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ABSTRACT 

	Betta fish (Betta splendens) are among the most popular freshwater ornamental fish in Indonesia and worldwide. However, in the cultivation process, farmers often encounter several challenges, one of which is injuries caused by various factors, such as fighting between fish. A potential natural solution to address this problem is the use of butterfly pea leaf extract. Butterfly pea leaf extract has shown promising potential as a wound-healing agent in fish.
This study aims to determine the effectiveness of the bioactive compounds present in butterfly pea leaves in accelerating the wound-healing process of betta fish (Betta splendens).
The method used in this research was an experimental design with five treatments and three replications: P0 (control), P1 (50 ppm), P2 (100 ppm), P3 (150 ppm), and P4 (200 ppm). The research began with the extraction of butterfly pea leaves, phytochemical testing of the extract, preparation of tools and materials, infliction of wounds on betta fish, and maintenance.
The parameters measured during the research were wound healing, blood profile, survival rate, growth, and water quality. Wound healing parameters included wound width, healing percentage, and daily healing rate. Blood profile parameters included erythrocytes, leukocytes, and hematocrit. Growth parameters included absolute weight and absolute length. Water quality parameters included temperature, pH, and dissolved oxygen.
The results showed that butterfly pea leaf extract (Clitoria ternatea) had a significant effect on the wound healing process, with the 200 ppm dosage providing the best outcome. The Duncan test results showed that the erythrocyte count in the control group (P0) was significantly different from all treatments. Treatment 1 (P1) differed significantly from P0, P3, and P4, but not from P2. Treatment 2 (P2) was significantly different from P0 and P4, but not from P1 and P3. Treatment 3 (P3) did not differ significantly from P2 and P4, but was significantly different from P0 and P1. Treatment 4 (P4) was significantly different from P0, P1, and P2, but not from P3. The results of this research indicate that a dose of 200 ppm produced the best outcomes among all treatments. The wound healing process in betta fish was observed to be faster and more effective at this dosage.
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1. INTRODUCTION 
[bookmark: _GoBack]Betta fish (Betta splendens) are among the most popular freshwater ornamental fish in Indonesia and worldwide. “The Betta fish (Betta splendens) is indigenous to central Thailand and the lower Mekong and is mostly known for its domesticated forms appreciated as an ornamental fish, but was originally bred for its use in gambling matches similar to cock fights” (Zhang et al., 2022; Palmiotti et al., 2023). Their cultivation also holds promising economic potential, with prices ranging from IDR 5,000 to IDR 1,000,000 (Diani et al., 2005). With relatively low capital requirements and limited space, betta fish farming can be conducted as a home-based business. Another advantage of betta fish is their ability to survive in low-oxygen environments (2.83–3.31 mg/L) (Sinansari et al., 2021) due to the presence of a labyrinth organ, which allows them to extract oxygen directly from the air (Nanda & Fitriyani, 2021).
Betta fish (Betta splendens) aquaculture has emerged as a high-potential business within the ornamental fish industry. However, its growth is hindered by various internal and external challenges, including limited digital marketing strategies and increasing market competition (Pebriana et al., 2025). However, farmers often face challenges such as injuries in betta fish, commonly caused by fighting, especially when fish are kept together without separators. The strong territorial behaviour of male bettas frequently triggers aggression, leading to physical injuries such as fin tears or body wounds (Linayati et al., 2023). In addition, suboptimal rearing conditions, such as the presence of sharp objects or poor water quality, can increase the risk of injury. Parasitic and bacterial infections also pose a serious threat, as open wounds may serve as entry points for pathogens, causing secondary infections that further worsen the condition of the fish. Untreated wounds may hinder growth, reduce colour quality, and even cause mortality, ultimately resulting in economic losses for farmers. Therefore, effective and efficient wound management is crucial for maintaining the health and productivity of betta fish.
One potential natural solution to this problem is the use of butterfly pea leaf extract (Clitoria ternatea). This extract has shown potential as a wound-healing agent in fish. Its bioactive compounds, such as flavonoids, alkaloids, and saponins, possess anti-inflammatory, antibacterial, and antioxidant properties that can accelerate the wound-healing process. Flavonoids, for example, are known to reduce inflammation and combat free radicals, thereby preventing further tissue damage. Meanwhile, alkaloids and saponins inhibit the growth of pathogenic bacteria, reducing the risk of secondary infections in open wounds (Indarala et al., 2023). The application of butterfly pea leaf extract on betta fish wounds may enhance tissue regeneration and restore normal function more rapidly.
Thus, the use of butterfly pea leaf extract as a natural therapy offers a safe and effective alternative for wound treatment in betta fish, supporting sustainability and efficiency in ornamental fish farming. Therefore, this study aims to determine the effectiveness of the bioactive compounds present in butterfly pea leaves in accelerating the wound-healing process of betta fish (Betta splendens).

