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ABSTRACT 

Objective: This study aimed to determine the antimicrobial activity of Tea Tree Oil (TTO) prepared in patch form using fish gelatin and chitosan. 
Abundant fish production has the potential as an alternative source of gelatin, especially for the development of patch dosage form. 

Methods: The patch was prepared using a solvent-casting method. Four formulas containing 3% TTO were developed using gelatin variations of 5-
12.5% (F1-F4), and the formula without T TO served as a blank (F0). Each of the patch produced was evaluated in organoleptic, pH, weight 
uniformity, folding resistance, thickness, drying shrinkage, moisture absorption and stability at room temperature (25±2 °C, 60% RH). The 
antibacterial activity tests against Propionibacterium acne (P. acne) were performed using the diffusion method. 

Results: The produced patch formulas were considered to majorly have good organoleptic characteristics such as being solid, elastic, sticky, 
transparent, and pale yellow, with oil odor. Other evaluated characteristics included pH of 5.45-6.04, weight uniformity of 0.0208-0.0471 gr with a 
coefficient of variation of 0.10-1.85%, folding resistance>300 folds, thickness of 0.32-0.50 mm, drying shrinkage of 3.89-8.83%, and moisture 
absorption of 2.77-8.04%. All patch preparations were stable in storage for 3 mo at room temperature. TTO patches showed antibacterial activity 
with excellent inhibition zones in the range of 8.33±0.38 mm-14.45±1.35 mm. 

Conclusion: The TTO patches are successfully produced using fish gelatin and chitosan, which meet patch requirements and have high potential as 
anti-acne product. 
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INTRODUCTION 

Gelatin is a high-molecular protein obtained from the hydrolysis of 
collagen fibers of animal connective tissues, including pig or cow 
skin and bones as well as fish skin, scale, and bone parts. This can be 
used in the pharmaceutical industry for capsule shell production and 
as a binding agent, thickening agent, edible film, and matrix in patch 
preparation. The application of gelatin in the pharmaceutical 
industry and food technology continues to increase yearly [1, 2]. 
Gelatin derived from fish waste is one of the alternative gelatins that 
can be utilized in the development of pharmaceutical dosage forms. 
Countries with vast seas and abundant fish production have great 
potential in the development of gelatin from fish waste. Fish bones 
and scales have been developed into gelatin with good quality [3, 4]. 

Indonesia is a tropical country prone to the occurrence of skin 
problems such as acne. Foreign particles, including dust, dirt, and oil 
that stick to the skin accumulate to clog the pores, thereby triggering 
acne formation [5]. External factors such as the environment, 
excessive physical activity, climate, food, age, and improper use of 
cosmetics can trigger acne [6]. Topical treatment and antibiotics are 
generally used to control acne [7, 8] but often initiate side effects in 
the form of skin irritation, organ damage, immune hypersensitivity, 
and antibiotic resistance [9]. 

Tea Tree Oil (TTO) is a natural oil from Melaleuca alternifolia with 
antibacterial properties due to the content of terpinene-4-ol. This 
works by increasing the permeability of bacterial cell membranes 
and can be used for acne vulgaris treatment [10]. For example, a 
previous study detected that 3% TTO had a very strong inhibition of 
20.85 mm against P. acne bacteria, which is considered as one of the 
bacteria that can cause acne [11]. 

Anti-acne preparations have been developed in various dosage 
forms such as gel [12], cream [13], and lotion [14]. Currently, the 

patch form is innovative product development in promoting patient 
compliance, providing a long effect in one use, increasing safety and 
comfort for consumers [15], as well as covering inflamed acne to 
prevent bacteria contamination [16]. The use of natural polymers in 
patch preparation is also very important since it can produce 
biodegradable patches. 

