CHAPTER 1V

RESULTS AND DISCUSSIONS

1. Physical properties of gelatin solutions and gelatin films

As mentioned before, gelatin is a material of choice for hard gelatin industries;

therefore, it is necessary to study p ‘Wrtles of gelatin solution and gelatin film
which is used as a control for solutions and films.
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to contro? the variation between the different manufactures and manufacturing process.

Several sources of gelatins were brought for preliminary study. Finally, gelatin from
Gelita® has been chosen for this study and it also has been used in the industries. It was

observed that the colors of gelatin solutions are different depending on the source of

materials.
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1.2 Properties of gelatin films.

Properties of obtained gelatin film were presented in table 4.2 Gelatin solution
could be used to prepare gelatin film by casting method using TLC spreader with 0.75
mm. Film thicknesses of three samples were evaluated with a digital micrometer and
found the average to be 0.110 + 0.005 mm. for 30 point-measurements. The thickness
was reduced to be about 0.1 mm. because of the evaporation of water from the films.
After 2-hour drying, cast gelatin ﬁkn“ ‘ pt in the same controlled conditions as
drying which are 30°C, SO%Winpislihed& m was clear and flexible with no
cracking and moisture w@he@elam in the range of 14.16 + 0.10%,

] sulé'§hells\-6%).

within the normal range of ha

)

‘ ) : \\ \ Values

Appearance : @ Glekafi Flexible
Thickness (mm.) 7l 10‘¢ 0.005
Mechanical properties  — ‘

-Maximum Streff (N /mlﬁ-.‘i),'f;‘;‘fa_ f

-Extension at break(mme)— |2:537+£0:276

Moisture content (%) j
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Measurernents of mechamczg'J properties were done as?escribed in chapter III

S R I

Overall properties of gelatin films were considered comparatively to commercial

hard gelatin capsules in terms of its appearance, thickness and % moisture content. Base
on these data (table 4.2), our gelatin has been used as a representative of commercial

gelatin film which also used as a comparative control to starch-gelatin films.
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2. Starch-gelatin film preparations

2.1 Properties of starch-gelatin solutions
Eight starches were chosen to represent 3 groups of starches: 1) native starches
(rice starch, glutinous rice starch and tapioca starch), 2) pregelatinized starched (Eragel®
and Alpha starch®) and 3) modified starches (Elastigel 1000, Elastigel 2000C® and

ions were colloid solutions with small

starch particles (invisible sized) disperse or 1 selatin solution. However, at high

arehes, the predi tarch particles such as glutinous

: i : Asfound at 15% wiw. concentration and white floccules
were seen and settled do : // f \\

s'ofi rch sy hstitutes showed an increase in viscosities.

As shown in table 4. e fVise ‘ f "*\\\ 1 solutions were increased after

Htu \\n\ oelatin solution.
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Table 4.3 The viscosity and physical appearance of substituted starch in gelatin solution

(starch-gelatin solution)

Starch types

% starch
substitution

Solution viscosity
(mPa.s)

Physical appearance

Rice

5
10*

15

Eragel®

Glutinous

Tapioca

Fl
Y
AR

Nyeh!

1601.76

Colloid solution

1931.45

Colloid solution

Small particle of starch in
the solution

Small particle of starch in
the solution

Small particle of starch in
the solution

Two layers separation

Colloid solution

Colloid solution

Colloid solution

"7 Colloid solution

k Colloid solution, hard to

remove air bubbles

Hard to remove air bubbles

Hard to remove air bubbles

Colloid solution

Colloid solution

thite floccules and settle
_1! down later

ite floccules and settle
down later

—r

i}

2077.45

ite floccules and settle
down later

2

[\ 4| “Colloid solution

. EJ"‘
1536.81

' 1 | Colloid solution

Wupl]

1753.63

White floccules and settle
later

C and settle
own later

ity

Alpha starch®

9
10*

15

20

1491.58
1381.71

1654.85

Colloid solution

Colloid solution

White floccules and settle
down later

White floccules and settle

>6000.00

down later
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Table 4.3 The viscosity and physical appearance of substituted starch in gelatin solution

(starch-gelatin solution) (cont.)

% starch Solution viscosity Physical appearance of
Starch types substitution (mPa.s) solution
Elastigel 3000M® 5 1671.83 Calloid sohsion
10 1762.61 Colloid solution
15 ' 7.74 Colloid solution
”\\\ f | Colloid solution, hard to

20%. . remove air bubbles

25-:._‘:;_ _‘2254¢' Hard to remove air bubbles
- Hard to remove air bubbles

Colloid solution

Elastigel 2000C®

Colloid solution
Colloid solution
Colloid solution
- Colloid solution
! Colloid solution
~ Colloid solution, hard to
remove air bubbles
Hard to remove air bubbles

Hard to remove air bubbles

Colloid solution
g@illoid solution with the
= “fhost white turbidity
~ €olloid solution, hard to
" | remove air bubbles
2905.05 "Hard to remove air bubbles

h 1 0 |‘2£ AR NI nnﬁy’;ﬂl 4 1 4= Hard to remove air bubbles

ﬁ o) 4l }'|E‘HU [ Clear gel and slightly

Elastigel 1000J®

Pure gelatin ql 0 - 1457.86 brown
: repres%mmmuwém Hohggendué olitlon and without
air bubbles.

