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SUMMARY
(FEL2FF)
[. Title
Development of liquid seasoning encapsulation technology by electro-coextrusion
I[I. Objectives
This research was aimed to establish fundamental technology required for the
industrialization of liquid seasoning encapsulation technology in order to effectively
deliver liquid seasonings to food products for developing high value—added food
products.
[1I. Contents

= First year : Establishment of electro—coextrusion process for the production of

core—shell macrocapsules

= Second year : Optimization of encapsulation process by electro—coextrusion

= Third year : Characterization of food products containing macrocapsules

IV. Results
= First year

o The electro—coextrusion process for the production of macrocapsules via the
ionotropic gelation of Ca-alginate and the cold-set gelation of agar was
established, and the effects of flow rate, applied voltage, nozzle size, hardening
temperature, drying condition on the physicochemical characteristics of the
macrocapsules were evaluated.

= Second year

o The morphology and textural properties of Ca-alginate core—shell macrocapsules
prepared by electro—coextrusion were optimized against the preparation
conditions.

o The thermo-reversible cold-set food hydrocolloids that can effectively mixed
with agar for the production of macrocapsules and the minimum macrocapsule
hardness required for the acceptable morphology and handling process were
determined in order to standardize the quality of macrocapsules.

o The hot water—triggered release of core fluid from the macrocapsules were
investigated.

= Third year

o The texture and sensorial properties of chewing gum containing peppermint
oil-loaded macrocapsules were analyzed.

o The storage stability of macrocapsules was evaluated at 25 °C and 0% RH.

o The pilot—-scale encapsulation process by electro—coextrusion was successfully

designed and tested for the mass production of macrocapsules.
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9 rlolZEHE FAE FERA e WHOE QAEHolAE o] 2FAd AMEE
< (Table 1).

=29 A5(FHE, "=, &), AF AHfgdolde] &SIt AL SUtEE FAQAH, ol
= SAPSAIVEAEF /\VJO G, Bop a3zolal A1 AF o] gk AR
87 5 ¥ 5 ooz, AA AR F2A 74 =4 F s oA
%1-7H‘%}E]°1 B ARAEE ZEF7] AFE 7] w4l

MarketsandMarkets (2009)2] &4Jo o]3}d 20143 71A] 2F AR EH ol AFFRE 354
o g R 2 AR oA

_léd
E
i:pp



Table 1. 2JF4re] A&
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~ 714 H 7]

(e.g. citric and lactic
acids, sodium bicarbonate)
-A1 4

(e.g. o+,
i)

A=, A
-g 4 (e.g. protease)

-Probiotics

i aciay
(e.g. starches, maltodextrins,
gum arabic, alginate, pectin,

carrageenan, chitosan, cellulosic
polymer, sugars)

Sk
(e.g. sodium caseinate, whey
proteins, wheat proteins, soy

proteins, gelatins, zein, albumin)

VA g

(e.g. emulsification, spray

-drying, fluidised-bed
coating, extrusion (hot-
melt, pressure,

centrifugal), spinning disk)
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Figure 1. W& =7] H<&o] A7FE 2F (www.lipofoods.com)

4. A 71434 3 (electro-coextrusion)ol] o]3+ <17l &d o)A
o A71FUEAY AP sl Ve AVH St AHE OE F AAE T Y 5 =

(Fig. 2).
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Table 2. =+9] A& A& A9 22=E (Lakkis, 2007, (LA U5 A ZAH

3 A = 7} =3 o)A

Lipofoods S. L. ot | www.lipofoods.com/home.html

Taste Tech = www.tastetech.co.uk

Cerbios-Pharma SA 2912~ | www.cerbios.ch/

Lallemand Inc. Nyt | www.lallemand.com/

Morishita Jintan Co.,Ltd dE www.jintanworld.com

Tagra Biotechnologies, Ltd. o]~2}d | www.tagra.com/list.asp?categoryld=94

Advanced BioNutrition Co. = gle))c(urel.voloper.net/advancedbionutrition/default.a
Maxx Performance Inc. al=n www.maxxperform.com/Manufacturers/index.htm
Southwest Research Institute i = www.swri.org/4org/d01/microenc/microen/
Aveka Group = www.aveka.com

Balchem Co. v = www.balchem.com

Particle Dynamics, Inc. o] = www.particledynamics.com

Ronald T. Dodge Co. o] = www.rtdodge.com

Sono-Tek Co. v = www.sono-tek.com

Thies Technology =5 www.thiestechnology.com

3M u] = www.3m.com
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549 A#AA B4 - d7E
o] 2 A EHAEA FFF B =A4HIS o] &3} alginate ]
& ionotropic gelation % agar®| cold-set
A 7] = gelationell 23k He FH =319 7]

v . 2 range &
14 | gge o = Cln

od WEYA FA WA He 54
°of A 4 A8 FEH -
A g4 MAYEZe 9 24| Alginate @ agarol 2% A FA o

b | 204

(2012) | € B4 7l

fo o2
e e

=1 AYFe Aol o3 He FHE
Hlw E2
o fF&/FEH &/} =ETYAFEA
SAMTY FFF £ 2EAz2AY AE EAZ9 Fad
Al FA
2. AFHSY 9 A7 Y
A7 39 AT ZA Al &
QA=) (o] EX A HEH) - e
oCa-alginate A= FA4d A3 A &4
A TYES o] &3 MAE FHI SYHAFE IR
Ca-alginate -4 wlZ 2 & T4 Fo-d A=W/ EFA
2o W 2 BHE 33*3_, s _ _ °A_gacl)r _X*a‘i %*éf_a*é‘ﬂr X];%"é *—'.‘%%
N e B A TYES 0]%?&} alginate| 33 ST BFE = 23t 744
Foj-d Mg 2h0E FA Fol-d wjZA2HE FA
i Z2RE FA FF v A =oFol-d wjaERE] FHAEES F<
T8 IAIA AA sta, A7lEgEel o AE FA
2 S FE JIAE AE

A EG Solmzzzol=ol Ag W
Uz 2 A 548 gelstel olede

A A = = plo
. T8 e e WE O gy aginaest wagsue 3
4 4 mMAUSE L&YW =394 e agars /2 A 2AE A
o] oJgF B 2 A I =0] A ZE =2 o P = - = =
oY e = o i EEHH] 1 o7 Bz A Ca-alginate®} agar wj=
T e 7EEA Pl s Wy, o AE A= 4 =
Ll = ’ =]
A, 2 A= vl
SolERFRO|ES FE, d/Fo
ST ST MaERfde V25 S¥, 3H Aol WaEfee] ¥
=4 ol mA= o] 24 g, o4&, AF 4 74, 2 Z=o
nAE ¥ 74
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A gAY MAUZ BE o] eFelr] s3]y
o A ol oW MEe 95t AFE

3lol 2 ZF Z o] =(hydrocolloid) 2] A3} WAUES L
A E4e At (Table 3). Hi & As vAYSS A AVFAER M B
HHola AAHoR Fol-d mAZNEES AL 5 JE |2 FZo|=2 A alginate
o} agarg AT VI1EEHE HYsAoh

o Alginate= Zr4po] 23] o] A 3}(onotropic gelation)S Eate] ¢ g1 AAFOE Ax
g Fx9 Ca—alginate Ag 3 *éf’h’/} a8y FAE AL dx F YR gdd 2 7
H =, du)71e A(thermo-irreversible) E4 02 Q3ste] xg & I

I AAE AEES 7
5 F7beld e W &4 534 evthe @3o] ok
o Agarv= WYZH73Hcold-set)oll 8] g AAHoz AL

(thermoreversible) 54-& AYUBRZ %8 F dFE 7RSS o 43 Zof YWE&E &
AE WE2A AFoE &Y F Atk =3 —S—E hysterisis7} 222 2F %], A 1
S&HA7F Wt ey Adx $ Aol v gl A gA Aol F Aos B3l AT
Table 3. 2| ¥& Sto|=2 2ol o] A3} 54
Type Mechanism Gelation conditions Gel reversibility Gel texture
Gelatin ~ ~ -Set: 20°C : Soft to strong, cohesive,
Cold-set -Melt: 30°C Thermoreversible gummy, elastic, no syneresis
~ o~ Strong,  brittle, syneresis,
K p?gsoelgge (t)? K40 -60°C in the strong  elastic gels with low
~Cold-set “Melt: 5-200C above the Tg | oo oo | SYReresis when combined with
Carrageenan -lonotropic
0,
) -Cooled to 40-60°C in the Soft,  elastic,
i presence of Ca no . syneresis
-Melt: 5-202C above the Tg Y
Agar ~ ~ ~ 200 : Strong, brittle,
Cold-set Cooled to 32-39°C Thermoreversible syneresis
. : Strong, brittle
Al . -pH<4 h f Thi - ’ "
ginate -lonotropic C%z+< in the presence 0 irre\?é?;ioble some  syneresis
Methylcellulose ~ o
MO) -Heat-set —%er%ridgglel a?t 8@? %g % Thermoreversible | Soft to strong
-pH < 4 and soluble solids
High _Cold-set 55 - 80% _Thermo- Brittle, elastic,
methoxyl -Set: 50_990(:0 irreversible syneresis
Pectin -Melt:  70-100°C
-In the presence of Ca®' -
me]{(})l\gx 1 -lonotropic -At a fixed temperature Thermoreversible sBrggree’sis
¥ depending on system Yy
: -Cooled to $5°C in the ; .
High acyl 2 Thermoreversible | Soft, elastic
Gellan -Cold-set presence of Ca
gum ~lonotropic Cooled to 25°C in the Thermo- .
Low acyl presence of Ca™ irreversible Strong, brittle
-With oth ith  LBG, T i . .
Xanthan gum gﬁvnlfs other gfllrtn G, Tara gum, Cassia Thermoreversible | Cohesive, gummy
Lucust bean gum -With other | In  combination with xanthan Non-gellin Elastic,
(LBG) hydrocolloids gum and/or k-carrageenan geling no syneresis
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Figure 4. Adz®yol| @& agar W2 =& FsHARAA6HE) A (@) 371 =71,
Ae), (b) IFAZ, (0 IE5AZ, () 1% agar, (i) 2% agar, (i) 3% agar. /5o
41]=400:200 x1/min, FHY=6 kV.

