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Plate Heating System

Heater : PCB Heater
: L/H 300W (1EA)
T/C: "K" Type (TEA)
4 Point Leveling
Meodymium Magnet
: NHXCSH

(IO B I TT 00 (eor

i oe |
[End
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" e

Al 3k AAASE >

=dol 719(X)Y & 80mm/s °]4, Z 5 0.016mmeo]s})

X-Axis Robot

Stepper Motor (FASTECH)

: Ezi-STEP-MPB-56M (1EA)
Stepper Motor Driver (FASTECH)
: EzStep-MPB-56M (1EA)

LM Guide (MISUMI)

: SE2BZ13-445 (2EA)

S3M Pulley / Idler (MISUMI)

: HTPA2453M100-A-P6.35 (1EA)
P AHTFW-24-53M100 (1EA)
S3M Belt (MISUMI)

: HTBN™ (1EA)

Sensor (OMROM)
:EE-SX674 (1EA)
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Abg3te] Closed Loop Alol& A& 4 = &3 B

V=

Z-Axis Robot

Stepper Motor (FASTECH)

: Ezi-STEP-MPB-42M (1EA)
Stepper Motor Driver (FASTECH)
: EzStep-MPB-42M (1EA)

LM Guide (MISUMI)
1 SE2BZ13-145 (2EA)

T35 A" thalA], FASTECHAF®] Stepper Motore} Ezi Step DriverE
& AMgA o E o] §EH &= AR EE fgiulgte] A& iAo AU Eales 7HAH
SUEAER=

Z]
S

TM SCREW / NUT (MISUMI)
"/ "MTSNR8" (1EA)
Coupling (SUNGILFA)

: SRB-22C (1EA)

X-Axis Robot

Sensor (OMRON)
EE-SX674 (1EA)

Stepper Motor (FASTECH)

: Ezi-STEP-MPB-56M (1EA)
Stepper Motor Driver (FASTECH)
Dispenser 1 : EzStep-MPB-56M (1EA)
Micro Piezo Jet Valve (VERMES)
: MDS 2020A-AC

Heating System

: Nozzle only (block)

LM Guide (MISUMI)

: SE2BZ13-445 (2EA)

S3M Pulley / Idler (MISUMI)

» HTPA2453M100-A-P6.35 (1EA)
P AHTFW-24-S3M100 (1EA)
S3M Belt (MISUMI)

s HTBN™" (1EA)

Dispenser 2

Sensor (OMRON)

Micro Piezo Jet Valve (VERMES) £E-SX674 (1EA)

: MDS 2020A-AC
Heating System
: Nozzle only (block)

< mpolamT A W AFAE A Y25 >
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(3) &% Alo] Alxdl B4 g s=9go] V& (A 5 2l/t] =3 A]/Build Platforms)

HE =2 FHA 1

Heater (MISUMI)

: MPHK (V200-800W)(2EA)
Pipe Heater: ™

T/C: "K" Type 2EA
B-V/V: "3 Way” Type 1EA

e =g TA2

Heater (MISUMI)

: MPHK (V200-800W)(2EA)
Pipe Heater: "

T/C: K" Type 2EA
B-W/V: "3 Way” Type 1EA

Dispenser Controller 1 Dispenser Controller 2 Dispenser T/C 1 Dispenser 1/C

Heater : MPHK (V200- Heater : MPHK (V200- Digital Controller (OMRON) Digital Controller (OMRON)
800W) £00W) : E5CC-QX2ASM-802 ;[ng?E;(?}(T?ASN:-E?E
T/C: K" Type 1EA T/C: "K” Type 1EA T/C: “K" Type 1EA e Ype

B-W/V: "3 Way” Type 1TEA  B-V/AV: "3 Way” Type 1EA
< mlelART A A AEAE A 25 Aol = 718 >

(7h) 2A FFEele] AAAA 2% AoE fd ZE2 AAE s}

o AR ARG A, APE VY A5 A
1+

(4) 27 35 A" 24 9 (Tube Pump system / Air system %)
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(F &3t Roller)

Ol

Zoig 2y

o o3
pE L

B|HEIEE, maid HAAS ALESt0) LA A7|7HA T
SEIPTR A HR4 0 HIE S
22 Ato|of o[- 220] Satelof, §Ho|ojzg 4 2lg

ECREEEY

o AslHe] HE w2 T WAFFAA dds] Fa3 FitolH, Layer by Layerst &4
< 7MA= 3DZHHY Aadel M FasA] $E A4S, FrHHoR 49 Layer £F &
TAste] Ao =g A5

(7}) Piezo Module F-3% A4 2 94 AE ( Y X= it / vf232 ik )

TE B 9] 2 (MDS 3200) nl2 3 A (Superior Jet)
Hd A% 1000Hz 1200Hz
e 10MPa 9MPa

= Piezo Module®] 749, %<l 7]
Bdof diafA AL HI7F 84

A% AX e 5 e e

qow wWH ket vtEa st glow, F MAR
= Al A% 2 H A 7 drtel of Y

p

= 3DZHHP A5 e AHHow mxst= Flo] A VT o RN w2 S
Superior Jet ZHo] %3 FHS Holy kol daiM EET & A= HHAA
Zofel 10MPagl Hul2z=2] MDS 3200 &= A

(\}) Piezo Driver 3% A7 % 94 HE ( Epson jit: / fujixerox jil: / fujifilm Dimatixiil:)

= Piezo Driver® 7% Piezo Moduled] wniy} A&t FA3HA Al
H77F . WHAH o2 Epsons E3He 370ALe disia AeS
A A3p7 2&FHY o, dEA 7|42l Epson, fujixerox2}t fujifilm Dimatixs A <] 3¢
W2~ Abe] EgtolBE 47
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LA Hefg] FH f 2E 27 2

LI2E &5 2ai3/ AHEY ER
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Step Motor

HA| 710l E

HA| 7t0|E AHH y EE 17| A

z BAT 299 3

= >
3l dAY 9 AR/ EEHAY, EEF T =

N

8 Fo] BYHAE Bl &3S EFUE Al2dS Ak
P

7 2AE ARGl b Ao AREol VbR bddE &

o W

3} 2eolx A 2 AxY AFIETA)  2AUE

SPECIFICATION

RS Sl XYZ Type
Z2lE gkl Piezo Dispenser Type
SIZE 1000X1000(1200812)X1800 (0f=)
WORK SPACE 360X360X%30(mm)
ALE 75 Nozzle 2 300um ~ 900um
Nozzle 25 A2 - 120°C (MAX)
BED 25 A8~ 120°C (MAX)
e &3 2 A2 - 120°C (MAX)
T= PIPE 2= A2 - 120°C (MAX)
Material Hydrogel, Carrageenan
Piezo Dispenser =& (3173)
o= e (O1g)
e 0 ~ 0.5MPa
26H JE - 80 ~ 97kPa
= %3 8 1L 4SET

< vholamE sAA B AEAE FA AF AF >
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(W) XY, Z w7k Als=w] A 5 A=)

X — Axis Motor / Limit Sensor
K- Axis =751

X — Axis Actuator

Y — Axis Z=7] 51

Y — Axis Motor / Limit Sensor

Y — Axis Actuator

A% XY 45718 FH

Motor Driver | — 27| — | X-Axis Motor [ =—— Sensor

LAY ATG e OMRON
ME ZE cEloly 227 ME 2H Home Sensor : EE-674
i?i_ I\EJ‘SETEDALEIE-IEJ‘I% jf\zG ME 2H Limit Sensor : EE-674
oLy a=7l A5 - MSMF042L152 Home Sensor : EE-674

Thipadd PGX90-H-5ATG 3:1 LAY OMRON

— Motor Driver | =—— ey —_— | Y-Axis Motor — Sensor

< BH, Z&EJ], XYE 2H, M8 S HE >

o 1A =9 4§, Stepper Motor ¥ Ezi-Step2 AF&3FA A7 2xpd =2 9 2~H o] A
o] @A77} Al wet Stepper Motor7F ¥ H317F 3=0l4 Servo Motor® H 7 811
o &M Stepping Motor ¥t} Torque’} #=olHS o] &3le] 31 #EH7]E ALE
3to] Stepper w9 £%E High Torque®Z QA aztsk wetbA XY REE ghpiy g
A5-MSMF042L1S25 AAsdom 31 447120 PGX90-H-5-ATGE AH&
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7 - Axis B2 0|3

