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Abstract 

This study evaluated superworm (Zophobas morio) larvae meal as a novel protein and carotenoid source in diets 

of goldfish, Carassius auratus. A six-months feeding trial was carried out to estimate the effect of dietary 

replacement of fishmeal with superworm meal at graded percentages on growth performance, survival, digestive 

enzyme activity and carotenoid content in skin and muscle tissue of goldfish. Five iso-nitrogenous diets were 

formulated with 38% of crude protein, substituting fishmeal protein with superworm meal protein at the levels 

of 0% (D0, control), 25% (D25), 50% (D50), 75% (D75), and 100% (D100), containing 0%, 10.59%, 21.18%, 

31.77% and 42.35% superworm meal respectively. Escalating the percentage of superworm meal inclusion led to 

a significant improvement in growth, feed utilization, digestive enzyme activity, survival and carotenoid 

deposition in skin and muscle tissue of goldfish. Thus, complete replacement of fishmeal protein with 

superworm meal protein with an inclusion level of 42.35% of diet would be recommended for goldfish. 

* Corresponding Author: Mousumi Das  mousumidasghosh23@gmail.com 
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Introduction 

Ornamental fish keeping is the second most 

favourable hobby throughout world as ornamental 

fishes are one of the nature's most beautiful creations 

(Sharma, 2020).  

 

Aquariculture, an important aquaculture section, 

have an excellent commercial value, fulfilling the 

aesthetic demands (Sharma, 2020). For several 

countries, the trade of ornamental fishes is a 

significant foreign exchange earner (Kamalii et al., 

2022). Aquariculture industry is an ever-expanding 

booming field, worthed around US$15 billion (Rhyne 

et al., 2017). 

 

In aquariculture, goldfish (Carassius auratus), that 

belongs to the family Cyprinidae, popularly 

domesticated in aquaria, is a wealthy option for 

trading and exportation because of its high demand 

(Sharma, 2020) due to its colouration, shape and size 

of tail and finnages, and also of its wide range of 

tolerance (Jia et al., 2019). Its skin colouration is the 

pivotal quality that decides its market value and 

consumer acceptability (Gouveia and Rema, 2005).  

 

Its vibrant reddish-orange colour is due to carotenoid 

deposition in its skin and muscle tissue.  

 

Carotenoid not only improves skin colouration but 

also hastens growth performance and aid the fish to 

tolerate variable environmental conditions (Maiti et 

al., 2017). It is a freshwater omnivorous fish, needs a 

good quality of protein rich feed for their proper 

growth and enhanced skin colouration as fishes are 

unable to synthesize colour producing pigments 

carotenoids (Jorjani et al., 2019), meet their 

requirement from dietary sources (Duru, 2014).  

 

In recent times, aquariculture industries include 

synthetic carotenoid such as astaxanthin (red) and 

canthaxanthin (orange-red) in fish feed through 

dietary supplementation (Maiti et al., 2017). 

Generally, synthetic carotenoids are high-priced and 

bump up the feed cost by 10% to 20% (Bano et al., 

2020). In this context, there is a need of natural 

carotenoid sources for the current commercial 

aquariculture industries. Earlier study reports stated 

that skin colouration was improved when fishes were 

fed with natural carotenoid supplemented diet (Kaur 

and Shah, 2017). Hence, natural carotenoid sources 

either from plant-based or animal-based sources are 

cost-effective as well as alternative to synthetic 

carotenoid compounds for fish feed producers. 

 

Among animal sources, some arthropods like shrimp 

(Pattanaik et al., 2021), artemia (Seidgar et al., 2019), 

krill (Roncarati et al., 2016), lobster (Bell et al., 

2019), copepod (Gümüş et al., 2022), mealworm 

(Das, 2023c), grasshopper, cricket, and black soldier 

fly larvae (Das, 2023d) were documented as an 

excellent source of carotenoid, able to deposit 

magnificent amount of carotenoid in fish skin and 

muscle tissue (Seidgar  et al., 2019; Bell et al., 2016, 

Duru, 2014). 

