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 Nile tilapia (Oreochromis niloticus L.) ranks among Indonesia’s most 
heavily farmed freshwater fish, and the scales discarded during its 
processing are a rich, underused source of type I collagen, a structural 
protein of the extracellular matrix that supports skin repair and could 
serve as a natural ingredient in wound-care ointments. This study 
evaluated the physical properties of an ointment formulated with tilapia 
scale collagen extract and examined its effect on incision wound healing 
in mice (Mus musculus L.). Six groups were compared: K- (untreated), 
K+1 (bioplacenton), K+2 (ointment base only), and three collagen-
ointment concentrations, P1 (5%), P2 (10%), and P3 (15%). Collagen 
was isolated by the acid-soluble collagen (ASC) method and 
characterized by Fourier-transform infrared (FTIR) spectroscopy; 
wound closure, tissue protein content (Lowry method), and 
hydroxyproline content were assessed over 14 days. All three ointment 
formulations met the general pharmaceutical standards for topical 
preparations. Wounds in every group closed gradually, reaching a mean 
closure of 87.4-98.2% by day 14 without a statistically significant 
difference among treatments, whereas protein and hydroxyproline 
assays showed that the 15% collagen ointment produced the lowest 
tissue protein (397.0 ± 8.55 μg/mL) and hydroxyproline (82.05 ± 4.45 
μg/mL) levels, consistent with an accelerated transition into the tissue 
remodeling phase. 

 

Introduction 
 

An incision wound is an open injury caused by a sharp object such as a knife or broken glass (Abdullah, 
2022). Once the skin barrier is breached, the body responds with bleeding, coagulation, exposure to 
bacterial contamination, and localized cell death, all of which disrupt normal tissue function and make repair 
of the injured area necessary (Wahyuni et al., 2022). This repair process, known as wound healing, unfolds 
through four overlapping phases – hemostasis, inflammation, proliferation, and remodeling – and its pace 
depends on variables such as the patient’s age, general health, and the type of care the wound receives 
(Rodrigues et al., 2019). Because these variables are not always controllable, choosing an effective and safe 
topical treatment is central to achieving timely healing. 

Ointments remain one of the most common conventional wound treatments, valued for their semi-
solid consistency and their capacity to shield the wound surface from infection. Many commercial 
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formulations, however, still rely on synthetic antibacterial agents; topical neomycin, for example, is a well-
documented cause of allergic contact dermatitis and delayed skin irritation with repeated use (Gehrig & 
Warshaw, 2008). This drawback has directed research toward natural alternatives that are effective yet less 
likely to sensitize the skin, and collagen has emerged as one of the more promising candidates (Geahchan 
et al., 2022). As the principal structural protein of the extracellular matrix, collagen supports skin hydration 
and structural integrity, a benefit demonstrated even for collagen sourced from fish rather than mammals 
(Dondero et al., 2025). Collagen of marine origin is attractive for formulation work because it denatures at 
a comparatively low temperature, which simplifies its conversion into soluble peptide fractions during 
extraction (Jafari et al., 2020). Indonesia’s abundant fishery waste adds a practical incentive for pursuing this 
route: converting scales, skin, and bone into collagen would supply a raw material for wound-care products 
while reducing the volume of processing by-products that would otherwise be discarded. Tilapia (Oreochromis 
niloticus L.) is a natural candidate for this purpose, given the scale of its production. 

Tilapia is Indonesia’s leading freshwater aquaculture species by production volume, reaching 
1,300,529.23 tons in 2021 and continuing to rise each year, driven largely by growth in the fillet-processing 
industry (KKP, 2023). Fillet processing, however, leaves behind considerable waste, and scales are among 
the by-products that can be redirected into collagen extraction rather than discarded as an environmental 
burden (Romadhon et al., 2019). Tilapia scale collagen is predominantly type I collagen, the structural 
protein that forms the extracellular matrix and provides the tensile strength needed for wound closure 
(Hadiyantama et al., 2024). Romadhon et al. (2019) characterized collagen from tilapia bone, skin, and scale 
and confirmed that the scale-derived extract consists mainly of type I collagen fibers, with only minor 
residual hydroxyapatite likely attributable to incomplete demineralization during extraction rather than a 
defining feature of the extracted collagen itself. Building on this, Nugroho et al. (2022) formulated a tilapia 
skin collagen ointment for burn healing and found that a 15% collagen concentration produced the fastest 
wound closure among the concentrations tested, while a related hydrogel formulated from tilapia skin 
collagen likewise enhanced collagen deposition during burn treatment (Baydogan et al., 2023). Despite this 
early evidence, literature specifically addressing collagen-based ointments for incision wound healing – 
particularly formulations derived from tilapia scales rather than skin – remains limited, leaving room to 
examine whether the same benefit extends to a scale-derived extract and to a different wound type. 