Z — Axis Actuator

Z — Axis Motor / Limit Sensor

< 7Z& 2H

gt Beol=

248 MEEE >

= A4

’

ul112] A w\}

(th) 3D wholZ@uz=aA Al% FA Ao} L Azw A
 BF Ale] FE T W A
| Piozés Plezo Piezo SEHEEY
; Dispenser Dispenser Omron
Dispenser 3|5 = E5CC
=HEl 55 £ ECHESY
PIPE AlEEHE M S Omron
120W KType EsCC
Tk || 05 | %eme | [awaom [TEEA| e
TANK Kiype ESCE ot VUS3 A
gee3sE7 HEHHE A= 2o PTFE
=z|= =5 Ll ks
BED 1000W KType =5 4g L2}
ZiZ2olg
5. BEH =[S o|F
2CH ZHH| s S I PISCO
qipey 2 oiEA Sj o EA Sl
AXIS X MEZE A5 Front Rear He sl
A00W Omron Omren
i e EEE TjDLE A o
AXIS Y JELE A5 Front Rear S
4D0W Omron Omren
et 2] Ol ML 2| Q1A g
E At i =
AXIS Z MEDE A5 Front Roar Fe=m=ols
Piezo CAE 4=y || OXZ 43H B
COH‘E.I'Ul LCD Hi Lk ok Dispenser PECO PIESCQ ﬁﬂﬂﬁiﬂﬂ
Unit Module Controller X 2 VUS31 VUS3 S
22 ON/OFF || == ON/OFF
L% AR
2EUA SEUA

%35

g= @AY, ==
FolA Y BE 7} o] st
AAsEGom, B71A 02 Limit SensorE F-#ate] 71414 <




o

&= Ao} Al=E Ao A

AR =% Alo] A|2=® Aoje] A9 7] =3 #2ol, Piezo Dispenserét ©l& &walF
+ PIPE, Tankel thsA z7} 3lH, 2ZA4, SEAEE7F Eo17Y, vfgied EEE
g H43E 18l BED 3 1000Ww A2 slE S T 7hdsi, wx=e] A-8-4d
A= PEIZ} AFEHO] A, o8 ARFOR wirbsst g Al=g B3 5
BE Ao] AlAH A

RE e A9 Aol dold AFoolHE dAsor, sdrtiite] 400WH A
HEE S ZIAA M-S S YrE AAE 2 A4

(2h) 3D vholmzT) =AM Az FH EE % Aok Azd A L A

F15 3|5 7j0|=

Fe s e e 1) 2y

B5 8l HES B2 T

=
- t284 Moduleel 2%, 471 olulAsh gol, Fu sHe 14 ZWE ol stol=s)
7 7]

B 3H7F nAd = A ske Ze FE SEH HEE 7t

=g 7= XYZ Type
Z2IE| HhAL Piezo Dispenser Type
SIZE X, Y. 2) 900 X 650 X (0]7) mm
WORK SPACE 360X360X30(mm)
M= 23 2= A2~ 110°C (MAX)
M= PIPE 2= HE2 ~ 110°C (MAX)
Material Hydrogel, Carrageenan
u S 0 ~ 0.5MPa
M= W3 88 1L 4SET
[HZ| BE &5 30RPM OjLf (ZE7Is)
SEEHE A=t 2= Shar
@ oo o
o HE AW (o138)
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A7 LR slsAZl B AHES AR & AAE T4
Sug . m 7
— l « B2, R, SIS S2 HICA BHE 2& 75COROMIEE

B5COMISR ZRlEkd S

BST 0[4

75T o4

5T 42 s

Ay

<?l47tol=zatel 2>

(L) Z&HAF Aujs Ze A

o Z2u| Ao Al B Au] 20 txiolnt aA] A S(REd)E A A%

- Ozl 9 o] A9 2 A% HE PCel| tARl 2 B7E AR FA0] 2HAM &
go] 7bsste s 13

- gzpel @ B3 4A o] ui(A8) M-S Hulsie] Ak A AzkS AEgshy
Hit 3% o[ o] FolAm, txel MARE AF U7 A 108 Y2 23

- ZEEA AnjRpl Al AlEE W7k = A 7re|EelRlel oA HAsHA e
i
l e A HE| AMERIE 2Y17|7, SAE T 87| FHE

SHE ':::" ..."5 27| M2 ZEHAI B nAE, = 22

ol SAEH HOpM 201 HE SA

2T O THE B4
A w7

<?l47tol=zatel 23>
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9. vlolaztany e o4d AELRS AF, 245 AF(IFAAYHT) : 1AIE

(1) vhol v 2y &

o

o

L

o

kst 75 AdS T dES Fvlste] 47 sEAE § FesEdd x4 H 7] (Fluid
bed granulator, FBG) A 2& &3] #H3st & 1 A5 o|gsty FA4& &3 g%

9 4P Ao] #4

=S volARY MY E e A A8 B o]l B Agtel] whE AE YAl AT

TEEZE vlo|azu Y] A7 AFAAE grs7] 98] WAZHE (rice powder, RP), 7
A F-(potato starch, PS), nanocrystals cellulose (CNC) % sodium alginate (AS)E ©]-&
nho] A2 T A~ 341§ B}%— 245 A&3st7] 998 RPe PSel &% (RPM)¥ CNC,

HA RPM2 95201002 AdWHS Wt ALgst9 o™, RPM RPeF PS 7+
7+S 10:0, 911, 7:3, 559 H &2 AFsPoH F THPES 10%Z 3t RPES 3057t
71

-

A aEt7| 2 awkete] FAIAIL -, PSE F7bebe] thA] 3023 #AMSE olE ERtE
o ez FEHS o] &3t wWEHA 95T E 3087 tdsEte] S84,
g ARl CAPE Aol feob nd Aed SA4& 2ba o] Al Ees T+
7157 2R F5 v gle A dES 2Ystaz &

g AL RSITRS4Z 4719 Fel2 EREH, RS1S Egdoz gihet vhy)
e 545 7HAa RS2e AdEo® BYO dAPoR 47, uotHEe s SFF
A 2 E 2 vhyyr) olell sigE e, RS3E 7hdel o3 ofd=~e) w3tE <ld
dolAH, RS4w= sheb4] MiAgdTon 23554 = 548 7M. RS2%= 7FEl 96
satsy S s s A AU Wil ezl A 545 ol 8shA Retng A
Aoz 3D ZARe] B7h

wekA] A 3D FERAE A (Kajsa Markstedt 5, 2015)41717] 98 11% CNC¢+
25% ASE ol&stlom, At AES F3 CNC:AS=80:1200] & vl &S A4 2 A
AE CNCe AS9 3:;}% 20 goll PSS9 &= (1, 3,5 ¥ 10%)S W24 H7F &, A4
A7) 1,000 rpm e 2 1583 nlwkslo] FEARA A

dojo] W Azo] @ B2y ATaA 74 F4 Iy
- glolo] WE AZo] od BEY AF A4 74 AL %9a] A8 Simplify 3D
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software®} Fd == nlo]aZ ]~ A parameterE ZHzF A A,
- RPM<2 1 nozzles o] &3te] 3389 o™, Simplify 3D software®} wlol=

parameters= Table 13} Table 2] Z+ZF YEFY.

