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			Abstract | The increasing demand for sustainable and cost-effective aquaculture feed has driven the search for alternative protein sources in aquaculture. Black soldier fly (Hermetia illucens) larvae (maggot) have gained considerable attention due to their high nutritional value and potential to enhance fish growth and health. This study aimed to evaluate the effects of maggot-based feed on hematological profile, body weight, and feed nutritional value in catfish (Clarias batrachus). Twenty catfish (2-3 months old, 20-25 cm) were randomly allocated into four groups: natural feed control (X0), dried maggot feed (X1), commercial pellet feed (X2), and maggot-based pellet feed (X3), and maintained under controlled aquaculture conditions for 15 days. Body weight was recorded on days 1 and 15; hematocrit, hemoglobin, and differential leukocyte counts were assessed at the end of the experiment. Proximate analysis of the maggot-based pellet was performed. Data were analyzed using one-way ANOVA with Tukey’s HSD post-hoc test. The formulated maggot-based pellet supplemented with eggshell powder showed a favorable nutritional composition, with high crude protein and metabolizable energy. Dietary treatment significantly affected body weight gain (p ≤ 0.05). Fish fed commercial pellets (X2) and maggot-based pellets (X3) gained significantly more weight than those fed natural feed (X0) or dried maggot alone (X1), with no difference between X2 and X3. Hemoglobin concentration was significantly affected by treatment (p ≤ 0.001), highest in X3, followed by X2, X1, and X0, while hematocrit did not differ significantly (p = 0.094). Lymphocytes predominated the leukocyte profile (68.4-82.2%) in all groups, with no significant treatment effect on WBC count or leukocyte differential percentages (p ≥ 0.05). Maggot-based feed, especially when supplemented with eggshell powder, is a promising alternative protein source comparable to commercial feed for improving growth and hematological performance in catfish without adverse effects on leukocyte profiles.
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			Introduction

			Catfish (Clarias batrachus) is one of the most important freshwater aquaculture commodities in Indonesia and plays a significant role in fulfilling the increasing demand for animal protein. The species is widely cultivated because of its rapid growth, high tolerance to environmental fluctuations, disease resistance, and relatively simple farming practices (Ashqolani et al., 2023). Nevertheless, feed remains the largest operational cost in catfish production and is a critical factor affecting growth performance, feed efficiency, and overall fish health (Liu et al., 2024).

			Commercial aquaculture feeds predominantly rely on fish meal as the primary protein source due to its high nutritional value and favorable amino acid profile. However, the increasing cost, limited availability, and environmental concerns associated with fish meal production have encouraged the search for alternative and sustainable protein sources (Su et al, 2025). In recent years, black soldier fly (Hermetia illucens) larvae meal has gained considerable attention as a promising substitute for fish meal in aquaculture diets. Black soldier fly larvae can be mass-produced using organic waste substrates, contributing to waste reduction and environmental sustainability while providing a nutrient-rich feed ingredient (Camperio et al., 2026).

			Maggot meal contains substantial amounts of crude protein, essential amino acids, lipids, vitamins, and minerals that are beneficial for fish growth and development. Previous studies have reported crude protein contents ranging from 40% to 60%, making maggot meal a viable alternative protein source in aquaculture feed formulations (Sultana et al., 2026). Furthermore, fish meal replacement with maggot meal at high inclusion levels has been shown to maintain or improve growth performance and feed utilization efficiency while reducing feed costs (Yakti et al., 2024). The utilization of insect-based protein sources therefore represents an important strategy for achieving sustainable aquaculture production.

			Besides growth performance, the physiological and health status of fish can be assessed through hematological examinations. Hematological parameters are widely recognized as sensitive indicators of nutritional adequacy, metabolic activity, immune competence, and environmental stress. Hematocrit (packed cell volume, PCV) and hemoglobin concentration are among the most commonly used indicators for evaluating oxygen-carrying capacity and overall physiological condition in fish (Belghit et al., 2019). Positive relationships between hematological values and growth performance have been reported, suggesting that improved nutrition can enhance both fish productivity and health status (Bakare et al., 2020).

