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Abstract 

Black soldier fly larvae meal-based diet is an innovative method for sustainable aquaculture. 

Black soldier fly larvae meal has shown a promising alternative as a fish meal replacement in 

diets for common carp fingerlings. This study was aimed to assess the effect of dietary black 

soldier fly larvae on bone mineralization, fatty acids and amino acids composition of 

fingerlings. About three feeds were formulated where fish meal replaced by BSFL for nursing 

of fingerlings. Feeds were prepared for fish. After 60 days of trial, samples of muscles and 

bones were collected for fatty acid composition, amino acid composition and bone 

mineralization. The results showed that fatty acid composition in muscles was closely related 

with diets. Fatty acids such as cis-11, 14 Eicosadienoic (0.86±0.14) and Docosahexaenoic 

(1.48±0.25) showed higher significant difference. While, Docosapentanoic acid (0.82±0.12) 

and, Nervonic (0.305±0.07) showed lower significant difference in fish muscles. Amino acids 

such as serine (4.33±0.55) and aspartic acid (6.375±0.33) were more abundant and showed 

higher statistical difference. While, lysine (8.02±0.16) and cysteine (4.33±0.55) showed lower 

statistical difference. Three amino acids such as tryptophan, asparagine and glutamine were 

absent in common carp muscles. Mineral such as phosphorous (50.5±3.535) were more 

abundant and showed higher statistical difference in bones of fingerlings while the value of 

calcium (164±1.412) showed lower significant difference. To conclude the insect-based meal 

made from BSFL is a nutritionally appropriate source of protein, fat and minerals for common 

carp fingerlings without having negative impact on growth and feed utilization. 

Keywords: Black soldier fly larvae, Fish meal, Common carp fingerlings, Amino acid 

composition, Bone mineralization, Fatty acid. 

Article History: Received: 27 Mar 2025, Revised: 5 May 2025, Accepted: 20 Jun 2025, 

Published: 19 Sep 2025. 

Creative Commons License: NUST Journal of Natural Sciences (NJNS) is licensed under 

Creative Commons Attribution 4.0 International License.



DOI:  10.53992/njns.v10i2.254  NUST Journal of Natural Sciences, Vol. 10, Issue 2, 2025 

___________________________________________________________________________

Effect of black soldier fly larvae-based diet on bone mineralization, fatty acids and amino 

acids composition of common carp (Cyprinus carpio) fingerling 

Introduction 

Aquaculture is the fastest growing industry 

like other parts of the world [1 - 3]. Due to 

the rapid increase of world population, a 

large number of fish feed is required to hold 

the industry [4, 5]. Fish feed is responsible 

for nearly 70% of the world aquaculture 

productivity according to FAO [5, 6]. 

However, with the passage of time world 

population and meat consumption is 

suddenly increasing [7]. So, 70% more food 

must be produced globally to meet the 

growing population needs [8]. Fish meals 

or raw wild fish are frequently offered to 

cultured fish as a source of animal protein 

[9, 10]. Fish meals are an essential 

component in aquatic feeds because of their 

highly digested protein amino acids and 

also being palatable [11, 12]. However, the 

cost of aquaculture production increased 

due to the rising demand for fishmeal and 

unbalanced output of fishmeal [12]. Along 

with essential nutrients, fish meals also 

contain significant amounts of fatty acids 

[13], amino acids [14], and some of the 

most important minerals and vitamins [15]. 

Fatty acids considered as major component 

of fish muscle which is often found in 

amounts between 6 and 20 percent [16] and 

mostly found in mesenteric and muscle 

tissue, liver subcutaneous tissue as well as 

brain [17 -19]. The essential components of 

the mineralized fish skeletal system are 

calcium [20, 21] and phosphorus [22]. 

