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Aquaculture being the rapidly expanding food production sector meets the global need of food for rapidly 
expanding human population. Major feed source in aquaculture sector is fish meal (FM) but unprofitable 
cost and limited supply of FM lead to search for alternatives, high-protein feed sources. Silkworm pupa 
meal (SPM) being low in cost and high protein (50-60%) content was used as an alternative feed source 
for fishes. Current study was done to evaluate the best percentage of SPM to be used as replacement of 
FM while making a cost-effective feed for rohu fingerlings. Six test diets (0, 20, 40, 60, 80 and 100%) 
were prepared for fingerlings and fed to them twice a day at 4% of their live wet body weight for 90 days. 
Chromium oxide was used in diets as an inert marker. After every 14 days weight of the fingerlings were 
taken to determine growth parameters (weight gain %, FCR, SGR). At the end of experimental period, 
body indices, digestive enzyme activity and intestinal histopathology were analyzes. Highest growth 
rate (WG%: 388%, SGR: 1.76, FCR: 1.15, CF: 1.50) and body indices (HSI: 2.16, VSI: 8.38) values 
were observed at 60% replacement of FM. Digestive enzymes activity and intestinal histopathological 
examination explained that SPM can be easily replaced to an extent of 60% without effecting overall 
performance of rohu fingerlings and help in forming an environment friendly and cost-effective diet.

INTRODUCTION

By 2050, there will be nine billion people on the planet, 
increasing the demand for food (Hashem, 2022). As a 

result, nutritionists are searching for natural and sustainable 
dietary alternatives (Glausiusz, 2022). The need for food, 
especially animal proteins, is increasing along with the 
global population. Since aquatic life offers humans a 
necessary and practical supply of protein, aquaculture is a 
modern necessity (Hussain et al., 2024). Fish aquaculture 
is a major source of high-quality human proteins (Stankus, 
2021). The constant increase in the demand for fish for 
human use is the main problem facing aquaculture today 
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(Hussain et al., 2024). The extent of wild fish capture 
fisheries has reached its peak since the 1980s (FAO, 2022). 
Aquafeeds have relied on fishmeal (FM), a robust protein 
source, to support the fast growth and general well-being 
of farmed fish (Hussain et al., 2024). These days, FM is 
viewed as expensive and unsustainable, and the high cost 
of aquafeeds containing FM restricts aquaculture’s ability 
to expand. However, the cost of raw materials like FM 
has rapidly climbed along with the growth in aquafeed 
production (FAO, 2018). Other sources with a higher 
protein content and similar nutritional benefits are being 
researched because FM is rare and costly (Daniel, 2018). 
Although plant-based sources are used in aquaculture, 
excessive use of plant-based feeds is discouraged due to 
the presence of some anti-nutritional components (Hussain 
et al., 2024). 

Many insect meals (IM) have lately become 
appealing protein alternatives in aquafeeds because of 
their nutritional similarities to FM (Henry et al., 2015). 
Many studies have been conducted on the use of insects as 
components in aquafeed (Mastoraki et al., 2020a, b; Wang 
et al., 2022b). Insects are easier to develop and reproduce 
than other creatures, use less space and energy, and have 
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a significantly better growth ratio (Van Huis, 2022). An 
industry with a long history and a distinctive feature that 
started in Asia is sericulture (Zhao et al., 2023). Around 
the world, four types of natural silk are manufactured and 
sold. The word “silk” is frequently used to refer to the 
silk made by mulberry silkworms because it is the most 
significant of them and makes up to 90% of the world’s 
production (Sheikh et al., 2018). Silkworm pupae are 
the main output of the reeling industry; China produces 
over 400,000 tons of fresh silkworm pupae annually, 
accounting for 70% of global production (Zhao et al., 
2023). Despite being high in protein and unsaturated fatty 
acids, silkworm pupae are natural protein supplies that are 
crucial for development and use (Sadat et al., 2022). The 
nutritional makeup of silkworm pupae reveals that their 
protein concentration varies between 48 and 94.98% DM 
(Hăbeanu et al., 2023). These new silkworm pupae are 
extremely biodegradable, which pollutes the environment 
and gives the nearby area a foul smell. When pupae are 
disposed of in vast quantities, the ecosystem in silk-
producing regions may suffer. Thus, one key way to 
lessen the impact of the silk business on the environment 
is to use these wonderful resources to feed animals and 
poultry (Sheikh et al., 2018).