2. methodology 

The research was conducted for one month in June 2025 at the Laboratory of Fish Production and Reproduction and the Fish Health Laboratory, Faculty of Agriculture, University of Mataram. The study employed an experimental method using a Completely Randomised Design (CRD) with five treatments and three replications, resulting in 15 experimental units. The extract dosages applied were based on Andriani et al. (2020).

2.1 Research Procedure
The research began with the extraction of butterfly pea leaves (Clitoria ternatea), followed by a phytochemical test to identify the bioactive compounds contained in the extract. Preparation of tools and materials was then carried out to ensure that all experimental requirements were met. Afterwards, artificial wounds were induced on the betta fish (Betta splendens) to serve as the experimental model. The fish were then maintained under controlled conditions throughout the research period to monitor the healing process and other experimental parameters systematically.
2.2 Research Parameters
The parameters measured during the research included wound healing, blood profile, survival rate, growth, and water quality. Wound healing parameters observed were wound width, healing percentage, and daily healing rate. Blood profile parameters measured included erythrocytes, leukocytes, and hematocrit. Growth parameters were represented by absolute weight and absolute length. Water quality parameters observed included temperature, pH, and dissolved oxygen (DO).
According to Abdel-Tawwab et al. (2019), wound width was calculated using the following formula: Wound width (mm) = Initial wound width − Final wound width
According to Abdel-Tawwab et al. (2019), the healing percentage was calculated as follows: Healing percentage (%) = 100×Wound width reduction/Initial wound width
According to Abdel-Tawwab et al. (2019), the daily healing rate was calculated using the formula: Healing rate (mm/day) = Wound width reduction/Number of observation days
The erythrocyte count was calculated using the following formula Cerlina et al. (2021): Erythrocyte count (cells/mm3)=Σn×104 Σn = Total number of erythrocytes counted
The leukocyte count was calculated according to Dianti et al. (2013) using the following formula: Leukocyte count (cells/mm3)=Σn×50 Σn = Total number of leukocytes counted
Hematocrit was measured by transferring a blood sample from the Eppendorf tube into a hematocrit capillary tube, which was then sealed with wax. The capillary tube was centrifuged at 11,000 rpm for 3 minutes. After centrifugation, the length of the packed erythrocyte layer in the capillary was measured using a ruler, and its percentage volume was calculated to obtain the hematocrit value (Yanto et al., 2015).
According to Purba et al. (2021), the survival rate of the test fish can be calculated using the following formula : Survival rate = Nt/N0 x 100% Nt​ = Number of fish at the end of the experiment N0​ = Number of fish at the beginning of the experiment
The behavioral parameters observed included swimming activity, feeding behavior, and response to feed. Swimming activity was assessed through the movement patterns, speed, and frequency of swimming, which provide insights into the physiological condition and stress levels of the fish. Feeding behavior was evaluated based on feeding time, the amount of feed consumed, and the manner in which the fish captured the feed (Sulaiman et al., 2006).
According to Mulqan et al. (2017), absolute weight growth can be calculated using the following formula: W = Wt – W0 W : Absolute weight growth of fish (g) Wt: Final weight at week t (g) W0: Initial weight (g)
According to Sartika et al. (2021), absolute length growth can be calculated using the following formula: L = Lt – L0 L : Absolute length growth of fish (cm) Lt: Final length at week t (cm) L0: Initial length (cm)
The water quality parameters measured in this study included temperature, pH, and dissolved oxygen (DO). Water temperature was measured using a thermometer, pH was measured with a pH meter, and DO was measured with a DO meter. Water quality measurements were carried out once a week throughout the experimental period.

