37cm x 27cm =3.14 x (7.5cm):
= 999%cm: =177cme

The area of the SCOBY increases with increasing exposed area .

Part D Growing SCOBY with seawater

The result shows that the SCOBY grew with seawater is the same as that grew with tap water.
Therefore, seawater is suitable for growing SCOBY.
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Section 2

Part A Air Permeability Test

Switchon

hairdryer for 2s Ball does not move

¥

Red Tea SCOBY is
impermeable to air

Switchon
hairdryer for 2s

The ball in the plastic tube wrapped with SCOBY remained stationary after switching on the
hairdryer whereas the one in the plastic tube wrapped with cotton did .This indicates SCOBY is

not permeable to air while cotton is.
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Part B Dyeing Test

w5

After Dyeing
Before Dye|ng Even after rinsing with water many times,

the colour remains as vibrant

After being dyed, we rinsed SCOBY with water numerous times and found that it still remained

vibrant. Therefore,we conclude that dye sticks to SCOBY firmly.

Part C Chemical Test

_ After immersing in

) i chemicals and
‘ﬁ:_‘ | & E-;-L. washing with water

SCOBY was chemical resistant as it was not destroyed nor decomposed during the experiment.

The alkalis were also found to reduce the stickiness of SCOBY by removing the organic acid.
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Part D Chemical Test with SCOBY grew in seawater

SCOBY grew with seawater and was also proven to be chemical resistant as it was not

decomposed.
magnification | SCOBY+NaOH SCOBY+HCI SCOBY
500X
1500X
3000X
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Summary and Conclusion

As stated by COP21, the textile industry is the second-largest polluter. Besides, the shrinking
supply of cotton results in the rise of production cost. In this study, we investigated the
feasibility of using Red Tea SCOBY as an alternative to textile materials. Firstly, we inspected
the growth conditions to increase production yield. We conducted an air permeability test,

dyeing test and chemical test and compared it with cotton.

In experiments, it was found that SCOBY grows the best at 35 °C, with the sugar concentration
of 20g/200mL. To increase the yield, it will only be grown for 15 days in each batch.The
increase in the exposed area for SCOBY growth will increase its size. To reduce the growth
cost , we grew SCOBY using seawater, which was a success.

In the air permeability test, we found that SCOBY is impermeable to air while cotton is . In the
dyeing test, we used fabric dye that is commonly used for dyeing cotton. After it was dyed, we
rinsed it with water and it remained in a vibrant state. This indicates dye can stick firmly on
SCOBY. In the chemical test, the SCOBY was not destroyed or decomposed, which proves its
chemical resistance. We found that alkaline substances reduce the stickiness of the SCOBY by
removing the organic acid produced during its growth. In the chemical test performed with
SCOBY grown with seawater, the SCOBY was still chemical resistant. Therefore, seawater is
suitable for growing SCOBY.

To conclude, growing SCOBY at 35 °C in seawater and a sugar concentration of 20g per 200mL,
then putting it in a larger exposed area for 15 days increases its production yield. For the

application of materials in the textile industry, Red Tea SCOBY is impermeable to air,
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chemical-resistant, and can be dyed easily, which shows a great potential in being a heat

insulative material.
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1.Background

In recent years, the average mean temperature of the Earth has been
increasing rapidly and it is projected to rise in the near future as well.

In order to deal with this global issue, we decided to conduct an
investigation regarding our daily clothing to cope with the situation. In our
research, we hope to use various materials to create clothing which can
help people escape from the sufferings brought by the extreme heat.

Normally people would like to take off their clothes when they are on a
very hot day to lose heat more quickly and make themselves not sweat as
much, for example when people go to the beach.

Fig.1: People on a beach on a hot summer day

But in areas with high outdoor temperature such as Egypt, people wear a
lot of clothes on their body to prevent the heat from surrounding their body
which is a lot different from what people would normally do in a situation
like this.

e o N W TR

Fig.2: People in the desert . .
The areas we would consider in this research includes how the material,

color and the thickness of the clothing would affect the effectiveness of
keeping the body cooler.
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2.1ntroduction

On a sunny day, when the air temperature is higher than the human body,
heat can be transferred to the human body through three methods: radiation,
conduction and convection. Light from the sun gives off radiation, which
can be absorbed by the human body. It also heats up the surrounding air.
The heated air rises and transfers heat to the human body through
convection. Heat is also transferred into the human body through
conduction from the hot clothes and air. When the surrounding temperature
Is higher than the human body, the material of clothing should block the
outside heat from overheating the human body by conduction, convection
and radiation.

Convection

Conduction

Sun

Radiation

DA

B R T A Ty B
Fig.3: Heat transfer process

Since it is expected that the outdoor temperature on a hot summer day will
be often higher than 36°C, the human body overheats very easily.
Therefore, we would like to conduct an investigation to find the most
suitable clothing under hot weather.

To investigate what kind of clothing is most suitable under hot weather, we
have conducted different groups of experiments on several variables,
including color, thickness and material of the clothing. Each effects a
different heat transfer method, thus we would like to create a composite
material which can reduce heat gained by the human body from all three
heat transfer methods.
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3.Hypothesis

In common situations, cotton and linen are expected to be the most suitable
material for clothing under hot weather conditions as they provide higher
convection rates. However, in extreme weather conditions, it would be best
for the material to be able to block out heat outside from entering the body
through convection. Therefore, wool and polyurethane laminate cloth are
tested to see whether they can provide better insulation to the human body.

Other than that, the color of the cloth would affect the body temperature
as well. It is known that materials that are silver in color are a bad absorber
of radiation, while materials that are black in color are a good absorber of
radiation. Therefore, having the clothes in silver color would be the best in
reducing heat gained through radiation. However, the different
combinations of color may also give different results, and thus will be
tested to see which combination would keep the heat gained through
radiation to the lowest, thus keeping the body cool.

The thickness of the cloth would also affect the result of the
experiments. As air is a good insulator of heat, clothing with considerable
thickness would be able to reduce heat gained by the human body through
conduction.
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4.Preparation
4.1 Experimental Setup

The following systems will be used in all three tests.

