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ABSTRACT

The rising cost of soy meal and other ingredients for animal and poultry feed has sparked a hunt for
protein alternatives. Pupae of silkworms are a good source of protein and are included in the
natural feed diet. Over the last decade, studies on the replacement of feedstuff with silkworm pupal
have emerged with promising results. The silkworm pupae, which are a byproduct of the silk reeling
industry, possess a high nutritional value which makes them a great choice for poultry feed. Dry
pupae contain 50—70% crude protein and 24-33% crude lipid and is a high-quality insect protein
source with a rich, balanced content of essential amino acids. Recommended inclusion levels of
silkworm pupae meal have been developed as a result of several studies conducted on livestock

species. This meal is guaranteed to provide better growth performance than commercial meal
(soyabean meal).
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1. INTRODUCTION

World population is expected to grow from the
current 6.9 billion to more than 9 billion in 2050.
About 90% of this growth will be in Asia and
Africa [52] and the demand for animal-based
foods will increases by 70% [40, 66]. “In recent
years, the shortage of feed ingredients,
particularly, the protein ingredients have become
a global concern” [37]. “The complete and
rational utilization of the available protein
resources and exploring new protein resources
has gradually become an immediate challenge
for the feed industry” [6]. “Future world food
balance will not only depend on increase in
overall production, reduction of waste and losses
but also the sustainable consumption pattern.
According to the Food and Agricultural
Organization (FAQ), in 2050 the production of
food from animal origin should be increased 60-
70% to fulfil the need of the worldwide
population” [30]. “Moreover, at the current rate of
livestock production and existing feed resources,
it is not feasible to keep pace with the
growing demand for animal protein. Feed
expenses make up the majority (70%) of total
livestock  production costs, with protein
accounting for around 15% of the feed cost in
livestock and poultry farming [18,19]. Hence, in
the prevailing price volatility of conventional feed
resources, it is necessary to identify and explore
an alternative feed resource for sustainable
livestock production throughout the world, along

“Pupae are the major by-product of the silk
industry, often discarded after reeling which
leads to the wastage of potential nutrients and
adds up to further environmental concerns or
used for fertilizers” [82]. Globally at least 3 million
tons of pupae are available every year [2] and it
is estimated that 40,000 metric tonnes of dry
spent silkworm pupae are produced annually [39]
Therefore, silkworm pupae can be a rich source
of carbohydrates, proteins and lipids. Unless
used as feed, components in the pupae can be
extracted for specific applications [89,91,92].

“Significant oil and chitin from these pupae can
be extracted and used to make industrial goods
like paints, varnishes, medicines, cosmetics and
biofuels”. [2,76,78]. “The contents of essential
amino acids in SWP protein were on par with the
FAO/WHO/UNU suggested nutritional
requirements for fish” [29]. Therefore, a better
way to mitigate the negative environmental
impact of the silk industry is to use these
precious resources for feeding poultry and farm
animals. Due to their high nutritional content, silk
pupae have been used as a possible feed source
for livestock and poultry [60,62,90]. This paper
examines how silkworm pupae are used as a
substitute protein source for cattle and poultry
feed, to improve productivity and reduce
environmental pollution.

In developing countries — there is an increasing
global demand for meat (Fig. 1). The predicted
demand for meat and egg in 2050 is 70% and

with judicious  utilisation of —existing feed 58% respectively. There is need to increase
resources” [20]. protein sources in feed rations.
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2. WHY THERE IS
ALTERNATIVE PROTEIN

NEED FOR

The soyabean meal and fish meal are main
conventional protein source. But, due to the
Marine over-exploitation and limited availability of
land for soyabean cultivation, the cost of
soyabean meal and fish meal doubled during the
last twenty years (Fig. 2). it is up to 60-70 % of
the production cost. So, alternative protein

sources for livestock are urgently needed. [48].
Soyabean requires 4000 m? area and 2500 m?3
water for the production of a thousand kg crude
protein (Table 1). But silkworm pupae are the by-
product which not required area and water for
crude protein production as it has been used as
waste. Utilizing the spent pupae by replacing
soyabean meal could reduce the cost of
cultivation and soyabean protein can be used for
further purposes.
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Fig. 2. Cost of soyabean meal and fish meal

(48]

Table 1. Resource needed for 1000 kg protein [26]

Plant protein (Soyabean mean)

Insects (Silkworm pupae)

4000 m?
2500 m8

Area needed
Water needed

0 m?
0Omsd

3. NUTRITIONAL COMPOSITION OF SILKWORM PUPAE

According to Ni and Liang [51] silkworm pupae contain 49-50 per cent of protein, 29-30 per cent of fat,
8-10 per cent of moisture, 4-5 per cent ash and 2.5-3 per cent chitin.

