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Effect of various conditions on the expression of structural color of calcium carbonate
Risako Natsume?, Tetsuo Umegaki®, Yoshiyuki Kojima® *
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Abstract

In this study, we investigate the development of structural color of elliptical spherical vaterite with an average
particle size 0f0.66 1 m synthesized using MEA. Since the vaterite crystal is an elliptical sphere with a length:
width = 1: 0.7, a structural color corresponding to the wavelength of light in the visible light region from 0.7
x average particle size to the average particle size could be observed. The strength of color development was
related to the amount of crystals adhering to the slide glass and the overlap. That is, when there were few
crystals attached to the slide glass, the structural color became lighter without interference. On the contrary,
when crystals adhered in multiple layers, the particle size deviated greatly from the wavelength of visible light,
and the structural color became lighter due to the dispersion oflight. The optimum dip coating conditions for
developing the structural color were to repeat 30 times at a suspension concentration of 0.04 % and an average
pulling speed of 25 cm-s!. In addition, the equation that the light interference strengthens can be shown by
2dncos 0 = (m + 1/2) A, and the complementary color of the calculated light wavelength matches the

observed color.

Keywords : Vaterite, Structural color, Dip coating, Light interference

Received January 28, 2021; accepted February 17, 2021

1) Department of Materials and Applied Chemistry, Faculty of Science and Engineering, Nihon University,
1-8, Kanda-Surugadai, Chiyoda-ku, Tokyo 101-8308, Japan

H AR F R F e B T A8 B s b S B
T101-8308 B AEUAN T H XA FHER 5 1-8-14

* E-mail: kojima.yoshiyuki@nihon-u.ac.jp

15



1 [FL&HIC

G EE, L TNT SRRV YR EDL
N2 2D D LI L BT HHRTH
. HIEGITZ OWE DR EBFEOBELITR -
TR EEL, T RAF 2RO, IOESE
JBERDRNEWI R EITHND V. BT
gz mnTHbOEL UIERS HOBEIRE NS
D, ZNHOERDIIRIEI LT L THD V. H
DOEBRETIIEZ0.5- 20um, EE0.3- 1.5um
BETHY, ZORESIEOWHEICITEIT 57
DIOTWEZT, Fkx xR DHIENTED
D2 T b A FEO BRI b IS A AR
FTZERHOITWA. ToE 203, Rk 280nm TiL
5k, 360nm TIIARERIT/ARDIRE DAL NHLND
. RVAF L U7 BT RO S AR~ V. &
7o, AL, R, R RIREEE, JEITE, BE,
A, R FORBIOIBIRITEIET 2205
s,
IREETIN T IX, EIRMRT TATF 7, LD
WINAI72 &L D438 CIASFIHS L TERY, A4k
AR, TITIAFTANBIONRTIARD 3 SOfE L%
EBNFEETS 9. Znb 3 2OEFIE, Thth
I DRFIBREE LD, LA NI RIS 22
R, 773 FANIFER, ST I7ANIERRBIO
BOIR ORI T IR L7202 . 2 D128  BREND IR
ITHEZ LIRS, BERIEDREEIIV ST LD
FEREILT 7T F AR NDILTNEN, 77T Ak
OBCRAE S 2 ARSI HIE20, 2SR C,
NTIANTITZNETERRBIUOBCRAE B DS
RS SILTWS V. EE DT I, Kk
AN - TR FE R NIV E /=5 ) —
LT (MEA) WA Z LT, SRRk T
ARNE—FHD BN W THEL TS 99, X5
I, IREEIKFE AN DKTER BT HZ &I
FORAPCRANTTAINAERTHZELHEL T
W51 2D I, NTTANMIBIRB L OERR D
JEReA AT AIITE LR THS. L, &
FRSIToT TA RDEE B A R LTl 72, &
AUTERIRIREDS 1 um BLF DT T ARE—FHD
BB ST SIU TN RN L, B RS b A 1
—IZAF_RENN =D THD. BIHRIZEB W T,
MEA JK¥EHRIEE, IREZHI#ET22810k0, F

16

BIRIFE 0.66~1.65um D 3T T A ME—FHDE AL
\ZREIL TR, SEHPRIAE 1.65um LL FO/NTFA
N —fHCREIE VBB, LL, BEDRS
TN BT V. T, ASETIE, 0.66
pm ORIERIZHIEL7-F8 ERR T T A
THEGEOERI T2 BEL, BEOOR
BT RNE T /3T T A NG ah ORIEE, REETRIR L ¥
FOGI&E RIFHE DB OV TR AT o 7.