2.3 Data Analysis
Data on absolute weight growth, absolute length growth, blood profile, wound healing, and survival rate were analyzed using Analysis of Variance (ANOVA) at a 5% significance level. Parameters that showed significant differences were further analyzed using Duncan’s Multiple Range Test (DMRT) at the 5% level. Meanwhile, behavioral data and water quality parameters, namely temperature, pH, and dissolved oxygen (DO), were analyzed descriptively.

3. results and discussion
3.1 Wound Width Change
The results of this study showed that the change in wound width of betta fish after the administration of butterfly pea leaf extract ranged from 0.81 - 2.73 mm. The ANOVA results showed that the addition of butterfly pea leaf extract in betta fish had a significant effect (P < 0.05) on wound width reduction. Further analysis using Duncan’s Multiple Range Test (DMRT) indicated that the control group (P0) was significantly different from all other treatments.

Fig 1. Wound Width Change
Wound width reduction is an important indicator for evaluating the effectiveness of tissue healing following injury in fish. In this study, the highest wound width reduction was observed in treatment P4 at 2.73 mm, while the lowest was found in the control group (P0) at 0.81 mm. The findings of this research are in line with de Oca et al. (2024), who reported wound width reduction ranging from 0.36 to 2.11 mm². The greater wound healing observed in P4 is presumed to be associated with active healing processes, particularly during the proliferative phase, characterized by new tissue formation, epithelial cell migration, and increased blood supply to the wound area. This is further supported by the bioactive compounds present in butterfly pea leaf extract (Clitoria ternatea), such as flavonoids and anthocyanins, which possess anti-inflammatory properties and promote tissue regeneration. Similarly, Suganda et al. (2023) reported that these compounds stimulate collagen formation and accelerate cell division in fish wound tissue.
3.2 Healing Percentage
The results of this study showed that the healing percentage of betta fish wounds after the administration of butterfly pea leaf extract ranged from 16.1% to 54.6%. ANOVA results indicated that the addition of butterfly pea leaf extract had a significant effect (P < 0.05) on the healing percentage. Further analysis using Duncan’s test revealed that the control group (P0) was significantly different from all treatments.

Fig 2. Healing Percentage
Healing percentage is an important indicator that reflects the extent of wound area improvement within a certain period. In this study, the highest healing percentage was observed in treatment P4 (54.6%), while the lowest was recorded in P0 (16.1%). These findings differ from those of Abdel-Tawwab et al. (2019), who reported healing percentages ranging from 80 - 100%. The discrepancy is likely due to methodological differences, as the previous study applied treatment through feed administration, while the present study used immersion methods, employed different extracts, and applied varying dosages.
3.3 Daily Healing Rate
The results of this research demonstrated that the daily wound healing rate of betta fish after the administration of butterfly pea (Clitoria ternatea) leaf extract ranged from 0.07 -  0.23 mm/day. ANOVA analysis revealed that the addition of butterfly pea leaf extract had a significant effect on the daily wound healing rate of betta fish (P<0.05). Further analysis using Duncan’s test showed that the control group (P0) was significantly different from all treatment groups.
The daily healing rate reflects the average speed of wound recovery over time (mm/day), serving as an indicator of the efficiency of tissue regeneration in fish. In this study, the highest daily healing rate was observed in treatment P4 at 0.20 mm/day, whereas the lowest rate was recorded in the control group (P0) at 0.06 mm/day.

Fig 3. Daily Healing Rate
These findings differ from those reported by Abdel-Tawwab et al. (2019), who recorded higher wound healing rates ranging from 6 to 7 mm/day. The discrepancy may be attributed to methodological differences, as Abdel-Tawwab et al. (2019) employed the feeding method, while the present research used the immersion method. Moreover, differences in the type of extract and dosage applied are also likely to account for the variation in results.
3.4 Erythrocyte
Based on this research, the erythrocyte count of betta fish during 14 days of rearing with different doses of butterfly pea (Clitoria ternatea) leaf extract ranged from 1.64 - 2.58 × 10⁶ cells/mm³. The results of ANOVA indicated that the administration of butterfly pea leaf extract at varying doses had a significant effect on the erythrocyte count of betta fish (P<0.05). Therefore, a further test using Duncan’s method was performed. The Duncan test results showed that the erythrocyte count in the control group (P0) was significantly different from all treatments. Treatment 1 (P1) differed significantly from P0, P3, and P4, but not from P2. Treatment 2 (P2) was significantly different from P0 and P4, but not from P1 and P3. Treatment 3 (P3) did not differ significantly from P2 and P4, but was significantly different from P0 and P1. Treatment 4 (P4) was significantly different from P0, P1, and P2, but not from P3.