The difficulty for air bubble removal was one of criterias to select the appropriate

solutions.
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It is interesting that the viscosity of Alpha starch increased dramatically when the
concentration has been changed from 15% to be 20%. It was also observed in 20% of
Elastigel 1000J® substituted and 30% of Eragel® substituted that air bubbles were hardly
removed even using sonicator for a long time to get rid of air bubbles. Thus, formulations
with severe air bubbles were eliminated for further study due to the difficulties in
preparing solution and casting smooth film.

As mentioned before, pure épu)‘ sg]ilon were used as a comparator to

substituted starch selection due&o__{ts excellei es for hard capsules.

Therefore, the m?rcemge “of substituted starch were selected by
considering samples th;t)ﬁt\/ ue, quite su;:hm'gelatln solution. However, the
maximum substituted starch i 1, ol tion had to b‘hnmdered with the appearance

of the films after casting:

After casting an ﬂl'?ih'g,iam* ch e'l"'atil;l films were not clear (slightly
turbid), as compared with pu gelatm ﬁlng;:;rlce t;rch at 5-10% substituted, it was
little rough but could provide a hém‘ggeneo . Until 15% or more substituted, it had
a small particle of stgrch in ﬁlnriwath }'on?r_ﬂtﬁace.r Starch-gelatin solution at 15%

substitution did no : : oli solution was stirred before
casting. Eragel® produeed rougher films -_e | CC oG .ﬂI gelatin film and modified
starch films. Glutmous?‘élce starch did not give a homo’génous film where some small
particles of s ﬁ iﬁ es_were easily seen at 10%
substitutions tﬂuﬁegj ﬁgl‘ﬁ &lﬁ‘dﬁ ogenous films at 5%
substitution but at 10% or more subtitutions it showed clear small particles inside the
films. Iasaal’am ;J ﬁamlwowqa’gnﬂ&at @ %:lve homogenous
films but not very clear as compared to gelatin films. Elastigel 1000J® gave homogenous
films at 20% and lower substitutions where at more than 20% substitutions showed some
starch particles in the ﬁlmé.

High percent substitutions of all starches resulted in more viscous solutions

and easily to trap air bubbles, which affect the film textures.
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In the previous section, average maximum stress for gelatin film was 86.149 +
3.839 N/mm? and gelatin film is able to form a hard gelatin capsule by dipping method.
By substituting gelatin with starches, it was found to reduce the maximum stress of films.
However, the preliminary studies showed that reducing in maximum stress to some level,
starch-gelatin solution can still be used to produce good hard gelatin capsules. Moisture

content for all formulations fell within the standard range of 12-16%. The maximum

stress, extension at break, and the m H’f/ﬁ were showed in the figure 4.1, 4.2 and
4.3 respectively.
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Figure 4.1 The maximum stress of starch-gelatin films
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Figure 4.2 The extension @t break of starch-gelatin films
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The maximum percentage of starch substitution in gelatin solution were
determined by comparing values with pure gelatin properties.

Not only maximum stress, extension at break and the percentage of moisture
content were used to determine appropriate starch-gelatin films, but also the viscosity of
starch-gelatin solutions.

Thus, 35% substitution with Elastigel 2000C®, 25% substitution with Eragel®

because these three formulations gave m rcentage of starch substitution in

and 20% substitution with Elastigel BOOQMr}’pgulatlons were selected for further study
gelatin and homogenous solution. The giscésitjfﬁf}j% substitution with Elastigel
2000C® was similar to ?ﬂ 3% and air bubbles could be removed from the
solution. 25% substitution wi : rla and 20% substitution with Elastigel 3000M® had

the viscosity higher t

gelang, In this viscosity, air bubbles could be
removed easily wherea tﬁe remove air bubbles at higher viscosity. The
appearance of Elastigel 2000 nd %OM gave homogenous films while some of
starch films showed starch particles 'scattez:ifg'lﬁ the ﬁlms Eragel® film gave the same
appearance of film but rough tham‘E}astlgeié'ﬁDOCQ iand 3000M. As compared to other

starches, the mechanical propemes—ﬁf thesem" formulations gave higher maximum

stress (about 60 N/mml), exterision at breai(‘-heaﬂ'y snmllai,io the gelatin film. Results

mum stress was dropped to about

20-50 N/mm? and exte_nfj)n at break below 2 mm which gelrve more weak and brittle film.
3. Effect of plasticizerson -starch—gclatin;solutions and-films

From previous experiment, three formulations™ were selected which are 35%
substitution yyith Elaﬁigel 2000C®,-25% substitutidn. with Eragel® ard.20% substitution
with Elastigei BOOOW réspectively. “In ‘this study, two plasticizers'such-as glycerine and
sorbitol were chosen to study the effect of plasticizers on gelatin and starch-gelatin
solutions and films. Various concentrations of sorbitol within the range of 1-10% and

glycerine within the range of 1-5 % w/w were gradually added.
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3.1 The effects of plasticizers on gelatin and starch-gelatin solutions by

determination of viscosity.

Table 4.4 Viscosity determination of gelatin solution.