Labeo rohita is the most extensively farmed carp 
species in South Asia. Current study was done to evaluate 
the best levels of SPM replacing FM to study growth 
parameters, body indices, digestive enzymes activity 
and histopathological examination of rohu fingerlings. 
By increasing the effectiveness of nutrient digestion and 
absorption from their meal, digestive enzyme activity 
is essential for boosting fish growth. These enzymes 
help fish better absorb nutrients through their intestinal 
walls by dissolving food into smaller, more absorbable 
components.

MATERIALS AND METHODS

Experimentation site
Experiment was performed at Animal research 

station, Department of Zoology, University of Education, 
Lahore.

Fish and experimental conditions
Rohu juveniles were brought from Manawa Fish 

Hatchery, Lahore, Punjab, Pakistan and were adapted to 
the experimental conditions for fourteen days. Fingerlings 
were housed in specially designed aquarium tanks with 
a 100L water storage and were fed a basal diet during 
the acclimation period (Allan and Rowland, 1992). 
Regular observations of water quality parameters such 
as temperature, dissolved oxygen (Jenway 970), and pH 

(Jenway 3510) were made. Throughout the experiment, an 
air pump was utilized to deliver oxygen to the capillary 
system. The fingerlings were treated with a 0.5% saline 
solution for one to two minutes prior to the feeding trial 
in order to eradicate any pathogens (Rowland and Ingram, 
1991).

 
Silkworm pupa meal (SPM) preparation

SPM was used as test diet for formulation of six 
experimental diets. One control diet and five SPM based 
diets were fed to 15 fingerlings (average weight: 8.0±0.5g) 
in each triplicate water aquaria for 90 days. Dried silkworm 
pupae was purchased from Sericulture Department, 
Lahore. Firstly, top layer of silk thread (cocoon) was 
removed from pupa and cleaned pupa was then completely 
sun dried. Dried pupa was ground into powder and stored 
in air tight plastic container. 

For preparation of feed pellets, feed ingredients 
listed in Table I were analyzed using standard methods 
as explained by AOAC (1995). The ingredients were then 
ground and mixed with fish oil for 5-10 min adding 10-
15% distilled water to prepare dough, which was then 
shaped into pellets using a pelleting machine. All prepared 
diets were dried and stored at 4°C. The rohu juveniles 
were fed at 4% of live wet body weight for two hours. The 
unused diet in the aquaria was removed after each feeding 
and the aquaria replenished with fresh water.

 
Study of growth parameters

Fingerlings were weighed after every fourteen days 
to analyze growth parameters such as weight gain, feed 
conversion ratio (FCR), specific growth rate (SGR), 
condition factor survival rate as per formulae explained by 
NRC (1993):

For body indexes evaluation, the liver and intestine 
of three sedated fish from each group were dissected, 
weighed, and quantified using the usual procedure.

F. Yasin et al.



3                                                                                        

Onlin
e F

irs
t A

rtic
le

Table I. Composition of ingredients (%) in test diets

Ingredients Test Diet-I
(0%)

Test Diet-II
(20%)

Test Diet-III
(40%)

Test Diet-IV
(60%)

Test Diet-V
(80%)

Test Diet-VI
(100%)

Silkworm pupa meal 0 7.6 15.2 22.8 30.4 38
Fish meal 38 30.4 22.8 15.2 7.6 0
Wheat bran 22 21 20 19 18 17
Maize flour 23 21 19 17 15 13
Corn gluten 10 13 16 19 22 25
Fish oil 3 - - - - -
Vitamin premix* 1 - - - - -
Min. premix** 1 - - - - -
Ascorbic acid 1 - - - - -
Chromic oxide 1 - - - - -
Protein % 29.89 29.91 29.90 29.93 29.94 29.92
Lipid % 6.88 6.89 6.87 6.92 6.90 6.93
Gross energy Kcal/g 3.2 3.5 3.6 3.1 3.3 3.7