This study therefore evaluated the physical properties of a tilapia (Oreochromis niloticus L.) scale collagen 
extract ointment and examined its effect on wound closure, tissue protein content, and hydroxyproline 
content during incision wound healing in mice (Mus musculus L.). 
 

Materials and methods 
 

All reagents used in this study were of analytical grade. The principal materials were sodium hydroxide, 
glacial acetic acid, sodium chloride, and potassium bromide for collagen extraction and FTIR sample 
preparation; lanolin, petroleum jelly (Vaseline®), and methylparaben for ointment formulation; a 
commercial bioplacenton ointment as the positive-control treatment; and Chloramine-T, citrate buffer (pH 
6), Ehrlich’s reagent, and perchloric acid for the hydroxyproline assay (Solarbio, BC0170, China). 

The study design used was a completely randomized design consisting of groups K- (no treatment), 
K+1 (bioplacenton), K+2 (ointment base), P1 (5% tilapia fish scale collagen extract ointment), P2 (10% 
tilapia fish scale collagen extract ointment), P3 (15% tilapia fish scale collagen extract ointment). 

 The experiment proceeded in the following order: sample collection, collagen extraction from tilapia 
scales, FTIR (Fourier Transform Infrared) characterization, ointment preparation, and evaluation of the 
ointment formulation. Test animals then received the assigned treatments for 14 days, during which incision 
wound closure, tissue protein content, and hydroxyproline content were assessed as the primary outcome 
measures. 

 
1. Collection of samples 

Tilapia scale samples were washed using cold water and then dried at room temperature. Afterward, 
400 grams of the sample was weighed and soaked in a 0.1 N NaOH solution for 12 hours, changing the 
solution every 2 hours. The samples were then air-dried for 2 hours and rinsed with water until the pH of 
the rinse water reached neutral. Once the pH was near neutral, the samples were air-dried again to reduce 
the water content. They were then dried using a food dehydrator set at 60°C until completely dry. Once 
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completely dry, the tilapia scales were ground using a grinder to obtain a powdered scale sample (Nugroho 
et al., 2022). 

 
2. Collagen extraction 

The powdered scale samples from the preparation stage were then extracted using a 0.5 M acetic acid 
solution for 48 hours, stirring every four hours (Romadhon et al., 2019). The extraction was then filtered 
using a muslin filter cloth (100 mesh). The filtrate was then soaked in NaCl to a concentration of 1 M. This 
soaking was carried out for 12 hours, followed by centrifugation for 1 hour at 6000 rpm and 4°C (Zaelani 
et al., 2019). 
The resulting precipitate was then rinsed with distilled water until the pH of the rinse was neutral. The wet 
collagen obtained was then dried using a food dehydrator set at 600C for 12 hours and then ground using 
a mortar and pestle to obtain powdered collagen extract (Nugroho et al., 2022). 
 

3. Calculation of the yield 
The yield of tilapia fish scale extract is calculated based on the percentage of dry collagen weight 

obtained compared to the dry sample weight before extraction (Agustina et al., 2015). 
The following is the yield calculation formula: 

Yield %=
W final (g)

W initial (g)
x 100% ……………………………………………………………………….(1) 

(Paudi et al., 2020) 
4. Characterization with FTIR (Fourier Transform Infrared) 

Characterization of tilapia fish scale extract was done using the FTIR. The FTIR test process begins 
by taking a small amount of dry collagen and mixing it with 0.25 grams of KBr. This mixture is ground 
using a mortar and placed in a pallet, then pressed to form a transparent layer. The sample is then placed 

in a sample holder and tested at a wavelength range of 4000-400 cm⁻¹ (Ramdhani & Ariani, 2016). 
 
5. Preparation of ointment 

All ingredients were weighed according to the formulation. Lanolin was first combined in a mortar 
with the tilapia scale collagen extract at each of the three concentrations. Petroleum jelly (Vaseline®) and 
methylparaben were then added, and the mixture was ground until homogeneous before being transferred 
into an ointment jar. The formulation used to prepare 50 g of ointment is shown in Table 1. 

