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ABSTRACT 

 

This study was carried out to determine the ef-

fect of earthworm meal usage on growth perfor-

mance and body composition in fry rainbow trout 

feed. The 360 fish with an average weight of 5.05 ± 

03.61 g were used in the study. In the experiment, 

four different feeding groups were designed with 3 

replications. These groups are SU0 (Control), SU1, 

SU2 and SU3 groups which contain 0, 10, 20 and 

30% earthworm meal (SU), respectively. Fish were 

fed three times a day for 90 days with these exper-

imental feeds which were prepared to be 2.5% of 

the fish live weight. At the end of the study, SU3 

group reached the highest weight gain with 

259.40%, followed by SU2, SU1 and SU0 

(211.17%, 182.76%, 113.68%, respectively). The 

difference between the SU3 group and the other 

groups was statistically significant in terms of live 

weight gain, specific growth rate, feed conversion 

ratio and protein efficiency ratio (P < 0.05). Hepa-

tosomatic index was statistically significant be-

tween all groups (P < 0.05). As a result, considering 

the growth performance measurement criteria, it 

was determined that the use of 20-30% earthworm 

meal in the rations of fry rainbow trout could in-

crease fish growth significantly. 
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INTRODUCTION 

 

The consumption of fish and fishery products 

is of great importance in healthy and balanced nu-

trition of people [1]. Global consumption of fish 

and fishery products has increased more than two-

fold in the last 50 years and has exceeded 20 kg per 

capita per year in 2015 [2]. Aquaculture capacity in 

Turkey reached 314.537 tonnes in 2018 while it 

was 79 thousand tons in 2000 [3]. Despite this rapid 

development of aquaculture in Turkey in recent 

years, it has not reached the desired level due to 

some factors such as feed cost which constitutes 50-

75% of production expenses. In order to ensure the 

sustainability of aquaculture, it is of utmost im-

portance that diversified, healthy and high quality 

fish feeds are put into use of the industry. In the last 

15-20 years, an intensive study program has been 

conducted on fish feeds, on the alternative animal 

and plant proteins, and on the fat sources in order to 

achieve sustainable production in the aquaculture 

sector. Studies on the advantages and disadvantages 

arising from the fact that alternative protein sources 

(especially of plant protein sources) contain differ-

ent amounts of amino acids and fatty acids from 

fish meal continue increasingly [4, 5].  

Source and quality of the protein in fish feeds 

is an important issue. The deficiency of protein 

quality found in vegetative feeds is tried to be com-

pensated with ingredients of animal origin. In addi-

tion to essential amino acids such as methionine, 

lysine and tryptophan, which are missing in the 

vegetal feeds, some mineral substances are availa-

ble much more in the feeds of animal origin. The 

presence of anti-food effects in vegetal feeds re-

stricts the use this kind of feeds in the aquaculture 

sector [6].  

In recent years, it has become more prominent 

in the aquaculture sector to reduce production costs, 

increase the efficiency of production systems and 

promote environmental sustainability. Considering 

that fish feeds are among the most expensive inputs 

in the aquaculture sector, the production of cost-

effective, environmentally friendly and nutritious 

fish feeds is of great importance for the sustainable 

aquaculture sector [7].  

Trout farming has a large share in the aqua 

cultural sector of Turkey. It is important to include 

feed ingredients of animal origin as protein re-

quirement in the rations prepared for feeding trout 

[8]. Vermicompost production (vermiculture) has 

become an increasingly prevalent sector because of 

the widespread zero waste policies and the use of 

earthworms in the conversion of organic waste into 

rich fertilizer for agricultural activities. Earth-

worms, which are the final product in vermiculture 
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production, have significant protein values. It has 

been reported that the addition of worms to pet 

diets as meal or fresh material increases productivi-

ty in farm animals such as fish, chicken, duck [9, 

10, 11]. A similar effect of high nutritional earth-

worm meal on other farm animals has a high poten-

tial for rainbow trout farming. The use of high nu-

tritional worms obtained from vermicomposting 

production as a complementary ingredient in trout 

feeds is likely to contribute to the development 

performance of fingerling rainbow trout. Although 

there are many studies about rendering products, 

mollusc meal as a source of animal protein; there 

are very few studies on the use of worms in place of 

fish meal as an alternative source of protein [12]. 

