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Abstract  15 

This study evaluated the efficacy of Black Soldier Fly larvae oil (BSFO) as a sustainable substitute for traditional 16 

fish oil in the diets of goldfish (Carassius auratus). To determine the ideal inclusion rate, a comprehensive 49-day 17 

feeding trial was conducted, evaluating six distinct BSFO replacement levels ranging from 0% to 30%. The results 18 

demonstrated that incorporating dietary BSFO significantly improved overall growth performance and feed efficiency 19 

metrics. Specifically, the 30% BSFO replacement level emerged as the optimal formulation. It successfully maximized 20 

the specific growth rate (reaching 1.14% per day), total weight gain, and feed utilization, while simultaneously 21 

minimizing the feed conversion ratio. Furthermore, this 30% inclusion level effectively enriched the whole-body 22 

essential amino and fatty acid profiles. It also maintained normal hematological parameters, supported healthy 23 

immunological responses, and visibly enhanced integumentary carotenoid pigmentation. Conclusively, a 30% BSFO 24 

substitution safely improves the growth, nutritional quality, and overall aesthetics in ornamental aquaculture. 25 

Keywords: goldfish; black soldier fly oil, feed; growth; color 26 
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1. Introduction 29 

  Ornamental fish hold significant potential in both domestic and international markets due to their diverse 30 

colors, shapes, and captivating movements, which are highly valued by consumers. Among these, goldfish (Carassius 31 

auratus) are particularly popular because of their wide range of color variations, including orange and reddish hues, as 32 

well as their distinctive body shape (Basoruddin et al. 2022). In addition, goldfish are also highly adaptable to new 33 

environments, making them relatively easy to maintain (Nigroho et al. 2024). 34 

Feed plays a critical role in the success of goldfish farming. In feed formulations, lipid, along with protein, are 35 

essential nutrient. Lipid has a protein-sparing effect, serving as an alternative energy source and thereby allowing 36 

dietary protein to be used more effectively for growth (Muin et al. 2024). Fish oil is commonly used as a primary lipid 37 

source because it contains omega-3 fatty acids that improve feed quality and support fish growth (Espe et al. 2023). 38 

However, fish oil availability is declining, and its cost is relatively high, creating a need for alternative lipid sources in 39 

aquafeeds. 40 

Black soldier fly (BSF) oil represents a promising substitute, containing 38.8% lipids and being particularly 41 

rich in lauric, palmitic, and oleic acids (Bakar et al. 2021). In addition, BSF contains approximately 42% protein and 42 

35% fat, with linoleic acid levels ranging from 3.6% to 4.5% and linolenic acid levels between 0.08% and 0.74% 43 

(Isdadiyanto, 2015). Despite these advantages, research on substituting fish oil with BSF oil in goldfish diets remains 44 

limited. Therefore, this study aimed to evaluate the effects of BSF oil substitution in artificial feed on the growth 45 

performance and survival rate of goldfish (C. Auratus). 46 

 47 

2. Materials and methods 48 

2.1. Test Animals 49 

The test animals used in this study were oranda goldfish with an average weight of 8.7 ± 1.2 g per fish. The 50 

stocking density was 10 fish per treatment aquarium. The fish were obtained directly from ornamental fish cultivators 51 

in Tulungagung Regency, East java Province, Indonesia. 52 

 53 

2.2.  Goldfish Rearing Containers 54 

The experiment was conducted in 18 aquariums, each with a volume of 125 L, equipped with aeration systems. 55 

Each aquarium was filled with water to 70% of its total volume. Before use, the aquariums were thoroughly washed 56 

and rinsed to ensure no soap residues or contaminants remained. 57 

 58 

2.3. Maintenance Media 59 

Freshwater was used as the rearing medium. The water was collected, allowed to settle, and confirmed to be 60 

free of contaminants before use. 61 

 62 

2.4. Research Methods 63 

The research method used in this study was an experimental approach. An experimental method involves 64 

manipulating independent variables, controlling external factors, and measuring their effects on dependent variables. 65 
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In this study, the method was applied to determine the optimal level of fish oil substitution with black soldier fly (BSF) 66 

oil in artificial feed for improving the growth performance and survival of goldfish. 67 

The experimental design followed a Completely Randomized Design (CRD) with six treatments and three 68 

replicates each. The treatment levels were as follows: 69 

Treatment A: 0% black soldier fly oil 70 

Treatment B: 10% black soldier fly oil 71 

Treatment C: 15% black soldier fly oil 72 

Treatment D: 20% black soldier fly oil 73 

Treatment E: 25% black soldier fly oil 74 

Treatment F: 30% black soldier fly oil 75 

The experimental diets were formulated using fish meal, shrimp head meal, soybean meal, corn flour, bran meal, 76 

fish oil, BSF oil, corn oil, vitamin–mineral mix, and CMC. The nutritional composition of the ingredients and the 77 

formulated diets are presented in Tables 1 and 2. 78 

According to Haryono et al. (2015), feed preparation begins by mixing the raw materials in order, from the 79 

smallest to the largest proportion. Warm water (50–60°C) was gradually added to the mixture, which was then pelletized 80 

using a coconut filter. The pellets were dried in an oven at approximately 30°C until fully dried. 81 

 Fish in each treatment group were fed one of the six experimental diets at 3% of their biomass per day, divided 82 

into three feedings (08:00, 12:00, and 16:00 Western Indonesian Time), for a period of 49 consecutive days. 83 

2.4.1. Proximate Analysis 84 

 The chemical composition of the sample was determined using standard procedures outlined by AOAC (2005). 85 

Crude protein content was calculated by multiplying the total nitrogen content by a conversion factor (typically 6.25), 86 

which accounts for differences in carbohydrate content estimation. 87 

 88 

2.4.2. Amino Acid Profile 89 

 To analyze amino acid composition, High-Performance Liquid Chromatography (HPLC) (Waters Corporation, 90 

USA) was used with Acetonitrile 60%-AccqTag Eluent as the mobile phase. The system operated at a flow rate of 1.0 91 

mL min⁻¹ and was equipped with a fluorescence detector. Each sample was injected with a volume of 5 ml (AOAC, 92 

2005). Based on the amino acid profile of the diets over the 49-day feeding trial, the treatment with 20% black soldier 93 

fly (BSF) larvae meal substitution yielded the highest levels of lysine and methionine, recorded at 3.56% and 3.40%, 94 

respectively. 95 

 96 

2.4.3. Fatty Acids Profile 97 

 Gas chromatography (GC) was used to test fatty acids. A Shimadzu GC-14B (Shimadzu Corporation, Japan) 98 

equipped with a flame ionization detector and a capillary column was used for the GC analysis (AOAC, 2005).  99 

 100 

2.4.4. Total Feed Consumption (TFC) 101 

According to Weatherly (Renitasari et al. 2021),  total feed consumption can be calculated using the following formula: 102 
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𝐹 = ܥ − ܵ 103 

Where: 104 

F : Feed consumption (g) 105 

C : Feed given (g) 106 

S : Remaining feed (g) 107 

 108 

 109 

 110 

2.4.5. Feed Utilization Efficiency (FUE) 111 

The feed utilization efficiency value was calculated using the formula, as follows: 112 𝐹ܷܧ = ௧ܹ − 0ܹ𝐹  ×  100% 113 

Where:  114 

FUE : Feed Utilization Efficiency  115 

Wt : Final fish weight at the end of the study (g)  116 

W0 : Initial fish weight at the start of the study (g)  117 

F : Total amount of feed consumed. 118 

 119 

2.4.6. Absolute Weight Gain 120 

The weight growth value was calculated based on the (Srisuksai et al. 2024) namely: 121 W = Wt − W0 122 

Where: 123 

W : Weight growth (g) 124 

Wt : Biomass weight of the test fish at the end of the study (g) 125 

W0 : Biomass weight of the test fish at the beginning of the study (g) 126 

 127 

2.4.7. Specific Growth Rate (SGR) 128 

According to (Usman et al. 2022) the specific growth rate during the maintenance period is calculated using the 129 

following formula: 130 SGR ln Wt − lnW0t  × 100 % 131 

Where: 132 

SGR : Specific growth rate (%/day) 133 

Wt : Total weight of fish at the end of the study (g/tail) 134 

W0 : Total weight of fish at the beginning of the study (g/tail) 135 

t : Time (duration of the maintenance period, in days) 136 

 137 

 138 
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 139 

2.4.8. Food Conversion Ratio (FCR) 140 

The food conversion ratio represents the amount of feed required to produce 1 kg of meat. According to (Effendie, 141 

1997) the food conversion ratio can be calculated using the following formula: 142 𝐹ܴܥ =  𝐹( ௧ܹ − 0ܹ −  143 (ܦ

Where: 144 

FCR: Food conversion ratio 145 

Wt: Fish biomass weight at the end of the study (g) 146 

W0: Fish biomass weight at the beginning of the study (g) 147 

F: Amount of feed consumed (g) 148 

D: Fish biomass weight that died during maintenance (g) 149 

 150 

2.4.9. Survival Rate (SR) 151 

According to (Effendie, 1997) ,survival rate is the percentage of cultured fish that survive, which can be calculated as 152 

follows: 153 ܴܵ =  ௧ܰ0ܰ × 100% 154 

 155 

Where: 156 

Nt: Number of fish at the end of the study 157 

N0: Number of fish at the beginning of the study 158 

 159 

2.5. Blood profile 160 

2.5.1. Erythrocytes 161 

Erythrocyte counts were determined using a Neubauer hemocytometer (Mahardika et al. 2020): 162 

Total erythrocytes (cells/mm³) = ΣE × 104 163 

Information: 164 

ΣE = Number of erythrocytes counted 165 

 166 

 167 

2.5.2. Leukocytes 168 

Leukocytes were counted using the same hemocytometer method. Counting was performed systematically, 169 

starting from the upper left corner, then moving right, down, and left in sequence (Lestari et al., 2019). The formula 170 

used was: 171 

Total leukocytes (cells/mm³) = n × 50 172 

Information :  173 

n = Number of leukocytes counted in 64 squares 174 
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 175 

2.5.3. Leukocyte Differential 176 

The leukocyte differential is calculated as follows according to (Hartika et al. 2014): 177 

% Lymphocytes =  
௅100 × 100% 178 

% Monocytes = ெ100 × 100% 179 

% Neutrophils = 
ே100 × 100% 180 

 181 

2.5.4. Hemoglobin 182 

Hemoglobin levels were measured using the Sahli method (Yusuf et al. 2023). Blood was drawn with a 183 

Sahli pipette up to the 20 mm³ mark, then transferred into a hemoglobinometer tube containing 0.1 N HCl up to the 184 

10 (red) mark. The mixture was stirred for 3–5 minutes. Distilled water was added dropwise until the red color 185 

matched the standard solution in the hemoglobinometer. Hemoglobin levels were expressed in g/dL or g/%. 186 

 187 

2.5.5. Hematocrit 188 

Hematocrit levels were determined by comparing the volume of packed red blood cells with the total blood 189 

volume on a hematocrit scale (Dahlifa et al. 2016). The formula, adapted from Anderson et al. (1993), is: 190 