			In addition to hematocrit and hemoglobin, differential leukocyte counts provide valuable information regarding the immune status of fish. The proportions of lymphocytes, neutrophils, monocytes, eosinophils, and basophils can reflect immune responses, disease resistance, and physiological adaptation to dietary interventions (Tran et al., 2015). Previous studies have demonstrated that dietary supplementation with black soldier fly larvae meal may positively influence hematological and immune-related parameters, thereby supporting fish health and resilience (Xia et al., 2021).

			The nutritional quality of experimental diets is another important factor influencing fish performance. Therefore, proximate analysis, including the determination of crude protein, crude fat, crude fiber, moisture, ash, and carbohydrate contents, is essential to evaluate the nutritional composition of maggot-based pellets and to ensure that observed biological responses are associated with dietary nutrient profiles (Esmaeili, 2021).

			Although the potential of black soldier fly larvae meal as an alternative feed ingredient has been extensively investigated, studies evaluating its effects on growth performance, hematological parameters, differential leukocyte profiles, and nutritional composition of locally produced maggot-based feeds in Clarias batrachus remain limited. Therefore, this study aimed to evaluate the effects of maggot-based diets on body weight gain, hematocrit values, hemoglobin concentrations, differential leukocyte counts, and the nutritional composition of maggot-based pellets through proximate analysis in catfish (Clarias batrachus).

			Materials and Methods

			Experimental animals and feed materials

			Twenty catfish (Clarias batrachus) were randomly assigned to four dietary treatment groups. Each treatment consisted of five fish maintained in a single aquarium under identical environmental conditions. The aquarium served as the experimental unit in this preliminary study. This study used 20 local catfish (Clarias batrachus) aged 2-3 months with an averaged body length of approximately 20 cm and an initial body weight of 95.4 ± 8.7 g. The fish were obtained from a local aquaculture farm in Surabaya, Indonesia. Feed materials used in this study included vegetable-based feed, commercial catfish pellets, dried black soldier fly (Hermetia illucens) larvae (maggot), and maggot-based pellets. Materials included clean water, probiotic solution, Indian almond leaves (Terminalia catappa), banana leaves, and goat manure used for maggot cultivation.

			Preparation of maggot-based pellets

			The maggot-based pellets were formulated using dried black soldier fly larvae as the primary protein source (Tran et al., 2015). The formulation for 1 kg of feed consisted of 300 g dried maggot meal, 150 g soybean meal, 200 g rice bran, 100 g wheat flour, 80 g tapioca flour, 40 g eggshell powder, 30 g broth powder, 10 g salt, and 10 g vitamin–mineral premix, following a nutrient-balancing approach similar to that used in previous black soldier fly larvae meal–based aquafeed formulations (Jayanegara, 2022; Hwang et al., 2021). Approximately 250 mL of water was added to form a homogeneous dough. The ingredients were thoroughly mixed until uniform, molded into pellets, and dried under sunlight until reaching a stable moisture content. The resulting pellets were stored in room-temperature containers for applications.

			Experimental design and fish management

			The experiment was conducted using a Completely Randomized Design (CRD) consisting of four dietary treatments with five independent replicates per treatment (n= 5). Each replicate consisted of one fish maintained in an individual experimental container, with the container serving as the experimental unit. Individual rearing was intentionally adopted to eliminate the effects of social interaction, competition for feed, and hierarchical behavior, thereby allowing the dietary treatment to be evaluated without interference from stocking density or dominance effects (Ashqolani et al., 2023).

			Prior to the experiment, all fish were acclimatized for seven days and fed a commercial diet. Plastic gallon containers were thoroughly cleaned and filled with approximately 7 L of dechlorinated water that had been allowed to stand for 24 h before use. During the experimental period, each container contained 5 L of water and housed a single catfish. The dietary treatments were as follows: X0, natural feed (vegetable-based feed; control); X1, dried black soldier fly larvae (maggot); X2, commercial fish pellets; and X3, maggot-based pellets. Fish were fed twice daily at a feeding rate equivalent to 3% of body weight per day for 15 consecutive days.