In this study, we intended to determine the ef-

fect of using earthworm meal in the feed of finger-

ling rainbow trout (Oncorhynchus mykiss) with 

different ratios on the growth performance and on 

composition of the fish flesh. 

 

 

MATERIALS AND METHODS 

 

Fish and Experimental Conditions. This 

study was carried out at Iyidere Fisheries Research 

and Application Center of Recep Tayyip Erdogan 

University. The study was carried out in spring in 

natural photoperiod with water taken from the 

stream with its natural flow. A total of 360 finger-

ling rainbow trout were used, with an average 

weight of 5.05 ± 03.61 g, with no previous infection 

and no exposure to toxic substances. Fish were 

obtained from a private trout farm operating in the 

Eastern Black Sea region. In the statistical calcula-

tions, it was verified that the groups formed at the 

beginning of the experiment were statistically simi-

lar in terms of average fish weights (P > 0.05). 

They were placed randomly in each tank so as to 

include 30 fry fishes, with 3 repetitions, and a total 

of 4 different study groups were formed, one being 

the control group. Thus, a test medium was created 

in 12 fiberglass tanks with 100 L volume and the 

study was carried out in a volume of 80 litres of 

water for 90 days. Their developments were ob-

served in the groups with 0% earthworm meal 

(SU0), 10% earthworm meal (SU1), 20% earth-

worm meal (SU2) and 30% earthworm meal (SU3). 

In order to achieve the adaptation of the fish finger-

lings, they were fed with control feed for 10 days. 

With this process, the adaptation of the fish to trial 

conditions, water temperatures and feeds was 

achieved. To determine periodical fish growth dur-

ing the experiment, individual fish weights were 

measured with a digital scale with ± 0.1 g sensitivi-

ty, and their sizes were measured using Von Bayer 

method [13] trough with ± 1 mm sensitivity. In 

periodic measurements, sedation was applied to the 

fish with 50 mg/L clove oil. At the end of the ex-

periment, the fish were subjected to deep anaesthe-

sia with 100 mg/L to take the meat sample [14]. 

The water temperature in the tanks was calculated 

as 15.85 ± 2.03 °C at the end of the experiment, by 

measuring the water temperature twice a day, in the 

morning and evening during the experiment period. 

Dissolved oxygen values were measured as 7.84 

mg/L and pH was 7.9 on average throughout the 

study. 

 

Experimental Diets. In the preparation of trial 

feeds; fish meal, earthworm meal, bonkalit, corn 

gluten, soybean meal, vitamin and mineral mixes 

and pellet binder were used.  

The essential nutrient contents of the ingredi-

ents to be used in the production of trial feeds 

(amounts of nitrogen-free extract, crude protein, 

crude lipid, crude cellulose, crude ash) were deter-

mined (Table 1).  

Using these values, 4 different isonitrogenic 

(50% crude protein) trial feeds were prepared with 

the following ratios; control 0% (SU0), earthworm 

meal 10% (SU1), earthworm meal 20% (SU2) and 

earthworm meal 30% (SU3) (Table 2). Firstly, the 

dry feed ingredients, which form the rations, were 

milled and sieved through a sieve with 500 μm 

mesh. After the sieving process, dry ingredients 

were weighed separately in ± 1 g precision digital 

scale and placed into the mixing vessel, and after 

the mixture was homogenised, they were passed 

through meat mincer and prepared as 3 mm diame-

ter pellets. The prepared feeds were dried for 24 

hours in an oven set at 60 ºC. Dried feeds were put 

into the bags and labelled after they were cooled to 

room temperature, and were kept at +4 ºC in the 

refrigerator until they were served to the fish. Pre-

pared feeds were calculated at a rate of 2.5% as per 

the tank biomass every 15 days and were given to 

the fish three times a day in the morning, noon and

 

TABLE 1 

Proximate analyses of feed ingredients (%) 

Ingredients * Moisture  CP CL CC CA NFE1 

Fish meal 9.1 71.4 11.5 0.1 7.6 0.3 

Earthworm meal 10.0 59.0 9.0 0.26 17.0 4.74 

Bonkalit 9.1 14.3 2.45 9.3 1.9 62.95 

Corn gluten 9.8 64.0 2.25 2.2 1.5 20.25 

Soybean meal 10.9 45.5 2.8 4.46 5.3 31.04 

CP: Crude protein CL: Crude lipid CC: Crude cellulose CA: Crude ash NFE: Nitrogen free extracts  
1Nitrogen free extracts = matter - (crude lipid + crude cellulose + crude ash + crude protein) 

*The results of the analysis in the feed laboratory of the Recep Tayyip Erdoğan University, Faculty of Fisheries. 
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evening. Unconsumed feeds were removed from 

the tank by siphon, then weighted and recorded.  