o A slolEEERCE w57 Ae S PR FF

(1) Ca-alginate W] Z =28 &

o 71 F%EE Ca-alginates FAst= #F4H-2 Figure 501 YEMT. AMES olF 55
(dual coaxial nozzle; NNC-DN-1725, NanoNC Co., Ltd., Seoul, Korea)e] dimension TS
2o} Qb =Zo] Yo H A E=27F 0.267 0.50 mm, H}ZZE =Zo YHF 2 E=27
147 mm. A4 &H3 Fof §HE 77 400 F 50 xl/mine] £==E 10 minit &
w5 kV A7 StellA drFUES AAISHA THeS-robot ESR200B, NanoNC Co., Ltd.,
Seoul, Korea). CaCly €9 WY =59 £ 10 cmit4ES FAstHRon, CaCl; 4o =
3313k A2 30 ming<h stirringdl® 2] jonotropic gelationS Z3YstFct FAHD 52
A& (wet capsules)> HE{(Advantec Toyo No.2, Toyo Roshi Kaisha, Ltd., Tokyo, Japan)Z
o] &3lo] ZIUTEISIY I3 F Uiy, ALddA FHAX@ir-drying)E A As AxA
&(dried capsules)= A| &3}t

o A8 o] alginate F=F 0.5, 2.25, 4.0% (Wwiw= Z2estiA WAz ae AX3AL F2
2 A=x74es2] F=H(morphology), HEA5(d=3 @5 Zolo Hit), F&ol4lE(capsule
eccentricity=74& &= dol/fE ©F Zo)), @ T4, Z=(hardness)s ZH3IATH A&
e, A, L ojaEL BstaAn|A(Leica MZ12.5, Leica Microsystems, Inc., Wetzlar,
Germany)s AR&3te] 16vf&o A #Zste] SAHsHCH, A FA= 200 v&olA S8+
ot A& 7=+ texture analyzer (TA.XT Plus, Stable Micro Systems, Surrey, UK)-S A}-&3}
o 10 mm A F°] A¥H probeE 0.2 mm/s £EE 53 Al dF4H& SASS T35t

£ 3 & o

2 — o
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o

AT

o

N, gas 2 flushing =l Dried capsule
glassbottledf] £ 2t ' Hx
k. [__‘_

Alginate ~2%  mp Sonication mp
(80°C for 8 h) for 10 min

Collected inDW

1

I —_— 3| =cH
SEHEE 10 min "'01 o =
sonication

Suction filtration I}

) CaCl, 2%

=2~ NH =
J10k== CE LY =
MI|SUsE =

Figure 5. Ca-alginate WA 2 & A Z344 M=

Aol P
A g9 aginate FEE 2L W A=W Ca-alginate WIAE A& FIARA A
1< Figure 691 VERNITH Ao A UERG sl o] W48 Aee] FH: v 47
@ gare wgrth

&4 el AP, 05% FEANE B FA0 D7k AXsA RGOt 225%2 FE
g Z7NR 4G Zorh AR FAA BAHAY. 1Y %2 $EE SAHAL o
t B Zojzh ohuet ofele) moizk Y4 Hel BRE YL,

- Az el A4S, 05% BEolA Ewol AW Tol7l wrow Aol Zo] BREHYL.
BEE 225% F/AAS W ulEE 1Yol Awe] YA, 42 S A T
%ol e BrS0] B FEo) Aeo] FHHU.

Aol A
a4 S5 Z7hgel Wb SARES] A9 18404

34 ¥ Ca-alginate WlZZH&E2] A5
2.28 mm=, AxHEY AL 1.24014 1.51 mmzE =7} cHFigure 7).
sEo met HEY A7I7F FUH olfre, FEVF HoldFE A &9 HAo] St =
o Az %
7]

o -
Gol M B 2 oAro] BHHUS WEel, Ax F AEe D7k AW AL FRFUE
s Al Fx9] rearrangement’} LA 7] WFOo 2 AHE T

r° fjN



Wet
capsules

Dried
capsules

Figure 6. Alginate ®=o| o

o HEd oHE

- FEE 0594 2.25%% F7HARC mel FAHEY oA EL 125914 1.080E A, A
2 E9 oJAEL 12194 1042 A4t oy, FEF 492 F7HA A wE o|dEL
FAHE A9 1212, AdxHE9 49 1072 A F7hstA ohFigure 7).
- F57F 225%°19 & W o] Eo] 7HE 1o JMARlAL, o= o] wxAA 7 FE ol JHgtt
= AL 9ugy. o] A= Figure 60 Uelhd &2 JHo Ao} LX)

o d F7

- FEE 05, 225 4%2 /M gt FARAE] A FAE 0.32004 036 mmog T
9 Aok oA 031 mmE s on, Azee] FAE 0019914 0.070 mmoz 3}
Ao g F7hekdthFigure 7).

-F=7t F7FeHRA A FAVE SUFete AL AEY AFol FUete A 22 olf
wolgt AgdEnh vl FANEY] A TEE 225004 4%= F7HAIRC wEl A FAIL
Zagt AL, o] /e FZolrl FAEH FuFos A FAVE Zropd Fubel §isly] WE
°l Aeow FAkdTh

o A& A=

- BEE UM wet $2E9 A9 1.35904 21.76 No2, dxEe] 45 11204
12.08 No.2 7 =7} Z7}8l tHFigure 7).

- Tt SUVE wEr =7t SUHe AL dAd ddolH, dxfE A=V FAAEY
AERT A SAHE olfr= A2 A7) 41 EA(brittleness) ®&< AR #ATh
.
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—0— Wet capsules —0— Wetcspsules
—&— Drizd capsules —a— Drizd capsules
24 04
&
£ T
— £ 0.2
[ -
_B gty :
g .
= = 02
= =
2 18 =
= —
2 2 01
& n
24
08 T T T T T T T T
) 1 z 3 4 5 0 1 z 3 4
Alginate concentration (%) Alginate concentration (%)
18 1,
—0— Wetcapsules —0— Weteapsules
—a— Dirizd capsules —a— Dried capsules
25
i4
iz 20
£ =
2 w
Bz, £ s
- =
b=
s 5
W £
o4
10 4
L
IR T T T T ) : . .
] 1 Z 3 4 5 L] z 3 4 5
Alginate concentration (%) Alginate concentration (%)

Figure 7. Alginate %] W& &2] @ A% Ca-alginate M| ZE2N&F2] A&, o4&, 4 T4,
2L PA RS R ReT

(2) Agar M2 &
o A7 FUEE agar AENES A= T Qe Figure 59 Yebd viel 2o A
ezt z0] §98 747 400 2 100 4lmin®] £EZ 5 mingk SRR 4 kv @71% 8
oA HA7FUES AAFET. AE&Hoz AL FgtdF WY =52 £ 10 cm
A]

AHAE FASAOH, SCTE FAE FHAF=E Gt 4H 3 5 mingt stirringdt™ A shE
At 48 FAWEL colanderg ol &3l 35 F oY, Aol FUHAxE
st AxzfEs Az

o gl alginate =5 1.0, 2.0, 3.0% (WwE 2stHA WAZNES ARIAL 52
R AzAE FH, AE, oHE A T, AEE 321004 A3 uiep 2L Yo r
J skl o

> W& I

- 4 899 agar ¥ES YIS W Axd agar WiaE FPEo FsAWFE A
Figure 8ol UERATE. ARxlel A yeRd uhep o] 449 A& FHi= e= 433 4

o ugit,

_14_



- 54 A 47, 1L.0% sEAME e Az FHHA XAy 2092 FEE F
7HINZ 3R Zoi7k Aol A= Zol-d FHgol IAHNT. 2HY 40%E FEE St
stAe W T Zoi7k ofyEr T4 Zojol 22 oeZe] Zort o] e FEH Y
& o] 53/‘35]91‘4

Dried
capsules

Figure 8. Agar %o o}

o A A

- YA H agar MAZQEY] AELS =7t 20004 3.0%2 St wel FARE] AS
275014 2.56 mm=z, FAxAE] ¢ 15714 149 mm=z ZasFgou 22l Aol

A (Figure 9).
- F5o wet fHEe 27U A
Sk 9] agar Aol FAHFHSUY] o
Ca-alginate #&¢] 457} 2ol &
o g dAckE
o Eo oHE
- FEE 20004 3.0%E F7HAZ wer FAAEe] o] HES 11594 1L030E tha i
U, Az &0 o]AES 1.02014 1.0302 #o7 walrl ¢l ckFigure 9).

FE7F woldaE A A3 A ¢ compact
Az 3 a9 A77F Fopxl A&
Qlgl d F=x2] rearrangement’} WAy 7] wj &

skt o =

- FANREY AE B SUMESFE oA Eo] A AT AL agar o] © compactdt
A F25 JAHEA Btk Ao 737 wEolet ddEY. w59 dx 5o A
#glo] BE AE9 ol Eo] 1% 7Itsled ol FAE agar Heo] wg 73 gt
= AL 9n|gh

o A FA

- E2E 20004 3.0%2 FHAZC weh 20w A FAE 050004 048 mmz ZA 5
of F97 WMyt gler, dxfae 77 94 0.02 mm= &8s thFigure 9).



5.86 No. 2 757} Z7}8¢ thFigure 9).
- 24 ¥ =z Ca-alginate &9 5o vlsted Zx=rt ug A SAHIA=H, ol W
7y 743 A] A" agar A2 double helix 7+ZRTh egg-box R Z thHE = Ca-alginate?]
o]&d% FxVF ¢ "disty] Wi AoRE AdHEHY. Ca-alginate A€o A-9= 2,
AzpEe) ek sANEe] FERG 2A deted, ot AzHRA A& P4
A Fz27F Btk compacts] A HA =7 FFEAY] W& A= AdEHT
3k (8] 010
—o— Wet capsules B —0— Wt capsules "
—a— Dried capsules 2 —w— Di=d capsules %
F ®
30 g Loge 2
-E E 05 ;
= 5 5
B 2% g FooE o
E - =
2 20 ® Foos o
= H @
2 £ :
© !—%——\{ g . = E L ooz E
@
] T [l D00
2z 3 2z 3
Agarconcentration (%) Agar concentration (%)
25 4 1
—i— Wet cepsules —o— Wetozpsules
—4— Dirizd capsules v —&— Dirizd capsules
12 g | 5
0 s oS
g 10 £
S b ©
E = g 0z - £
7 k-]
£ £ ‘ B
E 1 % 05 E
§ 04 2
. T : 8
£, E:
=
O ; T oo . : Q
z 3 z 3
Agar concentration (%) Agar concenfration (%)

Figure 9. Agar X0l u}
5o Wt

w4 B A= Ca-alginate W22 E2) A5, oldE, 4 54,

|t

of
o

R

gt d/30] fr&o] He EA 1
(1) Ca-alginate #j 24 &
o A/F o] F&H]E 200:50 400:50, 600:50 wxl/minZ EEAA wjAEZIRES A XA

m 4 g9 alginate ¥ EE 2.25%, AL 5 kKVE 1A

{
AV

T
)
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- d/FZo] FEHE FYsAs W Azxd Ca—alginate R
Figure 100 YeERAATE ARZelA yehd niel 2o] A4E 7,;,4%9]