Table 1. Tilapia Fish Scale Collagen Ointment Preparation Formulation 

No. Ingredient (g) P1 P2 P3 

1. Collagen extract from fish scales 2.5 5 7.5 

2. Lanoline 22.5 22.5 22.5 

3. Methyl paraben 6 6 6 

4. Vaseline 19 16.5 14 

(Nugroho et al., 2022). 
6. Evaluation of ointment formulation 

Evaluation of the ointment formulation encompassed organoleptic. homogeneity. pH. adhesion. 
spreadability. and emulsion-type testing. Although the base is predominantly oleaginous. the aqueous 
collagen extract solution incorporated into the formulation introduces a dispersed phase. so, an emulsion-
type test remains informative for characterizing how the preparation is expected to release its active 
component. The standard parameters against which the preparation was evaluated are summarized in Table 
2. 

Table 2. Evaluation Parameter Standards for Ointment Formulation 

No. Test Parameters Test Parameter Standard 

1. 
 
 

Organoleptic Aroma Aroma Characteristics: Neutral. fishy. fresh. and synthetic 
Absence of rancid aroma 

Color White. Yellow. and Brown 

Texture Liquid: Low viscosity 
Thick: High viscosity 

2. Homogenity Homogeneous: No coarse grains/particles 
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No. Test Parameters Test Parameter Standard 

Non-homogeneous: Has coarse grains/particles 

3. pH 4.5-6.5 

4. Adhesiveness > 1 minute 

5. Spreadability 5-7 cm 

6. Cream type Oil emulsion: Methylene blue is evenly distributed 
Water emulsion: Methylene blue only appears in spots 

(Mardiansyah et al., 2024). 

 
7. Observation of incision wound closure 

A number of male Swiss mouse (Three months age. average body weight 25 g). was used in current 
study.  Wound in the dorsal body was made by using sharp scalpel with 1 cm in length and 1 mm in depth. 
The treatment of ointment was administered for 14 days. and wound healing was observed over the 14 
days. Wound healing was observed on days 0. 2. 4. 6. 8. 10. 12. and 14. Wound healing was observed by 
measuring the length of the incision using a caliper and photographing the wounds on the mice. The 
obtained data was then substituted into an equation to determine the percentage of wound closure. The 
equation used is as follows: 

P%= 
(d0)-(dx)

(d0)
×100%........................................................................................................................................(2) 

Description: 
P%: Percentage of wound healing 
d0: Length of wound on day 0 
dx: Length of wound on day x 

(Susanto et al., 2023). 
 

8. Protein assay 
This process begins by weighing 0.05 grams of skin tissue. then adding 300 µL of PBS solution so that 

the protein in the tissue can be extracted. Next. homogenization is carried out using a homogenizer at a 
speed of 3000 rpm for 30 seconds. After that. the sample is centrifuged at a speed of 6000 rpm at room 
temperature for 10 minutes to separate the supernatant liquid containing protein. Then. 150 µL of the 
supernatant is mixed with 1200 µL of Lowry B reagent and waited for 10 minutes at room temperature. 
Next. 150 µL of Lowry A reagent is added and then homogenized and left for 20 minutes until a color 
change occurs to purplish blue (bluish color). which indicates an interaction between the protein and Lowry 
reagent. Then. the absorbance is measured using a spectrophotometer at a wavelength of 600 nm (Wati. 
2024). 

 
9. Hydroxyproline assay 

A 0.05gram sample was weighed and cut into small pieces to facilitate the extraction process. then 
placed in a glass tube. Next. the sample was incubated at 60°C for 24 hours. After 24 hours. the sample 
was left to cool to room temperature. When the sample reached room temperature. 3 mL of 6N HCl was 
added to the sample and hydrolyzed for 4 hours at 130°C for 4 hours. The hydrolysate was then allowed 
to cool to room temperature. then 2 mL was taken and placed in a microcentrifuge tube and centrifuged 
for 5 minutes at 10.000 rpm. The supernatant obtained was then placed in a glass tube and evaporated at 
60°C for 40 minutes. After that. 500 µL was taken and transferred into an Eppendorf tube. Then. 30 µL 
of Chloramine-T solution was added. as well as 470 µL of citrate buffer pH 6. and vortexed until 
homogeneous. Next. it was incubated at room temperature for 20 minutes. After that. 250 µL of 0.4 M 
HClO4 solution was added and homogenized. Then. 250 µL of Ehrlich solution was added and 
homogenized again. Next. the sample was incubated at 60°C for 90 minutes. The reaction results will form 
a precipitate and centrifuged at 3000 rpm for 5 minutes. Then. the absorbance was measured using a 
spectrophotometer at a wavelength of 557 nm (Gupta et al., 2016). 
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10. Data analysis 
The research data obtained from the evaluation of ointment preparations were analyzed descriptively. 