A B LVERAE
2.1 & B
NT T4 NOERIZIL, KEBBILILY T A
(BHFE 96%) BLOE /) =& 7 —/LT7 I > (MEA),
(BEEE 99%) & HVY, 26 O ERIT B R b2
WMThD. Fo, IRBBIEDOT-OD _FbIRFET
A (HHEE 99.95%) 121%, EpEatils -,
F 4y Fa— hOBREIZHWET & b GitE
99%) IFBEAFLFRTH 5.

2.2 B FH Ik

2.2.1 FEMERIK AT Z7 A4 FDOAERL

8 mol-dm® IZFHHL L 7= MEA /KIAHR 100 cm 1z
5t U CKER bV 2% 0.05 mol FRANL,
0.5 mol-dm™® KEE{b A L3 7 LBRIETE 2 FREL L
7o Z OWREIR DOIRE % 55°CIZIRE L, 300 rpm
THITA LR S, 100%C005 5 A % 500 cm’
min ' CH T AR—=IVT 4 )V H—ZFH\NT20 45
MR ZiATe Z & TREE IV T LIRETK % 1F
fL7=. Z ORMEIRZ 10000 rpm C 2 4O
FEEEATV, ZOH% AW, BT HZ LIickb,
FEMRANT T4 R &5, BohnizilEox v
72 )E—a 0%, XBE, L—YEr
B ESAHIE, A 7 1 A a—7B L UER
T BAMEE (SEM) 2 W TiT o7z,

2.2.2 fEEAORBTE
AREHZ T 2RI L CRREBIRIRE % 0.01-
0. 12%I|ZFH%& L, 45kHz OBEE RGeS 2 v
TZOREIRICE S Z 5 pMF L Ca—7
74 7R REIR) #FR L. T vy 7 a—
ME, DA TA RTTAR(ATA RT
T A AARAE R A REBIRICIRIE S8 CH|
& FIPHE 3-25cm-s !t THIE RIFE. Ihvak R
K40 FE#EVIRL, T4 v 7 a— NafTo7z.

2



HE OB ET iphone XR ICTHREZ LT-. 728,

HOWTEEOR N AR MK 1IRT. 2

DARY Moz L FHELEAOMRED
TERLEARL > TSI EnbhoT-.

500

Do w >
[} [} o
(=} (=} (e]

Intensity / -

—_
o
o

0

300 400 500

Wavelength / nm

600 700

Fig.1 Emission spectrum of light source.

3 ®WRBLUER

3.1 WRIEBIRIREE DR

T, AR LRI 0.66 um DT T A
h® SEM B HE % [X] 2 (2777 SEHPRIAIE 0. 66 1
mTHY, EFINEDERoFHERRTH-
7o, 7ok, REBICHT H2EAROHEEIX0.7TH
St B, XA T AT T4 OB
ThDZ L E2MR L, BN TV 4570
IEDONH D TH o7z,
FEHERIR AT 7 4 N & AW CIREIRIEE %2
0.01~0. 12%IZHELT 4 v 72— F&{T-
7. K3 ICEBmRRE T v a— MLz
W7 ARD T 6% S LB o FEiEto
BEZRY. 2B, 747 32— Mal$ux 30 [|
& U7, BRBTRIEEE 0. 01% TITE D HLm 544

—
1 um

Fig.2 SEM photograph of spindle spherical vaterite with
average particle size of 0.66um.
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Fig.3 Photographs of samples changing concentration
of suspension.
Average particle size:0.66um,
Suspension concentration/ %
(2):0.01,(b):0.04,(c):0.06,(d):0.12
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Fig4 SEM and optical microscope images of
samples synthesized changing concentration of
suspension. Average particle size: 0.66um,
Suspension concentration/ %

(a), ():0.01, (b), (f): 0.04, (c), (2):0.06, (d), (h):0.12
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Fig.5 Photographs of structural color developed at each
Number of dip coats.
Average particle size:0.66pm,
Number of dip coats / times
(a):1,(b):10,(c):30,(d):40
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Fig.6 SEM and optical microscope images of samples
synthesized changing concentration of Number
of dip coats.