4.1 DIY data logging system:

Several temperature and humidity sensors are used to record the air
temperature surrounding the body as well the change in humidity from the
evaporation of sweat. Arduino UNO is used as a microcontroller and it is
connected to a submersible temperature sensor (DS18B20) and a
temperature and humidity sensor (DHT11). Data collected is transferred to
the computer through USB cable and is recorded in a spreadsheet.

4.2 Artificial sunlight:

Four sunlamps, a metal frame and plastic book wrap are used to create
an artificial sunlight setup. Four sunlamps were placed on top of the metal
frame, then the frame is wrapped with plastic book wrap to reduce heat loss
to the surroundings for our experiments. A thermometer is placed using a
stand and clamp inside the setup to monitor the temperature inside. To
reduce direct radiation from the artificial sunlight so as to measure air
temperature, a wooden block is hung over the thermometer.

4.3 Human sweat:

Human sweat contains 0.9g/L of Na+ ions, 0.2g/L of K+
ions, 2.9¢g/L of lactic acid and 1.8g/L of urea. This means that there are
0.99/L23=0.0391 mol/L Na+ ions and 0.2¢9/L39.1=0.00512 mol/L K+
ions. To mimic sweat, NaCl, KCI, lactic acid and urea are used to create
an artificial sweat solution. 0.0391mol/L 58.4 g/mol =2.28g/L NaCl and
0.00512 mol/L and 74.6 g/mol = 0.382 g/L KCI are used to create our
artificial sweat solution.
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Experimental Setup

Artificial sunlight:
With about
2000kW, Covering
about 1m?

Wooden block: - ‘
Prevent the - | Data-logging system
thermometer i —
from direct
heating by
radiation

Thermo ’ EEE 3 ' DS18b20[Submersible
Temperature Sensor]

Artificial sweat:
Mixed with different
metal ions to mimic
human sweat.

DHT11{Temperature
Sensor|

2019/20 — 2020/21 | 152



4.2 Preparation of all tests

=

2.5L of the artificial sweat solution is poured into the glass bowl.

2. The water temperature sensor is submerged in the solution while the
temperature sensor is sticked to the side of the glass bowl

3. The artificial sunlight setup is turned on and waits for the
temperature to reach 40°C.

4. The setup is prepared and different testers can be placed above the

glass bowl.

5.Experiments
5.1 Test between different materials

5.1.1 Aim

To test the rate of heat gained through convection by the human body.

5.1.2 Material to be tested:
- Cotton
- Wool
- Linen
- Polyurethane laminate cloth
*Assume they are in same color and same thickness

5.1.3Procedures:
1. Stepl - 6 of 5.1.3 is repeated in this experiment.
2. Procedures are repeated with four different materials.
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5.1.4 Results:
Relationship between different material and
the temperature of the body

== Linen == Cofton Polyurethane Laminate == Wool
60
=
///

56

Temperature between the surface of

Red: Cotton
Material: Cotton|T-shirt)
Thickness: 0.403mm

Material: Wool(Scarf) Temperature sensor
Thickness: 0.4177mm

Temperature(*C)

cloth and the artificial skin

10 20 30 40 50 60

Time(min)

Artificial sunlight

Water temperature sensor

=
I

== Linen == Cotton Polyurethane Laminate == Wool

450

440 ////‘
2IUC. LIHITH 430 /_/
Material: Linen S 420 7T
Thickness: 0.182mm 410 //

Water temperature(

Time(min)

Water temperature

Material: Polyurethane Laminate
Thickness: 0.295mm

Results_ Best material:

Polyurethane Laminate

5.1.5 Conclusion

Among all experimental results, it is found out that the rise in both air
temperature and water temperature was the lowest when polyurethane
laminate cloth was applied. Therefore, polyurethane laminate cloth is the
most ideal material.
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5.2 Test between different colors

From the results in 5.1, we knew that polyurethane laminate cloth is the
most ideal material. The second experiment would be investigating
effect of different color combinations on temperature

5.2.1 Aim
To test out the rate of heat gain by radiation by the human body.

5.2.2 Color combinations to be tested the rate of heat
gain by radiation:
In order to provide a silvery surface for the polyurethane laminate cloth,
aluminium foil is used to cover the black surface of polyurethane laminate
cloth. The following are the combinations that we are going to test:

« Black-Black (Polyurethane laminate cloth)

o Black-Silver (Aluminium foil-Polyurethane laminate cloth)

 Silver-Black (Polyurethane laminate cloth-Aluminium foil)

« Silver-Silver (Aluminium foil- Polyurethane laminate cloth-

Aluminium foil)

5.2.3 Procedures
1. Stepl - 6 of 5.1.3 is repeated in this experiment.
2. Procedures are repeated with four different color.
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5.2.4 Results
Relationship between different color combinations of
polyurethane laminate and the temperature of the body

== Silver-Cloth-Silver == Silver-Cloth-Black Black-Cloth-Silver == Black-Black
625
60.0
575
55.0
525

% 332 Temperature between the surface of
§ 450 cloth and the artificial skin
425
Thickness: 0.295mm 400 . —— . I —
Colour: Black-Cloth-Black 315 [ A7
0 10 20 30 40 50 60

Time(min)

Artificial sunlight

Temperature sensor
Colour: Black-Cloth-Silver : / | \

Thickness: 0.328mm \_

Water temperature sensor _

== Silver-Cloth-Silver == Silver-Cloth-Black Black-Cloth-Silver == Black-Black
410
405
Red: Silver-Cloth-Black - ‘;Z‘;

(]
Thickness: 0.328mm E 0
Colour: Silver-Cloth-Black g; 285
§ 380
A % 375
= 370
365
360
10 20 30 40 50 60
Water temiperature

Blue: Silver- Cloth-Silver
Thickness: 0.368mm

Colour: Silver-Cloth-Silver R e s u It S:

Best color combination:
Silver-cloth-Sllver

5.2.5 Conclusion

Among all the tested combinations, Silver-Silver (Aluminium foil-
Aluminium foil) showed the lowest rise in temperature. Therefore, having
both sides colored silver is the best color combination.
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5.3 Test between different thickness

From the results in 5.1and 5.2, we knew that polyurethane laminate
cloth with a silvery top and bottom layer is the most ideal material. The
third experiment would be investigating effect of different thickness on
temperature

5.3.1 Aim

To test the different temperatures and humidity around the human body
when different thickness of the same type, same color of cloth are applied
to the body.

