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Abstract: The prevalence of wounds, antimicrobial resistance, and medical waste calls for development in the field of
wound care, including the creation of an eco-friendly dressing which is able to speed up wound healing through moisture
retention and antimicrobial activity. This study aims to create a potential wound dressing material containing bacterial
cellulose from a kombucha pellicle, coated with chitosan (CH) and guar gum (GG). CH and GG were coated at varying
ratios (70:30, 50:50, 30:70) and then tested for chemical composition, mechanical strength, swelling capacity, and
antimicrobial activity. Fourier Transform Infrared (FTIR) and Raman spectroscopy confirmed successful coating with CH
and GG. SCCH-GG (30:70) showed highest tensile strength. While SC-.CH-GG (70:30) showed enhanced swelling
capacity (908.26% + 150.31%) and inhibited Staphylococcus aureus (12.5 mm) making a potential alternative dressing
material in the treatment of chronic wounds.

1. INTRODUCTION

Breaks in the skin, commonly caused by burns, accidents, and disease are known as wounds as described by
(Saxena et al, 2024 and Gobi et al, 2021). Once the skin is compromised, it is vulnerable to infection by
microorganisms as stated by Mie et al, (2018). The ideal wound dressing should be inexpensive, accessible,
provide physical protection against external contaminants, absorb excess exudate, and have sufficient
mechanical strength and antimicrobial properties (Gardikiotis et al, 2022 and Bano et al, 2017). Although
dressings traditionally used in clinical settings are inexpensive and provide protection from external
contaminants, they cannot maintain a moist wound environment as reported by Ghomi et al, (2019).

The spread of multidrugresistant bacteria as highlighted by Prasityanto et al, (2024), coupled with the
environmental concerns arising from overuse of synthetic polymers noted by Gupta et al, (2025), establishes
a need for modern wound dressings which retain moisture and contain inherent antimicrobial activity.
Consequently, as per Gobi et al, (2021) natural polymers such as bacterial cellulose (BC) which are
biocompatible and biodegradable, have gained attention for their potential in the wound dressing
application. Further, BC has demonstrated greater water absorption and mechanical stress in comparison to
vegetable cellulose, making it an attractive prospect for wound dressings, according to Laavanya et al, (2021).
Symbiotic Culture of Bacteria and Yeast (SCOBY) is produced during kombucha tea fermentation and
contains BC. SCOBY is originally used to start the next batch of fermentation or is discarded, but now it is
being explored to exploit the properties of its BC composition. The addition of other materials is used to
complement the swelling capacity and tensile strength of SCOBY BC, tailoring it for the wound dressing
application. Marquez-Reyes et al, (2022) previously combined SCOBY BC with chitosan to explore its
antimicrobial and antioxidant properties. SCOBY BC coated with chitosan and hydrolyzed collagen has also
been explored in relation to antimicrobial activity, mechanical property, and drug loading/releasing
performance reported by Yakaew et al, (2022). However, there is a need to focus the exploration on enhancing
SCOBY BC’s moisture retention, while still producing sufficient tensile strength and antimicrobial activity
through the incorporation of other materials.

As a derivative of chitin, chitosan’s cationic nature makes it favorable in the wound dressing application, due
to being intrinsically antimicrobial and biodegradable noted by Bano et al, (2017). Chitosan is also abundant
and low cost, produced as waste from the seafood industry outlined by Singh et al, (2017). Meanwhile, guar
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gum is a natural polymer which is easily producible, low cost, and renewable - obtained from the endosperm
of Cyamopsis tetragonolobus characterized by Sharma et al, (2018) The combination of chitosan and guar gum
are well-studied and reported an improvement on tensile strength, antimicrobial activity, and fluid uptake
(Rahman et al, 2021; Hong et al, 2024 and Barman et al, 2024).

This study uses BC from SCOBY with chitosan and guar gum to produce a simple, low cost, and eco-friendly
patch with increased swelling capacity to accelerate wound healing. SCOBY is first purified and then coated
with chitosan and guar gum. The patches were then assessed by FTIR analysis and Raman imaging for
chemical characterization, and for tensile strength, elasticity, swelling capacity and antimicrobial activity.

2. Experimental

2.1 Materials

Chitosan powder that has a degree of deacetylation >70% was supplied by Bio Chitosan Indonesia, while
guar gum was purchased from Mitra Jaya Chemicals Ltd. The SCOBY was acquired from a local market in
Indonesia.

2.2 Purification of SCOBY

The purification process was done as described by Amarasekara et al, (2020), with minor modifications. The
SCOBY was washed in distilled water, patted dry, then placed in 1.0M NaOH twice over a period of 2 h at
90°C. It was again rinsed using distilled water, dried, and treated with 1.5 NaOH overnight. Lastly, the
SCOBY was dried in the oven at 55°C.