Average particle size: 0.66pum,
Number of dip coats / times

(a), (e):1, (b),(D:10, (c), (2):30, (d),(h):40
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Fig.7 Photographs of samples changing average
speed.
Average particle size:0.66um,
Average speed / cm * 57!
(a):25,(b):5.0,(c):3.3
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Fig.8 SEM and optical microscope images of samples
changing average speed.
Average particle size:0.66um,
Average speed / cm * 57!

(a), (d):25, (b),(e):5.0, (c),(H):3.3
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Fig.9 Incident angle of each structural color.
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Three drugs combined effect of antibiotics and natural antimicrobial agents
against E. coli and Candida
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Abstract

The three drugs combined effects of various antibiotics and natural antimicrobial substances, Benzyl
isothiocyanate (BITC), Cinnamaldehyde (CAL) have been investigated against Escherichia coli (E. coli)
and Candida parapsilosis (C. parapsilosis). Antimicrobial activities were determined by minimum
inhibitory concentration (MIC) using micro-dilution method. The combination effect was judged by the
fractional inhibitory concentration (FIC) index using the checkerboard method. Microencapsulation was
performed by a submerged curing coating method in which a mixture of sodium alginate and an antibiotic
or antibacterial agent was reacted with calcium chloride to form capsules by ionic cross-linking. The
results showed that the combination of Polymyxin B and BITC, CAL had combined effect against E. coli.
The combination of Amphotericin B, BITC and CAL showed combined effects on C. parapsilosis. MIC
value of three drags combination is much lower than that of two drags combination, leading to reduction
of antibiotic usage. Furthermore, sustained release of antimicrobial agents from microcapsules was

conformed in vitro experiment.
Keywords : Antibiotics, Natural antimicrobial agent, Combined effect, Microcapsule
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ML OFWE & U CEE L7 REIRARPLEH
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IM109 5 71 754 F(BK)), T o P Z @ diinn
5, NBRC1396 (C.
parapsilosis NBRC1396 ; JS7ATEE N B LR
IR AR RS ) 2 3 L, AAFTE T OB XI5
& L7 WO ORIEITHER U bR,
() B SLHUERT#Y Spectrophotometer UV-Vis U-
3310 ([ THIE LT-.

Candida parapsilosis

Fig. 1 Chemical structures of BITC (left)
and CAL (right)
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K2 B RHKPIC oM S E T, £ D%, KRS
% % McFarland 0.5 |ZFi#1%, &SN E.
coli IM109 : #J 5.0x10* cells/well, C. parapsilosis
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LI LT, =D, 96 well plate | K %

5ul BERE L, 1EIEASIC T 35°C, 24 h O Th;
Bk, KT /VHORNT, HOFEBEDRRD D
g/ NEEEZ MIC & L7-.

2.4 BERAZROFE
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20 AR, >2.0 ZHEHUEHE L. 7ok, #H
FlEH B LOFMIER & 72 5 FIC index 1.0 LA T
R LIt OEMAZIEEY & L.
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Table 1 OFEIZHEY Y, FEHITEM 1.0 wt % 7
VR EET MU U LK (Na-Alg ; 707 A
T A7 (RREDZ U Ui, EREE (N
0.70 mm; 7 /VE@K)EZHE U T, Wi D
S5em LV, AZ—F—HHETICHD 1.0wt%
FE 5.0 wt % HEAEI LT A(E LT AL
FYERISEER) KSR~ ~ S, 7e¥ s
e I (Ca-Alg) 7V ET DRI 2
mm DFHA Z M L= MC = Z - /ER L
7. MC JERf., TT A7 4 VE—ZHWT,
{fbAvw A MC %4558 L, MC AR L 7=,

