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ABSTRACT

The porang tuber contains glucomannan compounds that can expand into a gel so that it has
the potential to be used as the main ingredient of capsule shells. This research aims to
optimize the pH and viscosity values that can affect the consistency of the capsule shell
produced. The method used in the manufacture of capsule shells is the dipping pen method,
while the optimization method carried out is trial and error by making 3 formulas by
combining glycerin and PEG 400. The results obtained by the gel mass formed by the
glycerin-PEG 400 gelling agent have a viscosity value of 586.67 dPas and a pH value of 6.02
can provide a gel mass that is easy to mold capsule shells and obtain capsule shells with
elastic characters. The results indicate optimal viscosity and pH values to obtain a gel mass
that is easy to mold capsule shells with good organoleptic characteristics.
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INTRODUCTION

The porang (Amorphophallus muelleri Blume) is a type of tuberous plant that grows
in tropical and subtropical regions (Dewanto and Purnomo, 2009). It belongs to the
Amorphophallus family and is commonly used in the food and non-food industries as an
alternative source of carbohydrates, due to its glucomannan compounds (Figure 1). Porang
tubers are utilized in the food industry to produce traditional Japanese dishes like noodles
(shirataki) and tofu (konnyaku) (Sumadi, 1979).

Figure 1. Glucomannan chemical structure

Due to its high glucomannan content, it can create a solid film layer and has good
biocompatibility, biodegradability, and gelling properties, making it an ideal material for
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preparing capsule shells (Riyanto et al., 2020). Capsule shells typically comprise gelatin, but
non-halal sources of gelatin are frequently exploited, thereby necessitating an alternative
ingredient in the form of polysaccharides (Sumarwoto, 2007; Rosmalasari, 2018). Prior
research indicates that porang flour has exceptional qualities as a material for producing hard
capsule shells, being plant-based, halal, similar to gelatin in terms of characteristics, and
possessing biological activity.

The process of formulating a porang tuber capsule shell involves creating an
"intermediate preparation™ in the form of a gel. This gel formation is crucial for dipping the
capsule molding tool, or dipping pen, to ensure adhesion before proceeding to the drying
process (Rosmalasari, 2018).

Gel formation is a crucial consideration in the formulation of capsule shells to support
the tablet molding process and enhance the elasticity of the resulting capsules. This study
introduces a novel approach using glycerin, and PEG 400 as thickening agents, which play a
vital role in enhancing the elasticity of the capsule shells during their formation.

The aim of this study was to optimize the combination of glycerin-PEG 400 on two
parameters, namely viscosity, and pH, which could impact the formation of a desirable gel
mass in capsule shell formulations. Additionally, the study aimed to evaluate the
organoleptic properties of the resulting capsule shell.

RESEARCH METHODS
Equipment and Materials

In this study the equipment that is used were glassware (lwaki), Brookfield DV-1
viscosimeter (Ametek), pH-meter for semisolid preparations (Ohaus), water bath
(Memmert), oven (Binder). The materials were porang tuber flour obtained from PT
Bagaskara Konjac, glycerin (Mitra Medika), and PEG 400 (Mitra Medika).

Determination of Optimum Design

The process of the determination of optimum design was conducted through the trial
and error method, utilizing three formula variations. The total weight for each formula was
50 g, as presented in Table I.

Table 1. Capsule Shell Gel Optimization Design

Materials 1 Forr2r1ulas 3
Porang tuber flour (g) 5 5 5
Glycerin (mL) 1.5 2.5 3.5
PEG 400 (mL) 0.5 0.5 0.5
Distilled water (mL) 48 47 46

Capsule Shell Molding and Drying

The materials were mixed by dissolving glycerin-PEG 400 in each formula in distilled
water in a beaker and continuously stirred in a water bath at 60 °C. The porang tuber flour
was added to the mixture while stirring until it formed mucilage and thickened into a gel-like
consistency.

The dipping pen was prepared beforehand by placing it in the freezer, which rendered
a cold surface for dipping. Subsequently, the pen was aerated for one minute before usage.
The dipping pen was immersed in the gel mass immediately before it hardened and stiffened.
Following the dipping process, the pen was dried in an oven at 60 °C for five hours.
Organoleptic properties were evaluated for the capsule shells that formed.