- CAP:= 27419 EAo wel cross-linkings 98] 2 nozzles AFE31SC

ERN

2

™ Simplify

3D software2} vlo]Z 2] 2~#H A parameteri= Table 33} Table 4°l Z+2z} e,

Table 1. Simplify 3D software parameter of RPM

Parameter Nozzle
Nozzle diameter (mm) 0.7
Print speed (mm/min) 3000

Layer height (mm) 0.39
Extruder temperature (C) 25
Nozzle temperature (C) 25
Bed temperature (C) 25

Table 2. Dual nozzle microdispenser parameter of RPM

Parameter Nozzle
pressure (MPa) 0.28
Rising (ms) 1.0
Open Time (ms) 0.0
Falling (ms) 0.5
Delay (ms) 2.5
Needle Lift (%) infinite

Table 3. Simplify 3D software parameter of CAP

Parameter TO0 Nozzle T1 Nozzle
Nozzle diameter (mm) 0.4 0.4
Print speed (mm/min) 650.0 650.0
Layer height (mm) 0.32 0.35
Extruder temperature (C) 25.0 25.0
Nozzle temperature (C) 25.0 25.0
Bed temperature (C) 25.0 25.0

Table 4. Dual nozzle microdispenser parameter of CAP

Parameter TO Nozzle T1 Nozzle
pressure (MPa) 0.0 0.05-0.2
Rising (ms) 10.0 0.5
Open Time (ms) 0.3 0.2
Falling (ms) 1.6 0.7
Delay (ms) 40.0 35.0
Needle Lift (%) 100.0 100.0
A2 v A& s, SFAxs 2SS ol &3 b wuksl I3y gy, E5Y AF
Aol 8 YoM BAalm 4 9 Gz A gk BA A wlo] a2 T
23 T T
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[e)

R

liquid binding %22

of AAE grde met liquidE

il

o
DRSS

-
.

vl A E}

=
-1’2 0, OLEE}\

2, BP7EZ
V7R, e

Fot,

t}-uH

= Ty

oo

ooo kDa), ¥E
: 7}3}71 WBP,
806)

NE A

—",

TI_

&E:‘iol

,5\:__@_/\1

°] 3D *+FEAE
Systems, United kingdom)
< Hlus T} wlo] A =T

}HO g].o] ~,—,

EX B

2~

Z powder=
IHo =z w

AR &

Agel PGA (K-form, 2,000 kDa), 7}

A7V PGA (K-form, 2 kDa), PGA (K-form, 10 kDa), 77}
g,

PGA (acid—form,
Jhebolud, Qlu) Al =

HE 2E (

ST

texture analyser (PLUS-UPGRADE, Stable Micro
AA A B 54
FAEL FHe7) @ RS Fig 19 28

Grid 3

4

Width x Depth x
Height(mm)
Weight(g)

22.0x20.0x20.0  22.0x20.0x20.0 22.0x20.0x20.0

6.20 8.13 6.94

Volume(m?®) 6197.12 8131.93 6942.66

6092.36 4942.62

'71658.26

Area(m?)

Design

22.0x20.0x20.0

7.14

'71143.43

5354.31

aASE AT TS

(h) vhol a2
=3 % (RPM)9 @lolo] 2 ko] w

QaztRel AAAE &

o=

1>
i

il
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gt EEax %9}3@

FHA EYon, FRAT FANAL R} 733 55 vge

e of BASRGT FEe AL WE Feo] wiag
By 4ol

=
%718} Microdispenser 2]

o
)
o)
=<
o)

Q
1o,
o
)
9
>,
r\r >,
NIN'
JE, for
o
N
N

r oo
_o‘g
i&

o
L
il
o
it}
oo
1
=2

- w4 RPM2 MicrodispenserS ©| &
CNCe ASS o] &3l 7]&# FEZAE 3
gt &g EF¢=9 3D Z™E 7tsAdS stz 3t

R10:PO

R9:P1

R7:P3

R5'P5

Hg. 3. 3D model of rice flour (R)-potato starch (P) blends at different ratio of RP printed by microdispenser.

2) Nanocrystals cellulose, sodium alginate % 72} A& &3E (CAP)9 dolo] 2 A3
of WE AF Al AT

- 11% CNC, 25% AS % PS &3t&E9] 54l u9tA Microdispenser®] parametersS 44

3t9om, Table 49 o= PS staFo] th=2A #H7kd &£329 3D 9y ZHAie=
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Fig. 49} &+

0,1 % 3% PS7} A7he EFEE 007 MPas) ejold] 223 724 F40] 71559
i, 4AE 2d 3]s FAS &9l Wglon, 5% 10% PS7 A7tE EFEBS
007 MPas| SFelolAt o] Brlata 24 5S40 wA 220 5e 42 44

JE
)
N
)
olr
_O‘L
R

5%%} 10% PS7F #7Fe &35S Z+2F 0.1 MPa$t 0.2 MPa2] 8o 2 =
o™ 5% PS7F ®7tdE EHE7) 49 24 A37]9} FAFSHAl S8 o] HA o 10%
=

= =
PS7h A7kA £FBS 39 Fol wZelA ¥ Aol WA o o4

N

]T‘:_ A %

o]+= MicrodispenserS #< X792 parametero] &AW WA= FH A 2HoR
=937 wZol PS &=Fol 73 o]

o] o EE FHo| UG AoE dAdHM, T3 E¥HEo] AAHE A FARgh
ALes Hastr] 9 Huyo 2z & Iy

width, height % line thickness+
AR Ao 2 LR
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Sample

PS 0%

PS 1%

PS 3%

PS 5%

PS 10%

_ A

Fig. 4. 3D model of potato starch (PS) blends at different ratio printed by dual nozzle microdispenser.
Table 5. Printed parameters for different potato starch (PS) of 0-5% (w/w) concentrations
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Line thickness

Sample* Width (mm) Height (mm) (mm)

Control 20.00+0.00¢ 10.00+0.00° 1.60+0.00°
0% 20.51+0.14> 10.07+0.24° 1.62+0.01°
1% 20.29+0.15° 10.60+0.35" 1.63+0.01°
3% 20.63+0.09% 9.75+0.12° 1.86+0.08"
5% 20.88+0.24% 10.58+0.16% 1.89+0.15%

« Values followed by the different lowercase letter within a column differ significantly
(p<0.05).

Mean * standard deviation for triplicate measurements (n=3).

A2 vAEA s, Braxs 2gS o8 taAd wuts 34 g, E5Y AE
2Ae] FE&A YeAe EAaE 4 9 o AAA o EEAZA wlo]A =T
2~9A FA 3=

ZA 2 vAEAe, B s o8 g s FA4S g9, 558 AF
2Ae] 89 UeAe FAE 54 2 Fx AAdAe % wlelamRu MY FH
S TFEe7] fske HAA AAE WA dASF e, A Ae Fig. 5-113 2oH,
Aol 54 wel AdE EF

74, PGA (K-form, 2 kDa), 777+-¢-t, PGA (K-form, 10 kDa) % of}2bu]o}Ql 2
HEABAS B¢ (Fig. 5), £234 =5 A& A, 232 7lsapdod 724 dAel
w7bsstal Aol= 54& uEH. MAY, dERes BriEXA - 3 PGA
(acid-form, 2,000 kDa)®] 7% (Fig. 6), &% o] AFE A o} 734 F4o
Zbeatdlal w2dE e 2d3E yedlen, dEYAERY Uy ek, WETHE
g Foe Bl gheride] A (Fig. 7), B33 85 AF A, 7224 Aol 7t
A qinjAl=y, 7heb7ld BP, A&, ANV EE Ed 2 Fopdd]
(Fig. 8), 7+x24 84& 7Featdoy, w23 Eo] A3 A %Wl 55531
del= At e AAd 23 80% B 87 (Fig. 9), 24 ¥4 <]
bt ot =t B2 Aol aH e, AR, AEet 2 Ay A o)A e
- (Fig. 109l 724 4L 7Festdl oy & 22 d4do] TAssda Aed,
PGA (K-form, 2,000 kDa) ¥ 7}2}71 Kappa®l 4% (Fig. 11), 724 FA o] 7.

>~
Jo oz g

mi ox off

)

—.~
2

A
(e}

o,

o E

o

1 H
7 v, EWe s R B9Y 5 g duE wdy
e BEIAEY Qzto] PFyt A7]= 76.35+12.47 um, modal D= 93.52+12.30 ym©|
o, Al5Y 10%°] sidsts gkl D10 32.92%1.29 um, 50%¢°l @33t D50+
80.06+2.87 pm, 90%°l 3] @3+ D0 160.86+14.81 ym= e

Al ©

YWEA e 2y v&S 24 AAS gAgls #2443 mfolazugadydos 3
AE L xAS FA} AR Fig. 139 231, Grid 1€ layerol spread 19, jet 3¥, ¢

Fwow wysglon], FaA Y4ol sbssglont AF Aeld P Ee.

