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ABSTRACT

The current study aimed to development green capsule films made from k-carrageenan (CAR) enhanced
with pectin (PEC). Most capsules are constructed from gelatin animal, although localization capsule is
effective, there are challenges in their application such as brittleness and safety concerns. Carrageenan
from seaweed sustainable alternative but exhibits low mechanical stability. Addition of pectin for
biocompatibility and ability to improve material properties. The researchers aimed to strengthen the CAR
matrix. The CAR/PEC capsule are prepared dan analyzed for mechanical properties, FTIR spectroscopy,
surface morphology using SEM, moisture content, and disintegration time. Based on this research, can
highlighted that adding pectin improved the mechanical and functional properties of the capsule films,
making them a viable, eco-friendly as alternative to localization gelatin-based capsules
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1. INTRODUCTION

Capsules used as pharmaceutical excipients to encapsulate pharmaceutical active ingredients in a shell
that is elegant, odorless, tasteless, and easy to ingest [1]. They provide advantages such as enhanced
bioavailability, improved drug stability, and efficient localization and release of the active ingredients [2].
Most capsules are constructed from gelatin sourced from animals, which is characterized by its superior
film-forming properties, high production efficiency, and excellent overall [3]. However, gelatin-based
capsules exhibit several notable limitations that restrict their broader application. For instance, they are
susceptible to cross-linking reactions (both chemical and molecular bonds), become brittle in low
humidity conditions, soften at high temperatures, and certain components (such as heavy metals,
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preservatives, and bacteriostats) can often exceed permissible limits [4]. Additionally, being an animal-
derived material, gelatin carries the risk of transmitting viruses (such as "mad cow disease"), and it poses
ethical concerns for specific groups, such as vegetarians and individuals with certain religious beliefs [5].
Consequently, the research and development of eco-friendly, biodegradable, non-gelatin capsules hold
significant importance.

Carrageenan has emerged as a promising alternative raw material for capsule shell production, offering a
viable substitute for gelatin. Extracted from seaweed, it is abundant in the extensive tropical waters of
Indonesia, making it a valuable and sustainable resource [6]. Currently, carrageenan is widely utilized
across various industries, including food, pharmaceuticals, nutraceuticals, cosmeceuticals, medical, and
others, primarily as a thickening agent and filler [7]. However, carrageenan was employed as the primary
raw material for capsule formulation. Despite its potential, carrageenan tends to become brittle during the
drying process due to its low mechanical stability and the formation of double helices within its matrix

[8].

The addition of pectin offers dual advantages, specifically improving both the mechanical and functional
properties of materials [9]. Pectin is a high molecular weight natural polysaccharide that is biocompatible,
non-toxic, and anionic, derived from plant cell walls. It is acknowledged as a functional ingredient, gel-
forming agent, and stabilizer within the food industry. Due to its unique characteristics, pectin emerges as
an appealing new biopolymer with potential applications in the pharmaceutical and healthcare sectors
[10]. Its favorable drug delivery capabilities stem from its chemical composition and the functional groups
present on its surface [11]. Pectin is predominantly found in the cell walls of green plants, especially in
fruits such as apples, lemons, and oranges [12].

In this research, capsule films were formulated by combining k-carrageenan as the matrix and gelling
agent, with pectin serving as the reinforcing component and polyethylene glycol functioning as the
plasticizer. The study conducted a detailed analysis of mechanical properties, Fourier Transform Infrared
Spectroscopy (FTIR), Scanning Electron Microscopy (SEM), loss on drying, and viscosity, highlighting
the significant potential of the k-carrageenan/pectin (CAR/PEC) system in the development of green
capsule films.

2. MATERIALS AND METHODS

2.1 Materials

Pectin was supplied by PT Reinaldoi (Surabaya, Indonesia) and the average particle size of pectin was 70
nm. Kappa-carrageenan (molar mass 401.32 g/mol with CAS number 11114- 20-8 SIGMA-Aldrich,
USA). Polyethylene glycol (PEG) 400 and HCI were supplied by PT Indrasari (Semarang, Indonesia). The
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stainless-steel mold for the capsule shell (cylindrical, 9.55 mm in diameter) was made by ourselves.

