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Purpose: The purpose of this study was to synthesize and structurally characterize four ant nest membranes in four different 
concentrations and determine the best concentration that could potentially be used as an alternative material for the production of new 
collagen barrier membranes.
Materials and Methods: Membranes were created by mixing ant nest extracts at various concentrations of 0.5%, 1%, 1.5%, and 2%, 
as well as collagen, chitosan, and Polyvinyl Alcohol (PVA) using a film casting. A Universal Testing Machine (UTM) was used to 
evaluate mechanical properties including elastic modulus, tensile strength, maximum elongation, elongation at break, and maximum 
force. Water absorption was performed, FTIR was used for functional group identification, and morphology was examined using SEM. 
Additionally, EDS was used to identify the composition and distribution of elements in membranes. Statistical analysis was conducted 
using ANOVA (analysis of variance) and post hoc testing with a significance level of p <0.01 for quantitative data.
Results: The results showed that the mechanical properties produced the following mean (standard deviation): elastic modulus 0.87 
Mpa (0.11), tensile strength 16.32 N/mm2 (2.46), maximum elongation 4.96% (1.72), elongation at break 5.23% (1.87), and maximum 
force 22.50 N (5.06). The average water absorption capacity of all four membranes had a p-value <0.01. FTIR spectrum showed 
various peaks corresponding to functional groups, while SEM results indicated a homogeneous mixture. EDS analysis confirmed that 
the addition of ant plant extract at 0.5%, 1%, and 1.5% resulted in the presence of elements C, O, and Ca. Meanwhile, membranes 
prepared with 2% concentration had a different composition, namely C, O, Ca, and Na.
Conclusion: Increasing the concentration of ant nest affects the values of the membrane’s mechanical properties parameters, including 
the elastic modulus (0.87 Mpa), tensile strength (16.32 N/mm2), maximum elongation (4.96%), elongation at break (5.23%), and 
maximum force (22.50 N). The average membrane absorption of water (p value <0.01) was also affected. SEM images showed 
homogeneous mixing, and membrane EDS results consisted of C, O, and Ca composition. However, there was no effect on FTIR 
functional groups. The anthill membrane with a 1% concentration has the potential to serve as an alternative membrane in guided tissue 
regeneration.
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Introduction
Periodontal disease is a common oral health condition in Indonesia with a relatively high prevalence.1 The 2018 National 
Basic Health Research (RISKESDAS) report showed that the highest incidence occurred in the age group of 35–44 years, 
ranging from 75.6% to 78.3%.2 Furthermore, a study conducted by the National Institute of Dental and Craniofacial 
Research (NIDCR) in the United States stated that the prevalence was 90% in the adult population over 70 years.2 These 
figures indicate that periodontal disease is relatively high in countries such as the United States and Indonesia.2,3

The rise in periodontitis is primarily attributed to dental plaque bacteria as the main etiological factor. Periodontal 
pathogenic bacteria include Aggregatibacter actinomycetemcomitans (Aa), Porphyromonas gingivalis (Pg), and 
Tannerella forsythia. These bacteria release endotoxins that trigger the inflammatory process in periodontal tissues.1 

Inflammatory cells and exudate fluids cause degeneration of the connective tissue surrounding the gingiva, leading to 
clinical recession.2 Damage to the collagen fibers at the apical portion of the junctional epithelium results in alveolar 
bone resorption. These clinical signs can lead to tooth mobility and loss.1,4,5

The healing of bone tissue occurs in overlapping phases including inflammation, proliferation, and remodeling.6 The 
goal of remodeling is to achieve maximal bone healing regeneration,6,7 which can be achieved through reconstructive 
periodontal surgery.4,5 This procedure is usually performed in cases with severe tissue damage.8,9 This damage includes 
the alveolar bone and periodontal ligaments, often associated with more than two sides of the tissue. In many cases, there 
is vertical and angular bone damage, necessitating a matrix or material that can accelerate regeneration.8,9