while the measurement data of the percentage of wound healing. protein content. and hydroxyproline 
content were analyzed using GraphPad Prism and SPSS 22 software. Normality and homogeneity tests 
were performed using GraphPad Prism. Data originating from normally distributed data were then 
analyzed using One-way ANOVA to determine whether there was an effect of tilapia fish scale collagen 
administration on wound healing. Then. to see significant differences between groups. it was continued 
with the Tukey test with a significance of P <0.05. Data originating from non-normally distributed and 
non-homogeneous data were then analyzed using the Kruskal Wallis test and continued with the Duncan 
test with a significance of P <0.05 to determine significant differences. To see the effect of observation 
days on wound healing. data originating from non-normally distributed and non-homogeneous data were 
then carried out the Friedman test and continued with the Wilcoxon test with a significance of P <0.05. 
Then. to determine the correlation between parameters. a correlation test was carried out using SPSS 22. 

 

Results and discussion 
 

1. Calculation of the yield 
Collagen extraction from tilapia scales with an initial weight of 307 grams yielded 150 grams of wet 

collagen. and after drying. 18 grams of dry collagen was obtained. Calculations showed that the wet collagen 
yield reached 48.86%. while the dry collagen yield was 5.86%. This dry collagen yield is relatively higher 
than previous research reports. Romadhon et al. (2019) reported tilapia collagen extraction yields of 0.53% 
from bones. 0.63% from scales. and 0.94% from skin. 

The comparatively high yield obtained here is likely attributable to particle-size reduction: the dried 
scales were ground and sieved into a fine powder before extraction. which increased the surface area 
available for contact with the solvent. Scales ground into smaller particles have a larger surface area in 
contact with the solvent. accelerating the diffusion of acetic acid into the scale tissue and maximizing 
collagen release. This principle aligns with the research of Tambun et al. (2016) stated that particle size 
influences extraction results. where the smaller the particle size. the greater the surface area of the substance. 
thus accelerating the solubility of the substance in the extraction process. The acetic acid concentration and 
the solid-to-liquid ratio applied in the present protocol were fixed rather than systematically varied. and it 
remains possible that yield could be further improved by testing a range of values for these two parameters 
in future work. 

2. Characterization with FTIR (Fourier Transform Infrared) 
Characterization was performed after collagen extraction from tilapia scales to ensure the presence of 

collagen formed from the extraction. FTIR analysis was used to identify the main functional groups present 
in the collagen samples extracted from the fish scales. The FTIR spectra are presented in Fig. (Figure 1; 
Table 3). 

 

Figure 1. FTIR Spectrum of Tilapia Fish Scale Extract 
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Based on Figure 1. the FTIR spectrum of tilapia fish scale collagen is in the range of 600 – 4000 cm-1. 
This spectrum shows several peaks that are indicators of collagen characteristics. namely at wave numbers 
3542.21; 3346.98; 2032.88; 1637.82; 1526.84; 1023.40; 638.76; 1231.71; 1445.77; 2847.12; and 1551.97. 
These five wave peaks are evidence of the presence of collagen. namely amide A. amide B. amide I. amide 
II. and amide III. The amide A peak is in the wave range In addition to these five peak points. there are 

other peak points produced from the sample. The detection results show a peak at 3542.21 cm⁻¹ as a 

hydroxyl group. The peak at 1023.40 cm⁻¹ is the alcohol group. The peak at 638.76 cm⁻¹ is the fingerprint 

region. The peak at 1445.77 cm⁻¹ is the methylene group. The peak at 2847.13 cm⁻¹ is the protein 
hydrocarbon chain. 