2.3 Preparation of Patches

Chitosan (CH) was added to 0.1M acetic acid while guar gum (GG) is dissolved in distilled water to create a
2% CH solution and 2% GG solution, respectively. Purified SCOBY is then dipped into 100 g of a mixture
containing different CH-to-GG ratios for 5 min followed by air drying at room temperature.

The patches created are SCOBY only (SC), SCOBY with chitosan (SC-CH), as well as SCOBY with chitosan
and guar gum (SC-CH-GG) at CH:GG ratios 70:30, 50:50, and 30:70.

2.4 Chemical Characterization

The patches were submitted to Universitas Indonesia for Fourier Transform Infrared (FTIR) analysis and
Raman spectroscopy. The FTIR was conducted using the Shimadzu IRXross Mode ATR-diamond crystal
FTIR spectrophotometer with a range of 4000 to 400 cm~" and a resolution of 4 cm=". Raman spectroscopy
analysis was conducted using the Horiba/LabRam Odyssey with a spatial resolution in the order of 0.5-1 pm.
2.5 Swelling

To identify the amount of fluid that the patches can hold, 10x10mm patches were immersed in 37°C
phosphate buffer saline (PBS). The patches were removed at set time intervals, blotted with tissue paper, and
then weighted (labelled Wf). Before conducting the test, the dry samples were weighted as well (labelled Wi).
These values are substituted into Eq. (1) to determine the swelling capacity of the patch (%). A total of 3 trials
were conducted on each patch.

% of Swelling = W];;iWi x 100% (D
2.6 Antimicrobial Activity

Patches were first autoclaved at 121°C for 15 minutes and then sent to Qlab at Universitas Pancasila to assess

antimicrobial activity against Staphylococcus aureus (S. aureus) and Escherichia coli (E. coli) via agar diffusion assay
using 24-hour-old TSA media. One loop of the inoculum was mixed with sterile TSB and adjusted to a
wavelength of 600 nm using UV-Vis spectroscopy. Then, 0.1 mL of the inoculum was spread evenly on the
frozen agar where the sample was placed alongside chloramphenicol (30pug) as a control group, and aerobically
incubated at 37°C for 1824 hours. The plates were then observed for clear zones indicating inhibition.

2.7 Mechanical Properties

The elasticity and tensile strength of the material was tested at BINUS Alam Sutera using an EZ Test Texture
Analyzer (EZ-SX) with a 50N load cell. A total of 3 trials was conducted on each patch under standard
laboratory conditions.
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3. RESULTS

3.1 Physical Characterization

The process of creating the patches is shown in Fig. 1, while the final patches are displayed in Fig. 2. The
initial SCOBY was moist with a light brown appearance, rubber-like texture and generally flat, variation in
terms of smoothness and thickness was observed. These distinctions may be attributed to an uneven cellulose
distribution and varying fibril size in the kombucha pellicle, as observed by Tran et al, (2021). After
purification, the SCOBY turned white as a result of NaOCI treatment and had a paper-like texture due oven
drying. From undergoing immersion in CH and GG, the dry SCOBY rehydrated and became more flexible.
After coating and air drying, a higher CH concentration led to a browner color in the patch. The thickness
of the final patches measured are within the range of 0.95 - 2.02 mm, as recorded in Table 1.

3.2 Chemical Characterization

The FTIR analysis ensured our method for preparing the patches were successful. The same technique of
immersion was used for all CH:GG ratios, so SC-CH-GG (50:50) was selected as a representative for this
analysis. The FTIR spectra overlay for SC-CH, SC, and CH are shown in Fig. 3a, while the overlay for SC-
CH-GG, CH, and GG are shown in Fig. 3b. The FTIR spectrum for SC-CH shows an absorption band at
3275 cm~' and 3327 em~"' that overlap. This is similar to the FTIR spectrum for SC-CH-GG where there is
an absorption band at 3296 cm~"' and 3348 cm~' that overlap. These ranges indicate a stretching vibration
of the O-H and N-H functional groups which are identical to the CH compound. Meanwhile, absorption
of 750 em~" to 1250 cm=" can be seen in SC-CH-GG only, which is identical to the GG compound. Lastly,
the distinct peaks at 1000cm~" to 1100cm~" that are exhibited in both overlays indicates the presence of
cellulose in the sample. The Raman spectra taken at 2 different points of the SC-CH-GG patch, are displayed
in Fig. 4a and Fig. 4b. The results showed a distinct peak at 1100 cm~"', which corresponds to the C-O
stretching in polysaccharides and indicates the presence of cellulose. The peak falls within the 750cm~" to
1250cm~" range, where the FTIR detected an absorption band characteristic of GG. Thus, SC-CH-GG
patches produced in this study can be recognized as containing CH and GG.