Concentrations of plasticizers Viscosity (mPa.s)
(w/w) Glycerine
0 1457.86
0.1 1423.54
0.5 1541.35
1 1705.92

By increasing t n ion ofibe pla’sﬁg\izen,the viscosity of solution with

itol wi _in' : range‘bf,ﬂ-l% showed no effect on the

.
= ~

Concentration ofl_ Elastigel 2000C° L5 gy ' | Elastigel 3000M°®
plasticizers Viscosity (mPa.s) - M m Viscosity (mPa.s)
(W/w) Sorbitol, | Glyeerin~| Sorbitol | Glycerin
0 1463.062| 1463.06 2049.35
1 1390.95 4 1389. 2124.08
2 1429.81 1 144168 2139.02
3 1642.62 4 1797.99 2220.11
4 1695.30 | 1753.40 | 267231 | 2387.57 | 2448.08 | 2218.51
5  1749,6 =31 1 254326 422214.77
6 3 % d 2419.76 ¢ -
7 2082.34 . 322339 . 2671.16 s
10 | 2172.14 - 360070 | - < 325892 | W
“Fisis J0CY 238 P BR300 | ) 7]

- Eragel®% 25% substitution with Eragel®
- Elastigel 3000M® = 20% substitution with Elastigel 3000M®

From table 4.5, it was indicated that the viscosity of starch-gelatin solutions were
increased by increasing the concentration of both plasticizers. It can be explained that the

plasticizer molecules were trapped inside the entangled polymer or network between
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starch-gelatin, starch-starch or gelatin-gelatin in solution. Normally, sorbitol or glycerine
are likely to adsorb water to their molecules. Thus, more water in the solution tends to be
trapped inside the network as increased the amount of plasticizers, resulting in higher

viscosity.

3.2 The effects of plasticizers on gelatin and stai'ch-gelatin films.
Generally, 0.1-1% w/w of pl tt’z[ were used in hard capsule manufacturing.
Therefore, 0.1-1% w/w of plastu;lzets w to evaluate the effects of plasticizers

on gelatin films.

Table 4.6 The mechM i¢ q moist‘?exmntent of gelatin containing

plasticizers films B

Concentration of b 4=
plasticizers Maxi stre + SD.
(W/w) orlito] =~ 4  Glycerine
0 86.149 4 383G "V 86.14 + 3.839
0.1 79.39 + 48584} 7%85 + 1.188
0.5 79.723 Tt o 7 S48 7 + 1.020
1 79.180 = 5’0 514 80.611 + 3.328
Concentration of e
plasticizers
(w/w)
0
0.1
0.5
1
Concentration of

plasticizers gl .. | ~ " (96) «
0 ’ 453 + 0.16 14.

0.16

0.1 14.93 t 007 %& + o 018
: 4, 041y o i 415;% st

| 420 3 OM i 13.3?' .06

4
There were slightly decreased in maximum stress while there were no differences
in extension at break and moisture content for all gelatin films with plasticizers (table

4.6). However, Jones recommended that the amount of plasticizer for hard gelatin
capsules should not exceed 5% by weight (Jones, 1987: 49-60).
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After adding starches in gelatin solution, properties of starch-gelatin film showed
less maximum stress, less extension at break as compared to gelatin film. Starch-gelatin
film tends to be less hard and brittle. Thus, the properties of starch-gelatin films should
be enhanced by adding plasticizer to make films softer. Varied concentration such as 0-
10% w/w of sorbitol and 0-5% w/w of glycerine were used for this study.

Figure 4.4 and 4.5 showed that the maximum stress were decreased and extension
at break were increased by increasing e entration of sorbitol or glycerine. This
study confirmed that plast1c12ers should not be d more than 5% by weight (Jones,
1987: 49-60). The moisture canmmof forgulat led sorbitol were almost within the
range of 12-16% while w. w % lycerm ?v‘Em-hwer than the standard range (as

e:e studied the effect of glycerine on

shown in figure 4.6).
at ﬁ'@glyqenne content, the same kind of results
: nére}se,éan’be xplamed by the assumption of the gel

Arvanitoyannis
hydroxypropyl starch-gel
were found. The flexibility of fi

theory (Sears, and Darby, =7 )“ b4
There were so many pgints of htta t along the chain of starch-gelatin films.

The plasticizer would break eqﬁadhmenteﬁ k the center of force. These effects
could reduce the rigidity of the films pwhlch m\_e films more flexible. However, there

were some mterestmg_é)mts for substltuted Elastigel 2000 (15 ﬁlm It was found that the

extenswn at break h ol and 1-2% of glycerine.

This effect of plasticizeds called “antiplasticization” whlbh occurs with many polymers
at low content of plasti¢izer, Antiplasticization could be explained that plasticizer

molecules mayﬂeuq%tfgom&]nwtﬁzw& Qaﬂn@ between plasticizer

molecules and pyymer by various forces includirg hydrogen bor_Ung This tends to

e Q AREDE GRS Y v o

(Sears, and Darby, 1982: 35-77).
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Table 4.7 The appropriate plasticizers for starch-gelatin films

Type of substituted starch % plasticizer
sorbitol glycerine
35% substitution with Elastigel 2000C® | 0% 0%
25% substitution with Eragelé 0-4% 0-3%
20% substitution with Elastigel 30 0-4%

glycerine also gave sli
3000M®, 0-5% of sorbitg

gelatin films. Even starch—gelagin;ﬁ W

compared with gelatin, film but piargtlci(z&s Mg{_énded to be added in the

Elastigel 2000C® withgat 0
3 s ® g
substituted Elastigel 2000C"~gelatin film. . ,

In additﬂ, Rot Gty mefbichf piopertiel of fims Sei& considered but also the

stability of films!because deformatio? and contraction of films may occur during long

AW TG TS TR e

of films.

ne ﬁere recommended for 35%
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4. Stability testing of gelatin and starch-gelatin films

All films were kept at 40°C, 75% RH and evaluated after 1, 2, 4, 8 and 12 weeks.