2.2 Preparation of the capsule-film and capsule

2.2.1 Preparation of the CAR/PEC gel solution

The gel solution was prepared with 5 gr CAR and different proportions of PEC (based on 0 gr, 1 gr, 3 gr,
5grand 7 gr). The polyethylene glycol (PEG) 400 was used as plasticizer and gelling agent, respectively.
Different proportions of CAR/PEC were added to a beaker of distilled water and then slowly added 4 mL
PEG 400. The mixed solution was stirred at a high speed (530 rpm) at 70 °C for 20 min, and then stirred
at a low speed (200 rpm) for 20 min to obtain the transparent gel solution.

2.2.2 Preparation of the CAR/PEC capsule-film

Solution casting method was used to prepare capsule-film with the gel solution obtained in Section 2.2.1.
The mixed solution was put directly onto the tray and dried at 55°C until the CAR/PEC capsule-film with
different ratios of PEC formed. CAR/PEC-0, CAR/PEC-1, CAR/PEC-3, CAR/PEC-5, and CAR/PEC-7
represented different k-carrageenan-based capsule-film with 0 gr, 1 gr, 3 gr, 5 gr and 7 gr of pectin,
respectively. The average thickness of the CAR/PEC capsule-film was 0.20 mm.

2.2.3 Preparation of the CAR/PEC capsule

The gel solution obtained in Section 2.2.1. was stirred at a speed of 400 rpm at 70 °C for 120 min. Then
the gel solution was cultured at 50 °C for 30 min. Capsules were prepared by dipping stainless steel mold
into the gel solutions for 6-8 s. When the mold was withdrawn, a film of gelled solution remained on the
mold. The coated mold was then dried at 55°C. The drying time depended on the rigidity of the capsule.
The dried CAR/PEC capsules were then stripped and cut into sizes. The average thickness of CAR/PEC
capsule was 0.18 mm.

2.3 Tensile strength
The tensile strength of the CAR/PEC capsule-film sample was tested by the texture analyzer Brookfield
CT 03 4500. The tensile strength (TS, MPa) was calculated by the following equation:

F
Tensile Strength (MPa) = " 1)

Where F is the maximum load (N); and A indicates the cross-sectional area (mm?).

2.4 Moisture content
The sample was cut, then weighed as much as 1 gram, after which it was put into a cup. Next, the cup
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containing the sample was heated at 110°C for 3 hours in an oven. The sample was cooled in a desiccator
for 30 minutes and then weighed, this last step was repeated until the weight was constant. Loss on drying
was calculated by the following equation:

Wl—W

Moisture Content (%) = 2 4100% (2)

1

Where W. is total weight before drying, and W2 is total weight after drying. Each sample was measured
in triplicate.

2.5 Disintegration time
The disintegration time of the CAR/PEC capsule in purified water and hydrochloric acid (HCI) was
determined by using TEQ disintegration tester.

2.6 Fourier transform infrared (FTIR) spectroscopy

The CAR/PEC capsule was analyzed for the chemical groups contained by Fourier-Transform Infrared
Spectroscopy (FTIR) Perkin Elmer Spectrum IR 10.6.1 spectrophotometer (Perkin Elmer Inc., US) with
a spectrum of 4000-400 cm™.

3. RESULTS AND DISCUSSIONS

3.1 Tensile strength

The effect of different pectin concentration from 0% to 7% on tensile strength of CAR/PEC-based capsule-
film is shown in Figure 1. The results indicated that pectin had obvious reinforcing effect on the
CAR/PEC-based capsule-film. It can be seen that the tensile strength of the capsule-film increased first
and then decreased with the increase of pectin content. When the pectin content was 5% wt, the tensile
strength of CAR/PEC-based capsule-film increased by 118.14% and reached the maximum of 4.45 MPa.
However, when the pectin content was 7% wt, the tensile strength of the CAR/PEC-based capsule-film
decreased slightly. Tensile strength can provide a good indication for the performance of CAR/PEC-based
capsule-film capsule.
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Figure 1: Effect of pectin content on the tensile strength of capsule-film