Ist immersion in 2nd immersion in Immersed in Dry in Oven
NaOH NaOH NaOCl

HO.
HO. 0.
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o (o]
OH NH,
HO' NHz | n
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Fig 1. (a) Purification of SCOBY, (b) Coating of SCOBY
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Fig 2. (a), (b), (¢), (d), and (e) are the digital pictures of SC, SC-CH, SC- CH-GG (70:30), SC- CH-GG (50:50), and SC- CH-

GG (30:70) respectively
Table 1. Thickness of Patches
No. Type Thickness (mm)
1 SC 2.02 £2.62
2 SC-CH 1.22 £0.25
3 SC-CH-GG (70:30) 1.58 + 0.43
4 SC-CH-GG (50:50) 0.95 +£0.70
5 SC-CH-GG (30:70) 1.03 + 0.48
(b) SC-CH-GG
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Fig 3. (a) FT-IR Spectra Overlay of SC-CH, SC and CH, (b) FT-IR Spectra Overlay of SC-CH-GG, CH and GG
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Fig 4. Raman Spectroscopy of SC-CH-GG at (a) Point 1, (b) Point 2
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Fig 5. (a) Data for Elasticity and (b) Data for Tensile Strength

3.3 Mechanical Properties

The elasticity and tensile strength (TS) of patches produced are presented in Fig. 5a and Fig. 5b, respectively.
SC recorded the highest elasticity value at 22.58 + 6.53 N/mm?. When CH is added, there is a decrease in
elasticity as seen in SC-CH (3.90 + 0.40 N/mm?). By blending GG into the SC-CH patches, it created
different effects depending on the CH:GG ratio. A ratio with lower GG content (70:30) resulted in an even
further decrease in elasticity (2.78 + 1.63 N/mm?). Meanwhile, a ratio with equal or higher GG content
mixed into the SC-CH formulation resulted in increased elasticity. This is seen in the 50:50 and 30:70 ratio
producing values of 11.31+ 6.74 N/mm? and 5.58 + 0.44 N/mm?, respectively. SC achieved a TS of 1.76 +
0.42 mPa, which is increased by the addition of CH as shown in SC-CH (2.78 + 0.32 mPa). Similar to
elasticity, the ratio of GG content had varying effects on the TS recorded. The 30:70 ratio achieved the highest
TS of 3.42 + 0.80 mPa, followed by the 50:50 ratio at 2.44 + 0.19 mPa, and the 70:30 ratio at 1.37 + 0.04

mPa.
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Figure 6. Data for Swelling Capacity
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Fig 7. The digital pictures of dry patches and after 720 minutes of immersion in PBS

3.4 Swelling Capacity

The swelling capacity of the films over time are shown graphically in Fig. 6, and visually in Fig. 7. All patches
except SC-CH had reached equilibrium by 360 minutes. Although SC-CH showed the second highest
swelling capacity overall (575.12% * 59.28%), the patch became deformed after immersion in PBS solution.
The incorporation of GG in certain ratios helped the patches retain more of their original shape, with the
70:30 ratio maintaining the most structural integrity. SC-CH-GG (70:30) displayed a significantly higher
swelling capacity than all other patches (908.26% + 150.31%), supported by a visible increase in thickness.
SC-CH-GG (50:50) was also able to maintain its original shape, reaching a maximum capacity of 332.47% +
52.38%. SC and SC-CH-GG (30:70) produced similar values of 257% = 25.81% and 229.17% =+ 41.35%
respectively, with the 30:70 ratio becoming slightly deformed.

Fig 8. Zone of Inhibition produced by SC-CH-GG (70:30) against (a) S. aureus, (b) E. coli

3.5 Antimicrobial Properties

The agar diffusion assay was conducted in triplicates for each patch, with the average zone of inhibition (Zol)
calculated and assessed. SC-CH-GG (70:30) produced an inhibition zone of 12.5mm against S. aureus, but
did not inhibit the growth of E. coli as seen in Fig. 8. Other formulations (SC, SC-CH, SC-CH-GG (50:50),
SC-CH-GG (30:70) did not produce a zone for inhibition against S. aureus or E. coli.

