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Fractography and failure characteristics of bamboo textile

fiber reinforced polymer

Chun-Wei Chang', Ya-Yu, Lu', Hao-Wei, Kao', Feng-Cheng Chang'*

!'School of Forestry and Resource Conservation, National Taiwan University. No.1,
Sec. 4, Roosevelt Road, Taipei, 10617 Taiwan.
" Corresponding Author, fcchang@ntu.edu. tw.

Abstract

Composite materials are an important material application type nowaday, in which fiber
textile and lamination are important techniques to enhance the performance of the final
parts » Most fiber reinforced polymer (FRP) are often reinforced with textile artificial
preforms. However, artificial fibers such as carbon fiber and glass fiber have a severe
impact on the environment in terms of molding processing and raw material production.
Therefore, the use of renewable, lightweight, low-carbon emission and low-energy
consumption bamboo fiber to make FRP has become a highly concerned solution today.

In this study, high-performance FRP was made by woven bamboo strips with resin
transfer molding (RTM). The favorable aspect ratio, interlace area, surface friction and
excellent lateral cohesion of bamboo strips make it an excellent woven material. In this
study, fractography, strain energy and energy release rate of different textile structure,
stacking sequences, layer number and load direction in 3-points flexural test were
evaluated. The unique staged failure mode of laminated FRP can be seen from the load-
deflection diagram. The primary fracture occurs at the maximum load, but it still retains
a certain load capacity. As the deflection increase, different textile structure and load
directions are accompanied by different mode of fracture. Through the image of the
fracture surface, a variety of fracture types can be distinguished, such as fiber tensile
fracture, lateral fiber separation, vertical intra-laminar fiber fracture, matrix-fiber
delamination, interlaminar shear, and matrix plastic deformation. The sequences and
occur position of these fractures were found regular. Furthermore, crimp and off-axial

undulation of bamboo strips were the root reason of failure.
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F2REARY DL REES TR ) RTINS AR R ’#f?ﬁaﬂ%'“ﬁ
E (bR <t 1220%100%125 mm) R pEE £ ( bR <t 1 250%250%200 mm ) &
By AR*he s EIRAV AP RE R ERR R T T
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BARF L2 PR E(F L)

#AIE S 2 Ap LR R A A g At i 2 B

Brk g S F s phaEne

'R ER AT ATHEERFE L 0600 £&D AT L F FrEL 300 5 o

TR €% » keocylin@mail.ncyu.edu.tw

&
AH AP ARET LS PR KA A FE TS BE BRAML G S
%‘u%ﬁé* ﬁ%ﬂiﬁﬁ¢ﬂ’wﬁﬂ%b§ LENTES SR S Sy

B AHERAILET R A e LS A4 F o BT N FPLE I AF R o LB AR
I ¥ A Mt A f 8wl ig 2 B8 AT =6 ¥r4s (Cryptomeriajaponica ) 3 4p
Mw«mmmwwmmﬂ41w“ Fif B (140~ 170200 % 230°C) #rp*RF (2 &2
A4h) #AILLS » BF (FRIFL OB ~ 4 L~ i ig 18 ik it )
2o d BEREF @ FREAFA IR LE Y 230°CF HES iz
LA 230°C AT 4 h 18 > H FOBIE s A W] G 43.49%21 45.05% 0 BT 4t AT it
S g 2 A2 P o v A iF R 2 S R AT 0 230°C AR G B
ML iE 0 2 A2 AR LD S H A 55% 0 X i e onk (K F o A
dh%mé%*%ﬁﬁ"%% AP LA T 230°C #iAJE 4h 2 h&mi%ﬁ"
Hoe oA g L2 Pl st i AF o SR A RS T AR R GRS
LM AR FF A LA 230°C’§*°TLT‘1'F¢’ LR A 5 SRR
o~ I A TE s A iR TR Y R B R PRIEIE 2 BT BARIT R i G vde
¥l dn LTt 2 © % R n*r»’ru?.'tU xRt A 'Fi °
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BARF L2 PR E(F L)

