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ABSTRACT 

Diabetic foot sores are one of the chronic complications of diabetes mellitus that is at risk of causing disability, 

amputation, and death. Wound management generally uses chemical antiseptic solutions such as povidone-iodine 

or physiological NaCl, but long-term use can cause irritation and slow down the healing process. A natural 

alternative that has begun to be developed is green betel leaves (Piper betle Linn), which are known to contain 

flavonoids, tannins, saponins, and eugenols. This ingredient acts as an antibacterial, anti-inflammatory, and 

supports tissue regeneration, so it has the potential to be used as a natural wound wash. This study uses a quasi-

experimental design with a pre-post test group design approach. The sample consisted of 34 patients with diabetic 

leg wounds, divided into two groups consisting of 17 respondents receiving wound treatment using green betel 

leaf decoction, while the other 17 respondents used NaCl solution Intervention was carried out every 3 days for 1 

month (8 treatments). Wound healing evaluation was carried out using the Perdanakusuma II questionnaire and 

analyzed by the Generalized Estimating Equations (GEE) test. The results showed that both interventions were 

effective in lowering the category of severe injuries and increasing the number of patients recovering. 

Nevertheless, the use of green betel leaf decoction shows advantages in terms of stability and consistency of the 

wound healing process. These findings confirm the potential of green betel leaves as a safe, effective, efficient, 

and economical treatment solution. 
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INTRODUCTION  

Diabetic foot injuries are one of the chronic complications of diabetes mellitus that often cause disability and 

increase the risk of amputation and even death (Varol et al., 2025). This condition occurs due to peripheral 

neuropathy, ischemia, and infection, which inhibits the wound healing process. Currently, a variety of wound care 

methods have been used, including the use of wound washing using povidone-iodine or physiological NaCl 

(Mackay et al. 2025;Liang et al. 2025). However, long-term use of chemicals can cause irritation of healthy tissues 

and slow down the epithelialization process or inhibit wound healing (Suzuki et al. 2024; Hahn and Weber 2023). 

The search for effective, efficient and safe alternatives is indispensable and is a major concern in wound care. One 

of the important aspects of wound care is to wash the wound using a natural wound washing solution, such as a 

decoction of green betel leaves (Piper betle Linn) (Lien et al., 2015). Green betel leaves are gaining attention as a 

potential wound treatment alternative, but this method is still not commonly applied in standard clinical practice 

and empirically limited clinical evidence is still limited to support the use of green betel leaves as a diabetic foot 

ulcer wash. 

It is estimated that by 2025 the number of people with diabetes worldwide will reach around 300 million people, 

with the incidence of diabetic foot injuries at 2% and the prevalence ranging from 5–7%. This condition has 

serious implications, considering that up to 85% of diabetic foot ulcer patients are at risk of undergoing 

amputation. Epidemiological studies also report that more than one million amputations are performed in people 

with diabetes each year, which is equivalent to one case of diabetic leg amputation every 30 seconds worldwide. 

In Indonesia, the prevalence of diabetic foot injuries is reported to be quite high, which is around 12% with a risk 

of injury of 55.4% (Hidayat et al., 2024). Another study stated that the prevalence of diabetic foot ulcer reached 

15% with an amputation rate of 30% and mortality of 32% (Kalsum et al., 2023). Meanwhile, Riskesdas data in 

2019 shows that the prevalence of diabetic foot ulcers nationally is 19.47%, with East Java Province being 

included in the top 10 regions with the highest prevalence, reaching 6.8% (Purwanto et al., 2024). 

Wound treatment using a decoction of green betel leaves (Piper betle Linn.) has the potential to be an effective 

alternative method in accelerating the healing of diabetic leg wounds (Iskandar et al., 2020). Green betel leaves 

are known to contain various bioactive compounds, such as flavonoids, tannins, and saponins, which have 

antibacterial, anti-inflammatory activity, and are able to accelerate the process of re-epithelialization of wound 

tissue. These compounds play an important role in cleaning wounds from pathogenic microorganisms, lowering 

inflammation levels, and creating an environment conducive to tissue regeneration (Biswas et al. 2022; Nie et al. 

mailto:cerianurhayati@stikeshangtuah.sby.ac.id


Genetics and Molecular Research 25 (17s): 2026      2 

2025). Green betel leaf extract inhibits the growth of various pathogenic bacteria, such as Staphylococcus aureus 

and Pseudomonas aeruginosa, which are often the cause of wound infections. The active compounds contained 

in green betel leaves are also able to stimulate the angiogenesis process as well as accelerate the granulation phase, 

which is an important stage in the wound healing process (Liang et al. 2025; Anwar et al. 2025). 