One of the potential natural sources of antioxidant compounds and natural preservatives is ant nest (Myrmecodia 
pendens). The genus Myrmecodia belongs to the Rubiaceae family, which is characterized as an epiphytic plant.10 The 
genus spreads from Malaysia, through the Philippines, Sumatra, Kalimantan, Java, Papua, New Guinea, Cape York to the 
Solomon Islands and the Pacific region.10 It has been empirically proven to treat gout, inflammation, muscle pain relief, 
immune strengthening, and cancer treatment. The largest species of Myrmecodia is found on the Indonesian islands of 
Papua and Papua New Guinea.10 Furthermore, the plant is considered epiphytic because it attaches to other plants but not 
as a parasite.11 One effort to add value to wild ant plant is to investigate the chemical content analysis,10,11 including 
phytochemical and biological activity testing (such as antibacterial activity).12

Collagen has been shown to play a crucial role in clot formation and the hemostasis process. It attracts and activates 
fibroblast cells, promotes chemotaxis, has low immunogenicity, potentially increases tissue thickness, and interacts with 
various types of cells during wound healing.13–15 Several studies showed that fish scales affect wound healing16 due to 
the high collagen content. Fishery waste has diverse uses in the food industry, as well as to accelerate wound healing, and 
is a cost-effective raw material (waste) for pharmaceutical and cosmetic products. Furthermore, fish scales, skin, and 
bones are alternative sources for collagen production with great potential in dentistry. The collagen-based gel from tilapia 
fish scales exhibited anti-inflammatory activity in the healing process of incision wounds.16–18

The use of collagen as barrier membranes in GBR (Guided Bone Regeneration) has been widely practiced. 
Membranes prepared using collagen-chitosan from white snapper scales affected wound healing, as evidenced by 
increased fibroblasts and new blood vessel formation.17

This study aimed to produce collagen membranes from carp fish (Cyprinus carpio) scales with the addition of ant 
plant extract. The physicochemical characteristics of the samples were also examined.

Materials and Methods
This study used an exploratory and descriptive method, with the aim to produce membranes using a composition of ant 
plant extract and collagen from carp scales. The ant nest (Myrmecodia pendens) based on Plant Identification Sheet: 
No.156/LBM/IT/II/2023 issued by Herbarium Jatinangor, Biosystematics and Molecular Laboratory, Department of 
Biology, Faculty of Mathematics and Natural Sciences Unpad. The name of the botanist who officially identified the 
anthill plant is Irwansyah Manurung, who has identified the plant with collection number was 178. The present study 
employed freshly obtained carp scales from collectors in Kajojo, Antapani-Bandung, Indonesia. Collagen membranes 
were previously produced with 3% fish scales, 2% chitosan, and 7.5% Polyvinyl Alcohol (PVA). In this study, ant plant 
extract was added at concentrations of 0.5%, 1%, 1.5%, and 2% (%w/v). The resulting membranes were subjected to 
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testing for physical properties including thickness, width, and length gauge, as well as mechanical properties, namely, 
elastic modulus, tensile strength, maximum elongation, elongation at break, and maximum force. Additionally, water 
absorption capacity, Fourier transform infrared (FTIR), Scanning Electron Microscopy (SEM), and Energy Dispersive 
X-ray Spectroscopy (EDS) tests were also conducted. This study was carried out at the School of Pharmacy Laboratory, 
Bandung Institute of Technology, and the Laboratory of PT Biomedical Technology Indonesia, a subsidiary of PT BLST 
Holding Company of Institut Pertanian Bogor.

Materials
The materials used for making collagen membranes included ant plant extract, carp scales collagen, 2% chitosan, 
and 7.5% PVA. The equipment used comprised a homogenizer mixer, petri dishes, plastic molds measuring 7.5 cm 
× 7.5 cm, glassware, and laboratory equipment. A Universal Testing Machine (UTM) Shimadzu AGS-X series 10 
kN was used for the mechanical test, and SEM testing was conducted using a Thermofisher Quanta 650 
instrument. EDS analysis was carried out with an Oxford Instruments 15 Xplore instrument, while FTIR analysis 
was performed using a Bruker Tensor 37 instrument with an MIR light source, DTGS detector, 4 cm−1 instrument 
resolution, and 32 scans.