TE RN TES £r¢%* kR R R

1

,_;,

S

*
r'BIT ‘Pﬁﬁ—]}-% L

PRz @ F RS o402 4¢P o3 B4R 1458 o

TR e » chenyc@nchu.edu.tw

e

Z 4 @ﬁ-%],ﬁ‘ﬁ e (Drug delivery systems ; DDS ) ¥ ¢z & % 4 #> 4 & ( Pharmacokinetics ;
PK) > DDS V##1EH A F /P chm R 8- M4 EH v J)* 5
(Bloavallablhty)’ BEHPEFERZET IR ESEE BB IRk
2P e kAR BRE A2 = ARk T e BokA S ERP L
B FARHRIREZ PRSI RFE D Bd e s
[IVAREET - AN <N —.-«fﬂi\'v‘f@'s BREY > BB R BICI L RAMRY > KRG 2
DDS # £ F|#FF 2 BHP %2 stk o Ly I%‘q",fé“‘vi'?ﬁ Iﬁ* w2 R - f
( Poly(ethylene glycol) diglycidyl ether ; PEGDE ) » >t d& 4 R 5 % HE R aH? A
4 %% 4 (Sodium carboxymethyl cellulose ; CMCNa) z 2 A & 4 B & F R &
CMC/PEG k¥ » 3R BiR| 2+ & 2 -‘ajw £ % CMC/PEG -k % £ & 4 %’?7‘ 25 o
- 4 11 CMC/PEG k%% ¢ % #.-k |+ %+ Fluorescein sodium salt (FSS) 2 #i5¢ »
T kB FSS e R F ~ B RR - B%Ee B3 A& E FSS 2 k> :#3';#1"14 pH
BB T R S ‘%fg T 2 do 4 FHG B %7 SRR AT LmEK
R YK e A A 2 &
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BARF L2 PR E(F L)

FEMRERCAFREAUAED FEH (1/2)
HEF LR P e R iR

'R T A E AT RTRE L 0260 TR DA LB B 15
A IF'fﬁ » pykuo@niu.edu.tw o

e

2017 #4kizh g 2 ik E > 23 CHFERAM - FRRiEFERA M 2% > F
A ARG R A x?f%‘* i% it ke(Liquefaction) e B o #-8 H Byo7
AR e R EARRL IR T R 0 ¢ R B S W - A ER AR g A
et A SR L AT AR B A

A2 g #2324 ¢ 5 ¥4 (Cryptomeria japonica)#t £ (RJ) - 4p L #H{(Acacia confusa)
#A(RA)E R IcEN (RS) FHF R * Zie e fR2. A8 7R 1Y kg2 LA Q}?W,,
HETRCERLEOITETEFEEES ML FE R 7}\1:3‘\@, iy |
BEAHPITE Z R ARLTRE AWM BRI T pH R TSR BT T
FEZ BRI ST s Rl T A5 8 o R 2 A T EER i
20x20x10mm 2 45w At Y o Rl H € F A Ao F 2 (52 6 bk AP Es o
e R A T e S e ’%rr'“k’ HE2 2 F 38 Fr e 6 B S5 ELHER
FFHARF R PR SRR T HE L EHY T 5 %ff"*‘ﬁé?i,’% it % &
VEORBF R FAALEEA L - L o R RS AR RS R ARR 2

I

ﬁm;mzﬁwxié’M%MF%o*@ﬂm%&ﬂdeéﬁF R
PR RARE H pH EARM > {22 Ap LA F F P 8 4o 0 pH (& & MUR PRIE BT
B bR EBEAEE 7 2k o AEMIE S G BAPEPEANET A
LR R RARF 0 B fRARE c B RARF CFRARL AP LB RN OFMS AT o e

MR AR fER D R 2 fedp L enF] S T B4R oo
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AR L2 R R D)