 

In aquaculture as well as aquariculture, the principal 

integrant is fish feed in which fishmeal is the 

commonly accepted primary protein source due to its 

nutritional profile, protein quality and amino acid 

composition (Tacon and Metian, 2008). Over the last 

few years, the high price and ever rising demand of 

fishmeal, have triggered a desperate search for non-

conventional alternative cost-effective protein source 

which would be comparable to fishmeal in respect to 

protein quality and quantity. In the scientific research 

area of aqua feed, there are various earlier reports 

where cost-effective alternative plant origin protein 

sources were used as fishmeal replacement in aqua 

diets (Aas et al., 2019; Ytrestoyl et al., 2015; Das, 

2023e).  

 

But the results are not satisfying as the fishmeal-free 

formulated diets incorporating plant-based 

ingredients, have different anti-nutritional factors 

(Thakur et al., 2019) and also have trouble with 

improper amino-acid profiles and low palatability. 

Moreover, most plant-based protein sources compete 

with livestock-animal and human diet. Nowadays, 

insects are used as an alternative ingredient for 

substituting conventional animal protein source, 
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fishmeal in livestock (Huis and Gasco, 2023) as well 

as in aqua feed (Bera et al., 2022). Insect meals have 

awakened the interest of researchers due to their 

nutritional quality, sustainability, and recent 

authorisation for use in aquafeed (Alfiko et al., 2022). 

In contrast to plant by-products, insect meals are rich 

in important amino acids, particularly lysine, 

methionine, and leucine and with negligible quantity 

of anti-nutritional factors (Spranghers et al., 2017). In 

some western countries, people are also using insect 

in their daily meal (Orsi et al., 2019). Insect meal 

such as mealworms, crickets, grasshoppers, black 

soldier fly larvae were successfully used as a 

substitute of fishmeal in the diets of various food fish 

like rainbow trout, African catfish, Asian swamp eel, 

Jian carp and Atlantic salmon, and ornamental fish 

like common goldfish, swordtail, platy fish, guppy 

(Hu et al., 2020; Das, 2023a; Perera and Bhujel, 

2022; Belghit et al., 2018). 

 

Superworms, Zoophobas morio, the larval form of the 

darkling beetle commonly grown as feed for birds and 

reptiles due to their high nutritional value (Rumbos 

and Athanassiou, 2021). In some earlier studies, 

superworms were documented as an appreciable 

fishmeal replacement in the diet of Nile tilapia (Jabir 

et al., 2012), juvenile rainbow trout (Shekarabi et al., 

2021), Asian sea bass (Prachom et al., 2021), sea trout 

(Mikołajczak et al., 2020).  

 

Additionally, dietary supplementation of superworm 

meal was reported to increase the amount of WBC in 

blood of gilthead bream and also this insect meal has 

proven to have an antibacterial property (Henry et al., 

2022). But there is insufficient documentation on 

superworm meal as a fishmeal replacement for the 

ornamental fish species.  

 

In this scenario, the present feeding trial was 

undertaken to evaluate the effect of dietary 

replacement of fishmeal protein with superworm 

meal protein on growth performance, food utilization, 

survival, digestive enzyme activities and total 

carotenoid content in skin and muscle tissue of 

juvenile goldfish, C. auratus.  

Materials and methods 

Experimental fish and feeding trial 

A six-month feeding trial was conducted in the Fish 

biology and aquaculture laboratory, Department of 

Zoology, Vidyasagar College, West Bengal, India. A total 

of 400 juveniles of goldfish were procured from local 

ornamental fish market, Kolkata, West Bengal, India. 

Then healthy seeds were acclimated for 15 days in a glass 

aquarium (120cm×60cm×20cm) by feeding them with 

commercial diet. For the feeding trial, 300 juveniles of 

an average initial weight of 1.66±0.03 gm, were selected 

randomly and distributed in 15 experimental glass 

aquaria (60cm×30cm×20cm) in triplicate group of five 

sets at a number of twenty fishes per aquarium. Satiation 

feeding was executed twice daily (09:00 and 18:00) and 

food consumption of each day was recorded by taking 

the weight of extra uneaten feed particles. Water 

exchange was done at 20% in every two days interval. 

