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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.
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Fig. 1. Structure of the repeating dimeric units of

iota-carrageenan

Al

AlSid}

2,

1

EH
=

2.1 A2k 2 717]
Aok glycerin(LG A3
starch(Ingredion, USA),
GENUVISCO®, type Cl123, USA )3} -guljEA
purified waterS A-8-3}531 gel mass A|ZgA 2= 7]
A4 WHE7|(LAB.STIRRER, BL 606D)E AH&-3to] &
3t % water bathE AFE-8}o] 83} T}. Bk gel mass
= H71817] 918l sodium hydroxide(Merck, Germany),
potassium hydroxide(Merck, Germany), sodium chloride
(Merck, Germany), potassium chloride(Merck, Germany)E

&, KOREA), hydroxypropyl

10ta-carrageenan(CPKelco,

ARgskaL A E%X* FHE LV viscometer(BROOKFIELD,
DV2TLVTI0)5S AH&-atitt.
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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)
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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 ]



FFAE &= BA) AT A55, 2016

2,41 Zdzz| 2

NaOH<®} KOH®| #4148 &3l iCG 3.0% A &2
g 498 10 mLE H71et9E o] NaOHS KOH<]
g ge 247} 0725 g, 1.017 goly olmje] FxE
1.8 M| ®t}. Gel masstholA iCG7} 2709] ib7]&
7HA3L o2 iCG 3.0% gel massoll 1.8 Me] &z

2 H71et9S W [0SO’ |:[NaOH] %+ [KOH]=1:0.57}
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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

Conc.(M) [0SO™]:[NaCl] [0SO™]:[NaOH]
or [KCI] or [KOH]
45 1.00 : 1.25 1.00 : 1.25
3.6 1.00 : 1.00 1.00 : 1.00
27 1.00 : 0.75 1.00 : 0.75
1.8 1.00 : 0.50 1.00 : 0.50
0.9 1.00 : 0.25 1.00 : 0.25

2.4.2 BHHY S

10 mL< H718tE 9] NaCla) KC19] 3
747} 1.059 g, 1.351 gol™ o|wje] F%E+ 1.8 M
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o, [0SO’ ]:[NaCl] ¥+ [KCI]=1:0.57} @t} 271
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3.1 HPSE 0|88t Gel mass ZHE
Purified water, glycerin 18% 2 HPS 25%%
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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 4

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|28l Gel mass ZNE

Purified water®} glycerin 18%° iCGE 5.9%, 5.0%,
4.0% 123l 3.0% =2 o] H7F 5 6AIRFESE 1
Azt ZHA S 2 gel massS] A& AAWSE g9l & 4

& Fig. 20 HeRdich

iCGe st mars A

w7} Z7kske HPSO ]

= =] -
AwE AQste

=

] =8

3 iCG7} =0 gel mass®] )
gk AR Jue As ¥ 7
5.9% 7t thE FEe vls] 541k

Ao vehgl,

2= o)

b4

3.3 HPS+iCGE 0|25 Gel mass
Gel mass®] =& TAARES Y1 6A17HsQ

W32 ® A3 HPS 25.0%E H7lshr] AR
AR S+ Ao R eyt 3 iCGY &
Aol Hago] A vEhd A&
& Fig. 3.9 YeRSITH

Al



A4 Aa0E) A 24 94 A AT
Viscosity (cps) E] %‘h:]—
80000.00 ~-iCG 5.9% + HPS 25.0%
-iCG 5.0% + HPS 21.2%
70000.00 - ) vil%)
-+-iCG 4.0% + HPS 16.9%
£0000.00 -=-iCG 3.0% + HPS 12.7% 100 1 MN=OH
OKOH
80 -
50000.00
B 60 - 54.6
40000.00
0.83
40 |
30000.00
20 4
20000.00 471
0 . ‘ I i—‘ .
10000.00 p
20 - 629 conc.(M)
0.00 :
0 1 by 5 6 40
v] 09 18 27 3.6 4.5
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 adding various concentration of alkalizer at iCG
3%. (3.6 M is the equivalent concentration of
_ . sulfate at iCG 3%)
3.4 Zgze|o] HItol MmME iCG gel mass
THE9 HE 3.5 ZXslze| &oto| M= iCG gel mass
iCGell s d H7tell W gel mass =0l H]*]+= AMZ0| FEt
SEO. Blo] =]
GeES 9189 ar 11 A3E Table 49} Fig. 4] el iCGoll A8 E 71 W2 gel mass WO 1A=
] s
Hisich Je BHelstelon], 7 A7 Table 59} Fig. 59 1}

iCG 3.0%0°A 52 3.6 M NaOH =+ 3.6 M
KOHZ A7} a4ig w 2 wslrl qiloen, o] wj zkzt

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 UER O H(Table 4),

]
u

L
p

=
(¢}

TS 54.60%,

40.83%Z(Fig. 4.) 7189 AR 7k Ao 2 gl
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iCG 3.0%°14 2
KCl1& 37} 3l s

sy

= A=

FeE2l 3.6 M NaCl E+ 3.
AR Bk e

AT} iCG 3.0%2] 3br]e] FdaEEsl 3.6 M NaCl
T 36 M KCIE #71819S w) A5 7h7) 2448

cps, 3340 cpsE UEFU S S H(Table 5),

39.65%, 90.57%= YELUKFig. 5.).

[ele]
e 7S

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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