Fig 4. Erythrocyte
Erythrocytes, or red blood cells, are one of the key components of blood, functioning to transport oxygen from the gills to body tissues. Maintaining an optimal erythrocyte count is essential to support fish metabolism and growth. In this study, the highest erythrocyte count was observed in treatment P4 at 2.58 × 10⁶ cells/mm³, whereas the lowest was recorded in the control group (P0) at 1.64 × 10⁶ cells/mm³.
The findings of Ladyescha et al. (2015) reported lower erythrocyte values, with the lowest in the control group at 0.073 × 10⁶ cells/mm³ and the highest in treatment II at 0.123 × 10⁶ cells/mm³. The increase in erythrocyte count in P4 is presumably related to the bioactive compounds present in butterfly pea leaves, such as anthocyanins, flavonoids, and tannins. These compounds exhibit strong antioxidant activity and can help protect blood cells from oxidative stress–induced damage. According to Arfani (2011), butterfly pea flower extract has the ability to protect erythrocyte membranes from free radical–induced damage, thereby maintaining erythrocyte levels in the blood.
3.5 Leukocyte
Based on this research, the leukocyte count of betta fish during 14 days of rearing with different doses of butterfly pea (Clitoria ternatea) leaf extract ranged from 2.79 - 3.89 × 10⁴ cells/mm³. The results of ANOVA indicated that the administration of butterfly pea leaf extract at varying doses had a significant effect on the leukocyte count of betta fish (P<0.05). Therefore, a further test using Duncan’s method was conducted. The Duncan test results showed that the leukocyte count in the control group (P0) was significantly different from all treatments. Treatment 1 (P1) differed significantly from P0, P3, and P4, but not from P2. Treatment 2 (P2) was significantly different from P0 and P4, but not from P1 and P3. Treatment 3 (P3) did not differ significantly from P2 and P4, but was significantly different from P0 and P1. Treatment 4 (P4) was significantly different from P0, P1, and P2, but not from P3.

Fig 5. Leukocyte
Leukocytes, or white blood cells, are essential components of the fish immune system that play a crucial role in combating infections and maintaining resistance against environmental stress. In this study, the highest leukocyte count was observed in treatment P4 at 3.89 × 10⁴ cells/mm³, whereas the lowest was recorded in the control group (P0) at 2.79 × 10⁴ cells/mm³.
The findings of Nugroho et al. (2016) reported higher values, with the lowest leukocyte count at 4.345 × 10⁴ cells/mm³ and the highest at 5.430 × 10⁴ cells/mm³. The elevated leukocyte levels observed in P4 are presumably associated with the bioactive compounds in butterfly pea leaves, such as flavonoids, anthocyanins, and saponins, which are known to possess natural immunostimulant properties capable of enhancing non-specific immune responses in fish. The increase in leukocyte count in P4 suggests that butterfly pea leaf extract can improve immune responsiveness, thereby strengthening the fish’s resistance to pathogens during the rearing period. This finding is supported by Yadava (2021), who demonstrated that butterfly pea leaf extract can enhance immunological parameters in common carp, including leukocyte count, in response to bacterial exposure. Furthermore, the higher leukocyte levels observed in P4 are consistent with the survival rate and erythrocyte count, which were also higher compared to other treatments. This indicates that supplementation with butterfly pea leaf extract not only supports immune function but also contributes to metabolism and growth.
3.6 Hematocrit
The hematocrit levels of betta fish during 14 days of rearing with different doses of butterfly pea (Clitoria ternatea) leaf extract ranged from 23.1 - 32.9%. The results of ANOVA showed that the administration of butterfly pea leaf extract at varying doses had a significant effect on the hematocrit levels of betta fish (P < 0.05). Therefore, a further test using Duncan’s method was conducted. The Duncan test results indicated that hematocrit levels in the control group (P0) were significantly different from all treatments. Treatment P0 did not differ significantly from P1 but differed significantly from P2, P3, and P4. Treatment P1 did not differ significantly from any other treatments. Treatment P2 did not differ significantly from P1, P3, and P4, but differed significantly from P0. Treatment P3 did not differ significantly from P1, P2, and P4, but differed significantly from P0. Treatment P4 did not differ significantly from P1, P2, and P3, but differed significantly from P0.
Hematocrit represents the percentage of red blood cell volume relative to the total blood volume and reflects the oxygen-carrying capacity in fish. This parameter is closely related to the physiological condition of the organism. In this study, the highest hematocrit value was observed in treatment P4 (32.90%), while the lowest was recorded in the control group P0 (23.10%).