Another crucial element in the structural 

makeup of bone is protein [23]. With the 

passage of time the prices of fish meals 

have been increasing due to more 

consumption [14, 24]. Fish meals are a big 

challenge for the aquaculture industry as it 

represents about 60 to 70% cost of fish feed 

production [25]. The rapid pace of 

development and population growth is 

anticipated to cause a shortage of 

conventional feed ingredients used in 

aquaculture, thereby driving up demand for 

all types of feed resources [26]. In response, 

aquaculture practices focus on minimizing 

production costs, especially those related to 

nutrition while avoiding adverse impacts. 

Consequently, commercial fish feeds play a 

critical role in aquaculture, as they are 

specifically formulated to support optimal 

growth in target fish species. To ensure 

adequate amino acid and fatty acid profiles, 

these feeds commonly include fishmeal and 

fish oil, along with maize grain and soybean 

meal [27]. 

Insects represent the most diverse group of 

animals globally, with an estimated one 

million species [28]. Both carnivorous and 

omnivorous fish, as well as agricultural 

animals, naturally consume insects [29]. 

Due to their rich nutritional profile, various 

insect species play a crucial role in fish 

diets, especially during the larval and 

fingerling stages [30]. It has been reported 

that insect protein is more readily digestible 

than plant protein and is absorbed at rates 

comparable to animal protein [31]. The 

nutrient availability and digestibility of 

feed ingredients remain among the most 

critical factors influencing fish nutrition 

[32]. One of the newest methods being used 

is growing BSF larvae for fish feed which 

has the added benefit of making use of 

biological waste [33, 34] and offers a 

possible choice for the safe management of 

manure both human and animal [35]. The 

BSF larvae are incredibly nutrient-dense 

[36]. BSF larvae contain 30-35% fatty acids 

40-45% protein 11-15% ash 0.6% p and 

4.8-5.1% ca on a DM (Dry matter) basis 

and a variety of minerals and amino acids 

[35, 37]. Larvae of BSF possess large 

concentrations of omega-3 fatty acids 

which can improve fish health and yield 

[38, 39]. BSF larvae have been successfully 

introduced to domestic animals like pigs 

and poultry as well as a variety of fish like 

common carp and rainbow trout [40, 41]. 

Larvae of Black soldier fly can be 

cultivated on waste products like home-

based food wastes and manure allowing 

wastes to be reprocessed into a useful insect 

protein [42, 43]. The raising BSF larvae on 

manure and other wastes is a value-added 

management technique which turns waste 
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stuff into beneficial and marketable feed for 

animals [42] which also decreases harmful 

bacteria in swine chicken excrement [44, 

45] as well as managing domestic 

houseflies (Musca domestica) in cattle 

facilities [46, 47]. Furthermore, BSFL 

culture does not need a lot of effort. Before 

becoming pupae BSF larvae travel from the 

trash pit to the collection chamber. Since 

adult BSF do not have functional mouth 

parts they do not interact with people and 

do not spread disease [48, 49]. The aim of 

this study was to provide preliminary data 

to estimate the impact of BSFL diet on the 

composition of fatty acid, amino acid and 

bone mineralization of common carp 

fingerlings. 

Material and Methods 

Procurement of fish 

From the local fish seed hatchery about 20 

Fingerlings of Common carp were taken.  

Some of had died during the 

experimentation, the left three were used 

for sixty days and kept in an aquarium and 

is fed a basic diet. The pH and electrical 

conductivity meters were used to track the 

parameters of the water quality. 

Ethical approval 

This study was conducted according to the 

declarations of Helsinki following the rules 

for animal study. The approval was 

obtained from the university Institutional 

Review Board to complete the study. 

Experimental design 

Experiment was conducted to examine the 

bone mineralization, fatty acids and amino 

acids composition of common carp 

fingerlings. In the laboratory trial were 

conducted in the triplet set of aquariums.  

First aquarium was named as controlled 

aquarium and other two aquariums were 

experimental aquarium 15 fingerlings were 

introduced in each aquarium. The control 

group provided standard fish food. In 

second aquarium fingerlings were provided 

with 20% BSF and third aquarium were 

provided with 40% BSF larvae-based fish 

food. 