			Water quality was maintained by continuous aeration throughout the study. Partial water replacement (30-50%) was performed every three days, followed by the addition of EM4 probiotic solution. Water temperature and pH were monitored regularly and maintained within the optimal range for catfish culture (27-30°C and pH 6.5-7.5, respectively).

			Growth performance assessment

			Fish body weight was measured individually at the beginning (Day 1) and end (Day 15) of the feeding trial using a digital balance (Figure 1). Absolute weight gain was calculated using the following equation: WG = Wt − W0, where WG = absolute weight gain (g), Wt = final body weight (g), and W0 = initial body weight (g), following the standard growth-performance assessment procedure commonly applied in black soldier fly larvae meal feeding trials (Bakare et al., 2020; Bordoloi et al., 2025).
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			Figure 1: Final body weight measurement of catfish (Clarias batrachus) from different dietary treatment groups at the end of the experimental period. Fish were individually weighted using a digital balance to evaluate growth performance and compare the effects of dietary treatments on body weight gain.

			Blood collection and hematological examination

			Blood samples were collected one day after the completion of the feeding trial. Approximately 1 mL of blood was drawn from the caudal vein using sterile disposable syringes and immediately transferred into EDTA tubes (Witeska et al., 2023). Hematocrit (packed cell volume, PCV) was determined using the microhematocrit method. Blood samples were transferred into capillary tubes up to three-quarters of their volume and centrifuged at 12,000 rpm for 10 min. The percentage of packed erythrocytes was then measured using a hematocrit reader (Witeska et al., 2023). Hemoglobin concentration was determined using the Sahli method and expressed as g/dL (Esmaeili, 2021).

			For differential leukocyte analysis, thin blood smears were prepared immediately after collection, air-dried, fixed with methanol, and stained with Giemsa solution. A total of 100 leukocytes were counted under a light microscope (1000× magnification using immersion oil), and the percentages of lymphocytes, neutrophils, monocytes, eosinophils, and basophils were measured (Witeska et al., 2023).

			Proximate analysis

			Proximate analysis of the maggot-based pellets was conducted according to the standard methods of the Association of Official Analytical Chemists (AOAC, 2019). The analyzed parameters included moisture content, crude protein, crude fat, crude fiber, ash content, and nitrogen-free extract (NFE). Crude protein content was determined using the Kjeldahl method, crude fat by Soxhlet extraction, crude fiber through acid–base digestion, moisture content by oven drying, and ash content by furnace incineration. Nitrogen-free extract was calculated by difference. The proximate composition of the experimental diets, including moisture, crude protein, crude fat, crude fiber, and ash content, was determined according to the standard methods of the Association of Official Analytical Chemists (AOAC, 2019). Carbohydrate content was calculated by difference.

			Statistical analysis

			Data on body weight gain, hematocrit, hemoglobin concentration, and differential leukocyte counts were expressed as mean ± standard deviation (SD). Statistical analyses were performed using SPSS version 25.0 (IBM Corp., Armonk, NY, USA). Normality and homogeneity of variance were assessed prior to analysis. Differences among treatment groups were evaluated using one-way analysis of variance (ANOVA) at a significance level of P < 0.05, followed by Tukey’s HSD post-hoc test to identify differences among treatment means.

			Results

			Feed proximate composition

			The incorporation of Black Soldier Fly (BSF, Hermetia illucens) larvae meal into aquaculture diets has been widely recognized as a sustainable alternative protein source. Previous studies have demonstrated that the inclusion of BSF meal at levels ranging from 20-50% can improve fish growth performance, feed utilization, and immune responses without adverse effects on fish health. According to Solfaine et al. (2025), maggot-based fish pellets provide high-quality protein, essential amino acids, and lipid fractions that support growth and physiological functions in cultured fish.