Preparation of Ant Nest Extract-Collagen-Chitosan-PVA Membranes
About 3% of collagen solution in acetic acid was prepared followed by overnight homogenization. Moreover, a 2% 
chitosan solution was made by mixing 4 g chitosan, 2 mL acetic acid, and 194 mL distilled water. The solution was 
then homogenized overnight followed by the preparation of a 7.5% PVA solution. The plant extract solutions with 
concentrations of 0.5%, 1%, 1.5%, and 2% were made using ethanol as the solvent. The prepared solutions of ant 
plant extract-collagen-chitosan-PVA were mixed in a 1:1:1:1 ratio, followed by overnight homogenization. The 
mixture was poured into acrylic molds measuring 7.5 × 7.5 cm with a weight of 10 g and allowed to dry at room 
temperature for a minimum of 3–4 days to achieve consistent results. The dry membranes were immersed in NaOH 
for 1 hour and washed until a neutral pH was achieved. Subsequently, membranes were frozen in a freezer at −80°C 

Goldfish scale
collagen 3%+Chitosan 
2%+PVA7.5%

Concentration of ant 
nest extract 0.5%, 1%, 
1.5% and 2%

Molding

synthesis of ant nest membrane

Figure 1 Preparation and synthesis of membranes with the addition of ant nest extract.
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for 24 hours and dried using lyophilization or freeze-drying with a freeze dryer for 4 hours. The products were 
packaged in polypropylene plastic bags and irradiated using gamma rays at a radiation dose of 25 kGy. Four 
membranes with different compositions were prepared including plant extract of 0.5% (P1), 1% (P2), 1.5% (P3), and 
2%-Collagen-Chitosan-PVA (P4).

Testing the Mechanical Properties of Membranes
The physical dimensions of composite membranes, including thickness, width, and gauge length, were measured. The 
mechanical properties were tested by measuring the elastic modulus, tensile strength, maximum elongation, elongation at 
break, and maximum force. The test procedures referred to the American Standard Mechanical method (ASTM D3039) 
using UTM Shimadzu AGS-X series 10 kN.19 Standard dumbbell-shaped membranes with two ends were clamped in the 
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Figure 2 The thickness (A), width (B), and gauge length (C) of membranes added with ant plant extract (0.5%, 1%,1.5%,2%) and Cyprinus carpio scale collagen 3%-Chitosan 
2%-PVA 7.5%.
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machine in an upper and lower position. Subsequently, one end of the membrane was pulled upward by the machine, and 
after the central part broke, the initial distance (Lo) and the break distance (L1) were measured.19

Water Absorption Testing of Membranes
Composite membranes, both irradiated and non-irradiated, were cut into sizes of 1.5 × 1 cm²20 and dried in an oven 
at 40°C for 24 hours until a constant weight (W0) was reached. Subsequently, membranes were immersed in 

Figure 3 The elastic modulus value (A), tensile strength value (B), maximum strain value (C), break strain value (D), and maximum force value (E) of membranes added 
with ant plant extract (0.5%, 1%,1.5%,2%) and Cyprinus carpio scale collagen 3%-Chitosan 2%-PVA 7.5%.
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distilled water with a volume of 50 mL for various durations of up to 24 hours to confirm complete swelling.20 The 
samples were placed on filter paper to remove surface water followed by weighing (W1).20,21 The water absorption 
was calculated using the equation:21

Analysis of Functional Groups Using FTIR Spectrophotometer
Ant plant composite membranes were cut into small pieces (0.2 × 0.2 mm), placed on KBr powder, and then analyzed 
using an FTIR spectrophotometer in the wave number range of 4000 cm−1 to 500 cm−1.22,23

Morphology Testing (SEM)
Morphological testing and analysis were conducted using SEM.24

Elemental Composition Testing (EDS)
EDS was used to identify the composition and distribution of elements in membranes,24 after completing SEM 
observations.24,25

Statistical Analysis
Data were presented descriptively including the mean values and standard deviations of the triple measurements, as well 
as ANOVA (analysis of variance) with a significance level of p < 0.01 for the water absorption testing results. Physical 
and mechanical test results were presented in tabular form. Qualitative analysis was conducted using FTIR spectro
photometer by comparing the similarity of spectra based on the match factor (MF) parameter. The results of SEM 
evaluation were also described qualitatively, and tables of EDS test results were presented.