- 54 Zﬁﬁréﬂ 745, EHl 200:50 gl/minoll A Zo7F FAlol AAZE AE Aao] FAH
H| 7} 400:50 gl/min= Z7}stdH Zo7F A2 FAo YRR E3¥ oy, E3F

600:50 ul/mmi FEH 7 2718 A9 g2 Aol vEte] AgE] ZFe :olrp BEEJ O

W 3ol7} FAlel AABAE Rk

- Az AEY A, 451 20050 glminolA w9 v FHE 7R

HAAT ol it FEHIE ERS AT, JA x| Wi 73

o7} oz ~vjte o] AAHYT

[0
L
-‘l‘)’

200 : 50 pl/min 400 : 50 pl/min 600 : 50 pl/min

Wet
capsules |

Dried
capsules

Figure 10. €/30] #<ol w2 52 2 A= Ca-alginate Wja 2742 Fstdn Z(16x) A

- ¥4 Ca-alginate a2 & A/=o] F<5H17F 200:50 400:50, 600:50 «1/minZ Z7}gt

of we} FAME A5 2.09, 219, 2.01 mm=E W3} o, A== F5 1.55 132,

1.27 mm2 2% 74319 thFigure 11).

o] 7% 400:50 pl/minZ A/Fo] FERES FIMNAL e o B )
F5o] AEAFol S7Fst o, 600:50 xlmin= o 57}/\121% = =

ol F4® Aol mes JaetA HEz 28 fE Ago] Forl

- Az7 27k AWHOE AT olfE, FEHI} F/kEA =
ol thF W wlgol FHHOE Frhse] WRREY FEE AANGEL W A7 o
Apol|7] WEQ Ao BeHt,
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ZF 1.059 4] 1.08=, 1.03°4] 1.07
H BE 2 1o ZAbsH thFigure

©

© Figure 10014 B f<u]o} Fagleo] dazizlo] AstA &2 79 W&ol AN
U= As on

9 %
F4u1E 27 ohe AREe] A F

ZA= 0.0394 0.05 mmz Z7}8= AFTFLS HYOoU FoH o= AyTh

off
bt
N
X
N
N
N
of
ol
)
>,
o oy
1>
e
-
lo
4
—
X
N
L
ol
N
N
e
i,
rlo
!
oQ
—
—
(@)
—
(@]
9
>
ry
bk
i,
il
K
2
o
=
ol
ok

of JojHow we o d &Yo] FEHo PES FAS 5
A FAC Z Aol7b fle AL, FE5H F/E A &9 Ho] fFYHAeY Ax
Ca-alginate Alo] Rt} compactgdt 7= WHIIHA FoHd F77F #EHA g AL
SiaE i

Ae 3=
G40 E 2770 Bk AL 49 1031, 12.08, 1165 Nog 2450} 94
ol zpol= glolom, x4 A 357, 469, 8.16 No.Z 27t 27189 cHFigure 11).
F&H ) 7k AN AR 2 GFL FA B ot A S| ol F9HY
o A §9 Yol alginate FEE 2%Y] WEQ RoE BuE, Axee] FE7t 37t
# e we ol A g0 B AH AL FYHGYOLE W TN = St
HFEEA ko compactd Ao ® s AEE] FEE AoE AdHEHG
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06

z4
—0— Wet capsules —&— Wet capsules
S —a— Drizd capsules —a— Dried capsules
= }/_A\ﬁ 0.5
E 2.0 4 E 0.4
5 ']
£ :
R
=1 -
T, i
2 pedle -
E. T 024
m 1.4 4 n
L]
0.1 4
7 !__/___—4——}
10 : : ; 0.0 T
200 BD 400 - 50 00 5D 200 5D 400 : 5D B00 - 50
Shell to core flow rate (ulimin) Shell to core flow rate {ulimin)
20 B
—o— Wetcapsules —0— Wt capsules
—a— Drizd capsules 15 —u— Drizd capsules
14 4
12
2 g
g @
‘E 1.08 2
& A =
o =
= =
o //’/f/J I &1
1.04 4
1.00
4 -
0.58 T T T 2 T T T
200 50 400 5D 00 5D 200 ;5D 46 ED B0 50
Shell to core flow rate (ul/min) Shell to core flow rate (ulimin)

Figure 11. ®/5o] §&v)o w2 524 2 A% Ca-alginate WA E2Eo A&, o4&, 4
7, & ZFxeo] W}

1

(2) Agar WA 2N &

o A/ 0] FZHE 200:100 400:100, 600:100 xl/minZE DEstHA] WAZRES A XA T
oluf & fNA agar FEE 2.0%, AYS 4 kVE 1AH3IATH

o & Y

- d/=2o FE5HE DEEIAS W ARE agar MiAE QLo FAWA AKS Figure 12
of YelRATE ARRAA YERD viel o] FAE Hae FE

o pul [}
Wkt
- f&H] 200:100 plminlA = Fol-d Age] FAHA Eeded, olv FEA X 4

o] FUHNY] WEd Aoz dddn.
- g€ A5, A4 400:100 pl/minell A 2|7} FA ol Thrko]l AR Y
of #ZHJL, 751 600:100 pl/minolA = FHgol FAH= Ao Ao
Ao 2gta 507k Tl fASHA X7 Ao BEEHAT
- Az el A5, 751 400:100 pl/minol A e FHe 7H 7E AHgol FAHIU
48] 600:100 yl/minelA FAHE Pa2> Foidozr A wHe z2ta Ao =
FHOoR 2muy Zo] AFHUH.
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400:100 pl/min 600:100 pl/min

Wet
capsules

Dried
capsules

Figure 12. &/320] f<&o WE 524 9 Ax agar 259 A u|A16WS) A

A
a
u

=

skdxol fr&H] 200:100 wl/minol M= =oj-d Hgo] FAHHA &dH.
Aegel 4% F5H7F 400:10000 4 600:100 wl/min= F7tetd A Hd e A5l 2.75
I mmz SA= Fol4 zol& Holx ko, dxfge] 35 15794 132 mm=

n:{}

Hase Aol B JtkFigure 13).

- Az e AF FEled b 27)7F ARbFos :
o} npR AR f&u7F Z71EtEA FZolo] thEk de] ngo] AhF

Blo] & AASRAE W 27171 § oA o ©

- FERE STAEEe W 54 2 Axel] odES 44 115-1.10 ¥ 1022 SH 5o

o A FA
- AEHE SR et AR e A A= 050014 0.66 mm=E FUFsER o, A=
AEe] FAE 003004 0.02 mmz 23] T ZAhdeE AFE FTUbete 4TS Biou

0.
+ {1 oH(Figure 13).

- ¥57h ZAhRA G A AL F7H8 A Figure 12004 BREE siolo ns
of JUHOR B Fo A g0 FEHO W& IYHAY WRelth Ty A= F
A A o7k Qe AL, fau F7hE A g9 gol fYFUOY A% F agar A
o] BT} compact® TEE WAAA felH F/b} HEHA ¥ AoF BUHT

A

S7IN RO el e A 0.09914 017 N2 F=rl Frisiged, A
z7Eo A9 10594 181 Noeg2 Z=rt F7hgol #EHAoY {24 Aole AT
(Figure 13).
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Wet
capsules

Dried
capsules

Figure 14. Agtol] & 52 @ 1% Ca-alginate "l 2 &2 B8t n A (16 %) AR

o g AF

- Aol Z71e4E FAME HAS 236, 219, 145 mmE A& A 2o] grsAon, Az

- FAAEY Aol AhE ITMIAC mE A e Mdspe]l kel 48 A =
A8 = AaAA getets A9 Aol T AopHr] Wi Akt
- AxAE Ay SAAEe 277 Adskel me dnbHo R fHahsgionw ofd wEt X
ol Aopxl Aog AddAn
© WE £

- A4S 0, 5, 10 kVE Z7INAS W FAHE] o]dEL 113, 1.04, 1L.072 SHHAo Y
oA Aolrt glolom, AxHEe] ol dES 105 1.04, 1L.072 SAHHJL A 7124 2
ol+= {1 tHFigure 15).

- ol gt A& olAEoE T L VAA e AL ofvan

9] T/ 0.050014 0.029 mm= 74k cHFigure 15).

- gkl meh A FAC) grarh HAE e e A A g0 FEY o] W
Aol olyel A g PaR Qste] A/F W& ZAW AA A7) 2 HHo]

SR WEQ] Acw AgdEn

° 71:;{"2‘ 701'E

- F2AHEY A9 0014 5 kV Mk =704 1048 F 12.08 N9 Z =7t SHHJEH Fe
2Rl ol NS M-S 10 kVE F7HetdS o 493 No2 43 F=9 vt &

(Figure 15).
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- At wpet A=rb AT F A grokxl A FA wE AR dAddEn
2B a5
—— Wet capsules —o— Wet capsules
—a— Drizd capsules —8— Diriad capsules
24 04 A
‘E‘ =
= E 03
E 20 =
g g
= £ o0z
T =
218 B
= =
i £ o
a - * E
124 S5 —__‘—————_!
20 4
0B T T T T
0 5 10 ] 5
Voltage (kV) Voltage (k\V)
30 14
—0— Wet capsules —o— Wetcapsules
428 —a— Drizd capaules 12 —— Drizd capsules
20 A 0
:E' 1.15 { % &
£ c H
E i10 E G
I £
Q L 4
1.00 2
0.85 : T ; a . . .
L] 5 10 't} E 10
Voltage (kV) Voltage (k\V)
Figure 15. Aol @& 454 9@ A% Ca-alginate MAZEHEY A&, o|AE, & T4, @ %
=9 W3}

(2) Agar WA Z P&
o AYS 0, 4, 6 KVE Z3tHA vjIZ=Z2NELS AR5
2.0%, Q/30] §%H]= 400:100 4l/mino.2 1A

o Aee] e

ol & &4l agar FE=

- Ade YA v AxH agar WiAE &0 Fstdw] A AMZ-S Figure 169 YERA S
ot AR A YERE vRe} Zo] FAHE Ae FEle Aol & IFS wA XUyt

- Zgtoll FAIGlol HId e F2 L AxPEo] FAHJG ot dxHE] HF 6
kVellAl g EHo] Aidos AR o7l EMoE ~2mues Zo] #FEHG =,
ol Aol EEFF F g AEo] FAHT] Wi Ao AdHY
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Wet
capsules

Dried
capsules

Figure 16. Agtell @2 524 2 Ax agar fA 259 FAnAA6X) A

o W& AE
- Agtel 7S FAAEY A 310, 275, 213 mmE HE Aol Fasen, dx
A& A 1.85 157, 1.17 mm=E <o =717} 248 thFigure 17).