			The proximate analysis of the formulated maggot-based pellets supplemented with eggshell powder revealed a favorable nutritional composition characterized by high crude protein and metabolizable energy content. The addition of eggshell powder increased the mineral (ash) content, particularly calcium, which may contribute to skeletal development and metabolic regulation. Detailed proximate composition and metabolizable energy values are presented in Table 1.

			Table 1: Proximate composition and metabolizable energy of maggot-based pellets with eggshell supplementation.

			
				
					
					
					
				
				
					
							
							Parameter

						
							
							Maggot pellet

						
							
							Maggot Pellet + Eggshell

						
					

					
							
							Dry Matter (%)

						
							
							82.93

						
							
							98.92

						
					

					
							
							Ash (%)

						
							
							12.52

						
							
							14.69

						
					

					
							
							Crude Protein (%)

						
							
							11.47

						
							
							21.83

						
					

					
							
							Crude Fat (%)

						
							
							7.33

						
							
							8.05

						
					

					
							
							Crude Fiber (%)

						
							
							13.83

						
							
							20.38

						
					

					
							
							Calcium (%)

						
							
							4.22

						
							
							2.06

						
					

					
							
							Nitrogen-Free Extract (NFE, %)

						
							
							37.78

						
							
							33.96

						
					

					
							
							Metabolizable Energy (kcal/kg)

						
							
							2332.43

						
							
							2605.04

						
					

				
			

			Growth performance

			Growth performance was evaluated by measuring the difference between initial and final body weights of catfish (Clarias batrachus) after 15 days of feeding. Four dietary treatments were tested- a vegetable-based natural feed (X0, control), dried maggot meal (X1), commercial pellet feed (X2), and maggot-based pellet feed supplemented with eggshell powder (X3) with five replicates per treatment.

			Dietary treatment significantly affected body weight gain (p ≤ 0.05), with mean weight gains of 14.20 ± 5.97 g for X0, 11.80 ± 3.03 g for X1, 25.40 ± 3.91 g for X2, and 30.60 ± 2.96 g for X3 (Table 2). Catfish fed commercial pellets (X2) and maggot-based pellets (X3) exhibited significantly greater weight gain than fish receiving natural feed (X0) or dried maggot feed alone (X1), while no significant difference was observed between X2 and X3, indicating that the formulated maggot-based pellet was comparable to commercial feed in promoting growth performance.

			One-way ANOVA followed by Tukey’s HSD test classified the treatments into two homogeneous subsets (Table 2). Treatments X0 and X1 formed the lower subset (superscript a), with mean weight gains of 14.20 ± 5.97 g and 11.80 ± 3.03 g, respectively, whereas X2 and X3 formed a second, significantly higher subset (superscript b), with mean weight gains of 25.40 ± 3.91 g and 30.60 ± 2.96 g, respectively increases of approximately 79% and 115% relative to X0. These findings suggest that processing maggot meal into a balanced pellet formulation enhances nutrient utilization and growth efficiency compared with feeding dried maggot alone.

			Table 2: Body weight gain of catfish fed different dietary treatments.

			
				
					
					
				
				
					
							
							Treatment

						
							
							Mean ± SD (g)

						
					

					
							
							X0 (Control)

						
							
							14.20 ± 5.97ᵃ

						
					

					
							
							X1 (Dried Maggot)

						
							
							11.80 ± 3.03ᵃ

						
					

					
							
							X2 (Commercial Pellet)

						
							
							25.40 ± 3.91ᵇ

						
					

					
							
							X3 (Maggot-Based Pellet)

						
							
							30.60 ± 2.96ᵇ

						
					

				
			

			Different superscript letters within the same column indicate significant differences (p≤ 0.05) according to Duncan’s Multiple range test.

			The improved growth observed in the X3 group may be attributed to the high protein content of black soldier fly (BSF) larvae meal, improved feed palatability, and the additional mineral contribution from eggshell supplementation, which may support metabolic processes and skeletal growth. Furthermore, the balanced nutrient composition of the maggot-based pellet likely enhanced feed digestibility and nutrient absorption, resulting in improved growth performance.