 
Table 3. FTIR Analysis Results of Tilapia Fish Scale Collagen Extract 

No. 
Gelombang 

(cm-1) 
Literatur (cm-1) Tampilan Pita Gugus 

Jenis 
Senyawa 

1. 3542.21 
3400 

(Mberato et al., 2020) 
Wide. overlapping. 

weak 
O – H 

Hydroxyl 
group 

2. 3346.98 
3360 – 3310  

(Mberato et al., 2020) 
Medium to wide. 

strong 
N – H Amida A 

3. 2932.89 
2935 – 2915 

(Mberato et al., 2020) 
Sharp to narrow. 

strong 
C – H Amida B 

4. 1637.83 
1690 – 1600  

(Mberato et al., 2020) 
Sharp. strong C = O Amida I 

5. 1526.84 
1575 – 1480  

(Mberato et al., 2020) 
Narrow to medium. 

medium 
N – H  Amida II 

6. 1023.40 
1020 

(Safithri et al., 2019) 
Slightly wide. 

medium 
C – O  Alcohol group 

7. 638.76 
700 

(Mberato et al., 2020) 
Overlapping. weak N – H 

Fingerprint 
region 

8. 1231.71 
1309 – 1229  

(Mberato et al., 2020) 
Sharp to medium. 

strong 
C – N  Amida III 

9. 1445.77 
1440 

(Mberato et al., 2020) 
Medium or sharp. 

medium 
C – H  

Methylene 
group 

10. 2847.13 
2845 

(Safithri et al., 2019) 
Sharp to medium. 

medium 
C – H  

Protein 
carbon chain 

11. 1551.97 
1575 – 1480 

(Mberato et al., 2020) 
Sharp to medium. 

medium 
N – H  Amida II 

 

The Amide A band detected at 3347 cm⁻¹ reflects the presence of hydrogen bonds within the protein 
structure. which are crucial for maintaining the stability of the collagen triple helix. This stability enables 
collagen to interact with fibroblasts and supports extracellular matrix formation during wound healing. 
Consistent with Oslan et al. (2022). the detection of Amide A serves as a reliable indicator of collagen 
quality. as these hydrogen bonds are directly linked to the preservation of its triple helix structure. Similarly. 

the Amide B band detected at 2933 cm⁻¹ corresponds to C–H bonds derived from amino acid residues. 
particularly proline and hydroxyproline. which sustain the collagen polypeptide framework. Its presence 
confirms that the triple helix remains intact. reinforcing the identification of the protein as collagen. In 
agreement with Slimane & Sadok (2018) and Oslan et al. (2022). Amide B is recognized as a distinctive 
marker of fish collagen and provides evidence that the extraction process preserves molecular integrity. 

The Amide I band detected at 1638 cm⁻¹ indicates the stretching vibration of the carbonyl group (C=O) 
of the peptide bond and is the most important marker in the FTIR analysis of collagen. Its presence 
confirms that the extraction process successfully maintains the basic structure of collagen. especially the 
triple helix that is characteristic of this protein. In line with the study of Oslan et al. (2022). Amide I is 
considered a primary indicator of fish collagen quality because it directly reflects the integrity of the peptide 

bond. The Amide II bands detected at 1552 and 1527 cm⁻¹ show a combination of N–H and C–N 
vibrations. in accordance with the typical characteristics of this band. Its presence confirms that the collagen 
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peptide bond remains intact. thus, maintaining the protein structure. In line with Baydogan et al. (2023). 
Amide II is an important indicator of peptide integrity in fish collagen. including in biomedical applications 

such as hydrogels for burn therapy. The Amide III band detected at 1232 cm⁻¹ exhibits C–N stretching 
and N–H bending vibrations. consistent with the typical characteristics of this band. This peak is an 
important marker for the presence of the collagen triple helix structure. as well as evidence that the 
extraction process does not damage the protein's integrity. In line with Mufidah et al. (2024). Amide III is 
considered a primary indicator of fish collagen quality because it directly reflects the stability of the triple 
helix structure. 

Overall. the FTIR results indicate that the fish scale collagen tested has all the typical collagen bands. 
namely Amide A. Amide B. Amide I. Amide II. and Amide III. These five amide bands correspond to the 
wavenumber range reported in the literature. thus, confirming that the protein produced is collagen. 
Additionally. the presence of extra bands further strengthens the results of the spectral interpretation. Thus. 
it can be concluded that the extraction process successfully produced collagen with structural characteristics 
that are still maintained and in accordance with standard collagen. The results of the FTIR analysis are 
presented in Table 3. 
 