Patch preparations contain a certain dose of medicinal ingredients 
delivered directly to the affected skin area [16]. These were 
produced as good-quality films using suitable polymers, including 
gelatin or Hydroxypropyl Methylcellulose (HPMC) [17]. This 
polymer has been successfully used in the development of patch 
preparations such as anti-acne preparations containing Cortex 
Phellodendron amurense and Centella asiatica extracts, mulberry 
extract or black seed and clove extracts [18-20]. In previous studies, 
TTO has been developed in the form of patches using eudragit 
polymer and silicone resin [21], but no studies have been found 
using gelatin and chitosan, especially gelatin derived from the fish. 
Therefore, this study aimed to examine the application of fish gelatin 
and chitosan combination prepared in patch forms containing TTO 
with anti-acne potential. The physical characteristics and 
antibacterial activity were evaluated against P. acne. 

MATERIALS AND METHODS 

Materials 

TTO was purchased from PT. Harli Multindo Pradja, Indonesia. The 
materials used in this study included acetic acid (Merck), Mueller-
Hinton Agar (MHA), Nutrient Agar (NA), Nutrient Broth (NB) 
(Merck, Indonesia). Chitosan (medium molecular weight), Butylated 
Hydroxytoluene (BHT), methylparaben, propylene glycol, span 80 
and distilled water were purchased from CV Rudang Jaya, Medan, 
Indonesia. The fish gelatin (Kuro®) was derived from bone of 
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threadfin fish (Eleutheronema tridactylum). All chemical reagents 
were analytical grade and used without further purification. 

Patch preparation 

The patch preparation was conducted using a solvent-casting 
method without compared with other preparation methods. The 
gelatin (5-12.5 g) and 1 g of chitosan were mixed with 15 ml of 
distilled water and 15 ml of 1% acetic acid, respectively. 

Furthermore, the oil phase (chitosan with 2.5 ml span 80) and the 
water phase (gelatin, methylparaben, propylene glycol) were 
dissolved. Both phases were stirred until homogeneous, sufficed 
with distilled water, stirred again, allowed to stand with an 
aluminum foil covering, poured into a petri dish, and kept for 24 h at 
room temperature. After drying on 25±2 °C, the patch was removed 
from the mold and stored in a closed container [22, 23]. The 
composition of the patch formula is presented in table 1. 

  

Table 1: TTO patch composition 

Composition Function Formula (%) 
F0 F1 F2 F3 F4 

TTO Active substance - 3 3 3 3 
Fish gelatin Polymers 12.5 5 7.5 10 12.5 
Chitosan Polymers 1 1 1 1 1 
Methylparaben Preservatives 0.3 0.3 0.3 0.3 0.3 
Propylene glycol Plasticizer 7.5 7.5 7.5 7.5 7.5 
Span 80 Solvent 2.5 2.5 2.5 2.5 2.5 
Acetic acid 1% Solvent 15 15 15 15 15 
BHT Antioxidants 0.2 0.2 0.2 0.2 0.2 
Distilled water Solvent Ad 100 Ad 100 Ad 100 Ad 100 Ad 100 

 

Organoleptic test 

An organoleptic test was carried out to observe the physical appearance 
of the formulas, including the shape, color, and smell [17, 24]. 

pH test 

A total of 5 g of patch was allowed to expand in a porcelain cup 
containing 50 ml of distilled water for 2 h at room temperature. 
Subsequently, a pH meter electrode was washed with distilled water and 
calibrated using standard solutions of pH 4 and 7 before being dipped 
into the sample until the number was shown on the screen [22]. 

Weight uniformity test 

The uniformity test was carried out by measuring the weight of 3 patch 
formulas using an analytical balance and determining the mean and 
standard deviation of each. The same formula weight showed that the 
patch had uniformity of active substance content [25]. 

Folding resistance test 

The folding resistance test was conducted by folding the patch 
multiple times in the same position. The number of folding 
resistance met the standard when the folds were>200. The folding 
resistance showed that the patch had good film consistency, 
preventing it from tearing easily [26, 27]. 

Thickness test 

The test was carried out by measuring patch thickness at 3 different 
points using a caliper tool. This plays a role in physical properties, as 
a thin patch is more easily accepted for use [25]. 