Research tools 

Three aquariums were used to culture fish 

Heater generator/aerator filtration stones 

bed gravel lights and hood formulated feed 

dissection box and chemicals such as 

formalin chloroform NaCl as well as 

Charcoal were the basic requirements. 

Sample collection 

In order to ascertain the composition of 

amino acids, fatty acids, and bone 

mineralization samples were gathered 

during the final experimental trial with 

three fish randomly chosen from each 

group. Fish were anesthetized with 

chloroform for this purpose and a sharp 

blade was used to dissect the fish. 

Analysis of bone mineralization 

After dissection of fish samples of bone 

were collected from each aquarium. The 

bones were properly cleansed free of soft 

muscles and soaking for five minutes in hot 

(50°C) deionized water bones were ground 

into a fine powder prior to freeze drying 

placed on platinum plates and baked at 

480°C for 48 hours. The materials were 

assayed and then digested in 6N HCl prior 

to minerals determination. The minerals 

(Ca, Mg, Zn, Mn, and Cu) were analyzed 

using an atomic absorption (AA) device 

(Perkin Elmer 300, Ueberlingen, 

Germany). Phosphorous was analyzed 

through spectrophotometry. Additionally 

mineral analysis of fish bone was 

performed using AOAC (1990) method. 

Amino acid analysis 

To determine the amino acid composition, 

muscle protein was hydrolyzed for 24 hours 
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in an aerobic environment using 6N at 

110°C. The hydrolyzed samples were 

neutralized with 6N NaOH and then 

derivatized using a kit (AccQ-

FluorReagent, WAT052880, water). The 

derivatized samples were put into a high-

performance liquid chromatography 

(HPLC) system with a fluorescence 

detector (2475, Water) and a C18 RP 

column. By comparing retention durations 

and peak regions of standards the amino 

acids were recognized and measured 

(WAT088122, Water). Minced flesh was 

digested for 24 hours with 5% (w/v) NaOH 

before being neutralized to pH 7.0 with 

6NHCl for the tryptophan assay. At 530nm, 

tryptophan concentration was determined 

by spectrophotometrically. 

Analysis of fatty acids 

Fatty acid methyl esters (FAME) boron 

trifluoride in methanol were methylated 

and transesterified after total lipid 

extraction from fish muscle tissues to 

ascertain the fatty acid composition [50] 

Tissues (0.5g–1.0g) were mechanically 

homogenized in a 2:1 v/v ratio of 

chloroform to methanol in order to obtain 

total lipid [51]. Gas chromatography, 

equipped with a flame ionization detector 

and a highly polar fused silica 

cyanosiloxane column (SP -2380; 30 m 

length 0.25 mm inner diameter 0.20 μm 

film thickness) was used to separate the 

FAME. The temperature was intended to 

rise from 100°C to 230°C at a split ratio of 

1:50 and a rate of 1.5°C/min using nitrogen 

as the carrier gas. The injector and detector 

had temperature settings of 250°C and 

260°C respectively. 

The individual FAME was identified by 

comparing the retention times with 

commercially available standards such as 

the 37 component FAME Mix (Supelco) 

and PUFA No. 3 from Menhaden Oil 

(Supelco) [52]. 

Statistical analysis 

One-way ANOVA was used to analyze all 

the data. The statistical software package 

Minipad was utilized. P˂ 0.05 was used to 

determine significance, and all results are 

shown as mean ±SD. 

Results 

Fatty acids composition 

The value of cis-11, 14 Eicosadienoic 

(0.86±0.14) were significantly higher in 

control group (To) of 0% BSFLM and 

lowest in experimental group (T₁) of 20% 

BSFLM. In Docosahexaenoic acid 

(1.48±0.25), the value of experimental 

group (T₂) of 40% BSFLM were 

significantly higher and lowest in T₁. 