Hematocrit (%)=
red blood cell volume

total blood volume
x 100% 191 

 192 

2.6. Color level 193 

The coloration of goldfish was quantitatively evaluated using the Hue, Saturation, and Value (HSV) color 194 

model, a widely adopted method for assessing pigmentation in aquaculture and image-based studies (Sural et al. 195 

2002; Ho et al. 2013). The HSV model separates chromatic content (hue) from intensity (value) and vividness 196 

(saturation), making it suitable for analyzing fish coloration. 197 

 198 

2.7. Chromatophore cell 199 

Chromatophore observations in the dermal layer were conducted at the end of the study using histological 200 

techniques. Skin samples were fixed, processed, and sectioned at a thickness of 3 µm, then stained with hematoxylin 201 

and eosin (H&E) to visualize tissue structure and chromatophore distribution. Following [56], histological slides 202 

were prepared for each treatment group and examined under a light microscope at 400× magnification. 203 

Chromatophore cells were identified based on location and pigmentation, and their numbers were quantified to 204 

assess pigmentation intensity. An increased chromatophore count was associated with enhanced color intensity in 205 

goldfish. 206 

 207 

2.8. Water Quality 208 

Water quality parameters observed in this study included temperature, acidity (pH), and dissolved oxygen 209 

(DO). Measurements were taken once per week, either in the morning or evening, before feeding. 210 
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 211 

2.9. Data Analysis 212 

 Data analysis was conducted after the study was completed statistically using IBM SPSS Statistics 25 213 

software. Statistical analysis was performed on crime scene data, TFC, FUE, FCR, absolute weight growth, SGR and 214 

SR. The statistical analysis used is the Complete Randomized Design (RAL) test by conducting normality tests, 215 

homogeneity tests and additivity tests. The results obtained were then analyzed for variance (ANOVA). The data were 216 

analyzed variously (F test) at a 95% confidence level. If the results of analysis variance (ANOVA) had siginificant, 217 

Duncan's double region test is carried out to determine the difference in the middle value between treatments. Analysis 218 

of water quality data is carried out descriptively to be further compared with the feasibility value in existing references. 219 

 220 

3. Results 221 

The growth performance of goldfish (Carassius auratus) after 49 days of rearing is presented in Table 3. 222 

Among all treatments, treatment F (30% BSF oil per 100 g feed) showed the best results for Total Feed Consumption 223 

(TFC), Feed Utilization Efficiency (FUE), Feed Conversion Ratio (FCR), Average Body Weight (ABW), Specific 224 

Growth Rate (SGR), and Survival Rate (SR), with values of 141.66 g, 43.37%, 2.31, 61.45 g, 1.14%/day, and 100%, 225 

respectively. Treatment A (0% BSF oil) contained the lowest levels of lysine (3.05 ± 0.06%) and methionine (3.08 ± 226 

0.09%), whereas feed F contained the highest levels of lysine (4.70 ± 0.02%) and methionine (4.88 ± 0.08%). Similarly, 227 

the amino acid profile analysis showed that treatment A had the lowest lysine (3.05 ± 0.06%) and methionine (3.08 ± 228 

0.09%) deposits, while treatment F recorded the highest lysine (4.70 ± 0.02%) and methionine (4.88 ± 0.08%) deposits. 229 

The fatty acid profile of the experimental feeds showed that treatment A contained the lowest levels of linoleic 230 

acid (2.89 ± 0.04%), linolenic acid (2.66 ± 0.02%), eicosapentaenoic acid (1.03 ± 0.07%), and docosahexaenoic acid 231 

(0.65 ± 0.08%), whereas treatment F contained the highest levels of linoleic acid (4.55 ± 0.03%), linolenic acid (5.79 232 

± 0.05%), eicosapentaenoic acid (3.27 ± 0.09%), and docosahexaenoic acid (3.38 ± 0.08%). 233 

Similarly, the fatty acid composition of goldfish muscle reflected the feed treatments. Treatment A recorded 234 

the lowest levels of linoleic acid (1.30 ± 0.07%), linolenic acid (4.47 ± 0.05%), eicosapentaenoic acid (2.60 ± 0.05%), 235 

and docosahexaenoic acid (4.25 ± 0.03%), while treatment F showed the highest levels, with values of 6.37 ± 0.02%, 236 

7.75 ± 0.08%, 5.02 ± 0.05%, and 5.15 ± 0.04%, respectively. The color quality of goldfish fed BSF oil for 49 days is 237 

shown in Figure 8, with HSV analysis results presented in Table 7. Goldfish in treatment F displayed the most vibrant 238 

and aesthetically desirable coloration, described as "Tiger Orange" with "Daffodil Yellow" highlights.  239 

Based on erythrocyte count data for goldfish (C. auratus), presented in Figure 1, the average erythrocyte count 240 

ranged from 1.23 to 2.39 × 10⁶ cells/mm³. The highest erythrocyte count was observed in treatment F (30% BSF oil) at 241 

2.39 ± 0.05 × 10⁶ cells/mm³, while the lowest was in treatment A (0% BSF oil) at 1.23 ± 0.08 × 106 cells/mm³. 242 

Leukocyte count data, presented in Figure 2, showed that average leukocyte counts ranged from 0.70 to 1.90 × 10⁵ 243 

cells/mm³. Treatment F recorded the highest leukocyte count at 1.90 ± 0.14 × 10⁵ cells/mm³, and treatment A had the 244 

lowest at 0.70 ± 0.10 × 10⁵ cells/mm³. 245 

Lymphocyte counts in goldfish, presented in Figure 3, ranged from 63% to 88%, with treatment A showing 246 

the lowest count (63.00 ± 3.00%) and treatment F the highest (88.30 ± 2.07%). Hemoglobin counts in goldfish (C. 247 
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auratus) during the study are presented in Figure 6, ranging from 8.2 to 11.2 g/dL. The lowest hemoglobin level was 248 

observed in treatment A (0% BSF oil) at 8.02 ± 0.39 g/dL, while the highest was in treatment F (30% BSF oil) at 11.2 249 

± 0.54 g/dL. Hematocrit values, shown in Figure 7, ranged from 30% to 39%, with treatment F exhibiting the highest 250 

hematocrit at 39.14 ± 1.77%. 251 

 252 

4.  Discussion 253 

The substitution with black soldier fly oil (Hermetia illucens) in goldfish (Carassius auratus) feed resulted in 254 

improved growth performance. Growth was evaluated using total feed consumption (TFC), feed utilization efficiency 255 

(FUE), feed conversion ratio (FCR), absolute body weight (ABW), and specific growth rate (SGR). Analysis of 256 

variance (ANOVA) showed that replacing fish oil with BSF oil significantly affected all growth parameters. The best 257 

performance was observed in treatment F (30% BSF oil per 100 g feed), with mean values of TFC (127.17 ± 1.46 g), 258 

FUE (44.01 ± 0.40%), FCR (2.27 ± 0.02), ABW (56.15 ± 1.19 g), and SGR (1.24 ± 0.02%/day). The improved growth 259 

in treatment F is likely associated with the nutritional composition of BSF oil, which contains approximately 42% 260 

protein and 28% lipid (dry weight) (Xu et al., 2020). 261 

The TFC value in treatment F was higher than in treatments A (0% black soldier fly oil), B (10%), C (15%), 262 

D (20%), and E (25%), likely due to the fatty acid content of BSF oil. In particular, H. illucens oil contains 40.1% lauric 263 

acid (C12:0), 13.1% palmitic acid (C16:0), 9.88% myristic acid (C14:0), 3.6–4.5% linoleic acid (18:2n-6), and 0.08–264 

0.74% linolenic acid (18:3n-3) (Fawole et al. 2021), (Li et al. 2016). Feed intake is generally proportional to fish size; 265 

larger fish require more feed, which leads to higher total feed consumption (Karimah et al. 2018). Additionally, feeding 266 

behavior is influenced by feed aroma and palatability. Treatment F (30% BSF oil) appeared to have an aroma and taste 267 

preferred by goldfish, resulting in the highest feed intake. This is consistent with (islama et al., 2020), who noted that 268 

feed with a distinctive aroma that is well accepted by cultured fish is considered high quality. Similarly, Filawati et al. 269 

(2018) reported that feed palatability is influenced by smell, taste, and texture, which are closely linked to attractants 270 

present in the diet. Black soldier fly oil, with its distinctive odor, may act as such an attractant. At the appropriate 271 

inclusion level, it can enhance feed palatability and promote efficient feed utilization. 272 

The highest feed utilization efficiency (FUE) was observed in treatment F (30% BSF oil), with a value of 43.37 273 

± 0.94%. This value was higher than in treatments A (0%), B (10%), C (15%), D (20%), and E (25%), likely due to the 274 

fatty acid composition of BSF oil. In particular, the lauric acid content, combined with 43% protein in treatment F, 275 

promoted optimal energy absorption and supported efficient growth, indicating that the feed met the nutritional 276 

requirements of goldfish (C. auratus). This aligns with Usman et al. (2022), who reported that omnivorous fish 277 

generally require 20–60% protein, with an optimum range of 30–37%. High feed utilization efficiency reflects the 278 

digestibility and effective use of the feed for growth (Iskandar, 2015).  Proximate analysis of treatment F showed a fat 279 

content of 14.28%, and black soldier fly oil provides saturated fatty acids, primarily lauric acid, which can act as 280 

antioxidants and increase HDL (62. Sandhya et al. 2016). The combination of lauric acid and high protein content in 281 

treatment F likely contributed to improved energy absorption and more efficient growth. 282 

In several previous studies,(Bakar et al. 2021); (Fawole et al. 2021) stated that the effect of the digestibility level 283 

of BSF oil on the growth of carp (Cyprinus carpio) was very positive and significant. The mechanism of BSF oil 284 
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digestibility and its impact on growth is because BSF oil has a medium chain fatty acid profile (MFCA) which is very 285 

digestible, especially lauric acid which can reach a range of 21-49%. In contrast to long chain fatty acids, MCFA 286 

molecules are much smaller so they can be hydrolyzed quickly by lipase enzymes in the digestive tract of carp and 287 

absorbed efficiently by the intestines. The presence of BSF oil can trigger a Protein-Sparing Effect because MCFA 288 

from maggot oil is very easily absorbed so that the fat content in it will be directly transported to the liver through the 289 

portal vein to be oxidized into instant energy (beta-oxidation). Through this digestive mechanism, goldfish do not need 290 

to break down amino acids (protein) from their feed to meet their basic energy needs (Gatlin et al. 2024). As a result, 291 

the feed's protein content can be allocated optimally and purely for the formation of flesh tissue and somatic growth. 292 

The high level of lipid digestibility in BSF oil plays a central role in optimizing nutrient metabolism, which directly 293 

impacts fish growth performance. This numerical difference in fish growth results occurs due to the high lipid content 294 

in BSF oil, commonly known as chitin. The higher chitin content in BSF oil has also been identified as a cause of 295 

decreased digestibility in some cases. Chitin is thought to reduce access to chitinases and proteinases, which can affect 296 

protein and lipid absorption in the intestine, thus preventing natural protein absorption by the intestine. 297 