Tensile strength can provide a good indication for the performance of CAR/PEC-based capsule-film
capsule. This is consistent with the previous study [13], which found that as pectin concentration
increased, the film became stronger and had a higher capacity to extend before breaking. The tensile
strength was increased because of the increased interaction among polymers inside the matrix of films
leading to more compact film structure. Tensile strength is significantly affected by intra and inter
molecular network bonds, concentration of components, film constituents, and preparation method. The
reason for increase in tensile strength may be the increased intermolecular interactions causing lesser
mobility of molecules inside film matrix thus creating less space for chains of polymer to slide [14].
However, when the PEC content was at 7% weight, the tensile strength of the CAR/PEC capsule film
experienced a slight decrease. This could be attributed to the self-aggregation of the added PEC, which
led to an uneven distribution of tension within the capsule film [15].

3.1 Moisture content

In the process of capsule production, it is very important to control the moisture content of capsules. The
moisture content of capsules directly affects the quality, stability, disintegration time and hardness, etc.
The results of the moisture content calculation for the CAR/PEC capsules are shown in Table 1.
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Table 1: Moisture content of the CAR/PEC capsule

Capsules with Different PEC | Moisture Content
Contents (%)
CAR/PEC-0 11.25
CAR/PEC-1 12.93
CAR/PEC-3 13.87
CAR/PEC-5 14.30
CAR/PEC-7 13.02

Table 1. shows the moisture content of the CAR/PEC capsules with different PEC contents. It can be seen
that there is no significant difference between the developed CAR/PEC capsules. The results showed a
tendency for the moisture content to increase with increasing added pectin quantity. The United States
Pharmacopoeia stipulates that the moisture content of capsules should be between 10% - 15%. The final
moisture content was ranging from 11,25-14,30%, which is in line with the provisions of the United States
Pharmacopoeia.

Yap et al. (2022) [16] reported that increasing the concentration of pectin can improve the water-absorbing
properties of the gel. This suggests that the physicochemical properties of the pectin itself may play a role
in determining the moisture content in the final product. Pectin is a hydrophilic (water-attracting)
polysaccharide, and as more of it is incorporated into the formulation, it binds to more water molecules.
This increase in water binding capacity raises the moisture content in the capsule. Pectin also increases
the viscosity of a solution because it forms a network structure in water, which thickens the solution. This
happens because pectin molecules have long, flexible chains that interact with water molecules and each
other, creating a more structured, gel-like system. As the concentration of pectin increases, these
interactions become stronger, resulting in higher resistance to flow, which is perceived as an increase in
viscosity [17]. As viscosity rises, water moves more slowly through the system, which allows the capsule
to retain more moisture. Too high concentration of pectin can cause the formulation to become too dense
or form a gel-like structure. This dense network of pectin molecules makes it harder for additional water
to be absorbed, as there are fewer spaces available within the structure to hold the water [18]. At this point,
the moisture content can actually decrease because the excess pectin molecules trap water less effectively.
Therefore, finding the right balance in pectin concentration is essential to optimize both moisture content
and viscosity in formulations. The results of this study show a similar trend to the research conducted by
Rana et al. (2024) [19], who performed pectin in hydrogel. In that study, showed that there is an optimal
concentration range for pectin to maximize moisture retention without reducing moisture content.
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3.3 Disintegration time

The disintegration time plays an important role for the drug in the capsule before it is absorbed by the
body. The capsule must completely disintegrate before the effect of the drug is exerted, which is necessary
and crucial for the development of rapidly disintegrating capsules. human health. Table 2 shows the
disintegration time of different capsules in water and HCI.

Table 2: Disintegration time of the CAR/PEC capsule

Completely disintegration

Capsule Style | time

In Water In HCI
CAR/PEC-0 11'42" 03'29”
CAR/PEC-1 13727" 04'37"
CAR/PEC-3 13'09” 04'42"
CAR/PEC-5 12'48" 04'46"
CAR/PEC-7 13'10" 05'10”

According to Table 2. the disintegration time of CAR/PEC capsule in HCI was faster than the
disintegration time in water. The results of the analysis also showed that the disintegration time of capsules
containing different concentrations of PEC was not very different, the average disintegration time was 4-
5 minutes. The fastest disintegration time of CAR/PEC capsules is found in capsules with 0 g pectin
concentration with a disintegration time of 3 minutes 29 seconds, while the longest disintegration time is
found in capsules with 5 g pectin with a disintegration time of 5 minutes 10 seconds.