Continuous aeration was provided throughout the 

feeding trial by air blower. During the feeding trial, water 

quality parameters were estimated (APHA, 2005) twice 

a week and the mean values were given as follows: water 

temperature at 30.67±3.70˚C, pH at 7.37±0.10, 

dissolved oxygen at 8.18±0.15 mg/L, alkalinity at 

328±4.98 ppm, hardness at 625±6.32 ppm, free carbon 

dioxide at 1.75±0.18 ppm and total dissolved solids 

(TDS) at 996.5±13.41 ppm. 

 

Experimental diets  

In laboratory, superworms, Z. morio were purchased 

from a local commercial pet shop and then oven-dried 

for 24 hours at 40°C, grinded into a fine powder form 

and stored in an air-tight glass container until further 

utilise in making experimental diets for feeding trial and 

for the proximate analysis. Five different fishmeal- and 

superworm meal-based iso-proteic experimental diets 

were formulated containing 38% of crude protein. Here 

fishmeal protein was replaced with superworm meal 

protein at the levels of 0% (D0, control), 25% (D25), 

50% (D50), 75% (D75), and 100% (D100) and thereby 

the formulated diets contained 0%, 10.59%, 21.18%, 

31.77% and 42.35% superworm meal respectively. The 

oven-dried dietary ingredients were finely ground, 

properly mixed and blended with water into dough to 

prepare pellets by pelletizer with 2 mm die. Pellets were 
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dried at room temperature and then were crushed into 

preferable particle size; airtight glass containers were 

used to store the experimental diets at room 

temperature.  

 

Proximate composition analysis 

The proximate composition of superworm, fishmeal, and 

experimental diets were analysed in accordance with the 

AOAC - Association of Official Analytical Chemists - 

technique (AOAC, 2006) for the evaluation of crude 

protein, crude lipid, ash and moisture. 

 

Survival and growth study  

After six-months of feeding trial, the number of fishes in 

each aquarium were recorded to calculate their survival 

and then they were starved for 24 hours. All the fishes of 

each aquarium were individually weighed and then final 

length of the respective fishes were taken to estimate the 

growth performance parameters like weight gain, 

specific growth rate (SGR), etc. Food utilization 

parameters in terms of total food consumption and feed 

conversion ratio (FCR) were calculated. 

 

Estimation of carotenoid 

Carotenoid content of experimental diets was estimated 

by following the method of Cyanotech (2002).  At the 

end of the feeding trial, coloured region of skin and 

muscle tissue of fishes from five experimental sets were 

collected to determine the total carotenoid content by 

Tiewsoh et al. (2019) method.  

 

Digestive enzyme analysis 

At the end of feeding trial, fishes were fasted for 24 

hours before sampling. Four fishes from each dietary 

set were randomly selected and dissected out on 

chilled condition to collect their intestines. Excess 

food particles were removed from the intestine and 

were rinsed with normal saline solution. Cold 

phosphate-buffered (pH 7.5) was used to homogenize 

the intestines and then homogenized samples were 

centrifuged at 10,000 rpm at 4°C for 20 mins. 

Supernatants were then used for the analysis of 

digestive enzymes such as amylase, protease and 

lipase using the protocols of Bernfeld (1955), Walter 

(1984) and Bier (1955) respectively.  

Statistical analysis 

The experimental data were presented in tables and 

figures as mean ± standard error (SE) of three 

replications. One-way analysis of variance (ANOVA), 

followed by Duncan’s multiple range tests (DMRT) for 

multiple comparisons at the significance level of 0.05 

was used to compare the differences among the five 

dietary treatments.  

 

Results 

Nutrient composition of experimental meals and their 

ingredients 

Proximate composition in terms of crude protein, crude 

lipid, ash and moisture of   superworm meal and 

fishmeal were listed in Table 1. Crude protein percentage 

of superworm meal was comparable with fishmeal 

protein percentage. It was found that the estimated 

value for superworm meal was slightly lower than the 

value of fishmeal. Crude lipid percentage on dry weight 

basis was found significantly higher (P<0.05; DMRT) in 

superworm meal, whereas ash and moisture content in 

fishmeal.  