$1% R4 DNA 2P 2 L 6 iz g

St L mE I HE R 2T R ERE LT

"R ER T HEWRTR AT RE L 260004 57 A E AT L F FrEs 300 5L
2HRE R YL Y 0 60081 & T R ¢ VB 432 % 65 5 o

PR EAEAF AT ERGE L 060004 £.57F LR AT L F i 300 5L -
TR e » kechang@mail.ncyu.edu.tw

&

AV SR ARy A 27 R B AR TR Y E R A e D
BHES L7 & R FLE S E ~5.'5ﬁ o B2 fs § 2 2 4prt > DNA e 1o
BRFAFIRAZREFEY {7 AITERFREZATIRF Aty B %
oo R o AP IRE K €4 F 0 £ DNA "L F P DNA 57 38 F it > i@
5 PCR#FH 2 B 7] - 47485 FlEte P 2 L R M A JGE2 PR AR T 32 5
FESZCE2 T T0E Y o RIFH AR BT E 5 A APIEBET A G LR
(Taiwania cryptomerioides) © ¥ 3 « F * 335 AP f—.! Loy R ¢z 4§ (Chamaecyparis
formosensis) & 4 # & 13 (C. obtusa var. formosana) » 7% 41 & § K AHg A 55 LR &

,&%ﬁ A AT HEERLLE T B EE 2 f+§£ TP ESRAR
TULEHRSERF LTI EHEAMERS  FFN FHEP AT S DNA 2
FRHA 2 #oE_ o 1P & DNA % P~ 2 ‘e (Plant Genomic DNA Mini, VIOGENE)i& {7 ¥
2oz i##%‘aﬁﬂx*«“ﬁw:}%%ﬁﬁﬁﬂw ﬁf“-&»%ﬁ"ﬁkﬂ rbcL 2 psbA-trnH % 4% 2k F] nrITS
i o AT A e fP\..*Jfﬁl TR A R i 2 TP AEI LR T
FI% rbel BRI T HH A FE R B E 0 21 fARH A+ DNA % 22 i
250 R R AT 0 2 BAHEZ thel BB A FILE L 0.6% (8/1379 bp) - Pml%ﬁ;ﬁ_ﬁi
* B 7| 3% psbA-tmH ® B AFILE 5 3.8% (17/519bp) > ¥ F 2 46 /44
(InDel) : 2 B #H#62 nrITS F & 5 5L 3 8.8% (99/1125 bp) » # 4 B ch% & =2
(Variable sites) & 11.6% (131/1125bp) > B 2 A Fl nrlTS BB 2R * » if & 1%
BA KRR R i&p}jxﬁi‘*f‘ Kigzo#r#* o A+ DNA f84 > ] #* rbecl & &
513 % 119F/255R ¥ = # 3P 2 L 4 %{ o B *Fﬁ B 74 00 B 100%
(137/137 bp) - vtii,? 13 5 98.5% (135/137bp) » 24 2 BAEL® L B =BT (T 5 &
TR o L RHE A PRI R L 92.7% (127/137 bp) > Bt RAFIRE T
AHELF - TRARILE o
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BARF L2 PR E(F L)

B pERk 2 KT RANER PF 2

wmEps v mas g l”

Do e i A AT RETE & o 111396 & A7 & i 55 55 o
A e - lita@faculty.pccu.edu.tw

r%%JiE Abg d i - ARG CEHNRFLIE TR ARG E
A G RFRIANNEEET  RRF SR T H AT LB R b
%ﬁ{?ﬁ%za?yﬁ w%’—ﬂ%W+**ﬁmlﬁ?ﬁ%B*%iﬁ@
BEAA N RAMFRERTASEF 2 BE AT TARFEA IR ELE T FRT
FER AR S FFHEAELT G w%k’uﬂﬁﬁ%m%*ﬂﬁﬁﬁiﬁ%
Bigeanm s A REHN R g HEPLATEERR AL TG EE -BAFE R HIF
ﬁﬂ%‘Zk&aﬁamaw’%ﬁW*h R AEd K EE RS d 30
PEOTRE B E AL R RS FESR 2 KT RAM R LS R E
S A B e X RHA R B EL BB RO ITE R T}ii\;{"%'fﬁiﬁli

o

7“‘»
nad (p’

