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ABSTRACT: A study was conducted in rohu fish, Labeo rohita (Hamilton, 1822) to assess the potential
of silkworm pupae, housefly maggot, and earthworm meals as a replacement for soybean meal.  In this
context, four isonitrogenous and isolipidic diets were prepared, viz., control – SM (30% soybean meal
inclusion level), SPM (30% silkworm pupae meal inclusion), HMM (30% housefly maggot meal inclusion
level) and EWM (30% earthworm meal inclusion level). The rohu fingerlings (initial average body weight:
5.07 ± 0.01 g) were fed twice daily with the respective experimental diets to reach satiation levels. Specific
growth rate (SGR), final body weight (FBW), per cent weight gain (WG), protein efficiency ratio (PER) and
feed conversion ratio (FCR) were significantly affected among the experimental groups. SPM and HMM
groups had significantly higher FBW, SGR, WG and PER values than the control - SM and EM groups.
However, there was no significant difference between the control and EWM groups, and between SPM
and HMM groups. FCR values showed a significant reverse trend in respect to WG. Incorporation of SPM
and HMM in rohu diets gave greater growth performance and feed utilisation efficiency than SM and
EWM-based diets. © 2024 Association for Advancement of Entomology
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INTRODUCTION

India’s thriving aquaculture and fisheries sectors
are not only crucial for feeding the nation but also
generate substantial export earnings and provide
livelihoods for around 14 million people (FAO, 2020).
The growth rate of capture-based fisheries in the
world has been relatively static since the late 1980s
and worldwide fish production reached its maximum
potential (approximately 178 million tons) in the year
2020 (FAO, 2012, 2022). Under these

circumstances, the aquaculture sector playing a
pivotal role in nutritional security requires lower
production costs, efficient production processes, and
eco-friendly measures. Fish feed, one of the
costliest inputs (accounting for 60 to 70%) of the
operating costs in semi-intensive and intensive
aquaculture (Singh et al., 2006), needs to be cost-
effective, eco-friendly, and nutritionally rich. High
fish feed costs due to ingredient shortages threaten
to stall fish production despite strong market
demand. Replacing conventional protein sources
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with locally available, nutrient-rich options like
silkworm pupae, maggot and earthworm meal offers
a sustainable and affordable solution to bridge this
gap and support future fish farming in line with
UNO’s Sustainable Development Goals (FAO,
2022). India’s sericulture generates approximately
40,000 tons of silkworm pupae yearly, with research
highlighting their potential as an aquafeed ingredient
(Jayaram and Shetty, 1980). Gohl (1981) and
Nandeesha et al. (1990, 2000) successfully included
varying levels of silkworm meal in carp diets,
achieving comparable growth and feed conversion
to traditional fishmeal-based diets. Compared to
plant-based protein, silkworm meal demonstrated
superior performance in carps (Swamy and Devaraj,
1994). Borthakur et al. (1998) further supported
this, finding similar digestibility of crude protein from
silkworm meal compared to fishmeal. Housefly
maggots, are emerging as a promising alternative
protein source in aquaculture. Processed into
“magmeal,” these larvae boast high proteins (39 -
61.4% crude protein), lipids (12.5 - 21%), and
essential nutrients like phosphorus, B-complex
vitamins, and trace minerals (Teotia and Miller,
1973). Studies showed magmeal diets can match
the growth performance of fishmeal in
Oreochromis niloticus fingerlings, while costing
significantly less (Fashina-Bombata and Balogun,
1997). This makes magmeal a competitive,
sustainable, and potentially cost-effective alternative
for fishmeal in aquafeed. Vermicompost, the product
of earthworm digestion, serves as a direct organic
fertilizer in fish ponds. Studies even suggested dried
earthworms (Eudrilus eugeniae) as a viable fish
meal substitute, boosting carp growth. Similarly,
earthworm extract (vermiwash) significantly
enhanced fish growth and survival, likely due to its
rich vitamin content (provitamin D and B complex)
and other beneficial metabolites (Chakrabarty,
2008). Moreover, worm biomass produced during
vermicomposting can be directly in Moreover, worm
biomass produced during vermicomposting can be
directly incorporated into fish feed, further
maximizing resource utilization (Tuan, 2010; Tacon
et al., 2011). Given the high cost of fish and
soybean meal, this study analyzes alternative protein
sources (viz., silkworm pupae, housefly maggot, and
earthworm meal) substituted fish feed replacing

soybean meal on the growth performance of rohu
fish Labeo rohita (Hamilton, 1822).