- FAE9 A Fol Age SR whet A% Z1S Ca-alginate &9 759 wizbrt
A2 Hte] =0 FA4E HHo FAAHS FAAA Ydlsts -9 AFo] 1§ oA
7] W7o 2 AE),

- AZAEY A FAHE] 77 Aol wet dutd o g it oeng oo wep A
Eol Zolxl Ao AdHG

o &9 o|HE

- AYE UM FE FAAEY oJAES 118, 115, L1I0E A Ho FAasts AEFS YE
Wlou ozl ztole flom, AxHEY oAEL 1.07, 1.02, 1.030.E2 FHE <
Al 7Y A Aol E UER A S tokFigure 17).

- o]& Ca-alginate F&3 PP7IAE Aol A& o Eole & dFS VXA & A
< o3t

o A T

- Ate FIAZ o) wEl el A FAE 056, 0.50, 0.28 mmZ ZHAstgow, 4 xY
%9 A= 0.03, 0.02, 0.02 mmZ Ao} §974 olE VERA &rrhFigure 17).

- Zstel wet FAAEe] A FA Tavt A AL PEs FHce 4 &9 =Y
ol Mg Aol ofye}t A Y AR sl d/3o] Hl&2 ZAN WA A7 F
2 dFo] e HY] wWES Aew FTHEY. IHY dAx Fo] AAE Ae ofF gk H]
=% FAE 7HAE A2 YERT

o WAE A=

- A ZTAZ A wEl $AEY Z== 011, 0.09, 0.09 No2 ZAHAFAa Fo2 ¥
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B APz A Ca-alginate % agar WA 2 W& Zﬂi % Zk7Zy 1-12 N % 0.09-0.17 N
4= Z=E JERY S Ca-alginate’} 2 4
Z

H 1
o= /\] FA=H ;(47];(1—0 AN FHAHES FAAA A& 72 A AEES 7)Y &
%

e dAaA7IE AaRE THA s
H APz A Ca-alginate ¥ agar A2 R SAAA HI=E Y @<
Jeilow, fe Z=oAds ml$ & ol ghg deldth ols A A4 wAYZ
o Aol oleAste] os) FHH IHI7td4 Ca-alginate Lol WA o3
double helix %% FAH Q7194 agar ol vla] AN Gdst 7222 Ao Q7] o
e Ao wdHY,
Ca-alginate &2 A9 2 Eol AxAERT F57t 2oy}, agar A& A9 A
z o] FAERY U ZE7F =3Th o] 9A A& ;ug—sp ;q]/] & A Uﬂﬂqzoﬂ 9]
3 xo] 4], Ca-alginate &2 A= AxHHA 7
A%e a8 FEHEA Ze ASE Holw, agar Y
compactal] XA Ao % o
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A2 A 22adE AL W&

L A7hge 2% 9

AT FHRE

i=]
| A A A TE ATAL S S
o HM7|FUEES o83 Ca-alginate wj
azE A2FY sEE AH
Tol2 O o)L - 5
_ N 3t I ERE AXRIZTAH T2 AF
sgolAd TAH TES 2] H SIS =] o
R i I MU i B Rty
TE AEste Mz 875
= 2~
IR ¥ A I
22k | 4 o177 o Ca-alginate A=< e @ =
ME D Hzke] SA%Y A2
e} aL P 1 .
(2013) 454 4 FTA TAHT A3 oAgar-based &% WA=z E A&

A% A= 478 A spol=z
o= A4

HAsl PEo 4AHY 4
frak(triggering) 4 24

2

owjZ=2H=o] FH 9 integrity®}
handlingell Z 83t HAHE AASHA
AFs 7l 2A

o dFA ol 937k o] WEH

54

3

Am
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AT H A AT
QA=) (clezd8s o) TAHL We
ZFE7} AR o] &7 314
Ca-alginate A2 FAH A3}
ax 24 _a

AN BUE S g BE R e
Ca-alginate =oj-4d wj=z 27 AufE sR2EE B TR

Wed 9 Hus) F3 O8NS o) 271 A%
E AYEHed FA _Zh]olom;; ol a3’ SAzgd A& 7hsd ¥AEs
52T 39 il (}):)Hi_e:yo-] - Hﬂi;; 71 A 3}0]5§§§o]59_]

- S O|—= " =
2}5; ﬁaiﬁ HE agarg wlo]~23 EgAR A
°© T E H 43 A8 o2 TAH
Fol-d wjAENE IHIEEE
2 AT =4 AA
oCa algmate ZZ2W]E2] FEH(E
e, A&, L5, o4& 2
EZ‘JZJ(%‘E, & el =Dl T g
THETAHT SAH HAHg
= HE-3- 3 HH 24 H(response
»Ca-alginate Wl 2 <2 FE)| surface methodology)S Al-&3}ed
K A _;]x%;z} U A7 _;,]x%i} 38
= I = S
R R sAgar-based WA EZPES 93+ oAgar-based £3 WAEHEES A
HA sfolE2FEo|lE AA F3toll HZ 3] st W
st 7194 slelEEERo|EQ
gelatin  (fish, bovine, porcine),
k-carrageenan, locust bean gum,
xanthan gum, low-methyl pectin,
methyl cellulose &3 &gt

FAE wWIAEfEd FEH H
integrity?} handlingell Z Q3 X
oy AFgto] Hest e 2 =2 &~ HAEE Z2A A Fste] 7
HH3s W&o oFAA 7lf ]gxq 3 i 4 & A=3 atef A F3te] 7]

2 wbEGuaktriggering)] L o TS TS
> UE R 2 nao me waze Beasddd 9@ Mazue 2
Te e MEAR &4 £ 5 A SH=xg A&
T EAS EA3t AFES
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3. AT7A
7}. Ca-alginate Wi Z =274 &
(1) Ca-alginate A2} & FAHETEL &

o TS A BAR o2 FAE A7 FYSE Ca-alginate WAERE AXFTAHE g3tk (D
A71Ed=, 2 A ) A AzH A= a AAFY ARIS Figure 180 WER L
}.

- A71F4E AL Figure 19A0] Yebd /M8 EE vig o =E g3 22 2H0=E 5
Q. AFESH A7) F¢=7](eS-robot ESR200B, NanoNC Co., Ltd., Seoul, Korea)= i3t A3
4719} olFFFE(dual coaxial nozzle; FE =F9 WeH A E=2+7F 0.263 0.50 mm,
HZE w20 Yol A E=27F 1.073 1.47 mm)ol]l AZ2H F o] A™A HZE FA 5}
Atk ol 2420 mbe 1083 259 AHPste 7IAE AAsIR o™ AE&H(20 mL)>
0.5-4.0%(w/v) 99 alginate &84S ALL3IATY. F FA= 20 mL &9 gty F
/\}713 Bt =22 BUA Foj-d Fxo HHS FAsIR oW ojm FoFAY F&

2 0.05 mL/mne.g 1PN AFAS F&ES Wt d-3o] FHHE 4-12 9
/‘1 NA S PAFstAt

- AL FAdH Foj-d Fxo HAHE H%w/w) CaCl, 4o =2 0-10 kVe] ZtH L
Al GskAzl & 2083 wkst 4o] Ca-alginate ionotropic gel& A3 ES st AA
skt CaCl, € Ty &9 €2 10 cmbEd S A8

B

PN

T A2(23£20)olA 12 h F7)1AdZ(air-drying)ste] AAst T Az" A
< AaZ ALK vialdl Basigion, ojn 60Ut FEjet =2l A oju
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g frolxd wsts BEA Fyth Az MazEdee] Zo-d 72| F3EvAE AR
< Figure 19Boll YeRf AT

A
syringe pump __syringe pump
| |
core fluid ! shell fluid
_ . [ inner core tube g
coaxial J |
it | outer shell tube t— -
pendent droplet @ ] high voltage
droplets { ® power supply
L@
gelling bath | © | macrocapsules
B

(2 wia=z7s 23

o 17709 Ad+= ¥ three-factor, five-level central composite designeS ©]-&3}a] Al
7HA 8 37 A E Ca-alginate Wi ZA=7go] e 2 22 7bo] tigk oAl 1A
S0 mAl= FFs At HAS st H At A Al 7HA Fo 3Tt
olo] Ik P AAES Table 49 YEFY AT

- AH5tE 3 BAE MazPes] B Ood 2ok YmEd g, YA E, YA TA,

=<
I
o
'
o
b
o)
=2
24
B
B

42512 9% X9 Yo BAEL Og ol AFLE AHgshe] 14

3
er':ﬁ(]—'_;;ﬁi ;T Zﬁu 2 + ZZﬂ”XX

it=1j>1

A71A4 Lo, L Lu and ByE 27 model intercept, linear, quadratic, and interactive
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regression coefficientse] ™, Design-Expert 7.0.0 (Stat-Ease Inc., Minneapolis, MN, USA)E A}
g3t AAetAT HAS BAS Qg 170 A¥d=13 A9 Ca-alginate | A2 759
E2x % Table 59| YJeRA o, A4k regression coefficients®] 3¢} p-value= Table 6
of YJetfiAtt. Table 62 EH p-valueolA & & A% AT Pe 549 HdA=

9 olAFLRA TS EAHOE BUY = UL

Table 4. HA 3}l ALRRE Al 7FA] Fa FAWMT) o] 59 =g R AAG
715 ST S Coded levels

-2 -1 0 1 2
X1 Alginate 5% % 0.50 1.38 2.25 3.13 4.00
X -0 {5 - 4 6 8 10 12
X3 2t kV 0 2.5 5.0 7.5 10.0

Table 5. H#Z& 3} 4o AL&5 177] AP FHolA 2 Aoz Ca-alginate W AZ Y &F2] 54

Run CRCA: azf el 54
X1 Xy X3 Yi Y Y3 Y4 Ys oA E T H%)