 

Table 1. Proximate composition of superworm meal 

and fishmeal (%, dry weight basis) 

Nutritional 
composition (%) 

Superworm meal Fish meal 

Crude protein 51.00±0.96a 54.00±1.26b 

Crude lipid 40.00±0.48b 21.82±1.04a 

Crude ash 3.54±0.03a 12.75±1.11b 

Moisture 5.90±0.32a 8.94±0.41b 

Values are presented as mean ± SE. Values with 

different superscript letters in a row denote 

significant differences as determined by DMRT after 

one way ANOVA (P<0.05) 

 

Proportion of dietary ingredients and proximate 

composition of all the experimental diets were 

given in Table 2. Crude protein and moisture 

content of all the experimental diets of goldfish did 

not vary significantly (P>0.05) and its percentage 

on dry weight basis was ranged from 39.71% to 

40.03%. On dry weight basis the percentage of 

crude lipid and ash were as expected as the level of 

replacement of fishmeal with superworm meal in 

the formulated diets. 
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Table 2. Proportion of dietary ingredients and proximate composition of experimental diets 

Diet ingredients (gm/100gm) Diets 

D0 D25 D50 D75 D100 

Fishmeal 40.00 30.00 20.00 10.00 00.00 
Superworm 00.00 10.59 21.18 31.76 42.35 

Soybean 26.50 26.50 26.50 26.50 26.50 
Sattu 8.50 8.50 8.50 8.50 8.50 

MOC- mustard oil cake 12.50 12.50 12.50 12.50 12.50 
Rice bran 10.50 7.52 6.22 5.45 4.89 

Wheat 0.40 2.79 3.50 3.68 3.66 
Vitamin-mineral premix* 1.60 1.60 1.60 1.60 1.60 
Total 100 100 100 100 100 

Crude protein 40.03±0.34a 39.91±0.37a 39.84±0.20a 39.77±0.39a 39.71±0.48a 
Crude lipid 15.32±0.21a 18.06±0.42b 21.11±0.34c 23.93±0.35d 26.69±0.34e 

Ash 12.68±0.25e 11.94±0.18d 10.87±0.20c 9.21±0.13b 7.92±0.19a 
Moisture 6.68±0.49a 6.46±0.36a 6.71±0.47a 6.57±0.34a 6.87±0.27a 

*Vitamin-mineral premix (mg/kg diet): retinol-18,000 IU, Choleclaciferol-2000 IU, thiamine-15, menadione 

sodium bisulphate-10, riboflavin-25, pyridoxine-5, α-tocopherol-35, nicotinic acid-200, Ca-pantothenate-50, 

biotin-1.5, folic acid-10, cyanocobalamin-0.03, ascorbyl monophosphate-50, inositol-400, copper sulphate-20.2, 

dibasic calcium phosphate-5.9, sodium fluoride-2.21, potassium iodide-0.78, zinc oxide-37.5, ironsulphate-200, 

magnesium oxide-840, manganese oxide-26, cobalt sulphate-1.85, sodium selenite-0.65, potassium chloride-1.17, 

sodium chloride-0.45. 

Values are presented as mean ± SE. Values with different superscript letters in a row denote significant 

differences as determined by DMRT after one way ANOVA (P<0.05) 

 

Table 3. Growth parameters of goldfish, Carassius auratus fed with experimental diets in six months 

feeding trial 

Growth parameters  Diets 

D0 D25 D50 D75 D100 

Initial weight (gm) 1.66±0.02a 1.66±0.02a 1.66±0.03a 1.66±0.03a 1.66±0.05a 

Final weight (gm) 3.19±0.06a 3.68±0.11b 4.33±0.17c 4.73±0.06d 6.88±0.38e 
Initial length (cm) 5.07±0.03a 5.07±0.09a 5.07±0.07a 5.07±0.09a 5.07±0.07a 

Final length (cm) 5.97±0.10a 6.38±0.10b 7.28±0.09c 8.47±0.09d 9.25±0.09d 
Weight gain (gm) 1.53±0.04a 2.03±0.10b 2.67±0.14c 3.07±0.04d 5.22±0.39e 
FCR 4.57±0.04e 3.80±0.09d 3.24±0.06c 3.00±0.03b 2.37±0.08a 