5.3.2 Thickness to be tested
In order to increase the thickness, cotton pads are used. The following are
the combinations that we are going to test:

« 0 layer of cotton pad

« 1 layer of cotton pad

« 3 layer of cotton pads

« 5 layer of cotton pads

5.3.3Procedures
1. Stepl - 6 of 5.1.3 is repeated in this experiment.
2. Procedures are repeated with four different thicknesses.
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5.3.4 Results

Relationship between different thickness of silvery covered
polyurethane laminate and the temperature of the body

== No cotton layers == One cotton layer Three cotton layers == Five cotton layers

60
58
56
54
52
50
48
46
44
42
40

g
:

Temperature between the surface of

Blue: No Cotton Layer clothiand the artificial skin

Thickness: 0.368mm
(0 layers of cotton pad)

Temperature(*C)

10 2 30 40 50 60

Time(min) Artificial sunlight

y EEE =S
Thickness: 1.375mm &I
\‘ . I -
.

Temperature sensor
(11ayer of cotton pad)

Water temperature sensor

== No cotton layers == One cotton layer ‘ihree cotton layers == Five cotton layers
410
405
Thickness: 3.784mm 00
[31ayers of cotton pad] & *°°
g 390
_ E g s
gk ;::, 38.0
T ' £ s /"
ftt i 370
- 365
' 10 20 30 40 50 60
z Time(min)
Thickness: 5.872mm Water temperature
|5 layers of cotton pad)
Best Thickness:

Results: layer of cotton pad

5.3.5 Conclusion

Among all the tested combinations, the setup with no layers of cotton
showed the lowest rise in temperature. Therefore, a thinner cloth is better
than a thicker one.
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5.4 Final Conclusion
Final Results:

[emperature and Water Temperature
== Temperature(°C) Water temperature(°C)
60.0
55.0
50.0
450
40.0
35.0
30.0

Time

Material: Polyurethane laminate
&Color; Silvery Layer

Thickness: One layer of Cotton Pad

To conclude, the best composite material should be one made of
polyurethane laminate that has a layer of cotton, and has a silvery color.

6. Limitations and Errors

Unable to mimic the human body perfectly.

Whether it is the human skin, the sweating process, or even the self-
heating process of the human body, we are unable to create an artificial
replica of the human body. Therefore, the results can only represent a
fraction of the effects of clothing on the human body, as well as providing
an overview of what might happen to the temperature surrounding the
human body.

Variations on colour and thickness

The initial color and thickness of the cloth varies from one type to the
other. It is unsure to what degree the slight difference in colour and
thickness would affect the final results of the experiment. However, it is
still a possible error and should be taken into account.

1€.14 Inconsistent color of different cloth
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Unable to provide a realistic replica of hot weather

Whilst we are able to create a consistent supply of artificial sunlight,
the heat inside the setup heats up gradually to around 43-45°C. Moreover,
in a real environment, there will be other factors affecting the temperature,
such as wind and cloud cover. Therefore, the results cannot completely
represent the situation in the real world.

7. Further Improvements

Increase number of trials for each experiment

There might be slight errors or extreme data recorded in individual
trials, making the experimental results inaccurate. Doing more trials for
each setup could decrease these potential errors. However, the time limit
does not allow us to do multiple trials since each experiment requires about
2-3 hours to prepare for the setup and record the data.

Improve the DIY data logger system

Our current data logger system still has some issues such as extreme
data recorded, or may be not accurate enough. Therefore, we would like to
Improve the accuracy and consistency of the data logger system to acquire
more accurate data in the future.
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9. Appendix

1. DIY data logger system (program)

Budding §

#include <DHT.h>
#include <OneWire.h>
#include <DallasTemperature.h>
#define ONE_WIRE_BUS 4
#define dhtPin 8
#define dhtType DHT11
DHT dht {dhtPin, dhtType);
OneWire onewire (ONE _WIRE_BUS);
DallasTemperature dsl8b20 (&onewire);
void setup() {
Serial.begin{9600);
Serial.println{"Label, Time, Temperature, Humidity, Water Temperature");
dht.begin{);
dsl1l8b20.begin();
}

void loop () I
dsl8b20.requestTemperatures () ;
float h = dht.readHumidity ()’
float t = dht.readTemperature();
float wt = dsl8b20.getTempCByIndex(0);
Serial.print ("DATA, TIME,");
Serial.print(t);
Serial.print(™,");
Serial.print(h);
Serial.print(",");
Serial.println{wt);
delay (60000) ;
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Introduction

With great honour, we have conducted an interview with Professor YUEN, Man Fung on
08.12.2020 via Zoom. Prof. Yuen has shared with us his experiences of being a medical
doctor who also conducts scientific research in the field of medicine, as well as his journey
of hard work, dealing with difficulties and sometimes, results. He also has given us advice in
the pathway of research. We are very glad to have such a precious opportunity to talk to

Prof. Yuen and we are much inspired and encouraged by his story.
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Biography

Professor YUEN, Man Fung is a world-class clinician scientist who has obtained 3 doctoral
degrees including Doctor of Medicine with Sir Patrick Manson Gold Medal in 2001, Doctor
of Philosophy in 2005 and Doctor of Science in 2017. His research interests include
prevention, natural history, serology, virology and treatment of chronic hepatitis B and C,
and hepatocellular carcinoma. He is one of the top internationally renowned researchers in
the field of hepatitis B disease. He has now published more than 450 papers in world
renowned medical journals including New England Journal of Medicine, Lancet, Lancet

Infectious Diseases, Lancet Oncology.

With his international academic and professional achievements, Professor Yuen is an
invited member serving as key opinion leader for several international coalition committees
on hepatitis B disease. Professor Yuen is also honourably invited by The Novel Assembly at
Karolinska Institutet to nominate candidates for the Nobel Prize in Physiology or Medicine
for both 2020 and 2021. Recently, he was awarded the Croucher Senior Medical Research

Fellowships.

After graduating in 1992, professor Yuen started his research with analysing the medical
history of the disease. As time went on, he shifted his focus to the testing cures of the
diseases. In recent years, he performed further medicine analytics, aiming to lower the risk

of liver disease to the minimum.
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The Road to Research - “Why have you chosen to be a researcher?”