			Hematological profile

			The erythrocytic profile of Clarias batrachus fed different dietary treatments is presented in Table 3. Dietary treatment significantly affected hemoglobin concentration (p≤ 0.001), whereas hematocrit values showed no statistically significant differences among groups (p = 0.094). Fish fed maggot-based pellets supplemented with eggshell powder (X3) exhibited the highest hemoglobin concentration, followed by fish receiving commercial pellets (X2), dried maggot feed (X1), and the vegetable-based control diet (X0). Tukey’s HSD test confirmed significant differences among all treatment groups.

			Although hematocrit values were not significantly different, a progressive increase was observed from X0 to X3, indicating a tendency toward improved oxygen-carrying capacity in fish receiving diets containing maggot meal. Similarly, erythrocyte count (RBC), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), and mean corpuscular hemoglobin concentration (MCHC) were not significantly affected by dietary treatment (P > 0.05), suggesting that the experimental diets maintained normal erythrocyte morphology and physiological status.

			The elevated hemoglobin concentration observed in the X3 group indicates improved hematopoietic performance and oxygen transport efficiency, which may contribute to the superior growth performance recorded in fish receiving maggot-based pellets. These findings suggest that the incorporation of Black Soldier Fly (BSF) larvae meal and eggshell supplementation can enhance blood quality without inducing hematological abnormalities.

			The differential leukocyte profile of Clarias batrachus is summarized in Table 4. Lymphocytes constituted the predominant leukocyte population in all treatment groups, accounting for 68.4–82.2% of total leukocytes. One-way ANOVA revealed no significant differences in total leukocyte count (WBC), neutrophil, lymphocyte, monocyte, eosinophil, or basophil percentages among dietary treatments (p≥ 0.05).

			Despite the absence of statistical significance, fish fed maggot-based pellets (X3) tended to exhibit the highest lymphocyte percentage and lower eosinophil counts compared with the other treatment groups. 

			Table 3: Hematology profile of Clarias batrachus fed different dietary treatments.

			
				
					
					
					
					
					
				
				
					
							
							Parameter

						
							
							X0 (Natural Feed)

						
							
							X1 (Dried Maggot)

						
							
							X2 (Commercial Pellet)

						
							
							X3 (Maggot-Based Pellet)

						
					

					
							
							Hemoglobin (g/dL)

						
							
							8.68 ± 0.33ᵃ

						
							
							10.04 ± 0.65ᵇ

						
							
							12.00 ± 0.64ᶜ

						
							
							13.20 ± 0.83ᵈ

						
					

					
							
							Hematocrit (%)

						
							
							22.00 ± 7.17ᵃ

						
							
							25.00 ± 5.95ᵃᵇ

						
							
							31.00 ± 9.46ᵃᵇ

						
							
							34.00 ± 7.77ᵇ

						
					

					
							
							RBC (×10⁶ cells/µL)

						
							
							0.42 ± 0.09

						
							
							0.39 ± 0.08

						
							
							0.41 ± 0.07

						
							
							0.43 ± 0.08

						
					

					
							
							MCV (fL)

						
							
							524 ± 216

						
							
							640 ± 302

						
							
							487 ± 191

						
							
							537 ± 328

						
					

					
							
							MCH (pg)

						
							
							212 ± 74

						
							
							258 ± 96

						
							
							289 ± 101

						
							
							316 ± 55

						
					

					
							
							MCHC (g/dL)

						
							
							40.2 ± 8.3

						
							
							41.5 ± 11.2

						
							
							38.8 ± 7.6

						
							
							38.3 ± 5.6

						
					

				
			

			Values are presented as mean ± SD (n = 5). Different superscript letters within the same row indicate significant differences (p≤ 0.05) according to Duncan’s Multiple Range Test.

			

			Table 4: Differential leukocytic profile of Clarias batrachus fed different dietary treatments. 