4.1 Stability testing of gelatin film

g

i
1
’ #
¥
P
il
- = s
-
=

-3
o

49

—

Maximum stress (N/mmz)
g & 8 &8 3

e

9 10 11 12 13

Figure 4.7 The maximum stress of gelatin containing plasticizer films at 40°C, 75% RH
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Figure 4.8 The extension at | tlclzer films at 40°C, 75% RH
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Figure 4.9 The moisture content of gelatin containing plasticizer films at 40°C, 75% RH
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Figure 4.7 showed mechanical properties of gelatin film stored at 40°C, 75% RH.
Without plasticizer, the maximum stress increased from 88.404 +2.553 N/mm? to 96.007
+2.637 N/mm? after two weeks and slightly reduced at after 12 weeks which was 91.739
+ 1.509 N/mm?. However, the maximum stress was increased after 12 weeks because it
may absorb water sufficiently to reform and give greater strength of crystallite while the
extension at break and moisture content were unchanged (Jones, 1987: 31-48). For 2%
m 70.371 + 7.563 N/mm? to 85.261 +

sorbitol, the maximum stress slightly i
4.727 N/mm?” after 12 weeks break and moisture content were
increased from the 1mt1al 1toﬂnayqot-hmough to stabilize the amorphous
form of gelatin film; there re -
chamber. In case of the ext

(75% RH) may be ab

.
*

ﬂUEJ’J‘VlEJ‘Vl‘iWEJ’]ﬂ'ﬁ
QW’]Mﬂ‘iEUiJW]’MEI’]aEI
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4.2 Study stability of starch-gelatin film

42.1 Stability of 35% substitution with Elastigel 2000C® containing

plasticizer film

100

Maximum stress (N/mm’)

AN

2 § 1

10 11 12 13

Figure 4.10 The ma ; mi-stress-of 35%-substitution-with Elastigel 2000C® containing

plasticizer film at 40°c,°o 3
AULINENINYINS
RINNIUUNININY
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Figure 4.11 The extension at/break of 35% § 3\\ } \ i Elastigel 2000C® containing
plasticizer film at 40°C, 75% R

isture content (%)
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Figure 4.12 The moisture content of 35% substitution with Elastigel 2000C® containing
plasticizer film at 40°C, 75% RH
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From figure 4.10, 4.11 and 4.12 they were observed that the maximum stress of
35% substituted Elastigel 2000C® without plasticizer were slightly increased from 66.753
+4.030 N/mm? to 74.368 + 0.956 N/mm? after 12 weeks of storage while the extension at
break and moisture content were unchanged. For 2% and 4% sorbitol, the maximum
stress, extension at break, and moisture content showed very slightly difference after 12

weeks. For 2% glycerin, it gave the same result after 12 weeks. It is interesting for 4%

glycerin which the maximum stress
N
extension at break were exteqk

unchanged. ———1

ficantly decreased after 8 weeks while the
) weeks and moisture content were

It was observed itol or glycerin showed the

maximum stresses low xtension at break showed no
difference except afte

- e i
2000C® with plasticizer than W. Wlasticizer. Especially, films

tress (N/mmz)

Mgéims

9 Time (week)

—e—no plasticizer —#—gly2%
—a— gly4% —¥%—sor2%
——sord%

Figure 4.13 The maximum stress of 25% substitution with Eragel® containing plasticizer

film at 40°C, 75% RH
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Figure 4.15 The moisture content of 25% substitution with Eragel® containing plasticizer
film at 40°C, 75% RH
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From figure 4.13, it was illustrated that the maximum stress of 25% substituted
Eragel® without plasticizer were increased after 12 weeks. For 2% of sorbitol, the
maximum stress had increased in 4 weeks but the maximum stress was dropped
dramatically after 12 weeks. For 4% sorbitol, 2% and 4% glycerin, the maximum stresses
were decreased significantly after 4 weeks storage. Figure 4.14 showed the extensions at
break without plasticizer and with 2%, 4% sorbitol and 2% glycerin were unchanged
while the extension at break of 4% gl -

significantly increased after 8 weeks.
The moisture content were si;g r t - //(ﬁgure 4.15).

It is interesting °‘ﬂs€lycerin with 25% substituted

Eragel films after 8 we m stress had been dropped

significantly.

qﬂaawﬂﬂgyﬂwﬂﬁw
Y

e sor4%

Figure 4.16 The maximum stress of 20% substitution with Elastigel 3000M® containing
plasticizer film at 40°C, 75% RH
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Figure 4.18 The extension ét break of 20% substitution with Elastigel 3000M® containing

plasticizer film at 40°C, 75% RH
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From figure 4.16, it was exhibited that the maximum stress of 20% substituted
Elastigel 3000M® without plasticizer and with 2% sorbitol were unchanged while 4%
sorbitol, 2% and 4% glycerin showed the maximum stress decreased after 12 weeks. The
extensions at break as shown in figure 4.17. For 20% substituted Elastigel 3000M®
without plasticizer, with 2% sorbitol and 2% glycerin were unchanged while with 4%

sorbitol and with 4% glycerin were increased similar to previous result, moisture content

were unchanged (figure 4.18). It was-.glg at 4% glycerin showed more effects in
the maximum stress and extex%g_t_, rea orbitol and lower concentration as
 — S - -ﬁ'

shown in figure 4.16.