* Vit. D3: 3,000,000 IU , Vit. A: 15,000,000 IU Vit. C: 15,000 mg, Vit. B6: 4000 mg, Vit. E:30000 IU. Vit. B2: 7000 mg Vit. B12: 40 mg. Folic acid: 1500 
mg, Vit. K3: 8000 mg Ca pantothenate: 12,000 mg, Nicotinic acid: 60,000 mg. ** Mg: 55 g , Ca: 155 g, Se: 3 mg, Na: 45 g P: 135 g Cu: 600 mg, Mn: 
2000 mg, Co: 40 mg, Fe: 1000 mg Zn:3000 mg I: 40 mg. Data are three replicates’ means (± show standard deviation). Mg, magnesium; P, phosphorus; 
Cu, Copper; Ca, Calcium; Fe, Iron; Na, Sodium; K, Potassium.

Digestive enzyme analysis
At the end of the experimental period, fish wee 

dissected and their intestines were taken out. The intestine 
was homogenized in 0.25 M sucrose buffer (5% w/v) and 
centrifuged at 10000 rpm for 30 min to get supernatant 
for estimation of protease according to Drapeau (1976), 
α-amylase activity according to Rick and Stegbauer (1974) 
and lipase activity according to Zamani et al. (2009). 

Histopathological preparation
For histopathological analysis the intestine of rohu 

juvenile was taken out, and then fixed in 10% formalin and 
then processed for histological section cutting following 
the routine protocol. Histological section (6-8 µm thick) 
were stained in haematoxylin and eosine.

Statistical analysis
One-way analysis of variance (ANOVA) will be used 

to compare the data of all parameters using SPSS software 
(Steel et al., 1996). Duncan’s new multiple range test will 
be used to do various comparisons having significance 
level at P<0.05.

RESULTS

Effect on fish growth
Table II shows effect of SPM as replacement of 

FM on growth parameters (FW, WG, WG%, FCR, SGR, 

CF) of rohu fingerlings. From results it was evident that 
growth of rohu juveniles increases when fed with SPM. 
Maximum growth of rohu fingerlings was observed at 60% 
replacement of FM with SPM and growth declines as SPM 
levels increase. Highest values of FW, WG, WG% and 
WG/ fish/ day were noticed at TD-IV while lowest values 
of FW, WG, WG% and WG/ fish/ day were observed at 
100% replacement of FM. All rohu juveniles survived at 
same rate throughout the experimental trial. The maximum 
values of SGR and condition factor were noticed at TD-IV 
while minimum values of SGR and condition factor were 
observed at 100% replacement of FM. Fingerlings fed at 
TD-IV have best FCR values while maximum FCR values 
were noticed at 100% replacement of FM. All these values 
differ significantly from each other and from control diet 
as well. Majority of growth indices (WG, WG%, FCR, 
SGR, CF, FW) were significantly different in combined 
and quadratic tests while slightly non-significant in linear 
tests. Overall it was evident that 60% replacement of FM 
with SPM in diets of rohu juveniles resulted in best growth.

Effect on body indices
Table III shows the body indices of rohu fingerlings 

fed SPM replacing FM. Both HSI and VSI values differ 
significantly in all groups (P<0.05). Among all trial diets it 
was noticed that TD-IV had maximum values of HSI while 
lowest values of HSI were noticed at control diet. All 
values of hepato-somatic index differ significantly from 
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Table II. Growth parameters of rohu fingerlings fed SPM.