3. Evaluation of oinment formulation 
Based on the evaluation of ointment preparations that have been carried out. through organoleptic 

tests carried out by 35 probands. it is known that the color aspect of the ointment is in accordance with the 
color code reference given in the yellow ocher earth tone color gradation identified in the color code 
#EDE8CA (light khaki) for the color of collagen extract ointment with a concentration of 5%. and the 
color code #D8CD8D (pale goldenrod) for the color of collagen extract ointment with a concentration of 
10% and 15%. This shows a tendency for color intensity to increase as collagen concentration increases. 
Furthermore. in terms of aroma. the three collagen extract ointment preparations are neutral and do not 
disturb the sense of smell. and there is no rancid aroma. Then. in terms of texture. it shows that the ointment 
preparations at three concentrations have good viscosity with a semi-solid dosage form. Through the results 
of organoleptic tests. it shows that the ointment preparations have met national quality standards in 
accordance with the Indonesian Ministry of Health No. HK.395/MENKES/SK/X/1979 states that 
ointment is a semi-solid preparation for the skin with a uniform color. normal aroma and not rancid 
(Kemenkes. 1979).  

Furthermore. through homogeneity testing. it was found that the ointment preparation had a good 
level of homogeneity. this was indicated by consistent color uniformity. both at the top. middle. and bottom 
of the ointment pot. Through pH testing. the results showed that the pH of the three ointment preparations 
was 6.5. This indicates that the tilapia fish scale collagen extract ointment has met the national standard 
based on SNI 16-4380-1996. which states that a good ointment preparation has a pH value ranging from 
4.5-6.5. This value is within the physiological pH range of human skin. which is between 4.5-6.5. which is 
considered optimal for maintaining skin moisture and preventing skin irritation (Latifah et al., 2022). Based 
on adhesion and spreadability tests. it was shown that the tilapia fish scale collagen extract ointment had an 
adhesive power for 5-5.85 minutes. This adhesive power indicates the ointment's ability to maintain 
adhesion to the skin surface well. At a 5% concentration. the ointment had a spreadability of 5.85 cm. The 
10% ointment concentration had a spread of 5.1 cm. The 15% ointment concentration had a spread of 5 
cm. This indicates that the tilapia scale collagen extract ointment meets national standards based on SNI 
16-4380-1996. which states that a good ointment preparation has an adhesive strength of more than 1 
minute with a spread of more than 3 cm. Finally. the emulsion-type test showed that the tilapia scale collagen 
extract ointment behaves as a water-in-oil preparation: a methylene blue staining test showed the oil-soluble 
dye spreading evenly through the preparation. consistent with an oleaginous continuous phase. This type 
has occlusive properties that can form a protective layer on the skin surface. thereby reducing water 
evaporation from wound tissue and maintaining skin moisture (Cahya et al., 2022). 
 

4. Observation of incision wound closure 
The wound healing process in mice was observed for 14 days. by measuring the length of the wound 

every 2 days. on days 0. 2. 4. 6. 8. 10. 12. and 14 (Figure 2). then the data was entered into equation 1. Data 
analysis of the average percentage of wound healing was carried out using the GraphPad Prism application 
and is presented in Table 4. 
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Figure 2. Observation of Incision Wounds Closure in Mice on Days 0. 2. 4. 6. 8. 10. 12. and 14 
Information: (a) Day 0. (b) Day 2. (c) Day 4. (d) Day 6. (e) Day 8. (f) Day 10. (g) Day 12. & (h) Day 14. 

Rows correspond to treatment groups: K- (untreated). K+1 (bioplacenton). K+2 (ointment base only). P1 
(5% collagen ointment). P2 (10% collagen ointment). and P3 (15% collagen ointment). 

 

Based on Figure 2. it can be seen that the wound healing process in mice occurs gradually from day 0 
to day 14. as shown in the macroscopic observations of incisional wounds in each group. On day 0. all 
groups of mice showed fully open wounds. Over time. there was a progressive increase in wound closure. 
with the peak of healing reached on day 14. At the final observation point (day 14). the mice in the P3 
treatment group (15% tilapia fish scale collagen extract ointment) showed the fastest healing rate compared 
to the other groups. On day 14. wounds were still visible in several other groups. The wound length in the 
K- group was 1.8 mm. which was the longest among the groups. The wound length in the K+1 group was 
0.6 mm. In the K+2 group. it was 2 mm. In the P1 group. the wound length was 1.3 mm. In the P2 group. 
it was 1.1 mm. The shortest wound length was found in the P3 group. at 0 mm. Based on visual appearance. 
the group of mice with the fastest wound healing process was the P3 group. 
 