° 5
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- Grid 29 A, BRARA vpolazrsANw Azl BAASRE, ol A4 v
¢19] grid 7FA] W&l resolutiono] ThA "olx]7] wWjEo & HAutxEm Grid 3 layer
of spread 19, jet 2%, 42 1Ho =z Hedstgom FxA o A7y WFAS B &
o] ZH3HA &8 o] A gAY 7+ FASAl E3. Grid 4% layerdl spread 1

Hojet 2HO R st o, AR o]l AW F9 o] st oy BA

Fitoll A d Lﬂx’ "54”01 ”“3 DEY 2 EY] AHg BLAE wlo]lmzusd

Al O

- Ol HEYAEYY FHEEY AA AEF 9 HAE dAste] AR, wabg, §F
A, E“é o A4S B4 4% (Table 7), grid o] o
=]
= 4o

EFRL AL, grid 37 42

Rice powder

PGA (K-form,
2 kDa)

Sugar powder

PGA (K-form,
10 kDa)

Arabic
instantgum BA

Fig. 5. Results 1 according to material characteristics.
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Sample

White sugar

Allulose

Tagatose

Agar

PGA
(acid-form,
2,000 kDa)

Fig. 6. Results 2 according to material characteristics.
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Malto dextrin

Wheat flour

Xanthan gum

Natto powder

Isolated soy

protein

Carrageenan

Fig. 7. Results 3 according to material characteristics.
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Sample

MB seasoning

CarrageenanBP

Gellan gum

Sodium alginate

Locust gum

Guar gum

Fig. 8. Results 4 according to material characteristics.
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Potato starch

80% tapioca

starch
Fig. 9. Results 5 according to material characteristics.
Sample
—
Semola .

Psyllium fiber

Fig. 10. Results 6 according to material characteristics.
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Sample

Gelatin LR _ :
PGA ——

(K-form, 2,000 |
kDa) 5F ! W

o :I!“ X
. Carrageenan .-
Kappa J
Fig. 11. Results 7 according to material characteristics.

Sample Particle shape

MD
ENT ' » HMM X120 500 m Fi AWM @0
x120 x800
Fig. 12. Scanning electron microscope image of maltodextrin (MD).
Table 6. Particle size of maltodextrin (MD)

S e Mean V Modal D D10 D50 D90

ample

P (um) (um) (m) () (fm)
MD 76.35+12.47 93.52+12.30 32.92+1.29 80.06+2.87 160.86+14.81

* Mean * standard deviation for triplicate measurements (n=3).
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Grid 1

Grid 2

Grid 3

Grid 4

Fig. 13. 3D model of maltodextrin at different design printed by powder-bound microdispensing.

Table 7. Comparison of physical properties between actual food and 3D model of maltodextrin

Mean Leteral Maximum  Adhesion .
Crunch . Cohesion L.
Sample force strength adhesion energy Elasticity
(g-sec) (sec)
(g) (g) (g) (g-sec)
Apple 8394.61 25315.24  12328.36 -60.50 -14.02 0.35 1.00
Eﬂge;rgy 5904.27  17265.00 1718049 -1977.34  -36.90 0.17 0.83
Grid 1 5358.855  9182.646  7754.26 -5.36 -0.042 0.015 1.00
Yanggang  3373.60 6462.69 5410.09 -779.41 -402.61 1.22 0.86
Chicken 3 B
breast 2214.03 7812.86 7790.87 122.79 11.82 0.17 0.98
Sausage 1674.37 4570.07 4554.37 -26.98 -2.63 0.16 0.99
Banana 1582.11 2621.45 2490.61 -275.18 -13.83 0.06 0.89
Grid3 665.735  9810.442  2518.117 -1.669 0.056 0.06 1.00
Grid4 525.879 3422.097  1394.044 -5.36 -0.057 0.02 1.00
Chocopie 27251 964.31 918.72 -14.86 -2.28 0.55 0.98
Cookedrice 125.57 534.98 442 .90 -65.97 -11.01 0.30 0.85
Bread 35.14 307.26 91.76 -0.95 0.03 0.64 0.99
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2t wtolazYy 2wy

fijo
e
oo
o
>
i
o,
fr
o
2
N
i)

24 ATl ARt R) : 2345
(1) vholzzr = e] o% HEAL 34 AT
Oh) FQwz vlolatzMAel o@ 4EAE T4 AT

FFEE A AAst R mlolamT MYl ogh X~

SOLIDWORKS softwareE 3D toolZ A}-&3te] &=

gdaog AF % Simplify 3D softwareo] #&¥ 93U =

parameters A4 ¥  xgcode FAOoZ AFsPOW, Geode FAY HIS
71

microdispenser®] %3} Table 3, 49| 7o =2 3377 £S5 =9

o

20 mm

Fig. 2. 3D printing design.

yS|
&

(b olstes B4

A

o Particle shape analysis

- 2 Agd A AR5 dAFEEH = FAREAE R (TM3030Plus, HITACHI, Japan)
o2 #HHEAL, AR FZE stubol o]FEHO|ZE HE} Bolal 1 fd AEE &

= T
Al 7 100, 200, 500, 1,000, 1,200 % 1,500 = 2+
o Particle size analysis

- SALD-2300 (WingSALDII:Version 3.4.1, Shimadzu, Japan) #@°]# 3&d2 J=

= "1 =]

e

2
rlo

=2 A (Laser diffraction particle size analyzer)E ©o]&3lo] 72 Wy o=w %

AR R ATEE R A7E 24

=

A b= 001772500 mm, =4E (Refractive Index, RD< 1.7070.20 io]H, A4 3}
F-3H] (volume percent, vol. 2%5)°ll ¢&l 101709 YEAlFo=E HAHIJOH, ¢
25 Y4EA7] (um)ell W& % FFo R e

q e
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(t}) Rheology analysis
o WATLFE (RP)9F A E (PS) £F& (RPM)9] #H&=% 54 &4

- RPM?J DRSS 10%%E o] RPE 30%7F AAwwkr| 2 wvlsle] BAkA171 & PS
d7kste] Al 3083 BAslgon, ol% EE z
Lag—ayujﬁ BT E 0% 7tdste] T3AI7 F A=

- A Ae 54 54 rheometers ©l&3te] 54 2% 25C, 54 g 1 mm=E A
4 ¥ measuring plate pp25= FH (AP oA WHFHH WP FE Alo]o HEY HeA
TS AARs7] 98] 063 rad-s-1914 % strain sweeps F&8)dtA om, o714 2%
o] strain®] ZAA

- 54 A EA A3 0637628 rad-s—19 H9 Wol A frequency sweepdll <3l =3
H o HAeAE (storage modulus, G'), €A A E (loss modulus, G''), £
T tanS (loss factor, G''/G"E 4. 54 He 54 =4 do]g+= Anton Paar
RheoCompass 1.22¢] 9|8 z+z} A4k4d.

= Nanocrystals cellulose, sodium alginate ¥ ZHAFAE £3H5 (CAP)9] #2224 54 4

- CAP9 &4 Hde 54 =42 rheometer® ©]&3te] =4 &% 25T
mm= A4 ¥ measuring plate pp2b= F738). Ao <A WHEH 3
g HAeAd s AA4s7] 8 6.28 rad/soll A strain sweep= G- 5FH o1 o] 7] A
1%69] strain®] A4.

- 54 Het EA AdL 001716 Hz ¥W$ WHolA] frequency sweepell €8] =3 % o

o AZEAE (storage modulus, G ), AT E (loss modulus, G”), 54 #
T4 Ak

Am b

(complex viscosity, nx) 2 £2A7A4 tan§ (loss factor, G /GHE =4A.
A =7 dlo]E+ Anton Paar RheoCompass 1.22¢ <3 2}z A4,

2) Tz vlo|azgaaAd o3 AEAZX T4 AT A3}

(7}) Particle shape analysis
- JLET A 243 2 FAw-Z ufo]a R AT Ao old AW AX Az F
2egst7] A, A" LA o]getA A st o™, particle shape WA A=

Fig. 14-17¢} 23,

1.1.4 l_,o.h

- A7 (RP)O] YAE B3 A77F ddahA] g idoe] i ARNeHw (Fig
14), AR (PS)e A A o= A7|7F qF& Aolal wjiie]ly THSE Aoy g
go] oz yeld.(Fig. 15). Nanocrystals cellulose (CNC)+= 9AFe] = 7|71 ZHA

velyron FEog 3ol 9l |2 B2 H . (Fig. 16) Sodium alginate (AS):= t}
2 LA vls] dAte] Bk AV FdEkA] Ze Fe e 3 . (Fig. 17).
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Sample Particle shape

TM3030Plus 2019/09117  10:41 NL M x100 1Tmm TM3030Plus 2019/09/17  10:43 NLM %200

x100 x200

RP

TM3030Plus x1.0k 100 pm

TM3030Plus

x9500 x1,000

TM3030Plus 2019/09117  10:47 NL M x1.2k 0 pm TM3030Plus

x1,200 x1,500

Fig. 14. Scanning electron microscope image of rice powder (RP).



