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This study investigates the characterization of freeze-dried snail mucin 
extract from Achatina Fulica with silicone adhesive film for its potential 
use in wound healing patches. The research aims to address the 
problem of current wound healing patches that face limitations such as 
moisture buildup and adhesive-induced skin irritation, which can 
compromise patient comfort, delay healing, and reduce overall 
efficiency by develop a wound healing patch containing freeze-dried 
snail mucin from Achatina Fulica to overcome the issues. By employing 
freeze-drying techniques within ethical guidelines, the study seeks to 
optimize mucin extraction by carefully removing moisture under low 
temperatures in range of -50℃ until 25℃ to preserve its bioactive 
properties. An optimization method was used to identify key factors 
such as mixing time, curing time and loading of freeze-dried snail mucin 
that influence adhesiveness and permeability of the patch. The 
optimized conditions were found to be 10 minutes, 50 minutes, and 5 
phr. The silicone encapsulated the snail mucin lacked antimicrobial 
properties due to contamination, making it ineffective against E. coli and 
S. epidermidis. The findings highlight the potential of freeze-dried mucin 
extract and silicone adhesive films as innovative components for wound 
healing patches, emphasizing both their effectiveness in enhancing skin 
repair. 
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1. Introduction 

Wound healing patches currently face limitations that impact their effectiveness, particularly issues like 
moisture buildup and skin irritation. Adhesive components, essential for holding the patch in place and ensuring 
proper wound closure, are often the primary cause of irritation, affecting patient comfort and recovery 
outcomes (1). These challenges can lead to slower healing and reduced efficiency in the recovery process. 
Addressing these concerns is crucial to improve the functionality and patient experience of wound healing 
patches. Therefore, it is important to use a suitable patch that can protect the skin. 
         This study uses a technology involving a freeze-drying method to remove the moisture content, ensuring to 
preserves the integrity of the bioactive compounds (2). Research shows that snail mucin contains bioactive 
substances beneficial for skin health. The study examines the biological properties of the silicone patch contain 
mucin in detail. Biologically, the mucin's ability for antibacterial activity to confirm it can stop harmful germs on 
the skin will be evaluated.  
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          The study aims to investigate the biological properties of freeze-dried snail mucin extract from Achatina 
Fulica with silicone adhesive film in cosmeceutical product. Key questions include assessing particle size of 
mucin while for the patch, it includes detect the antibacterial properties. Additionally, this research explores the 
ethical extraction of mucin from Achatina Fulica snails and investigates its combination with silicone adhesive 
films to create effective, ethically-sound wound healing patches. The study aims to understand the potential 
benefits of freeze-dried mucin in enhancing the adhesive properties and overall performance of the patches. 

2. Methodology 

2.1 Preparation of freeze-dried snail mucin from Achatina Fulica 

The freeze-drying process is used to prepare snail mucin from Achatina Fulica, with commercial mucin sourced 
from the COSRX brand. The mucin solution is carefully poured onto a stainless-steel tray and frozen at -40℃ for 
at least 24 hours until it solidifies completely. The frozen trays are then transferred to a freeze dryer, where the 
primary drying process occurs via sublimation at approximately -50℃ and 0.1 mbar vacuum pressure, leaving 
behind a porous dried solid (3). A secondary drying step at 20-25℃ under vacuum removes residual moisture, 
and the resulting freeze-dried mucin is immediately sealed in a moisture-proof container and stored in a cool, 
dry environment until further analysis for wound healing patch production. 

2.2 Preparation of the patch outer layer  

The outer layer was designed to combine with hydrophilic silicone, ensuring desired properties like high 
elasticity and hydrophobicity. Hydrophobic silicone, consisting of Part A and Part B, was used, mixed at a 1:1 
ratio with 85% heptane in a beaker (10 g each of Part A and Part B). The mixture was stirred with a glass rod, 
poured onto a clean glass surface, and formed into a 20 µm thick film (4). The film was cured at 100°C for 10 
minutes to remove moisture, and the outer layers were cast with the adhesive silicone layer. 

2.3 Preparation of silicone adhesive patch with freeze-dried snail mucin (inner layer) 

The hydrophilic silicone used for adhesive film production is a two-part liquid kit (Part A and Part B) mixed in a 
10:1 weight ratio with varying amounts of freeze-dried snail mucin. 20 g of silicone from Part A is combined 
with 2 g of silicone from Part B. Automated mixing techniques are used, and a speed mixer set at 1750 rpm 
ensures uniform blending without issues. 