TD-I TD-II TD-III TD-IV TD-V TD-VI St. E p-value
L Q C

IW (g) 8.43±0.20 8.45±0.08 8.51±0.07 8.49±0.10 8.53±0.09 8.56±0.05 0.023 .135 .982 .727
FW (g) 29.53±1.42d 32.32±1.19c 37.16±1.06b 41.47±0.89a 35.55±1.30b 25.28±0.93e 1.295 .216 .000 .000
WG (g) 21.09±1.41d 23.87±1.15c 28.66±1.04b 32.98±0.95a 27.03±1.25b 16.72±0.98e 1.296 .169 .000 .000
WG% 250.21±17.49d 282.47±12.82c 336.87±12.06b 388.59±14.69a 316.93±12.88b 195.49±12.58e 15.284 .103 .000 .000
WG/fish/day 0.30±0.02d 0.34±0.02c 0.41±0.01b 0.47±0.01a 0.39±0.02b 0.24±0.01e 0.0185 .169 .000 .000
Feed intake 0.47±0.00d 0.47±0.01d 0.52±0.00c 0.54±0.01b 0.56±0.00a 0.39±0.00e 0.0136 .002 .000 .000
FCR 1.58±0.11ab 1.37±0.05cd 1.26±0.05de 1.15±0.04e 1.46±0.08bc 1.65±0.09a 0.0441 .170 .000 .000
SR (%) 94.00±5.89 95.83±3.61 98.04±3.40 98.04±3.40 96.08±3.40 91.79±3.72 0.956 .604 .045 .411
SGR 1.39±0.06d 1.49±0.04c 1.64±0.03b 1.76±0.03a 1.59±0.03b 1.20±0.05e 0.044 .020 .000 .000
Length 11.10±0.08d 11.08±0.03d 11.16±0.04d 10.94±0.04e 12.24±0.02c 12.19±0.04c 0.132 .000 .000 .000
CF 1.06±0.04de 1.23±0.05c 1.35±0.04b 1.50±0.07a 1.12±0.08d 0.97±0.04e 0.045 .049 .000 .000

Means within columns with various superscripts (a-e) differ considerably at p<0.05. Data are three replicates’ mean (± shows Standard Deviations). SPM, 
silkworm pupa meal; IW, initial weight; WG, weight gain; FW, final weight; FCR, feed conversion ratio; SGR, specific growth rate; CF, condition factor. 
SR, servival rate; St. E, standard error; L, Linear, Q, Quadratic; C, Combined.

Table III. Body indices of rohu juveniles fed SPM.

T.D SPM (%) HSI VSI
I 0 1.43±0.05e 13.32±0.78a

II 20 1.61±0.04d 11.03±1.47b

III 40 1.95±0.03b 9.50±0.73bc

IV 60 2.16±0.02a 8.38±0.06c

V 80 1.72±0.02c 10.76±1.49b

VI 100 1.67±0.07cd 13.53±1.00a

St. E .05808 .49786
p-value L .000 .000

Q .000 .000
C .000 .000

Means within columns with various superscripts (a-e) differ considerably 
at p<0.05. Data are three replicates’ mean (± shows Standard Deviations). 
HIS, hepato-somatic index; VSI, viscero-somatic index. St. E, standard 
error; L, Linear; Q, Quadratic; C, Combined.

each other. Highest values of VSI were depicted in TD-
VI while lowest values were noticed at 60% replacement 
of FM. Values of VSI at TD-VI and control diet were 
non-significant to each other. Statistically, it was evident 
that values of HSI and VSI differ significantly in linear, 
quadratic and combined test. It was obvious that body 
indices perform best at TD-IV having 60% replacement 
of FM.

Effect on enzyme levels
Digestive enzymes activities of rohu fingerlings were 

significantly effected when fed on SPM. Protease and 
lipase activity was maximum at TD-IV followed by TD-

III (Table IV). Lowest values of protease and lipase were 
noticed at 0% replacement of FM. Maximum values of 
amylase were observed at 80% replacement of FM followed 
by TD-III, while the lowest values were observed at at 
60% replacement of FM. It was observed after statistical 
analysis that values of protease, lipase and amylase differ 
significantly in all tests (linear, combined and quadratic). 
It was concluded that best digestive enzyme activities were 
noticed at 60% replacement of FM.

 
Table IV. Digestive enzymes activity in intestine of rohu 
fingerlings fed SPM.

T.D SPM 
(%)

Protease 
(U/mL)

Amylase 
(U/mL)

Lipase 
(U/mL)

I 0 14.33±0.58e 16.33±0.58e 12.33±1.53e

II 20 28.33±0.58d 44.33±0.58c 28.33±1.53d

III 40 39.33±0.58b 50.00±1.00ab 37.67±0.58b

IV 60 46.00±1.00a 39.33±0.58d 44.67±0.58a

V 80 38.67±0.58b 50.67±0.58a 36.33±0.58b

VI 100 34.67±1.53c 48.67±1.15b 34.33±0.58c

St. E 2.45645 2.89717 2.46652

p-value L .000 .000 .000

Q .000 .000 .000

C .000 .000 .000
Means within columns with various superscripts (a-e) differ considerably 
at p<0.05. Data are three replicates’ mean (± shows Standard Deviations). 
St. E, standard error; L, Linear; Q, Quadratic; C, Combined.