/\~~

F

I
Es
¥

=

(II!»
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A LA P HE (R )

RAZPPRD &%*»%%&lﬁxﬁaﬁ» ¥

Cerat L LR SR S

'R EEACFLEPEE LS g L2 60004 £ R T L F A 300
oo

PR EECE AT HESRFE T2 0 60004 £&F AT L F Ak 300
oo

SR EE B ENTR RTRE H 2K 0 60004 £EF R F L F R 300
%J&u"

YRR EE S FEATHAERE KR - 60004 £&D R F 2 F rES 300 5L -

i 3 IF'FE,‘ > alexhlin@mail.ncyu.edu.tw °

e

AT ERRPLLE LTS 141 th3T2 30ha HHREY RS EEF oA LS
AR (UnmannedAerlal Veh1cle) BB s % £ % Pix4Dmapper #32RE #ic
o BB a2 HI MR GenS s o W4 GPS 28 & - R L TR
FHRZDLERER X R * ArcGIS3 5 2 ¢ % R F ¢ 4 (air crown projection
area,acpa) > MIFGHIRA RREZHMMAEEZF Tl o @ G g B3RP F A TR
HFHEFEMN2Z3hah® > DA LRS- NIE B  HEZF o T RE
# #% (ground crown projection area, gepa) * A 1 ik 9;\@:’15' Goo A 1 RT3
BT A 4026 cm -~ TiofHE 5 2198 mE FHR: ATHENYHE L 126 m o B G H A
;¢ (Vg)=140.56+10. 668><gcpa’ EPEFAE B ,”é«ﬁ,’t/\ 14 4> acpa £ gepa
5084 @ BB GHMHEZ 09002 B B4R o2 UG E Y HFENEFRE
ATt BE TP HAEN (Va)=0.09536><acpa-9.93182 ECACE L i
£ E R 95% 5 20.2142.70 m3 C A 2 HHAEE B 121251416244 M B REAL
5 13.36% > T gepa 23 G A S AEE 2 5 Pr>[t=0.0000047%F% ~ # §E 5
Pr>|t| =0.0332* L g F 1L > d S BT Vadt A IR R HBE e BRAE TG Z
O e

23


mailto:alexhlin@mail.ncyu.edu.tw

RS A2 PR EEKEEFT AR)

FW AN BB H
ERRIERINE I

PR EERAEATHAE R E f R - 600 £& F ik 300 5 o

PR EE N F AT EETT LRI - 600 £ & F RrE 300 5L -

TR e » shlee@mail.ncyu.edu.tw

P
BRgHEd 2 B F R E g ILE\;Ef\lﬁﬁi?ﬁ/%gﬁ&ﬂ’iO%ﬁﬁ;ﬁ
T LA RS L BTRE B TN L BB S A S o
FEEE AR HERLES N BEYHRD SES %0} %aﬁ;ﬁj‘;ﬁéﬁﬁ
o BHI R B

WHAFT LB S5 RS A “ﬁznﬁﬁamﬁ*bwﬁLa
PAEEET B A AR B AR e A ) N AR E Y A ML TR S
TR 5 0 B R T R LG AR

BOERAE FI AT 2P L EF R AN BB EY 2 Foualo FIFLR
wH B F AR R

AP RGOS BRI E TR S 2 0 ¢ 8T TR BEHE TR
ABIFE LRSS B M AN RS SRR (p)  EIEHEE(E) ~ § # (o) F i
(pc) ~ 5 = R (c/p)~ § Flrd R (p/c) ~F = %E}i(resonantQ) s 3 @R (cQ) o
BEIREAIY-RHA-A AL RSB RN FEFENZ IR EL S Y
Siffc oy Do H G BASEEEEY 21 r&é 100% -