The utilization of green betel leaf is also superior in terms of availability and cost. This material is easy to obtain, 

relatively inexpensive, and can be a solution for patients who have limited access to high-cost medical care. Thus, 

decoction of green betel leaves as a wound washing agent not only serves to accelerate epithelialization and reduce 

the risk of infection, but also has the potential to improve the quality of life of patients with diabetic foot injuries. 

Based on this description, this study aims to analyze the effectiveness of green betel leaf decoction as a wound 

washing liquid to accelerate the healing of diabetic foot ulcers, so that it can be a more natural, safe, and affordable 

treatment alternative. 

 

MATERIALS AND METHODS 

This study used a quasi-experimental design with a pre-post test group design on 34 patients with grade 3–4 

diabetic lesions at Sidoarjo Wound Treatment House, Indonesia. The sample was divided into two intervention 

groups. Group 1 (n=17) used a green betel leaf decoction solution, and Group 2 (n=17) used a standard NaCl 

solution The inclusion criteria included patients with blood sugar at <200 mg/dl and willing to follow treatment, 

while exclusion were patients who did not complete treatment or had comorbidities. The betel leaf solution is 

made from 7 green betel leaves boiled in 1000 mL of water for 10–15 minutes, then filtered and used for a 

maximum of 24 hours. Both groups received wound care once every 3 days for 1 month (8 times). Wound healing 

was evaluated using the Perdanakusuma II questionnaire (indicators: wound color, inflammation/infection, and 

exudate) with categories: severe (10–16), moderate (8–9), mild (5–7), healed (3–4). The effectiveness analysis 

was carried out by the Generalized Estimating Equations (GEE) test of logit ordinal ordinals. This research has 

received ethical approval from the Hang Tuah College of Health Sciences Surabaya on May 20, 2025 with No. 

PE/229/V/2025/KEP/SHT. 

 

RESULTS AND DISCUSSION 

Table 1. Characteristics of diabetic foot ulcer respondents in intervention groups 1 (washing wounds 

using green betel leaf decoction) and intervention 2 (washing wounds using NaCl liquid) at the Surabaya 

Wound House (n=34) 

No Respondent Characteristics 
Intervention 1 Intervention 2 

F % f % 

1 Age 45-59 Years 12 70.6 16 94.1 

>60 Years 5 29.4 1 5.9 

2 Gender Woman 10 58.8 10 58.8 

Man 7 41.2 7 41.2 

3 Work Housewives 8 47.1 7 41.2 

Factory Workers 0 0 3 17.6 

Self employed 8 47.1 4 23.5 

Entrepreneurial 0 0 3 17.6 

Pensioner 1 5.9 0 0 

4 Long suffering from DM 1-3 Years 14 82.4 16 94.1 

3-5 Years 2 11.8 1 5.9 

>6 Years 1 5.9 0 0 

5 
Family History of DM 

Ada 7 41.2 13 76.5 

None 10 58.8 4 23.5 

6 Diet Yes 17 100 17 100 

No 0 0 0 0 

7 Physical Exercise Yes 6 35.3 7 41.2 

No 11 64.7 10 58.8 

8 Consumption of DM Drugs Yes 16 94.1 17 100 

No 1 5.9 0 0 

9 Authoritative Diseases Ada 5 29.4 3 17.6 

None 12 70.6 14 82.4 

10 IMT Normal 9 52.9 13 76.5 
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No Respondent Characteristics 
Intervention 1 Intervention 2 

F % f % 

Fat 3 17.6 3 17.6 

Obesity 5 29.4 1 5.9 

 

Table 1 shows that the characteristics of respondents in intervention group 1 who used green betel leaf decoction 

were mostly 45–59 years old (70.6%), female (58.8%), working as housewives (47.1%) or self-employed (47.1%), 

suffering from diabetes mellitus for 1–3 years (82.4%), having a family history of diabetes (41.2%), dieting 