Table 1 Composition of antimicrobial agents
encapsulated Na-Alg aq

Amount (g)
AMPH-B, 5-FC 0.1
ITCZ 0.02
BITC, CAL 1.0
5 wt% Na-Alg aq 3.0
DMSO 2.5
Distilled water 9.5

of the

Photograph
microcapsules

Fig. 2 prepared
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CAL (243, 292 nm)IZ BT 2 W eE%, 7& F=
kUL (MeCN ; B+ 7 A /b DFRGHISE(RR)HL))-
0.9%E B /K (Saline) [6:4, vVIZIASRE ST
HIE L, MEREER L7z, ER L 7= AINE
MC1.0g %,50mM O = =7 U U A(E
17 AV RS RR) ) 2 R S T2 0.9 %
AEPREEIK 50 mL H TVl - R S, 37°C, 140
rpm, 30 min DFAFTHRE 5 L, MC Z5ERUITH
fREET-. ZOWKES ) T 4 NE—TH
L7k, WOtEZHEL, MEHROMEN L
MC OFEAIN & Z I Lz
TRHERERE, AFAREK 50 mL 200272 100
mL =LA —TF7 23|I, MC 1.0 g &
FFlE S, 37°C, 100 tpm DT L 5 L. 1
h AR O A% 500 L 5EL, & OHEE,
B LWERE KA 500 pL Iz e, iR
EOBRMAM D 6 h FREE T, BRI K L
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WS TOREZREL, NUEx2 b LI,
MC OIEAF AT LT,

3 RBRERBELUEE

3.1 HrRAMEOREES K URRE TS
Table 2 (Z, BITC, CAL HAID E. coli IM109 ¥
L Y C. parapsilosis NBRC1396 (25325 MIC
ERERAE R A 7. (AR ISR LT, Table 2
DIRFETHEMEZ T Z &7
Table 2 £V, CAL @ C. parapsilosis \Zk3 541
BTV 2 & DR S T,

Table 2 MIC for BITC and CAL of microbial

strains
MIC (pg/mL)
Microbial strain
BITC CAL
E. coli IM109 200 400
C. parapsilosis NBRC1396 200 50

3.2 E. coli JM109 (=319 5 6 FAGLER

Table 3 2, E. coli IM109 (2542 HHIHEH R
BROFER %, Fig. 3 IO HFEBRCTO MIC fE%
&L ITHEH L7- FIC index O B4 7=k Table 3 &
Y ,PL-B CIL=AIfFH#hR %~ L,PL-B ® MIC

wanre. £z,

B, BA) : 0.125 pg/mL 75, BITC & O Al
OfH 1 0.0625 pg/mL, BITC & CAL & & =F#Iff
JH :0.0313 pg/mL ~ &K L, PL-B O &%
HAE T 5 &, =HPFHTIE 14 I8z 5
iz, F£7z, Fig. 3 127~ L7z FIC index D HfE
R LY, BITC & O ZAlIffH, BITC & CAL & D
=HIPFH T, #HMEER (FICindex=1.0) %R~
T2 &Ny o7z PL-B X, 77 AREMEE O
AR AR T 23K TH 5 19, £/, BITC
BEO CAL OFEMRHIE A 1 =X LT 50>
EENTWVWARWE, £ VF A7 %— FITCO)
L, A OIERF A 28R ORIEL, MR R
DOIEAREEIC A, Z 20 EOWZEZ X A
FAIEBR S NS ST g 1118 F 7z
ITC FHOPE A B =X LI, p-7 7 X KR4
WME X0 _TTF RREAEME THS PL-B 70 &
WZHERIL TS EO@RE S H 5 9. CAL OFLHE
A B = AN, EICHEMEEECHEEE 525
207- %, BITC, CAL 73 E. coli DAMEAE &SR]
BaEG5 272 L2k, MEMRBECER S E
$ O PL-B MEA LT K ol 2 EDNER &
R0, AR E R LT EEZ LS.

ABPC, FRM X ZAIOFH, =FI0FH & ©I20F
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B = RLNEI D 9720, JEHEEZ RS 220
St EzZ NS £, FRM o7 ) 7
Uay RRGUEWE X, hFA o7 2 %k
EEBATHMEETHD. TOD, HIESME
DV REHED Mg = BEbRT252&T, HB Y
REHELAEA L, SR E 2k 5 2 & T,
UARY —NIZEELTERT 5 2 & ChiEtk
ZoRr9 2D, L L, FRM HA|IToO MIC fELL T

2.0

1.5

1.0

FIC index

0.5

0.0

A : ABPC+BITC B :ABPC+CAL C: ABPC+BITC + CAL
D : FRM+BITC E:FRM+CAL F:FRM+BITC + CAL
G :PL-B+BITC H:PL-B+CAL 1:PL-B+BITC+ CAL

Fig. 3 FIC indices of combinations consisting
of antibiotics, natural antimicrobial agents
in E. coli JM109