24


mailto:shlee@mail.ncyu.edu.tw

RS A2 PR EEKEEFT AR)

3 RAEE R *"ﬁﬁ}i‘fﬁ‘l’# AR
Feg

PR EE A A TSR LRI 0 600 £ & F Rk 300 5L o

TR e » shlee@mail.ncyu.edu.tw

&

FEFTIAFAF BV EIE? A VAR E LAEAFPN LB EH T
F- B LFAFIPRRE N REDE ForprE b &8 B RE E A F R
Wi 2F (R TREHEI 2 - FAERER BP0 FEREL - L
SR FBAEHRN I 1IN AR AR E Wl AR HBRLIRBEREEPR R
¢%€$ﬁ*§ TraW B4R 1 AR W B AT A PR D AR B H

2 g4 o Fmﬁ*%"f‘@‘ A BEEAHRE 2 XI?—H@‘T\
ﬁﬁ%aﬁﬁ%ﬁnﬁmméaﬁﬁwmmwa AT L R
'é‘]:’ﬁ E":'\‘f#""”r'Jlf;f\P\JA\f‘%’i'ibq" P\Jphi;};,Jr]\_.a "}*F‘/?ﬁ’%‘ﬁ"f’#

.ﬂ

-rx_l\

ﬁ‘tiﬂmﬁii& fow TiE A F VRS R oH A B2 P Y %ﬁd»na.%%%ﬁ*g
+ér¢ﬁ.kﬂ FrosRpN AR IA R R NRE A TE R 2 E

LR s TRIEER R REZEA o
*P B G AR R VIR R A 2 R R
PER P EARERBEHEEI AP 4 A G D OB AP S P2 g st G
TERIF AT AR S R o B R R B A R RE R K

’”ﬂhw%wTﬁw;ﬂ@ﬁﬁif*&ﬁﬁjzxﬁw&wwwc"ﬁﬂ
AT ARER R L Lo HaRitEy .
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AEE LA PR RHEFEET AR

FTRAFZR BRI AERRELN
ERE S

PR EE A A TSR LRI 0 600 £ & F Rk 300 5L o

TR e » shlee@mail.ncyu.edu.tw

I &
FENBAAR w#aﬁh%ﬁ@ﬁ7@ﬁ@mwwﬁﬁﬁm£’ﬁﬁ*%f
AR R BB VAR AR R LT R BT BT T

o

3R B %+’7Eii%%‘¢ﬁ‘ﬁkﬁﬂﬁ*§ﬁ? {7 e

PR A S AREFT AR RPN AR L A A2 LR
o Flg AL TR X FIHFE kLA K £ G RC) BRFESEEV BV R ) g 2 4R
rﬁ%@’t;}%ﬁrﬁ}:xlf’7°]§]]ﬂl§)}"”ﬁ‘a\ %A\‘f’-’rﬂk+ff’bp7 ?/{ﬁﬁﬂfb%'ﬁi’z‘,\ﬁl?l"qﬁ“

SEARE BRI RS o AT O HERAL Y N FH2T -

AEL RSB Y F AR RS A BT A 0 B I kR
Tl p 4 SR AR T AR RS R R A BT

e «u\F’“’i{' R E MR WERMAY P EFHRAY I REEFFFET

*\*ffﬁ,ﬁ bz 5‘\

&)
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RS A2 PR EEKEEFT AR)

B2 oBEFRARH LR AEIHES
Feg

PR EE A A TSR LRI 0 600 £ & F Rk 300 5L o

TR nF—fg » shlee@mail.ncyu.edu.tw °

#E

CHALFIEFSYR R A AGLTRAIEEERA > RPN FTRE D
PRy Faa @R Ra SR 2EWIFET RA S p AR 68 &
O FARFRLRATRS e R AN T ERBMMR T - 20 X FREREFARPN &
FPIREE Fo 2 ME R c@3 S R ERERPI B EFAF L
LR o