1 1.38 10 7.5 2 1.04+0.05  25.75+3.59 2.52+0.82 0.53+0.19 1.09+£0.02  3.77+0.22
2 3.13 10 7.5 3 1.14+0.03  55.32+6.88 6.16+0.38 2.93+0.83 1.06+0.01  5.37£0.47
3 2.25 8 0.0 2 1.46+0.05  45.50+4.49 5.71+0.80 2.27+0.79 1.06+0.03  3.66£0.55
4 2.25 8 10.0 2 0.89+£0.02  25.20+3.04 2.25%0.15 0.50+0.18 1.05+0.02  5.11+0.22
5 1.38 6 7.5 2 1.18+0.08 28.01+1.34 2.21+0.38 0.52+0.17 1.07+£0.01  2.32+0.17
6 3.13 10 2.5 3 146+0.03  66.41+4.62 7.72+0.39 4.97+0.24 1.18+0.05  5.34%0.06
7 2.25 4 5.0 0 1.53+0.04  27.51+2.72 3.57+0.44 1.05+£0.23 1.07£0.03  2.40+0.13
8 2.25 12 5.0 2 1.22+0.05  40.59+5.04 7.13+0.98 2.95+0.30 1.06+0.01  5.27+0.12
9 2.25 8 5.0 3 1.36+0.04 47.31+4.21 4.21+0.77 1.68+0.51 1.07£0.02  4.71+0.66
10 4.00 8 5.0 3 1.47+0.05  66.36+2.09 11.01£0.97 6.90+0.70 1.18+0.03  5.17+0.09
11 1.38 10 2.5 2 127+£0.04  40.96+5.20 3.04+0.50 1.06£0.16 1.05+0.01  4.31+0.73
12 2.25 8 5.0 3 1.31+£0.01  47.49+5.95 3.92+0.26 1.61+0.22 1.05+0.01 4.45+0.73
13 1.38 6 2.5 2 1.50+0.02  37.63+5.42 1.95+0.22 0.66+0.20 1.07+£0.03  2.55+0.37
14 0.50 8 5.0 3 1.24+0.01  17.35+5.16 1.37£0.22 0.34+0.02 1.21£0.04  2.19+0.12
15 3.13 6 2.5 3 1.61+0.03  50.13+£4.99 5.77+0.12 3.44+0.12 1.19+0.02  4.90+0.28
16 3.13 6 7.5 1 1.30+£0.02  32.91+5.35 4.36+0.10 2.29+0.13 1.05+0.00 4.28+1.88
17 2.25 8 5.0 3 1.32+0.03  47.15+6.13 3.80+0.37 1.41+0.10 1.06+0.02  5.26+0.73




MAZHE] FE 4

EHFE(YD, AEY), FA(Y;) L o]AEL stereomicroscope (Leica MZ12.5 with DFC290
digital camera, Leica Microsystems Inc., Wetzlar, Germany)= AF&3td FHA 307] o]/de] o
AZPES S48t SR AP HE FEjod wet e 22 v e 7R
T 0=non-oily and smooth surface, 1=non-oily and rough surface, 2=oily and smooth
surface, 3=oily and rough surface. A@olA #ZHE HF QA FHFEHY A ARE
Figure 20°] YeEAT. A&E2] o] EL 1.05-1.21 HYA A tF-E 1.090]512] &=
Ho] PAE A2 73 ke G AT

Al 7EA 9] FAHRE (X, Xy, X3)7) Ca-alginate Wl A2 <52] A 71A] FHEH EA4< %9
FE(Y), AEN), AFA (Yo vA= dFS &4
Figure 213} Table 6°l4 RAX%E HHPEH = A-Fo] F5Hd 7P 2 9T @2gkon,

ﬁ
Aeel AT AFAL BE FAWS HBA FL oA FolHd 9L T

Table 6. 23} &4 AFEH 177] A @3t Ao dojxl Ca-alginate Wi A2 =2 BAl &
Aol t3t regression coefficients®] F& <} p-value.

h Y, Y Y ¥

p-value p-value p-value p-value p-value
IC 3.0 - 1.33 - 48.19 - 3.75 - 1.54 -
X1 + 0.2753 + <0.0001** + <0.0001** + <0.0001** + <0.0001**
Xz + 0.0093** - <0.0001** + 0.0038** + 0.0069** + 0.0007**
X3 - 0.2753 - <0.0001** - 0.0005** - 0.0165* - 0.0003**
Xy + 1.0000 + 0.1727 - 0.1974 + 0.0246* + <0.0001**
Xo? - 0.0012** + 0.0403* - 0.0083** + 0.1312 + 0.1378
X3 - 0.0532 - <0.0001** - 0.0137* - 0.8830 - 0.4503
XXy + 0.1382 + 0.2639 + 0.0111* + 0.3412 + 0.0579
XiXs - 0.1382 - 0.3053 - 0.7607 - 0.2757 - 0.0137*
XoXs o+ 0.1382 + 0.1696 + 0.9622 - 0.7001 - 0.1383
=g 0.0115* <0.0001** 0.0002*%* 0.0007** <0.0001**
R 0.8916 0.9945 0.9668 0.9540 0.9896
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Figure 20. Ca-alginate A2} &2] &
(Run 15; D)

200" - ey e % ) L =",
g - S T — 10002 v ] ) e 1200
:-c.mrun- N 215 300 e ] 223 500 - - 00
e 330 e T -
X 7T aoras Ay (%) X; (KV) Lol X, (%) X (kYY) 2 gaeame O™ A
D E ¥
¥ “ L . i (1T S12.m
(T A 1) - 1000 o e T T 50T = 2
el ST 138 il 00 - 225 el . : o
X, Taninse 70 X (%) Xy (kWY 2 pnets X, (%) Xy (k¥) 250 1004 00 50 Xy

122 4,00 1T R A e il : 1

10T = '19-;-:”3 1.50 P . e 303 Tm_ii’r" - 10k
X; P T R X‘ (%) X (kV) 2 e M X (%) X (].LV} :'H'Fu e w0 X

Figure 21. Al 7}A1¢] FAMR(X), Xp, X3)7}F Ca-alginate via 2 &< Al 7}x Fejsts E4
(Y1, Yo, Yool HlX= 9&FE& #2493 response surface plot & contour plot.
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1 : S -_,' g0 1000
1000 ™ ol ik

X]- 00 £.00 050 . X (%) X;[k\‘.'-.,l

=
el
-

Nt F - ] L = . J L ol
120k . = 40H T H e | 10 AHE o = T
1101 - e T Al 3 1% 7.50 S LUREH

o IH:I - 215 41 i > A0

X, 0 oom "F X, (%) X, (kV) 2 qoom ' X, (%) X, (kV) Foariw ™ x,

Figure 22. Al 7}A19] FAHWAR(Xy, X, X7t Ca-alginate wia =& F 712 2373 54
(Ys, Yool mx= 9&S #2443 response surface plot 2 contour plot.

o AEHEY] =2 £4

a2 s A5t 3 AR (Y= 227 22447]/(COMPAC-100, Sun Scientific Co.
Ltd., Tokyo, Japan)E A}-&3te] FHa 3070 o]|Ae] =&l s =AsET Al 7HA
o] FAME(Xy, Xo, Xz)7} Ca-alginate M| AZHES] F 74 Fejsrd B F=(Yy), 34
A (Yp)oll vX&= FFe B4 A= Figure 229 L}E}IH 2tk Figure 229} Table 6ol
Al BAA R AEe] FEe g oA IA Al 7HA] BE FAEHT] A8H & oA
A oAl dFes FAU

o ZAH A=} 9 oyA]= Figure 23Add A RAAZ AZ vl st AAE 2o, &
Ae MazNee A7t Adrs A7) 4 A (brittleness)7F a3l A= Aol ofy et
Ee2 o )

4e FYsHe A UESZL £E0] e BIE B AUATL 2RPS R FTh
Figure 2389) A5 o2 e ARl FLd, Bk A AUAL AE AT 5

|"_, S

e SA4ME f9H dugel glom o7 Aol s weld AWy Ve,
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Figure 23. Ca-alginate W22 &2 ZF=(Y )} I3 AU A (Y9 A E ol F 7HA =
2A7F B9 AFA(Y)olle] &4

29 FHo] 9Uo] Holx AL Folyl ¥HoE AHugtts AL ou|strz AEd A
ntEsto]of Az e

o gFo] B A7 757} 3 Noj
AARTE wWetA Ys=3 No| 7]&& vt

o
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AFSE 9% AT H A3 1 23

ol AAA F A FAHF J|EES HEOE Table 594 Ao dHolHE
superimposed ~ contour  plotel]  E=2]3}3}o] HAsd FARFHEAE AASEH
(Phawaphuthanon et al., 2014). Figure 24Ao| A R X% HAQJPS ALE31A e dut FU=
o] Ag 92 alginate 59 2 A-3Fo] {51 AGoA HAHI FAHAMF WHLUF #F
HRXow, Figure 24BollA B % 10 kVe] Aoz Hr|Fd=E=S AASIAS B¢ &2

alginate § =9 W& d-3o] F5H] A FoA Y HAHE FAHSF A7 BEEoH

A
12
10
2 8
6
4 _ |
0.50 1.38 2.25 3.13 4.00
X1 (%)
B
12
10
=8

0.50 1.38 225 3.13 4.00

X1 (%)

Figure 24. AF3t A g¢71Edd Y1<1 2 Y3=3 NS T=ste= H2 34T 195 0 kV A),

10 kV (B) =794 3EA|3 superimposed contour plots.
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1}, Agar-based &% w2 <
(1) Agar-based W28 & FAHETEE &Y
o Agar-based " AEZH &S A 2TA

(3) =, Ca-alginate i Z=2eg AxFGol Blst] a3t 22 2polF o] U

18 Lot

A A HFFer FAsAT: (D) ArledE, @ A3

- A71E&YE B4 Figure 19A] YeEhd Mo =E vtgoz ey 22 2702 gy

AT F FTHEEE 2%= ASFIL agar W|o]~E dFo] gelatin(bovine, porcine, fish),

=

k-carrageenan, xanthan gum, locus bean gum, low methoxyl pectin, methyl cellulose &
o]E &2 ZF =2 o] E(hydrocolloid)E agar:hydrocolloid=80:202] F& H|&Z T3 FE&HS
FA 2, rhudan) I1E FHF LBFE o] Sho2 Agste] W-:o] F4uF

st
)

=
=

600-100 xl/min, & &% 25E 50 = FA|SFHA] 0 kV =& 6 kV "t oA 7]

BHESAT
- Astarg e A FYE
A7) F 2083 W2 BHcold-sendte] =ol- nlAR A4S A

(3

AZo o3 FAH AAHEG 2°CE FAF et f(paraffin ol)Z
pa ot

1' e

0

h=]
TAxE o] Ax e YA

(2) Agar-based &3 "l ZRE AL 3 HF slo|l=2F 2ol 2
o |ZEZNRE] FH 4
Agartto 2 FAHH vjZ2Z8&F7 agarel methyl cellulose’} &8 wjaZ2PEL Axw

]_

FAHE F24 AE220C, AUEE 50% ZHdA F71AZ@ir drying S AV & 20C
oA XF

H

I kel AAgle] Fojrk A = AAHE THHEHE B THTable 7). Zko] AREFH XA
g A0 kV), 91 F Y AES A ZE T WIEREL AU gl
o7} Aol 715719 EHFHE Ko A E a2 ES A XA
Fste]l 6 kV 7Hall A A7 Fst=Eel AAE AS, EAZENA, dad, AWEHY A9 £
NeEs A e HEo] IZo/t AA e AHE EUFEHE Jehglen, ol A7F
dEol dF =AM F7Y gelatin B k-carrageenan £ )9 IS IS
qd&-s b= A YERAT

