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Improving the Stability of Gel Mass of Vegetable Soft Capsule
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Abstract The objective of this study is to determine the physical characteristics of the gel mass of vegetable soft
capsules and to maintain their rheological stability for improving manufacturability. The effect of each capsule shell
component on the viscosity of the gel mass was studied for 6 hours, and the effects of adding an alkalizer or
electrolytes to neutralize the sulfate groups on the carrageenan molecule were also investigated. Carrageenan was
identified as a major component that affects the viscosity of the gel mass, and it showed unstable properties with
age. The viscosity and stability of the gel mass were remarkably improved when an alkalizer or electrolytes were
added at 3.0% relative to the carrageenan. 3.6 M KCIl showed the highest effect on increasing the viscosity. A stable
gel mass composition for vegetable soft capsules was successfully developed, which can be considered to increase
the application of the capsules in the pharmaceutical and food industries.

Keywords : Carrageenan; Electrolyte; Gel mass; Stability; Vegetable soft capsule
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Azl AHE-E a1 AsHA|(gelling agent) ZA A% T4
Hozn A& 6]

19908 339 (bovine
encephalopathy; BSE)ll tjgt 922 Q8] Alrdm=
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starch)S o]-&3to] AANE2] Fd-&
A o2t [9].

7}2}7] K carrageenan) 3
2HE FE¢ 439 sulfated galactane] T-3=0]™[10],
7|8 FA0=2 (1 —3)-linked b-D-galactopyranose(unit
G) and (1 —4)-linked a-D-galactopyranose(unit D)<]
TEE 7RIT1]. A= A2 gt LR
o] 2 e} FhrIkS 1719] A7 BAE ol 2 HA
2E % 219 )7t o H(Figure 1) o]|F AT %
(double helix)E H™ WYAF2E7E]Y &) Lot
2] o} frdah Frele AL FA FrH12). ol w
2} iota-carrageenan 7 A 27 (gel-forming agent)
24 2 deA glow, A8 Tk e gut 28 =49
TP AFA el QlojAd thggh ool AHE-H
Ak 1 FollA F2 AstA|(gelling agent), IH ZH
Y, AdE Ax 21 AdE g §-8EolA
ATH13-15].

Fhet7 13t Adtste] Auts
Frol Adstar a7 +1-9-1, 4-87bsshHx
go] el AEAre] Wk ole} A
AHE3l skt 16].
8| =ZA]7] 9}

ot M
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ZH3 FFF(red algae)
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s}3h4
hydroxypropylationS SHA HW i3}
7VebH  AREAlE(starch chain)®] 74 E(re-associaton)
o] 7+43hH o]Zlo] ulZ hydroxypropyl starch(HPS)©]
tH17]. HPSE shelf life, A2 H3 oHgA, ¥4 5&
A%, T4A/8E 4830 e BA4E 7HAH, HPS
ARgoll met gelo] b4 o] FrtekE o] o R Qla ©
o] A&z $TH18].
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Fig. 1. Structure of the repeating dimeric units of

iota-carrageenan
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2.1 N2k A 717

Aok glycerin(LG AJ€717}, KOREA), hydroxypropyl
starch(Ingredion, USA),
GENUVISCO®, type Cl123, USA )3} -guljEA
purified waterg AH8-3I%13 gel mass A|ZFA 2= 7]
74 2¥7)(LAB.STIRRER, BL 606D)E AR&-3lo] &
3t % water baths AHE-3to] S8 Egk gel mass
= H71817] 918l sodium hydroxide(Merck, Germany),
potassium hydroxide(Merck, Germany), sodium chloride
(Merck, Germany), potassium chloride(Merck, Germany)E
ARS8l HESA A2 LV viscometer(BROOKFIELD,
DV2TLVTI0)s& ARE3FT

iota-carrageenan(CPKelco,

2.2 MEM HAEIH=E9| gel mass M=
A5 AdEe] 9us 24| Al A4S purified

water, glycerin, HP-starch % iota-carrageenan &2 o]
o)A}, Gel mass®] 5814 54 otolus] gla) 7

TTo 171 o=
e B M R E T
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2.2.1 HP—starch(HPS) ol HEZAE Itk Gel masse] HZol uhef
Purified water(PW)°ll glycerin 18.0%% 7|74 aut pmdle/] FTHE ThEA AREEoket 1 ApAIgE AR
712 300 rppmoll Al 287F wHkES & HPSE Wil 8 & Table 1o YERAE A= 542 641759 1417
3] dg @ o] 74x] wHksle] water bath 90°ColA 24]  IFAS R wAIZE wir} 54 45%7F 1020 3 A 54

2+ TEsle] A% gel massE A|Z3 T

2.2.2 iota—carrageenan(iCG)