Fig 6. Hematocrit
The findings of Nugroho et al. (2017) reported lower values, with the highest hematocrit level observed in P2 (500 ppm) at 17.66%, and the lowest in P1 at 15.66%. The increase in hematocrit levels observed in P4 is presumably due to the presence of antioxidants and bioactive compounds in butterfly pea leaves, such as flavonoids and anthocyanins, which play a role in maintaining red blood cell membrane stability and accelerating their regeneration. According to Julia et al. (2019), butterfly pea leaf extract can enhance the oxygen-binding capacity of blood and improve hematological functions in catfish fed functional diets.
The higher hematocrit level observed in P4 was also consistent with the increased erythrocyte and leukocyte counts, as well as higher absolute weight and length growth. This indicates that supplementation with butterfly pea leaf extract not only enhances immune resistance but also supports more efficient oxygen transport to tissues, thereby promoting metabolism and overall growth in betta fish.
3.7 Survival Rate
The survival rate of betta fish during 14 days of rearing with different doses of butterfly pea (Clitoria ternatea) leaf extract ranged from 53.3 - 86.7%. ANOVA results showed that the addition of butterfly pea leaf extract did not have a significant effect (P > 0.05) on the survival rate of betta fish.
Survival rate is an important indicator of the success of fish rearing, reflecting the percentage of fish that are able to survive throughout the experimental period. In this study, the highest survival rate was recorded in treatment P4 (86.7%), while the lowest was observed in the control group P0 (53.3%). Statistical analysis indicated that the differences among treatments were not significant, suggesting that the administration of butterfly pea leaf extract did not notably enhance the survival of betta fish.

Fig 7. Survival Rate
This result may be attributed to the relatively stable rearing conditions throughout the experiment, which minimised mortality and caused survival rates to remain relatively similar across treatments. According to Epram et al. (2022), a survival rate above 50% is considered good, 30–50% is categorised as moderate, and below 30% is considered poor. Differences in survival rates across treatments are generally influenced by multiple factors, including water quality, feeding management, and environmental stressors.
3.8 Behaviour Observations
Based on the results of the research, the behaviour of betta fish can be observed in the following table 1.
Table 1. The behaviour of betta fish
	[bookmark: _Hlk204619324]Treatment
	Swimming Activity
	Feeding Response
	Feeding Behavior

	P0
	Slow, often inactive
	Very slow
	Passive, didn’t eat

	P1
	Slightly active
	Moderately responsive
	Slow feeding

	P2
	Active
	Quick response
	Show aggression

	P3
	Very active
	High response
	Fast feeding

	P4
	Healthy and active
	Highly responsive
	Strong appetite



Fish behaviour represents a biological response that reflects the internal physiological condition as a result of environmental stimuli or specific treatments. In this study, clear behavioural differences were observed between the groups treated with butterfly pea (Clitoria ternatea) leaf extract and the control group (without extract). Fish in the control group (P0) exhibited less active behaviour, reduced aggressiveness toward feed, and slower feeding rates. This condition indicates that the fish were in a suboptimal physiological state, possibly due to lower immune resistance, the absence of functional bioactive compounds, and mild stress caused by wounds or environmental factors.
3.9 Absolute Weight
Absolute weight refers to the increase in fish body weight during the experiment, obtained from the difference between the final and initial body weights. The results of this study showed that the body weight of betta fish after the administration of butterfly pea (Clitoria ternatea) leaf extract ranged from 0.13 - 0.19 g. ANOVA results indicated that the addition of butterfly pea leaf extract did not have a significant effect (P>0.05) on the absolute weight gain of betta fish. 