@ﬁé&%ﬁ@%&éﬁ%@ﬁﬁ’ﬂé%{%iﬂé% PEAT IR ER M
FHEFAER I HETIREERI TR R F RS AW EYIEE A MR
Bodw{FfAEagarag i o

;ﬁd E A AN 2 e kA R - Eﬂ;?'ﬁﬁx’«?ﬂfﬁpﬁc&go Fp o K

Prrkd S EE S LA FRA KT AT RER D LR R R
2 et o ARIMA(pd,q) (B 2w ~ A4 ~ BT E A FHF
BRI B Rig e 2B - 8 A 74P BE e
%Pﬂgﬁi%ﬁWOﬁrﬁbﬁﬁﬁ7p#’mﬁwi@iﬁﬁﬂ’@”i?‘
i g0t SPSS i (7 S A E WAL PR B AN ARIMA(p,d,q)2 &4 > & 5 4 &
WE2ig 10 # B EFAERRE A JIHGY ARIMA(p,d,q) & 4 & & P B 505
ARIMA(p,d,q) > #P3F A7 7 F % #-F B E R B8 ~ KPP 2= BB AN
ARIMA(p,d,q)> HEE S FEF A ¥ o HEFIR L BRI ETHRT i ¥EE
FASRLE AR LG IMAFL T EFE -
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AR A P HBEEEFEFET AR)

FRARZRYNERP ALK
Feg

PR EE A A TSR LRI 0 600 £ & F Rk 300 5L o

TR e » shlee@mail.ncyu.edu.tw

&

ZHEAFZEF? BREL - (AFA TR EE > TR PR -
R en® o FapFER A E Y R R ANEIR - BAFEE (2R
BHA R FAEAER P XA 2 RRPEL - L AFRRLERN
FRRFZ RS ER R HBRLTRRBEPR O ELRES S "“”-’é%ﬂrp“
PR AR W ERPH S A PR LT R B2 > BAIRTE %o
KA HE a2 237 Fo

R R -G U AT (ANSYS) ) RFH S AT T e R P E R

ﬁﬁ'““iﬂ*ﬁﬁ’lﬁ"*W*%4%§’”@Mﬁ&?ﬁ%%ﬂ%*ﬁ’
Tk FtRIF > HH &2 Bmtﬁ*’fﬁd K2 ¥ X027 LR
PERHT I UAZZ R NS AER 2 EREM I TR IRE R R
B ¥

N el R . B S BED TR - DA L ’*"ggﬁ;ﬁ‘{&%?ggg,?g
BR A p s A M N S 2 e g R BRI R F A B  R
BB oo S RA S R B A RS RE AR R BT DRELR
¥ R KPR 254 BEARE kF AL AL AR FRA R LR

I SIS LS 7 M
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AEEE LA PR e (KEFEFT AR)

LAY LAPLFEPEF
ZAF T HREE Y IR § M

DR ot k] e ImAT S R 0 100 AP B b B 53 B o
2R AR 2T B A 2R 0100 54 B AR 53 B o
S HRERRr AN R B L2 E <100 ST % AR B3 B o
YRR T AN @ L RSk o100 54T @ 4B 535 o
TR €% » chinmeilee@tfri.gov.tw

&

WPCTF S E i A LR To R AL R QiR 5 50 A
HEA R p R g s LA L ARF RTINS ko Ft > 3T # 4
HFAFEFLAAHZ P HR B3 B2 AR A T HRAMBFT TR G 2

%W%P**%*’%ﬁﬁiﬂﬁ*“’i@ﬁéiﬁiﬁ%@iéio

AP GROBE BT AL ANEFFEET2Z M FESR S OEAHN A S5 &1
(Cunninghamia konishii) ~ 4 # ¥ 4# (Calocedrus macrolepis var. formosana) ~ 4p % #f
(Acacia confusa) ~ 4  #(Zelkova serrata) ~ # f#f(Melia azedarach) ~ 5 ¢ d 4t
(Fraxinus formosana) ~ ~ % + (Engelhardtia roxburghiana) ~ & & % 1@ (Pterocarpus
indicus) 2 i % (Bischofia javanica) °