(100%), not exercising regularly (64.7%),  taking diabetes medication (94.1%), not having comorbidities (70.6%), 

and having normal BMI (52.9%) with some others being obese (29.4%). Characteristics of respondents in 

intervention group 2 who used NaCl solution 0.9%, Most were 45–59 years old (94.1%), female (58.8%), worked 

as a housewife (41.2%) or self-employed (23.5%), suffered from diabetes mellitus for 1–3 years (94.1%), had a 

family history of diabetes (76.5%), dieted (100%), did not exercise regularly (58.8%), all took diabetes medication 

(100%),  did not have comorbidities (82.4%), and had normal BMI (76.5%) with others being obese (17.6%) and 

obese (5.9%). 

 

 
Figure 1. Diabetic Foot Ulcer  Healing Conditions in Intervention Group 1 (Washing Wounds Using Green 

Bethel Leaf / Piper Batle Linn) and Intervention Group 2 (Washing Wounds Using NaCl) 

 

Graph 1 shows that intervention group 1 treated by washing wounds using a decoction of green betel leaves (Piper 

betle Linn) experienced a progressive wound healing trajectory, from severe wounds to moderate wounds to 

recovery. Initial observations in the time period 1–2 of the serious category are still dominant. Periods 3–4 times 

there was a significant shift to the moderate category. In the 5th time period, there was a slight increase in the 

serious category. In the period of times 6-8, the serious category continued to decline, while the recovery category 

increased sharply until it became dominant in Times 8.  

Intervention group 2 by washing wounds using NaCl liquid at Times 1–2 was dominated by the Serious category, 

with almost no patients in the other category. From Times 3–5, the number of Serious decreases consistently, 

while the Moderate and Mild categories increase. Times 6–8, there is another increase in the Serious category, 

followed by a slight increase in Recovery. 

 

Table 2. Parameter Estimate Generalized Estimating Equations (GEE) Ordinal Cumulative Logit in 

intervention group 1 (washing wounds using Green Bethel Leaf/Piper Batle Linn) and intervention group 

2 (washing wounds using NaCl) 

Parameter B HERSELF Forest χ² p-value 
OR 

(Exp(B)) 

95% CI 

OR 

Lower 

95% CI OR 

Upper 

Treatment=2 vs 

1 

-0.523 0.989 0.28 0.597 0.593 0.085 4.119 
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Parameter B HERSELF Forest χ² p-value 
OR 

(Exp(B)) 

95% CI 

OR 

Lower 

95% CI OR 

Upper 

Times=2 -1.672 0.672 6.184 0.013 0.188 0.05 0.702 

Times=3 -2.632 0.767 11.775 0.001 0.072 0.016 0.324 

Times=4 -3.129 0.82 14.565 0.0 0.044 0.009 0.218 

Times=5 -3.737 0.923 16.415 0.0 0.024 0.004 0.145 

Times=6 -4.278 0.954 20.128 0.0 0.014 0.002 0.09 

Times=7 -4.541 0.938 23.462 0.0 0.011 0.002 0.067 

Times=8 -4.339 1.031 17.714 0.0 0.013 0.002 0.098 

Times=2 * 

Treatment=2 

1.672 0.681 6.028 0.014 5.323 1.401 20.226 

Times=3 * 

Treatment=2 

2.019 0.859 5.52 0.019 7.532 1.398 40.595 

Times=4 * 

Treatment=2 

1.813 0.952 3.625 0.057 6.127 0.948 39.59 

Times=5 * 

Treatment=2 

1.857 1.041 3.18 0.075 6.404 0.832 49.293 

Times=6 * 

Treatment=2 

1.343 1.079 1.547 0.214 3.829 0.462 31.757 

Times=7 * 

Treatment=2 

1.304 1.033 1.595 0.207 3.685 0.487 27.892 

Times=8 * 

Treatment=2 

0.606 1.15 0.278 0.598 1.833 0.193 17.45 

 

Table 2 shows that the results of the model test showed that the main effects of treatment (intervention 1 compared 

to intervention 2) were not statistically significant (p=0.597; OR=0.593; 95% CI: 0.085–4.11), so it can be 

interpreted that both interventions have relatively equal effectiveness in influencing clinical outcomes in the 

observation period.  