For a casting part, an applicator with a thickness of 20 µm is used for casting. The glass surface is cleaned 
with 70% ethanol before and after casting to remove impurities and prevent contamination. Proper clipping of 
the glass surface ensures a smooth silicone adhesive film formation. The cast silicone undergoes curing in a 
drying oven. Curing transforms the liquid silicone into a solid elastomer through heat-induced cross-linking. Key 
parameters affecting curing are temperature and time, which influence adhesion and permeability. The silicone 
containing snail mucin is cured at 50℃ for 50 to 80 minutes. 

After curing, the samples are cut and stored in protective packaging. Anti-slip silicone acts as a temporary 
outer layer, while a thin wrapper prevents contamination. Samples are then prepared for optimization tests, 
including peel adhesion and water absorption tests. 

2.4 Peel adhesion force to determine the optimised silicone adhesive patch with 
freeze-dried snail mucin 

The peel adhesion test measures the force needed to remove an adhesive from a surface (5). In this study, a 15 
cm x 2 cm silicone sample with freeze-dried snail mucin was tested using a Hot Tack Tester. The sample was 
pulled at a 180º angle at a speed of 100 mm/min to measure the force required to separate the silicone from the 
outer layer. The results were shown as a graph of load (N) versus time (seconds). 

2.5 Water absorption measurements to determine the optimised silicone adhesive 
patch with freeze-dried snail mucin 

The water absorption test measures how much water a material can absorb, important for evaluating durability 
and moisture resistance (6). Silicone films containing snail mucin were cut into 4 cm x 2 cm samples, weighed, 
and immersed in 150 mL of water at 30–33℃ for 8 hours. Afterward, the samples were dried and reweighed to 
measure weight changes due to water absorption. 

2.6 Antimicrobial activity using disk diffusion 

The agar medium was prepared by mixing 28 g of agar powder with 1000 mL of distilled water. For this test, 
0.2381 g of agar was mixed with 150 mL of water. The solution was stirred until smooth, then sterilized in an 
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autoclave for 15 minutes, with an extra hour for temperature adjustments. After cooling, the solution was 
poured into agar plates in a biosafety cabinet, sterilized with 70% ethanol (7), and stored in a chiller overnight 
to solidify. 

On day two, three plates were incubated for 5 hours to remove water vapor, making the medium ready for 
bacterial culture. E. coli and Staphylococcus epidermidis were cultured on these plates using the 3-quadrant 
streak method, focusing on isolating individual colonies. The plates were incubated overnight at 37°C. 

On day three, individual colonies of E. coli and Staphylococcus epidermidis were transferred to fresh plates. 
Two plates (A and B) were prepared for the sub-cultured bacteria, with samples A and B placed on the 
respective plates. The plates were incubated at 37°C for 4 days (8). 

3. Result and Discussion 

3.1 Peel adhesion force as response 1 

The silicone adhesive with snail mucin is designed to provide strong adhesion without causing skin irritation or 
discomfort. Adhesion forces for the patches are expected to range from 0.9 N to 2.7 N (9). Adhesion testing for 
15 hydrophilic silicone samples was conducted using a Hot Tack Tester. Table 1 and Figure 1 summarize the 
adhesion forces across samples, highlighting the influence of snail mucin loading (1-5 phr), mixing time, and 
curing time.  

Table 1: Result of the peel adhesion force of silicone patches with freeze-dried snail mucin from Achatina Fulica  

Run Mixing Time 

(min) 

Curing 
Time 
(min) 

Loading of Freeze-Dried 
Snail Mucin 

(phr) 

Peel Adhesion 
Force 

(N) 

1 20 80 3 6.92 

2 20 65 5 2.12 

3 20 65 1 2.25 

4 15 65 3 4.13 

5 15 80 1 6.28 

6 15 50 5 2.30 

7 15 65 3 1.20 

8 15 80 5 1.86 

9 10 50 3 4.58 

10 15 50 1 1.60 

11 10 80 3 1.17 

12 10 65 5 1.12 

13 20 50 3 5.42 

14 15 65 3 1.20 

15 10 65 1 1.54 
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Fig. 1: Adhesion force (N) against loading snail mucin powder from Achatina Fulica 