SGR (%) 0.72±0.01a 0.89±0.02b 1.06±0.02c 1.16±0.01d 1.58±0.07e 
Food consumption (gm) 6.99±0.33a 7.69±0.41b 8.63±0.37c 9.21±0.53c 12.29±1.54d 

Values are presented as mean ± SE. Values with different superscript letters in a row denote significant 

differences as determined by DMRT after one way ANOVA (P<0.05) 

 

Growth parameters 

Table 3 displayed the results of growth 

performances and feed utilization of goldfish after 

six-months of feeding trial. At the commencement 

of the feeding experiment, the average initial 

weight and length of the juveniles were recorded, 

varied from 1.60 gm to 1.75 gm and 4.90 cm to 5.20 

cm respectively. At the end of feeding trial period, 

a significant difference was found in the growth 

performance and feed utilization parameters of 

experimental fishes fed with superworm 

supplemented diets and control diets. The growth 

performance parameters in terms of final weight 

and length of the fishes were considered, it was 

noticed that weight gain and specific growth rate 

(SGR) were significantly higher (P<0.05; DMRT) 

in the D100 diet fed set, followed by D75, D50, D25 

and significantly lower (P<0.05; DMRT) in the 

control (D0). Similarly, best food conversion ratio 

(FCR) value (P<0.05; DMRT) was obtained from 

the D100 set, followed by the D75, D50, D25 and 

control (D0). On the other hand, total food 

consumption by the experimental fishes was noted 

to follow a opposite trend of the result of growth 
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performance, that was significantly higher 

(P<0.05; DMRT) amount of food was consumed 

during the feeding trial by the fishes fed with 

control diet, followed by D25, D50, D75 and D100. 

  

Fig. 1. Survival percent of C. auratus fed with five 

different experimental diets. Values are mean ± SE. 

Bars with different letters are significantly different 

(P<0.05) using DMRT after one way ANOVA 

 

Survival percentage 

Results of survival percentage after the six-months of 

feeding trial were presented in Fig. 1. 

Supplementation of fishmeal with superworm meal in 

the diet of juveniles exhibited a positive impact on 

their survival which was ranged from 90% to 100%. 

Survival percentage was found to be increased in a 

superior way with the increased inclusion level of 

superworm meal in the experimental diets. Here, 

100% fishmeal replacement with superworm meal 

showed highest value (P<0.05; DMRT) of survival 

percentage and lowest value (P<0.05; DMRT) was 

obtained from the control (D0). 

 

Activity of digestive enzymes 

The findings of digestive enzyme activities were 

enlisted in Table 4. Dietary supplementation of 

superworm meal had significant effect (P<0.05; 

DMRT) on the intestinal digestive enzyme activities of 

experimental goldfishes. The amylase activity was 

observed significantly higher (P<0.05; DMRT) in 

fishes fed with D50 diet and the lowest value (P<0.05; 

DMRT) was noted from the fishes fed with control 

(D0) diet, while the remaining dietary treatments did 

not show any significant variations (DMRT). The 

protease activity and lipase activity were found to be 

significantly higher (P<0.05; DMRT) in the fishes fed 

with D100 diet, followed by D75, D50, D25 and 

significantly lower value (P<0.05; DMRT) was 

obtained from the fishes fed with control (D0) diet. 

 

Table 4. Digestive enzyme activity of goldfish fed with experimental diets in six months feeding trial 

Enzyme D0 D25 D50 D75 D100 

Amylase 0.374±0.01a 0.505±0.04b 0.637±0.01c 0.566±0.04b 0.580±0.04b 

Protease 0.91±0.00a 1.206±0.01b 1.50±0.0c 1.82±0.00d 2.12±0.02e 
Lipase 0.82±0.01a 1.24±0.01a 1.77±0.00a 2.08±0.01a 2.36±0.01a 

Values are presented in unit U/mg. Values are presented as mean ± SE. Values with different superscript letters 

in a row denote significant differences as determined by DMRT after one way ANOVA (P<0.05). 