Sample Particle shape

o ® @y X
TM3030Plus 2019/09117  15:20 NL M x200 500 um

TM3030Plus 2019/09/17 1519 NLM x100 1 mm

x100 x200

PS

T

TM3030PIus 20190947 15:25 NLM 1.0k 100 pm

TM3030Plus 27619/09/17 15:2NLM x500 200 pm

x500 x1,000

x1.2k 50 pm

TM3030Plus 201909117 1526 NLM TM3030Plus 20190947 1528 NLM x18k 80 pm

x1,200 x1,500

Fig. 15. Scanning electron microscope image of potato starch (PS).



Sample

Particle shape

CNC

TM3030Plus 2019/11/26 x100 1mm TM3030Plus 2019/11/26  14:48 NM %200

x100 x200

TM3030Plus 2019/11/26  14:53 NMM x1.0k 100 prm

x600 200 pm

x500 x1,000

TM3030Plus 2019/11/26  14:53 NMM f 2019/11/26  14:54 NMM

x1,200 x1,500

Fig. 16. Scanning electron microscope image of nanocrystals cellulose (CNC).



Sample Particle shape

AS

- . " o

TM3030Plus 2019/11/26  15:03 NMM  x500 200

[o o
TM3030Plus 2019/11/26  15:056 NMM x1.0k 100 um

x500 x1,000

TM3030Plus 2019/11/26  15:07 NMM x1.5k 5

TM3030Plus 2019/11/26  15:05 NMM

x1,200 x1,500

Fig. 17. Scanning electron microscope image of sodium alginate (AS).



(W) Particle size analysis

W72 (RP), ZHAFA R (PS), nanocrystals cellulose (CNC) % sodium alginate (AS)
o] Y& AVlE= #HolA 3HA JE FE FH AXE ol &t AsIH oM A4 A
I} (Table 8), RPe] A%, Alx 399 10%°] sldst= =7] (D10)+= 20.950+0.793 sm,
50%°l dl@st= =Z7] (D50)= 54.823+0.730 gm, 90%°l &dIst= =27 (DI0)=
104.658+3.665 um, H i 7] (Mean) 50.374+0.380 mo. =2 YEF,

PSel 7%, D10, D50, D90 % mean<s 2H2b 21.777+0.107 pm, 40.351£0.556 m,
69.633+1.233 gm % 39.638+0.536 mm= “FEFSEIL, CNCE 749, D10, D50, D90 % mean
2 Z+7b 5.294+0.098 m, 18.202+0.343 m, 44.712+3.553 mm 2 16.373+0.569 m= L+E}
. ASe] 49, D10, D50, D90 ¥ mean< Z+Zb 33.335+2.568 um, 94.194+8.617 m,
250.622+59.942 ym ¥ 91.933+10.685 = YEFH.

Table 8. Particle size of RP, PS, CNC and AS

Sample#* D10 (gm) D50 (gm) D90 (ym) Mean(gm)
RP 20.950+0.793 54.823+0.730 104.658+3.665 50.374+0.380
PS 21.777+0.107 40.351+0.556 69.633+1.233 39.638+0.536

CNC 5.294+0.098 18.202+0.343 44.712+3.553 16.373+0.569
AS 33.335£2.568 94.194+8.617 200.622+59.942 91.933+10.685

* Mean * standard deviation for triplicate measurements (n=3).

(t}) Rheology analysis

PA7LEo AR £dE (RPM)E d&=24 54 &4

BN AR TFBS AuBA FAY ofAR Qo] BAbHo] PP ol
dom THY BYEAE (FHnL 2w SPES A&y By, aea of
S % o e AEAge oa Hw 540 A9,

549 54 A3+ Fig. 18, 199 25
Angular frequency’t S7Fstel we} @44 AHdS veUeE AZELdE (storage
modulus, G")¥ HE4 A4S Uetlle E4YAE (loss modulus, G'')ol T7Fa3l e
Uﬂ G'et G''ol A5 A Ao vleo] S E @AY JAAE BF SUtete A
= Boy %7]'“[‘94' @X} S bbE 3 TFENA HAsE AFE B
ol AR JAre} oW RO~ ALE THe] Am AT o]l AESHA ZFAA R
A7t Asdy]) WEo g #uE ) Shear straino] wWE EdEo #EzA EX
Fig. 20, 213} %5 Shear strain®] 1% o]0 A%, G'2 10:0, 7:3, 5:5014 =}
stglon, 9loAE G438 HastE A7 JebY. G 100, 7:3, 55004 A
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Storage Modulus G' (Pa)

Loss Modulus G" (Pa)

1000

100 ~
—@— rice:potato = 10:0
—O— rice:potato = 9:1
—W— rice:potato = 7:3
—A— rice:potato = 5:5
10 T T
0.1 1 10 100
Angular Frequency o (rad/s)
Fig. 18. Storage Modulus G’ according to angular frequency.
1000
—@— rice:potato = 10:0
—O— rice:potato = 9:1
—W%— rice:potato = 7:3
—4A— rice:potato = 5:5
100
10 T T
0.1 1 10 100

Angular Frequency o (rad/s)

Fig. 19. Loss modulus G'’ according to angular frequency.
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Storage Modulus G' (Pa)

Loss Modulus G'"' (Pa)

1000

100 -

—— rice:potato = 10:0
—i3— rice:potato = 3:1
—%— rice:potato = 7:3
—— rice:potato = 5:3

10
0.01

0.1 1 10
Shear Strain 7 (%)

Fig. 20. Storage Modulus G’ according to shear strain.

1000
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—O— rice:potato = 9:1
—Ww— rice:potato = 7:3
—4A— rice:potato = 5:5

100

10
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0.1 1 10
Shear Strain y (%)

Fig. 21. Loss modulus G'' according to shear strain.
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= Nanocrystals cellulose, sodium alginate & 7F#} A& E3HE (CAP)9] d2=2XA A 4

- 11% Nanocrystals cellulose (CNC)¢t 2.5% Sodium alginate (AS)9] &3t&Eo 72 A
3 AE (potato resistant starch, PRS) 3St#S =24 H7MSEA S
sweepdll W& A& B E (storage modulus, G ), ©4 A E (loss modulus, G”),
B HXE (complex viscosity, n*) % tan§ (G”7/G )& =AH3 ZAy+= Fig. 22-259]
H, G, G", nx & tan§ B PS o] FHEel whel EqF AR AR S-S KB

]l frequency

A2
5

- G FA G FAEY =2 FAZ YUEY JAAAF AAd (AAH )l vlE] @A
A dd (A A "31 o] ZetA ety A gl e, EAH %+ frequency 7t
7 el wep FAskar 9lo] £3E 5] shear-thinning 752 UYEHHES ¢ F A&

- Table 9= 6.28 rad/sollA €829 G, G”, n* ¥ tand§ Fx= vepa 9t} PS7H
A7tE A e EFEY vHlaste] PS7F HUbE EFECA GTe A, PSe ol

Eobd = %ﬂ = Srbetglon, G ok BadEe] A4, 1% 10%= PS7F 17t
HA g EFER E} grol FolHom mokomn, 3%9k 5% oAl Abols HelA
5. Tan= G o W G" o v&=, AR ABdE Frhsts SHAR AHEH
o 1ET Fom vBAlAH AFol 2, 18 Z¥std HAHA Asol A= AS 9.
EE Al®9 tand 2 0.07070.107 (tans<1)e] W=, 84 AR g4 A dol
FAS Ao, PSe] o] S BAA Aol i Eode o 5 S
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-
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= 1000 |

&)
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=Y}

s 100 -

S —@— CNCHAS

A —O— CNC+AS+1% PS
—w— CNC+AS+3% PS
—A— CNC+AS+5% PS
—m— CNC+AS+10% PS

10 : : : .
0.01 0.1 1 10 100 1000

Frequency f (Hz)
Fig. 22. Storage modulus G~ versus frequency profiles of CNC and AS with addition of
different proportions of PS.
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10000
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—O— CNC+AS+1% PS
—w— CNC+AS+3% PS
—A— CNC+AS+5% PS
—— CNC+AS+10% PS

P R E alarAyAY i
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& 1000
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2 100 -
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Fig. 23. Loss modulus G”

different proportions of PS.