F. Yasin et al.
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Fig. 1. Histopathological examination of intestine of rohu 
fingerlings fed with different inclusion levels of SPM.
A) control diet explaining shortening of villous structure; 
B, C) 20% and 40% replacement of FM, respectively, 
mucosal folds seems fused and signs of material deposition 
in lumen. D) 60% FM replacement showed significantly 
different results. E, F) maximum replacement levels 80% 
and 100%, respectively showing highest deposition of 
material in lumen. 

Effect on histological structure of intestine
Figure 1 shows histopathological changes in intestine 

of rohu fingerlings fed on SPM. At 0% replacement of 
SPM section compared with TD-I and II showed overall 
shortening of villous structure, fusion of mucosal folds, 
deposition of brown material in lumen and infiltration 
of moderate chronic inflammatory cell. It was noticed at 
60% replacement of FM that there was no deposition of 
any material in lumen while shortening of mucosal folds 
and moderate inflammation in cells was noticed. Overall 
no major histopathological changes were noticed in 
fingerlings fed SPM.

DISCUSSION

Effect of SPM as FM replacement in diets have been 
studied by different researchers on different species and 
considered as promising feed ingredient having good 
quality protein (Shakoori et al., 2015). Current study was 
done to investigate the effect of SPM on growth, feed 
utilization and survival of rohu fingerlings replacing FM. 
It was concluded that SPM can added upto 60% in diets of 
rohu juveniles without effecting growth, survival and feed 
conversion ratios. Studies reveal that addition of SPM in 
fish diets result in better growth and ability of fishes to 
resist different infections increases (Shakoori et al., 2015). 
Findings in line with the current research work, Ji et al. 
(2015) demonstrated that SPM can be added to the diets 
of Jian carp to an extent of 50% giving maximum growth 
rates and best FCR values. Addition of SPM above 60% 
results in reduced growth and higher FCR values. Similar 
to the recent study, Salem et al. (2008) depicted that 
adding 66% of SPM in diets of Nile Tilapia result in best 
performance of fingerlings while stunted growth observed 

at higher levels of protein. Karthick (2019) discovered 
that SPM can be added upto 50% in diets of major, quite 
similar to current study. Current study explain that SPM 
does not effect the survival of fish and all values were non-
significant to each other in all groups which come in line 
with the survival results of different researchers; Shakoori 
et al. (2016) and Mahato et al. (2023) who studied 
effect of SPM on survival of rainbow trout fingerlings. 
Sathishkumar et al. (2021) explained the use of SPM 
in diets of GIFT tilapia and concluded that SPM can be 
incorporated into diets of tilapia upto 66% replacing 
FM which is similar to current research work. Different 
from current study, a study done by Mahato et al. (2023) 
using silkworm pupa meal in rainbow trout concluded 
that SPM can be added to the diet of rainbow trout upto 
35% without effecting the growth of fingerlings. Quite 
different results were noticed by Shakoori et al. (2016) 
who explained that FM can be replaced with SPM at about 
10% in rainbow trout. Completely different results were 
observed by Olaniyi and Babasanmi (2013) who have 
study on African cat fish, fed a diet having different levels 
of SPM. They discovered that SPM can be included upto 
100% in cat fish diets without having any adverse effect 
on growth. In contrast to current study, it was depicted 
by Lee et al. (2012) that SPM can be added into diets of 
juvenile olive flounder (Paralichthys olivaceus) at about 
10% replacement of FM without having any bad impact 
on growth.