Fig 8. Absolute Weight
Absolute weight is a growth indicator calculated from the difference between the final and initial weights of fish during the rearing period. This parameter reflects the extent of body weight gain in response to the treatments applied. In this research, the lowest absolute weight of betta fish (Betta splendens) was recorded in P0 at 0.13 g, while the highest was obtained in P4 at 0.19 g. According to the findings of Siregar & Kusuma (2025), the lowest absolute weight was observed in treatment A at 0.67 g, whereas the highest was recorded in treatment C at 1.04 g. Nevertheless, statistical analysis revealed no significant differences among all treatments, whether administered with butterfly pea extract or not.
3.10 Absolute Length
The results of this study showed that the absolute length growth of betta fish during the 14-day rearing period with different doses of butterfly pea (Clitoria ternatea) leaf extract ranged from 0.09 - 0.14 cm. ANOVA results indicated that the addition of butterfly pea leaf extract did not have a significant effect (P>0.05) on the absolute length growth of betta fish. Absolute length is one of the growth parameters that reflects the increase in fish body length during the rearing period. This parameter is calculated as the difference between the final and initial lengths of the fish. In this study, the lowest absolute length was observed in P0 at 0.09 cm, while the highest was recorded in P4 at 0.14 cm. 

Fig 9. Absolute Length
The research by Siregar & Kusuma (2025) reported that the highest absolute length growth was obtained in treatment C at 4.64 cm, whereas the lowest was found in treatment B at 1.72 cm. Although differences were observed among treatments, statistical analysis showed that these differences were not significant. This is presumably because the doses of butterfly pea extract used in this study have not yet reached the optimal level to stimulate linear growth in fish (Sinaga et al., 2025). Fish growth is influenced by both internal and external factors. Internal factors include genetics, sex, and age, while external factors, which can be controlled, consist mainly of water quality and feed. The bioactive compounds in butterfly pea leaf extract, such as anthocyanins and flavonoids, are known to possess antioxidant properties and may help enhance the metabolic efficiency of fish (Adinugraha et al., 2025).


3.10 Water Quality
The water quality parameters measured during the research were evaluated to determine the optimal range of aquatic conditions suitable for the survival of betta fish. The parameters assessed included temperature, pH, and dissolved oxygen (DO).
Table 2. Water quality
	Treatments
	Temperature (°C)
	pH
	DO (mg/l)

	P0
	28,5 - 28,7
	7,8 – 7,75
	6,35 – 6,85

	P1
	29,5 - 29,3
	7,7 – 7,5
	6,3 – 7,45

	P2
	30,0 - 30,1
	7,5 – 7,7
	7,45 – 6,4

	P3
	29,9 – 29,9
	7,6 – 7,45
	7,2 – 6,65

	P4
	29,9 - 29,9
	7,75 – 7,8
	7,05 – 7,15

	Reference
	25-33,4°C
(Rachmawati et al.
2014)
	
6-8 (Iryanto et al., 2021)
	
>3 mg/l (Sugma et al., 2022)



Water quality management is one of the key supporting factors in the success of aquaculture activities. Regular monitoring of water quality is necessary to determine the optimal conditions of the culture medium for the growth and survival of cultured organisms. In this study, the measured water quality parameters included temperature, pH, and dissolved oxygen (DO). Based on Table 2, the recorded water temperature ranged between 28.5–30.1°C. The temperature values obtained during the research were within the normal range. This finding is consistent with Kurniawan et al. (2022), who stated that the optimal temperature range to support both the growth and survival of betta fish is 25–33.4°C.
4. Conclusion

The treatments applied had a significant effect on the wound healing process in betta fish. In treatment P4, the parameters that showed significant effects included wound width reduction of 2.73 mm, healing percentage of 54.6%, daily healing rate of 0.2 mm/day, erythrocyte count of 2.58 × 10⁶ cells/mm³, leukocyte count of 3.89 × 10⁴ cells/mm³, hematocrit level of 32.9%, and survival rate of 86.7%. The results of this research indicate that a dose of 200 ppm produced the best outcomes among all treatments. The wound healing process in betta fish was observed to be faster and more effective at this dosage.
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