f
Table 4.8 Summary of f% /

‘f‘

lliin the\_s\ghﬁg_n criteria

\ S
L T
S AN -

Type of sub \ % plasticizer
: 4 \s\bﬂn\l glycerin
35% substitution with Elasti o W\ 0% 0%
25% substitution with Eragel®" /oo - 0%-2%
20% substitution with Elastigel WOOW ST 0% 0%-2%
& T~

Table 4.8 was sﬂﬁ}mmeriscd ‘to sho roprEEe percentage of plasticizer

which gave excellent and sgb{l__i films for each &l}lbstituted starches. 0% of plasticizer was

used for 35% ﬂsﬁiﬂ ﬂhﬁﬁgﬂ@% E}ﬁfﬂ moisture content and

extension at breakiere similar to gelatm film and the maximum stress was higher than

1 Y411 VP (109135
maximum gher %0 1 and 0-2% of

glycerin were selected for 25% substitution with Eragel® and 20% substitution with

Elastigel 3000M® because it showed similar results within this range.
It can be concluded that the film stability could be affected by plasticizers,

therefore, the amount of plasticizer added in solution should be concerned.
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5. Starch-gelatin hard shell capsules by dipping method

5.1 Hard gelatin capsules
In this study, the production of hard gelatin capsule shell was done by dipping
method and was prepared from 33% w/w gelatin solution. The physical properties of

finished hard gelatin capsule shell were tested. From table 4.9, the weight and thickness

of hard gelatin capsules obtained Al ing method were compared with the

commercial hard gelatin capsulb;-x ) t and thickness of hard gelatin

capsule from dipping methgmmghan ﬁghal gelatin capsules because the

machine were in lab sca

trol ercial gelatin capsules were
produced from automati , d were no difference between
our gelatin capsules The m re content of commercial
gelatin capsules and our ,‘rangas of 12-16%. This confirmed

that the process of dipping g ¢ ¢ é\g:we no difference between lab
i %)

5.2 Preparations of starch<gefatin
From previous section;ﬁ' sme selected to study starch-gelatin in

hard capsule forms b*_&ppmg method. Aﬁcr_dM i

without plasticizers ’_formed The results sl

es without plasticizer

g, starch-gelatin capsules
eight and thickness of cap

—

Eragelngtlatin capsules and Elastigel
3000M®-gelat1 psules Wef@in the standard ﬁwhlch is 77 + 6 mg. (TIS 913-2545).

uﬂ Q: ﬂfﬂiﬂgﬁz dq;’lggaﬁ §agel°-gelatm and

Elastigel 3000M§Jgelatm capsules were 12.26, 11,88 and 13.40% gespectively. It was

wn b ST HRR AR SHE ) oot e

while Eraéel‘”-gelatm capsules was below the range (12-16%).

and body for Elastigel ibOOC -gelatm capsules,
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Table 4.9 Weight and thickness of hard capsule shell without plasticizers

Weight (mg) Thickness (mm)

Material Cap Body Cap Body

(Commercial capsule |30.629 + 0.807 | 42.627 + 1.053| 0.122 £ 0.005 | 0.102 + 0.005

Gelatin dipping 30.143 + 2.085 | 45.203 ’
|[Elastigel 2000C* A 2 I D46

0.129 + 0.016 | 0.106 + 0.013

0.103 + 0.015
Eragel** 0.101 + 0.010
Elastigel 3000M*** 0.115 + 0.018

plasticizer effects on &-__ ies hard capsule shells. The

vithin 1-3%. The results were
’ |

al hard gelatin capsules as shown in table 4.10 and 4.11

concentration of sorbito!

compared with commer

R A T
house specification ﬁ determination. The

specification done by was measuringsthe weight and thickness of .commercial gelatin

NS LY E T YR TY TN

be 30.629:£0.807 mg, 0.122+0.005 mm and 42.627+1.053 mg, 0.102+0.005 mm for caps

and bodies respectively.
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5.3.1 35% substituted Elastigel 2000C®-gelatin capsules with plasticizers

From table 4.16 and 4.17, the weight of Elastigel 2000C®-gelatin
capsules with and without sorbitol and glycerin was not different from commercial
capsules and also in the standard range (TIS 913-2545).

The weight of all formulations fell in in-house specification except
the weight of 3% sorbitol formulation were over the specification. The thickness of all
Elastigel 2000C®-gelatin capsules qu\w /ﬂerent from commercial capsules and
within the range.

_
5.3.2 ZS%'QF"#"-_ ;el"f--g‘g@es with plasticizer

aﬂ 43& 1, the weiglit of Eragel®-gelatin capsules

with and without sorbi

also in the standard

weight of Eragel® without plasticizer,
i s

1% and 2% sorbitol and 1% g’lyecﬂn weﬁnn in-house specification while 3%

sorbitol, 2% glycerin aﬂd 3% gl'ycérﬂrWene ation. It was concluded that

the thickness of fo ;...:.;i_..:_,:.:.;;,~:.;._-._-_.:_':.'_.' pe¢ whereas the thickness of

formulations with gly

weremthe ange o

ough the welght the thickness and the moisture content of
Eragel®-gelatin § i tures were found to be
too brittle and ﬁ Wgt] K] m fje in with giycerin. Thus,
TS RPN A

533 20% substituted Elastigel 3000M®-gelatin capsules with

plasticizers
From table 4.10 and 4.11, weight of Elastigel 3000M®-gelatin
capsules with and without sorbitol and glycerin were not different from commercial

capsules and also in the standard range (TIS 913-2545). Eventhough all formulations
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were in the standard range but none of them passed in-house specification in terms of
weight and thickness. The moisture content of Elastigel 3000M®-gelatin capsules without
plasticizer and 1-2% of sorbitol were in the range of 12-16% while with 3% sorbitol and
1-3% glycerin were lower than the standard range.