After graduation, professor Yuen embarked on his adventure of being a researching doctor
in pursuit of his interests. During his internship, he has witnessed many suffering patients
and various kinds of diseases, but the one that caught his eye was hepatitis. Patients
suffering from this liver disease were often seen during the internship but there was no
cure, as a result many patients passed away in front of his eyes, this inspired Professor

Yuen to research hepatitis.

The encouragement from processor Lai Ching Lung also inspired him to devote himself to
liver research. When he was still an intern, who hadn't even completed his medical training,
professor Lai, authority in liver research, invited him to participate in the investigation of
the liver. This made him feel honored and he was persuaded by professor Lai, who told him
there would be a large development space for liver investigation and he could help lots of
patients by choosing this area as hepatitis is very common in Asia and the treatment

system is not yet mature.

Combined three factors: self-interest, environment and other’s encouragement, Professor

Yuen has chosen to be a hepatitis researcher.
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Remarkable Achievements - Formulation of “GAG-HCC score”

Professor Yuen has done many remarkable monumental works in hepatitis research. One
of the most well-known triumphs is the invention of the formula GAG-HCC score, which can
be used to evaluate a patient's potential risk of developing hepatitis. The risk of developing
liver cancer in the next 5 to 10 years was assessed by substituting some risk factors like
gender, age and so on,the risk increases by 6% for each point in the total score. Formula
accuracy is up to 88%, if the risk is high, these patients can take in medicine for control in
advance. Moreover, it can be used to find potential carriers so that they can have follow up
consultations regularly. This score is also an international index to decide whether the
patient needs treatments or not. The formula helps find potential cancer patients

effectively and lowers the death rate of people suffering from hepatitis.

Before achieving this remarkable result, much effort was put into the study and the process
of formulation was very tough and gruelling. At that time, there were no advanced
technologies such as big data analytics, thus it was very difficult to collect and analyse huge
amounts of data. Professor Yuen and his team found 3000 hepatitis carriers and analyzed
their cases one by one. By doing regular checking, they recorded the carriers’ habits,
physical conditions and so on. Mr Yuen penned the data and records on paper and checked
them one at a time. It involved loads of paperwork and needed great efforts and patience.
At last, the hard work finally paid off, and Professor Yuen's team has worked out the

GAG-HCC score successfully.
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Dealing with Failures - Every effort matters

Professor Yuen has shared with us his frustrations during his path of research. Obtaining
unimportant negative results, suggesting false hypotheses is always an inevitable part of
research. As an experienced researcher, Professor Yuen believes that every effort matters
and the more experience you gain, the better thoughts you have, and the more accurate

predictions you can make.
False hypothesis

Most researches in the medical field start with hypotheses. After making the hypothesis,
data are then collected to test for it. The data collection and analysis take effort and time in
every research. However, the effort does not always pay off. Sometimes, the research he
and his team has put loads of hard work in would give negative results. By that time,
professor Yuen may feel disappointed. But after that, when he looked back, he would
believe numbers of negative results were actually important. They have shown some ways
of curing just don't work, and other scientists’ time would be saved from investigating those

methods.
Negative AND unimportant results

Professor Yuen said, surely not all negative results are important. Sometimes, they could be
neither positive nor important. In such cases, it is highly possible that no journals would like
to accept the manuscripts. Without the recognition from other scholars, it was easy to think
the hard work was meaningless and was a total waste. Yet, professor Yuen viewed it in
another perspective. Even obtaining negative and unimportant findings, people can learn
from the gruelling experience. Professor Yuen believes that the efforts made are never
wasted as gaining more experience helps build the foundation of accurate findings in the
future. For instance, he said, “at the beginning, | may only obtain 3 positive results from 10
researches. For now, | think | am obtaining 9 out of 10, as | am now much more

experienced to make accurate predictions.”
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Rejection in journal submission

Other than obtaining negative results, the greatest disappointment may come with the
short of expectations. Professor Yuen shared with us his experience of sending research
papers to medical journalists with high expectations but no affirmative feedback from
reviewers. This may represent failures to others but Professor Yuen has a different point of
view. When receiving negative comments, he has learned about emotion control for a
better start and improvements. Professor Yuen admitted, “it is hard not to feel bad. But the

point is, you gotta move on.”
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Epilogue - Advice to young researchers-wanna-be

Professor Yuen shared some essential attributes for being a researcher.
Develop interest in research work

Professor Yuen said having interest in the field is a necessary factor. Research work is not
always fun and interesting, it might even seem tedious and repetitive to some people. More
importantly, one may never know when satisfactory results will be obtained. Therefore, it
may not be easy to keep the momentum. Interest or passion is crucial for us to keep on

researching, especially when we don't know how long the way left to go.
Being persistent and diligent

Research work involves the sorting of thousands of data and information. With such heavy
workload, being studious plays an important role. Also, profound knowledge is needed to
carry out the research, therefore long time study and learning is required. Professor Yuen
reminded us, “only if you put in enough efforts will you be qualified to start research.”
Besides, when facing countless difficulties during research, persistence and enthusiasm can

help researchers to continue and reach their next milestone.
Stick to the trends

Besides, it is also important for us to be flexible and acclimatize ourselves into the
environment and the trend. It is rather hard to study a topic that is not popular at all.
Taking medical research as an example, it will be very hard, if not possible, to study a
disease which has no cases in Hong Kong. It is also a reason why Professor Yuen has
focused on hepatitis, which is widespread in the local community, so that more references

and cases can be investigated and more people can be benefited from it.
Time Management

Being a researcher requires a lot of effort and time. It is very important to strike a balance
between work and life. Professor Yuen shared some tips for managing time with us. He
usually goes to school or working place earlier so that he has more time to do his work in

his working place. He has a ‘rule’ that he would do the work at his working place within
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working hours and won't bring work back home so as to have quality time with his family.
Though he has much work to do, he will try his best to hold this principle. He said that it is
lucky that he is not an outreach person and doesn't like to socialize with people, so

relatively he can spend more time on work and family.
Don’t value the reward

Sometimes, we may be dejected as it seems that the payoff is inequivalent with the effort
we make. Instead of value the reward in terms of money and frames, professor Yuen
suggests us to consider the satisfaction of treating the patient as reward. When we
understand that rewards are not guaranteed, we can avoid having over-expectation and

can focus on the study itself.
Self-improvement and character building

Professor Yuen thinks that we can start equipping ourselves for future studies in science.
First of all, as plenty of information can be found on the internet, we should make good use
of this database. Read through more research and retrieve information from the published
sources in order to sharpen our logical thinking. Once we figure out our interested fields,

we can follow up relative references on the Internet as a basis.