Results
Figure 1 shows the preparation and synthesis of membranes with the addition of ant nest extract. The dimensions of the 
four membranes with different concentrations of ant plant extract are shown in Figure 2. The thickness values obtained 
included P1: 0.08 mm, P2: 0.11 mm, P3: 0.11 mm, and P4: 0.1 mm, while the width was as follows: P1 (13.55 mm), P2 
(12.35 mm), P3 (14.91 mm), and P4 (14.27 mm). Additionally, the values for the gauge length were P1: 49.74 mm, P2: 
47.75 mm, P3: 50.82 mm, and P4: 46.55 mm.

Tensile strength and elongation at break represent the maximum stress a material can withstand when pulled before 
breaking. The results for the modulus of elasticity, tensile strength, maximum elongation, elongation at break, and 
maximum force are presented in Figure 3. UTM results showed that the mean and standard deviations were as follows: 
0.87 Mpa (0.11), 16.32 N/mm2 (2.46), 4.96% (1.72), 5.23% (1.87), and 22.50 N (5.06), respectively.

Table 1 Absorption Capacity of Ant Plant 
Membranes

Ant Plant Membranes Average ± SD

P1 433.331±5.45*

P2 668.042±0.32*

P3 217.813±0.37*

P4 197.014±0.53*

Notes: P1: Membranes with 0.5% ant plant extract, P2: 
1% ant plant extract, P3: 1.5% ant plant extract, P4: 2% 
ant plant extract. Significance value P = * = p <0.001.
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The results of the water absorption measurements conducted three times on membranes with concentrations of 0.5%, 1%, 
1.5%, and 2% are shown in Table 1. ANOVA showed p <0.001, indicating a highly significant difference between treatments.

FTIR results are presented in Figure 4, while the characteristics of functional groups in ant plant membranes are 
shown in Table 2.

In the amide A absorption curve, samples P1, P2, P3, and P4 showed a broad absorption at 3252–2917 cm−1, 3213– 
2907 cm−1, 3229–2919 cm−1, and 3206–2910 cm−1, while for amide I, broad absorptions were observed at 1636 cm−1, 
1635 cm−1, 1645 cm−1, and 1635 cm−1, respectively. The amide II absorption regions for samples P1, P2, P3, and P4 were at 
1536 cm−1, 1534 cm−1, 1546 cm−1, and 1531 cm−1. The last specific absorption region was amide III, at 1319 cm−1, 1316 cm−1, 
1322 cm−1, and 1313 cm−1, respectively. FTIR test results also detected the spectrum curve of PO42- in all four samples.

The SEM test results were presented in Figure 5 and the surface pores in (A) showed that the addition of 0.5% ant 
plant extract resulted in the largest pores and the most widely spaced fiber bonds. This was followed by smaller pore 
sizes in (Figure 5B and C) with the addition of 1% and 1.5% concentrations, respectively. The 2% ant plant extract 

Table 2 FTIR Functional Groups of Ant Plant Membranes

Functional Group Wavelength (cm-1) Wavelength (cm-1)

P1 P2 P3 P4

O-H stretching 3750–3000 3252 3213 3229 3206

N-H stretching 3300–3500 2917 2907 2919 2910

Amide I 1600–1690 1636 1635 1645 1635

Amide II 1480–1575 1536 1534 1546 1531

Amide III 1229–1301 1319 1316 1322 1313

PO42- 1013 1017 1078 1017

Notes: P1: Membranes with 0.5% ant plant extract, P2: 1% ant plant extract, P3: 1.5% ant plant extract, P4: 
2% ant plant extract.

%

%

%
%

Figure 4 FTIR spectrum of ant plant membranes 0.5% (grey line), 1% (red line), 1.5% (blue line) and 2% (green line).
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concentration in (Figure 5D) yielded the smallest pores and the closest fiber bonds, but air bubbles remain present. The 
sizes of membranes cross-section were as follows: (Figure 5E) 35.22 to 40.35 µm, (Figure 5F) 34.73 to 37.79 µm, 
(Figure 5G) 89.77 to 95.20 µm, and (Figure 5H) 93.31 to 98.86 µm.