 

 

Fig. 2. Carotenoid content in experimental diets (μg/g) and fish skin and muscle tissue (μg/g). Values are mean 

± SE. Bars with different letters are significantly different (P<0.05) using DMRT after one way ANOVA 
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Carotenoid concentration of experimental diets and 

of goldfish skin and muscle tissue 

The spectrophotometric analysis of carotenoid 

content of experimental diets was shown in Fig. 2. 

The obtained value of total carotenoid content in the 

experimental diets revealed an increasing trend with 

the increased amount of superworm meal 

supplementation in the experimental diets which was 

ranged from 8.27 μg/g to 28.11 μg/g. 

 

After six-months of feeding trial, carotenoid content 

in the skin and muscle tissue of goldfish from 

different dietary sets showed significant variations 

(P<0.05; DMRT) (Fig. 2). Skin colour improvement 

of the experimental fishes in terms of the carotenoid 

deposition in fish skin and muscle tissue showed an 

intensifying trend of their values from control (D0) to 

D75 dietary sets (P<0.05; DMRT), while the value of 

D75 and D100 did not vary significantly (DMRT). 

 

Discussion 

Over the past decade, the aquariculture industry has a 

mounting growth due to growing interest of aquarium 

fishes. At this situation, there needs urgent research 

to fill up the lacunae associated with the production 

of ornamental fishes and aquafeed (Calado et al., 

2017). For the sustainable growth of aquariculture, 

requires the exploration and introduction of novel 

protein source for the aquafeed industry (Gasco et al., 

2018). The new protein source for fish feed, should 

contain adequate amount of good quality protein and 

other nutrients that will enhance fish growth 

performance and ascertain sustainability and 

economic suitability (Gasco et al., 2018). Insects 

might be the best alternative to fishmeal (Belghit et 

al., 2018).  

 

Hence, in the current study, superworm meal was 

used as a fishmeal replacement with the aim of 

reducing the fish feed cost and subsequently the cost 

of raising ornamental fish which will ultimately 

support the growth of aquariculture industry. To 

establish suitability of superworm meal as a fishmeal 

replacer, evaluation of fish growth performance and 

survival is crucial. 

In the present investigation, it was observed that 

fishmeal substitute superworm meal had no 

deleterious effects on the growth performance, feed 

utilization and survival of juvenile goldfish. This 

finding was consistent with the observations of some 

earlier studies where reported that insect meal could 

partially or completely replace fishmeal without any 

negative effects on the growth efficiency, feed 

utilization and survival of ornamental fishes as well as 

food fishes (Fisher et al., 2020; Kamalii et al., 2022; 

Das, 2023a,b,c; Chemello et al., 2020; Gasco et al., 

2016; Belghit et al., 2018; Piccolo et al., 2017; Li et 

al., 2017; Devic et al., 2018). In this connection, Li et 

al. (2017) reported that black soldier fly larvae had 

the potential to replace fishmeal totally in the diets of 

Cyprinus carpio without any negative impact on 

growth performance and feed utilization. Recently, 

Kamalii et al. (2022) evaluated the nutritional quality 

of black soldier fly larvae, used as fishmeal 

replacement in the diet for goldfish and obtained a 

favourable result on growth rates, feed utilization, 

digestive enzyme activity and haemato-biochemical 

indices, indicating good health status of the 

experimental fishes. 

 

Moreover, for desirable growth of fish, the optimum 

incorporation level of nonconventional fishmeal 

substitute in the formulated aquafeed is crucial which 

depends on the nutrient quality of the novel fishmeal 

replacer. Here the goldfish fed with diet having 100% 

replacement of fishmeal with superworm meal 

showed the best results for growth performance and 

feed utilization. There were some earlier reports on 

replacing of fishmeal with superworm in the fish diet 

of consumable fish. When Nile tilapia (Oreochromis 

niloticus) juveniles were fed with diets having 

superworm meal replacing the fishmeal at different 

level, it was found that maximum weight gain and 

SGR was obtained from 25% and 50% fishmeal 

replaced diet fed fishes (Jabir et al., 2012). An 

improved SGR was found in Perca fluviatilis, when 

fed with a mixture of superworm and house cricket 

meals (5% of each) replacing 25% of fishmeal (Tilami 

et al., 2020). In this context, a few studies reported 

that 100% replacement of fishmeal with superworm 
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had a negative impact on the growth performance of 

Guppy and Sea Trout (Kowalska et al., 2022; 

Mikołajczak et al., 2020). In support with the present 

study, Prachom et al. (2021) stated that replacing 

fishmeal with superworm meal at 80% had the 

highest growth efficiency and feed utilization of Asian 

sea bass, Lates calcarifer. 