The time effect had a significant effect on the entire measurement period (Times 2–8, p<0.05), indicating a 

progressive improvement in wound conditions in all groups. The odds ratio of <1 in the period suggests that the 

patient's chances of remaining in the category of higher severity of injuries have decreased over time.  

The effect of time × treatment interaction showed significant results at Times 2 (p=0.014; OR=5,323; 95% CI: 

1.401–20.226) and Times 3 (p=0.019; OR=7,532; 95% CI: 1,398–40,595). These findings indicate that the group 

that received treatment with green betel leaf decoction was more effective compared to the group that received 

treatment using a NaCl solution. 

In Times 4–8, the interaction was not significant (p>0.05), although trend patterns suggest that betel leaf groups 

remain more stable in the transition to the recovery category than the NaCl group, which tends to fluctuate in the 

mid-phase. Clinically, these findings indicate that green betel leaf decoction works more optimally in the early to 

intermediate phases of wound healing, while the long-term effect shows a relatively more stable consistency of 

repair than NaCl. 

 

DISCUSSION 

1. Analysis of wound washes using green betel leaves 

Thorough discussion represents the causal effect mainly explains for why and how the results of the research were 

taken place, and do not only re-express the mentioned results in the form of sentences, not repeat them. Concluding 

sentence should be given at the end of the discussion. 

Graph 1 shows that intervention group 1 treated by washing wounds using a decoction of green betel leaves (Piper 

betle Linn) experienced a progressive wound healing trajectory, from severe wounds to moderate wounds to 

recovery. Initial observations in the time period 1–2  of the serious category  are still dominant. Periods 3–4 times 

there was a significant shift to the moderate category. In the 5th time period, there was a slight increase in the 

serious category. In the period of times 6-8, the serious category  continued to decline, while the recovery category  

increased sharply until it became dominant in Times 8. 

The effectiveness of green betel leaves in accelerating wound healing through the biological mechanisms of the 

active compounds it contains. The flavonoids, tannins, phenols, eugenols, and essential oils in betel leaves are 

known to have antibacterial, antioxidant, and anti-inflammatory properties. This compound works by inhibiting 

the growth of pathogenic bacteria, reducing excessive inflammatory responses, and neutralizing free radicals that 

can inhibit tissue regeneration so that the wound condition becomes more stable and the granulation and 

epithelialization process can take place more optimally (Chế Thị et al., 2021). This is in line with research by 

Kumar, Singh, & Sharma (2023) and Rahayu, Suhartono, & Wibowo (2022) which identified that the bioactive 

content in betel leaves plays a role in accelerating wound tissue regeneration through antimicrobial and anti-

inflammatory activities (Kumar, P., Singh, R., & Sharma 2023; Rahayu, T., Suhartono, E., Wibowo 2022). 



Genetics and Molecular Research 25 (17s): 2026      5 

Pharmacologically, the advantages of betel leaves can be explained through their bioactive content. Flavonoids 

function as antioxidants that accelerate the epithelial process of wound tissue (Li et al., 2025), tannins act as 

astringents that help stop light bleeding and accelerate tissue contraction (Najman et al., 2023), saponins promote 

angiogenesis and the formation of new granulated tissues (Taufik et al., 2024), while eugenol has antibacterial 

and anti-inflammatory effects that suppress the colonization of pathogenic microorganisms (Pavarino et al., 2026). 

The combination of these compounds is able to create a wound environment that is more conducive to tissue 

regeneration. 

Empirical support was also obtained from a study by Wijaya et al. (2024) which showed that green betel leaf 

extract was able to inhibit the growth of Staphylococcus aureus and Pseudomonas aeruginosa, two pathogenic 

bacteria that often cause infections in DFU (Wijaya, H., 2024). This is particularly relevant, considering that 

infection is one of the main factors that slow down the healing of diabetic wounds. Similar findings were also 

reported by Raudah, Wahid, & Huzaimah (2022) who explained that the antimicrobial activity of betel leaves is 

able to reduce inflammation and create a wound environment that is more conducive to tissue regeneration 

(Raudah et al., 2022). 