Pectin improves the surface structure of CAR/PEC capsules by forming a cohesive gel matrix that
strengthens the capsule walls [20]. This structural improvement increases viscosity as the denser network
created by pectin as polymer slows the diffusion of dissolution media [21]. Higher viscosity results in
longer disintegration times as the gel barrier resists rapid degradation]. The results are consistent with
viscosity tests where capsules with higher PEC concentrations showed delayed disintegration times,
confirming that increased viscosity correlates with slower capsule dissolution [22].

The results of this study show a similar trend to the research conducted by Chen et al. (2021) [15], who
added cellulose nanocrystals (CNC) to a mixture of green nanostarch capsules (CNS). In that study, the
addition of CNC into the CNS can effectively improve the surface structure of the capsule, and the
disintegration time was relatively longer than that of the capsule without CNC.
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3.4 Fourier transform infrared (FTIR) spectroscopy
To determine the effects of pectin addition process on the functional groups of capsules made from k-
carrageenan, the FTIR test results are presented in Figure 2.

—— CARPEC-D
—— CARTEC-1
— CARPLEC-2
—— CARPEC-S

p 3542 3515 292 CARPECT 1395 1010

2

4 (e}
\ e ~
5 TN N o |
I| 1 il .

1 )

(bl W
2 \ —/xf"d_—__-_ﬂ_ _\j"v"’ﬂh " i W

() '

T L \ wa

I'ransmittance (%o)
. iy gt
%

' T g T d | ¥ T g T y | X
000 3500 3000 2500 2000 1500 1000 SO0
Wave number (em™)

Figure 2: FTIR spectra of (a) CAR/PEC-0, (b) CAR/PEC-1, (c) CAR/PEC-3, (d) CAR/PEC-5, (e)
CAR/PEC-7

Based on Figure (a), the wavelength of 3542 cm™ is due to the stretching vibration of the hydroxyl (—~OH)
group, which is characteristic of the polysaccharides found in both kappa carrageenan and pectin. The
intensity of this peak increases with the addition of pectin, indicating a stronger hydrogen bonding network
in the material [23]. At a wavelength of 3315 cm™!, stretching of the hydroxyl group is also observed,
which suggests the presence of intermolecular hydrogen bonds between the pectin and kappa carrageenan
molecules. At a wavelength of 2902 cm™, a C—H stretching band is observed, indicating the presence of
aliphatic chains within the kappa carrageenan and pectin structures. This peak remains consistent across
all samples, indicating that the aliphatic nature of the polysaccharides does not change significantly with
the concentration of pectin [24]. In Figure (b), the peak at 1595 cm™! corresponds to the stretching vibration
of the carbonyl (C=0) group from the carboxylate anion, which is primarily found in pectin. The intensity
of this peak increases with the concentration of pectin, showing that the carboxyl groups from pectin are
becoming more dominant in the composite material. At 1010 cm™, the C—-O-C glycosidic bond is
observed, which is a key structural feature of both kappa carrageenan and pectin. The intensity of this
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peak also increases with the addition of more pectin, suggesting that the glycosidic linkages in pectin are
contributing to the overall structure of the film [23]. Figures (c), (d), and (e) show that the concentration
of pectin directly influences the intensity of the characteristic peaks associated with both the hydroxyl and
carbonyl groups, indicating enhanced hydrogen bonding and stronger interactions within the matrix. These
changes in the FTIR spectra suggest that higher pectin concentrations lead to more structured and stable
interactions within the kappa carrageenan matrix, possibly improving the mechanical and barrier
properties of the film [24]. It can be concluded that the addition of pectin significantly influences the
functional group interactions within the kappa carrageenan-based capsule film. The hydrogen bonding
between hydroxyl groups and the interaction of carboxylate groups increase with higher pectin
concentrations, leading to a more stable and organized structure. These findings suggest that adjusting the
pectin concentration can optimize the mechanical properties of the film for potential applications in
capsule production.