The digestive potential of chitin can vary among fish. In certain species, chitin can be considered to have 298 

immunostimulatory properties that are beneficial in preventing fish from contracting diseases and bacterial infections 299 

(Rangkuti et al. 2026).  In goldfish, this is also affected based on previous research by (Muin et al. 2024) which found 300 

that the chitin content in BSF oil can increase the innate immune response and disease resistance in goldfish. BSF oil 301 

is well accepted by tilapia with higher nutrient digestibility than fish meal. Furthermore, these results are supported by 302 

increased growth of fish fed BSF oil, indicating that the addition of insect oil to goldfish feed can provide efficient 303 

energy and high digestibility, the overall rate of nutrient digestion, including facilitating the absorption of fat-soluble 304 

vitamins, to be very optimal. This can directly boost the increase in Feed Utilization Efficiency (FUE); Specific Growth 305 

Rate (SGR) which is comparable to the decrease in the Feed Conversion Ratio (FCR) value (Fisher at al. 2020). 306 

The best feed conversion ratio (FCR) was observed in treatment F (30% BSF oil), with a value of 2.31 ± 0.05. 307 

This value was higher in BSF oil content compared to treatments A (0%), B (10%), C (15%), D (20%), and E (25%). 308 

FCR values below 3 are generally considered efficient for fish (Mubarak et al. 2021). The lowest performance was seen 309 

in treatment A (0% BSF oil), with an FCR of 3.37 ± 0.21, exceeding the optimal threshold. This is likely due to the 310 

lower protein and fat content in treatment A, which may have limited the ability of goldfish to meet their nutritional 311 

requirements. Lauric acid in BSF oil has been reported to increase high-density lipoprotein (HDL), reducing blood 312 

vessel blockage and supporting metabolism [(Sandhya et al. 2016); (Isdadiyanto, 2015). Feed conversion ratio is closely 313 

linked to feed utilization efficiency; a lower FCR indicates higher efficiency, meaning that fish are able to convert 314 

consumed feed into growth more effectively (Rararsati et al., 2021) 315 

The highest absolute weight gain was observed in treatment F (30% BSF oil), with a value of 37.40 ± 2.1 g. The 316 

combination of lauric acid and 43% protein in treatment F likely promoted optimal energy absorption, supporting high-317 

quality feed that meets the nutritional needs of goldfish (C. auratus). Goldfish growth is influenced by total feed 318 

consumption, feed utilization efficiency, feeding frequency, and the content of macro- and micronutrients in the diet. 319 

Treatment F provided essential nutrients, including 11.10% fat, 37.13% protein, and 21.56% carbohydrates, yielding 320 
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approximately 400% energy at 0.59 kcal/g. In general, goldfish require 30–37% protein and 4–10% fat(Usman et al. 321 

2020). 322 

Black soldier fly oil contains 3.6–4.5% linoleic acid and 0.08–0.74% linolenic acid( Li et al. 2020)and is also 323 

rich in lauric acid (40.1%), palmitic acid (13.1%), and myristic acid (9.88%) (Fawole et al. 2021)Lauric acid acts as an 324 

antioxidant, antimicrobial agent, and supports HDL production, helping reduce blood vessel blockage and facilitating 325 

metabolism (Nugroho et al. 2024). Palmitic acid contributes to energy storage, linoleic acid is a precursor for 326 

eicosapentaenoic acid (EPA), and linolenic acid is a precursor for docosahexaenoic acid (DHA) (Herawati et al. 2020). 327 

The highest specific growth rate (SGR) was observed in treatment F, in which 30% of fish oil was replaced with 328 

BSF oil, with a value of 1.14 ± 0.04%/day. This SGR was higher than in treatments A (0%), B (10%), C (15%), D 329 

(20%), and E (25%). One of the key factors influencing SGR is feed quality, which includes nutrient content, water 330 

stability, digestibility, aroma, and taste (Takeuchi et al., 2002) Higher feed quality ensures that the maximum energy 331 

from the diet is available for goldfish (C. auratus) growth (Zainuddin et al. 2017). Fish growth is also influenced by 332 

the balance of nutrients in the feed; a well-balanced diet promotes optimal growth (Muin et al., 2024). 333 

SGR is closely linked to feed utilization efficiency; the more efficiently feed is converted into biomass, the 334 

higher the growth rate. Black soldier fly oil contributes to improved SGR due to its high lauric acid content (44.9%), 335 

which is absent in conventional fish oil. Lauric acid functions as an antioxidant, protecting and repairing fish cells 336 

(Sandhya et al. 2016); (Mukhlis et al. 2020).  By reducing cellular damage, lauric acid allows absorbed protein to be 337 

effectively used for growth. Additionally, energy stored from dietary fat and protein supports metabolism, activity, and 338 

growth (Riyanti et al. 2020). When dietary energy exceeds immediate needs, it can be allocated to growth, further 339 

enhancing SGR (Renitasari et al. 2021). 340 

The survival rate (SR) of goldfish (C. auratus) was 100% across all treatments, from A (0% BSF oil) to F (30%). 341 

Survival can be influenced by feed and water quality, as noted by [1], who reported that both the quantity and quality 342 

of feed, as well as water conditions, affect fish survival. Nutritional content also plays a key role; protein supports 343 

growth and helps regenerate damaged cells, while micronutrients such as vitamin C enhance the immune system 344 

(Munisa et al. 2015). 345 

In this study, feed containing black soldier fly oil provided essential fatty acids, including EPA and DHA, which 346 

are beneficial for growth and disease resistance. Li et al. (2016) reported that EPA and DHA in black soldier fly oil can 347 

produce survival rates of 96–100%. Additionally, black soldier fly oil contains 44.9% lauric acid, absent in conventional 348 

fish oil (Sukowati et al., 2021). Lauric acid acts as an antioxidant, protecting and repairing fish cells, thereby supporting 349 

overall health and survival (Mukhlis et al. 2020). 350 

Water quality is a critical factor supporting the growth and survival of goldfish (C. auratus). Monitoring 351 

parameters such as temperature, pH, and dissolved oxygen (DO) helps minimize the risk of aquaculture failure. During 352 

the study, water temperature ranged from 25 to 26.5 C, which is within the optimal range for goldfish growth (25–32 353 

C) (Solihah et al., 2015). The temperature remained relatively stable throughout the maintenance period, supporting 354 

appetite and reducing disease risk. pH values ranged from 7.1 to 8.11, and dissolved oxygen ranged from 4.02 to 6.11 355 

mg/L. These values fall within the optimal ranges for goldfish (pH 6.5–8.0 and DO > 3 mg/L), ensuring that water 356 

quality did not negatively affect growth or survival (Khairunnisa et al. 2020). 357 
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Methionine and lysine are key limiting amino acids for fish growth. Methionine not only promotes growth but 358 

also serves as a precursor for other metabolites dependent on its availability (Espe et al. 2023). Lysine plays multiple 359 

roles in fish physiology, including preventing fin rot, supporting gastrointestinal and immune system development, 360 

enhancing protein deposition and somatic growth, and synthesizing carnitine, which transports fatty acids into 361 

mitochondria for subsequent oxidation (Liaqat et al. 2024). As the methionine and lysine content in the feeds increased, 362 

their deposition in the fish body also increased. The highest deposition was observed in treatment F (30% BSF oil), 363 

with lysine and methionine levels of 4.70 ± 0.02% and 4.88 ± 0.08%, respectively. Overall, all experimental feeds met 364 

the methionine and lysine requirements for goldfish. Additionally, methionine contributes to immunity, antioxidant 365 

responses, intestinal enzyme activity, gut microflora, and lipid and amino acid metabolism (Mai et al. 2022). 366 

Glutamic acid is a non-essential amino acid; however, it can contribute to enhanced growth performance in fish. 367 

The glutamic acid content varied across treatments, with the highest level observed in treatment F (30% BSF oil) at 368 

7.30 ± 0.01%. Glutamic acid improves feed utilization efficiency by supporting the synthesis of arginine, proline, and 369 

glutathione, thereby influencing gut health and nutrient absorption in the intestine (Indrianti et al. 2023). In addition to 370 

its role in amino acid synthesis, glutamic acid is involved in various metabolic processes, serving as a metabolic fuel 371 

in the intestine, liver, kidneys, and skeletal muscle, and participating in antioxidative (Li et al. 2020). 372 

Linoleic and linolenic acids are polyunsaturated fatty acids (PUFAs) that serve as precursors to longer-chain 373 

PUFAs. Linolenic acid is an omega-3 fatty acid, whereas linoleic acid is an omega-6 fatty acid. Several studies have 374 

examined the impact of the linolenic/linoleic ratio on fish metabolism. In grass carp, an optimal ratio improved growth 375 

performance, altered muscle fatty acid composition, and promoted glucose metabolism (Yao et al. 2023). Gonçalves 376 

(2021), also reported that feeds with optimal ALA/LNA ratios increased total n-3 fatty acid content in fish. In this 377 

study, all experimental feeds met the required levels of linolenic and linoleic acids, with feed F showing the highest 378 

deposition: linolenic acid at 7.75 ± 0.08% and linoleic acid at 6.37 ± 0.02%. 379 

Dietary inclusion of Black Soldier Fly (Hermetia illucens) larvae oil (BSFLO) significantly modulates the 380 

whole-body fatty acid profile of goldfish (Carassius auratus), characterized by a linear deposition of medium-chain 381 

saturated fatty acids (MCFAs), particularly lauric acid (C12:0), which serves as a readily available energy substrate 382 

through direct portal transport and rapid $\beta$-oxidation (Belghit et al. 2019; Dumas et al. 2024). This efficient lipid-383 

driven energy supply exerts a prominent protein-sparing effect, preventing the catabolism of dietary essential amino 384 

acids (EAAs) for gluconeogenesis and consequently maximizing their allocation toward somatic protein synthesis (Li 385 

et al. 2020). While the strict homeostatic regulation of structural proteins maintains a highly stable whole-body amino 386 

acid profile and preserves essential amino acid indices (EAAI), excessive substitution of conventional oils with BSFLO 387 

suppresses the endogenous bioconversion of Alpha linolenic acid (ALA) into long-chain polyunsaturated fatty acids 388 

(LC-PUFAs) like EPA and DHA due to substrate saturation of 50-60 desaturases (Kousoulaki et al. 2021; Xu et al. 389 

2023). Therefore, a judicious or partial replacement strategy is imperative to harness the metabolic and protein-sparing 390 

benefits of MCFAs without compromising the physiological essential fatty acid requirements and membrane fluidity 391 

of the fish (Fawole et al. 2021). 392 

Goldfish in treatment F displayed the most vibrant and aesthetically desirable coloration, described as "Tiger 393 

Orange" with "Daffodil Yellow" highlights. This combination is highly favored in ornamental goldfish for its deep 394 
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golden hue and even distribution across the body and fins. Treatments E and D followed, classified as "Pumpkin 395 