=4 AZE gel mass?] TA4E 5 iCGY 7|2
5.9%01H, 17 F2ol e gel mass2] A

o dolr izl iCG 5.9% ¥Rk oluzt 5.0%,

4.0% 128]31 3.0%<] gel massE A|Z3}SI T
Glycerin 18.0%°l iCGE %91 & pwel Ho]F1A

Z1AA 272 600 rpmell A 10127t AEst=E wdst

A &35St} o] % water bath 90 Tl A 2A17F =85}

Qo gel massE Azt

=
&=
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2.2.3 HPS + iCG
”%/‘é AZANE gel masse] FHAEE F iICGY 7]
9%o°]H, HPSE 25.0%°|th. iCG9} HPSS| +
S FA48 g o] WE gel masse] A
S GolR A iICG 5.9% Eut olEl 5.0%,
4.0% 18]31 3.0%2] gel massE A|Z3FSIT]

HPSE 7|44 WH7] 2 600 rpmol A PWell B1 &
3 WHE & iCGE glycerin 18.0%°1
AA W] 600 rpmoll A
water bath 90Coll A 2A]7F
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Gel mass®] A= =4 A
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72 spindleS A|A 8k
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Table 1. Composition of gel mass and corresponding
spindle name.

Gel mass composition
(base medium : purified water +
glycerin 18.0%)

Spindle type
(marking number)

HPS(%) CG(%)
250 - LV-2 (62)
59 LV-4 (64) or LV-5 (65)
5.0 LV-4 (64)
40 LV-3 (63)
3.0 LV-3 (63)
250 5.9 LV-5 (65)
212 5.0 LV-5 (65)
16.9 40 LV-5 (65)
12.8 3.0 LV-5 (65) or LV-4 (64)

2.4 Zze|[19] & ZXsHE[20] S It
iCGolE &H717F 2707 EAlsh Sb7lE S84
7171 3 Adze] 2 AREd s AR
Table 2°] iCG 5.9%°l4] 48070 cps& Th2 &=l
g Ads] i Aol sfgste] e d st A

W7 5 AT Ak Eiol o2l Aol vehith
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Table 2. The viscosity according to the concentration of
the iCG. (measured at 0 hour)

iCG conc.(%) Viscosity(cps)

5.9 48070
5.0 30632
4.0 15800
3.0 2640

iCGe] BAES 496.461 g/mololw o] A&l AL

H iCGE 3.0%°]|t}. F 300 g= 7|22 gel massOll
oIl iCGY mold~ 0.0180]H, AEZHAL2 A=
2501 0AIZ oA o] Fo ]
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241 Zuzia| Lo

NaOH<9} KOH®] #4142 E3l iCG 3.0%c14 42
7 495 10 mLE y}s}%la v} 2] NaOH$} KOH2|
gerd ke 247k 0725 g, 1.017 golH ojuje] FuE
1.8 M| ®t}. Gel masstholA iCG7} 2709] ib7]&
7HA3L o2 iCG 3.0% gel massoll 1.8 Me] &z
H71819< v [0SO’ ]:[NaOH] & [KOH]=1:0.57}
=5
27)9] #21717F %85)7] 91814 [0SO™]:[NaOH]
TE [KOHEL1EA 10 mLoll 5%L o 3.6 Me] o]

=

=

3

gl

oF 3l NaOH®} KOHO| J3d e ZHz 1450 g,
2.034 go| ¥tk o]9} o] Bk HFo] HEdE S
ol 7] 918 Tge Folx AR, oo it

ALA 8 AFEFS Table 39 YFER AT

Table 3. Using concentration of the electrolyte and
alkalizer at iCG 3.0%. (3.6 M is the
equivalent concentration of sulfate at iCG

3.0%)
0SO™]:[NaCl 0SO™):[NaOH
Cone.(M) [ or []K[Cl] ] [ or []K[OH] ]
45 1.00 : 1.25 1.00 : 1.25
3.6 1.00 : 1.00 1.00 : 1.00
27 100 : 0.75 100 : 0.75
1.8 1.00 : 0.50 1.00 : 0.50
0.9 1.00 : 0.25 1.00 : 0.25
2,42 ZHEHE A
NaCl#} KC19] BEAHS Z3)] iCG 3%elA] As)d
€95 10 mLE #7H8HS ©el NaCl# KC19] 3
A 747 1.059 g, 1.351 golv] ojuje] FE= 1.8 M
o] Ht}. Gel masstolA iCGo] 2709] A7 ]1E 7HA] 2
AL EZ iCG 3% gel massol| 1.8 M2 H3|ES 7l
%< ), [0SO’ :[NaCl] ¥+ [KCI]=1:0.57} @t} 271
o 717t 7] $leiME [0SO [NaCl] &
[KCI=1:124] 10 mLo 538 f 3.6 Mo| Fojof &}

W NaCl®} KCl19] F#32 %2 7k} 2.119 g, 2.703 gol

A, oo} o] e AFe] EAES Topis] 9
o thabe ol A AeHL, olel thdk AAE AL

< Table 3] YERNSIT

400

el

3.