Graph 1 in intervention group 1 treated with green betel leaf decoction (Piper betle Linn) experienced a 

progressive wound healing trajectory, from severe wounds to moderate wounds to recovery. These results show 

a progressive shift in the condition of the wound, starting from the dominance of severe injuries in the initial 

period, then gradually decreasing as the category of moderate injuries increases, until finally reaching the recovery 

stage in the final period. This pattern confirms the effectiveness of green betel leaves as a therapeutic agent that 

works through biological mechanisms, namely inhibiting bacterial growth, reducing inflammatory responses, 

neutralizing free radicals, and stimulating the formation of new tissues.  

Initial observations in the time period 1-2 which were treated by washing the wound using a decoction of green 

betel leaves (Piper betle Linn), most of the patients were in the category of serious wounds. This condition is 

normal because diabetic foot ulcer (DFU) generally develops chronically and complexly, so patients are only 

detected or treated when the wound has entered a severe phase. Clinical factors underlying the condition include 

hyperglycemia that slows down the healing process through increased oxidative stress and impaired immune cell 

function, sensory neuropathy that causes a delay in the detection of minor trauma to the legs, and angiopathy that 

reduces the supply of oxygen and nutrients to the wound area thereby inhibiting the formation of granulated tissue.  

The findings of this study are consistent with previous literature that confirms that most DFU patients require 

intensive intervention from the beginning of treatment to prevent the progression of the wound from becoming 

more severe and increase the chances of recovery (Dutta A, Bhansali A 2023; Rismayanti et al. 2022). The initial 

observation stage (time 1-2) of the intervention with wound washing using green betel leaf (Piper betle Linn) did 

not provide a clinically significant change in the rate of DFU healing. This is understandable considering that in 

the initial phase, the condition of the wound is still in the severe category so it takes time and consistency of 

intervention before meaningful clinical changes occur.  

Observations in the Times 2–3 period, there was a sharp decline in the Serious category, accompanied by a 

significant increase in the Moderate category which even became the most category in Times 3–4. This shift 

signals that the inflammatory process is beginning to be brought under control and the granulation phase is 

beginning to take shape, according to the biological mechanisms of bioactive compounds in betel leaves, such as 

flavonoids, tannins, phenols, eugenols, and essential oils, which are known to have antibacterial, antioxidant, and 

anti-inflammatory activity. These compounds work by inhibiting the growth of pathogenic bacteria (e.g., 

Staphylococcus aureus and Pseudomonas aeruginosa), lowering oxidative stress, and reducing the inflammatory 

response overstimulus, making the wound environment more conducive to tissue regeneration (Kumar, P., Singh, 

R., & Sharma 2023;Raudah, Wahid, and Huzaimah 2022; Chế Thị, Nguyễn, and Lê Hoàng 2021; Rahayu, T., 

Suhartono, E., Wibowo 2022;Saraswati 2022 ;Saraswati 2022) 

Observations in periods 5-8, interestingly in Times 5 there was a re-increase in the Serious category. This 

phenomenon can be explained as part of the dynamics of chronic wound healing, in which some patients 

experience fluctuations in wound conditions due to systemic factors (unstable blood sugar control, nutritional 

status, or wound care adherence) as well as local factors (reinfection or mechanical stress on the wound area). 

However, this condition did not last long, because in the following period (Times 6–8) the number of injuries in 

the Serious category continued to decrease. This consistent decrease shows that the therapeutic effect of green 

betel leaves is more dominant than inhibitory factors, so that it is able to maintain the stability of the wound 

environment for a longer period of time. 

Furthermore, starting from Times 5, it can be seen that the Recovery category is starting to increase clearly, with 

a consistent trend until it reaches a peak in Times 8. This improvement shows that patients who were previously 

in a condition of severe or moderate injury, gradually experience the tissue recovery process through 

epithelialization and remodeling. Thus, the overall results of this study show a clinical shift from severe to 

moderate wounds until finally recovery, which indicates the effectiveness of green betel leaf decoction as an 

additional therapy in DFU management. 