However, the difficulties in stripping and the brittleness were used

to consider the appropriate formulation for further study. Finally, Elastigel 3000M®-

1) Starch-gelatin (Elas
2) Starch-gelatin (!
3) Starch-gelatin (Elz

AULINENTNEINS
MIANTUNNINGA Y
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6. The effect of process aids-sodium lauryl sulfate (SLS)

From previous section, to select the three formulations were chosen as follows
1. 35% substituted with Elastigel 2000C®

2. 25% substituted with Eragel® and glycerin 1% w/w

3. 20% substituted with Elastlgel 3000M® and glycerin 2% w/w

. \\
For the table 4.12 the Elastlgel 2000C® and substitute
Elastigel 3000M® in each 'fow was inc reasmg the amount of SLS, on
the other hand, the viscosiy/ .gel tin so %decreased

- a ]
Table 4.12 Viscosity of s clatin solutic varied concentration of SLS

Viscosity
(mPa.s)
1302.30
1236.02
1656.89
25% substituted Erage :t 1% glycerin : 2242.82
25% substituted Eragel ®0.1% SLS + 1° i 1985.95
25% substituted Eragel ® + 1%SLS + 1% glycérin ) 2020.81
20% substituted ﬁ%ﬂ_@o&« 1 3% glycetint | L) 11172 205322
20% substituted Elastigel 3000M ® + 04% SLS + 2%-glycerin 22058.06
20% sub@ﬁﬂﬁ@am £ 196 SUS Yoslgiycetin || | Hloz78.08

After adding SLS at 0.1% and 1%, weight and thickness of different were used to
compare to capsules were used to compare to capsules without SLS. It was observed that
weight of capsules were difficult to differentiate the effect of SLS on starch-gelatin

capsules but the consistence of wall thickness was used to determine. Not only the
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consistence of wall thickness was used but also viscosity, gloss appearance and
difficulties in manufacturing were considered. For Elastigel 2000C®, capsules with 0.1%
SLS were suggested because it enhanced the gloss of films from 39.53 to be 62.36 GU as
shown in table 4.13. Table 4.14 showed that the weight and thickness of capsule bodies
slightly decreased and viscosity was not changed. For Eragel® (table 4.15), capsules with

0.1% were recommended because of the consistency of wall thickness (no difference

between wall and top thickness). M
ﬁ changed after adding SLS into

S ﬂodums which created problems for

films and the gloss of film were
slast 1 3000M®-gelatin capsules

It was interesting thai
Elastigel 3000M®-gelatin
capsule manufacturing e
decreased from 80.72

without SLS was selected for

Table 4.13 Gloss starch-
(SLS)

ration of sodium lauryl sulfate

il
&

Aulind |
ol |

Concentration| 35% Elastigel 4~ 20% Elastigel
(%) 2000C (GU)* _{25% Eragel (GU)* | 3000M (GU)*

No SLS 395 3; 1.15 37 duil -. + 070

SLS 0.1% 62.36 A 3 111
SLS 1% 18.01 3026 13.04 £ 0.07 1&6 + 0.21

s g‘°ss“mﬂ‘lJEJ’WlEW]‘§WEJ']ﬂ‘§
ammmm UANAINYAY
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Table 4.14 Weight and thickness of 35% substituted with Elastigel 2000C® with vary

concentration SLS

No plasticizer

Material No SLS SLS 0.1% SLS 1%

Weight of cap in added SLS (mg) 23.717 + 1.904 | 28.895 + 1.569

Thickness wall of cap added SLS (mm) 0 0.099 + 0.009| 0.118 =+ 0.011
-

Thickness top wall of cap added SLS (mm) | O‘Ia + 0.02310.122 + 0.019| 0.145 =+ 0.015

Weight of body added SLS (mg 7.724 & 2.04 722 + 0.938| 36.86 + 1.052

Thickness wall of body added 0.005| 0.095 =+ 0.011

Thickness top wall of body added SES @[ 0.097. £ 0. 0.007| 0.109 + 0.010

with vary concentration SLS - ;,,;_w ¢ ,J e

N/

Material SLS 0.1% SLS 1%

Weight of cap in ﬂdﬁ&]@’g ln Wiw Qr ﬂ\?3 32497 + 1139

Thickness wall of c4pladded SLS (mm) 0150 + 0017 0.137 + 0.017] 0.140 =+ 0.018

TR IR

Weight of body added SLS (mg)
Thickness wall of body added SLS (mm) 0.121 + 0.016] 0.121 =+ 0.017| 0.127 =+ 0.010

Thickness top wall of body added SLS (mm)| 0.188 + 0.012] 0.135 * 0.013| 0.169 =+ 0.022
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Table 4.16 Weight and thickness of 20% substituted with Elastigel 3000M® and glycerin
2% w/w with vary concentration SLS

Glycerine 2%
Material No SLS SLS 0.1% SLS 1%
Weight of cap in added SLS (mg) 4021 + 1.069]33.191 + 1.029|35.035 + 1.046

Thickness wall of cap added SLS (mm) E“ : 0:0 0.138 + 0.013| 0.143 =+ 0.011
— --<.