0.1 1 10 100 1000
Frequency f (Hz)

versus frequency profiles of CNC and AS with addition of

Loss Factor tan §
(e}
1

—@— CNC+AS

—O— CNC+AS+1% PS
—w— CNC+AS+3% PS
—A— CNC+AS+5% PS
—— CNC+AS+10% PS

0.01

0.01

0.1 1 10 100 1000

Frequency f (Hz)

Fig. 24. Loss factor tan & versus frequency profiles of CNC and AS with addition of

different proportions of PS.
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100

—@— CNC+AS

o —O— CNC+AS+1% PS

10 - o —w— CNC+AS+3% PS
Y —A— CNC+AS+5% PS

o —m— CNC+AS+10% PS
&
g1
|72}
(=
(]
2
>
g o014
=
£
=]
o

0.01

0.001 . . . .

0.01 0.1 1 10 100 1000

Frequency f (Hz)

Fig. 25. Complex viscosity versus frequency profiles of CNC and AS with addition of
different proportions of PS.

Table 9. Storage modulus (G "), loss modulus (G”), complex viscosity (n*) and tan § at
6.28 rad/s for CNC and AS supplemented with different concentration of PS

Storage modulus G’ Loss modulus G'’ Complex viscosity
Sample* Tan &
(Pa) (Pa) (n*)
0% PS 1318.673+286.147" 106.183£9.309¢ 0.233+0.031%" 0.070+0.000°
196 PS 1693.160+56.672? 122.923+4.481%° 0.270£0.0107 0.073+0.006"
3% PS 1326.267+40.049° 124.130+19.110> 0.210+0.010° 0.093+£0.0122
5% PS 1296.590+52.956" 137.540+9.198" 0.207+0.012" 0.107+0.012
10% PS 1623.700+158.307% 160.003+8.272? 0.260+0.026% 0.100+0.010%

* Mean * standard deviation for triplicate measurements (n=3).
* Values followed by the different lowercase letter within a column differ significantly

(p<0.05).
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o

bAoAl M= dell ofs] ke WSty BAske AAE o] &3 emulsion
=2 , dol 98] B4R emulsionoZHE WEY

system¥} 11Ez2 537 2
Ho=m Q] n7tg A Aol YAstE 72 Y

<3 e A7 1EAEEd = E d
systeme AAST 1 &S ATt &

@O Ca-alginate hydrogel

A FZHE alginates A E2AZ AFLo] 75EH Ca2+, Mg2+ £9 271
F 771 el COO- ion-mediated 23S =Z hydrogels FASH AR
hydrogel 2toll &3t ione] 8o 2 §3E ¢ Joy g AdAHE.

(%]
Q0
9
rlo du
o2

© Alginate hydrogel2 AF&3 323

- Alginate hydrogelE $&3}o] 2]

& bio Foko] Al Zuj % Bl
Hkgol 7 oju] Aol JAH FZAE Zhle= Hzgol EASHA &7 W

HogE Brls, wabA extrusion W2AS 2 3D +
ol 3o WEA7|= 2ol a3

[
gelS dispensingdt+

7] Yl e Ca2+ iong EA 3

EN

® Gelating A& 3t thermo-responsive Ca2+ ion W& x4

- Gelating Type A ¢ B & U¥Ed ol& Gelating dojUl= A0 wet +8. (A= A

7tridl, Be 971 7FEEdl) Gelatine 22X wat b9 A9l gel +2F F4d3hH, 35°C
oA =i ACAM 7HE F27F A A FAT AF Ak Hokll A theA o]&%

@ Butterfatg A}£3F thermo-responsive Ca2+ ion W& =&

- HEAA SRS AAT AFL AW AOR BE oste] FEIE 7] AFE
AAHOE 544 BAS TPkl W/O DR BT, RS LEAN I AL f
Jstele Aol Aaty] Mo B ATEH APH 24 AOE HAF

218 W (Materials and methods)

Ao AlEHE Fx2AHZF AA £ Gelatin type B Sigma Aldrich(St. Louis, Missouri,
US)oll A Fujsle] AL&3t9e O/W emulsion Al Zol Abg® F7]&3 Butterfat
particle A Zel AFEE WHEE AT &AuiddA  dAviEeE AS AFEESS.
Encapsulation Z}FA oA A28 A&7l CaCl2, #3341 ¢l Tween 20, Span 20, #4H4S

2 A2¥  Sodium  alginate®}  glycerine < EF W) A 3} 8ol A (Siheung-city,
Gyeonggi-do, Korea) 7-u sle] AME-3}12. Ca2+ion®] &S =43+ Arsenazo iii Al
ok Sigma Aldrich(St. Louis, Missouri, US) ol A Fu) &l AF&3}3S

O vt AL A8 F2HT 24

- ouﬂﬂ'% (CaC12>E .J_ﬁnbé‘]'b Zﬂa’a :F’LH

A0CE 7FE 3 05M CaCl2 solution® Type B GelatingE &%3te] 40% Gelatin £
< WREst] A xS FH, GALE o Bl £ 3 ¢ 18°C WALAA 1€ &3,
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AZH Gelatin cube(FHA 22cm X 2.2cm X 3.6cm)< 1% alginate £ 50g°l #
7t 65°CE 7HEetHA Wsts #Fs A=,

PN

oJJ -{)

d ERS AMES Ca2+wrEe =4
715 60mLe F%(0.1M, 0.2M, 1M)¢] CaCl2 solution 3 mL, 6 mL(Z+7 &7]& <]
5%, 10%)% 27zt F7}8k 5 span20S 2.4g. 3.6g (CaCl2solution®] 20, 30%)<S 7t
%, Homogenizer(HG-15D, Daihan, Korea) & AF&3lo] 8,000 10,000 RPM <=4
= 7tz 1 #7F Pre-emulsification #2335
1 % Ultra-sonicator(VC750, vibra-cell, newtown, CT, USA)E A}&3te] 10 ¥
Sonication 3+$3 2™ Sonication =A< 750 W, 20 KHz, 20% amplificatiom, 20 mm
Tip= /\}3“3}04 pulse on 1 s, pulse off 1 s ASE 23, sonicatione A Fsle =
ot &3 (CW3-05P, JeioTech, Billerica, MA, USA)E AF83le A5 2%
7} 25C 01 32 FAHEE 5.
Aop e o g A X3 emulsion 2mL, 10 mL (27 £ £99] 625% < 25%)
S 40CE 7129 40% Gelatin B & W3 wwrdk 5 A4y da o &5
3k 3 18°C WA A 23, AZXH Gelatin gel FE(SHEA = 22cm X 22cm X
3.6cm) 1% alginate &9 50gel H7bs| 65°CE 7Fgste] 7tgel 98 Ca-alginate
hydrogel ¥4 o7& A&

s

- Butterfat

60CE 7}83le] =9 butterfat 20g9] CaCl2 solutione Z+7zte] = o Fuw (0.5,
2M CaCl2 solution 1, 2, 3, 6mL)E %o Ultra-sonicator(VC750, vibra-cell,
newtown, CT, USA)E AF&3te 10 &7+ Sonication 3t . Sonication =712 750
W, 20 KHz, 30% amplification, 20 mm Tip= AF&3}] pulse on 1 s, pulse off 1 s
2702 YA,  sonication AZFEt F2EFE(CW3-05P,  JeioTech,
Billerica, MA, USA)E AM&3te] A5 £&7F 45TCE FAHES 3

ol9} 7+e WH O 2 Sonication * 2] ¥® butterfat 18T F& o] S8 Fo] ZA vt
© F 18TolA 2027 BAAA HAES A=