EHAAIRAMZPEFTETRL R APMZAHIOBL T L A2 BEHRE F A
ToAp LA E 2 5E e fad 1ﬂ Fuw x93 1131%2%2 10.05% > - &3z v]’z%"ﬁff Hha
5-8% B » ¥ 3% T 1ﬂ3, PSR ‘“P‘?ﬁ;ﬁ\@_@ Eds 1F”' ;oo AR Lo B8 (R N D)
25 Al B 5 3-4 kgf/mm? > @ &7 G 5 5.64 kgf/mm? 2 5.67 kgf/mm? ; &t ¥ E e
WhERALER AMLFFRPRAREIRSIEL > £ BB FES LY S

272(kI/m?) > 4 R AES) B 153(kI/m?) o A hB s e MBtE 4% )
o 90(kI/m?) > &4 452 W&“mWﬁﬁ6mwmﬂ’%3ﬁ+ﬁﬁmmmﬂ;ﬁﬁ
2 PR E R e W S ZARE o 2dp M 4 PR I 5 R AP R

m
Ao fRERr AL EHAR X AR
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RS A2 PR EEKEEFT AR)

AEEEMTE SIS BNEFEAF S A2 HH
el sReIE 2 R 4T

HEAR AR EHRRBETETRE L 0106 4T X F T RAGERE £ 1 5L
TR €% - peter@ntu.edu.tw °

A

¥

X ¥ & gr (Albizia lebbeck (Willd.) Benth. ) # Bl # L2 § BEA > 9 5 § 24

Aoz P BOCEEACE Mle A drk R Ak A B rak b H ISR W B A2 Ap AT
TORAFL P OGAF A ELEMTTRNZEF S Fe el s 2 Pl d
BhEF O FrRp REFGTH 280 o AT AJ1¥ K Z42 X BRTH
BEE2 8w > B3 B yeF > £ 02 GC-FID 2 GC-MS # 47 H it Bl 4 o gt #h» &

FHCBEEHE > AB 1 XEE R - R FTEMTT > X2 TR W2 R
BB N o 2 Tenax TA 3 8 2 e 7290 912 404 % 4 £ 1% TD-GC-FID &
P S L 2 B T o RS ERT  EIER 2t 5 07+0.1% 0 2 A&
/> % Linalool (53.5% ) ~ (E,E)-a-Farnesene (15.3% ) ~ trans-Linalool oxide (furanoid)
(5.8%) % trans-B-Ocimene (4.5%)° ¥ — > 5 » @ N2 2 5 KA 785
#aed 3 &40 2 4 Linalool 2. ## 13 & 5 26.9+5.8 ugh” flower! (18.9-353 pg
hl flower! > n=11); A @ {F 1 2 MethylZ-methylbutyrate TR PR
T F g R A sz B E L 17213 pugh! flower! (0.3 -4.7pgh
"flower'»n=11) 822X 2 8 3¢ F i3 2 2 & & 4 Linalool> it 2 § vk F B 1K >
EFRREFEREES A FLEMTTL AR TH R %d Linalool b’L’rfﬁ‘IgJe v H = 4
Methyl 2-methylbutyrate °
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RS A2 PR EEKEEFT AR)

FAREGRR o B ORI % AL TR

R R (SR i ECRE o SR

PR R R SR A 557 B HRET LT L - BI2 5

PR EACFATHRE RIS k2600 £ET AT L F Frks 300 5
PHEEBAE L FAE 52100 AP P I R AVE LT E -

PR LR AR ERRBETETRE L 0106 4T X F T RAUERE S LEE o

TR i’F—%‘ » sscheng@ntu.edu.tw o

L

SFE S d R VLR R A K ET R FE R ki
GHgH o P B FA B F 5 NS ERTS A RS R - o pEHED a e
.J’f—'“‘ﬁxf_iﬁf'}i—iﬁ P2 WA R RS Y BoRARBEFL Y ER
MR RIS FAPLCFEXER RPRY LG IHIAREZ REST