Moreover,we should develop good habits such as time-management ,having a well-planned
schedule can lead to efficient work. Have the ability to draw logical inferences from the

observational and experiment data which is helpful in making predictions and hypotheses.

On the other hand, hard-work is required as piling experiments are carried out and many
published papers are needed to be studied. There are no shortcuts, such persistence is

needed to overcome the repeated work before the final conclusion can be made.
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Reflection and Inspiration

From Professor Yuen's sharing, we learn that no matter how insurmountable obstacles
might seem, we should try our best to overcome them. If we give up, no results will be

observed and discovered. Doing research is simply “no pain, no gain.”

And even if we get no good results, we shall not be discouraged. As we learnt from
professor Yuen, though there is no guarantee in researching, we are now sure the
“seeming” failures are precious meaningful learning experiences for future better findings.
While it can be hard, we would try hard to make every failure in our lives a lesson to enrich

our experience.

Professor Yuen's attitude in doing scientific research is respectable. No matter whether we
are going to work in the field of research or not, we can really think about following the

footsteps of Professor Yuen.
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Introduction

On the 16™0ctober 2020, we conducted an interview with Professor Joseph JY
Sung in a conference room at the Prince of Wales Hospital, Shatin. During the
interview, he told us his wonderful story of being a successful scientist and shared his
memorable working experiences with us. We were deeply inspired by him and have
learnt the qualities that a scientist should possess form his precious words.
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A. Biography

Professor Joseph JY Sung served as the seventh
Vice-Chancellor and President of The Chinese University
of Hong Kong (CUHK). Professor Sung is a
world-renowned scientist in gastroenterology. He joined
the Prince of Wales Hospital, CUHK’s teaching hospital,
in 1985 as Medical Officer. He later joined the
Department of Medicine of CUHK as Lecturer, and was
promoted to Professor of Medicine and Therapeutics in

1998. He had been the chairman of the Department of

Medicine and Therapeutics, and the associate dean of Professor Joseph JY SUNG
the Faculty of Medicine with clinical and general affairs (med.cuhk.edu.hk)
portfolios. Professor Sung was appointed Mok Hing Yiu
Professor of Medicine in recognition of his significant contributions to the prevention
and early diagnosis of gastrointestinal cancers. He became the Head of Shaw College
in 2008. Professor Sung serves as Director of two key CUHK research entities, the
Institute of Digestive Disease and the Stanley Ho Big Data Decision Analytics
Research Centre. He is a prolific author of scholarly academic research papers, his
international distinctions include awards for his contributions in the fight against the
SARS outbreak and being named an “Asian Hero” by TIME Magazine in 2003.

Throughout his career, Professor Sung has received high recognition for his
research in gastroenterology, teaching and leadership, as well as substantial grants
for his varied research work spanning a variety of healthcare concerns from the
prevention and early diagnosis of gastric disorders and cancers to SARS and
infectious diseases. He pioneered the treatment of gastric ulcers caused by
Helicobacter pylori with antibiotics and was the first to treat bleeding ulcers with
endoscopy, making him a place in the forefront on medical research [1-2].

Professor Sung will join Nanyang Technological University (NTU) Singapore as
the new Dean of its Lee Kong Chian School of Medicine and will be concurrently
appointed NTU’s Senior Vice President (Health and Life Sciences) [5].

B. _Research Interests

Professor Sung’s research interests are focusing on intestinal bleeding,
Helicobacter Pylori, peptic ulcer, Hepatitis B, colorectal cancer and other cancers
related to the digestive system. Professor Sung and his team proved the relationship

between H. Pylori and peptic ulcer diseases. They were first in demonstrating that a
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Interview report with Prof. Joseph Sung

course of antibiotics lasting a week can cure H. Pylori infection and successfully treat
peptic ulcers and minimize their relapse. This research results has a major impact on
and have changed the practice of
gastroenterology worldwide. Professor
Sung is a renowned scientist in
gastroenterology and hepatology. He led a
group of experts from 15 Asia-Pacific

countries to launch colorectal cancer

screening research in 2004, and has laid

down clear guidelines and promoted Helicobacter Pylori bacterium (badgut.org)
colorectal screenings in the region [1-4].

Recently, Professor Sung as the director of the "CUHK Jockey Club Multi-Cancer
Prevention" research program started a five-year multi-cancer screening project. This
was initiated by the university's faculty of medicine and funded by the Jockey Club,
aimed to look into the correlation between obesity and various cancers in 10,000

participants [6].

C. _Significant achievement and contribution to society

1. Academic achievement

Professor Sung is a world leader in gastroenterological research. He has
published over 1,000 full scientific articles in leading medical and scientific journals
including The New England Journal of Medicine and the Lancet. He has edited and
authored around 30 books, as well as many chapters in major textbooks including the
Oxford Textbook of Medicine (5th Ed.) He also refereed for more than 15 prestigious
journals. Professor Sung is a renowned scientist whose tremendous contributions to
healthcare service and medical research have won him an array of honours and
awards in Hong Kong and abroad. His unswerving dedication to scientific research
continued after he assumed the vice-chancellorship of CUHK. The remarkable
research findings made by him and his teammates won numerous Higher Education
Outstanding Scientific Research Output Awards by the Ministry of Education,
People’s Republic of China.

In 2009, he was awarded the Marshall and Warren Lecture Award, the highest
award in Gastroenterology in the Asia-Pacific region, for his excellent research on the
treatment of gastric ulcer bleeding. In the same year, he also won the Endoscopy
Award of the German Society of Gastroenterology. In 2011, he also won the Ho
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Leung Ho Lee Advancement Prize (The Ho Leung Ho Lee Foundation, 2011). In 2013,
he was awarded The Master of the World Gastroenterology Organization (WGO)
Award by the World Gastroenterology Organization and Foundation [4].