			
				
					
					
					
					
					
				
				
					
							
							Parameter

						
							
							X0 (Natural Feed)

						
							
							X1 (Dried Maggot)

						
							
							X2 (Commercial Pellet)

						
							
							X3 (Maggot-Based Pellet)

						
					

					
							
							WBC (×10⁴ cells/µL)

						
							
							1.42 ± 0.88

						
							
							1.68 ± 1.12

						
							
							1.95 ± 1.03

						
							
							1.63 ± 1.22

						
					

					
							
							Neutrophils (%)

						
							
							10.0 ± 5.8

						
							
							15.0 ± 10.8

						
							
							14.4 ± 6.8

						
							
							9.4 ± 6.3

						
					

					
							
							Lymphocytes (%)

						
							
							81.0 ± 7.3

						
							
							68.4 ± 18.3

						
							
							76.0 ± 5.4

						
							
							82.2 ± 6.8

						
					

					
							
							Monocytes (%)

						
							
							5.0 ± 7.4

						
							
							7.8 ± 5.9

						
							
							6.2 ± 4.8

						
							
							4.4 ± 3.4

						
					

					
							
							Eosinophils (%)

						
							
							4.8 ± 5.8

						
							
							6.0 ± 8.4

						
							
							2.4 ± 2.3

						
							
							1.6 ± 0.9

						
					

					
							
							Basophils (%)

						
							
							1.2 ± 1.3

						
							
							2.8 ± 3.2

						
							
							1.0 ± 1.0

						
							
							2.4 ± 2.5

						
					

				
			

			In contrast, fish receiving dried maggot feed (X1) showed relatively lower lymphocyte values and higher eosinophil percentages. Neutrophil, monocyte, and basophil counts remained within normal physiological ranges and displayed only minor variations among treatments. Hematocrit values showed no statistically significant differences among the experimental groups (p = 0.094).

			Overall, the leukocytic profile indicates that dietary inclusion of maggot-based pellets did not induce adverse immune reactions or physiological stress. The tendency toward higher lymphocyte proportions in the X3 group may reflect enhanced immune competence associated with the nutritional and bioactive components of BSF larvae meal. Furthermore, the absence of leukocytosis, neutrophilia, or eosinophilia suggests that the experimental diets were well tolerated and did not trigger inflammatory or pathological responses in the fish.

			Discussion

			The proximate analysis showed that supplementation with eggshell powder improved the nutritional quality of the maggot-based pellet. The eggshell-supplemented pellet contained higher dry matter, ash, crude protein, crude fat, and metabolizable energy compared with the maggot pellet alone. The increase in crude protein (21.83%) is particularly important because protein is the primary nutrient supporting fish growth, tissue development, and metabolism (Jayanegara, 2022). Likewise, the higher metabolizable energy value (2605.04 kcal/kg) indicates a greater nutrient density that may contribute to improved growth performance (Tran et al., 2015).

			The increased ash content reflects a higher mineral concentration resulting from eggshell inclusion, while the slight increase in crude fat provides additional energy for metabolic activities. Conversely, nitrogen-free extract (NFE) decreased due to the proportional increase in protein and fiber fractions. Overall, the proximate composition suggests that the maggot pellet supplemented with eggshell powder provides a more balanced and nutrient-rich diet (Su et al., 2025), which may explain the superior growth and hematological responses observed in Clarias batrachus.

			The present study demonstrated that dietary treatments significantly affected body weight gain and hemoglobin concentration in Clarias batrachus, whereas hematocrit and leukocyte profiles were not significantly influenced by the tested diets. Among the treatments, fish fed maggot-based pellets (X3) exhibited the highest growth performance and the most favorable hematological profile.

			Growth performance is one of the most important indicators of feed quality and nutritional adequacy in aquaculture (Ashqolani et al., 2023; Bakare et al., 2020). The significantly higher weight gain observed in fish receiving maggot-based pellets (X3) and commercial pellets (X2) compared with fish fed natural feed (X0) and dried maggot (X1) suggests that pelletized diets provided more balanced nutrients for growth (Liu et al., 2024). Protein is the primary nutrient required for tissue synthesis, enzyme production, hormone formation, and energy metabolism in fish. Therefore, adequate protein intake directly contributes to increased growth rates and feed utilization efficiency. The superior performance of the maggot-based pellet may be attributed to the high protein content of black soldier fly (Hermetia illucens) larvae meal, which has been reported to contain approximately 40-60% crude protein and a favorable amino acid profile (Tran et al., 2015; Belghit et al., 2019). Furthermore, the combination of maggot meal with soybean meal, rice bran, and vitamin-mineral premix in the formulated pellet likely improved nutrient balance and digestibility, resulting in enhanced growth performance (Jayanegara, 2022; Bhusare et al., 2026).