4. DISCUSSION

The FTIR analysis and Raman spectroscopy was done to verify the presence of chemical compounds CH and
GG in our formulated patches. The analysis displayed that both SC-CH and SC-CH-GG produced absorption
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bands corresponding to pure CH. In addition, the SC-CH-GG showed absorption bands corresponding to
pure GG. This verifies that our method of sample preparation was successful.

According to Safta et al, (2025), Wound dressings should contain adequate TS to avoid mechanical failure,
while maintaining sufficient elasticity to maximize patient comfort. Among all compositions, SC-CH-GG
(30:70) showed the greatest TS (3.42 + 0.80 mPa). This indicates that an increased concentration of GG
creates a stronger patch. A similar report was made by Barman et al, where the highest TS value was recorded
at the 30:70 CH-to-GG ratio. Some of our results deviated from the findings of Rao et al, (2010), who reported
that combinations of CH and GG often perform better than CH alone. The differences in result may be
associated with slight variations in SCOBY thickness before purification, which influences its following
mechanical properties, as noted by Daus et al, (2024). Meanwhile, SC produced the greatest elasticity value
of 22.58 + 6.53 N/mm? due to its naturally elastic character explained by A. Chong et al, (2024). The addition
of CH significantly decreased elasticity in all formulations, due to CH’s natural rigidity as a result of
containing a dense hydrogen bond network, as described by M. Chen et al, (2018).

Dressings should also be able to absorb exudate from the wound site to decrease the likelihood of infection,
which is especially important for the healing of chronic wounds, as noted by J. S. Mervis, (2025). The ability
for exudate absorption was measured through swelling capacity. SC-CH-GG (70:30) displayed a significantly
higher swelling capacity than the rest (>900%), likely due to the CH and GG blend forming an amorphous
structure that enhances absorption, mentioned by Tshikovhi et al, (2025). This synergistic effect has been
reported by Aneeqa Zarbab et al. (2023) and other studies, where blending of GG at low concentrations aids
in maintaining moisture.

Although the structure formed by CH and GG at 70:30 increases swelling capacity, it simultaneously
decreases TS. The inverse relationship between the two properties can be observed by the 70:30 ratio
producing the lowest TS, while the 30:70 (highest TS) produced the lowest swelling capacity. SC-CH itself
was able to produce the second highest TS and swelling capacity, however it could not maintain its structural
integrity in the PBS solution. The lack of structural integrity in SC-CH may be attributed to non-uniformity
in the absorption of liquid, due to its rigid structure.

To further reduce the risk of infection and ultimately facilitate rapid wound healing, dressings with intrinsic
antimicrobial properties are favored. As purified SCOBY BC does not contain inherent antimicrobial
properties, as reported by Dang et al, (2025), the SC patch did not develop an inhibition zone for both S.
aureus and E. coli. CH, which has been widely reported to display antimicrobial activity by Bano et al, (2017),
was added to SC to enhance our patch. However, as noted by Ardean et al. (2021), CH’s antimicrobial activity
is largely limited by its low aqueous solubility, which is likely the reason why our SC-CH formulation did not
display any antimicrobial properties. By incorporating GG, SC-CH-GG (70:30) displayed clear antimicrobial
activity against S. aureus (12.5mm inhibition zone). The 70:30 ratio with the highest swelling capacity is
correlated in enhancing the antimicrobial activity of CH. Furthermore, the patch exhibited antimicrobial
activity against S. aureus bacteria but not E. coli, since CH is more susceptible to gram-positive bacteria as per
Ke et al, (2021). Conversely, higher concentrations of GG (50:50 and 30:70) did not show antimicrobial
activity. Rao et al, (2020) also noted the decrease in antimicrobial activity with the addition of more GG in
CH, suggesting hydrogen bonding between the ((OH) group of GG and NH;" in CH as the cause for this.
The SC-CH-GG patch developed at a 70:30 ratio displayed satisfactory properties, including high swelling
capacity, and antimicrobial activity against S. aureus. Therefore, this makes it a promising material to support
healing of the wound, especially for the treatment of chronic wounds that release large amounts of exudates
and are prone to infection. However, further research must be conducted to improve the tensile strength and
elasticity of the patch so that its efficacy as a dressing material is enhanced. In addition, detailed biological
assessments are necessary to assess biocompatibility and its effect on the human body.

5. CONCLUSION
In this study, patches using SCOBY BC coated with chitosan and guar gum were developed successfully.
Notably, the SC-CH-GG (70:30) patch displayed an enhanced ability to absorb wound exudate and inhibit
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growth of S. aureus, making it suited towards treating chronic wounds. With the SC-CH-GG patches
formulated from low-cost and biodegradable materials, it could potentially serve as an alternative to
traditional wound dressings that are non-biodegradable.
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