 

In terms of nutritional value, the protein content of 

superworm meal, estimated in the current study, was 

found very close to the value of fishmeal. This finding 

was reinforced by the study where reported that the 

essential amino acid profile of superworm meal, is of 

a similar pattern compared to a standard fishmeal 

(Prachom et al., 2021). In agreement with this 

observation, Jabir et al. (2012) reported that all 

essential amino acid present in superworm meal was 

similar with the fishmeal except for methionine. In 

some cases, the protein content of superworm meal 

showed a significant variation (Ojewola et al., 2005) 

which might be due to several factors like different 

larval stage, nutritional ecology of larvae, conditions 

of production and also variation in the processing 

methods. Crude protein content of superworm, used 

in the present study was 51%, while in the study of 

Prachom et al. (2021), it was somewhat higher at 

61.4% and of Jabir et al. (2012) it was almost equal as 

the present study (50.5.3%). Hence, superworm meal 

might be a potential fishmeal substitute as it contains 

a high quantity of good quality protein and do not 

have any identifiable anti-nutritional factors 

(Spranghers et al., 2017) and is also a good additional 

source of minerals and vitamins (Fisher et al., 2020). 

Monitoring of digestive enzyme activities are widely 

used in feeding trials with new protein sources. The 

results of digestive enzyme activities reflect the health 

status, and the ability of fish to digest the 

nonconventional protein source-based diets. It could 

be effectively used to know the acceptance of feed by 

the fishes. The results of the present study revealed 

that dietary supplementation of superworm meal had 

a significant effect on the estimated digestive enzyme 

activities of goldfish. Protease and lipase activity were 

found to be increased in the fishes fed with diets 

having increased level of superworm meal inclusion.  

This observation confirmed that goldfish could 

efficiently utilize the protein and lipid of the 

experimental diets having superworm meal as a total 

replacement of fishmeal. The intestinal amylase 

activity was significantly higher in the D50 set. The 

fishes fed with control diet (D0), containing 0% 

superworm meal, exhibited low amylase, protease 

and lipase activity.  

 

This finding was consistent with the study where 

black soldier fly larvae meal was used as fishmeal 

replacement in the diet of goldfish and Monopterus 

albus (Kamalii et al., 2022; Hu et al., 2020). In 

contrary, digestive enzyme activity was reported to be 

decreased when fishmeal replacement with 

mealworm meal and black soldier fly larvae meal was 

increased in the diet of Argyrosomus regius and 

Danio rerio respectively (Coutinho et al., 2021; 

Fronte et al., 2021). Additionally, it was found that 

digestive enzymes activity did not vary significantly, 

when Litopenaeus vennami and Cyprinus carpio 

were treated with different gradients of insect meal 

replacing the fishmeal (Wang et al., 2021; Hoffmann 

et al., 2020; Li et al., 2017). 

 

Fishes cannot synthesize their skin and muscle 

pigments, carotenoids on their own (Jorjani et al., 

2019). Fishes with vibrant colours such as orange, red 

and yellow absorb carotenoids from various dietary 

sources and store them in their skin and muscle tissue 

(Duru, 2014). So, the colour intensity of ornamental 

fishes could be improved by adding natural or 

synthetic carotenoids to their diets (Kaur and Shah, 

2017; Maiti et al., 2017). The results of feeding trial 

depicted that the amount of carotenoid of skin and 

muscle tissue of experimental fishes were upsurged 

with the increased inclusion proportion of superworm 

meals in the diet.   