MATERIALS  AND  METHODS

The experiment was carried out at the M/S. Shah
Ji Fish Farm (28.17050 N, 77.3182o E), Palwal,
Haryana. Four rohu fish feed diets were prepared;
defatted soybean meal-based diet as control (SM)
and three diets replacing defatted soybean meal
with silkworm pupae (SPM), housefly maggot
(HMM) and earthworm (EWM) meal (at 30%
inclusion levels) separately; and their effect on
rohu’s growth performance was assessed under a
completely randomized design experiment with
three replications.

Different feed components (Table 1) were weighed
and made into a dough by mixing all the previously
dried ingredients (excluding oil and vitamin premix)
using water. It was cooked for 30 minutes in a
pressure cooker and cooled to room temperature.
The calculated proportions of the vitamin premix
and oil were then mixed. The dough was
compressed through a pelletizer (S.B. Panchal and
Company, Maharashtra, India) to obtain pellets of
uniform size, allowed to air-dry, packed in zip lock
pouches, sealed, and stored at -20 °C until further
use. Water temperature and pH in all the
experimental tubs were measured using a
thermometer (MERCK, Germany) and a digital pH
meter (LABINDIA). Dissolved oxygen, carbonate
hardness, nitrite, nitrate, free carbon dioxide and
ammonia were also analyzed (APHA, 1998).

Proximate composition analysis of the experimental
diets viz., estimation of moisture content using oven
drying method, nitrogen concentration (crude
protein - CP %) using semi-automated Kjeltec
technique (Kjeltec Auto Distillation, Sweden), and
fibre content using FibroTRON (Tulin equipments,
India), and Total ash (TA) content using muffle
furnace were done. Soxhlet apparatus was used to
estimate crude fat or ether extract (EE)
of experimental diets and ingredients using diethyl
ether as the solvent.

The following formulae were used to calculate the
digestible energy value (DE) and nitrogen free
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extract (NFE) ----

DE (kcal/100 g) = [{NFE (%) × 4} + {EE (%) ×
9} + {CP (%) × 4}]

NFE (%) =100 – (CP % + CF % + TA % + EE %)

The growth parameters of the experimental feed
fed fish as listed below were analysed using samples
drawn out at fortnightly intervals. Before being
weighed, the fish were fasted overnight.

Final body weight (FBW) - Initial body Weight (IBW)
Initial body weight(IBW)

    Loge (FBW) - Loge (IBW)
Experimental duration in days

Feed intake
Weight gain

 Weight gain (g)
Protein intake (g)

×100

Specific growth rate (SGR) =

Weight gain (WG%) =

×100

Feed conversion ratio (FCR) = ×100

Protein efficiency ratio (PER) = ×100

The fatty acid content of fish muscle (one sample
per tank) was assessed using an Agilent 7820a
Series gas chromatograph (Agilent Tech., USA).
The fatty acid methyl ester synthesis and gas
chromatograph analysis were carried out using the
procedures published previously (Tian et al., 2014).
Total lipids were extracted (Folch et al., 1957) from
0.3-0.5g samples in chloroform/methanol (2:1,v/v),
filtered, and methanol-extracted. Hexane and
potassium hydroxide methanol (0.4 M) were added
for methyl esterification, and the upper layer was
analyzed using a gas chromatograph with a capillary
column and flame-ionization detector. The data
represented individual methyl esters as a proportion
of total identified fatty acids

The experimental data were subjected to one-way
analysis of variance (ANOVA) using SPSS
software for Windows (Version 22.0). Duncan’s
Multiple Range Test was followed for post hoc
mean (p<0.05) comparisons.