Table 4. Mean Percentage of Incision Wound Closure in Mice by Treatment Group and Observation Day 

Ket. 
Mean Percentage of Wound Closure by Observation Day (%) 

2 4 6 8 10 12 14 

K- 112.0±1.67a 229.60±3.47a 344.60±4.09a 459.40±4.92a 564.00±4.35a 684.20±4.24a 690.40±4.26a 

K+1 19.6±0.67a 224.80±1.46a 344.20±2.51a 454.60±2.15a 559.20±0.58a 691.80±5.02a 691.80±5.02a 

K+2 15.8±1.24a 218.00±1.76a 331.20±2.95a 450.40±3.98a 559.60±3.76a 687.40±3.80a 787.40±3.80a 

P1 111.0±2.60a 222.40±3.77a 340.60±5.51a 450.20±4.10a 564.40±1.43a 680.60±2.58a 793.60±3.20a 



 
 

Volume 12 No. 2 (September 2026) 

Sari et al.  - 234 

P2 17.60±0.87a 224.80± 1.65a 342.60±3.34a 457.80±2.43a 566.80± 1.62a 683.60±4.40a 695.80±1.80a 

P3 18.80±1.49a 225.40± 1.56a 346.60±1.86a 457.80±1.46a 566.60±2.48a 688.20±1.80a 798.20±1.80a 

Description: K- (Group without treatment). K+1 (Group given bioplacenton). K+2 (Group given 
ointment base). P1 (Group given 5% tilapia fish scale collagen extract ointment). P2 (Group 
given 10% tilapia fish scale collagen extract ointment). P3 (Group given 15% tilapia fish scale 
collagen extract ointment). The mean value ± SE and followed by the same superscript (a) in 
one column indicates no significant difference and the subscript numbers (1. 2. 3. 4. 5. 6. 7) 
in one row indicate a significant difference with a significance value (p < 0.05). 

 
However. based on Table 4. the results of statistical tests conducted on the control and treatment 

groups on all observation days show the same superscript (a). This indicates that although visually there are 
differences in wound healing conditions in mice. when statistical tests were conducted there were no 
significant differences between each group. In other words. although the wounds were treated differently 
(no treatment. bioplacenton. ointment base. and collagen extract ointment concentrations of 5%. 10%. & 
15%). statistical analysis of the macroscopic data of the wounds showed healing at a relatively similar rate. 
This condition can occur due to several possible factors. including the condition and ability of each skin. 
the age of the test animal. and the type of wound applied. This pattern is consistent with Rodrigues et al. 
(2019). who note that in rodent models. wound closure is driven substantially by skin contraction rather 
than by the treatment applied. which can obscure differences between groups; visual assessment alone 
therefore has limited resolving power. and a molecular or histological readout would provide firmer 
evidence of a treatment effect. 

 In contrast. statistical tests conducted on the differences in treatment days in each group showed 
different subscripts. on days 0 to 14. respectively (1. 2. 3. 4. 5. 6. 7). This indicates a significant difference 
between observation days in each group. This significant difference indicates that the length of observation 
time has a greater influence on the healing process when compared to the treatment given. Furthermore. 
the significance found between observation days within each group agrees with Meyers et al. (2020). who 
noted that macroscopic wound assessment is generally more sensitive to the passage of time than to 
differences between treatments. making the observation day the dominant factor behind what a purely 
visual analysis can detect. This is in line with the biological mechanism of wound healing which occurs in 
stages and overlaps. consisting of the hemostasis phase. inflammation phase. proliferation phase. and 
remodeling phase. 
 

5. Protein and hydroxyproline assay 
Measurement of protein levels and hydroxyproline levels was carried out on the 14th day. then the data 

was analyzed using the GraphPad Prism and SPSS applications to obtain the results as in (Table 5). 

Table 5. Tissue Protein and Hydroxyproline Content in Mice on Day 14 by Treatment Group 

Group Protein content (𝝁g/mL) Hydroxyproline content (𝝁g/mL) 

K- 804.8 ± 7.35a 200.0 ± 1.77a 

K+1 452.0± 5.77c 132.1 ± 11.0b 

K+2 621.4± 3.38b 173.6 ± 3.72a 

P1 585.9± 18.37b 143.8 ± 7.26b 

P2 478.7± 6.93c 128.2 ± 0.67b 

P3 397.0± 8.55d 82.05 ± 4.45c 

Description: K- (Group without treatment). K+1 (Group given bioplacenton). K+2 (Group given 
ointment base). P1 (Group given 5% tilapia fish scale collagen extract ointment). P2 (Group 
given 10% tilapia fish scale collagen extract ointment). P3 (Group given 15% tilapia fish 
scale collagen extract ointment). Mean values ± SE and followed by superscript letters (a. b. 
c. d) for differences between groups in the same column with a significance value (p <0.05). 