A B

C D

E F

G H

Figure 5 SEM results with a 1000x (scale 20 µm) magnification of collagen membranes from carp scales with the addition of ant plant extract (A) 0.5%, (B) 1%, (C) 1.5%, and (D) 
2%. SEM cross-section results with a 1000x magnification of collagen membranes from carp scales with the addition of ant plant extract (E) 0.5%, (F) 1%, (G) 1.5%, and (H) 2%.
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The spectra for the distribution of elements or components of membranes based on the EDS test are shown in 
Figure 6 and Table 3. P1 consisted of C (56.2%), O (42.6%) and Ca (0.7%), P2: C (58.2%), O (40.7%) and Ca (0.8%), 
P3: C (59.1%), O (39.6%) and Ca (0.5%), as well as P4: C (60.1%), O (39.2%), Ca (0.3%) and Na (0.4%).

Discussion
Based on the results, the thickness of membranes did not significantly affect mechanical properties. The tested 
membranes had a smaller thickness (0.20 mm) and a higher maximum tensile stress (13.0 MPa) than Bio-gide®, 
Remaix®, and OssixPlus®.26,27 The differences in the properties may be attributed to variations in materials and 
microstructure. The samples studied had a maximum tensile strength of 14.43 MPa, well above Bio-gide® and other 

(A) (B)

(C) (D)

Figure 6 EDS spectrum results with a 1000x (scale 20 µm) magnification of collagen membranes from carp scales with the addition of ant plant extract (A) 0.5%, (B) 1%, 
(C) 1.5%, and (D) 2%.

Table 3 EDS Result of Ant Plant Membranes

Ant Plant  
Membranes

Elements  
(%)

C O Ca Na

P1 56.2 42.6 0.7 –

P2 58.2 40.7 0.8 –

P3 59.1 39.6 0.5 –

P4 60.1 39.2 0.3 0.4

Notes: P1: ant plant 0.5%, P2: ant plant1%, P3: ant plant1,5%, P4: ant plant 2%.
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commercial products, indicating better clinical performance.27 The results in Figures 1 and 2 showed that the addition of 
different ant plant concentrations significantly affected gauge thickness, width, and length. The treatment also caused 
variations in the values of elastic modulus, tensile strength at break, maximum elongation, elongation at break, and 
maximum force.

The ability to absorb water is one of the parameters in membrane characterization. Based on the results, the highest 
absorption was observed in membranes with the lowest chitosan/collagen mixture.28 Table 1 presents unique variations 
in absorption capacity, where the sample added with 1% concentration had the highest absorption capacity compared 
to others.

The SEM results in Figure 3 shows that the higher the concentration of ant plant extract added, the smaller the visible 
pore image. However, air bubbles were present in the sample prepared by adding 2% ant extract. Membranes exhibited 
a microarchitecture of pores and interconnections in their surface, providing space for vascularization.29 The main 
limitation of electron microscopy is the fixation and dehydration procedures during biological tissue preparation. These 
challenges are further exacerbated by the use of NaOH in tissue processing.30 To mitigate these limitations, electron 
microscopy can be enhanced by second wave generation (SHG) and two-photon induced fluorescence (TPEF), which 
provide a comprehensive view of the fiber arrangement across membranes.30

EDS microanalysis is an elemental analysis technique commonly used in conjunction with electron microscopy to 
identify the presence of elements in a sample.31 Figure 4 and Table 3 show that the four membranes contain the 
C element as a marker for the presence of organic components.

Conclusion
In conclusion, ant plant membranes have the potential to be developed for guided tissue regeneration. Based on the 
results, increasing the concentration of the extract affected the mechanical properties (elastic modulus (0.87 Mpa), tensile 
strength (16.32 N/mm2), maximum elongation (4.96%), elongation at break (5.23%), and maximum force (22.50 N)), as 
well as water absorption (p value <0.01), SEM images showing homogeneous mixing, and EDS parameters consisting of 
C, O, and Ca composition. However, the FTIR results showed that there was no change in the absorption peaks in all 
treatments, indicating no change in the functional groups. The anthill membrane with 1% concentration has the potential 
to be used as an alternative membrane in guided tissue regeneration.
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