RESULTS   AND   DISCUSSION

Analysed proximate composition values of all the
ingredients used to formulate the experimental diets.
Notably, the crude protein contents of the SPM,
HMM and EWM were 44.24, 54.13, and 52.48 per
cent, respectively; while the crude fat content was
25.32, 22.45 and 3.55 per cent respectively.

Digestible energy was 4.87, 4.93, and 4.82 kcal/
100 g, respectively, for SPM, HMM and EWM
(Table 2). The experimental diets were found
isonitrogenous and isolipidic with crude protein
(35%) and crude lipid (6%) (Table 3). No significant
(p>0.05) difference was observed among the water
quality parameters during the entire study period
(Table 4).

At the end of the experiment, SGR, FBW, FCR,
WG and PER were found significantly influenced
by the diets. WG, FBW, PER and SGR were
significantly higher in SPM and HMM fed groups
compared to SM and EWM fed groups. However,
no significant (p>0.05) difference was found
between the SM and EWM fed groups and
between SPM and HMM fed groups. FCR values
showed a significantly inverse trend, higher in the
SM and EWM fed groups than the SPM and EWM
fed groups (Table 5). The crude lipid, moisture and
total ash content of L. rohita were not significantly
influenced by the experimental groups. However,
feeding insect meal-based diets to L. rohita showed
significant (p<0.05) changes in crude protein and
total carbohydrate content. Among the insect meal-
based diets, the highest body crude protein
deposition was observed in the EWM based diet,
followed by the SPM based diet. However, the
control diet did not show significant difference from
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the SPM and EWM based diets. The total
carbohydrate content was significantly higher in the
SM and EM meal-based diets than in the SPM and
HMM based diets (Table 6).

Fatty acid profile of the fish muscle: Among
the muscle fatty acid compositions of different
experimental diet fed fish, 16:00, 20:1 (n-9), 18:3
(n-3), and 22:6 (n-3) showed distinct differences.
Besides, the sum of total saturated fatty acids was
higher in the SM and SPM based diets than the
EWM and HMM based diets. Furthermore, there
wasn’t any observable significant difference in the
sum of mono-unsaturated and poly-unsaturated fatty
acids (Table 7).

Dissolved oxygen, temperature, total hardness,
nitrate, ammonia, pH, and nitrite were among the
water quality indicators (Debnath et al., 2007;
Mohapatra et al., 2012). The findings on these
parameters implied that the water quality indicators
had no effect on the assessed parameters across
the treatment groups. The proximate composition
values of all the feed ingredients assessed were
found suitable for feed formulations and was
supported by the previous studies (Aniebo et al.,
2008; Salem et al., 2008; NRC, 2011; Mohanta et
al., 2016). The nutritional contents of the diets were
suitable for L. rohita and were prepared as per the
nutritional requirement (Ngoc et al., 2016; Wang
et al., 2017; Rahimnejad et al., 2019; Sahoo et al.,
2020). In the present study, the overall growth
performance of fish fed SPM based diet showed
significantly better results than SM based diet,
indicating that the SPM can be used as suitable
alternative of the SM. Previously studies were
mostly focused in common carp (Nandheesa et al.,
1990, 2000) and rohu (Begum et al., 1994) fed with
silkworm pupae meal (up to 50%) inclusion ratios
instead of fish meal. According to Karthick Raja et
al. (2019), WG in fish fed with diets replacing
fishmeal with 40 or 50 per cent silkworm pupae
was significantly lower than in fish fed with diets
containing 30 per cent silkworm pupae. When the
amount of silkworm pupae in the meal increased,
the growth rate was considerably lowered. Similar
results were reported by Salem et al. (2008) in Nile
tilapia and Ji et al. (2015) in Jian carp. Further