Essential amino acid (Table 3) and fatty acid 

analyses (Table 4) of the experimental feeds were 

carried out in Kazlıçesme R&D Test Laboratory, 

Istanbul, Turkiye. 

 

Sample Collection and Analysis. At the end 

of the experiment, samples taken randomly from 

each tank were weighed with precision digital bal-

ance and their weights were retained and their total 

lengths were measured. To determine the efficiency 

of the slaughter, carcass weight, fin weight, internal 

organ weight, and liver weight were measured, and 

hepatosomatic index and viscerosomatic index 

values were calculated for the fish which were 

exposed to deep anaesthesia [14]. In addition, dry 

matter, ash, lipid, protein and moisture analyses 

were performed in the laboratory and the data ob-

tained were evaluated. Dry matter and moisture 

ratio of the fish meats was calculated according to 

“TS 1743 (110 ± 1 °C)”; crude protein according to 

the “Kjeldahl Method”; crude lipid according to the 

“Soxhlet Method”; crude ash according to “TS 

1746” (550 ± 1 °C)” [18, 19, 20].  

 

Statistical Analysis. The results obtained are 

shown as the standard deviation (SD) of the mean. 

SPSS 22.0 software was used to evaluate the re-

sults, ANOVA test was used to reveal the differ-

ence in the groups and Duncan Test was used to 

find out from which groups this difference was 

arisen. Differences between groups were evaluated 

using significance level of P < 0.05. 

 

TABLE 2 

Formulation and proximate analyses of the experimental diets 

Ingredients (%) SU0 SU1 SU2 SU3 

Fish meal  40 30 20 10 

Earthworm meal 0 10 20 30 
Bonkalit  13.9 12.8 9.9 7.4 

Corn gluten  18 19.1 22 24.5 

Soybean meal  19 19 19 19 

Fish oil  8 8 8 8 

Vitamin mixture1  0.5 0.5 0.5 0.5 

Mineral  mixture2  0.1 0.1 0.1 0.1 

Molasses  0.5 0.5 0.5 0.5 

Total 100 100 100 100 

Proximate composition (%)     

Dry matter   90.2 90.5 90.1 90.3 

Crude protein   50.71 50.02 50.22 50.21 

Crude lipid  13.86 13.62 13.36 13.11 

Crude ash   8.2 8.27 8.83 8.90 

NFE3 17.43 18.59 17.69 18.08 

Gross energy (kcal/g)4 490.437 488.864 483.934 483.062 

Digestible energy  (kcal/g)5 413.15 409.86 406.72 405.2 
1Vitamin mixture: Included per kg; Vitamin A 20.000.000 IU, Vitamin D3 2.000.000 IU, Vitamin E 200.000 mg, Vitamin 

K312.000 mg, Vitamin B1 20.000 mg, Vitamin B2 30.000 mg, Vitamin B6 20.000 mg, Vitamin B12 50 mg, Vitamin C 
200.000 mg, Niacin 200.000 mg, Cal.D.Panth. 50.000 mg, Folic acid 6.000 mg, D-Biotin 500 mg, Cholin Chloride 300.000 

mg.  
2 Mineral mixture: Included per kg; 60 mg manganese, 80 mg zinc, 60 mg ferro, 5.000 mg copper, 2.000 mg iodine, 1.000 mg 

cobalt, 200 mg selenium, 50 mg magnesium 
3 Nitrogen free extracts (NFE) = matter - (crude lipid + crude ash + crude protein)   
4 Gross energy (GE), calculated according to 23.7 kJ/g protein, 39.5 kJ/g lipid, 17.2 kJ/g NFE [15]. 
5Digestible energy (DE), calculated on an estimated 5.0 kcal/g protein; 9.0 kcal/g lipid; 2.0 kcal/g carbohydrate [16].  