Drying shrinkage test 

The drying shrinkage test was conducted by weighing the patch 
before being kept in a desiccator containing silica for 24 h. 
Subsequently, the patch was reweighed and the drying shrinkage 
percentage was calculated. This test determines the moisture 
content because a good patch should not be extremely moist or dry 
to prevent tearing and breaking easily [25]. 

Moisture absorption test 

The moisture absorption test was performed by weighing the patch 
stored in a desiccator containing silica for 24 h. The patch was 
transferred into a climatic chamber at 40 ℃ for 24 h and weighed 
again. This test is a parameter in determining the ability of the patch 
to absorb moisture. A low percentage value leads to a relatively 
stable patch and prevents microbial contamination. The 
hydrophilicity of the polymer or plasticizer used increases with the 
absorbency percentage of the films produced [25]. 

Stability test 

Patch stability testing was carried out by storing the patches in a 
climatic chamber at room temperature (25±2 °C, 60% RH) for 3 mo 
of storage. Patch stability was evaluated for pH, folding resistance 
and thickness of patches every month [25]. 

Antibacterial activity testing of patch formulas 

The bacteria tested was P. acnes ATCC 11827, which were isolated 
from Microbiology Laboratory of the Faculty of Pharmacy, 
Universitas Sumatera Utara. The antibacterial activity evaluation of 
patch formulas was carried out using the diffusion method. 
Furthermore, bacteria were inoculated into the media on a petri 
dish. MHA media were poured into each petri dish and homogenized 
evenly; then the media was allowed to solidify. Positive control,  
negative control, and TTO patch samples with various 
concentrations were positioned on the media then incubated at 37 
°C for 24 h. Antibacterial activity was determined with the diameter 
of bacterial growth inhibition by measuring the clear zone formed 
around the patch using a caliper (Mitutoyo, Japan) [27]. 

Statistically analysis 

Data on the difference in inhibition zones from antibacterial activity 
for all formulas were analyzed using the Statistical Package for the 
Social Sciences (SPSS) version 26, which included normality tests 
using Shapiro-Wilk and Kruskal-Wallis analysis to determine the 
average difference between groups. 

RESULTS AND DISCUSSION 

Organoleptic test 

The produced gelatin patch showed similar shapes and physical 
characteristics (fig. 1). The organoleptic test was a visual 
examination of the preparation shape, smell, and color, with the 
results being presented in table 2 [9]. 
 

 

Fig. 1: Gelatin patch containing TTO 
 

The organoleptic examination results physically correlated with the 
market preparation and there was no significant difference in shape, 
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color, and odor. However, higher concentrations of applied gelatin 
led to a darker color of the patch. All of patches were solid, thin, 

elastic and sticky, but F0 showed slightly stiff. However, all patches 
produced had TTO odor. 

 

Table 2: Organoleptic characterization of patch 

Parameter F0 F1 F2 F3 F4 

Shape  Solid, thin, slightly stiff, 
sticky 

Solid, thin, elastic, 
sticky 

Solid, thin, elastic, 
sticky 

Solid, thin, elastic, 
sticky 

Solid, thin, elastic, 
sticky 

Odor  Typical of TTO Typical of TTO Typical of TTO Typical of TTO Typical of TTO 
Color  Intense yellow 

transparent 
Pale yellow 
transparent 

Pale yellow 
transparent 

Pale yellow transparent Intense yellow 
transparent 

 

Physical characterization of patch 

PH measurement 

The physical characterization of all patch formulas is presented in 
table 3. Moreover, pH testing was carried out to determine the degree 
of acidity of preparations safe for the skin. The patch should not be 
extremely alkaline or acidic to prevent the skin from becoming scaly 
and irritated [9]. Table 3 shows a range of 5.85-6.04 and there was a 

pH increase related to the high concentration of gelatin used in the 
preparation. But, it was signifying that the TTO acne patch preparation 
still met the topical pH requirements between 4-8 [9]. PH in this range 
is considered safe for the skin and does not cause significant side 
effects to the skin even if used for a long time. Preparations 
administered through the skin with extreme pH will be able to cause 
irritation because pH that is too acidic or alkaline (smaller than 2 or 
greater than 11), which is corrosive to the skin [28]. 