research on fish revealed that higher insect meal
substitutes or replacements simultaneously raised
chitin levels and impacted lipid and protein
digestibility (Kroeckel et al., 2012; Longvah et al.,
2011). In connection to fish fed a control diet,
common carp (Gangadhar et al., 2017), catla
(Umalatha et al., 2018), and Labeo firmbriatus
(Jayaram and Shetty, 1980) demonstrated greater
protein digestibility when fish meal was replaced
with 30 per cent non-deoiled silkworm pupae. These
observations also support the better growth
performance of fish fed with SPM based diet in
the present study. Salem et al. (2008) reported that
silkworm pupae meal can be used profitably in Nile
tilapia instead of fish meal up to 66.66 per cent due
to its favorable impacts on growth, protein
efficiency, feed conversion, and economic
efficiency. Khatun et al. (2005) reported better fish
growth when fish meal was replaced with silkworm
pupae meal (@ 6 to 8%). However, 25 per cent
fish meal protein replacement with Bombyx mori
in Clarias gariepinus, produced best results
(Kurbanov et al., 2015). Enzymatic hydrolysates
of defatted silkworm pupa can substitute 50 per
cent of the fish meal in juvenile mirror carp without
having a deleterious impact on growth, according
to Xu et al. (2018). Shakoori et al. (2016) findings

Table 1. Diet formulations for Labeo rohita

Ingredients (%) SM SPM HMM EM

Insect meal 0 30 30 30

Defatted soybean meal 30 0 0 0

Groundnut oil cake 30 18 30 27

Mustard oil cake 22 8 7 26

De-oiled rice bran 10 23 20 10

Wheat flour 4.5 19.5 12 6

Sunflower oil 2.5 0.5 0 0

Vitamin-mineral mix 1 1 1 1

Total 100 100 100 100

SM control (30% soybean meal inclusion level),
SPM (30% silkworm pupae meal inclusion),
HMM (30% housefly maggot meal inclusion level)
EM (30% earthworm meal inclusion level)
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on rainbow trout’s flesh quality, growth, or survival
revealed that the fish could be maintained for a
period of 60 days while consuming silkworm pupae
in proportions up to 10 per cent of fish meal. In
Litopenaeus vannamei, a Pacific white prawn
species, a diet replacing 75 per cent fish meal with
silkworm pupae supported growth and
immunological indices (Rahimnejad et al., 2019).
While research on silkworm pupae is abundant,
commercially produced and readily available
housefly larval meal remains scarce, particularly in
developing countries. This scarcity presents an
opportunity to leverage the advantages of housefly
larvae over earthworms in animal feed formulas,
effectively addressing the limitations of the latter.
In the present study, the housefly maggot meal-
based diet showed a better growth performance
than soybean meal and earthworm meal-based diet
at 30 per cent inclusion level. This finding is in
corroboration with the studies of Fasakin et al.
(2003), and they observed no difference in growth
or nutrient uptake for C. gariepinus fingerlings fed
with diets containing either 32 per cent sun-dried
or 27 per cent oven-dried housefly larvae meal.
Similarly, Wang et al. (2017) suggested housefly
larval meal as a favorable dietary component for

Nile tilapia at levels up to 33 per cent. Ogunji et al.
(2008) even reported no negative impact on growth
or nutrient utilization in Nile tilapia fed with diets
with up to 68 per cent housefly larval meal. Ngoc
et al. (2016) found that common carp responded
favorably to feeds containing earthworm meal as
the predominant protein source, completely
replacing fish meal in the diet. Popek et al. (1996)
on Carassius auratus reached the lowest
replacement level of 10 per cent, whereas Kostecka
and Pczka (2006) on Guppy achieved the greatest
replacement level of 100 per cent. However, Popek
et al. (1996) found that 10 per cent E. fetida meal
quadrupled the reproductive rate of C. auratus.
Kostecka and Pczka (2006) discovered that
replacing fish food with E. fetida meal resulted in
enhanced survivability, improved reproduction, and
increased biomass in aquarium fish, P. reticulata.
Vodounnou et al. (2016) found that Parachanna
obscura fingerlings experienced a high SGR of 2.11
g/day when fed with E. fetida meal. When E.
fetida meals were present in amounts greater than
25 per cent, most studies found that fish growth
was inhibited. These findings were attributed to the
foul-smelling coelom fluid and indigestible chitin,
which are known to impair palatability and