Medical Sains : Jurnal llmiah Kefarmasian Vol. 9 No. 3, July - September 2024, Pages. 729-736



Medical Sains ISSN : 2541-2027; e-1SSN : 2548-2114 731

Viscosity and pH Measurement of The Gel

On the other hand, the gel mass in the beaker glass was also measured for viscosity
using a Brookfield DV-1 viscometer (Ametek) and a pH meter for semisolid preparations
(Ohaus). Each measurement was done in 3 replications (triplo).

RESULTS AND DISCUSSION

An organoleptic test was conducted by visually observing the capsule shell formed,
including color, odor, and characteristics of the resulting capsule shell. The test results are
shown in Table II.

Table 11. Comparison of Results on All Formulas

Test Aspects F1 F2 F3
brownish-  brownish-  brownish-
Color
yellow yellow yellow
typical of  typical of  typical of
Odor porang porang porang
Organoleptic tuber tuber tuber
The physical .
: solid,
appearance of  very solid, .
k slightly
the capsule mushy elastic .
shell stiff

There were no noticeable variations in the color and scent of the porang tuber capsule
shells produced. F2 yielded the most elastic capsule shell with a glycerin-PEG 400 ratio of
(2.5:0.5 mL). The elastic capsule shell offers a distinct advantage in the formulation process
due to its ease of release from the mold (dipping pen), thus creating a desirable capsule shell
shape.

Other formulations with F1 containing the lowest amount of glycerin result in a mushy
shell after the drying process, making it sticky with the mold. F3, on the other hand, with the
highest amount of glycerin, produces capsule shells with stiffer characteristics in comparison
to those produced under F2. A stiff capsule shell will increase brittleness, potentially leading
to losses during the molding process where the shell is prone to tearing and roughness.
Figure 2 displays the results of capsule shell molding in all formulas.

Figure 2. Results of capsule shell molding

The thickness of the capsule shell impacts its protective ability for the medication it
encapsulates. Appropriate capsule shell thickness can preserve drug quality from
environmental factors. The thickness of the capsule shell layer affects the weight of the
capsule. If the capsule is made thicker, its weight increases.

Glucomannan demonstrates significant water expansion ability, with expansion
capacity ranging from 138-200%. Glucomannan has the ability to expand (swell) up to 50%
in water, which is significantly higher compared to starch's expansion ability (25%).
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Through hydrogen bonding, glucomannan is able to combine with the molecular structure of
water, forming two hydrogen atoms, which creates a very thick solution (Takigami, 2000;
Chaplin, 2016). Additionally, the interaction between hydrocolloids and water occurs as a
result of the reaction between glucomannan and water. This technique is employed for
creating capsules using porang tuber and a distilled water solvent.

The importance of viscosity as a quality parameter for liquid and viscous substances to
evaluate and control their quality has been emphasized by Sinurat et al., (2006). The
extraction process of porang tuber flour from porang tubers enhances its glucomannan
content. The Porang tuber flour, when dissolved in water, can form a highly viscous gel with
increased thickness (Rosmalasari, 2018).

The results of the viscosity measurement are illustrated in Figure 3. Statistical analysis
was performed using SPSS software version 20. The results obtained for viscosity data were
normally distributed and homogeneous. One-way ANOVA test results showed that glycerin
had no significant effect on the viscosity of the gel produced with a significance value of P =
0.269 > 0.05. Likewise, when the Post Hoc test was conducted, there was no significant
effect on the viscosity value between formulas.
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Figure 3. Comparison of viscosity test results (n=3)

Siswanti (2008) noted that the thickness of the surface of the glucomannan film can be
impacted by the concentration of glucomannan. Higher levels of glucomannan generally
result in higher tensile strength, which in turn causes the film to be thicker. This can affect
the molding of the capsule shell.

However, to better observe the effect of varying concentrations of glycerin-PEG 400,
the concentration of glucomannan was held constant in all formulas used in this study. The
impact of viscosity arises from varying levels of thickening agent concentration. Asngad et
al., (2018) confirmed that glycerin also boosts the gel's viscosity.