@ Ca2+"=9 =4
- Thermal effects on CaCl2 release

o 93t butterfat particle ol A ¢ Ca2+ion=

Z 7 A butterfat particles W9 Ca’'ione W&S 719 A, £& 3o
5. 289 AEE 20 mlo] THSFN Y 25 "CollAl 1087 wwkste] Ca® &
stgoem 1 % REee4%(BS-21, JeioTech, Billerica, MA, USA)olAl 70°
150RPM Z7A 2 & 30%7F 7tE3sted Ca®' &S FEshAd o™ 18000xgel Al 587 4]
22 7] (Supre22K, Hanil Scientific, Gimpo, Korea) S Al&38te] AR s F A 045
U syringe ¥HE AFE3te] 02mM Arsenazo iii A9k} wHE-&te] 333341 A (Multiskan
®GO, Thermo Fisher Scientific, Oulu, Finland) & AFE3led 650nmolA S =& 54
sto] AFEMol YA A Ca’fions A F3sA .

ofp fot

> O o o

10
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- Aol 2]3%F butterfat particle oA 2] Ca2+ion =& &£x

A ZH Butterfat A& 1.25g< distilled water(D.W) 10mLel #7Fg 3. 607C, 150rpm
o7 HAAE e (BS-21, JELO TECH, Deajeon, Korea)ol A 7FE3stH 5, 10,
20, 30, 50% AL R AR Fede A ANES €2 s 0R2E st 3% 7
Ao Z 50% 7F tube WH 2xWIE 7E. AFHST AeHS 0.22um syringe
filter (Milllipore Millex-GV, Hydrophilic PVDF 0.22um)Z R &&qom ZE3d A5
< arsenazo iiiE ARE3ste] Ca2+ ¢ WEFS A Fst7] f1ste] HEPES bufferg (pH
6.8) AH&3le 3|4 % T arsenazo iii AlF 990ulel AE 10uLE & H 200ulH
96well plateo] #F3lo] 333 %A (FI-01320, Thermo Fisher SCIENTIFIC, Vantaa,
Finland) & AH&-3te] 650nmolA F3EE 54 F standard curvedl thste] 7k Al

7+ 8 WEE Ca2+ iond 4g AL

o Mo

o r

- Ca2+ionW=E A&

-7 gz A 23 9RZ O CatfionWES Ca’fionol HFHOE WHEEE Arsenazo iii
(2,27 -(1,8-Dihydroxy-3,6-disulfonaphthylene-2,7-bisazo) bisbenzenearsonicacid,
2,7-Bis(2-arsonophenylazo) chromotropic acid) Al eFe. 2 & &alof 4],

- Arsenazo iii Al9F2 AR A WES-EFe] 650nmolA HEE F de AAES DA
it B A= BEFFE=A(UV-2600, SHIMADZU, Kyoto, Kyoto Prefecture,
Japan) EA 23 SZEE2AEA[8 1 M to 10 mM] EE=ZF7oA  Standard
curve(R*=9969) & Z743le] Aol A&

Calcium Standard Curve
[Arsenazo iii]

1.2
1.0 1
0.8
E 0.6
o
Y]
L
Q 04
o
0.2
0.0
'0-2 T T T T T T
0 2000 4000 6000 8000 10000 12000
Conc.(uM)

Figure 1. CalciumEX=ol ™W& Arsenazo iii AleF A
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- AgES 84 EHHEA JHE F FeAes o
W Ag P AR dEA Uk oWl AP A& Ca2tions 5Hg EFEHd =
371 9ste] gelatin BEY S =2 2noA 719 Ao gelatin cube
HO WA Ca2+ions WE3dla ©]Z9lsle] Ca-alginate hydrogel +ZAE AT 4
el

Zlol gt o st
AY A, 65°CE 7FE 3 Gelatin cube= €l 98] 51 Ca2+ione WEZ alginate

FU
S
>
OFO
ok
R
o
£ &5

9} Ca-alginate hydrogel +ZAE A3t +Z2A Wil Ca2+iong A3z ¥H
St AS B F oy €& 7R &2 xRl A xR Ca2+ione] WEo] dojys=
Roz =T

E0]A Gelatin cube® gelatin XA = FEFHO 2

3R skA
A]

4 3 T}

Ao T4 B FT AFAL e} dRe B 2E o] glo]
; o]
[©)

41
l-Nru

|
| &2 AHdAME THS F3] Ca2+ion®] °olFste Aol DA, o]Z <)
algmate Ll 4352835l gelatin cube®] E WA HE Ca-alginate *ﬂ 5= Ao
= AzE 9 A2"S 3D Zdgd HRs] falM s Ca2+ion®] RS ol
AR} A EX ZANA WEE = EAO RFE I

N

2

23}7] W&o Gelatin cube?]
o] Ca-alginate hydrogel +ZA S AT F A== 3

ofr

> °
é

rlr ofe r-{u:
__ﬂ, _\'ﬂ

o
0y
o
i =
ko
_O‘L
O
kd
r’l
L

9
B
Ol
S
N

9sted Yol A A Z3 Gelatin cubeE Z7|E2C0E FHEI =Y
EZE IH3E AoZE 7|EY FAE AT

=
polymerol algmateﬂ :’Eloﬂ /‘P%% 2T EE
S - o

o X L
o o
Ql',
38
o
yo ©

o
¥
oX,
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Y
fu
Lo
o
ol
ol
N
£
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2
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[
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b
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09,
=
1Y)
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@D
w
S.
=
[
o
b
tlo
1:0{
rm]
A

9 Aol YERE
gelatin cubeE A&

sk A
s Th ol Ao ME CaClgdS 2oz, 7|55 E4HE dt= ol in
water(O/W) emulsione A Z3F3 °]E gelatindl £33l 23 Gelatin cubeE %

N 2 ¢ gelatin cubeE A Z3ATH O/W emulsione CaCl2&d S AFAAEA] &
S 2 7 gelatin cubeE A XS AlolE Ca2+ionWEo] A EHRA] A E EFHOZE
sk &
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- Ag A3 A ZH gelatin cubeE alginate FE YA WX =HE FF 1247k A3 &
ol WO SV A dojuA &2 As FAT F AR th(Image 1), o= Ax3
3l oil in water(O/W) emulsion®] Ca2+ion®W&S &3 HOF st Aoz B
Atk 7tY 5 gelatin cube= WHEA FHol FIHW emulsions WEshe A st
AEd Ca2+ion®Zol] 93 Ca-alginate hydrogel® AL =ztx o2 dojrpx] ¢ty
T Azl AA AHE] dojus RS FAT F AAtH(Image 1), o8¢ A= AHS
H gelatine] 7Fgo] o3& Zof B EHE £% 9 emulsion® ZHE Ca2+iono] ¥ o]
Heos Fxo & Aol7t A7l W2 AZEM emulsion®] 2 MHEE A 7h
4 Fol% emulsion® FZE7F 21 AlZF FoF FAIEHO ol# g ZolE WA A=
CEeRA=
10% CaClz,emulsion 10 ml 1A 7+ & 10% CaCly, emulsion 2 ml 1A 7+ &

10% CaCly, emulsion 10ml 7}¥9 ¥ w sk

Image 1 CaCl, emulsions *¥73$F3}= Gelatin cube (100 mM CaCly) €} alginate
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- Gelatin cubeoﬂ 3 emulsion®] ¥ T3 S Ao AES =Y 10ml AlENA

= 7FE3 ¥ Gelatin cube®] FE|7F doll Zo} Fef7t FUX o A alginate &
o] hydrogelel FAEHHA SFXHASY 2mINEAAE 718 T uykE A RAAE
hydrogel®] A E A @k, H X3 A FoAHE emulsiond} alginate £ 2] 73 A H o
82 hydrogel 90l 4=+ A= FAT F AA(Image 1). ©1& Fsted 7L
o3 WwEd CaZ+1on-4 % %2 gelatin cubeE AZXT W FJ3S emulsione] Lol <
d AAE= AL FaTd 4 Ao HA alginate £HS hydrogelZ2 HFA 7] =H
AA gde 25% O]’z}ol emulsion®] 8% AE AT F AATh E= R F
hydrogel &Alo] doji}r] A7LA emulsion SHAZ S &2 REAEo] Zx)3HA] Ca2+ion
o] alginate &l FAsHA WEE ol #YT Fx9 Ca-alginate hydrogels 3733t
AE AT + AU