Table 2. Proximate composition of different feed ingredients (% dry matter) in the diets

Composition

Dry matter

Crude protein

Crude fat

Nitrogen free
extract

Crude fibre

Total ash

Digestible
energy

Silkworm
pupa

93.12
±0.63de

44.24
±0.32d

25.32
±0.37e

11.78
±1.37a

4.56
±0.17c

14.1
±0.51e

4.87
±0.27c

Housefly
maggot

94.45
±0.47e

54.13
±0.4g

22.45
±0.45d

10.26
±1.36a

6.63
±0.19d

6.53
±0.32bc

4.93
±0.39c

Earth
worm

94.63
±0.58e

52.48
±0.25f

3.55
±0.12b

18.77
±0.88b

13.84
±0.09h

11.36
±0.42d

4.82
±0.26c

DSBM

90.99
±0.73bc

48.59
±0.65e

1.23
±0.10a

40.75
±1.11d

3.67
±0.16b

5.76
±0.21b

4.81
±0.22c

GNOC

92.4
±0.57cd

49.21
±0.74e

1.19
±0.15a

34.14
±1.43c

9.62
±0.23f

5.84
±0.31b

4.48
±0.29bc

MOC

91.61
±0.48cd

39.86
±0.71c

7.47
±0.27c

34.03
±1.71c

10.98
±0.21g

7.66
±0.53c

4.16
±0.41abc

DORB

89.54
±0.42ab

17.23
±0.24b

1.82
±0.09a

60.65
±1.19e

8.43
±0.25e

11.87
±0.61d

3.65
±0.32ab

Wheat
flour

88.76
±0.79a

11.7
±0.16a

1.16
±0.05a

85.33
±0.36f

1.25
±0.11a

0.56
±0.04a

3.44
±0.26a

All values are presented as mean of three. Abbreviation; DORB, Deoiled rice bran, MOC; Mustard oil cake, DSBM; Defatted
soybean meal; GNOC, Groundnut oil cake. P= 0.01- 0.001; In a row means followed by different letters are significantly different
by DMRT
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Table 3. Proximate composition of different experimental diets (n=6)

Composition SM SPM HMM EM

Moisture 9.76±0.27 8.84±0.45 9.25±0.19 9.63±0.23

Crude protein 35.17±0.35 35.21±0.29 35.48±0.33 35.24±0.36

Crude fat 6.04±0.19 6.37±0.13 6.22±0.2 6.30±0.18

Crude fibre 6.63±0.28 7.15±0.37 7.56±0.42 7.34±0.46

N free extract* 44.7±1.04 43.46±1.02 43.71±0.96 43.53±0.83

Total ash 7.46±0.14b 7.81±0.19c 7.03±0.09a 7.59±0.17bc

Nitrogen free extract; In a row means followed by different letters are significantly different by DMRT

digestibility (Dedeke et al., 2013). Similarly, in the
current study, at EW showed significantly lower
growth performance in comparison with SPM and
HMM based diet. De Chaves et al. (2015) found
that when E. fetida meal given, instead of fish meal,
Nile tilapia and common carp experienced slower
SGR. Silkworm pupae protein is abundant in critical
amino acids such as methionine, phenylalanine, and
valine. The essential amino acid content of SWP
protein was compatible with the dietary
requirements of fish (FAO, 2007). In the present
study, the carcass CP content of fish fed with SM
and SPM based diets did not differ significantly.
Despite this, Salem et al. (2008) found no significant

differences in the dry matter, CP, EE, and TA of
Nile tilapia fed with diets with or without silkworm
pupae meal. These findings are comparable with
those of Nandeesha et al. (2000).

The effectiveness of substituting fish meal in fish
diets varies substantially depending on substituting
ingredient’s nutritional value. According to, the CP
content of housefly meal ranged from 42.3 to 60.4
per cent. Protein concentration varies according to
the processes employed for processing, drying,
storage, and protein measurement, as well as the
media components utilized to create housefly
maggots (Ogunji et al., 2008; Makkar et al., 2014).