			Although hematocrit values tended to increase from X0 to X3, statistical analysis indicated that the differences among treatments were not significant (P = 0.094). The mean hematocrit values ranged from 22.00% in the control group (X0) to 34.00% in the maggot-based pellet group (X3). This trend suggests that improved dietary quality may have supported erythropoiesis and blood cell production (Esmaeili, 2021); however, the relatively high variation among individuals and the limited sample size may have reduced the statistical power to detect significant differences. Hematocrit is influenced not only by nutrition but also by environmental conditions, hydration status, physiological adaptation, and stress responses (Witeska et al., 2023). Therefore, the absence of a significant effect indicates that all dietary treatments were generally capable of maintaining hematological homeostasis during the experimental period.

			In contrast to hematocrit, hemoglobin concentration was significantly affected by dietary treatment. Fish fed maggot-based pellets (X3) exhibited the highest hemoglobin concentration, followed by fish fed commercial pellets (X2), dried maggot (X1), and natural feed (X0). Tukey’s HSD test indicated significant differences among all treatment groups. Hemoglobin plays a crucial role in oxygen transport and metabolic activity; therefore, increased hemoglobin levels may reflect improved nutritional status and physiological condition (Adeoye et al., 2020; Bordoloi et al., 2025). The hemoglobin concentrations observed in the pellet-fed groups were within or close to the normal range reported for healthy catfish, whereas the control group exhibited values below the optimal range. These findings suggest that diets containing balanced protein sources, particularly maggot meal, may support hemoglobin synthesis more effectively than natural feed alone (Teye-Gaga et al., 2026).

			The erythrocytic profile further indicated that RBC count, MCV, MCH, and MCHC did not differ significantly among treatments. This finding suggests that the dietary treatments primarily influenced hemoglobin concentration without substantially altering erythrocyte morphology or red blood cell indices (Bordoloi et al., 2025; Ikechukwu et al., 2026). The maintenance of these parameters within comparable ranges across treatments indicates that the tested diets did not induce hematological abnormalities such as severe anemia or erythrocyte dysfunction (Witeska et al., 2023).

			Analysis of the leukocytic profile showed no significant differences in total leukocyte count, neutrophils, lymphocytes, monocytes, eosinophils, or basophils among treatment groups. Lymphocytes were the predominant leukocyte population in all groups, representing the typical leukocyte distribution reported in healthy freshwater fish. Although fish receiving maggot-based pellets (X3) tended to exhibit higher lymphocyte percentages and lower eosinophil percentages than fish fed dried maggot alone (X1), these differences were not statistically significant. The absence of significant changes in leukocyte distribution suggests that the dietary treatments did not induce adverse immune responses, inflammation, or physiological stress during the 14-day feeding period (Hwang et al., 2021; Xia et al., 2021).

			The present study has several limitations that should be considered when interpreting the findings. First, the relatively small sample size may have reduced the statistical power to detect subtle differences among dietary treatments. Second, the feeding trial was conducted over a relatively short period (15 days), which may not have been sufficient to fully evaluate the long-term effects of black soldier fly larvae meal on growth performance and hematological responses in catfish. Third, each dietary treatment was conducted using a single aquarium containing five fish, without independent tank replication. Consequently, potential tank effects could not be separated from treatment effects, which may limit the robustness and generalizability of the results. Therefore, the findings of this study should be regarded as preliminary. Future studies should employ larger sample sizes, longer experimental durations, and multiple independent tanks per treatment to provide stronger evidence regarding the nutritional value and physiological effects of black soldier fly larvae meal in aquaculture.