Table 7. Agar-based Wi 2<% ¥4 3 )

-
<
op)
=~
<

aENE

)
P
BN
oK
)
BN

4
)
o
X
oK
)
BN

S B

Agar

Agar+Bovine gelatin
Agar+Porcine gelatin
Agar+Fish gelatin
Agar+k-carrageenan
Agar+locust bean gum
Agar+xanthan gum
Agar+low methoxyl pectin
Agar+Methyl cellulose

O X < X < X X X Oloy| @
O >4 < b b O
O X X OO O O Olo
O X% xOOOO OO




o AEHEY =2 £4
Agar®} locust bean gum, xanthan gum, low-methoxyl pectin, &< methyl celluloses}2] &
& aERee A7 5o Azl #ARle]l 3 N olsty ofgt =& YERATH
(Table 8). Agarite 2 FA = wla =25 2L agare} Al =F9 gelatin 3-& k-carrageenan
o £ waEPE A5, A7IFE AFESHA 2 dul FokE(coextrusion)S SRS W
Azl daglel =
S Al

O:

3 %, 3128 3 BAET M
o we AEE UEigor, AFAEAL 45 Aede] R A TR AL o
AEE, WA F Eo AEe we 28 it
o 9 A RO MARAE F4 A9, FNARE T PP Fwe| EAglel ANF
G2 AHE ol §FUA AT 5 Yok AL vt
MAEAEe] SRS FA% A 27 O B gol FHUow, AP AeHUS
Be 23 gasts 3 Bgou 1 ole 24wyt

Table 8. o}7pWlo] 2~ mjmZ 28 &F2] 7} % (hardness)2! EHAJ S (elasticity)

ARI(\)] B
WMazRPE 0 kV 6 kV 0 kV 6 kV

T7|A=x AFAz I7dz JAFHdz 37dzx A3dzx )z A3z
Agar 5.93+0.82  557+0.92 5.24+0.70 4.77+0.73 0.63%=0.09 0.59+0.08 0.60*=0.06 0.58=+0.07

+Bovine 5.59£0.96  5.39+0.93 4.88+£0.68 2.83+0.85 0.72£0.09 0.58+0.10 0.67%£0.08 0.53x0.10

gelatin
+Porcine 5.61£0.75  534%+0.89 4.18£0.58 2.80+0.73 0.72+£0.08 0.56+0.13 0.64+£0.06 0.52+0.11

gelatin
+Fish 479+0.94  475+0.88 4.18+0.68 2.74+£0.71 0.73£0.06 0.52+£0.07 0.66+0.04 0.49+0.09

gelatin

+k-carrage 5.07+£0.71  4.78+0.74 4.21£0.68 4.07£0.69 0.56+0.13 0.51+0.14 0.59+0.07 0.50%0.11
enan

+locust 206077 196+0.71 1.41+051 1.24+043 0.75+0.12 0.71+0.20 0.70+0.05 0.67+0.14
bean gum

+xanthan ~ 2.89+0.71  1.73+0.84 210+0.46 150+0.58 0.28+0.08 0.28+0.13 0.27+0.06 0.26%0.10
gum

+low 227+£0.69  153+0.73 2.08+0.56 0.67+0.67 0.43+0.06 0.41%0.07 0.40=0.05 0.35+0.05
methoxyl

pectin
+Methyl 2.77£085  2.47+0.88 2.12+064 1.95+0.78 0.59+£0.09 0.58+0.12 0.58+0.08 0.52+0.08

cellulose
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o AR ES] HAHEL =4
Agarto 2 A HE vma2YPEL dA7|Fe] fF9 U= B
Bl A QA Zto] A EHTE Agaret Al 9] gelatin 2 arrageenan®| &3t Wi E &
olo] Axto] E33 579 a8 ARte e A=, SlolERERO|ES TS
o] Azt @S] AEd a3E JHA AteE AS YEpATH
o T AR E AxE AT HA slo|lEREEo|E A
EAzxg AL AFS FaF I7HA HarlEL ved 2o (D) AxFAHoY BA F
o7} AR BE integrityS 71z YE wlazA e, Q) 3 Nojite] A== =
kel o3k Fojo] FEFo] fla, (D) BeEolA bW #alEo] o W=
o] 3t EA S (Ca-alginatey} agar¥t AH83 mja2laz2s WS 4= gllon, AFHE
oA o det ol WAASE JHest 7h d(reversible) dtol|=2F 2 o)==l agard] ThE
W73t 7t SolEREROIEE ERStY WARRES AXFOEA FRT £ AU
o,
ATl A AFETE AP A AEFSI Bad 7EE BT $FA7]= agar-based WA=
Hes IS

WiHol A#gle]l F& EolA 10
k-car
ol &=

¢

N

rQE

Slo|E 2 F 29| EE/H bovine gelatin, porcine gelatin, fish gelatin,
7 9 FAsY

2~ o
*r/\l
=
o

k-carrageenan

Table 9. B= &l olrtlo]= mazf g £ &A%t

=3l &8 A1%F (min)

| 2N E 0 kV 6 kV
371 % N3z 371 % AFA=x

Agar 10 10 10 10
Agar+Bovine gelatin 5 5 5 5
Agar +Porcine gelatin 5 5 5 5
Agar +Fish gelatin 5 5 5 5
Agar +k-Carrageenan ) ) 5 5
Agar +Locust bean gum 7 7 7 7
Agar +Xanthan gum 10 10 10 10
Agar +Low methoxyl pectin 10 10 10 10
Agar +Methyl cellulose 10 10 10 10
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A3 A 3AEE AT e

=i

1 e =

AN S

=
H -
oy | A CEEEEE A7 Yol &
WER s I A % Har] =
N2 sl A = m alw| = OAE SR &Z FAUVbE AE
7]:]‘3_ ?Zl‘”‘ T X‘“J— = ]—EOZE{VE\_ x‘ﬂ%—’ 713{2\_% ‘:‘j—@_g};q OL%-% Zﬂ
A B 5 - 3
¢ Fo] =47 9 #eAAe A
=4
3z HE T A HE AzTH 4 A% T FHE A
d4x |F9 54 2 . - L = s o <9 integrityg &4 % Al wetk
(2014) |xpm g 29 | 4.9 b Ao U= =4 )
e A FA L} AR HZAY IHE E
T UEE A5 A
oPilot-scale® outpute Z7}3t9S ol
2 Az2A pil 1 TAEE 71A4 2 34 2AHS
wE AEEA plot scalend | gain o)z aEstel AxTHE
scale-up
2. A9 2 A7 0
BAd5) R e e R e e i)
cAlginate =55 dElstH #HAHUESR
g
E /3 Ca-alginate "WAZ2H &<
. A7 EH=E=E A
i=] [e) -
ey ’%inf , ;‘%W ou] ZZ 742 entrapment efficiency,
- % . )
e arer Ca-alginate wj 3.5 ‘%‘:Z‘E{ 510 ,| mean diameter, shell  thickness,
HE WA A% AxCa-alginate M A=AE T A moisture content, shrinkage ratio, 2
x 9 AAEd 24| F Az =
N2 Bho Ao zamyh CCCENUICly =78
IUHEE_?HE =l 'lﬁ-"] a1 ouﬁﬂij—@ﬁ_ ty"l 73{2\_0] @_%% %0(4715]1
o F= B1] :
= s £4 9 %2 7Hbreaking energy,
penetration energy, hardness) =4
2 7H HAHS o] &3 HF Bt
A T WMAEZREY FH= & W
7 gleEE AR F HEHE dAHY
A EF Az 9 A = | EfY && S Ao A <t
;Fu/}t ?xju ARG A T 3ol BE| 4 =g
2 = e 0T oAlginate =5 gelstd PES Az
3t 35437 25 °C, 0% Hulsx= =4
oA A% P HE
& F AF H2dA ZAEF =E FE
He Azl ZZ2q]E A5 FALHE 9| A4, H&F A5 "—‘1%%3— 2 2F
pilot scale-up 3 FA A HAEEHE ©o]&3% pilot scale 373
AA 9 HZE.




3. A4

7F, AV ESR 4 Ca-alginate Ml A2 &S X33 #4749 =274 4 #5937}
o HHVE AHF 10%S T3 LYBFES Fo]2 3 Ca-alginate MAEZNRES A7 FUEA
F o7 A|xsPt & &9 1.0, 1.5 & 2.0%9 alginate &9 ALgstPon FTIE

AASH7] f18t A2oA 1023 2534 gE 3 F A

AZledE=E FAE AHE 5% CaCh &Aooz HeiAZl F 30&3F wwtste] Maz=qas

AzsAT. Y 6 kvoldlem, sojep o {F7F2 Z2F 4003 1700 pl/min, =&

CaCl &% 3% HAL& 10 cmZ #FA A T *ﬂ t MAERES FAAHRE 5o

7 stRon, ¥ FFL e SYBFE S l 21174’5}7] st 70% ANErL &

dqog MAZ F FFHRTE T AFHsAT »4 Ao I AR ETS F2F5F7]

(25C, RH 50%)°l A 20A1%F &<t Rl xb7stes RS AAT & AP A&t

Iz L] SRS AOAC (2000) HHE < Ol%o]- =x3 90}

HHUE A2 entrapment efficiency 4

- Entrapment efficiency= Kim et al. (2008)2] WH-E& §&3te] EA3AT ¢F 1.0 g9 =
ZAES 42 5 mle 0.1 M PBS (phosphate buffered saline, pH 7.4)¢} hexaneo] &3+¥
40 ml¢] gas tight vialol ¥a 60C F8ZA 208 ¢ 71dsle] mjaz2RES 43
a3t Ath. PBS/hexane &3A¢kellA hexane¥ PBSTS ¢Hx3d] &&ldtr] fste] 241z
B4 AT YA BT Hexane S04 HAHVME H{AE 42 7t~a 2w
E189)(7890A GC system, Agilent Technologies Inc., Palo Alto, CA, USA)E A&3IH S
o A8 HE7]& mass selective detector (5975C inert MSD)E o] AR th. Z3 -2 HP-5MS
(5%phenyl methyl silox, 30 m X ID 250 um X 0.25 um thickness, Agilent Technologies
Inc., Palo Alto, CA, USA)ES AF&3IH oM, o]sio=Z A3 helium gas= split mode
(split ratio = 5:DolA 0.5 ml/mine] F&o 2 SHFATY. FUTF 25+ 280C oo
LELT = T70CoA 5 B 448k 10C/min =2 285C7HA] ZS7HA171 3 3 B3 &

A 3F AT

- AU E AT FLAEL menthol Mw 156.15, RT 14.530 min)®} cis-menthone (Mw
154.14, RT 14.25 min) ¥ frans-menthone (Mw 154.14, RT 14.40 mino.2 EAFHJoH
= (Figure 25) °] 7‘3 FAo Abgstd o, HAFEA Ade fst HAHTE ARE
e 2B/ 1 g & PBShexane (1:1, v/v) E3AIeFol] €& & hexane F< 3}
25+ tHKoo et al., 2014).