 
Based on Table 5. tissue protein levels differed significantly between the treatment groups and the 

untreated control. Mice in the K- group. which received no treatment. had the highest protein content at 
804.8 ± 7.35a μg/mL. consistent with inflammation and tissue regeneration proceeding without any external 
intervention. This elevated level suggests that incision wounds in the K- group remained in an early 
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proliferative stage. since no treatment was present to hasten the transition into remodeling; a comparable 
association between tissue protein content and active extracellular-matrix synthesis during proliferation has 
been reported by Mahmoud et al. (2024). It should be noted that the Lowry assay used here quantifies total 
soluble protein rather than fibroblast number directly. so a marker such as PCNA or Ki-67 immunostaining 
would be needed to confirm proliferative activity specifically. In the K+2 (ointment base) and P1 (5% 
collagen ointment) groups. protein levels were 621.4 ± 3.38b and 585.9 ± 18.37b μg/mL. respectively; 
relative to the K- group. both values are consistent with an active proliferative phase in which collagen 
synthesis continues at a high rate. Mice in the K+1 (bioplacenton) and P2 (10% collagen ointment) groups 
had protein levels of 452.0 ± 5.77c and 478.7 ± 6.93c μg/mL. respectively. with no significant difference 
between them. indicating that the 10% ointment regulated tissue protein to an extent comparable with 
bioplacenton. Group P3 (15% collagen ointment) showed the lowest protein level. at 397.0 ± 8.55d μg/mL. 
significantly different from every other group; this may indicate that. at this concentration. the healing 
process had already advanced into a later. more resolved phase in which protein turnover slows as 
inflammation subsides. This pattern is consistent with Alberts et al. (2025). who reported that collagen-
based dressings can support remodeling by lowering inflammatory protein levels while promoting new 
collagen deposition. and with Anggraeni (2023). who observed that tissue protein demand rises during the 
early phase of wound healing before falling as the tissue matures and stabilizes. 

Based on Table 5. hydroxyproline levels likewise differed significantly between the treatment groups 
and the untreated control. Mice in the K- group showed the highest level. 200.0 ± 1.77a μg/mL. indicating 
that collagen synthesis was still proceeding through natural fibroblast activity in the absence of any 
treatment; Ding et al. (2025) similarly reported that collagen synthesis peaks during the proliferation phase. 
which can persist until around day 21 before declining as remodeling begins. Mice in the K+2 group had a 
hydroxyproline level of 173.6 ± 3.72a μg/mL. not significantly different from the K- group. suggesting that 
the ointment base alone did little to advance healing beyond the stage reached without treatment. The K+1. 
P1. and P2 groups had hydroxyproline levels of 132.1 ± 11.0b. 143.8 ± 7.26b. and 128.2 ± 0.67b μg/mL. 
respectively. with no significant differences among them. indicating that proliferation was still active in 
these groups but had begun to give way to remodeling relative to K- and K+2. Group P3 (15% collagen 
ointment) showed the lowest hydroxyproline level. 82.05 ± 4.45c µg/mL. significantly lower than every 
other group. This decline points to a more advanced remodeling stage in which collagen turnover slows as 
inflammation resolves. consistent with Ding et al. (2025). who linked falling hydroxyproline to tissue 
stabilization and reduced fibroblast activity. and with Utami et al. (2025). who associated declining 
hydroxyproline with more effective wound healing. Dira et al. (2018) similarly noted that. because 
hydroxyproline is an amino acid largely specific to collagen. its level serves as a practical indicator of collagen 
content across the healing process. 
 

Conclusion 
 

Based on the research conducted. it can be concluded that tilapia scale collagen extract ointment at 
concentrations of 5%. 10%. and 15% has good physical properties and meets the standards for topical 
preparations. Observations on all groups of test animals showed a gradual wound closure process up to day 
14 without significant differences. However. molecular analysis of protein and hydroxyproline levels 
showed that tilapia scale collagen extract ointment at a concentration of 15% has the potential to support 
the wound healing process. 
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