			Overall, the results indicate that maggot-based pellets can serve as an effective alternative protein source for catfish culture (Camperio et al., 2026). The diet represented by X3 promoted superior growth performance and significantly improved hemoglobin concentration while maintaining normal hematological and leukocytic profiles. These findings support the potential utilization of locally produced black soldier fly larvae meal as a sustainable and nutritionally valuable feed ingredient for freshwater aquaculture (Su et al., 2025).

			The present study has several limitations that should be considered when interpreting the findings. First, the relatively small sample size may have reduced the statistical power to detect subtle differences among dietary treatments. Second, the feeding trial was conducted over a relatively short period (14 days), which may not have been sufficient to fully evaluate the long-term effects of black soldier fly larvae meal on growth performance and hematological responses in catfish. Third, each dietary treatment was conducted using a single aquarium containing five fish, without independent tank replication. Consequently, potential tank effects could not be separated from treatment effects, which may limit the robustness and generalizability of the results. Therefore, the findings of this study should be regarded as preliminary. Future studies should employ larger sample sizes, longer experimental durations, and multiple independent tanks per treatment to provide stronger evidence regarding the nutritional value and physiological effects of black soldier fly larvae meal in aquaculture.

			Conclusion

			
Dietary supplementation with maggot-based pellets significantly improved the growth performance of catfish (Clarias batrachus), as demonstrated by greater body weight gain and higher hemoglobin concentrations compared with the control group (p ≤ 0.05). These findings indicate that black soldier fly (Hermetia illucens) larvae meal is a nutritionally valuable protein source capable of supporting growth and maintaining hematological health. However, hematocrit values were not significantly affected (p ≥ 0.05), suggesting that the day 15 feeding period was insufficient to induce changes in erythrocyte volume. Overall, maggot-based pellets represent a promising sustainable alternative to conventional fish feed.

			This study was limited by the short experimental duration and the use of a single fish per experimental unit. Therefore, further studies with longer feeding periods, larger sample sizes, and multiple fish per independently replicated tanks are recommended to validate these findings and better evaluate the long-term effects of black soldier fly larvae meal on catfish growth and health.
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Abstract | The increasing demand for sustainable and cost-effective aquaculture feed has driven the search
for alternative protein sources in aquaculture. Black soldier fly (Hermetia illucens) larvae (maggot) have gained
considerable attention due to their high nutritional value and potential to enhance fish growth and health.
This study aimed to evaluate the effects of maggot-based feed on hematological profile, body weight, and feed
nutritional value in catfish (Clarias batrachus). Twenty catfish (2-3 months old, 20-25 ¢cm) were randomly
allocated into four groups: natural feed control (X0), dried maggot feed (X1), commercial pellet feed (X2),
and maggot-based pellet feed (X3), and maintained under controlled aquaculture conditions for 15 days.
Body weight was recorded on days 1 and 15; hematocrit, hemoglobin, and differential leukocyte counts were
assessed at the end of the experiment. Proximate analysis of the maggot-based pellet was performed. Data
were analyzed using one-way ANOVA with Tukey’s HSD post-hoc test. The formulated maggot-based pellet
supplemented with eggshell powder showed a favorable nutritional composition, with high crude protein and
metabolizable energy. Dietary treatment significantly affected body weight gain (p < 0.05). Fish fed commercial
pellets (X2) and maggot-based pellets (X3) gained significantly more weight than those fed natural feed
(X0) or dried maggot alone (X1), with no difference between X2 and X3. Hemoglobin concentration was
significantly affected by treatment (p < 0.001), highest in X3, followed by X2, X1, and X0, while hematocrit
did not differ significantly (p = 0.094). Lymphocytes predominated the leukocyte profile (68.4-82.2%) in all
groups, with no significant treatment effect on WBC count or leukocyte differential percentages (p = 0.05).
Maggot-based feed, especially when supplemented with eggshell powder, is a promising alternative protein
source comparable to commercial feed for improving growth and hematological performance in catfish
without adverse effects on leukocyte profiles.
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