Orange" and "Amber," respectively, both showing good chromatic depth but with either slightly reduced shine (E) or 396 

over-saturation and dullness (D). Fish from treatments C and B exhibited more muted or patchy orange tones, while 397 

treatment A had the weakest visual appeal, shifting toward a yellowish "Tomato Red–Ivory" combination, considered 398 

less ideal according to goldfish color standards. 399 

HSV analysis provided an objective quantitative assessment. Treatment F had the highest brightness value at 400 

72.6%, confirming the strong visual intensity observed. Treatment D (20% BSF oil) showed the highest saturation at 401 

22.7%, indicating deeper pigmentation but with reduced brightness. Treatment A exhibited a hue shift toward yellow 402 

(36.1), suggesting a possible pigment imbalance. 403 

The results of chromatophore cell analysis in goldfish fed varying levels of BSF oil for 49 days are shown in 404 

Figure 9. Treatment A (0% BSF oil) exhibited a high abundance of chromatophores with dense clusters, indicating 405 

strong baseline pigmentation. Treatments B (10%) and C (15%) showed moderate chromatophore numbers, 406 

maintaining good pigmentation consistent with brighter and more vibrant coloration. Treatment D (20%) displayed 407 

very dense chromatophore clusters but with lower brightness, suggesting that pigmentation effectiveness may be 408 

reduced or altered. Treatment E (25%) had the lowest chromatophore abundance, correlating with duller colors and 409 

reduced pigmentation. Treatment F (30%) showed a moderate-to-low chromatophore presence, higher than treatment 410 

E but lower than the moderate groups, corresponding with somewhat diminished color quality. Overall, moderate BSF 411 

oil inclusion (10–15%) supports optimal chromatophore abundance and coloration, while higher inclusion levels appear 412 

to reduce pigment cell presence and color vibrancy. This pattern aligns with previous reports on the effects of BSF oil 413 

on fish pigmentation and skin cell health.Lymphocyte counts in goldfish from 63% to 88%, with treatment A showing 414 

the lowest count (63.00 ± 3.00%) and treatment F the highest (88.30 ± 2.07%). Normal lymphocyte counts in goldfish 415 

range from 59.6% to 80.2% (Li et al. 2016). Monocyte counts ranged from 12.10% to 22.07%, with treatment A the 416 

lowest (12.10 ± 1.73%) and treatment F the highest (22.07 ± 1.30%). Neutrophil counts ranged from 5.01% to 17.05%, 417 

with treatment A recording the lowest value (5.01 ± 0.28%) and treatment F the highest (17.05 ± 0.47%). 418 

Hemoglobin counts in goldfish (C. auratus) during the study ranging from 8.2 to 11.2 g/dL. The lowest 419 

hemoglobin level was observed in treatment A (0% BSF oil) at 8.02 ± 0.39 g/dL, while the highest was in treatment F 420 

(30% BSF oil) at 11.2 ± 0.54 g/dL. Hematocrit values ranged from 30% to 39%, with treatment F exhibiting the highest 421 

hematocrit at 39.14 ± 1.77%. Normal hematocrit values for koi carp range from 29.7% (Chew and Gibson-Kueh, 2023) 422 

to 43.8% (Radu et al. 2009). 423 

The normal total erythrocyte count for goldfish ranges from 1.05 to 2.98 × 10⁶ cells/mm³ (Yustiati et al. 2020). 424 

In this study, treatments D (20% BSF oil), E (25%), and F (30%) showed increased erythrocyte counts, indicating that 425 

adding BSF oil to the feed can enhance erythrocyte levels. According to (Somparn et al. 2024) this increase may result 426 

from lauric acid and medium-chain fatty acids in BSF oil, which improve lipid metabolism and thereby affect nutrient 427 

absorption and energy availability for erythropoiesis. The elevated erythrocyte count also suggests an enhanced immune 428 

response, as red blood cells can attract and engulf pathogens via negatively charged membranes(Chan et al. 2022). 429 

Normal total leukocyte counts in goldfish range from 15.6 to 29.1 × 10³ cells/mm³ (Baghizadeh et al.2015); (Li 430 

et al., 2016).  In this study, the highest leukocyte count was observed in treatment F (30% black soldier fly oil) at 1.90 431 
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± 0.14 × 10⁵ cells/mm³, while the lowest was in treatment A (0%) at 0.70 ± 0.10 × 10⁵ cells/mm³. This increase is likely 432 

due to BSF oil enhancing phagocytosis and immune enzyme activity, which stimulates leukocyte numbers and 433 

functionality (Jiang et al. 2012). Lymphocyte counts, normally ranging from 59.6% to 80.2% (Li et al., 2016). were 434 

highest in treatment F, indicating enhanced antibody production. This effect is attributed to lauric acid in BSF oil, which 435 

has immunomodulatory and antimicrobial properties that promote the proliferation and function of lymphocytes (Goda 436 

et al. 2024). Lymphocytes are critical for defending against infections, as they produce antibodies that target invading 437 

bacteria (Novriadi et al. 2024). 438 

Normal monocyte counts in goldfish range from 2% to 12.4% (Nishiguchi et al. 2024).The lowest monocyte 439 

count was observed in treatment A (0% BSF oil) at 12.10 ± 1.73%, while the highest was in treatment F (30% BSF oil) 440 

at 22.07 ± 1.30%. Lauric acid in BSF oil can stimulate immune enzyme activity and cytokine gene expression, which 441 

play a role in monocyte proliferation and differentiation. This leads to an increased number of monocytes, enhancing 442 

phagocytosis and protection against pathogens (Phongpradist et al. 2023). 443 

Treatments with the addition of BSF oil to the feed showed an increase in neutrophil counts, likely due to 444 

enzymes associated with neutrophil function and bacterial defense. This suggests that BSF oil not only increases 445 

neutrophil numbers but also enhances their functional capacity in immune defense ( Khairunnisa  et al.2020). 446 

Neutrophils protect the body from bacterial infections by secreting proteolytic enzymes and lysozymes to destroy 447 

bacteria (Srisuksai et al. 2024). 448 

Normal hemoglobin levels for goldfish range from 5.9 to 9.09 g/dL (Li et al. 2015). The lowest hemoglobin 449 

level was observed in treatment A (0% BSF oil) at 8.02 ± 0.39 g/dL, while the highest was in treatment F (30% BSF 450 

oil) at 11.2 ± 0.54 g/dL. Lauric acid, a fatty acid in maggot oil, stimulates feed absorption and improves intestinal 451 

development in fish. Improved intestinal health enhances nutrient absorption, including iron and other nutrients 452 

essential for hemoglobin synthesis (Indriati et al. 2023). The increased hemoglobin levels are also influenced by the 453 

higher number of erythrocytes in the fish's body. 454 

Normal hematocrit levels for koi range from 29.7% (Espe et al. 2023) to 43.8%. The highest hematocrit level 455 

was observed in treatment F (30% BSF oil) at 39.14 ± 1.77%. Black soldier fly oil contains high levels of lauric acid, 456 

a medium-chain fatty acid that is rapidly metabolized into energy ( Indriati  et al. 2023).This increased energy 457 

availability supports better metabolic processes, including erythropoiesis (red blood cell production), which elevates 458 

hematocrit values ( Srisuksai et al. 2023). Hematocrit levels are closely related to hemoglobin and red blood cell counts; 459 

the lower the number of erythrocytes, the lower the hematocrit level in the blood (Yao et al. 2023). 460 

The color quality of ornamental fish is a primary determinant of their commercial value and is often used as a 461 

proxy for overall health and pigmentation efficacy (Khieokhajonkhet et al. 2022). Mean hue values ranged from 30.3 462 

to 36.1, with the control group (A) producing the highest value. Treatments containing balck soldier fly oil showed a 463 

slight downward trend in hue, particularly at 10%, 20%, and 30% inclusion rates, suggesting a subtle shift away from 464 

the “golden” color axis associated with goldfish, possibly toward a slightly duller or less saturated tone. In ornamental 465 

fish, carotenoid-based coloration largely determines orange-red hues, and decreases in hue may relate to lower 466 

availability or utilization of carotenoids due to BSF oil inclusion, as has been suggested for black soldier fly larvae 467 

meal substitutes for fishmeal in goldfish diets (Kamali et al. 2023). Saturation increased with the addition of BSF oil 468 
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up to 20%, peaking at 22.7% in treatment D relative to the control (18.8%), with a slight decrease at the highest dose 469 

(F; 18.8%). Higher saturation values typically correspond to more vibrant color intensity, indicating that moderate BSF 470 

oil supplementation could enhance color vibrancy compared to unsupplemented diets. 471 

However, excessively high inclusion does not further improve saturation and may even diminish this attribute. 472 

The mean brightness increased slightly with BSF oil addition, with treatments B, C, and F exceeding the control. This 473 

brighter appearance may indicate improved reflective qualities of the skin. Nevertheless, the 20% inclusion (D) appears 474 

to decrease brightness, possibly suggesting a threshold above which additional BSF oil may begin to have negative 475 

effects on goldfish skin quality or pigment deposition. 476 

 Black soldier fly oil is rich in medium-chain saturated and unsaturated fatty acids, which can alter fish lipid 477 

metabolism and potentially affect pigment deposition in the skin (Munisa et al. 2015). While research in other species 478 

demonstrates that insect-derived oils can efficiently replace traditional oils without major negative impacts on fillet 479 

quality or color (Fawole et al. 2021); (Moutinho et al. 2024) the specific effect on goldfish pigmentation appears 480 

nuanced. For instance, studies show that black soldier fly larvae meal in goldfish diets can reduce coloration and total 481 

carotenoid levels, likely due to reduced dietary pigments. This aligns with the observed slight downward shift in hue 482 

and the limited enhancement of saturation and brightness at higher inclusion rates. Additionally, antioxidant compounds 483 

present in BSF oil, such as linoleic acid, may play a role in modulating melanin synthesis and pigment stability 484 

(Phongpradist et al. 2023).  Minor improvements in brightness and color vibrancy at moderate BSF oil doses could 485 

partly stem from these functional properties, though the absence of a dose-dependent increase suggests the effect is 486 

limited. Chromatophore abundance generally decreases as BSF oil inclusion increases, most notably at 25%, which 487 

correlates with duller coloration. Optimal color and chromatophore presence occur at moderate BSF oil inclusion (10–488 

15%). This suggests that excessive BSF oil may negatively impact pigment cell development or maintenance, which is 489 

critical for ornamental fish coloration. These findings are consistent with existing literature, which recognizes that 490 

insect-derived oils like BSF oil contain fatty acid profiles (e.g., lauric acid and medium-chain saturated fatty acids) that 491 

influence lipid metabolism and pigment synthesis in fish (Khieokhajonkhet et al. 2022); (Srisuksai et al. 2024). Lauric 492 

acid and antioxidant components in BSF oil may support pigment stability at moderate inclusion, but excessive amounts 493 

may disrupt pigment cell development or carotenoid deposition, leading to reduced chromatophore abundance and 494 

color vibrancy. Studies in ornamental and aquaculture fish species show similar patterns, where insect-based feed 495 

ingredients can affect chromatophore dynamics and coloration depending on inclusion levels (Kamali et al. 2023). 496 