It was concluded from current experiment that hepato-
somatic ad viscero-somatic index of rohu fingerlings fed 
SPM at varying levels were maximum at 60% replacement 
of FM. Body indices analysis was basically done to 
indicate metabolic activity of fish, energy reserves in their 
liver, contaminant exposure, feeding intensity, health of 
fish and its ability to produce fillets. No work has been 
done using SPM in diets of rohu fingerlings. Quite similar 
observation was done by Peng et al. (2021) who explained 
that addition of insect meal (black soldier fly) in diets 
of largemouth bass results in variation of HSI and VSI 
values. Varying conclusion was observed by Wang et al. 
(2015) who said that inclusion of SPM in diets of Nile 
tilapia does not effect the body indices of fish. Different 
results from current study were noticed by Mastoraki et 
al. (2022) who worked on different insect meal and their 
inclusion in diets of gilthead seabream (Sparus aurata). 
They discovered that values of HSI and VSI were non-
significant throughout all trial test. Similar to the recent 
reference it was explained by Ji-Hong et al. (2012) that 
inclusion of SPM in diets of common carp does not effect 
body indices of juveniles.

Current study was done using SPM at different 
inclusion levels replacing FM and its effect was studied on 
enzymes activity in intestine. It was concluded that both 
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protease and lipase activity was best at 60% replacement 
of FM. Fish with higher levels of digestive enzyme activity 
grow more quickly because they are better able to break 
down, absorb, and convert nutrients into body mass and 
energy. Fish grow more effectively and are healthier as 
a result. Similar to current research it was explained by 
Ji et al. (2015) that when SPM was replaced with FM at 
different levels in diets of Jian carp; it was noticed that 
proteases work at their peak at 60% replacement of FM 
while as the level of SPM goes up there was a decline in 
protease activity. It was reported by Wang et al. (2015) 
that 50% inclusion of SPM in diets of Nile tilapia results in 
increased activity of enzymes but higher levels stops their 
activity that come in line with the recent study. Nandeesha 
et al. (2000) reported that as the levels of SPM in diets 
of common carps diet increases the protease activity also 
increases but upto 50% replacement, quite similar to recent 
study. Protein deposition increases in the body of mirror 
carp as 50% SPM was added into its diet as FM replacement; 
nearly similar to current work (Ji-Hong et al., 2012). 

Histopathological examination of rohu fingerlings fed 
SPM replacing FM was done in current study and it was 
observed that chronic inflammation in cells and certain 
lymphoid aggregates were present at high levels of SPM 
while at lower levels certain depositions were present. 
Because the type and quality of feed directly affect the 
health, growth, and general well-being of the fish, it is 
important to anticipate changes in the histopathology of 
fish after giving them specific feed. Histopathological 
analysis, which entails looking at tissue samples under a 
microscope, can show how feed affect the internal organs, 
tissues, and overall structure of fish.

At 60% replacement of FM slight inflammation and 
no deposition was noticed in cells of fingerlings. Likewise, 
to current study Ji et al. (2015) reported that at high levels 
of FM replacement with SPM in mirror carp particularly 
at 80% and high levels extreme shortening of mucosal 
folds were noticed and certain lymphoid aggregates along 
with severe chronic inflammation were also present. 
Different substitution levels of proteins as in rainbow 
trout (Caballero et al., 2002), sea bream (Caballero et 
al., 2003), Cyprinus carpio (Ostaszewska et al., 2010) 
effect the formation of intestinal microvilli that was quite 
similar to recent study. Different results were noticed by 
Ji et al. (2015) that at control diet and 50% replacement 
of FM with SPM in mirror carp the mucosal folds were 
more in shape and at 60% replacement more debris was 
noticed in the cells of fish. It was also reported that several 
other insect meals including black soldier fly meal can 
improve intestinal histo-morphology in certain aquatic 
animals upto 60% inclusion in diets becoming promising 
feed source for aquaculture sector (Cummins et al., 2017). 
Overall it was concluded that SPM can be added in to 

diets of rohu fingerlings at 60% without having any bad 
impact in growth or performance of juveniles and make 
a cost-effective and environment friendly diet for fishes. 
Variations of current study from previous data may be 
due to different fish species, different method of feed 
formulation, varying environmental conditions.

CONCLUSION

From current experimental work, it was concluded that 
replacing fish meal with cost-effective and environment 
friendly insect meal based diet i.e SPM at rate of 60% 
resulted in improved overall performance (growth, body 
indices, diegestive enzymes activity and histopathology) 
in rohu fingerlings.
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