Table 3 MIC: for single, double and triple combinations of antibiotics, BITC and CAL against E. coli

JM109
o ' . MIC (ug/mL) Ratio™
Combinations of antibacterial agents — -
Antibiotics  BITC CAL double triple
Single | ABPC 0.5 - - - -
ABPC+BITC 0.5 200 - 1 -
ABPC  Double
ABPC+CAL 0.5 - 400 1 -
Triple | ABPC+BITC+CAL 0.5 200 400 - 1
Single | FRM 0.25 - - - -
FRM +BITC 0.25 200 - 1 -
FRM  Double
FRM+CAL 0.25 - 400 1 -
Triple | FRM +BITC+CAL 0.25 200 400 - 1
Single | PL-B 0.125 - - - -
PL-B+BITC 0.0625 100 - 1/2 -
PL-B Double
PL-B+CAL 0.125 - 400 1 -
Triple | PL-B+BITC+CAL 0.0313 100 100 - 1/4

# Ratio : Ratio of [MIC of antibiotics when Combined use of double or triple] to [MIC of antibiotics alone],

that is, ratio of decrease in antibiotics usage.

FIC index (2 drugs) =

MIC of Antibiotics in cornbined+ MIC of (BITC / CAL) in combined

MIC of Antibiotics alone

MIC of (BITC/ CAL) alone

MIC of Antibiotics in combined MIC of BITC in combined MIC of CAL in combined

FIC i =
C index (3 drugs) = ( MIC of Antibiotics alone

TIE, UV RSEOBEMEER KN -7 2 LT,
FHZNRZ RS ol B BND.

3.3 C. parapsilosis NBRC1396 IZ%t9 %
B FAELER

Table 4 |2, C. parapsilosis NBRC1396 (Zxf9" %
“ IO EERRE SE %, Fig. 4 |2 FIC index DL H
fERAE T, BE L2 TCOREWE, T70b
% AMPH-B, ITCZ, 5FC&:CALOI:%GﬁﬁT
IEPUAEME O MIC B 1/4 ~ 12 12, EHIZ
BHC%JMKﬁ;:ﬁGﬂﬂT:LU8~U4_ﬁVLL,
PAEME O &S ZHIOFHER LD &3
D2 EMsrinoTz. 72, Fig. 4 12737 FIC index
DEX Y ,ITCZ,5-FC & CAL & ® —AlPFHICE
WL, fINZh R (FICindex=1.0)2~L, &5
2, ZHIBFARBRICB OV CIE, £ CoMAagb
W THIRZ R L, FUAEWETRE T TIEZR<OF

)/ 1.5

MIC of BITC alone MIC of CAL alone

e <& 5 BITC, CAL ® MIC fi %

FIZE V&< ootz

C. parapsilosis \Z%{3 % BITC 3 XU CAL @
P A D =X NI LTH, FEL IS
TWRWH OO, BITC [TEFHAINEE IR 5%
Hx, REEELZHET LI ZEnmonTnd

. ¥£7-, CAL [ZEFMABE~DOEEIZTIN %,

HIRLEE G RRER ~DOE, EEF DI b2 K
V7 BLOEEMBEECEEZ5 25 &0\
TP A TN = X LPHE I TND P, F7e,
AWFFRIZ LD, CAL @ C. parapsilosis \ZX3 5
MIC 1%, %Hﬂﬂbé E. coli £V HARVME A
(Table 2)

AAFFET iﬁ MR ZE 95 AMPH-B,
ITCZ, EF DA ZET 5 5-FC &8 iE
L7z 10, 2 b OFANE, 4 CTHEEMIaRENE

, —AIBF

25



Table 4 MICs for single, double and triple combinations of antibiotics, BITC and CAL againstC.

parapsilosisNBRC1396

0,& —J P/ 5DWLR
&RPELQDWLRQV RI DQ"
$QWLE %,7&8 &%/ GRXI WUL
6LQJ $03+% H H s s
$03+% %,7& ! !
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$03+% &$/
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6LQJ ,7&= : ’ ’ ’
T&=%,7& ’ ’
,7&= 'RXE , ,
,7&=8&%/
7ULY ,7&=%,7&&%/ !
6LQ\] )& s s s s
Y& %,7& ’ ’
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7ULY )& %,7&&%$/ !
I 1 e Ratio : See footnote to Table 3.
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