5. Conclusion 497 

The use of BSF oil in artificial feed for goldfish (C. auratus) has a significant effect on total feed consumption (TFC), 498 

feed utilization efficiency (FUE), feed conversion ratio (FCR), average body weight (ABW), and specific growth rate 499 

(SGR), but does not significantly affect survival rate (SR). Based on the research conducted, substituting 30% of BSF 500 

oil in feed resulted in the best growth performance, with a TFC of 141.66 g, FUE of 43.37%, FCR of 2.31, absolute 501 

weight of 61.45 g, SGR of 1.14%/day, and SR of 100%. Treatment F (30% BSF oil) achieved the highest methionine 502 

(4.88 ± 0.08%) and lysine (4.70 ± 0.02%) content. Additionally, treatment F also had the highest ALA and LNA 503 

deposits, with values of 7.75 ± 0.08% and 6.37 ± 0.02%, respectively. The hematological parameters of the goldfish 504 

were within the following ranges: erythrocytes (1.23–2.39 × 106 cells/mm³), leukocytes (0.70–1.90 × 105 cells/mm³), 505 
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lymphocytes (63–88%), monocytes (12.10–22.07%), neutrophils (5.01–17.05%), hemoglobin (8.2–11.2 g/dL), and 506 

hematocrit (30–39%) 507 

 508 

Funding Information   509 

This research did not receive any specific grant from funding agencies in the public, commercial, or nonprofit sectors.  510 

 511 

Author Contribution   512 

First Author: Conceptualization and methodology for all research; Second and Third Authors: Methodology; Fourth 513 

Author: Investigation; Fifth Author: Formal analysis; Sixth Author: Writing, review, and editing. 514 

 515 

Conflict of Interest   516 

The authors declare that they have no competing financial, non-financial, professional, or personal interests that could 517 

have influenced the work reported in this paper. 518 

 519 

Acknowledgments 520 

The authors thank the Mijen Fish Hatchery Center, Semarang, Indonesia, for providing facilities for this research.  521 

 522 

Data Availability Statement 523 

The data that support the findings of this study are available from the corresponding author upon reasonable request. 524 

 525 

Ethics Statement 526 

The protocol described and executed in the present study was approved by the Bioethics Committee for Medical / 527 

Health Research of The Faculty of Medicine, Sultan Agung Islamic University (Protocol No. 133/III/2026/ Bioethics 528 

Committee) 529 

 530 

References 531 

 532 

Angriani, R., Halid, I., & Baso, H. S. (2020). Growth analysis and survival rate of saline tilapia (Oreochromis niloticus, 533 

Linn) juveniles with different feeding doses. Fisheries of Wallacea Journal, 1(2), 84–92.  534 

Baghizadeh, E., & Khara, H. (2015). Variability in hematology and plasma indices of common carp (Cyprinus carpio) 535 

associated with age, sex, and hormonal treatment. Iranian Journal of Fisheries Sciences, 14(1), 99–111. 536 

Bakar, N. H. A., Razak, S. A., Taufek, N. M., & Alias, Z. (2021). Evaluation of black soldier fly (Hermetia illucens) 537 

prepupae oil as meal supplementation in diets for red hybrid tilapia (Oreochromis sp.). International Journal of 538 

Tropical Insect Science, 41(3), 2093–2102. https://doi.org/10.1007/s42690-020-00398-z 539 

Basoruddin, A., Prasetiyono, E., & Kurniawan, A. (2022). Fortification of melinjo (Gnetum gnemon) fruit peel extract 540 

in feed on the coloration of goldfish (Carassius auratus). Jurnal Perikanan Pantura, 5(1), 148–155. 541 



 

 
 

16 

Belghit, I., Liland, N. S., Gjesdal, P., Biancarosa, I., Menchetti, E., Li, Y., ... & Lock, E. J. (2019). Black soldier fly 542 

larvae meal can replace fish meal in diets of sea-water phase Atlantic salmon (Salmo salar). Aquaculture, 503, 543 

609-619. https://doi.org/10.1016/j.aquaculture.2018.12.032 544 

Caroline, G., Gunawan, I. W. N. F., & Dharmayudha, A. A. G. O. (2023). Comparison of leukocyte profiles in cats fed 545 

traditional and commercial diets with and without black soldier fly maggot oil supplementation. Buletin Veteriner 546 

Udayana, 15(1), 135–143. https://doi.org/10.24843/bulvet.2023.v01.i01.p18  547 

Chan, C.-Y., Cheng, C.-F., Shui, H.-A., Ku, H.-C., & Su, W.-L. (2022). Erythrocyte degradation, metabolism, secretion, 548 

and communication with immune cells in the blood during sepsis: A review. Tzu Chi Medical Journal, 34(2), 549 

125. https://doi.org/10.4103/tcmj.tcmj_58_21.  550 

Chew, X. Z., & Gibson-Kueh, S. (2023). Haematology of clinically healthy farmed juvenile Asian seabass (Lates 551 

calcarifer): Reference intervals and indicators of subclinical disease. Journal of Fish Diseases, 46(10), 1109–552 

1124. https://doi.org/10.1111/jfd.13831 553 

Das, A. P., & Biswas, S. P. (2016). Carotenoids and pigmentation in ornamental fish. Journal of Aquaculture & Marine 554 

Biology, 4(4), Article 00093.  555 

https://doi.org/10.15406/jamb.2016.04.00093 556 

De Silva, S. S. (1987). Finfish nutritional research in Asia. In Proceedings of the Second Asian Fish Nutrition Network 557 

Meeting (128 p.). Heinemann, Singapore. 558 

Dumas, A., et al. (2024). Medium-chain fatty acids from insect oil: Kinetics of absorption and β-oxidation in aquatic 559 

animals. Aquaculture Nutrition, 2024.  560 

Effendie, M. I. (1997). Fisheries biology methods (258 p). Yayasan Pustaka Nusantara. 561 

El-Gawad, E. A. A., Zahran, E., Youssuf, H., Shehab, A., & Matter, A. F. (2025). Defatted black soldier fly (Hermetia 562 

illucens) diets improve hemato-immunological responses, biochemical parameters, and antioxidant activities in 563 

Streptococcus iniae-infected Nile tilapia (Oreochromis niloticus). BMC Veterinary Research, 21(1), 1–17. 564 

https://doi.org/10.1186/s12917-025-04484-7 565 

Espe, M., Adam, A. C., Saito, T., & Skjærven, K. H. (2023). Methionine: An indispensable amino acid in cellular 566 

metabolism and health of Atlantic salmon. Aquaculture Nutrition, 2023, Article 706177. 567 

https://doi.org/10.1155/2023/5706177 568 

Fawole, F. J., Labh, S. N., Hossain, M. S., Overturf, K., Small, B. C., Welker, T. L., Hardy, R. W., & Kumar, V. (2021). 569 

Insect (black soldier fly larvae) oil as a potential substitute for fish or soy oil in the fishmeal-based diet of 570 

juvenile rainbow trout (Oncorhynchus mykiss). Animal Nutrition, 7(4), 1360–1370. 571 

https://doi.org/10.1016/j.aninu.2021.07.008 572 

Fawole, F. J., et al. (2021). Black soldier fly larvae oil in fish feed: Effects on growth, nutrient digestibility, and tissue 573 

fatty acid composition. Reviews in Aquaculture, 13(4), 1820-1835. 574 

Febrantama, Y. D., Hambali, M. I., Akbar, A., & Ningsih, N. (2020). Addition of microencapsulated fish oil to feed as 575 

an enrichment innovation to improve poultry productivity (Review). E-Prosiding Seminar Nasional Ilmu 576 

Peternakan Terapan, 143–151. 577 

Filawati, F., Mairizal, M., & Suparjo, S. (2018). Utilization of fermented shrimp waste as cattle feed. Jurnal Ilmiah 578 



 

 
 

17 

Ilmu-Ilmu Peternakan, 21(1), 29–36. 579 

Fisher, H. J., Collins, S. A., Hanson, C., Mason, B., Colombo, S. M., & Anderson, D. M. (2020). Black soldier fly 580 

larvae meal as a protein source in low fishmeal diets for Atlantic salmon (Salmo salar). Aquaculture, 521. 581 

https://doi.org/10.1016/j.aquaculture.2020.734978  582 

Furuichi, M. (1988). Nutrient requirements of fishes. In T. Watanabe et al. (Eds.), Fish nutrition and mariculture. Japan 583 

International Cooperation Agency. 584 

Gatlin III, D. M., Carvalho, P. L. P. F., Flint, C., Miranda, C., & Tomberlin, J. K. (2024). Evaluation of lauric acid 585 

enhancement of black soldier fly larvae from coconut. Journal of Economic Entomology, 117(4), 1235–1241. 586 

Guerreiro, I., Serra, C. R., Coutinho, F., Couto, A., Castro, C., Rangel, F., Peres, H., Pousão-Ferreira, P., Matos, E., & 587 

Gasco, L. (2021). Digestive enzyme activity and nutrient digestibility in meagre (Argyrosomus regius) fed 588 

increasing levels of black soldier fly meal (Hermetia illucens). Aquaculture Nutrition, 27(1), 142–152. 589 

https://doi.org/10.1111/anu.13172 590 

Goda, A. M. A., El-Harun, E., Nazmi, H., Van Doan, H., Aboseif, A. M., Taha, M. K. S., & Abou Shabana, N. M. 591 

(2024). Black soldier fly oil-based diets enriched in lauric acid enhance growth, hematological indices, and fatty 592 

acid profiles of Nile tilapia fry (Oreochromis niloticus). Aquaculture Reports, 37, Article 102269.  593 

https://doi.org/10.1016/j.aqrep.2024.102269 594 

Gonçalves, L. U., Cortegano, C. A. A., Barone, R. S. C., Lorenz, E. K., & Cyrino, J. E. P. (2021). Effects of dietary 595 

linolenic acid to linoleic acid ratio on growth performance, proximate composition, and fatty acid content of pacu 596 

(Piaractus mesopotamicus). Aquaculture Research. https://doi.org/10.1111/are.15536 597 

Herawati, V. E., Susilo, A., Pinandoyo, Hutabarat, J., Sugianto, D. N., Wirasatriya, A., & Radjasa, O. K. (2019). 598 

Optimization of fishmeal substitution with black soldier fly meal (Hermetia illucens) for growth and feed 599 

utilization efficiency of juvenile Litopenaeus vannamei. Asian Journal of Microbiology, Biotechnology & 600 

Environmental Science, 21(2), 284–297. 601 

https://doi.org/10.22392/actaquatr.1452851 602 

Herawati, V. E., Pinandoyo, Windarto, S., Hariyadi, P., Hutabarat, J., Darmanto, Y. S., Rismaningsih, N., Prayitno, S. 603 

B., & Radjasa, O. K. (2020). Black soldier fly meal (Hermetia illucens) substitution for fishmeal on growth 604 

performance and nutrient content of milkfish (Chanos chanos). HAYATI Journal of Biosciences, 27(2), 154–605 