Recently, Professor Sung is one of the six CU Medicine professors are named
“Highly Cited Researchers 2020”, meaning that he is the CU Medicine Scholars among
the world’s top researchers who has published a high number of papers that rank in
the top 1% by citations in his respective fields of study and year of publication. It is

also the third consecutive year for Professor Sung to receive this honour [7].
2. Devotion to education

Professor Sung had been the President of CUHK for 10 years. He is a teacher
who is willing to listen to student’s needs and demands. By the communication,
mutual respect, building trust between he and students, he believes these are the
first step to cultivate and discover elites who process humanistic values, integrity and
independent thinking ability. Besides,
talents should also need to be honest
and upright, cultivate one-self and
govern other, serve the society, and
protect the environment as one’s own
responsibility. Professor Sung shared
about during his headship of Shaw

College, he led students and colleagues

to offer help to victims in the affected

Prof. Sung passes on his experience to future areas after the Sichuan earthquake and
doctors at the laboratory to learn about the progress of rebuilding
(cuhk-edu.hk/cpr/pressrelease) from local government officials and relief
workers. These showed us that the teaching style of Professor Sung practiced with
students and learned with them together. He also mentioned that it is face-to-face
interaction which he finds most stimulating. He has been making acquaintances with
new students and colleagues every day since he assumed the vice-chancellorship and
has even taken opportunities to participate in campus events. Various nouns have
been used to describe Professor Sung: doctor, scholar, hero, leader; but the most
fitting one is simply that of “communicator”, someone who is not only willing to
speak openly his opinions and ideas but also listen to those of others. During his
vice-chancellorship, he liked to talk informally with staff and students as part of his

desire for the University to move forward with a unified heart and mind [2-3].
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D. Path to become a scientist

1. Interested in science

Curiosity and exploratory mind are basic requirements for one to look into the
world of science. During the interview, Professor Sung shared with us when he was
young, he always inquired about many things around the world, and asking many
different simple questions, such as ‘Why the colour of sky and sea is blue and green?”’.
He was eager to know and tried to find out the solutions from the books in the library.
He believes that life is a miracle. There are still lots of things about life we don’t
understand. Professor Sung’s curiosity about life eventually leaded him to become a
great scientist.

The inspiration of mentor is another reason that made Professor Sung to
become a scientist. Sir David Todd, who was the Professor of Medicine in the
University of Hong Kong, was described as an enlightening teacher by Professor Sung
during the interview. Professor Todd
was a haematologist and his research
interests were focused on thalassemia
and blood cancer. Professor Todd
prescribed and practiced ways of
modernizing medicine by bringing new
training programmes to Hong Kong and

adopting recently developed molecular

biology to investigate disease. Professor
Professor Joseph Sung (medicalinspire.com) Sung shared when he studied medicine
under Professor Sir David Todd in university, Professor Todd carried out some
microscopic observations of bone marrow cell specimens with his student. Professor
Sung remembered that the beautiful picture formed by different colour of bone
marrow cells was very impressive. More importantly, it also aroused his interests in
studying different cells. Apart from the scientific knowledge learnt from Professor
Todd, Professor Sung also admired his teacher’s attitude towards making a lifetime
contribution to science and medicine. Nevertheless, he also shared that “Professor
Todd exemplified what a good physician and the way he made clinical judgments. He

reminded us we were to be there as long as the patient needed us”.
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2. Marvelous research experiences

Professor Sung shared his own unforgettable experiences with us. During his
medical doctor study, he conducted a course of treatment with antibacterial agent to
treat patients with H. pylori infection and gastric ulcers unrelated to the use of
nonsteroidal anti-inflammatory drugs. That was no expensive medication to suppress
gastric acid of the patients. He finally observed that this one week antibacterial
therapy was more effective and successfully to heal the patients with H. pylori
infection and gastric ulcers without acid suppression and reduce the rate of their
recurrence. He then wrote an article and published their findings on The New
England Journal of Medicine. At that time, it was the second article paper from Hong
Kong that could be published on this top-notch journal in the field of clinical
medicine [8]. The most surprising fact was that the release of this journal paper
leaded to the sudden drop of the stock market from most of the pharmaceutical
company producing anti-inflammatory drugs. In summary, Professor Sung shared
that there is no need to fear about proving others people’s mistakes. That should be
the role of doing science! Science is the discovery of the true!

3. Future prospects on medical research

Professor Sung is very confident about the future prospects of medical research
and developments. It should absolutely benefit our human life. For recent decades,
the development in medical research is actually very rapid. Anti-diabetic medication,
antacid, antibiotic are both developed within the recent century. The most effective
scientific and medical investigation is the invention of vaccine. It was because it
leaded to the extinction of many
viral infection diseases such as, SR -
smallpox. Professor Sung believes ;«'7
that the ultimate goal for all those vl
development of biomedical
researches is to prolong human life _ I
which should increase the average | VA
lifetime of humans. It is as similarly ' -

shown in the Figure (on the left).

In addition, development of

cpe ey . ; Life expectancy has improved globally.
artificial intelligence (Al) technologies P _ y P & y
(ourworldindata.org)

tremendously increased nowadays.
This Al technology is affected by more in-depth human brain observation, massive
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big data analysis and technological progress. Al can imitate human cognition through
machine learning. Professor Sung shared and explained that Al could help improving
and advancing the medical treatment on patients in the future. It is because super
computer with Al can quickly analyzing the big data of the complexity of human
genome DNA sequences. It can also help physician to prescribe medication to
patients accurately. Professor Sung foresees that the development of Al with robotic
system, the complex medical surgery on patients can greatly be improved. He shared

that as a scientist, you should always be moving forwards with dreams.

“No great discovery was ever made without a bold guess.”
~ Sir Isaac Newton

4. Encouragement and advice

Compared with scientists and physicians, Professor Sung shares two different
views. Professor Sung listed the main qualities which he thinks scientists should
possess. He shared with four of us that scientists should be hardworking and willing

to try. Since doing research
' D experiments is all about try and error,

he can’t guarantee full success. Since

failures are inevitable, he has to change
our minds to accept failures and more
importantly, don’t give up and learn
from them. As he believes that success

isn’t always come by chance. In fact,

Interview with Professor Joseph Sung the more effort you make is equal to

the reward you will get. Professor Sung suggests that every teenage should keep
trying despite of failures. Interestingly, until now, he is always facing many failures in
his research. But he shared with us and told us to remember that don’t give up and
keep moving forwards. Therefore, Professor Sung believes that having perseverance
is one of the qualities scientists required.