This finding is in line with the research of Hariani et al. (2021) who reported that the use of betel leaf boiled water 

as a wound soaking method showed a more significant reduction in wound scores than the moist wound healing 

method (Hariani Mustari & Ardi, 2021). The study reported by Wijaya (2024) confirms the potential of betel leaf 

extract as a natural antiseptic against pathogenic bacteria that cause DFU infection (Wijaya, H., 2024). In addition, 
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a systematic review by Dubey et al. (2023) also reinforces that Piper betle has important pharmacological 

potential, although more extensive clinical trials are still needed to confirm promising pre-clinical evidence 

(Dubey et al., 2023). 

The results of this study make an important contribution to the empirical evidence regarding the effectiveness of 

green betel leaves in the treatment of diabetic wounds. Washing wounds with green betel leaves can be an 

alternative to standard therapy, especially in accelerating the transition from severe chronic wounds to a recovered 

condition (M A Anwar et al., 2025). However, the fluctuations that had appeared in Times 5 are an important note 

that diabetic wound treatment requires a holistic approach, including metabolic control, nutrition, and patient 

education, so that the results of herbal therapy can be more optimal. 

These findings also provide a scientific basis for nursing practice to consider the use of phytotherapeutic agents 

as complementary therapies in DFU management. However, this study has limitations due to the relatively short 

duration of the intervention and the limited number of samples, so generalization of results still needs to be done 

carefully. The implication of this study is the need for further research with a randomized controlled trial (RCT) 

design to assess the effectiveness, safety, and potential integration of the use of green betel leaves into the standard 

of care of diabetic wounds more broadly. 

 

2. Analysis of wound washes using NaCl 

Graph 1 shows that intervention group 2 by washing wounds using NaCl liquid in Times 1–2 was dominated by 

the Serious category, with almost no patients in the other category. From Times 3–5, the number of Serious 

decreases consistently, while the Moderate and Mild categories increase. Times 6–8, there is another increase in 

the Serious category, followed by a slight increase in Recovery. 

NaCl is an isotonic solution that is safe for the body, non-irritating, protects granulated tissues from dry conditions, 

maintains moisture around the wound, and helps the wound undergo the healing process (Shantika et al. 2023; 

Farida et al. 2024;Dewi et al. 2024; Astuti et al.2025).       

Wound cleaning using NaCl aims to remove excess wound fluid, residual metabolism in body fluids so that wound 

moisture can occur. Maintaining moisture inside the wound is essential for creating autolytic debridement 

(Articles 2023; Farida et al. 2024).  

The mechanism of NaCl as a wound wash with irrigation techniques plays a role in removing debris and necrotic 

tissue attached to the base of the wound, so that it is able to reduce the microbial load on the wound surface and 

minimize the risk of secondary infection. Clean and moist wound conditions have been proven to support immune 

cell activity in the phagocytosis process, increase the formation of granulated tissue, and accelerate 

epithelialization. A well-controlled wound environment ultimately creates physiological conditions conducive to 

the healing process, especially in cases of Diabetic Foot Ulcer (DFU) which is prone to delayed tissue regeneration 

(Zhao et al. 2024; Baid et al. 2025; Malviya et al. 2022) 

Initial observations in the 1-2 time period, which were treated by washing wounds using NaCl, showed that most 

patients were in the category of serious injuries. This condition is normal because diabetic foot ulcer (DFU) 

generally develops chronically and complexly, so patients are only detected or treated when the wound has entered 

a severe phase. Clinical factors underlying the condition include hyperglycemia that slows down the healing 

process through increased oxidative stress and impaired immune cell function, sensory neuropathy that causes a 

delay in the detection of minor trauma to the leg, and angiopathy that reduces the supply of oxygen and nutrients 

to the wound area thereby inhibiting the formation of granulated tissue.  

The findings of this study are consistent with previous literature that confirms that most DFU patients require 

intensive intervention from the beginning of treatment to prevent the progression of the wound from becoming 

more severe and increase the chances of recovery (Dutta A, Bhansali A, 2023); Rismayanti et al. 2022).  In 

addition, in the early stages of the intervention, with wound washing using NaCl, has not provided a clinically 

significant change in the rate of DFU healing. This is understandable considering that in the initial phase, the 

condition of the wound is still in the severe category so it takes time and consistency of intervention before 

meaningful clinical changes occur. 