Table 2. Chemical composition of pupal meal, fishmeal and soyameal [41,46]

Constituents (% in DM)  Silkworm pupae Silkworm pupal meal Fish meal Soyameal
meal (defatted)

Crude protein 60.7 75.6 70.6 51.8

Lipid 25.7 4.70 9.90 2.00

Calcium 0.38 0.40 4.34 0.39

Phosphorus 0.60 0.87 2.79 0.69

Ca:P ratio 0.63 0.46 1.56 0.57

On a dry matter (DM) basis, its crude protein content varies from 50% to over 80% (in defatted meal)
[29,41,46, 64]. It is abundant in essential amino acids such as methionine (2-4%) and lysine (6—7%)
[8,29,38,68,74) and it contains approximately 30% crude fat (CF) (28, 64), with a high content of
polyunsaturated fatty acids like linolenic acid (26.8% of fatty acids) [13,28,41,77,82]. Dry pupae also
contain 2.9% minerals (Cu, Fe, Se) and 1.9% vitamins (E, B1, B2) [12]. “SWPM contains high
amounts of vitamins such as pyridoxine, riboflavin, thiamine, ascorbic acid, folic acid and minerals
such as calcium, phosphorous and iron”, as reported by Koundinya and Thangavelu [33].
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Table 3. Proximate composition of silkworm pupal

Specification Fresh weight basis (%) Dry weight basis (%) References
Dry matter (DM)  23.2-25.9 [36]
94.45 [58]
87.50 [56]
Protein - 48-60 [23]
21.5 49-54 [84]
13.81-16.83 59.52-94.98 [36]
- 60.7 [74]
- 62.75 [57]
57.22 [3]
Lipid - 30 [23]
13 - [84]
- 23.3 [58]
- 25.7 [74]
[41]
23.3 [58]
Fiber - 2.39 [3]
- 3.9 [74]
[41]
Ash - 5.8 [74]
1.16-1.33 - [36]
- 4 [3]
Chitin - 3-4 [23]
Gross Energy - 5.09-6.82 - [36]
(MJ/kg)

Table 4. Amino acid profile of silkworm pupal meal and soybean meal

Composition

Silkworm pupal meal

Soybean meal

Amino acids Mean + SE (%) Mean + SE (%)
Alanine 5.22 + 0.255 4.24 + 0.231
Arginine 6.31 + 0.388 2.90+0.212
Aspartic acid 9.59 £ 0.740 11.45+0.614
Cystine 0.97 £ 0.388 0.74 £ 0.361
Glutamic acid 10.19 + 1.007 17.91+1.02
Glycine 4.61 £ 0.376 4.17 £0.218
Histidine 3.28 £ 0.425 1.02 + 0.054
Leucine 7.04 £ 0.303 7.72£0.213
Lysine 7.52 +0.376 2.62 +0.201
Methionine 3.88 £0.327 0.52 £ 0.017
Proline 6.31+ 0.510 5.43 + 0.209
Phenylalanine 5.58 £ 0.316 2.12+0.072
Serine 5.22 £0.243 456 + 0.213
Threonine 5.58 + 0.121 1.66 = 0.023
Tryptophan 1.70 £ 0.413 0.65+0.011

* % in dry matter

“The proximate composition of SWPM, is
summarised in Table 3. SWPM is approximately
composed of 57.21% protein, 31.29% fat, 2.39%
fibres, 4.01% ash and 94.45% dry matter.
Differences in harvesting location, season,
environmental conditions and meal processing
technique may be the cause of the variations in

[79]

the proximate composition of SWPM between
studies”. (54, 55, 88]. “The information regarding
mineral content reveals that SWPM has high K
content with a low Na/K ratio and low heavy
metal content” [88]. SWPM contains a
considerable amount of essential fatty acids (a-
linolenic acid+linoleic acid) (49.0%) and contains
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non-essential fatty acids (8.6%),
eicosapentaenoic acid (0.3%) and riboflavin, as
reported by Kwon et al. [35].