         

TABLE 3 

Amino acid content of experimental diets (% of dietary protein) 
Essential amino acids SU0 SU1 SU2 SU3 Rainbow trout* 

Requirements* 

Leucine 7.00 7.61 7.77 7.92 3.5 
Lysine  7.98 7.99 8.10 8.30 4.5 
Methionine  3.09 2.81 2.98 3.11 3.5 
Phenylalanine  3.58 3.76 4.06 4.45 4.5 
Tryptophan  1.07 1.04 1.03 1.50 0.5 
Valine 7.64 5.93 5.28 5.64 3.2 
Arginine  7.72 6.85 6.76 6.95 5.0 
Histidine 2.41 3.46 3.95 4.00 1.8 
Isoleucine 4.10 5.09 5.80 5.93 2.0 

* [17]. 
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RESULTS 

 

Growth Performance. In this study, growth 

and feed evaluation results obtained from control 

groups; (SU0) free of earthworm meal; 10% earth-

worm meal added (SU1); 20% earthworm meal 

added (SU2); and 30% earthworm meal added 

(SU3) has been shown in Table 5. The highest in-

crease in weight was detected in the SU3 group. 

 

TABLE 4 

Fatty acid composition (% total fatty acids, mean ± SEM, n = 3) of feeds used in the experiments 

Fatty acids  SU0 SU1 SU2 SU3 

C16:0  0.04 0.13 nd nd 

C18:0  0.01 0.03 nd 0.02 
1Σ SFA 0.05 0.16 nd 0.02 

C16:1n7  0.02 0.03 nd 0.10 

C18:1n9  nd 0.03 0.13 nd 
2Σ MUFA 0.20 0.06 0.13 0.10 
C18:2n6  0.16 0.3 0.15 0.10 

C20:4n6 0.03 0.04 0.23 0.03 
3 Σ n-6 PUFA 0.19 0.34 0.38 0.13 

C18:3n3  0.09 0.16 0.12 0.05 

C20:5n3   0.09 0.14 0.14 0.05 

C22:6n3 0.30 0.43 0.12 0.14 
4Σ n-3 PUFA 0.48 0.73 0.38 0.24 
5Σ PUFA 0.67 1.08 0.76 0.37 
6Σ n-3 HUFA 0.39 0.57 0.26 0.19 

n-3/n-6 0.40 0.47 1.00 1.85 

SFA saturated fatty acid, MUFA monounsaturated fatty acid, PUFA polyunsaturated fatty acid, HUFA 

highly unsaturated fatty acids, nd: non-detectable  

See Table 2 for rate of inclusion of the four oils in the experimental diets 
1ΣSFA includes Palmitic acid (16:0) and Stearic acid (18:0)  
2Σ MUFA includes Palmitoleic acid (16:1n-7) and Oleic acid (18:1n-9)  
3 Σ n-6 PUFA includes Linoleic acid (18:2n-6) and Arachidonic acid (20:4n-6) 
4Σ n-3 PUFA includes Linolenic acid (18:3n-3), Eicosapentaenoic acid (20:5n-3) and Docosahexaenoic acid (22:6n-3) 
5Σ PUFA includes Pn-6 PUFA and Pn-3 PUFA 
6Σ n-3 HUFA includes 20:5n-3 and 22:6n-3. The only n-6 HUFA detected was 20:4n-6 

      

TABLE 5 

Growth performance of rainbow trout fed on different levels of earthworm meal  

( X ± SD). 

 SU0 SU1 SU2 SU3 

IBW (g/fish) 5.04±0.12 a 5.05±0.11 a 5.02±0.15 a 5.05±0.12 a 
FBW (g/fish) 10.77±2.04 a 14.28±1.66 b 15.62±1.98 c 18.15±2.10 d 

WG (g) 5.74±3.21 a 9.22±2.45 b 10.61±3.07 c 13.12±2.66 d 
1WG (%) 113.68±1.32 a 182.76±1.09 b 211.17±1.14 c 259.40±2.20 d 
2SGR (% per) day) 0.84±0.33 a 1.15±0.15 b 1.26±0.08 c 1.42±0.31 d 
3FI (%BW per) day) 12.30±3.10 a 13.76±0.78 b 13.38±1.62 c 13.32±1.06 cd 
4FCR 2.15±0.24 a 1.49±0.75 b 1.26±0.21 c 1.02±0.44 d 
5PER 0.12±0.72 a 0.20±0.09 b 0.23±0.24 c 0.28±0.33 d 
6CF (%) 1.43±0.44 a 1.39±2.21 ab 1.16±0.09 c 1.05±0.21 d 
7SR (%) 60.02±0.11a 62.21±0.23 ab 73.34±1.15 c 74.45±0.07 cd 
8HSI (%) 2.43±0.18a 1.80±0.37b 1.66±0.28c 1.51±0.09d 
9VSI (%) 8.99±1.11a 8.97±0.78a 8.96±1.16a 8.93±2.01b 

Values are means ± SD (n = 3); values with different superscript letters in the same rows are significantly different (P < 

0.05). 