4. CONCLUSIONS

Pectin added to k-carrageenan have the potential to be innovative alternative in producing environmentally
friendly and biodegradable capsule films. In this study shows that the addition of pectin to k-carrageenan
can enhance the viscosity of the gel solution, mechanical strength, moisture retention, disintegration
efficiency, influence the functional group interactions, and increase electrostatic repulsion. The most
optimal results in this study were achieved with a 5% pectin content. Overall, according this study it shows
that the CAR/PEC blend has effective potential to be developed as a gelatin substitute, particularly in the
pharmaceutical industry for a more environmentally friendly approach.

Declaration of Competing Interest
The authors declare that they no known competing financial or personal interests that could have to
influence or compromising the integrity of the work reported in this paper.

Acknowledgement

The authors are grateful to Diponegoro University for facilitating this research and providing financial
state the grant number through the Penelitian Dasar Unggulan Perguruan Tinggi (PDUPT) 2024 research
grant. The authors are also grateful to the Faculty of Chemical Engineering, Diponegoro University,
Chemical Engineering Laboratory for the convenience in carrying out this research.

REFERENCES
[1] Qiu, Y., Chen, Y., Zhang, G.G., Yu, L., & Mantri, R. V. (2016). Developing solid oral dosage forms:
pharmaceutical theory and practice. Academic press.

https://ijaser.org Page 44




éi'/ International Journal of Applied Science and Engineering Review

IJASER ISSN: 2582-6271

Vol. 5, Issue.6, Nov-Dec 2024, page no. 36-46

[2] Builders, P. F., & Arhewoh, M. I. (2016). Pharmaceutical applications of native starch in conventional
drug delivery. Starch-Stérke, 68(9-10), 864-873.

[3] Duconseille, A., Astruc, T., Quintana, N., Meersman, F., & Sante-Lhoutellier, V. (2015). Gelatin
structure and composition linked to hard capsule dissolution: A review. Food hydrocolloids, 43, 360-
376.

[4] Damian, F., Harati, M., Schwartzenhauer, J., Van Cauwenberghe, O., & Wettig, S. D. (2021).
Challenges of dissolution methods development for soft gelatin capsules. Pharmaceutics, 13(2), 214.

[5] Lin, L., Regenstein, J. M., Lv, S,, Lu, J., & Jiang, S. (2017). An overview of gelatin derived from
aquatic animals: Properties and modification. Trends in Food Science & Technology, 68, 102-112.

[6] Waters T.J., Lionata H, Prasetyo Wibowo T., Jones R., Theuerkauf S., Usman S., Amin I., Iiman, M.
(2019). Coastal conservation and sustainable livelihoods through seaweed aquaculture in Indonesia:
A guide for buyers, conservation practitioners, and farmers, Version 1. The Nature Conservancy,
Arlington VA, USA and Jakarta, Indonesia.

[7] Shafie, M. H., Kamal, M. L., Zulkiflee, F. F., Hasan, S., Uyup, N. H., Abdullah, S., ... & Zafarina, Z.,
“Application of Carrageenan extract from red seaweed (Rhodophyta) in cosmetic products: A
review,” Journal of the Indian Chemical Society, XCIX (9), 2022, 100613.

[8] Zarina, S., & Ahmad, I. (2015). Biodegradable Composite Films based on k-carrageenan Reinforced
by Cellulose Nanocrystal from Kenaf Fibers. BioResources, 10(1).

[9] Pettinelli, N., Rodriguez-Llamazares, S., Abella, V., Barral, L., Bouza, R., Farrag, Y., & Lago, F.
(2019). Entrapment of chitosan, pectin or k-carrageenan within methacrylate-based hydrogels: effect
on swelling and mechanical properties. Materials Science and Engineering: C, 96, 583-590.

[10] Sultana N. (2023). Biological Properties and Biomedical Applications of Pectin and Pectin-Based
Composites: A Review. Molecules, 28(24), 7974.