SWPM protein is rich in essential amino acids
such as phenylalanine, methionine, and valine.
Comparable to soyabean meal, SWPM protein
has similar amounts of essential amino acids.
The amino acid profile shows that, in contrast to
soybean meal, SWPM contains almost all of the
essential amino acids. (Table 4). The amino acid
profile of SWPM (Defatted) was described by
Ullah et al. [79].

4. SAFETY AND LIMITATIONS

“The degradation of silkworm pupae results in
bad odour which associate with palatability
issues” (19,62). “Therefore after washing the
pupae they are pressed to remove excess of
moisture and dried in sun or in mechanical driers
and ground” [27,80,83]

These dried pupae are susceptible to rancidity
because of their high fat content. Consequently,
solvent extraction is done on the dried pupae to
remove oil and to ensure longer storage.
Because of their low-fat content, the extracted
pupae can be stored for longer. The defatted
silkworm pupae meal that is ultimately obtained
has a longer shelf life and a higher protein
content than the undefatted meal [4]. The shelf
life of silkworm pupae meal can also be extended
by ensiling, which produces high-quality silage
when combined with molasses, propionic acid,
and curd [61, 85].

“The high oil content of pupae limits its use as
ruminant feed. When silkworm pupae meal is fed
in large quantities, one of the main requirements
is the fat extraction process” [25]. “The increased
level of chitin in SWPM is responsible for poor
nutrient utilisation in young chicks” [17,32,54,55].
“A higher level of chitin in feed may influence the
nutrition digestion and further interference the
animal  immune  system  which  induce
physiological stress at the same time, as
observed i.e., in fish and hens” [5,86]

5. EFFECT OF PUPAL
LIVESTOCK

MEAL ON

Ruminants: Silkworm pupal meal (SWPM) is a
rich source of highly undegradable protein with a
favourable amino acid profile, making it a
suitable addition to cattle diets. According to
Narang and Lal [50], pupae meal may safely take
the place of 33% of groundnut cake (GNC) in

Jersey calves' diets without having an adverse
effect on their ability to grow. It was also reported
that the SWPM diet had a higher crude protein
digestibility than the groundnut cake diet. In an in
vitro experiment, 100% DSWP supplementation
on an finger millets (FMS) based diet had no
effect on the rumen fermentation or digestibility
of the cattle [64]. Rashmi et al., [65] reported that
defatted silkworm pupae meal (DSWP) did not
show any ill effects on health (Rumen
fermentation, purine derivatives) and
performance (Nutrient intake, digestibility) by
safely substitute with Soyabean meal (SBM) up
to 30 % in concentrate mixture. They also found
that the blood ingredients (glucose, cholesterol,
total protein, albumin and globulin) were
unaltered by feeding SWPM in diet.

Therefore, in terms of nutrients and cost, DSWP
can be a great substitute for traditional protein
sources for ruminants. The meal made from
silkworm pupae has a relatively low effective in
situ nitrogen degradability. Effective degradability
values (5%/h outflow rate) for defatted meal [7].
were only 20%, compared to 29% and 25% for
undefatted silkworm pupae, as reported in
previous studies [9, 25]. This indicates that a
good proportion of undegradable protein was
present, particularly in the defatted meal.
According to Sampath et al. [68], the bypass
protein fractions of silkworm pupae meal are
good sources of lysine and methionine for
ruminant diets because they have a low in situ
disappearance of 26% (24 hours of incubation,
5%/h outflow rate), which is the major limiting
amino acid for milk production. Similar increases
in nitrogen and energy retention were observed
when loselevich et al. [25] fed lambs a basal diet
consisting of barley and hay (75:25) when they
substituted undefatted silkworm meal for an iso-
nitrogenous potato protein supplement. The
costly Fish meal could replace up to 50% level by
SWPM without affecting feed intake, growth
and nutrient uptake of crossbred cattle calves
[67].