165. 606 

Hernowo, I. A., Pinandoyo, Hutabarat, J., & Herawati, V. E. (2020). Effect of substitution with a combination of Indian 607 

copperleaf flour and mung bean sprout flour in artificial feed on feed utilization efficiency and growth of tilapia 608 

(Oreochromis niloticus). Aquaculture Indonesia, 21(1), 32–41. 609 

https://doi.org/10.21534/ai.v21i1.168 610 

Ho, A. L. F. C., O’Shea, S. K., & Pomeroy, H. F. (2013). Dietary esterified astaxanthin effects on color, carotenoid 611 

concentrations, and composition of clown anemonefish, Amphiprion ocellaris, skin. Aquaculture International, 612 

21, 361–374.https://doi.org/10.1007/s10499-012-9558-9 613 

Indriati, D. A., Subandiyono, & Windarto, S. (2023). Effect of monosodium glutamate in artificial feed on feed 614 

utilization efficiency, growth, and survival of fingerling tilapia (Oreochromis niloticus). Aquacultura 615 



 

 
 

18 

Indonesiana, 24(2), 76–87. http://dx.doi.org/10.21534/ai.v24i2.25 616 

Isdadiyanto, S. (2015). Potential of sea shrimp shells (Penaeus monodon Fabricius) on the lipid profile of 617 

hyperlipidemic white rats. Bioma: Berkala Ilmiah Biologi, 17(1), 55–60. 618 

Iskandar, R., & Erlifadah. (2015). Growth and feed efficiency of tilapia (Oreochromis niloticus) fed artificial feed based 619 

on giant salvinia. Ziraa’ah, 40(1), 18–24. 620 

Islama, D., Nurhatijah, Rahmi, I., Ibrahim, Y., Saputra, F., & Diansyah, S. (2020). Application of a combination of 621 

gamal leaf flour and egg in commercial feed on feed quality and feed efficiency of Nirwana tilapia 622 

(Oreochromis niloticus). Jurnal Akuakultura, 4(2), 53–61. 623 

Jiang, W., Feng, L., Liu, Y., Jiang, J., Hu, K., Li, S., & Zhou, X. (2012). Lipid peroxidation, protein oxidation, and 624 

antioxidant status of muscle and serum in juvenile Jian carp (Cyprinus carpio var. Jian) fed graded levels of 625 

methionine hydroxy analogue. Aquaculture Nutrition, 18, 90–97. 626 

Kamalii, A., Antony, C., Ahilan, B., Uma, A., & Prabu, E. (2023). Dietary protein replacement of fishmeal with black 627 

soldier fly larvae meal: Effects on growth, whole-body composition, digestive enzyme activity, muscle-growth-628 

related gene expression, and haemato-biochemical responses of juvenile goldfish, Carassius auratus. Turkish 629 

Journal of Fisheries and Aquatic Sciences, 23, TRJFAS21837. http://doi.org/10.4194/TRJFAS21837  630 

Karimah, U., Samidjan, I., & Pinandoyo. (2018). Growth and survival performance of GIFT tilapia (Oreochromis 631 

niloticus) given different feeding rates. Journal of Aquaculture Management and Technology, 7(1), 128–135. 632 

Khairunnisa, Waspodo, S., & Setyono, B. D. H. (2020). Carotenoid content in goldfish (Carassius auratus) fed yellow 633 

pumpkin flour, carrot flour, and spirulina flour. Jurnal Perikanan, 10(1), 77–83. 634 

Khieokhajonkhet, A., Uanlam, P., Ruttarattanamongkol, K., Aeksiri, N., Tatsapong, P., & Kaneko, G. (2022). 635 

Replacement of fishmeal by black soldier fly larvae meal in diet for goldfish Carassius auratus: Growth 636 

performance, hematology, histology, total carotenoids, and coloration. Aquaculture, 561, Article 738618. 637 

https://doi.org/10.1016/j.aquaculture.2022.738618 638 

Li, S., Ji, H., Zhang, B., Tian, J., Zhou, J., & Yu, H. (2016). Influence of black soldier fly (Hermetia illucens) larvae 639 

oil on growth performance, body composition, tissue fatty acid composition, and lipid deposition in juvenile 640 

Jian carp (Cyprinus carpio var. Jian). Aquaculture, 465, 43–52. 641 

http://doi.org/10.1016/j.aquaculture.2016.08.020  642 

Li, X., Zheng, S., & Wu, G. (2020). Nutrition and metabolism of glutamate and glutamine in fish. Amino Acids, 52, 643 

671–691.https://doi.org/10.1007/s00726-020-02851-2 644 

Liaqat, R., Fatima, S., Komal, W., Minahal, Q., & Hussain, A. S. (2024). Dietary supplementation of methionine, 645 

lysine, and tryptophan as possible modulators of growth, immune response, and disease resistance in striped 646 

catfish (Pangasius hypophthalmus). PLoS ONE, 19(4), e0301205. 647 

https://doi.org/10.1371/journal.pone.0301205 648 

Maftuch, Sanoesi, E., Asmara, S. D., Haromain, A. F., Nurcholis, A., & Wijanarko, E. (2020). Hematological analysis 649 

of common carp (Cyprinus carpio) using hematology analyzer tools and manual methods at the Fish Seed Center, 650 

Pasuruan, East Java. IOP Conference Series: Earth and Environmental Science, 493(1), Article 012011. 651 

https://doi.org/10.1088/1755-1315/493/1/012011 652 



 

 
 

19 

Mai, K., Xue, M., He, G., Xie, S. Q., & Kaushik, S. J. (2022). Protein and amino acids. In S. J. Kaushik & C. C. Ng 653 

(Eds.), Fish nutrition (4th ed., pp. 181–302). Academic Press. https://doi.org/10.1016/B978-0-12-819587-654 

1.00012-4  655 

Moutinho, S., Oliva-Teles, A., Pulido-Rodríguez, L., Parisi, G., Magalhães, R., Monroig, Ó., & Peres, H. (2024). 656 

Effects of black soldier fly (Hermetia illucens) larvae oil on fillet quality and nutritional traits of gilthead 657 

seabream. Aquaculture, 579, Article 740219. https://doi.org/10.1016/j.aquaculture.2023.740219 658 

Muahiddah, N., & Diahmahesa, W. A. (2022). Effect of immunostimulants from natural ingredients on fish in 659 

improving the non-specific immune system against disease: A review. Jurnal Ilmu Perikanan Air Tawar 660 

(Clarias), 3(2), 47–54. 661 

Mubaraq, M. B., Marzuki, M., & Azhar, F. (2021). Effect of adding papaya leaf powder (Carica papaya) to feed on 662 

increasing catfish growth (Clarias sp.). Journal of Aquaculture, 6(2), 83–92. 663 

Muin, H., & Taufek, N. M. (2024). Evaluation of growth performance, feed efficiency, and nutrient digestibility of red 664 

hybrid tilapia fed dietary inclusion of black soldier fly larvae (Hermetia illucens). Aquaculture and Fisheries, 665 

9(1), 46–51. 666 

Mukhlis, M., Humairani, R., Akmal, Y., & Irfannur, I. (2020). Effectiveness of vitamin E supplementation in feed for 667 

increasing the growth of tiger prawn juveniles (Penaeus monodon). Arwana: Jurnal Ilmiah Program Studi 668 

Perairan, 2(2), 123–129. 669 

Munisa, Q., Subandiyono, & Pinandoyo. (2015). Effect of different lipid and energy levels on feed utilization and 670 

growth of Pangasius pangasius. Journal of Aquaculture Management and Technology, 4(3), 12–21. 671 

Nishiguchi, H., Suryadi, I. B. B., Ali, M. F. Z., Miura, C., & Miura, T. (2024). Dietary black soldier fly (Hermetia 672 

illucens) dipterose-BSF enhances zebrafish innate immunity gene expression and resistance to Edwardsiella 673 

tarda infection. Insects, 15(5), 1–22. https://doi.org/10.3390/insects15050326 674 

Novriadi, R., Davies, S., Triatmaja, K. I. K., Hermawan, M., Kontara, E. K. M., Tanaka, B., Rinaldy, A., & Nugroho, 675 

J. E. (2024). Black soldier fly (Hermetia illucens) as an alternative to marine ingredients elicits superior growth 676 

performance and resistance to Vibrio harveyi infection in Pacific white shrimp (Litopenaeus vannamei). 677 

Turkish Journal of Fisheries and Aquatic Sciences, 24(1), 1–15. https://doi.org/10.4194/TRJFAS24343  678 

Nugroho, R. A., Aryani, R., Hardi, E. H., Manurung, H., & Rudianto, R. (2024). Nutritional benefits of black soldier 679 

fly larvae oil in animal feed. Bioeksperimen, 10(1). 680 

https://doi.org/10.23917/bioeksperimen.v10i1.23015 681 

Nur, A., Anshar, A., Harlina, & Nursyahran. (2024). Effectiveness of Moringa oleifera leaf extract in improving the 682 

immune system of goldfish fry (Cyprinus carpio). Jurnal Akuakultur Nusantara (JANUS), 1(2), 163–176.  683 

Ode, I., Sukenda, Widanarni, Wahjuningrum, D., Yuhana, M., & Setiawati, M. (2023). Effect of clove powder 684 

(Syzygium aromaticum) supplementation on growth and health status of cantang grouper (Epinephelus 685 

fuscoguttatus ♀ × Epinephelus lanceolatus ♂) in floating net cages. Jurnal Perikanan Universitas Gadjah 686 

Mada, 25(1), 1–7. https://doi.org/10.22146/jfs.78348 687 



 

 
 

20 

Osman, A. G. M., AbouelFadl, K. Y., Reheem, A. E. B. M. A. E., Mahmoud, U. M., Kloas, W., & Moustafa, M. A. 688 

(2018). Blood biomarkers in Nile tilapia (Oreochromis niloticus) and African catfish (Clarias gariepinus) for 689 

evaluating water quality of the River Nile. Journal of Fisheries Sciences, 12(1), 1–10. 690 

Phongpradist, R., Semmarath, W., Kiattisin, K., Jiaranaikulwanitch, J., Chaiyana, W., Chaichit, S., Phimolsiripol, Y., 691 

Dejkriengkraikul, P., & Ampasavate, C. (2023). In vitro effects of black soldier fly larvae (Hermetia illucens) 692 

oil as a functional active ingredient for hyaluronidase inhibition, antioxidant activity, whitening, and UVB 693 

protection. Frontiers in Pharmacology, 14, 1243961. https://doi.org/10.3389/fphar.2023.1243961 694 

Putra, M. A. D., Lumbessy, S. Y., & Setyowati, D. N. (2022). Addition of red spinach (Amaranthus tricolor L.) flour 695 

to feed to improve the color quality of koi fish (Cyprinus carpio). Samakia: Jurnal Ilmu Perikanan, 13(2), 134–696 