Table 4. Quality parameters of water filled in experimental tanks for different diets

Parameters SM SPM HMM EM

Temperature (oC) 27.58±0.29 27.86±0.34 27.48±0.34 27.44±0.35

pH 7.5±0.05 7.52±0.07 7.43±0.07 7.42±0.07

Dissolved O2 (mg/L) 6.83±0.07 6.82±0.06 6.76±0.08 6.39±0.42

Free CO2 ND ND ND ND

Hardness (mg/L) 175.89±1.23 176.03±0.68 175.38±0.96 175.19±1.29

Alkalinity (mg/L) 129.54±1.5 128.53±1.64 127.64±1.45 128.25±1.15

Nitrite (mg/L) 0.028±0.001 0.027±0.002 0.027±0.002 0.028±0.002

Ammonia (mg/L) 0.054±0.002 0.044±0.003 0.047±0.003 0.05±0.003

Nitrate (mg/L) 0.024±0.002 0.023±0.001 0.024±0.001 0.025±0.001

All the values are Mean ± SE (n=15). P=0.105-0.943; ND - Not detected;
In a row means followed by different letters are significantly different by DMRT
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This might explain why L. rohita CP levels were
greater when fed with HMM based diet. Ogunji et
al. (2008) and Idowu et al. (2003) found relatable
results in Oreochromis niloticus and Clarias
gariepinus, respectively. Wang et al. (2017)
discovered that a dietary housefly meal had no
influence on the muscle proximate composition of
Nile tilapia.

Earthworms have a high nutritional value, including
lipids and protein, and have been reported as a
feasible aquafeed component (Sogbesan and
Ugwumba, 2008). According to Dong et al. (2010)

and Tacon and Metian (2009), the protein content
of earthworm meal is equivalent to that of fishmeal.
In the current study, the total body protein content
of soybean and earthworm meal-based diets was
shown to be statistically similar. Pucher et al. (2014)
discovered a substantial increase in protein content
in common carp fed on Em based diet in place of a
plant protein. However, there was no significant
influence of dietary earthworm meal on the
common carp’s body proximate composition (Ngoc
et al., 2016). Fatty acids, or lipids, are the primary
form of stored energy in the body, which is crucial
during normal cellular metabolic functioning and

Table 5.  Nutrient utilization and growth of Labeo rohita fed with different diets

Parameters SM SPM HMM EM

Initial weight (g) 5.06±0.02 5.06±0.02 5.08±0.03 5.1±0.01

Final weight (g) (FBW) 14.58±0.1a 17.21±0.66b 17.8±0.54b 14.4±0.13a

Feed conversion ratio (FCR) 2.11±0.03b 1.85±0.07a 1.85±0.06a 2.14±0.03b

Protein efficiency ratio (PER) 1.35±0.02a 1.54±0.06b 1.54±0.05b 1.33±0.02a

Feed conversion efficiency (FCE) 0.47±0.01a 0.54±0.02b 0.54±0.02b 0.47±0.01a

Specific growth rate (SGR) 1.76±0.02a 2.04±0.07b 2.09±0.04b 1.73±0.02a

Weight gain percentage (WG%) 188.38±3.18a 239.93±13.55b 250.45±9.24b 182.19±2.29a

In a row means followed by different letters are significantly different by DMRT

Table 6. Proximate composition of Labeo rohita fed with different diets

Variables SM SPM HMM EWM

Moisture 74.18±0.2 74.2±0.15 74.15±0.5 74.03±0.16

Crude protein 15.89±0.06ab 16.22±0.13b 16.78±0.15c 15.52±0.21a

Crude lipid 3.66±0.24 3.72±0.03 3.67±0.27 4.06±0.12

Total carbohydrate 3.54±0.11b 2.86±0.1a 2.56±0.29a 3.73±0.14b

Total ash 2.74±0.09 3.01±0.07 2.84±0.12 2.67±0.18

In a row means followed by different letters are significantly different by DMRT

Comparative analysis of using housefly maggot, silkworm pupae and earthworm meal-based diets in rohu
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Table 7. Muscle fatty acid composition of Labeo rohita fed with different diets