Pig: Limited information is available regarding
the use of silkworm pupae in pig diets. A small
number  of studies demonstrated the
effectiveness of using silkworm pupae meal in
place of traditional protein sources. Un-defatted
silkworm meal was used up to 100% in place of
soybean meal in the diets of growing pigs, with
no apparent effect on the carcass features and
growth performance of pig. When the substitution
rate exceeded 50%, there was a detrimental
impact on intake, which was linked to either a
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lower palatability or a higher energy density in
the diet. The silkworm-based diet's higher lysine
content may have contributed to the improved
feed conversion rate that make up the lower
intake [11]. Without significantly affecting the
quality of the carcass and meat or the blood
parameters, silkworm meal has the potential to
completely (up to 100%) replace fish meal in the
diet of growing and finishing pigs [42,43,44]. A
study by Choudhury et al. [10] found that feeding
2% and 4% of Muga SWP to large White
Yorkshire  grower pigs improved overall
production efficiency while reducing production
Ccosts.

Rabbits: Kowalaska et al. [34] reported that “the
dried silkworm pupae meal can be used as feed
material in rabbit diets at 4% inclusion level
without any adverse effect on growth
performance, as well as quality and dietetic value
of rabbit meat. They also found that, in the
tissues of rabbits fed the silkworm meal diet,
PUFA-3 concentration increased and cholesterol
level decreased”. In contract, Gugolek et al. [21]
reported that, “the both partial and complete
replacement of SBM with SWPM in the
contributed to decrease in the final body weights
of rabbits (2416.50 and 2390.78 vs. 2616.78 @),
average daily gains (30.23 and 30.52 vs 33.12 g)
and feed intake (5.61 and 5.15 vs 6.51 kg), but it
improved the feed conversion ratio (3.28 and
3.05 vs. 341 kg/kg). rabbits fed diets
supplemented with SWPM were characterised by
lower values of selected carcass parameters
such as carcass weight and dressing
percentage”. Gugolek et al. [22] suggested that
rabbit diets can be supplemented with SPM at up
to 5%.

6. EFFECT OF PUPAL MEAL ON
POULTRY
Broilers: According to Banday et al. [1],

substituting 75% of the fishmeal with SWPM did
not negatively impact the carcass quality.
Ecdysteroid, a hormone involved in the pupae's
metamorphosis, is responsible for the growth-
promoting effect observed in developing chicks
[16]. Similar to this, the amino acid present in
silkworm pupae may be the cause of the
enhanced growth performance in birds fed
SWPM [32,59]. According to reports by Banday
et al. [1] and Qadri [57], broiler chickens fed diets
supplemented with 0, 25 and 50% SWPM in the
diet instead of fish meal did not exhibit
any significant effects on various blood
biochemicals.

“A  reduction in dressing percentage was
observed in the group of birds fed SWPM
containing ration” [49]. A slightly higher edible
carcase yield and dressing percentage were
recorded by Sengupta et al. [70] in broiler
chicken fed Muga silkworm pupae containing
feed. “There was no effect on carcase
characteristics of broiler chicken fed Muga
SWPM replacing fishmeal in the diet” [69,73].
Feeding silkworm pupal meal by substituting
soyabean meal not affects the dressing yield of
chickens as reported by Rafiullah [58]. However,
with increasing SWPM in the diets broiler diet,
the dressed weight of broilers was increased
[31]. The body weight gain, feed conversion ratio
increased without any adverse effect on carcass
quality when fed with 25% and 50% silkworm
pupae in broilers diet [47]. Chickens showed
better feed conversion ratio after feeding with
fermented silkworm pupae, also found reduced
fishy smell in meat quality [63]. Similarly, higher
feed conversion ratio noticed in broilers fed with
10% silkworm pupae without any negative impact
on growth performance, muscle characteristics
and on its sensory evaluation [27]. Sheikh and
Sapcota [72] reports for marked retention in
nitrogen, calcium and phosphorus in broilers fed
on complete silkworm pupae diet, which has
been attributed to better utilization of dietary
protein. Meat from chickens fed diets containing
full-fat silkworm meal (SWM) showed improved
protein and fatty acid composition. It had higher
levels of beneficial omega-3 fatty acids and lower
levels of omega-6 fatty acids, resulting in a
healthier omega-6/omega-3 ratio. Substituting
soybean meal/oil with SWM in chicken diets
maintains performance and carcass quality while
enhancing the nutritional value of the meat [45].
Broilers were fed with the fermented silkworm
pupae (FSWP) not shown any negative effect on
growth performance (average daily weight gain
(ADG), average daily feed intake (ADFI) and
feed conversion ratio (feed/gain, F/G). Moreover,
the broiler meat quality increased with FSWP
group compared with the fishmeal. Also
concluded that fermented silkworm pupae
improve thymic index of broilers and lowers the
drip loss in meat quality [87]. Increment of SWP
pupae in partial or total replacement of fish meal
at percentages of 50 to 100% in kuroiler chicks
shows a positive significant effect on growth
performance traits like feed intake, weight and
daily feed intake. Also, it will not affect negatively
carcass characteristics and its sensory traits [53].
Furthermore, administering SWM during the
grower-finisher phase demonstrated beneficial
effects on meat healthiness, ultimately enhancing
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Table 5. Economic feasibility defatted silkworm pupae meal versus other concentrate