- Entrapment efficiency= menthone® menthol %< 3ate] thS3 e A4A S ol &

shel 23t

FE
:\_l‘
o

_/

O

HEOFOX

ol

7|’. ]_
th

M= w3228 &0 f-% AHWE AHf(menthone, mentho)e] A3z EZAs}o]m, My=
Az e AzFAHd FAE AHNE ZFo FFolh

A= s e

vl 2278 2] diameter, shell thickness, eccentricity= UYXg ZlHZHDFC 290, Leica

Encapsulation efficiency =
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Microsystem Inc., Wetzlar, Germany)7} #2+=
Microsystem Inc., Wetzlar, Germany)E A}-&3}<]
3 G45S& A ¥ S, shell thickness= WlZZHE 47] o]d9] AP FAE =4
3t T Eccentricitys wlaZE2 g9 A3 @59 HIEEA Ul 23 32 407

oo ae FAs FIEFg o= FASATH

Figure 25. 2]Z& HHAVNE AHHFo GC-MS ZZuntE 71

o 8ol alginate
thickness, <&3&F,

<«—NMe

cis-Menthone —»
|

oo frans-hlenthone —

Traes

W0 gty N84T
1 i
A

- > e
MR R 7 16 10 Mo ME mm 1w

e

nthol

o0 .
RTTNL g ar

G w1 AT M MK WER R

1.0-2.0%

48.6-54.9%, ¥ 74-91%= S 7}t tH(Table 10).

o Alzxd wWaEEee E

1.02.2 ZAH = AHTable 10).

Table 10. #HHVERFE

sk4-3  Ca-alginate

Hol w3 T3 o2 A alginate FE0|

stereomicroscope (Leica MZ 12.5, Leica
=2 sttt A2 E2] diameter= F

S7HA A e miazgiEe]  dameter,
entrapment efficiency«+= Z+ZF 1.52-1.60 mm, 8.3-14.9 xm,

A#glo] eccentricity k&

227842 entrapment efficiency, mean
diameter, shell thickness, moisture content, shrinkage ratio, ¥ eccentricity

Alginate &%(%) 1.0 1.5 2.0

Entrapment efficiency (%) 74.03+7.21 77.70+1.45 90.61+5.29
Diameter (mm) 1.52£0.05 1.54+0.06 1.60£0.03
Shell thickness (um) 8.26+0.01 13.71+0.01 14.88+0.12
Moisture content (%) 48.61£5.21 53.99£3.97 54.92+8.56
Shrinkage ratio (%) 19.93+0.11 24.24+0.08 24.48+0.09
Eccentricity 0.99+0.06 1.00£0.04 1.02£0.05

_42_



1.0% CAMS 1.5% CAM 2.0% CAM

Figure 26. A H R ERZ 73 Ca-alginate Wi ZEF &2 e

IZ2NE, FI4d, 2 dIA2NAE FHF FYH hardness, breaking energy<}t
penetration energy+ texture analyzer (TA.XT plus, Stable Micro System Ltd., Godalming,
UKE AH&ste 54 stk a2 s S/ 74 FHIAA 2 Figure 279 HERH A
ot W mZZH &2 9 flat round probe (10 mm diameten)Z AH&3te] 0.1 mm/se] &%
2 w227 <% diameter?] 80%= o)l FAZ|HA AP oM, =o] 5 mme FAIAF o
a=2RE I FYAL flat round probe (b mm diameter)E AFE3le 1.0 mm/se] &%=
Z 80%E olsstHA =A SFATh Alginate 3% 1.0, 1.5, 2.0%% A z¥ wZ=2WE 2t
20ME FAA URY WFel st Al 7Y maz28s T/ 74 P
o, ol MZENEY FIHY FLFARELS A7 124, 1:20, 1118 ALEE A
Hardness+= probeE A Z2] 80%E ©lF AlFHS w] ¢4A3 i = X HAA =4 1Y
o1, breaking energy®} penetration energy+ force$} probe’l o] %3+ Agle] WAL A
2Fste] total energy® EA] Gt Ads 407 o) A3 T HAFgoZ YERS
=3

AHE-3F alginate %71 1.0-2.0%2 Z718tHS o] wlZE7H<EC] breaking energy <t
hardness & A] 0.25-0.92 mJ 2 1.39-3.90 No. 2 =7}3}4 =0l (Figure 28, Table 11), o]+
T3] alginate F =71 FolAIHA] ] ©edt AdS s o 7] wiEolth

Figure 27. Ca-alginate W3 27<& 3f FIH
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2: g": .’)__Capsu!ehardness
5 5
:: /f__,.—Capsu!ehardness u_r‘ Jr P——
4 _'/’,‘/ _ Work of breaking 5 _//.- [ B
. B Distance (ng;r:) . = I;-i-stance (|:1m)
:: ./:_Capsuienarcmess
4
g |
i — Work of breaking
. Dinétance (n:;m)
Figure 28. HAHWE-FZ 33+ Ca-alginate "i=Z279< (0.1, 1.0, 2.0% alginate)e] =Z7¢
(force-distance) Z =3}
Table 11. HIHWERFE 373+ Ca-alginate "] Z =278+ 2] breaking energy2} hardness
Alginate & %=(%) Breaking energy (m)) Hardness(N)
1.0 0.25+0.10 1.39+0.28
1.5 0.49+0.26 2.48+0.76
2.0 0.92+0.39 3.90+1.26
- A83 alginate ®E7F 1.0-2.0%2 Z71519S o wjaEfAEs e FYH9
penetration energy®} hardness:= Z+z} 38.9-49.4 mJ @ 15.2-18.6 N & =7}3} ¢ th(Table
12). MaZE2Ras FHstA &2 FIdHY A5 A4S d= F go] 247 372 mJ ¢
14.0 No2A Ma=2f]eS 3 FYHART ¢ 32 YeEd itk

+S 353 FA A9 penetration energy$t hardness

Table 12. 4% % Ca-alginate | Z =7}
Samples

Penetration energy (ml))

Hardness (N)

1.0% CAM-chewing gum®
1.5% CAM-chewing gum
2.0% CAM-chewing gum

Chewing gum”

38.89+4.59
41.78+£3.94
49.40+5.24
37.21+8.69

15.18+2.14
15.82+3.19
18.60£3.18
13.96+2.56




- Figure 29+
penetratione] A& w714 forcet
A= force’l 271 &
FAA ALD wjaEHEe] aito] o3

=

T

Zz2 =0
ST T °

AN

I -

A9 force-distance TZ U3

FERA Stsh MiazEs
stA T oAl S71ske] penetrationel] ©] =

Aoz dddEn

(a) (b)

:Chewing gum :CAM -chewing gum @ Hardness
:: ‘ Hardness :

Eu gu

"u';r} o"

On O

5 g -t
' .Workof L
i penetration o
i ' ] N o H t i ] i 5

Distance (mm) Distance (mm)
Figure 29. #%47(a) ¥ Ca-alginate "ja 2 << 73 FAAHDS =2 7Hforce-distance)
T2
o H5 7}

- FY4 9 maEfe g5 FI-H Uk #5H 7= smell, flavor, hardness, hardness
acceptance, overall acceptanceol thsle] 74 B (Lisak et al.,, 2012)& o]-&3tof 7}
stom, Adde Frigk g 77 AES 1434 g F Bristdtt (Pascua,
2013). #FH 7ol F 20 2] Fido] U} st o™ Aol SAHFYEH SR o
st SRS WSS HAAS T A FUtsiat

Smell —e—Control
6.0 —=—1.0% CAM
——1.5% CAM

Figure 30. % Z(control) ¥ Ca-alginate Wi A2 Q&< 353

Overall
acceptance

Hardness
acceptance
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- Smelle] A¢ ZE AEZo] v=g A& YEMNI oY flavore] 49 HAHVER w22
MES FH3 FIHol PES TFHoIA e FEE FYAHA vty €53 =g
¥y

ri

(Figure 30). Alginate 2.0%%2 A Z¥ wWIZZWEF 7 FAH4L flavorol A 7HE =&

< YEeRJ S Y hardnessZ} UF &o} hardness acceptance<} overall acceptance”’} tf&
A Zol vl =] &ttt Hardness acceptance®} overall acceptance”} 71 =& A&
L3¢

1.5% alginate WA= E TH FIHLE Ueet, ol oY HF Aol
acceptanceE Z7IA1F 7] WE o8 ¥

. AHNES 4 Ca-alginate vl2=%e] A% HHA BA
o laEREe) A% BRREHE

gas tight vialel Y31 AA7I2E

FEd 9o FAE Z4aEA FAetq
. . 14
Cumulative release of ol = —— <100

Woe 7] laZZ2W] 52 FAolH, Wi t AXE o] %9 FA ot
o Alginate 1.0%% Azxd wima=2H 5 A5 A 713 25900 4.8%, 35Yol= 17.5%] o]
gdo] W= Ao}, 1.5 L 2.0% alginatez A xH wjZ2ES Z+ZF 4.8, 3.8%9 FHo
SHqo] WEHo] A APl 53] FFHE A st THFigure 3D).

50
—— 1.0%
—— 1.5%
40 —¥— 2.0%
30 4
17.52%

Cumulateive release of oil {% )

0 10 20 2.9% 30 40
Storage period (day)

Figure 31. 25 C, 0% dUls% 27 oA Ca-alginate mjZ 2752 A7 A

o} i FA4HS 93 pilot scale BA A A
o BF3E wjaERES dFAYLEr] e A

B3, 2 AEEY Tl Uit AAEA] Q3 AoE EAF
o Wk A 71EO 50 ml AEA FEE (F 2



m) A5 T2AAZ wAST IAZRES AZ3 534S sty thFigure 32). 71E
71716 Z2E 237 BYe A"A Bxe &3] &2 AL 28 AL 84 23R/
7F wpREo tigg sk HdstA] Zd=E, A Aw vxdAE HdYE 38 T OI%H
ZIZN12A Hl&E 2357 Bdelxl sHAITE o] 23k npro] EAFo] gle Aoz d4HA ¢

o},

=L s I D FHZH7 3>

Figure 32. WiZ2l& thFy4e 94 8T AF g2=dA 2A]

o J¥Y HAE AR F AT "=IAY FHALERE Qs =& <

7} BE= EAHo @/«g%}ﬁgﬂi Figure 33¢] Yehd A} Zo] =& 9F

getal A5 AAE wAstd 1 EAE siAsAT

T3 AEs WAoo E wjARRES RPN et FrIbEA di&F dFHA

(Figure 3H)E Sl A®E A5 tz=3Aed Adst A5 t=MAe o] 2 4 FA7L

AFEE g &F B39 FAV AR gaAAR 6 F IEE AMEqT. Bas

2" g2 AAGUS 3032 Wer1= A=t 10 L 2718 AH8st9em 0.5 Mpaol 43

o2 FS dFstes WS AR YATIS 2ExE AAE FrHEdEt £ &

T xdo] 7tsste s Avlste H2EsH

o M7IFYE FTAL S HAl IERES AT £ doy IS 2Ho] Hastd
ol HFoE Hes Axdr|d Aol B2, olHd FE nHITE B AFA

H2Ed Wy g scale-upd pilot scale A7 3= FAFigure 35 olF ti#Fe ol
Ao Z AFEs7] o SRS Fo] maEAE Az FAs4.
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(FZRWA A (FHZH7A 3>

Syringe pump —> O3 [B5] Core material

Core material = Shell material

EHE o8
Ej

=
eEAY

2

DC voltage <=Shell material

power suppler

(a) (b)

LHE2| —
TRUYHE
E7|aci=
Fek=.