IBW and FBW are initial body weight and final body weight 
1Weight gain (WG, %)=100×(final body weight−initial body weight)∕initial body weight 
2Specific growth rate (SGR, %per day)=100×(ln final weight−ln initialweight)∕days of the experiment 
3Feed intake (FI,%BWper day)=100×dry feed intake∕(days×(initial body weight+final body weight+death body weight)∕2) 
4Feed conversion ratio (FCR)=dry feed consumed/wet weight gain 
5Protein efficiency ratio (PER) = wet weight gain/protein intake 
6Condition factor (CF,%) = (wet weight/total length3) × 100 
7Survival rate (SR, %) = 100 × (final fish number)/(initial fish number)    
8Hepatosomatic index (HSI, %) = liver weight × 100/body weight [21].  
9Viscerosomatic index (VSI, %) = viscera weight × 100/body weight 
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FIGURE 1 

Specific growth rate of rainbow trout fed the experimental diets (mean ± SD, n = 3 tanks diet_1) 

 

TABLE 6 

Body composition of rainbow trout fed with earthworm meal (n = 5, X  ± SD). 

  SU0 SU1 SU2 SU3 

Dry matter  (%)   21.39±0.02 a 22.18±0.03 a 22.79±0.01 a 23.01±0.02 a 

Crude protein  (%) 16.98±0.42a 17.16±0.11b 18.04±0.23c 18.22±0.09cd 

Crude lipid (%) 3.35±0.17a 2.71±0.22b 2.24±0.11c 2.08±0.31cd 

Crude ash (%) 1.09±0.11 a 1.07± 0.62 a 1.07±0.31 a 1.06±1.02 a 

Values in the same column with different superscripts are significantly different (P < 0.05). Data represented as mean ± SD of 
triplicate tanks. 

 

SGR of fingerling rainbow trout was evaluated 

during the experiment and the lowest SGR was 

found to be 0.84 ± 0.33% in the control groups. The 

highest SGR was found in SU3 group with 1.42 ± 

0.31%, followed by SU2 with 1.26 ± 0.08% (Figure 

1).  

According to the results of the experiment; 

when the condition factor (CF) was examined, there 

was no significant difference between SU0 and 

SU1 groups (P > 0.05), but it was found that the 

difference between SU0 and SU2 and SU3 groups 

was statistically significant with respect to CF (P < 

0.05). The amount of feed consumed by the fish for 

90 days according to their body weight percentages 

feed conversion ratio (FCR) in the SU0, SU1, SU2 

and SU3 groups was 2.15 ± 0.24, 1.49 ± 0.75, 1.26 

± 0.21 and 1.02 ± 0.44 respectively, and there was a 

statistically significant difference between all 

groups (P < 0.05). The best FCR was found to be 

1.02 ± 0.44 for SU3 group fish and the worst FCR 

was 2.15 ± 0.24 for SU0 group fish. Protein effi-

ciency ratios (PER) for the experimental groups 

were found as follows. The highest one was found 

in the SU3 group with 0.28 ± 0.33, the lowest one 

was in the SU0 group with 0.12 ± 0.72, and a sig-

nificant difference was found between the two 

groups (P < 0.05). For the trout fingerlings fed with 

feeds supplemented with different amounts of 

earthworm meal, the highest survival rate (SR) was 

found in SU3 group with 74.45 ± 0.07% ratio, the 

lowest SR with 60.02 ± 0.11% in the SU0 group. 

There was a statistically significant difference be-

tween the groups with respect to survival rate (P < 

0.05) (Table 5).  

At the end of the experiment, hepatosomatic 

index and viscerosomatic index values were calcu-

lated (Table 5). The highest HSI value was obtained 

from SU0 group with the 2.43 ± 0.18%. When HSI 

values were examined, it was found that the differ-

ence between all groups was significant (P < 0.05). 