3.1 HPSE 0|28t Gel mass =ME

Purified water, glycerin 18% 2 HPS 25%%
of 6AZFERt MR Ao A= AAastE st
Hom, 71 A9E Fig. 20 YeERAACE Al 073t
(water batholA] 2217t S8 )90 A]H A= 233 cps
oln, 6AIZ M E 178 cpsiE 27] A WT} 23.6%7
e 8

W7l

24 F

Viscosity (cps)
90000.00

—+iCG 5.9%
=+iCG 5.0%

80000.00 - —+=iCG 4.0%
—-iCG 3.0%

HPS 25.0%

70000.00 -

60000.00 -

50000.00 -,

40000.00

30000.00 %

20000.00

10000.00 ,/\
0.00 - >

Time(h)

Fig. 2. The viscosity change on standing of HPS gel
mass and iCG gel mass for 6hours.

3.2 iCGE 0|23l Gel mass =M=

Purified water®} glycerin 18%° iCGE 5.9%, 5.0%,
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Viscosity (cps) E] "7‘]:]—
80000.00 ~—iCG 5.9% + HPS 25.0%
~+iCG 5.0% + HPS 21.2%
70000.00 - Vit
—+iCG 4.0% + HPS 16.9%
£0000.00 -=-iCG 3.0% + HPS 12.7% 100 1 MN=OH
OKOH
80 -
50000.00
5 60 1 545
40000.00
&3
an -
30000.00
20 -
20000.00 a71
o : ‘ . e
10000.00 p
20 - 629 conc.(M)
0.00 . : . ‘
0 1 Tk 5 6 -0
o 09 18 2.7 3.8 45
Fig. 3. The viscosity change on standing of HPS + Fig. 4. The viscosity increasing rate(Vi) of gel mass by

iCG gel mass for 6hours

7ol 2 iCG gel mass

jol‘E =
ZEEe I
iCGoll A& H7}el W gel mass 3=l 1]
F&S gelslar o1 A3E Table 49} Fig. 40 e}
Wik

iCG 3.0%°0 4 G355 2] 3.6 M NaOH 5& 3.6 M
KOHE #7} atl& vl 2 37t §llew, o] w 2z}

o] HEE 1946 cps, 2175 cps ©1$13(Table 4), A% 5
TS 6.29%, 4.71%% UERTHFig. 4.).

Table 4. The viscosity of gel mass by adding various
concentration of alkalizer at iCG 3.0%. (3.6
M is the equivalent concentration of sulfate
at iCG 3.0%)

Alkalizer conc.(M) Viscosity(ops)

NaOH KOH

0 2077 2077

0.9 2191 1640

1.8 1725 1825

27 2253 2194

3.6 1946 2175

4.5 3211 2925
A G o] F F=91 45 M NaOH %= 45 M
KOHE #7lelde w ZH2he] A 3211 cps, 2925

cpsE UEFFOM(Table 4), S7HES 54.60%,
40.83%=(Fig. 4.) 719 A=RT F7kek 210 & gl

]
u

401

adding various concentration of alkalizer at iCG
3%. (3.6 M is the equivalent concentration of
sulfate at iCG 3%)

3.5 AFsEHEe HIto| W2 iCG gel mass
ZEE9 &

iCGoll ZAa)d H7}ol] W2 gel mass H=ol vX]=
IS st oen, 1 A}E Table 5} Fig. 5 W
ERJ ATt

iCG 3.0%°14 35 E2 3.6 M NaCl = 3.6 M
KClI& 27F atls wie A7t 34 7hshes s
Atk iCG 3.0%°] 34719 FeEEel 3.6 M NaCl
T 36 M KCIE #71819S w) A5 7h7) 2448

[ele]
e 7S

cps, 3340 cpsE UEFU S S H(Table 5),
39.65%, 90.57%= YELUKFig. 5.).

Table 5. The viscosity of gel mass by adding various
concentration of electrolyte at iCG 3.0%.
(3.6 M is the equivalent concentration of
sulfate at iCG 3.0%)

Viscosity(cps)
Electrolyte conc.(M)

NaOH KOH

0 1752 1752

1.8 1885 1942

2.7 1976 1998

3.6 2448 3340

45 3049 2732
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Vi[%)
100 -
mnacl 90.57
90 -
80 | Okcl 73.98
70 -
60 - 55.91

50 -
3865
40 A
30
20 A
o

v] 18 27 36 45

conc.[M)

Fig. 5. The viscosity increasing rate(Vi) of gel mass
by adding various concentration of alkalizer at
iCG 3.0%. (3.6 M is equivalent concentration
of sulfate at iCG 3.0%)
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