BYREFT LA S RRBEA 2 B % L BA R 2T c S A
HFELBOTIL 2 - XA FFHEE A B3 PR AR 4o d #
SE RS B T TS R aRTE B o T AT I 4
A (Zelkova serrata) * 1 4R2. B & (T4 F P40 ? AR ) > £ 8-H 6 o
U R J 8 T R sadx (dedes aegypti) frv MBIk (A. albopictus) % FfhE
BoAchk 2=l o %G % T AR PR B 2 Rk B it 3%k 24
hrts > $3 % sadxr 2 ¢ Aomix s f 2 LR~ kR (LCso) 4 % % 105.1 pg/mL {r
175.7 pg/mLs @ 42 6 7 g J 4 4 2 R EAE % A 5 & 3 BTk cit— 1% GC-
MS A iEHdeha s » 21834522 EEs5 0257
Hydroxycalamenene (50.71%) - ¥ ¢} » (-)-7-Hydroxycalamenene %3 % sadx % o Ana
b B 2 LCso A 5] 5 25.5ug/mL fr 449 ug/ml - 57 & B 2% KT o & 88K
iE 4 & £ 2 (-)-7-Hydroxycalamenene = 55 & & RIB4 = 5 X RahBixd »
XL
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RS A2 PR EEKEEFT AR)

BRAAFEFLER L2y
e A AR i
D B 2L R ¢ HRERBRTHRRIIY 2100 24 ¢ 0 %aaies

3
P Erc P AL R e LRk tRiREE o 100 24 P I R oa AR 538 o
TR i’F—fg » angelku@tfri.gov.tw °

&

124 (Cinnamomum burmannii) HHF ~ BB E2 ¥ S F A BFR AL > 7
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Geranium and lemon essential oils and their active
compounds down-regulate angiotensin converting enzyme-2
(ACE2), a SARS-CoV-2 spike receptor-binding domain in

epithelial cells space

K.J. Senthil Kumar!, M. Gokila Vani?, Chung-Shuan Wangz,
Chien-Sing Lai?, Sheng-Yang Wang? > *

! Center for General Education, National Chung Hsing University, Taichung 402,
Taiwan.

2 Department of Forestry, National Chung Hsing University, Taichung 402, Taiwan.

3 Agricultural Biotechnology Research Center, Academia Sinica, Taipei 128, Taiwan.

* Corresponding Author, taiwanfir@dragon.chu.edu.tw.

Abstract

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), also known as COVID-19, is a
pandemic disease that has been declared as modern history’s gravest health emergency in world-
wide. Until now, there is no precise treatment modality was developed. The angiotensin-
converting enzyme 2 (ACE2) receptor, a host cell receptor played a crucial role in virus cell entry,
therefore ACE2 blockers can be a potential target for anti-viral intervention. In this study, we
evaluated the ACE2 inhibitory effects of 10 essential oils. Among them, geranium and lemon oils
displayed the significant ACE2 inhibitory effect in epithelial cells. In addition, immunoblotting
and Q-PCR analysis also confirmed that geranium and lemon oils possessed potent ACE2
inhibitory effects. Furthermore, the GC-MS analysis displayed 22 compounds in geranium oil and
9 compounds in lemon oil were identified. Citronellol, geranial, and neryl acetate were the major
compounds of geranium oil and limonene represented major compound of lemon oil. Next, we
found that treatment with citronellol and limonene were significantly down-regulated ACE2
expression in epithelial cells. The results suggest that the geranium and lemon essential oils and
their derivative compounds are valuable natural anti-viral agents that may contribute to prevent
the invasion of SARS-CoV-2/COVID-19 into the human body.
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