[11]Li, D. Q., Li, J., Dong, H. L., Li, X., Zhang, J. Q., Ramaswamy, S., & Xu, F., “Pectin in biomedical
and drug delivery applications: A review,” International Journal of Biological Macromolecules, 185,
pp. 49-65, 2021.

[12]Li, W., Hao, W., Xiaohua, Z., Yinchen, H., Wangwang, L., Gongming, Y., & Aimin, J., “Pectin-
chitosan complex: Preparation and application in colon-specific capsule,” International Journal of
Agricultural and Biological Engineering, VIII (4), pp. 151-160, 2015.

[13]Silva, K. S., Fonseca, T. M. R., Amado, L. R., & Mauro, M. A. (2018). Physicochemical and
microstructural properties of whey protein isolate-based films with addition of pectin. Food packaging
and shelf life, 16, 122-128.

[14] Siracusa, V., Romani, S., Gigli, M., Mannozzi, C., Cecchini, J. P., Tylewicz, U., & Lotti, N. (2018).
Characterization of active edible films based on citral essential oil, alginate and pectin. Materials,
11(10), 1980.

https://ijaser.org Page 45




Q./ International Journal of Applied Science and Engineering Review

IJASER ISSN: 2582-6271

Vol. 5, Issue.6, Nov-Dec 2024, page no. 36-46

[15] Chen, Q., Zong, Z., Gao, X., Zhao, Y., & Wang, J., “Preparation and characterization of nanostarch-
based green hard capsules reinforced by cellulose nanocrystals,” International Journal of Biological
Macromolecules, 167, pp. 1241-1247, 2021.

[16] Yang, N., Chen, H., Jin, Z., Hou, J., Zhang, Y., Han, H., ... & Guo, S., “Moisture sorption and
desorption properties of gelatin, HPMC and pullulan hard capsules,” International journal of
biological macromolecules, 159, pp. 659-666, 2020.

[17]Chik Wan, M.A., Yusof, R., Shafie, M.H. (2024). The versatility of pectin: a comprehensive review
unveiling its recovery techniques and applications in innovative food products. Food Measure, 18,
6101-6123.

[18] Gawkowska, D., Cybulska, J., & Zdunek, A. (2018). Structure-related gelling of pectins and linking
with other natural compounds: A review. Polymers, 10(7), 762.

[19]Rana, H., Rana, J., Sareen, D., & Goswami, S., “Value Addition to Agro-Industrial Waste Through
Pectin Extraction: Chemometric Categorization, Density Functional Theory Analysis, Rheology
Investigation, Optimization Using Response Surface Methodology and Prospective Applications
Through Hydrogel Preparation,” Journal of Polymers and the Environment, pp. 1-23, 2023.

[20] Freitas, C. M. P., Coimbra, J. S. R., Souza, V. G. L., & Sousa, R. C. S. (2021). Structure and
applications of pectin in food, biomedical, and pharmaceutical industry: A review. Coatings, 11(8),
922.

[21] Perticaroli, S., Mostofian, B., Ehlers, G., Neuefeind, J. C., Diallo, S. O., Stanley, C. B., ... & Nickels,
J. D. (2017). Structural relaxation, viscosity, and network connectivity in a hydrogen bonding liquid.
Physical Chemistry Chemical Physics, 19(38), 25859-25869.

[22] Makarova, A. O., Derkach, S. R., Kadyirov, A. I, Ziganshina, S. A., Kazantseva, M. A., Zueva, O.
S.,...& Zuev, Y. F. (2022). Supramolecular structure and mechanical performance of k-carrageenan—
gelatin Gel. Polymers, 14(20), 4347.

[23] Thiruvengadam, V., & Jayalakshmi, A., “FTIR, UV-VIS and NMR spectral studies on pectin,”
International Journal of Scientific & Engineering Research, V (6), pp. 587-594, 2014.

[24] Shin, Y., Chane, A., Jung, M., & Lee, Y. (2021). Recent advances in understanding the roles of pectin
as an active participant in plant signaling networks. Plants, 10(8), 1712.

https://ijaser.org Page 46