 

Table 3: Patch physical evaluation 

Formula pH±SD* Weight (gr)±SD* Number of folds* Thickness (mm)±SD* Drying shrinkage (%) Moisture absorbency (%) 

F0 5.85±0.01 0.0234 ±0.0001 1473±15 0.40 ±0.01 8.97 7.39 
F1 5.64±0.01 0.0434 ±0.0001 1459±21 0.36 ±0.06 3.89 2.77 
F2 5.77±0.01 0.0340 ±0.0001 1445±12 0.40 ±0.01 5.95 3.49 
F3 5.87±0.01 0.0235 ±0.0001 1389±25 0.40 ±0.01 8.45 7.07 
F4 6.04±0.01 0.0201 ±0.0001 1526±20 0.40 ±0.01 8.83 8.04 

(*Data were expressed in mean±SD, n=3) 

 

Weight uniformity test 

The test was conducted to determine the uniformity of weight 
ranging from 0.0201-0.0434 g between different patch formulas for 
the production of products with uniform doses. F4 had the smallest 
weight due to the different gelatin concentrations used, which 
caused variations in patch physical characteristics. 

Folding resistance test 

Folding resistance testing is an important indicator in physical 
evaluation to determine the preparation elasticity after folding. A 
patch has a good consistency, preventing it from breaking or tearing 
easily [9]. Based on the folding resistance test results, the patch 
preparations in F0-F4 met the requirements of >300. This result 
showed that the elasticity of the patch produced was very good, 
where this good elasticity property will add comfort when it is used. 
Factors affecting the preparation elasticity is propylene glycol used 
as a plasticizer, which increases patch mechanical properties 
including the elasticity [29]. The combination of gelatin and chitosan 
polymers has an effect in determining the elastic patch obtained 
because the inter-polymer possesses hydrophilic and hydrophobic 
properties preventing brittleness [30]. 

Thickness test 

The test determines patch physical properties where thickness affects 
the release of active substances and consumer comfort; hence thinner 
patch facilitates the comfort of use. The results showed that F0-F4 
thickness met the good requirements of<1 mm and could be affected 
when pouring a patch into a mold. Additionally, patch thickness affects 
the gelatin polymer used because higher polymer concentration 
increases the thickness value [9]. The thickness of the patch also 
greatly affects user comfort. Patches that tend to be thin will be easier 
to use and do not interfere with the activities of the user. 

Drying shrinkage test 

A drying shrinkage test was conducted to determine the amount of 
patch water loss after 24 h in the desiccator. Low moisture content 
suggests a stable patch protected from microbial contamination. A 

good patch should not be extremely dry to prevent breaking easily 
[9]. The test results showed that the formulas met the requirements 
of<10% [22]. F1 had the lowest drying shrinkage of 3.89%, while F0 
and F4 had higher values exceeding 8.8%, signifying that gelatin 
polymer concentration increased with patch water content.  

Moisture absorption test 

The test was conducted to determine patch ability to absorb 
moisture at 40℃ for 24 h. Patch that absorbs high moisture shows 
poor quality affecting the component material elasticity [9, 31]. 
Based on the testing results, the formulas met the requirements 
of<10% [32]. F1 had the lowest absorbency of 2.77%, and F4 had 
the highest value of 8.04%. This shows that the gelatin polymer 
concentration increases proportionally with patch moisture 
absorption. The absorbency percentage increases with a high gelatin 
concentration due to the high hydrophilicity of the used polymer or 
plasticizer [30]. Storage in a place that is not humid and packaging 
that reduces contact with air are very important in ensuring that the 
patch product remains in a stable and undamaged condition. 

Stability test 

The test results showed excellent stability, and all TTO patch formulas 
did not change based on the organoleptic, pH, folding resistance, and 
thickness study during storage for 3 mo at room temperature (25±2 C, 
60% RH). The only changes that occurred were very small and unable 
to affect patch physical characteristics. Data on pH, folding resistance, 
and thickness values are presented in fig. 2, 3, and 4. 