Highest VSI value was obtained in the control 

group SU0 with 8.99 ± 1.11%. When VSI values 

were examined, it was found that S3 group was 

different from all other groups (P < 0.05), but the 

difference between S0, S1 and S2 groups was found 

to be insignificant (P > 0.05). 

 

Body Proximate Composition. At the end of 

the experiment, the crude protein, crude ash, dry 

matter and crude lipid ratios calculated as a result 

of the analyses performed in the muscle tissue of 5 

fish randomly sampled from each tank are given in 

Table 6. At the end of the experiment, as the result 

of the biochemical analysis of fish flesh, the highest 

value was obtained from SU3 group with 18.22 ± 

0.09% for crude protein and the highest value was 

3.35 ± 0.17% with control SU0 group for crude 

lipid. As a result of statistical analysis, it was found 

that the difference between SU0 control group and 

SU3 group was significant (P < 0.05). 
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DISCUSSION 

 

In this study, the effects of adding earthworm 

meal to fish feed on the growth performance of 

fingerling rainbow trout, the hepatosomatic index 

and viscerosomatic index values and on the chemi-

cal composition of fish meat were investigated. 

When the growth performance data in fish were 

evaluated, it was determined that earthworm meal 

had a positive effect on development. In this study, 

when the data related to the growth were evaluated 

at the end of the 3-month feeding experiment, the 

highest live weight average was obtained in SU3 

group and the lowest one was obtained in control 

SU0 group. The difference between weight increas-

es of the groups having similar initial weights was 

found to be statistically significant (P < 0.05) at the 

end of the experiment. When the specific growth 

rate (SGR) among the growth parameters was eval-

uated, the best SGR was found in the SU3 group 

with 1.42 ± 0.31% and the lowest one was found in 

the SU0 group with 0.84 ± 0.33%. In order to de-

termine the growth performance of fish correctly, 

specific growth rate is used commonly. Specific 

growth rate decreases as fish grows. If SGR is 

above 1%, it can be said that the fish grows well 

[22]. Generally, in most of the studies, fingerling 

ones of the different fish species are used as it is the 

case with this study. In these studies, where growth 

performance was the subject, feeds supplemented 

with earthworm meal have been reported to have a 

positive effect on parameters such as weight gain 

rate of fish, protein efficiency ratios (PER), feed 

conversion ratio and specific growth rate [23, 24, 

25]. In a study carried out for rohu fish (Labeo 

rohita) with average 0.7 g weight, they have fed 

them with 3 different diets (plainly cooked earth-

worm D1, mixed ground earthworm D2 and pellet 

feed produced from dried earthworm D3); at the 

end of the study they have found that best growth 

was in D3 with SGR 4.21% and in D1 with SGR 

3.38%, and the results of the experiment suggested 

that pelleted feed supplemented with earthworm 

meal can be used in the breeding of fingerlings of 

rohu fish [25]. In this study, when the data related 

to feed conversion ratio were evaluated, the best 

feed utilisation was found in the SU3 group with 

1.02 ± 0.44 and the worst value was found in the 

control group with 2.15 ± 0.24. The difference 

between the groups was found statistically signifi-

cant (P < 0.05). [23], in their studies, added 0% 

(Control), 25%, 50%, 75% and 100% earthworm 

meal to the feed of catfish, and they reported that 

the highest average weight gain was observed in 

those fed with 75% earthworm meal. Highest spe-

cific growth rate was observed with the rate 1.5 in 

the feed prepared with 25% earthworm meal and 

the lowest one was 1.2 in the control group. The 

best feed conversion rate was seen in the feed sup-

plemented with 50% earthworm meal with the rate 

of 1.6, and the worst FCR with the rate of 3.1 was 

seen in the feed supplemented with 100% earth-

worm meal. In catfish, feeds containing earthworm 

meal and fish meal were found appropriate for 

optimal growth performance and feed utilisation. In 

a study, 95, 190 and 380 g/kg of earthworm meal 

was added to the diets prepared for rainbow trout, 

which had an average weight of 208.6 g, close to 

the marketing weight, as against to 250, 500 and 

100 g / kg of fish meal respectively, and at the end 

of 53 days of experiment, a significant increase in 

weight and daily specific growth rate was deter-

mined in groups fed by the feed containing 95 g/kg 

E. fetida meal, but in dietary groups containing 380 

g/kg E. fetida meal, a decrease in growth perfor-

mance was detected, and in the same study, it has 