While, Docosapentanoic acid (DPA) and 

Nervonic showed lower significant 

difference (P˂0.05) in fish muscles. In this 

regard the value of Docosapentanoic acid 

(0.82±0.12) and of Nervonic (0.305±0.07) 

were significantly low in control group (To) 

of 0% BSFLM and highest in (T₂) of 40% 

BSFLM. 

 

Table 1: Comparison of fatty acids content of common carp fingerlings fed on BSFL based 

diets (0%, 20% and 40%) for sixty days. 

Parameters To (0%) T₁ (20%) T₂ (30%) F-value P-value 

Myristic 2.23±0.11 1.87±0.16 1.15±0.55 2.01 0.28 

Pentadecanoic 2.745±0.28 1.76±0.82 2.395±0.36 4.79 0.116 

Palmitic 28.53±1.30 31.61±0.55 28.91±0.26 8.09 0.062 

Heptadecanoic 2.20±0.60 2.67±0.10 2.51±0.49 0.55 0.625 
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Parameters To (0%) T₁ (20%) T₂ (30%) F-value P-value 

Stearic 10.44±1.27 8.85±0.59 8.14±1.08 2.63 0.219 

Palmitoleic 6.88±1.52 5.08±1.18 5.27±1.52 0.97 0.472 

Oleic 18.71±0.79 20.81±0.86 21.67±1.73 3.19 0.181 

Cis-11 Eicosenoic 2.34±0.37 2.37±0.72 2.63±0.18 0.21 0.822 

Nervonic 0.305±0.07 0.46±0.06 0.71±0.09 12.55 0.035 

Linoleic acid (LA) 14.41±0.87 11.49±0.95 13.03±0.33 7.13 0.073 

Cis-11, 14 

Eicosadienoic acid 
0.86±0.14 0.67±0.44 0.84±0.56 0.11 0.895 

Lambda-linolenic 

acid (GLA) 
3.33±0.92 4.88±0.87 4.11±0.37 2.03 0.277 

Cis-8,11, 14 

Eicosatrienoic acid 
1.345±0.31 1.08±0.17 1.565±0.53 0.84 0.514 

Arachidonic 1.375±0.26 1.25±0.22 1.25±0.04 0.25 0.796 

Eicosapentaenoic 

acid (EPA) 
1.35±0.45 2.15±0.14 2.19±0.24 4.77 0.117 

Docosapentanoic acid 

(DPA) 
0.82±0.12 1.24±0.15 1.50±0.07 15.41 0.026 

Docosahexaenoic 

acid (DHA) 
1.405±0.04 1.39±0.10 1.48±0.25 0.16 0.855 

Figure 1: Graph showing Comparison of fatty acids content of common carp fingerlings fed on 

BSFL based diets (0%, 20% and 40%) for sixty days. 
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Amino acid composition 

The effect of control and experimental 

BSFL meal-based diets on amino acids 

composition of common carp fingerlings 

are presented in Table 2. With the 

replacement of fish meal by BSFLM, serine 

and aspartic acid are more abundant and 

showed higher statistical difference 

(P>0.05) in the muscles of common carp 

fingerlings. In this regard the value of 

serine (4.33±0.55) is higher in experimental 

group (T₂) and lower in (T₁) and the value 

of aspartic acid (6.375±0.33) is higher in 

control group (To) and lower in (T₂). While 

the value of lysine and cysteine showed 

lower statistical difference (P˂0.05). The 

value of lysine (8.02±0.16) and cysteine 

(4.33±0.55) is higher in experimental group 

(T₂) and lower in (T₁). The value of tyrosine 

amino acid is statistically significant 

(P≤0.05). Three amino acids such as 

tryptophan, asparagine and glutamine are 

absent in common carp muscles. 

 

Table 2: Comparison of amino acids of common carp fingerlings fed on BSFL based diets (0%, 

20% and 40%) for sixty days. 