Apart from being scientists, Professor Sung also shared some advice to us and
the student who want to become physician in future. “Be careful and understand the

needs of patients,” is the main idea he told four of us.

“Life is like riding a bicycle. To keep your balance you must keep moving.”
~ Albert Finstein
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E. Epilogue

Professor Sung is renowned by his enormous contribution in society during the
SARS outbreak. Besides an outstanding physician and scientist he is, it is very clear to
identify that he is also an excellent teacher. We found out that being an influential
scientist, a remarkable research is generally not enough. Furthermore, make a good
use on your own ability to the society is more important. Just like Professor Sung give
most of his life to the education and to cultivate the next generation of talents.

During the interview, Professor Sung was willing to share his experience with us
in a relaxing way without any esoteric vocabulary. We all fully immersed in his stories.
At the same time, the massages that Professor Sung wanted to bring us would never
be ignored, “Be hardworking, and Try! “ Those of them have deeply inspired us and
give us a confidence to believe dreams will come true with our persistence.

Last but not least, we deeply appreciate Professor Sung’s positive attitude and
passion on science. We would like to express our sincere gratitude to Professor Sung

for spending his valuable time to have an unforgettable interview with us.

F. __Reflection

Before the interview, | was on pins and needles because I’'m an introvert.
Professor Joseph Sung shared a lot of eye-opening experiences to us. The most
unforgettable one is that he worked on a research project about cure the patients
with gastric ulcers without traditional medication but using antibiotic only. Then, he
published their findings in a renowned peer-reviewed journal and it caused the stock
of a pharmaceutical company to plummet. It is really interesting. Coincidently, Albert
Einstein is both his and my favorite and mostly appreciative scientist.

(From Hou Chin Pang)

Professor Sung shared a lot of his precious experiences. He told us, “Don’t be
fear to prove that others are wrong. It is science,” “All of the success is based on
hardworking and many tries over a period of long time. Keep on failure, but
ultimately it will lead to the road of success.” Those words inspired me a lot. To be
concluded, | have learnt so much about a scientist’s life, thank you very much to this
valuable chance to meet Professor Sung.

(From Wong Yat Ching)
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During the interview, Professor Sung shared that he has gone through the road
of failure most of the time due to the lack of self-confidence. However, by his
enthusiasm and curiosity of science, he successfully defended the challenge and
even has done accomplishment outside the circle (become a Professor). That’s why
he had inspired me to never forget the very beginning mind. It is the most
accomplished mind of true enlightenment.

(From Wu Sau Ying Zoe)

We are honored to have the chance to interview Professor Sung. It is because he
is a busy physician, his working hours is exhausting long, but he still spent lots of time
in studying new theory and working on research projects. It really inspired me of
being a scientist. After the interview, | learnt about curiosity is the start of being a
scientist, and one of the important elements of being a good scientist. Professor
Sung always studies science when he wants to satisfy his curiosity. For me, | have
numerous questions in daily life. However, | don’t satisfy my curiosity in the past.
Recently, | try to search for my daily questions now through surfing in the internet
and try to fulfill my curiosity. It is really an interesting experience for me.

(From Yau Josh)
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Foreword

The unforeseeable pandemic of 2020 disrupted our schedule and added difficulty to our
task. However, it did not put off our curiosity and eagerness to find out how the scientists
of Hong Kong are doing during this period. We were very lucky and honored to have
Professor Dennis Lo available and willing to share with us his valuable experiences
through an online video conference.

Introduction

Professor Dennis Lo is currently the Director of the Li Ka Shing Institute of Health Sciences,
the Li Ka Shing Professor of Medicine and Professor of Chemical Pathology of The Chinese
University of Hong Kong (CUHK), and the Associate Dean (Research) of the Faculty of
Medicine of CUHK. Fascinated by the complexity of biological structures and the nature
of biological science subjects since his youth, Professor Lo had been passionate to
become a scientist. He studied hard and received his Bachelor of Arts degree from the
University of Cambridge and the Doctor of Medicine and Doctor of Philosophy degrees
from the University of Oxford. Later on, he returned to Hong Kong in 1997, and
discovered the presence of fetal DNA in maternal plasma. With his devotion to his career
and massive amounts of dedication and hard work, his research team remained at the
forefront of this field. Throughout his career, Professor Lo has maintained his enthusiasm,
and is always excited to discover new theories.

Research Interest

Professor Lo’s most influential and game-changing scientific finding is the discovery of
the presence of foetal DNA and fetal epigenetic markers in maternal plasma. With his
discovery, he and his team succeeded in deciphering a genome-wide genetic map of the
fetus through analysing small amounts of fragmented DNA floating in the blood of
pregnant women, which allowed abnormalities such as Down Syndrome and many other
diseases transferred via chromosomes in the foetus to be detected early on. Such a
method of prenatal testing, as compared to previously existing technologies, is much less
invasive and gives infinitely more reliable results. This achievement laid the foundation
for developing non-invasive prenatal diagnostic tests for multiple genetic diseases.
Currently, Professor Lo and his team are working on new approaches to detect cancer
through cancer liquid biopsy, striving to utilize the previously developed prenatal
detection technology. His method of testing can help detect cancer in early stages, and
it is believed that this would be able to halve the mortality rate from a cancer virus in
China.
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Significant Achievements

Professor Lo has received numerous awards, honours and titles for his outstanding
achievements and contributions in the field of biological science over the years. He was
awarded the State Natural Science Award from the State Council of China in 2005,
followed by the US National Academy of Clinical Biochemistry Distinguished Scientist
Award the next year. He was elected as a Fellow of the Royal Society in 2011, as a Foreign
Associate of the US National Academy of Sciences in 2013 and as a Founding Member of
the Academy of Sciences of Hong Kong in 2015. He was awarded the King Faisal
International Prize in Medicine in 2014 and the Future Science Prize - Life Science Prize
in 2016. In recognition of the high number of citations that rank Professor Lo in the top
0.1% of his field worldwide, he was entitled the Thomson Reuters Citation Laureate
(Chemistry) in 2017.

Fundamental Attributes of an Outstanding Scientist

‘1. Spotting “connections” for directions‘

“Find the connections between seemingly unrelated fields.”