 

Maximum amount of carotenoid deposition was 

found in the D75 and D100 diet fed set, where data 

insignificantly varied. This finding revealed that 

fishes are able to absorb and deposit the dietary 

carotenoid to their full potential up to a certain 

concentration in their diet which leads to the maximal 
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accumulation of carotenoids and enhanced colouring 

of the muscle and fish skin. Beyond that fraction of 

carotenoid in fish feed did not effective for further 

carotenoid deposition in fish muscle and skin, rather 

provide a negative impact with faded fish skin 

(Jagadeesh et al., 2015). So, for the maximum 

amount of carotenoid deposition in fish skin and 

muscle, needs a species-specific amount of carotenoid 

incorporation in fish feed (Ha et al., 1993). Several 

plant-derived natural carotenoid sources have been 

effectively included in the diets of ornamental fishes. 

Still, a few studies were carried out on ornamental 

fishes fed with diet supplemented with natural 

carotenoid from animal sources. Few earlier reports 

revealed that cricket, grasshopper, black soldier fly 

larvae and mealworm had natural carotenoids and 

these insect meal supplemented diets showed a 

positive impact on skin colouration of ornamental 

fishes like Xiphophorus helleri, Xiphophorus 

maculatus (Das, 2023a; Das, 2023b). Previous 

investigations on goldfish portrayed that plant-

derived (alfalfa, red yeast and spirulina) as well as 

insect-meal derived (mealworm) natural carotenoid 

supplemented diet had favourable effect on fish skin 

pigmentation (Yanar et al., 2008; Xu et al., 2006; 

Kiriratnikom et al., 2005; Das, 2023c). 

 

Furthermore, natural carotenoid had a growth 

promoting role (Maiti et al., 2017). In the present 

study, it was found that the growth performance 

and feed utilization, and the carotenoid 

concentration in fish skin and muscle tissue, both 

were significantly higher in D100 set, followed by 

D75, D50, D25 and control (D0) set. This finding 

was supported by the study of Amar et al. (2001) 

who reported that carotenoid has a positive role in 

the intermediary metabolism of fish and it 

enhances food utilization and improves growth. 

This observation was also in line with the study of 

Jha et al. (2012), Ezhil et al. (2008) and Jagadeesh 

et al. (2015), where natural plant derived 

supplemented diets improved growth and feed 

utilization of Barilius bendelisis, red sword tail and 

rosy barb respectively. In this aspect, Pailan et al. 

(2012), Maiti et al. (2017), Jain et al. (2019), Bano 

et al. (2020) and Tiewsoh (2019) stated there was a 

correlation between the supplemented carotenoids 

of diet and growth performance of rosy barb, koi 

carp, gourami and goldfish respectively.  

 

In the field of aquafeed research, very limited data 

are available regarding the use of superworm meal 

as fishmeal supplement for the aquafeed industry. 

While, sufficient scientific literatures are at hand 

concerning the use of black soldier fly larvae meal 

(Das, 2023d; Li et al., 2017; Hu et al., 2020; 

Belghit et al., 2019), mealworm meal (Melenchón 

et al., 2023), grasshopper meal (Olaleye and 

Asuquo, 2021; Tsado et al., 2021; Das, 2023a, b, c), 

cricket meal (Jeong et al., 2021; Ndione et al., 

2022; Das, 2023a,b), and many other insect meals 

in fish feed. Insect meals are acknowledged not 

only as a valuable nutritional source but also as a 

promising alternative to traditional fishmeal. In 

comparison to high cost, high demand, scarce and 

quality compromised fishmeal, insect meal would 

be a cost effective one as insects are protein rich, 

could be harvested or could be mass reared easily 

in insect farm.  

 

Conclusion 

The alternative protein source, superworm meals 

could be one of the best choices as fish meal 

replacement in aquafeed for the ornamental fishes in 

India and beyond. Notably, this investigation revealed 

that fishmeal could be completely substituted by 

superworm meal in the juvenile goldfish diets using 

up to 42.35% which support maximum growth 

performance, skin colouration, digestive enzyme 

activity and survival. Further research is 

recommended to determine the efficiency of 

superworm meal as alternative to traditional fishmeal 

in the diets of some other ornamental fishes and 

consumable fishes. 
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