 At 1 phr, the adhesion force varies widely from 1.54 N to 6.28 N, likely due to uneven dispersion or 
incomplete integration of the mucin powder in the silicone matrix, leading to inconsistent results. At 3 phr, 
adhesion forces range from 1.17 N to 6.92 N, with some samples showing high adhesion but others performing 
poorly, suggesting that this intermediate concentration can enhance adhesion in some cases but lacks stability 
across all samples. At 5 phr, adhesion becomes more consistent, ranging from 1.12 N to 2.30 N, but overall 
strength decreases, likely due to oversaturation of mucin disrupting the silicone matrix or weakening its 
interaction with the substrate (10). 
 The lowest adhesion force was 1.12N, and the highest was between 5.42N and 6.92N. Theoretical 
expectations suggest the silicone-adhesive film should have an adhesion force between 0.9N and 2.7N, but 
measurements showed forces from 1.12N to 6.92N. This study will focus on achieving higher adhesion forces 
(4.13N to 6.92N), due to the unique adhesive properties of snail mucin from Achatina Fulica, which enhances 
surface wettability and intermolecular interactions like hydrogen bonding, leading to stronger adhesion (11). 
The highest adhesion forces (4.00N to 6.90N) were seen with 1 phr and 3 phr of snail mucin, particularly at 3 
phr (samples 1, 4, 9, 13). The adhesion force depends on the amount of snail mucin and factors like mixing and 
curing times. Sample 1, with 3 phr of mucin, showed the highest adhesion, suggesting that 3 phr enhances 
adhesion in hydrophilic silicone. Lower adhesion in sample 4 (0.4N at 3 phr) was due to a shorter heating time 
(50°C for 65 minutes), indicating that longer heating periods increase adhesion force. 

3.2 Water absorption as response 2 

To achieve favourable results, hydrophilic silicone is expected to exhibit significant water absorption properties. 
As shown by the water absorption test, the silicone adhesive absorbs water, increasing the water absorption 
percentage to at least 1% (12). Silicone adhesives with higher water absorption percentages are preferred. The 
data collected from this experiment is presented in Table 2 and Figure 2. 
 

Table 2: Result of the water absorption of silicone patches with freeze-dried snail mucin from Achatina Fulica  

Run Mixing Time 

(min) 

Curing 
Time 
(min) 

Loading of Freeze-Dried 
Snail Mucin 

(phr) 

Water 
Absorption 

(%) 

1 20 80 3 2.57 

2 20 65 5 5.18 

3 20 65 1 3.62 

4 15 65 3 3.51 

5 15 80 1 2.21 

6 15 50 5 6.11 

7 15 65 3 3.43 

8 15 80 5 6.75 

 



593 Progress in Engineering Application and Technology Vol. 6 No. 1 (2025) p. 589-596 

 

 

 

9 10 50 3 4.33 

10 15 50 1 1.89 

11 10 80 3 3.36 

12 10 65 5 4.29 

13 20 50 3 2.01 

14 15 65 3 3.43 

15 10 65 1 2.22 

 
 

 

Fig. 2: Water absorption (%) and loading snail mucin powder from Achatina Fulica 
 
 The silicone adhesive uses different formulas with varying snail mucin powder loadings, mixing times, and 
curing times, resulting in 15 samples. Figure 2 shows water absorption ranging from 1.89% to 6.75%, depending 
on snail mucin loadings (1–5 phr). The table highlights that water absorption depends on factors such as the 
amount of snail mucin powder, mixing time, and curing time.  
 At a low loading of 1 phr, water absorption ranges from 1.89% to 3.62%, showing moderate hydrophilic 
behavior, but the variation suggests uneven dispersion of mucin powder in the silicone. At 3 phr, water 
absorption stays steady between 2.01% and 4.33%, indicating that the mucin's effect on water absorption 
becomes limited. At 5 phr, water absorption increases significantly from 4.29% to 6.75%, showing that higher 
mucin concentrations improve the silicone's hydrophilic properties and increase water uptake (13). 
 The water absorption spectrum ranges from 1.89% to 6.75%, exceeding the theoretical minimum for 
silicone of 1%. To achieve hydrophilic properties, the study focuses on silicone formulas with water absorption 
between 4.29% and 6.75%, observed in samples loaded with 3 phr and 5 phr of snail mucin powder (samples 2, 
6, 8, 9, and 12). Sample 9 showed the highest water permeation at 3 phr, while samples 2, 6, 8, and 12 performed 
best at 5 phr. The results suggest that higher snail mucin content enhances water interaction, improving water 
absorption and moisture retention (14). Lower mucin loading, such as 1 phr, results in minimal water 
penetration (1.89% to 3.62%), while variations at 3 phr may occur due to long curing times. This supports the 
hypothesis that water penetration increases with higher mucin content, shorter curing times, and lower 
processing temperatures. 