¢ AYS 535t Ca2+iong X338l gelatin cubes= 254 =
TZA 9 alginate Abole] Ca2+iond] o< xtghsle] Mg Ho
AE s AAT F s AS A & I a8y 7
oj
AA

el FFaA op F7HHe AP AW

A& AME3Sle gelatin
2 Ca2+ion9 HW=o]
Z 9 5 A 3=

b
rlr

L
_=

J
rl

emulsion®. & FE 2l Ca2+ion® WEHL emulsion® <A E 9 emulsionz} Ao A 9
Ca2+ionsExto]| 2HE WA= A5 os) AAETH Emulsion? stabilitys Al
o] &%, A9 emulsion YA Atole]l HA7A A3 24 ostwald ripeningel €3 F4

SHA WH3E & Aok B Ao = emulsions A=Y AL E = emulsifiere] ®

£S5 FA3sle] emulsion stabilityE® ZA3st3 Ca2+iond TEZ2 WHEHAA 1 WA

- —

100mM A EE AFE3 A3 nVIAE 55 200mME Z7Fske] A %3k gelatin
cube AR ES £ HFHE 12412 o] $7bA] wWstrb glo] eyt IR FAH U
ow 200mM FE7F 100mMe] &H BT o BEA e EFEe o] Fo] o
How oS Ak AFSE AHAS ‘EH AANE B T F=7 R Fot

As AL B F AU o]+ gelatind} alginate solution 7AWl A ¥&H Ca2+ion
o] Ca-alginate hydrogels A3 Fo] A= hydrogel +ZA 7l Ca2+ion®] 4+
A&l ate] gelatino] HollE Zo Ca2+ione F#o] dojuy YW Aoz Aze
o 7FE & wwrsl A F9o AfolME 200mMES 22 £90] 100mMET 43 =
2 ARE Yelde RS A5y 71E Fo Ca-alginate hydrogele] ¥4 & =4
n 7 AR Al Zke] AdEle As F9T F AdJtH(Image 2). wEkA EA s #%
Tt o4 emulsione] PAsttty AZAEH F ¥ & $29 Ca2+ionzzdelA 4
< Eo AxTFoEHN © B3 emulsions AFdte] A3

nE?I n;L I-E

& AYST FaAe %

stojof & o7 AY7tE T
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100 Mm CaCl2 1A+ § 200Mm CaClI21A]zF &

100Mm CaCl212A1F %

200Mm CaCl27td ¥ A X

100Mm CaCl27}g ¥ uuh 200Mm CaCl27}4d ¥ awk

Image 2 CaCl, emulsion® ¥ &3+ Gelatin cube (100, 200mM CaCls)
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- 500mM F 1M CaCl2s=¢ SO 03¢ 022 F3Ae H&S
M= AZS gelatin cubed XA 6417 A3 T CaCl2 IMAIRS] 749 o] gF
A S27F oyt 05Me A% ofF oAl S 17F doutth(Image 3).

ZAdste] A3 Aol

500mM
CaCl12S00.304] 7+

500mM
CaCl12S00.20A] 7+

1M CaCl2S00.304] 2t

1M CaCl2S00.204] 2+

500mM
CaCl2S00.36A1 2+ %

500mM
CaCl2500.26 A1 2+ %

1M CaCl2S00.36A] 7+
k-2

500mM
CaCl2500.3244 2+ %

500mM
CaCl2500.2244) 2+ %
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500mM

CaCl12500.37+€

500mM

= CaCl2S00.271E8 +

1M CaCl12S00.367+ 8
Ko
z

1M CaCl2S00.27+ <
o
3

500mM

ETAL]4

500mM

d 5 CaCl2S00.27tE +

ALY

1M CaClZSOO 36714
3 wuk

1M CaClZSOO 2714
3 wuk

Image 3 CaCly, emulsion®

- o]+ Cal2+iongE=7F
T2

s 2

M3} 500mM F
Ca-alginate hydrogel &Alo] Zojt= A
Aol AW Aloleo] AH S

Mo

L
-
il

Wy

2 2T F UAEE

oA S003AE

A A

SA FgHE AR AHET 5~108 S 7FsES 7]
°1sle] Ca2+ion®] AF&AFo] emulsion¥ gelatinol A Ca2+ion<]
Fibs Asfete AEET AA ZAEste] HEo] ARE AR HHT F Urh
oA Hth S002A1 544 Gelatind el
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Hadles RS A 5 AATH4, 6ml ZH7; 0.2826, 0.2738mM/g Flgure 2. Z}).

A

0.15 4

0.10 A

—m— 0.5M CaCl, solution
—m— 2M CaCl, solution 80 1
—e— Control

60 4

20 A
éézzf:i::i : o
—aA— 2M CaCl, solution

—e— Control

40 4

Release ratio (%)

T T T T T T T -20 T T T T T T T
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7

Volume of CaCl, solution(ml) Volume of CaCl, solution(ml)

Flgure 2. 7}9 Z 7oA CaCli9 o] wE butterfatdl A ¢ Ca*fion&. #: gram% Ca®t
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oje} 72 #GoE Qo] HIE 7tE A §E5¥ Ca2+tion® 42 butterfats Al
& o H7tE CaCle2g& e F37F Z7hgtel wel fo8tA S7tete Ae 08
AR=d olHe ALFL 238 W FE=(05M CaCl2AlR) oA o FEHAA e
Ue AS S99 F A (Flgure 4). ol 93 43I 2345 Ca2+ion® v%
E S7HHS AFdE g0 F AJATH release ratio®] A9 Fro s WE
Fol vl A %+ AFAE T WE 714Gl o Ca2+ion® WES HFst &

80 -
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Ca2+ion® F=+ A4 butterfat W2l emulsion %2 A= AHHo=
FEFE AR e AoE AZEHY Ca2tionsgZatel gt HFESE F7HAIA
butterfat FHO ZHE S L£Z0] UL WME 223 dojuA Hoy AzdHAL A9
Ao M2 CaCl2§d e F=E 1594 20M=Z F7HZ < ® A89 Ca2+ion
release ratio®} W& ZH2F 79.95 to 68.27% <+ 0.1180 to 0.1217 mM/gZE <]3t
A rsts AL FAd8 ¢ JAH(Flgure 3). I3 Y 2M9 CaClREEE 221g/LE,

- A |
AA 3D ZAYo| HEF7]o wl$ =2 FOIEE CaCl2g e e+ TEsA &

(¢

@ 4ol 93t Ca2+ion®=

- Foll 93] == butterfat emulsion®ZFE WEH+= Ca2+ ion ¥ vHES X
Ca2+ ©]& &N FL¢ Fol vl sAdth (Figure 4). 2M %9 CaCl2 73,
o] &9 F7h wel WEHe CaCl2e 4= <7tk (0.0651 to 0.28266 mM/g,
Figure 1.Left). ¥F¥, 05 M T%9 Z5, 2M 9 Z-5-ol Hla] w9 H2 o] WEH
T As AT F ARomn, §A9 o] ZUMAFF WIE HEo] FolE A #FY
F AAT} (2 to 6 ml, 64.07 to 35.02% Figure 1. Right), WFH 2M CaCl2 sample®] 73
Fo = WEH & 2 Aozt FFEEA] et (2 to 6 ml, 6827 to 62.28% Figurel.
Right).
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X & Gelatin cube, C: SZZME Gelatin 0Ol A X,

#3235 A BoA gelatin micro-particle®] $H#o] ZHolAF=E HE 7} ol
Al 7(:)]

Al g2l = (6.25, 125, 25 50, 100 mg/mL< -

276.4. 311.83. 390,53, 742.26 cP). ©]= gelatin micro-particleo] & Aztao] x| sh=

7“JJr FEo SHEHEA AFE by 727} alginate-gelatin £AHE Ao FES
FotHA A7le AR AAEn FErF Frhe wel FEA G @l §AHAAA A

Lo JS Fo] wj$ =2 Frrt g9 Ao E AGHET (Figure 5).
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Figure 5 79 A3 39 alginate-gelatin Aol H & H| W

2 AxY S7HEE @& FXAAE control A& (235.267cP) <}
FAREE 20% vite® FFEE Aol 5387 Fold 'de 7H HAE FAE
T AT AGsAY. e = T ARAdA HdEe] a7t &
o FAaEL 625 125, 25, 50, 100 mg/mL & =, Z+z} 114.7667, 123.4, 120.5,
153.0333, 214.7333, 508.3667 cPZ WEb} gelatin micro-particles %ol H7ts A5
FE I AaZe]l & As F9Y F AJH(Figure 6).
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