Parameters To T₁ T₂ F-value P-value 

Leucine 6.32±0.63 5.58±0.46 5.26±1.62 0.54 0.629 

Isoleucine 1.9±0.02 2.415±0.38 2.275±0.04 2.75 0.209 

Methionine 3.715±0.27 4.24±0.52 5.05±0.13 7.44 0.069 

Threonine 2.37±0.19 2.41±0.70 3.14±0.12 2.03 0.278 

Lysine 5.92±0.41 7±0.16 8.02±0.16 29.3 0.011 

Arginine 4.69±0.35 4.045±0.09 3.815±1.01 1.07 0.446 

Histidine 4.745±0.09 4.23±0.33 4.375±0.27 2.12 0.267 

Valine 4.09±0.32 3.29±0.24 4.06±0.22 5.74 0.094 

Phenylalanine 3.09±0.96 2.72±0.09 2.32±0.18 0.92 0.488 

Tyrosine 4.29±0.11 4.6±0.05 4.01±0.19 9.47 0.051 

Cysteine 1.195±0.10 1.445±0.09 2.12±0.28 13.78 0.031 

Serine 4.225±0.38 4.215±0.14 4.33±0.55 0.05 0.951 

Aspartic acid 6.375±0.33 6.125±0.31 6.09±0.94 0.13 0.882 

Glutamic acid 8.94±0.83 9.95±0.77 9.13±0.04 1.33 0.387 

Glycine 4.355±1.03 4.335±0.06 3.575±0.24 1.04 0.455 

Alanine 3.92±0.07 4.095±0.26 4.675±0.47 3.15 0.183 

Proline 2.95±0.28 3.4±0.19 3.41±0.15 2.89 0.2 
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Figure 2: Graph showing comparison of amino acids of common carp fingerlings fed on BSFL 

based diets (0%, 20% and 40%) for sixty days. 

Bone mineralization composition 

The effect of control and experimental 

BSFL meal-based diets on minerals 

composition of common carp fingerlings 

are presented in Table 3. Minerals such as 

P, Ca, Mg, Cu, and Zn were present in the 

bones of common carp fingerlings. With 

the replacement of fish meal by BSFLM, 

phosphorous are more abundant and 

showed higher statistical difference 

(P>0.05) in the bones of common carp 

fingerlings. In this regard the value of 

phosphorous (50.5±3.535) were 

significantly higher in control group (Tₒ) of 

0% of BSFLM and Lower in experimental 

group (T₂) of 40% of BSFLM. While, the 

value of calcium showed lower significant 

difference (P˂0.05). The values of calcium 

(164±1.412) were statistically higher in 

experimental group (T₂) of 40% BSFLM 

and lower in control group (Tₒ) of 0% 

BSFLM. 

 

Table 3: Comparison of bone minerals of common carp fingerlings fed on BSFL based diets 

(0%, 20% and 40%) for sixty days. 

Parameters To T₁ T₂ F-value P-value 

P 50.5±3.535 50.5±0.707 48.5±0.707 0.59 0.607 

Ca 158±2.828 163.5±2.121 164±1.412 4.59 0.122 

Mg 4.67±0.763 5.475±0.473 5.27±0.056 1.29 0.393 

Zn 137±5.65 145.5±2.121 145.5±7.778 1.49 0.355 

Cu 9.475±0.219 9.72±0.19 9.71±0.084 1.22 0.409 



DOI:  10.53992/njns.v10i2.254  NUST Journal of Natural Sciences, Vol. 10, Issue 2, 2025 

___________________________________________________________________________

Effect of black soldier fly larvae-based diet on bone mineralization, fatty acids and amino 

acids composition of common carp (Cyprinus carpio) fingerling 

Figure 3: Graph showing comparison of bone minerals of common carp fingerlings fed on B

SFL based diets (0%, 20% and 40%) for sixty days.

Discussion 

In the formulation of fish feed black soldier 

fly larvae (BSFL) were utilized in place of 

fishmeal (FM) [39]. Hermetia illucens is 

one of the most promising insect species for 

aquaculture as a commercial enterprise [34, 

53]. Because of their superior fatty acid 

composition amino acid profile and mineral 

profile of Hermetia illucens larvae are 

among the most valuable feed stocks [54, 

55]. They can replace fish meals more 

successfully than soybean meals [37, 56]. 