M2470.172 + 0.017| 0.192 + 0.021

Thickness top wall of cap added SES fmm) | 0.165 +

Weight of body added SLS (mg 2. ) + 1.629|53.308 + 1.556

Thickness wall of body added SL* 0.017| 0.133 + 0.007

Thickness top wall of body added SES i) 0.170. £ 0013 0. 0.017] 0.192 * 0.038

Final three formulati
1. 35% substituted wit SLS 0.1%

2. 25% substituted /w and SLS 0.1%
3. 20% substituted wi stigel ®and glycerin 2% w/w

were selected for study as belows.

appearance showed “tHe urbidity ng starches as compared to

commercial gelatin cap

AUEINENINGINS
AMIANIUUNIINYAY
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35% substituted with 25% substituted ywath . 20% substituted with
Elastigel 2000C® Fragel®, glycerin 1% w/w ™ | | Elastigel 3000M®
and SLS 0.1% | and SLS 0:1%6 and glycerin 2% w/w

’

b ’ -~ e ' e -
L " commercial geidtiil Lapsuic

P LB

Figure 4.19 Final three férmulations of hardieapsule shells compare with commercial

gelatin capsule
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7. Disintegration test

From previous section, Elastigel 2000C®+0.1% SLS, Eragel®+1% glycerin+0.1%
SLS and Elastigel 3000M®+2% glycerin were selected for disintegration and dissolution
studies and were compared with dipping gelatin capsules and gelatin capsules.

Usually, the disintegration test o filled capsules but some pharmacopoeias

anese Pharmacopoeia. The limit of
10 minutes while TIS was 15

also include a test for empty

disintegration time in Jap

minutes /
The disintegration timeé ) _§ules, gelatin dipping method,
Elastigel 2000C®-gelati sules and Elastigel 3000M®

Gelatin dipping method ‘ ) .

Elastigel 2000 pa ﬁl

Eragel- gelatmaen:g] eﬁn EI?] ﬁt‘l ’] ﬂ i
lasti -gelati ?f;._Ol 3+ 1,
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8. Dissolution test

The amount of dicloxacillin dissolved at each sampling time was calculated using
the calibration curve between the known concentrations of dicloxacillin and UV
absorbance at the maximum wavelength of 274 nm. as referred in Appendix A. The
dissolution of dicloxacillin filling in the commercial gelatin capsules, prepared gelatin

capsules, and starch-gelatin capsules (Elastig 000C®-gelatin capsules, Eragel®-gelatin

N,

capsules and Elastigel 3000M “-gelatin capsules) e gresented in table 4.18.
USP XXV for dicloxacillin capsulés none of six capsules should
8) l*

.
R

ntaining dicloxacillin were in

dissolve less than 75% labele ﬂ.
4.20, it was shown that all of'differ ./. ‘
USP XXV standard wi ghificar - difference in dissolution profile. Moreover,

within 30 minutes. From figure

dicloxacillin in all types of gapsules could dissolve completely within 10 minutes. This
can be concluded that all

arch-gelati cap_ les can be used as well as gelatin

PXTAOP

capsules.

AU INENINGINS
MR TUNN NN Y
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120

100 N "J'T— A - -

80 -

% Drug Dissoved
3

40 -
2 4 /Y
0 .
18 20 22
—o— Gelatin CF E3M —%—E2C

Figure 4.20 The mean di
250 mg/capsule was uséd as a model drug a0 f 6 units. Error bars were
omitted for clarity m

Note: Eragel = 25% substituted with Eragel®, glycerin 1% w/w and SLS 0.1%

ot 2 b e o

E2C= 35‘%’substituted with Elastigel 2000C°£\d SLS 0.1% v

ARIANNIUARIINE IR Y

hard'c nsule shells. Dicloxacillin
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Table 4.18 Dissolution data of 250 mg dicloxacillin capsule of each type of hard capsule
shell

Commercial gelatin capsule

Time (min) T=4 T=7 T=10 T=15 T=20 T=30 T=45 T=60 T=90

54.70 | 102.33 | 104.13 | 104.46 | 104.79 | 105.11 | 105.68 | 105.76 | 106.08

105.09 | 105.41 | 105.74 | 106.30

52.48 | 102.07 | 103.87

47.06 97.36 104@ 10 105.37 | 105.93 | 106.26

52.73 90.74 ‘& . I 3 106.58 | 107.40 | 107.24
| —

58.40 93.97 : 102.90 | 103.45 | 104.25

52.24 97.8§ B. 103.7 04.31 | 104.39 | 104.95 | 105.76

Average 52.93 105.05 | 105.54 | 105.98

SD. 3.69 127 | 130 | 098
beCV. 6.98 121 | 123 | 094
Gelatin dipping

Time (min) T=4 T=45 T=60 T=90

37.49 103.31 | 105.05 | 106.01

38.16 103.26 | 104.68 | 105.52

35.79 5.9 93.6. 102.50 | 102.47 | 102. r 103.00 | 104.32 | 105.01
: e

44.05 102.56 | 104.20 | 104.24

38.80 77.99 .g0.29 101.87 | 102.21 | 103.02 | 102.69 | 104.25 | 103.83

38.0? izul?'lﬂ_‘ %%M%@Q‘ Jm;)f' f:mﬂs 103.88 | 103.58

Average | 38729 79.57 | 99.02 1.88 | 10238 | 102.72 | 102.77 | 104.40 | 104.70

SD. ] ) X <N\ ! !
"ﬁ N ﬂﬁ lobooNTI
RCV. |9 7.24 3.74 3.01 0.45 0.1

0.41 0.97

&

b

=3
Y

i

0.40 0.58 0.42 0.97




101

Table 4.18 Dissolution data of 250 mg dicloxacillin capsule of each type of hard capsule
shell (cont.)