Observations in the Time 3-5 period showed a decrease in the number of injuries in the severe category (Serious) 

and an increase in the moderate (Moderate) and mild (Mild) categories. This condition indicates that as time goes 

on, wound washing using a NaCl solution begins to have a noticeable therapeutic effect. This effectiveness is due 

to through more optimal wound cleaning mechanisms, reduced microbial load, and improved tissue conditions 

due to the creation of a cleaner and moist wound environment (Zhao et al., 2024); Baid et al. 2025; Malviya et al. 

2022). In addition, supporting factors such as proper use of wound dressing, debridement measures, infection 

control, and general patient care also contribute to clinical improvement. 

Observations in the 6-8 time period found that there was an increase in the number of injuries with the serious 

category, especially in the 6-7 period. This condition occurs because of several possibilities, namely wounds that 

experience new complications, such as secondary infections, dehiscence, or are influenced by patient factors, such 

as poor nutritional status (malnutrition) or vascular disorders, so that the healing process is hampered.  After Times 

6–7, there was a slight increase in the Recovery category. This signifies that after the fluctuation/worsening phase 

returns, there are some patients starting to show noticeable clinical healing or improvement. Recovery can be 

slow, depending on the initial condition of the wound, systemic support, and patient adherence. 
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The findings of this study support that wound washing with NaCl has an important role in the intermediate to 

advanced phase of the DFU healing process, especially as an initial step in wound bed preparation. However, 

these results also imply that a combination of interventions such as proper dressing, debridement, infection 

control, and comprehensive care of patients is necessary for the Moderate and Mild categories to increase 

significantly and Serious injuries to decrease stably. 

 

3. Comparative analysis of wound washing using decoction of green betel leaves and Nacl 

Table 2 shows that the results of the model test showed that the main effects of treatment (intervention 1 compared 

to intervention 2) were not statistically significant (p=0.597; OR=0.593; 95% CI: 0.085–4.11), so it can be 

interpreted that both interventions have relatively equal effectiveness in influencing clinical outcomes in the 

observation period. This phenomenon occurred because the results of initial observations in the 1–2 time period, 

all research groups showed the dominance of the Serious category, both in the intervention group and the control 

group. In the initial phase, there was no significant clinical difference between the two groups in the cure rate of 

diabetic foot ulcer (DFU). This is understandable because most patients come with chronic and complex wounds, 

so the tissue repair process takes longer to provide noticeable clinical changes. The results of this study are in line 

with the research of Smith-Strom (2017), if patients come with severe and long-standing injuries, then it is not 

surprising that there has not been a significant clinical difference between the intervention-controls, as their 

severity and duration slow down the healing process in general (Smith-Strom et al., 2017). 

Table 2 shows that the effect of time exerted a significant effect on the entire measurement period (Times 2–8, 

p<0.05), indicating a progressive improvement in wound conditions in all groups. The odds ratio of <1 in the 

period indicates that the patient's chances of remaining in the category of higher severity of injuries decrease over 

time. The results showed that the wound condition in both intervention groups, both intervention group 1 using 

green betel leaf decoction (Piper betle Linn) and intervention group 2 using a 0.9% NaCl solution for wound 

washing, was proven to be effective in improving the condition  of diabetic foot ulcer from severe wound (Serious) 

to a wound recovery condition during the treatment period. The findings of this study show that with increased 

time and consistency in treating diabetic wounds,  the wound healing process has increased. 

These findings are also consistent with previous studies that reported that the duration of therapy and consistency 

of wound management are important factors in accelerating the wound's transition from severe to healing (Smith-

Strom et al., 2017). Thus, the timing and consistency of wound care are important determinants that naturally 

affect the dynamics of wound healing, regardless of the type of intervention given. 

Table 2 shows the effect of time × treatment interaction showed significant results at Times 2 (p=0.014; 

OR=5,323; 95% CI: 1.401–20.226) and Times 3 (p=0.019; OR=7,532; 95% CI: 1,398–40,595). These findings 

indicate that the group that received treatment with green betel leaf decoction was more effective compared to the 

group that received treatment using a NaCl solution. Observations in the period of 2–3 intervention groups 1 who 

washed wounds using green betel leaves showed a significant shift in wound healing. The 2nd intervention group 

that washed the wound using NaCl also experienced a shift in wound healing, but the improvement occurred 

relatively less than that of the group in intervention 1. This indicates that green betel leaves respond faster in the 

wound healing process. 