When a scientist has no direction in mind for investigation, it is extremely hard to achieve
a breakthrough. Therefore, Professor Lo suggested that one of the many principles of
working in the field of scientific investigations is to always spot connections between
seemingly unrelated events and fields.

He illustrated this principle with an example of his own experience. After making a
discovery that mother DNA contains foetus DNA (e.g., if the foetus is male sex, Y
chromosome will be present in the mother’s blood), he questioned if there are chances
that a female’s blood would also contain the Y chromosome. In wondering how his
research would possibly impact organ transplants, he found out that through monitoring
and testing the DNA in blood plasma, the possibility of rejection during an organ
donation from a donor of the opposite sex would be more easily ascertained. This
contributes to the opening up of another project to work on. By spotting the linkage in
parallel situations or similar phenomenon, new ideas are more likely to come up.
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Initiative in question asking‘

“Inventions originate from asking valid questions.”

One of the characteristics of a successful scientist is to be observative and think critically,
and Professor Dennis Lo is no exception. In order to spot different connections between
different fields, he has spent his whole life observing his surroundings. He even shared
the story of how watching a Harry Potter movie with his wife inspired him to think from
a new angle about his research on DNA, leading to his discovery in prenatal testing. Going
back to his previous point, he mentioned how this is an example that science is
everywhere in our lives.

In particular, during his research in the prenatal testing and cancer testing field, he has
drawn conclusions that nobody would have dared think of. For instance, during later
stages, he proposed a question: Since a foetus releases DNA into his mother’s blood,
would their DNA also be present in other fluids, e.g., urine? He then tried to connect the
dots between prenatal testing and cancer- testing, hoping to apply his research to a
wider extent. By proposing questions, a scientist is able to explore the endless
possibilities of a topic, and breakthroughs would soon be in sight.

Value your time‘

“Treat every day as if it’s your last.”
“That way, you will be able to produce better work.”

To a scientist, time is of the essence when publishing their work. Yet, everyone has had
that time in their lives when they are constantly procrastinating or simply too
unmotivated to do any work. To tackle this problem. Professor Lo used this quote as his
motto to success. As a scientist, a serious attitude must be adopted towards all their
work. If you treat every day as your last, you will be inclined to cherish your time more,
and be more productive.

Professor Lo then explained that this quote not only applies to his career, but also his
whole life. His inspiring quote called for us to reflect on ourselves with a brand-new
perspective. In this process, he proposed 3 questions for us to think about. “Are the
things we are doing now really meaningful?”, “Do they satisfy us?” and “Are they really
what we want to do?”. By answering these questions, we will be able to figure out our
actual goals, and achieve self-actualization, which means to live life to one’s fullest
potential (Maslow’s Theory). Professor Lo hopes that during the process of achieving
self-actualization, we can better utilize our resources and produce more significant and
serious work.
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Just the right amount of creativity and concreteness‘

“Always start from a simple first step.”

Professor Lo believes that in order to disestablish existing beliefs and theories, a scientist
must be able to think creatively as well as logically. Science is a mixture of creativity and
evidence. Without concrete ideas, there is no room for creativity. As the old Chinese
proverb says, “Learning without thought is labor lost; thought without learning is
perilous” (Bt A~ HIRE B AELHIZ5) ; Similarly, while thinking creatively and
innovatively allows us to look at the matter in a different perspective, without just the
right amount of accuracy, we will only wander in the wrong direction endlessly. A
delicate balance must be struck in order to disprove long-established theories.

Professor Lo shared with us that when working in the scientific field, he typically first
starts with a simple theory, then branches out his ideas as he goes and develops his ideas
step by step. For instance, he quoted the development of the current model of the Apple
iPhone. Without the primitive model of the first iPhone, they would never have been
able to develop such a sophisticated model of the current iPhone X. In science, research
and development are often based on previous work. With just the right amount of
evidence and creativity, we can easily complete and target things while thinking outside
the box.
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Reflection

In the field of science, there will always be countless obstacles. To achieve our
destination in the pursuit of knowledge, patience is needed. When Professor Lo first
started asking for funding to investigate the connection between mother’s blood and
foetus DNA, criticism arose. Many doubted whether this research will be able to have
any sort of progress, while some simply discredited his abilities. His funding was rejected.
Nevertheless, he persisted with his research, and only after 8 years and countless
impediments did it result in anything substantial, and this research made him one of the
most well-known scientists in Hong Kong now.

During this pandemic, we were faced with countless uncertainties and obstacles.
Fortunately, healthcare professionals and scientists are still keeping their nose to the
grindstone to help Hong Kong. Yet, how often have we taken scientists’ and doctors work
for granted? Success is never something that can be easily achieved in a short period of
time. Especially for scientists, breakthroughs are always the product of years’ worth of
research and experimenting. In Professor Lo’s case, it took him 8 whole years to achieve
a breakthrough. Patience is the key in a scientist’ work, and Professor Lo’s work, which
has taught us the importance of it, is no exception.

Concurrent with patience is determination. When working in a field where it may take
years to come to a result, it is important to keep your goal in sight and continue to work
towards it, regardless of any obstacles or hardships. This is the only way you can
eventually arrive at your moment of “eureka!” This goes hand-in-hand with passion,
which Professor Lo reminded us never to lose, for it is the motivator of all scientific
research.

Through interviewing Professor Lo, we also learned about the necessary attributes of a
scientist. Though we did not get a chance to ask him about it, Professor Lo was a great
communicator, guiding us through questions and gave us many examples to help us
understand the nature of scientific investigation and the points he raised. He littered the
conversation with small snippets and stories to keep his audience engaged, and had a
clear step-by-step structure that was easy to follow. Though it is often overlooked, good
communication is required when presenting scientific findings, such that you can prove
your point and explain your thought processes to other people. We have no doubt this
trait greatly assisted him in his journey of being a scientist.

Even in such challenging times, we had the honour of interviewing Professor Lo. The
recent novel coronavirus has highlighted for us the role and importance of science in
modern civilisation. In our interview, he shared many of his insights from his career in
the field of science, along with imparting many lessons that will accompany us for life.
Even through the screen of a computer, we were able to feel his enthusiasm and passion
towards science, and his hope for a better future for the scientific community. This has
inspired us to put more effort in our studies, such that we may be able to follow our
dreams and passions in the future. We are very grateful for this experience, and hope to
have more opportunities like this.
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