Elastigel 2000C® + 0.1% SLS

Time (min) T=4 T=7 T=10 T=15 T=20 T=30 T=45 T=60 T=90

54.38 91.93 97.07 98.03 97.21 97.76 97.74

49.13 90.17 97. 98.65 98.47 98.63 98.49

59.16 93.53 98.19 98.30 98.56

65.15 95.42 99.95 98.76 99.46
56.38 94.8 8.48 3. 98. : 98.39 97.96 98.16
55.66 97.92 97.68 97.94

Average 56.64 98.36 98.18 98.39

SD. 532 | 3.02 090 | 045 | o6l

becv. 939 | 328 091 | 045 | 060

Eragel® + 1% glycerin + 0. %

Time (min)] T=4 T=45 T=60 T=90
46.66 10333 | 103.10 | 103.78
53.17 | 79.08—85:16—1100:84-{~10245{=102:5 | 102.91 | 102.60 | 102.86
42.45 10237 | 10236 | 102.86
48.41 103.12 | 103.14 | 10273

. Joz ;
36.0? Tﬂsi‘ . 13‘2.08 102.22 | 102.74

47.95 9] 76.83 ; . : 49 | 101.28 | 101.48 | 101.56

/s
Average ~1y 450787 onl 223 10 102.48 | 102.75
!1 b .
SD. o 538 527 | 's7a 0% | 030 9 . L 6 7062 | 071

%CV. 12.83 7.03 6.42 0.29 0.30 0.62 0.79 0.64 0.73
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Table 4.18 Dissolution data of 250 mg dicloxacillin capsule of each type of hard capsule
shell (cont.)

Elastigel 3000M® + 2% glycerin

Time (min) | T=4 T=7 T=10 T=15 T=20 T=30 T=45 T=60 T=90

40.82 95.70 | 100.03 | 101.66 | 103.38 | 102.66 | 103.66 | 105.50 | 106.14

41.76 79.63 95.92 0 ’ 102.69 | 103.69 | 104.48 | 105.04 | 105.26

3882 | 7397 | 9 103.17 | 104.10 | 104.0 | 105.17

43.88 76.83 7.9 , 02.79 | 104.59 | 104.58 | 105.00
45.26 82.2 02.24 9 96 | 103.12 | 103.67 | 104.28
39.22 72 } ' 6 | 102.92 | 102.84 | 104.30
Average 41.63 80 4 0 ! 103.81 | 104.29 | 105.03
- !d"‘ 'I a -
SD. 2.55 8.47 T. 0.70 0.96 0.69
%CV. 6.13 10.58 [1 ) 83 0.71 0.91 0.64
i
L
Pl
Fy a:ﬁ
e A ]

b §
AULINENINYINS
AN TUNNINGAY
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9. The stability of starch-gelatin capsule shells

In Thailand, the average temperature is about 30-40 °C with high humidity.
Therefore, 30°C and 40°C at 75% RH were used to represent the storage condition for the
tropical country. The low density polyethylene (LDPE) bag is commonly used for
packing capsules in hard capsule industries. Thus, exposed capsules and inside the bag

were used.

re selected for stability study as

belows

2. 25% substi d SLS 0.1%

3. 20% substi n 2% w/w

After 3 months ex with and without bags, it
was found that weight and r stability determination due to

up and down values (table 4.2 : _ bserved that the moisture content
in all formulations were increaseé?ééi:—l:' and 3 months storage (table 4.27).

It was also fotxﬁi that disintegration tim . d after storage at 30°C and
40°C, 75%RH with a " ut bags. it was disintegration time was in
the standard range (lO-lﬁmi‘ utes) if ca ored at 30°C 75%RH inside the bag

for 3 months. It can be recapmmend that starch capsules including gelatin should be kept
=9

below 30°C, 75 ( Q(XJ}J n{w EJ f] ﬂ i

Moreovery Elastigel 2 and gelatin gave similar results, i.e. their
disintegration-times werg, still i g d ﬁ ﬁf ept outside the
bag at ?ﬁgﬁm ﬁﬂimmﬁt m‘“j Elnidity of these

materials.



The cost of three formulations were calculated as shown in table 4.19
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Table 4.19 Cost comparison between gelatin 100% and starch-gelatin capsules*

Material 100% gelatin 35% Elastigel 25% Eragel® | 20% Elastigel

2000C® 3000M ®
280 bahts/kg 1106 60 bahts/kg 105 bahts’kg
(kg) (baht) (baht) (kg) (baht)

Starch - - !‘ 1 75,000 1,000 105,000

Gelatin 5,000 1,400 9 1,050,000 4,000 1,120,000

Total / 1,125,000 1,225,000

Save cost 275,000 175,000
) 47

*Calculation upon 5,000

After substituted wi
3000M®, it was shown th

5,000 kg batches production, ta

AT I

Elastigel 2000C®, 25% Era
be 297,500 bahts, 275

9

0

-7y

b Ela

i

# l’f’ -

id o

-

TR
N v

| 55 25% Eragel® and 20% Elastigel

roduction cost. Calculation upon

iat the production cost for 35%

substitution can be reduced to

iy

AU INENINGINS
IR TUNMINGAY
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