T e
(8RR ST

Figure 34. Z4& o810 L) A9 dAE@ 2 FAHED) () FAA dAY =)
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<+ AH= C|AEA (340 mL)
Model : MPP 3
Company : Musashi engineering Co., Ltd.
AP S AL 3 (101)
Model : MPP 3
Company : Musashi engineering Co., Ltd.

S0

|

0K

—

og

+ CIX|2Hol ¢e HEE —— 0 21 22 glo]
Mode! : ME-5000vt 20 7H 55 2l
Company : Musashi engineering Co., Ltd.

Exn

M

Figure 35. thEEA4kS 913} pilot scale A7 F34E &4 AAE
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onfol e Z Mo ENRI/FE/MIETH HE 5
**4 FHEA £ AR FR-11 ol
15 A7IE3A=4 ol o3 = d ET F4 WRH Ae 549 G
e 2012|010 AEa FA sz 100% 3474] A A8 g1-14 o
- =4 o F&/FENE/AY/=EAVAF 25/
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B-17 o)
2|, ziaw agane| |0 Ad LAEAGH 20 duord o
0, Z o = -
1{15“_ 2013/‘3%7(6] E];ﬂ,i]— 100% O;qo ‘25‘71:1'54 U o AR —1.‘1 IZﬂ
o| At
odgA o] o7 Fol WE{T 54 A
A5 FR-17 o]
o}E TH AF AX2 9 223 ASE
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3 L ggpq | BE BT AES S B | odF A= B AR F RS /Hgs 54 A4
g A Ty TR Fu-1a oy
oA E AT dFHS AT 3AH A
A ZR-174 oA
. ANFAEL AN T = TolZ A3 .
#AE oA ga@éﬂ]o]@ Aoy | 100% o X171 e ke ol oAt N 2w AR AR
37} 8 us Sn sdold HA 3= &4 F7-14 ol

Gz A= Aot A gl o3 a3 = H2E & 01123019121% P BE AR B ER o)
Az &e 2 7Hbreaking energy @ hardness)S #H7}sle] thA|3H

2) Fx A= NES I a2 NREL T3 AR} &7 217 T%% s AeEs XIS 2XT/FE AX
& Algoloy AlTg 1] FEELS A0l gl AT o] FAdd E3E B mlazZ g o] BV}
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A7F FAEE Ao] niAsi) dE )



A2 A FEEF 7e V9=

7]

1
| .

ATl A

H
R

o

il

Foj-d W A2

gloleg FRo|=

has
=1

dTolA AdE 4

£

o

P

B

3
Nd
K

N

2]

it

=
Hlo

H

—_
o

ol

il

=3}
-1 =2

ol A

ool M =

npolAE Z2 vl =7]¢

i o
R

Al
2

e 29

o

-
—

7} o9 F2E T wekA AF BopdA

a3
B Az A A

22

A

I
o

+

EEEDI=

< MaZz 2719 o] ¥

1+

U

]

RS

W
ol

1

)

Hern

Ho

Jo

,..Aﬂ
nmu
T
NI

Eli=g

=
o

Mol 7}

FOIAE S 2ok

Ay
A=)

ok, S, o

ofel wtgEy HA ZiviE.

X

S5 TEE B),

7157

R

ﬂ,ﬂ

el 719
o apoy snd 7%

o

O]jo

ey

3l 7|

o] &

1
T

Sol &&Fsta Aoy =yl

2 Hze 2WANE A s

%l

2 o)o
sk,

_51_



(92
A
e
-
=
Ik
0x
=
b=
0Z
=
[l
0f0
R
ok

FxER AT A 2 28 AY
E3 &Y /521
- 718 g3l vlaE e Az U 59 11 29 2 5
= = =0 = % %—E'
DS =9 de= 11 go3azy9 34 A6 e 558 14 o Adsgou of
= 3MEE A BY 2392 HEHEs Zo] utgAst o AA
Z93HA &
NAE 2/AF 1
- Alginate-base®} agar-base 42 FAH 2712 e o vjma=ZNE
@ ANAE 2/SAF 1 A A Fo] A,
- A ZuAHEQ FNERE i3 alginate-base W T 2740
T HAsUr 5= viE 2 Fo $87lsd dAFY.
AESE ()
@ HuEs=E1 - Pilot scale A¥]F5Fo] &R =o] tiFFAY ko] 7has A= A- &
x5 dA.
= SCI 2
@ =% SCI 3 - SCI =& 29 AA &=,
- A 189 SCl=&3 189 sUl=& Fi FH] <
71eold 0
® 7124 1 - Pilot scale AHE ¢35 %'—7‘ ozl 9 HXE &5
- A 10,000,000 2] 7EE5(dH=E 2015L4 R lﬂ 7)Eol &
Agsta A=
FES (NAE 2/GAF DY
- Alginate-base$} agar-base A2 FAH 27}x Fejo mMA=UE
- A A Fol Mg
© &3k 3 - 0_,1]4*01?}_]13]/‘3%% NEHES 373 alginate-base W AEHES 7
T HASL d5Eo] HiE 2 Fd S87Fsd SAFY.
- AE FujE= ZFAY4F 753 pilot scale AR FE o|FE oA,
SR = 10
D meAE 15 - 3—?47&] 28 ZF 10+ 2 %@‘ WEAEE @:LE} R
- Fejrld AEA 19o] 19 A 3 Ao AFsiy x&H oA
2 FH AFNES —’Fﬁﬁa
4) 2 AT

MM E A7ITUEANY Aol 7] d&std 83t 7IR|es gEste] Fol7|Yd Al
SR, 7192 dZFALHS s SURE AxFAS A% FAE 2015-20161 00 AA e o g,
719S SHUZE AH7L FEEE AA7MA] @A AR
Al welollA] AlLEal e tgdt JEe] e i
cﬂﬂol.
RO R N2 FH|, 7k, F858 A A% fxdl 2 AAGS FEd] fete, WAz les 7t
o2 3 EAu](molecular gastronomics) 7]301] 3k 2y Fo 9 RS 7}%/‘3" 2015-2016'3¢]
Ax A A,
7]"40 AR wel 754 AEHE AAE AAETOR to] MR AS ZEdE 4 AgS Za
Rom, o yoprt JiE eyt 7es 715 o8, Aok s, ooFE, wUAE Y wokE sk
X**Q*O}b Ak nigos =9 7|93 AA 7hsst A AET|9AE AFS A,

% lab-scale®] AR FXZ wjazNas ALt }04,
fr AAIES P8t TR APNES 4ol T

==



Med HAFMZAEoM =8

[OF

R ER T
Al A si7es R A 5F

o YR T FoA fHH ¥F3] 2l Foodex Japan 2013 (2013.03.05~03.08) ol A= tThFdk nio]

=< R

ZYHE o] &3l A %3 WAENE AFo] ABEHI U= FE alginate, starch &<

ARESEAL AR ew, 53] AFelM el YAl B, Zehlole¥ X fabd HEd 5o =
o2 Az YT

:|
o A WA Z AFLS TS MV H7EE 1 cm o]sF =Z7]9] alginate-base Wl 25 A

Zog A, AzxEHA & HHE AeAAoE SEFE Aoyl won Fg A, ofo]x
QE, gl 2E AEE DA A% AAEZA AEET 0,
% oWA 2 AFTE VE, E, S50l 50U F& LAY 2o-4d Fuo naAZAE

2ZA, 77 HAA (breath care)= Fvjx 1 Qth

o A AFEIL e gL EH PEAFS 47 Table 137 149 YepA=dl, FU
AL Aulo] o8l AFS TASZE 9F 30,000-60,0009 Atolo A, i AFL ¢F 10-40%
2| Abolo| A A|F 7ol FAHEHo AT

Table 13. = 4 A& AlF

A& 7HA (") A Z AL o] A
5 = “ TFeE T . http://www.duolac.co.kr/p
§ (2 21ho] & 8] ) ¥60,000 | Cell biotech co. lItd. roduct/product._all.asp

4% B9 . http://www.duolac.co.kr/p

(ZZHlo] QB ») 30,000 | Cell biotech co. Itd. roduct/product_all.asp
s B R wolnl A | Jhwww.duolac.co.
2 eBkEg T <15 A= ¥60,000 | Cell biotech co. Itd, | MtP:/Awww.duolac.co.kr/p
L3l e@ = (Z2ulo] 2 E ) roduct/product_all.asp
= =
: Y ) http://www.duolac.co.kr/
u q".;."‘.."“' =0 p p
ig — i§ T Ao %50,000 | Cell biotech co. ltd. roduct/product_all.asp
3 gl B

A NZ ulx ZaM http://www.gmarket.co.kr
} _ (http://item2.gmarket.co.k
= 1499 ~71 -3 e
(&= cdded ¥45,000 efHl 2 r/ltem/DetailView/Item.as
Aol AF)

px?goodscode=581904408)
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Table 14. &} <]

) HE AF

A FH 7+ (2 ) A A T A
Reese Large Pearl Tapioca $23.99 CSH Foods Inc. Amazon.com
#8% Rainbow Tapioca Pearls
$11.45 | New Dream Factory Amazon.com
4 Boba Bubble Tea
Breath care strong mint $9.24 | Kobayashi Seiyaku Amazon.com
oS 50
QEEUJ'Dwa!\_!
5 Breath care $41.08 | Kobayashi Seiyaku Amazon.com
i Chewing breath care $10.61 | Kobayashi Seiyaku Amazon.com
Chewable brath care cool o
- $10.31 | Kobayashi Seiyaku Amazon.com
min
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