Viscosity, a crucial aspect of gel strength (Permata et al., 2016), describes a liquid's
resistance to flow. Viscosity impacts the flow of a liquid aided by adsorbs (Igbal et al.,
2015). Temperature, pH, and the concentration of thickener used are among the factors that
can affect viscosity (Febriana et al., 2021).

It is crucial to measure the pH value because it can affect the viscosity value and gel
strength (Mardawati et al., 2018), which then influences the characteristics of the resulting
capsule shell.
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Figure 4. Comparison of pH test results (n=3)

Based on the physical properties of the capsule shell, it was found that F2 has the best
elasticity compared to other formulas, leading to the highest pH value as presented in

Figure 4. According to Sukmawati et al. (2017), glycerin does not affect the pH value
production. The results of statistical analysis showed that the data were normally distributed
and homogeneous, the results of the One-way ANOVA test showed that glycerin had no
significant effect on the pH value of the gel with a significance value of P = 0.675 > 0.05.
Likewise, when the Post Hoc test was conducted, there was no significant effect on the
viscosity value between formulas.

When compared to gelatin, which is commonly used for capsule shells, the strength of
the formed gel depends on the presence of hydrogen bonds with molecular water and free
amino acid groups. The viscosity can increase or decrease depending on the pH. Changes in
pH can affect the viscosity within the pH range of 6-8 for pharmaceutical gelatin according
to the Gelatin Manufacturers Institute of America (GMIA) standard (Firlianty, 2016).

CONCLUSION

Optimizing the thickening agent in the porang tuber capsule shell production process
is crucial in achieving high-quality capsules. Alongside organoleptic evaluations for
determining the shell's characteristics, monitoring the viscosity and pH levels of the gel
preparation - an intermediate product - also provides valuable information that assists in the
molding process and the final physical properties of the capsule shell.
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SUPPLEMENTARY DATA
Test Replication F1 F2 F3
1 340 820 500
Vi ity 2 430 370 1060
I1SCOSI
(dPas) 3 650 570 860
Average 473.33 586.67 806.67
SD 130.21 184.09 231.71
1 5.45 5.45 5.26
2 6.28 6.43 5.76
pH 3 6.08 6.17 6.06
Average 5.94 6.02 5.69
SD 0.35 0.41 0.33
Tests of Normality
Kolmogorov-Smirnov? Shapiro-Wilk
Formula Statistic df Sig. Statistic df Sig
Viscosity Formula1 274 3 945 3 546
Formula 2 196 3 996 3 878
Formula 3 241 3 974 3 .688
pH Formula 1 .296 3 918 3 445
Formula 2 .285 3 932 3 495
Formula 3 232 3 .980 3 726
a. Lilliefors Significance Correction
% Oneway
[DataSet0]
Test of Homogeneity of Variances
Levene
Statistic df df2 Sig
Viscosity 459 2 .652
pH 162 2 854
ANOVA
Sum of
Squares df Mean Square F Sig.
Viscosity Between Groups 172355.556 2 86177.778 1.649 .269
Within Groups 313600.000 6 52266.667
Total 485955556 8
pH Between Groups A70 2 .085 419 675
Within Groups 1.217 6 .203
Total 1.388 8
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Post Hoc Tests
Muttiple Comparisons
Bonferroni
Mean 95% Confidence Interval
Difference (-

| DependentVariable () Formula  (J) Formula J) Std. Error Sig. Lower Bound | Upper Bound
Viscosity Formulat  Formula 2 -113.333 | 186.667 1.000 -726.99 500.32
Formula 3 -333.333 | 186.667 373 -946.99 280.32
Formula2  Formula1 113.333 | 186.667 1.000 -500.32 726.99
Formula 3 -220.000 | 186.667 .850 -833.66 393.66
Formula3  Formula1 333.333 | 186.667 373 -280.32 946.99
Formula 2 220.000 | 186.667 .850 -393.66 833.66
pH Formulat  Formula 2 -.08000 36779 1.000 -1.2891 1.1291
Formula 3 24333 36779 1.000 -.9657 1.4524
Formula2  Formula1 .08000 36779 1.000 -1.1291 1.2891
Formula 3 .32333 36779 1.000 -.8857 1.5324
Formula3  Formula1 -.24333 36779 1.000 -1.4524 9657
Formula 2 -.32333 36779 1.000 -1.5324 8857
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