Antibacterial activity against P. acne 

The antibacterial activity of TTO patch preparations was examined 
using the disc diffusion method [33, 34]. Furthermore, the test was 
carried out by forming a patch with a circular punch tool according 
to the diameter of the disc paper and using a negative control that 
did not contain TTO. The gelatin patch preparation containing TTO 
oil showed an excellent antibacterial effect against P. acne. The 
negative control showed weak antibacterial activity which was 
attributed to the use of chitosan and preservatives possessing anti-
bacterial effects. Tests were also carried out on antiacne patch 
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preparations available in the market and the effects shown were not 
significantly different from the TTO-containing patch preparations 
(table 4). These results show the potential of patch preparations 
administered through the skin as anti-acne preparations where 
topical administration for anti-acne treatment is the majority of 
treatment given to acne patients [35, 36]. 

Although the gelatin patch preparation showed excellent antibacterial 
activity, there was a significant decrease in antibacterial activity 
compared to the TTO in the pure form, which showed an inhibition 
zone of 19.08±0.62 mm (P<0.05). This is likely due to the longer 
process of releasing the antibacterial active substance from the patch 
preparation compared to when it is still in pure oil form. The thickness 
of the patch also affects the release of the active substance where the 

thicker the patch, the release of the active substance to diffuse out of 
the membrane also becomes longer [30]. F1 shows the best 
antibacterial activity compared to other formula, indicating that the 
ratio of gelatin and chitosan (5:1) provided the best effect of active 
substance release from the membrane compared others.  

Statistical testing shows the results of the normality test using the 
Saphiro-Wilk test obtained data p<0.05, which means that the 
distribution of research data is not normally distributed. The testing 
using non-parametric with Kruskal-Wallis test showed a value of 
0.019 (p<0.05), which meant there was a significant difference. The 
inhibition zone of F0 was significantly different from F1, F2 and 
commercial product (P<0.05), but not significantly different from F3 
and F4 (P>0.05). 

 

 

Fig. 2: PH of TTO patch for 3 mo storage (Data were expressed in mean±SD, n=3) 

 

 

Fig. 3: Folding resistance of TTO patch for 3 mo storage (Data were expressed in mean±SD, n=3) 

 

 

Fig. 4: Thickness of TTO patch for 3 mo storage (Data were expressed in mean±SD, n=3) 
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Table 4: The antibacterial activity of gelatin patch against P. acne 

Formula Inhibition zone diameter (mm) 

F0 8.33±0.38 
F1 14.45±1.35* 
F2 14.16±1.00* 
F3 13.81±0.44 
F4 
Commercial product 

13.00±0.42 
14.18±0.42* 

*Means significant compared to F0, Data were expressed in 
mean±SD, n=3 

 

The release of the active substance TTO from the patch membrane, 
which requires time indicates that the preparation of gelatin patch 
contained TTO has the potential to have a prolonged drug release 
effect. The small and thin dosage form will also increase comfort 
when used by users. Based on the antibacterial activity test, it 
showed that the preparation had the potential to be used as an 
antiacne preparation, but further testing is needed, especially in vivo 
tests and clinical testing. 

This study also did not conduct active substance release tests and 
comparisons with the use of other polymers, especially in the use of 
fish gelatin sourced from other types of fish, which might also affect 
the release of active substances. Therefore, it is highly recommended 
for further research to conduct active substance release testing and 
also add other acne-causing skin pathogens so that it will be able to 
provide comprehensive information on the effectiveness of the 
patch preparation.  

CONCLUSION 

In conclusion, this study showed that an anti-acne patch with 
qualified physical characteristics was prepared using fish gelatin 
and chitosan base. Additionally, F1 had the best physical 
characteristics and antibacterial activity against P. acne with an 
inhibition zone of 14.45±1.35 mm. Patch containing gelatin/chitosan 
base and TTO were recommended to be developed as an anti-acne 
agent because it can be reducing fish waste and promoting 
biodegradable alternatives in pharmaceuticals. 
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