Fatty acids SM SPM HMM EM

Lauric acid (12:0) 5.35±0.15 5.57±0.21 4.95±0.14 5.19±0.04

Myristic acid (14:0) 6.27±0.12 5.58±0.44 5.92±0.12 6.19±0.09

Pentadecylic acid (15:0) 2.28±0.12 2.4±0.07 2.51±0.18 2.16±0.07

Palmitic acid (16:0) 11.34±0.15c 11.05±0.18bc 10.4±0.15a 10.49±0.23ab

Palmitoleic Acid (16:1) 5.02±0.05 4.9±0.12 5±0.03 5.3±0.24

Margaric acid (17:0) 1.18±0.05 1.47±0.2 1.2±0.08 1.2±0.11

Stearic acid (18:0) 9.97±0.19 10.18±0.09 10.44±0.17 9.66±0.3

Oleic acid (18:1, n-9) 6.09±0.13 6.23±0.14 6.63±0.22 6.19±0.04

Linoleic acid (18:2, n-6) 4.2±0.1 4.18±0.18 4.37±0.2 3.74±0.25

Linolenic Acid (18:3, n-3) 3.95±0.08b 3.87±0.06b 3.32±0.26a 3.07±0.05a

Arachidic acid (20:0) 8.77±0.25 8.67±0.11 8.16±0.06 8.43±0.16

Gondoic acid (20:1, n-9) 6.1±0.03a 6.66±0.13b 6.19±0.05a 6.21±0.18a

Eicosadienoic acid (20:2, n-6) 2.05±0.12 2.26±0.08 2.16±0.02 2.1±0.07

Dihomo-ã-linolenic acid (20:3, n-6) 3.29±0.18 2.93±0.24 3.11±0.26 3.01±0.15

Mead acid (20:3, n-3) 3.11±0.02 3.33±0.16 3.38±0.12 3.42±0.23

Arachidonic Acid (20:4, n-6) 1.27±0.06 1.79±0.13 1.34±0.05 1.68±0.29

Eicosapentaenoic acid (20:5, n-3) 3.05±0.09 2.83±0.2 2.38±0.27 2.22±0.1

Docosahexaenoic acid (22:6, n-3) 0.81±0.03a 0.85±0.05a 1.13±0.03b 1.02±0.08b

Nervonic acid (24:1, n-9) 4.14±0.06 4.22±0.15 4.36±0.18 4.47±0.24

∑FA 95.44±0.17 96.2±0.41 93.78±1.12 92.32±1.5

Other 7.19±0.03 7.25±0.35 7.3±0.1 7.07±0.08

∑Saturated FA 45.16±0.3b 44.92±0.57b 43.59±0.24a 43.31±0.43a

∑Monounsaturated FA 28.55±0.15 29.24±0.2 29±0.54 28.75±0.63

∑Polyunsaturated 21.73±0.3 22.04±0.48 21.19±0.48 20.26±0.48

∑n-3 7.87±0.09 8.04±0.17 7.82±0.26 7.51±0.22

∑n-6 13.86±0.25 14±0.34 13.36±0.34 12.75±0.28

∑n-3/n-6 0.57±0.01 0.57±0.01 0.59±0.02 0.59±0.01

In a row means followed by different letters are significantly different by DMRT
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starvation. In this experiment, the total saturated
fatty acid content of SM and SPM diets was
substantially greater than that of HMM and EWM.
However, there are limited number of studies on
the effect of feeding these insect- meal in rohu carp.
Moreover, the studies of Cheng et al. (2017) and
Feng et al. (2021) in silkworm pupae-based diets;
Lin and Mui (2017) and Hashizume et al. (2019) in
HMM; and Gunya et al. (2016) in EWM revealed
that the fatty acid composition and their ratio greatly
varies depending upon the ingredients that used to
grow the insects.  In the present study, insect meals
were used in the replacement of SM which contains
high amount of saturated fatty acid than fish meal
(NRC, 2011). SPM and HMM in rohu diets gave
superior performance in terms of growth and
feed consumption efficacy and can be used in
preparing cost-effective feed for rohu.
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