According to the current study findings 

feeding black soldier fly larvae instead of 

dietary fish meal (FM) to common carp 

fingerlings improved the fatty acid content 

and amino acid composition of fish muscle 

and reduced fishmeal by up to 60% when 

fed to fish without affecting growth 

performance or feed utilization. 

BSFLM may be a rich source of these 

essential fatty acids, as evidenced by the 

rise in docosahexaenoic acid (DHA) and 

docosapentanoic acid (DPA) in the 

experimental groups (T₁ and T₂). Fish 

growth and development depend on DHA 

and DPA, and deficiencies in these 

nutrients can result in stunted growth and 

health issues [57]. The experimental 

groups' increased DHA and DPA levels 

imply that BSFLM might be utilized as a 

wholesome and sustainable substitute for 

fish meal. 

According to our results 17 fatty acids such 

as Myristic, Pentadecanoic, palmitic, 

Heptadecanoic, Stearic, Palmitoleic, cis-11 

Eicosenoic, Nervonic, Linoleic acid (LA), 

cis-11, 14 Eicosadienoic, Lambda-linolenic 

acid (GLA), cis-8,11,14 Eicosatrienoic 

acid, Arachidonic, Eicosapentaenoic acid 

(EPA), Docosapentanoic acid (DPA) and 

Docosahexaenoic acid (DHA) were found 

in the muscles of common carp fingerlings. 

Cis-11, 14 Eicosadienoic and 

Docosahexaenoic (DHA) showed higher 

significant difference (P>0.05) in fish 

muscle. In this regard the value of cis-11, 

14 Eicosadienoic (0.86±0.14) were 

significantly higher in control group (To) of 

0% BSFLM and lowest in experimental 

group (T₁) of 20% BSFLM. In 

Docosahexaenoic acid (1.48±0.25), the 

value of experimental group (T₂) of 40% 

BSFLM were significantly higher and 

lowest in T₁. While Docosapentanoic acid 

(DPA) and Nervonic showed lower 

significant difference (P˂0.05) in fish 

muscles. In this regard the value of 

Docosapentanoic acid (0.82±0.12) and of 

Nervonic (0.305±0.07) were significantly 

low in control group (To) of 0% BSFLM 
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and highest in (T₂) of 40% BSFLM. The 

current study found that feeding common 

carp black soldier fly larvae greatly 

enhanced the fatty acid composition of the 

fish muscles. When BSF larvae were fed to 

Jian carp (Cyprinus carpio) similar 

outcomes were observed [58]. The study 

findings demonstrated that it is feasible to 

substitute BSFLM for dietary FM in the 

diets of Jian carp. Following nutrient 

enrichment fish quality would be actively 

affected by BSFLM. 

The substitution of BSFLM for fish meals 

also had an impact on the fish's amino acid 

profile. The experimental groups' increased 

levels of serine and aspartic acid suggest 

that BSFLM can supply the fish with these 

vital amino acids. Fish growth and 

development depend on serine and aspartic 

acid, and deficiencies in these nutrients 

might result in stunted growth and health 

issues [59]. The experimental groups' 

increased serine and aspartic acid levels 

imply that BSFLM can be utilized as a 

wholesome and sustainable substitute for 

fish meals. 

The bone mineralization results showed 

that the replacement of fish meal with 

BSFLM significantly affected the mineral 

composition of the fish bones. The increase 

in calcium in the experimental groups 

indicates that BSFLM can provide this 

essential mineral to the fish. Calcium is 

important for the growth and development 

of fish bones, and its deficiency can lead to 

impaired growth and health problems [22, 

60, 61] The higher levels of calcium in the 

experimental groups suggest that BSFLM 

can be used as a sustainable and nutritious 

alternative to fish meal. 