been reported that carcass-fat rate of the group in 

which 100% earthworm meal was used was de-

creased by 16.7% in comparison to control group 

where 100% fish meal was used. As a result of this 

literature study, for the feeding of the fish in the 

later commercial breeding period, it has been re-

ported that E. fetida meal can be added successfully 

to the feeds of trout instead of high amounts of fish 

meal [26]. [27], have prepared 3 different rations 

(earthworm meal T1, frozen earthworm T2 and live 

earthworm T3) for fingerling African Snakehead 

(Parachanna obscura) with an average weight of 

2.7 ± 0.15 g, and served them to the fish together 

with the pellets prepared with frozen and live 

earthworm. At the end of the experiment, they have 

detected that the best protein efficiency ratio (PER) 

1.58 and the best feed conversion ratio (FCR) 1.41 

were found in T3 group which was fed with live 

earthworm, followed by the T1 group which was 

fed by the ration prepared with earthworm meal. 

They also achieved a 100% survival rate from these 

two groups contrary to the T2 group. Earthworms 

survive with microorganisms in soil and water. 

However, they are not affected much by these path-

ogens. Antimicrobial substances in coelom fluid are 

described as important elements of the defence 

system [28]. In feeding studies carried out with 

worms, one of the successes due to antimicrobial 

substances in worms is to increase the survival rate 

and improve stress symptoms. In the study, the best 

survival rate for the groups was found as 74.45 ± 

0.07%. in group SU3 containing earthworm meal, 

and 60.02 ± 0.11% in the control group that does 

not contain earthworm meal. Statistically signifi-

cant differences were found between the groups 

with respect to the survival rate (P < 0.05).  In a 

study carried out by [29], they have added different 

ratios of earthworm meal (0%, 15%, 25%, 35% and 

50%) into the feed of fingerling Clarias gariepinus 

fish, and they have determined that the feed sup-

plemented with earthworm meal with 25% and 35% 

ratios provided higher survival rate compared to the 

control group which did not contain earthworm 

meal. 
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In this study, the best condition factor was 

found to be 1.05 ± 0.21% in group SU3 containing 

earthworm meal, and it was found to be 1.43 ± 

0.44% in the control group without earthworm 

meal.  According to the results of the experiment, 

when the condition factor (CF) was examined, there 

was no significant difference between SU0 and 

SU1 groups (P > 0.05), but it was found that the 

difference between SU0 and SU2 and SU3 groups 

was statistically significant (P < 0.05). The lowest 

hepatosomatic index (HSI) was detected as 1.51 ± 

0.09% in the group containing SU3 earthworm 

meal. In statistical analyses, it was found that the 

difference between SU0 group and SU3 group was 

significant with respect to HSI values (P < 0.05). In 

a study carried out by [30], five different groups of 

feeds with an average weight of 4.43 g (E0, E25, 

E50, E75 and E100) were prepared for hybrid het-

ero-clarias fingerlings and they fed them for 8 

weeks.  At the end of the experiment, the best aver-

age weight was 6.77 g in those fed with E50 diet, 

and in the control group without earthworm meal, 

and fish weight was found to be 6.04 g. In the same 

study, they obtained the lowest condition factor 

(KF) value from the control group as 1.369%, and 

from E50 group with the highest value as 1.996%. 

Thus, they found that earthworm meal supplement 

is a good alternative protein source in fish feed. 

[21], fed fingerling carp fish weighing an average 

of 8.1 g with 4 different diets containing animal 

protein (control, EW20, EW70 and EW100) for 8 

weeks, and at the end of the study they evaluated 

the morphological parameters. They obtained high-

est hepatosomatic index (HSI) in the control group 

with the value of 2.08%, and the lowest HSI from 

the EW70 group with 1.83%.  
We think that the reasons of why the results 

obtained in this experiment differ from some litera-

ture data [21, 23, 25, 26, 27, 28, 29, 30]. might be 

different fish species, fish size, amount of feed, 

form of the feeding, experiment period, different 

feed ingredients and ratios in the rations, different 

serving methods of experiment materials, water 

temperature, stock density, environment conditions 

and so on.   

As a result, it was found that the use of 30% 

earthworm meal in the feeds of fingerling rainbow 

trout improves growth performance and that earth-

worm meal can be used over 30% in fish feeds 

considering other literature studies. 
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