146. 697 

Putranto, W. D., Syaputra, D., & Prasetiyono, E. (2019). Blood profile of tilapia (Oreochromis niloticus) fed fortified 698 

diets with salam leaf (Syzygium polyanthum) liquid extract. Aquatropica Asia, 4(2), 22–28. 699 

https://doi.org/10.33019/aquatropica.v4i2.2222 700 

Radu, D., Oprea, L., Bucur, C., Costache, M., & Oprea, D. (2009). Characteristics of hematological parameters in carp 701 

and koi (Cyprinus carpio) reared in an intensive system. Bulletin of University of Agricultural Sciences and 702 

Veterinary Medicine Cluj-Napoca: Animal Science and Biotechnologies, 66, 336–342. 703 

https://doi.org/10.15835/buasvmcn-asb:66:1-2:3379 704 

Rahman, A. K., Pinandoyo, Hastuti, S., & Nurhayati, D. (2021). Effect of Spirulina sp. flour supplementation in feed 705 

on goldfish (Carassius auratus) coloration performance. Jurnal Sains Akuakultur Tropis, 5(2), 116–127.  706 

Rangkuti, R. F. A., Herlina, C., Nada, A. F., Khanifah, M., Anjaini, J., & A’yunin, Q. (2026). Innovation of 707 

immunostimulants based on black soldier fly (Hermetia illucens) larvae to enhance immunity and disease 708 

resistance in aquaculture. Media Nusa Creative. 709 

Rani, D. P., Sumantriyadi, & Sofian. (2022). Growth performance and color brightness of goldfish (Carassius auratus) 710 

supplemented with dragon fruit peel flour (Hylocereus polyrhizus). Jurnal Perikanan Darat dan Pesisir, 3(1), 711 

8–17. 712 

Rarassari, M. A., Dwinanti, S. H., Absharina, F. D., & Gevira, Z. (2021). Application of biofloc and probiotics in feed 713 

for African catfish (Clarias gariepinus) culture. Journal of Fisheries and Marine Research, 5(2), 329–334. 714 

Renitasari, D. P., Yunarty, Y., & Saridu, S. A. (2021). Feeding management in intensive culture of whiteleg shrimp 715 

(Litopenaeus vannamei) using the index system. Jurnal Salamata, 3(1), 20–24. 716 

Riyanti, Supono, & Santoso, L. (2020). Growth performance of whiteleg shrimp postlarvae (Litopenaeus vannamei) 717 

fed frozen and decapsulated Artemia. Jurnal Akuakultur Rawa Indonesia, 8(1), 70–83. 718 

https://doi.org/10.36706/jari.v8i1.11337 719 

Sandhya, S., Talukdar, J., & Bhaishya, D. (2016). Chemical and biological properties of lauric acid: A review. 720 

International Journal of Advanced Research, 4(7), 1123–1128. 721 

https://doi.org/10.21474/IJAR01/952 722 

Somparn, N., Pootthachaya, P., Puangsap, W., Pintaphrom, N., Srikha, T., Tengjaroenkul, B., Cherdthong, A., & 723 

Wongtangtintharn, S. (2024). Evaluation of black soldier fly larvae oil as a feed ingredient for broiler chickens: 724 



 

 
 

21 

Effects on performance, carcass traits, meat characteristics, and blood parameters. Frontiers in Animal Science, 725 

5, 1–11. 726 

https://doi.org/10.3389/fanim.2024.1496763 727 

Srisuksai, K., Limudomporn, P., Kovitvadhi, U., Thongsuwan, K., Imaram, W., Lertchaiyongphanit, R., Sareepoch, T., 728 

Kovitvadhi, A., & Fungfuang, W. (2024). Physicochemical properties and fatty acid profile of oil extracted from 729 

black soldier fly larvae (Hermetia illucens). Veterinary World, 17(3), 518–526. 730 

https://doi.org/10.14202/vetworld.2024.518-526 731 

Sudrajat, A. O., & Effendi, I. (2002). Artificial feeding of betutu fish (Oxyeleotris marmorata) larvae. Jurnal 732 

Akuakultur Indonesia, 1(3), 109–118. 733 

Sural, S., Qian, G., & Pramanik, S. (2002). Segmentation and histogram generation using the HSV color space for 734 

image retrieval. In Proceedings of the International Conference on Image Processing (pp. II–II). IEEE. 735 

https://doi.org/10.1109/ICIP.2002.1040019 736 

Suryono, W., Edi, Azizah, R., Ario, R., & Handoyo, G. (2017). Effect of chlorine as a disinfectant on feed aroma in 737 

tiger shrimp (Penaeus monodon) culture. Jurnal Kelautan Tropis, 20(2), 140–144. 738 

https://doi.org/10.14710/jkt.v20i2.1740 739 

 Takeuchi, T., Sadoh, S., & Kiron, V. (2002). Nutrient requirements and feeding of finfish aquaculture. Aquaculture 740 

Journal, 245–261. 741 

Takakuwa, F., Tanabe, R., Nomura, S., Inui, T., Yamada, S., Biswas, A., & Tanaka, H. (2022). Availability of black 742 

soldier fly meal as an alternative protein source to fishmeal in red sea bream (Pagrus major) diets. Aquaculture 743 

Research, 53(1), 36–49. 744 

https://doi.org/10.1111/are.15550 745 

Usman, R. S., Nainggolan, A., & Dhewantara, Y. L. (2022). Effectiveness of squid ink extract (Loligo sp.) on growth 746 

and coloration of oranda goldfish (Carassius auratus). Jurnal Satya Minabahari, 7(2), 106–115. 747 

Weatherley, T. (1988). Fish nutrition and mariculture. Department of Aquatic Biosciences. 748 

Wibowo, W. P., Samidjan, I., & Rachmawati, D. (2018). Relative growth rate, feed utilization efficiency, and survival 749 

of gouramy (Osphronemus gouramy) juveniles fed chicken feather meal silage. Jurnal Sains Akuakultur Tropis, 750 

2(1), 30–37. 751 

Xu, X., Ji, H., Belghit, I., & Sun, J. (2020). Black soldier fly larvae as a superior lipid source compared to yellow 752 

mealworm or silkworm oil for juvenile mirror carp (Cyprinus carpio var. specularis). Aquaculture, 527, Article 753 

735453. 754 

https://doi.org/10.1016/j.aquaculture.2020.735453 755 

 Yao, C.-B., Feng, L., Wu, P., Liu, Y., Jiang, J., Zhang, L., Mi, H.-F., Zhou, X.-Q., & Jiang, W.-D. (2023). Regulation 756 

of fatty acid and glucose metabolism in sub-adult grass carp (Ctenopharyngodon idella): Role of ALA/LNA 757 

ratios. Food Chemistry: X, 19, 100752. 758 

https://doi.org/10.1016/j.fochx.2023.100752 759 

Yustiati, A., Saefulhadjar, S. M. H. A., Suryadi, I. B. B., & Iskandar. (2020). Hematological performance and survival 760 

of common carp (Cyprinus carpio) strain Majalaya under temperature stress. World Scientific News, 150, 92–761 



 

 
 

22 

104. 762 

Zainuddin, Z., Haryati, H., & Aslamyah, S. (2017). Effect of different carbohydrate sources in feed on growth and 763 

survival of juvenile whiteleg shrimp (Litopenaeus vannamei). Agrokompleks, 16(1), 7–11. 764 

Zhou, J. S., Liu, S. S., Ji, H., & Yu, H. B. (2018). Effect of replacing fishmeal with black soldier fly larvae meal on 765 

growth and fatty acid composition of Jian carp (Cyprinus carpio var. Jian). Aquaculture Nutrition, 24(1), 424–766 

433. https://doi.org/10.1111/anu.12574 767 

Zonneveld, N., Huisman, E. A., & Boon, J. H. (1991). Principles of fish culture. PT Gramedia Pustaka Utama.  768 



 

 
 

23 

Table 1 769 
Preparation of 100 g feed formula (% dry weight). 770 
 771 
 772 

Ingredients 
Feed Composition  (%/100 g Feed) 

A (0%) B (10%) C (15%) D (20%) E (25%) F (30%) 

Fish Meal 24.00 24.00 24.00 24.00 24.00 24.00 

Shrimp Head Meal 20.00 20.00 20.00 20.00 20.00 20.00 

Soybean Flour 35.00 35.00 35.00 35.00 35.00 35.00 

Corn Flour 3.00 3.00 3.00 3.00 3.00 3.00 

Bran Flour 6.00 6.00 6.00 6.00 6.00 6.00 

Fish Oil 3.50 3.15 2.98 2.80 2.63 2.45 

Black soldier fly Oil 0.00 0.35 0.53 0.70 0.88 1.05 

Corn Oil 3.50 3.50 3.50 3.50 3.50 3.50 

Vitamin-mineral mix 3.00 3.00 3.00 3.00 3.00 3.00 

CMC 2.00 2.00 2.00 2.00 2.00 2.00 

TOTAL (%) 100.00 100.00 100.00 100.00 100.00 100.00 

Protein (%) 37.13 37.13 37.13 37.13 37.13 37.13 

Nitrogen-Free Extract 

(NFE) (%) 21.56 21.56 21.56 21.56 21.56 21.56 

Fat (%) 11.10 11.10 11.10 11.10 11.10 11.10 

Energy (kcal/g) * 400.59 400.59 400.59 400.59 400.59 400.59 

E/P ratio ** 10.79 10.79 10.79 10.79 10.79 10.79 

 773 

Information: 774 

* Calculated based on digestible energy according to Furuichi (1988): 1 g of protein = 3.0 kcal/g, 1 g of carbohydrates 775 

= 2.5 kcal/g, and 1 g of fat = 8.1 kcal/g. 776 

** According to De Silva (1987), the energy-to-protein ratio (E/P) value for optimal fish growth ranges from 8 to 9 777 

kcal/g. 778 

 779 
 780 

  781 
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Table 2. 782 
Proximate Analysis of Feed Ingredients (% dry weight). 783 
 784 

Ingredients 
 

  Composition (%)     Total 

Protein NFE Fat 

Crude 

Fiber Ash (%) 

Fish Meal* 45.70  12.27  6.18  3.26  23.94  100.00  

Corn Flour** 0.40  88.18  0.61  0.03  0.24  100.00  

Shrimp Head Flour*** 30.45  4.69  2.87  5.26  44.75  100.00  

Soybean Meal Flour** 46.20  31.92  2.99  3.16  6.80  100.00  

Bran Flour* 6.36  30.13  1.59  34.77  15.67  100.00  

Description:  * : Hernowo et al., (2020),  785 

** : Wibowo et al., (2018) 786 

*** : Sudrajat dan Effendi(2002) 787 

 788 
 789 

  790 
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 791 

Table 3. 792 
Growth performance of goldfish (Carassius auratus) after 49 days of maintenance. 793 

Variable 
Treatment 

A B C D E F 

TFC (g) 125.9 ± 2.22a 126.41 ± 2.62a 128.17 ± 1.33a 136.45 ± 2.87bc 137.79 ± 1.37bc 141.66 ± 2.82c 

FUE (%) 29.71 ± 1.81a 30.32 ± 1.99a 32.87 ± 0.12b 35.55 ± 0.43c 38.80 ± 1.06d 43.37 ± 0.94e 