ingredients
Ingredient Maize Soybean meal Ricebran Wheat bran Defatted silkworm
pupae meal*

Price (INR/kQ) 20 70 12 20 50

CP (%) 9.18 47.1 7.53 14.3 68.7

Cost (INR)/ kg CP 218 149 159 140 72.7

ME (MJ/kg) 13.6 13.4 9.70 11.0 8.87

Cost (INR/MJ ME) 1.47 5.22 1.23 181 5.60

* Including cost of silkworm pupae, extraction of pupal oil and drying process [Heuze et al. [24] Rashmi et al. [65].

n-3 fatty acids content and reducing the n-6/n-3
ratio [14].

Layers: Replacing 100% of protein cone by
SWPM showed the greatest and most cost-
effective results on egg quality, egg size & shell
thickness [81]. Egg weight was not significantly
different in the silkworm pupae-based diet fed to
layer birds than the control [58]. Ullah et al. [79]
discovered that when soybean meal was
substituted with silkworm meal at 0, 25, 50, and
100% of the layer chickens' diet, there was no
discernible change in the body weight, feed
intake, hen day production (%), egg weight, feed
conversion ratio, blood profile and egg quality
parameters. The researchers came to the
conclusion that silkworm meal could likely be
used as a substitute protein source for soybean
meal without significantly harming the layers.
Sheikh, et al. [73] concluded that the addition of
SWPM in the broiler ration had no significant
impact on serum protein, cholesterol and SGOT
among the various experimental groups.
However, the serum phosphorous and serum
glutamic pyruvic transaminase differed
significantly when the diet's silkworm meal was
included at a 5% level.

7. ECONOMIC FEASIBILITY
SILKWORM PUPAL MEAL

OF

Khatun et al. [32] observed that the addition of
fish meal and SWPM at varying concentrations
enhanced growth rate, considerably reduced the
overall production cost per kg live broiler and
dramatically raised profit per broiler as the SWP
level increased. Furthermore, Sheikh and
Sapcota [71] found that the best outcomes in
terms of production economics were obtained
when muga silkworm meal was substituted 100%
for fish meal. According to Sinha et al. [75], Rao
et al. [63] and Dutta and Dutta [15], silkworm
meal replaced 50% of fish meal and showed an
elevated profit margin because it was
significantly less expensive than fishmeal. This

finding confirms that when the amount of SWPM
added to poultry feed increases linearly, there
will be an increase in profit margin.

According to Ullah et al. [79], there is a greater
economic benefit when the amount of SWPM
included in the diet increases. Additionally, it was
found that broiler performance and carcass
quality were unaffected by replacing soybean
meal with silkworm meal. Because silkworm
meal is regarded as a valuable, inexpensive and
safe source of protein [93-97]. Sheikh et al. [74]
found that feeding it to livestock and poultry
instead of traditional soybean meal or fish meal
may improve farm economics. The DSWP, a
protein with a high concentration of essential
amino acids, has been demonstrated to provide
a substantial amount of ME (MJ/kg) and one unit
of crude protein for half the cost of SBM,
according to Rashmi et al. [65] (Table 5).

8. CONCLUSION

Silkkworm pupae meal (SWPM) presents
significant potential as an alternative protein
source for livestock due to its abundance and
higher protein and amino acid content compared
to conventional sources like soybean meal and
groundnut cake. This can help bridge the gap
between feed supply and demand while reducing
environmental pollution. SWPM offers good
quality natural protein with high digestibility,
making it suitable for poultry diets. Its efficient
utilization can lower feed costs without
compromising growth performance. Research is
needed to explore its long-term effects on meat
quality and sensory properties. Reviews suggest
that SWPM can economically replace soybean
meal or fish meal in livestock and poultry diets
without adverse effects on  production
performance.
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