According to our results, the replacement of 

fish meal by BSFLM serine and aspartic 

acid are more abundant and showed higher 

statistical difference (P>0.05) in the 

muscles of common carp fingerlings. 

Aspartic acid in this regard the value of 

serine (4.33±0.55) is higher in experimental 

group (T₂) and lower in (T₁) and the value 

of aspartic acid (6.375±0.33) is higher in 

control group (To) and lower in (T₂). 

Aspartic acid and serine are non-essential 

amino acids and play an important role in 

growth and development [62, 63]. While 

the value of lysine and cysteine showed 

lower statistical difference (P˂0.05). The 

value of lysine (8.02±0.16) and cysteine 

(4.33±0.55) is higher in experimental group 

(T₂) and lower in (T₁). An EAA called 

lysine is heavily needed for healthy growth, 

and a lack of it results in immunodeficiency 

[24, 64]. The value of tyrosine amino acid 

is statistically significant (P≤0.05). Three 

amino acids such as tryptophan, asparagine 

and glutamine are absent in common carp 

muscles. In previous studies no similar 

results have been found about amino acid 

composition in common carp fingerlings 

fed on BSFL based diet. Furthermore, fish 

fed black soldier fly larvae meal had higher 

muscle protein content than control fish. 

There hasn’t been any evidence of distinct 

protein sources changing the amount of 

muscle protein despite the assumption that 

higher levels of muscle protein are linked to 

higher levels of dietary protein [65]. Given 

the rising cost and scarcity of fish meals, 

BSFLM could prove to be a cost-effective 

and sustainable feed ingredient for fish 

diets. Additionally, BSFLM could serve as 

a high-quality source of protein for the 

aquaculture sector. 

The effect of control and experimental 

BSFL meal-based diets on bone minerals 

composition of common carp fingerlings 

are summarized in Table 3. Minerals such 

as P, Ca, Mg, Cu, and Zn were present in 

the bones of common carp fingerlings. 

Phosphorus (P) is an important mineral for 

fish because it is necessary for growth and 

the mineralization of bone [66, 67]. With 

the replacement of fish meal by BSFLM 

phosphorous are more abundant and 

showed higher statistical difference 

(P>0.05) in the bones of common carp 

fingerlings. In this regard the values of 

phosphorous (50.5±3.535) were 
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significantly higher in control group (Tₒ) of 

0% of BSFLM and Lower in experimental 

group (T₂) of 40% of BSFLM. While the 

value of calcium showed lower significant 

difference (P˂0.05). The values of calcium 

(164±1.412) were statistically higher in 

experimental group (T₂) of 40% BSFLM 

and lower in control group (Tₒ) of 0% 

BSFLM. 

As with our findings rising P levels cause 

an increase in the mineral concentrations in 

the bones which is consistent with the 

findings of Chavez-Sanchez, Martinez-

Palacios [68] who demonstrated a strong 

correlation between P levels in the diet and 

bone mineralization. 

The study finding that the ideal P 

requirement for growth was lower than the 

requirement for mineralization was 

consistent with that of Chavez-Sanchez, 

Martinez-Palacios [69], and Satoh, 

Hernández [70] who stated that 

mineralization in American cichlid 

continued to increase with dietary P levels 

above that required for the maximum 

growth of the fish. However, in sturgeon 

[71 - 73] and goldfish [74 - 77] an inverse 

response was observed contrary to our 

study [71]. 

Conclusion 

The findings of the current study 

conclusively show that fishmeal (FM) to 

BSFL meal substitution improved the 

growth rate fatty acid composition amino 

acid composition, and bone mineralization 

of common carp. Using insects as fish feed 

is challenging, but this application may 

increase the expansion in the aquaculture 

sector. Meal of larvae of black soldier flies 

could be very interesting. Therefore, we 

draw the conclusion that the insect-based 

meal made from black soldier fly larvae 

(BSFL) is a nutritionally appropriate source 

of protein, fat and minerals for common 

carp fingerlings. 
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