FCR 3.37 ± 0.21a 3.31 ± 0.22b 3.04 ± 0.01c 2.81 ± 0.03c 2.58 ± 0.07d 2.31 ± 0.05d 

ABW (g) 37.40 ± 2.1a 38.30 ± 2.03a 42.13 ± 0.49b 48.50 ± 0.82c 53.47 ± 1.46d 61.45 ±2.55e 

SGR (%/day) 0.76 ± 0.04a 0.78 ± 0.04a 0.84 ± 0.01b 0.93 ± 0.01e 1.01 ± 0.03d 1.14 ± 0.04e 

SR (%) 100a 100 a 100 a 100 a 100 a 100 a 

Note: TFC - total feed consumption; FUE - efficiency of feed utilization; FCR- feed convertion ratio; ABW – average 794 

weight gain; SGR - specific growth rate; SR - survival rate; different superscripts indicate significant differences 795 

(p<0.05). 796 

 797 

 798 

 799 

 800 

 801 
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Table 4. 803 
Amino acid profile analysis of goldfish (C. auratus) after 49 days of maintenance. 804 

 805 

Profil asam 

amino (%) 

   Treatments   

A B C D E F 

Aspartic acid 2.05±0.02a 2.13±0.04a 4.63±0.09a 6.06±0.09b 5.18±0.06b 6.31±0.09b 

Proline 3.10±0.05a 3.35±0.05a 5.28±0.06b 5.75±0.08b 3.94±0.08a 4.87±0.07b 

Serine 4.20±0.02a 4.56±0.02a 4.56±0.02a 4.10±0.04a 5.46±0.03b 5.19±0.09b 

Glutamic acid 5.15±0.01a 5.26±0.06a 5.39±0.01b 5.85±0.07a 6.16±0.09b 7.30±0.01b 

Glycine 4.17±0.04a 4.53±0.03a 6.33±0.06b 6.26±0.05b 5.91±0.08b 5.75±0.08b 

Histidine 4.06±0.08a 4.05±0.06a 4.65±0.09a 5.30±0.08b 4.80±0.05a 5.90±0.07b 

Arginine 4.50±0.07a 4.70±0.09a 5.85±0.07b 6.28±0.06b 6.30±0.04b 6.36±0.06b 

Threonine 4.45±0.03a 4.75±0.08a 6.47±0.09b 5.89±0.06b 6.75±0.05b 7.78±0.04b 

Alanine 5.43±0.04b 5.67±0.07b 6.51±0.08b 4.95±0.05a 5.17±0.06b 5.20±0.07b 

Valine 4.14±0.02a 4.02±0.05a 4.72±0.07a 4.90±0.09a 6.98±0.07b 7.10±0.09b 

Lysine 3.56±0.08a 3.95±0.02a 4.70±0.02a 5.09±0.04a 5.88±0.09b 8.33±0.08b 

Methionine 6.70±0.01a 6.90±0.05a 6.89±0.03a 7.80±0.09a 8.90±0.07b 10.74±0.05b 

Isoleucine 4.84±0.03a 4.97±0.03a 5.17±0.04b 4.49±0.08a 4.95±0.06a 5.23±0.05b 

Phenylalanine 4.56±0.02a 4.61±0.09a 4.41±0.08a 4.58±0.07a 4.80±0.02a 5.48±0.09b 

Leucine 4.13±0.03a 4.17±0.01a 5.37±0.03b 3.38±0.04a 5.07±0.01b 4.75±0.08a 

L-Tryptophan 3.12±0.09a 3.03±0.09a 6.33±0.05b 5.93±0.08b 3.50±0.08a 4.10±0.04a 

Note: different superscripts in the same row indicate significant differences (p<0.05). 806 

 807 
 808 
 809 
   810 

  811 
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Table 5. 812 
Fatty acid profile analysis of trial feeds for goldfish (C. auratus) for 49 days of maintenance. 813 

 814 

  815 

 

Saturated fatty acid 
Sample 

 

 Req A B C D E F 

Methyl Butyrate  0.5 0.55 ± 0.03 0.63 ± 0.07 2.88 ± 0.05 1.66 ± 0.04 0.88 ± 0.06 0.76 ± 0.03 

Methyl Hexanoate  0.7 1.47 ± 0.05 1.54 ± 0.04 1.93 ± 0.03 3.52 ± 0.02 1.89 ± 0.04 3.62 ± 0.07 

Methyl Undecanoate  0.9 0.89 ± 0.08 1.04 ± 0.02 2.25 ± 0.09 3.47 ± 0.08 3.09 ± 0.02 3.70 ± 0.04 

Methyl Laurate 0.23 1.78 ± 0.04 1.88 ± 0.05 1.90 ± 0.03 2.82 ± 0.03 1.83 ± 0.09 2.80 ± 0.05 

Methyl Tridecanoate 0.89 2.45 ± 0.09 3.23 ± 0.08 2.78 ± 0.02 3.05 ± 0.02 3.22 ± 0.05 4.75 ± 0.01 

Methyl 

Pentadecanoate 

2.27 2.88 ± 0.02 3.46 ± 0.04 4.99 ± 0.05 3.50 ± 0.06 3.86 ± 0.09 4.03 ± 0.09 

Methyl Palmitate 0.73 2.74 ± 0.05 3.25 ± 0.03 3.52 ± 0.08 3.70 ± 0.04 3.85 ± 0.03 4.59 ± 0.04 

Methyl Arachidate 4.75 3.69 ± 0.08 3.73 ± 0.06 3.85 ± 0.04 3.90 ± 0.03 4.07 ± 0.08 4.23 ± 0.07 

Methyl Tricosanoate 1.26 1.29 ± 0.03 1.35 ± 0.09 1.93 ± 0.02 2.09 ± 0.06 1.85 ± 0.09 2.39 ± 0.02 

Unsaturated Fatty 

Acid 

       

Linoleic  2.2 0.65 ± 0.08 1.62 ± 0.04 2.15 ± 0.02 2.79 ± 0.04 3.22 ± 0.08  3.38 ± 0.08 

Linolenic 3.5  2.66 ± 0.02 3.04 ± 0.04 3.58 ± 0.03 3.74 ± 0.02 4.26 ±0.08  5.79 ± 0.05 

Eicosapentaenoic 1.7 1.03 ± 0.07 1.08 ± 0.09 2.07 ± 0.08 2.67 ± 0.09 2.98 ± 0.02  3.27 ± 0.09 

Docosahexaenoic 3.2 2.89 ± 0.04 3.10 ± 0.06  3.17 ± 0.04 3.38 ± 0.07 3.17±0.03  4.55 ± 0.03 
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 816 

Table 6.  817 

Fatty acid profile analysis of goldfish (C. auratus) of after 49 days of maintenance 818 

 819 

Fatty acid profile (%) 
 Treatments 

A B C D E F 

C14:0 (Myristic) 3.20±0.03a 3.66±0.05a 4.75±0.05a 3.75±0.04a 5.57±0.05b 5.88±0.05b 

C15:0 (Pentadecanoic) 2.16±0.05a 2.08±0.03a 1.72±0.03a 2.45±0.06a 2.38±0.03a 3.10±0.03b 

C16:0 (Palmitic) 3.76±0.06a 4.17±0.08a 5.14±0.02b 4.60±0.02a 4.77±0.02a 6.99±0.01b 

C18:0 (Stearic) 4.20±0.04a 2.55±0.04a 2.71±0.08a 4.98±0.08b 5.75±0.08b 6.23±0.09b 

C18:1 n-9 (Oleic/ω9) 1.47±0.05a 1.75±0.02a 2.97±0.04b 3.08±0.03b 3.90±0.07a 4.95±0.04b 

C18:2 n-6 (Linoleic/ω6) 1.30±0.07a 1.25±0.05a 4.60±0.09b 5.18±0.07b 5.30±0.04a 6.37±0.02b 

C18:3 n-3 (Linolenic/ω3) 4.47±0.05a 4.76±0.09a 6.15±0.05a 6.45±0.02b 6.90±0.03a 7.75±0.08b 

C20:0 (Arachidic) 1.56±0.02a 1.78±0.08a 2.30±0.06a 3.23±0.08a 2.50±0.07a 4.23±0.03b 

C20:4 n-6 (Arachidonic) 3.20±0.08b 3.39±0.04b 4.07±0.03a 4.14±0.07a 4.36±0.08a 4.97±0.02a 

C20:5 n-3 (EPA) 2.60±0.05a 2.73±0.08a 4.53±0.09b 4.79±0.06b 4.83±0.05a 5.02±0.05b 

C22:6 n-3 (DHA) 4.25±0.03a 4.46±0.09a 4.53±0.03b 4.75±0.02b 4.96±0.04b 5.15±0.04b 

Note: different superscripts in the same row indicate significant differences (p<0.05) 820 

 821 

 822 

  823 



 

 
 

29 

Table 7. 824 
HSV for goldfish fed by black soldier fly oil for 49 days. 825 

 826 

Sample Mean Hue (°) Mean Saturation (%) Mean Value (Brightness) (%) 

A 36.1±0.2a 18.8±0.1b 68.3±0.2b 

B 31.5±0.3c 22.2±0.3a 72.5±0.3a 

C 33.9±0.3b 21.5±0.1a 72.1±0.1a 

D 30.3±0.2d 22.7±0.3a 67.3±0.4c 

E 33.9±0.2b 21.2±0.2a 69.2±0.3b 

F 31.1±0.3cd 18.8±0.5b 72.6±0.2a 

 827 
  828 
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Figure 1. Erythrocyte values of goldfish (C. auratus) during the study. 829 
 830 

 831 
 832 

Figure 2. Leukocytes values of goldfish (C. auratus) during the study. 833 
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 837 
 838 

Figure 3. Lymphocytes values of goldfish (C. auratus) during the study. 839 
 840 

 841 
 842 
Figure 4. Monocytes values of goldfish (C. auratus) during the study. 843 
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Figure 5. Neutrophils values of goldfish (C. auratus) during the study. 846 
 847 

  848 

 849 
 850 
 851 

Figure 6. Hemoglobin values of goldfish (C. auratus) during the study. 852 
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Figure 7. Hematocrit values of goldfish (C. auratus) during the study. 869 
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 871 
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 874 

Figure 8. The color quality of goldfish fed by black soldier fly oil for 49 days for each treatment (A-F) 875 
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Figure 9. Histological cross section of goldfish for each treatment (A-F).  888 
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 890 



  F = C − S


      M 100 × 100 %


    N 100 × 100 %


  Hematocrit (%)=   red blood cell volume  total blood volume x 100%


  F U E =     W  t −   W 0  F   ×   100 %


  W =  W t −  W 0


  SGR   ln    W t − ln  W 0 t   × 100   %


  F C R =     F  (   W  t −   W 0 − D )


  S R =       N  t    N 0 × 100 %


  Total erythrocytes (cells/mm³) = ΣE ×   10 4


  Total leukocytes (cells/mm³) = n × 50


    L 100 × 100 %