3.3 Antimicrobial activity 

After an incubation period of 4 days and 3 nights, longer than originally planned due to lab limitations, the 
results from each agar plate were analyzed. Both plates, assigned to sample A and sample B, showed significant 
bacterial growth, including beneath the samples. 
  As shown in Figure 3, sample A which was exposed to E. coli, extensive bacterial growth was observed on 
the sub-cultured agar plate. This is expected since sample A, being a hydrophilic silicone without an 
antimicrobial ingredient, supports bacterial growth. The hydrophilic silicone material lacks properties to 
prevent bacterial proliferation. Sample B also showed bacterial growth beneath it, which was unexpected. This 
issue arose from improper storage of the snail mucin powder. Poor storage can lead to contamination, 
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degradation, and loss of antimicrobial efficacy. The unsealed packaging exposed the powder to air, moisture, and 
contaminants such as bacteria and fungi (15). 
 

 
Fig. 3: Medium agar plate containing sample A and B by using E. coli from the bottom view 

 
 For the sample exposed to S. epidermidis as shown in Figure 4, sample A again showed noticeable bacterial 
growth underneath, consistent with expectations since it contains only hydrophilic silicone. Sample B also 
showed bacterial growth, which was unexpected. Again, improper storage of the snail mucin powder caused this 
issue. Moisture from high humidity or improper sealing can foster an environment for bacterial, mold, and 
fungal growth, leading to contamination. Even though snail mucin has natural antimicrobial properties, 
improper storage can reduce or eliminate its effectiveness. 

 

Fig. 4: Medium agar plate containing sample A and B by using S. epidermidis from the bottom view 

 Compared to the theoretical standard treatment with ampicillin, both Sample A and Sample B showed 
much lower effectiveness in preventing bacterial growth from E. coli and S. epidermidis. Ampicillin, a common 
antibiotic, effectively stopped bacterial growth, proving its reliability as an antimicrobial agent (16). 
 Sample A, made of hydrophilic silicone without any antimicrobial additives, showed significant bacterial 
growth for both E. coli and S. epidermidis, as expected. The hydrophilic silicone lacks antibacterial properties, 
allowing bacteria to grow without resistance. 
 Sample B, containing snail mucin, was expected to have antimicrobial properties due to its natural 
components like glycoproteins and peptides. However, bacterial growth was still seen, likely due to improper 
storage of the snail mucin powder. Poor storage conditions, such as exposure to air, moisture, and contaminants 
from unsealed packaging, likely degraded its antimicrobial properties. 
 In contrast, the ampicillin standard completely prevented bacterial growth in both cases. This highlights 
the importance of using effective antimicrobial agents and proper storage to preserve the effectiveness of 
bioactive materials. Without proper storage, snail mucin may lose its ability to act as a natural antimicrobial 
(17). 
 In conclusion, pure hydrophilic silicone cannot prevent bacterial growth without active ingredients. 
Similarly, the snail mucin powder, due to improper storage, could not prevent bacterial growth, as exposure to 
moisture caused contamination and loss of its antimicrobial properties. 
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4. Conclusion 

The goal was to improve silicone patches for wound healing by adding extracted snail mucin. The chemical 
properties of the patches were optimized with 15 adhesive film samples tested for adhesion and hydrophilicity. 
The aim was to find the best formula for an adhesive film that incorporates snail mucin for wound healing. Key 
properties like peel adhesion force and water absorption were optimized. A sample with mixing time of 10 
minutes, curing time of 50 minutes and load of freeze-dried snail mucin of 5 phr as the best-performing option, 
demonstrating strong adhesion while efficiently absorbing water. The optimized silicone patches were then 
developed using this formula with an outer layer. To confirm the film’s effectiveness in holding snail mucin, tests 
including antimicrobial evaluations was conducted.  The antimicrobial evaluation of silicone patches containing 
freeze-dried snail mucin from Achatina Fulica revealed bacterial growth for both E. coli and S. epidermidis. This 
contamination likely resulted from improper storage of the snail mucin powder, highlighting the need for 
stricter handling and storage protocols to maintain its antimicrobial integrity. The results confirmed that the 
selected adhesive film formulation successfully retained active ingredients, absorbed water, and applied the 
right force to the skin. 
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