The mechanism underlying these findings is related to the bioactive content of green betel leaves, such as 

flavonoids, tannins, and essential oils, which have antimicrobial, anti-inflammatory, and antioxidant activities. 

These compounds are able to reduce microbial load, decrease inflammation, and increase fibroblast activity and 

angiogenesis, thereby accelerating the proliferation phase in diabetic lesions (Chế Thị et al., 2021;  Kumar, P., 

Singh, R., & Sharma 2023; Rahayu, T., Suhartono, E., Wibowo 2022). 

In contrast, wound washing with a 0.9% NaCl solution works primarily through a mechanical cleaning mechanism 

that helps remove debris and necrotic tissues, as well as maintain wound moisture (Zhao et al. 2024; Baid et al. 

2025; Malviya et al. 2022). Although effective, the improvement caused tends to be slower than the 

pharmacological effects of herbal active compounds. This is in line with research by Widharna et al. (2022) which 

reported that green betel leaf extract has a stronger antimicrobial effect than standard saline irrigation (Widharna, 

R. M., Nurmalasari, N., Pramono, 2022). Thus, the results of this study emphasize the potential use of green betel 

leaf decoction as an alternative natural therapy in the management of diabetic wounds, especially in the early 

stages of healing. These herbal interventions can complement standard methods, while maintaining the principle 

of evidence-based practice. 

Table 2 shows that at Times 4–8, the interaction was not significant (p>0.05), although the trend pattern suggests 

that the betel leaf group remained more stable in the transition to the recovery category than the NaCl group, 

which tends to fluctuate in the mid-phase. Clinically, these findings indicate that green betel leaf decoction works 

more optimally in the early to intermediate phases of wound healing, while the long-term effect shows a relatively 

more stable consistency of repair than NaCl. 

Green betel leaves appear to be effective during the early to intermediate phase of wound healing. The bioactive 

compounds in betel leaves—such as flavonoids, tannins, essential oils—have antimicrobial, anti-inflammatory, 

and antioxidant activities that can accelerate the process of proliferation and granular formation faster than 

mechanical treatments such as NaCl irrigation. Findings from animal studies support that betel leaf extract 

increases fibroblast proliferation, collagen deposits, epidermal thickness, and reduces oxidative stress (Ghazali et 

al., 2016). 
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Although statistically significant differences no longer appear in the advanced period (Times 4–8), the betel leaf 

group shows a progressive and stable wound healing process in wound repair. This shows that its positive effect 

is not only quick in initiating healing, but also in maintaining healing conditions, minimizing the possibility of 

regression or fluctuations in wound conditions. This stability is clinically important because diabetic lesions often 

experience disorders such as reinfection, vascular problems, or oxidative stress that can hinder healing.  

NaCl functions effectively as a wound cleaning solution, but it does not provide additional biological effects such 

as antimicrobial, anti-inflammatory, and acceleration of granulation, so the healing results are not as optimal as 

green betel leaves. Overall, the healing trajectory in the green betel leaf group was more progressive and 

continuous, while the NaCl group showed unstable improvement with fluctuations in the final phase. Green betel 

leaves are superior to NaCl in terms of stability and consistency of wound healing process, as evidenced by the 

dominance of the Recovery category at the end of the period 

 

CONCLUSION 

Intervention group 1 who received treatment by washing wounds using a decoction of green betel leaves (Piper 

betle Linn) and intervention group 2 who received treatment by washing wounds using NaCl solution were proven 

to be effective in improving the condition of diabetic foot ulcer (DFU). This effectiveness is shown by the shift in 

the category of injuries from Serious to Recovery during the treatment period. However, the use of green betel 

leaf decoction shows advantages over NaCl solutions in terms of stability and consistency of the wound healing 

process. These findings imply that both green betel leaf decoction and NaCl solution can be used as an alternative 

option in the management of diabetic leg wounds. 
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