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Review Article

ABSTRACT

The growing demand for cost-effective and sustainable poultry feed has spurred interest in
alternative protein sources. This review explores the potential of silkworm pupae meal (SWPM) as a
viable substitute for conventional protein sources such as soyabean and fish meal in poultry diets.
Silkworm pupae, a by-product of the silk industry, are rich in crude protein (up to 80% in defatted
meal) and essential amino acids, particularly lysine and methionine. These nutritional attributes,
along with a high content of fatty acids, make SWPM an attractive ingredient for poultry feed. The
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paper discusses the environmental benefits of using silkworm pupae, which include reducing waste
and mitigating the ecological impact of traditional feed ingredients. Additionally, the incorporation of
SWPM in poultry diets has been shown to improve nutrient digestibility, feeding preferences, and
gut health in chickens. This review highlights the promise of silkworm pupae meal as a sustainable
and economical alternative in the poultry feed industry, offering a potential solution to the
challenges of rising feed costs and environmental sustainability. Replacing the traditional protein
sources such as soyabean meal & fish meal with silkworm pupae meal may break a chain of
increasing feed costs and make a sustainable change towards a cost-effective feed. In this arena,
silkworm pupae meal is a high-nutritional-value protein rich animal feed component, exceeding up
to 50% crude protein content to over 80% at times. It contains methionine, lysine, chitin, and
insoluble protein, possibly indicating fibre. Researchers have investigated in many ways how the
use of full-fat and defatted silkworm pupae meal in chicken feed affects nutrient digestibility, feeding
preferences and gut bacteria, with the aim of potentially substituting it for traditional protein sources

in poultry diets.
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1. INTRODUCTION

Poultry refers to the household or commercial
raising of birds such as chickens, ducks, turkeys,
geese, etc. for their eggs and meat. Poultry meat
along with eggs, both offer high quality animal
protein content profile for human consumption in
adequate amount with optimum amino acid
profile. Thus encourages a major role in the
growth & development of the health of human
beings [1]. India's poultry industry is primarily
focused on chicken production, accounting for
nearly 95% of egg output. Globally, India ranks
third in egg production and fifth in chicken meat
production. The industry contributes significantly
to the national economy, contributing
approximately 1% to GDP and providing
employment to around 5 million people. Poultry
production is concentrated in specific regions,
with Andhra Pradesh leading the way, followed
by West Bengal, Maharashtra, Tamil Nadu, and
Punjab [2].

In India, the poultry market has undergone
tremendous transformation over the decades,
and the region has emerged as one of the
country's important economic sectors. Poultry
meats which accounts for around majority of total
animal protein consumption, contributes to the
broiler business's rise in demand for the
consumption of animal protein. The demand for
chickens by humans has caused broiler farmers
to have trouble because of the scarcity and high
cost of feed supplies [3].

Rising disposable incomes and changing
consumer dietary choices are driving the Indian
poultry market. The change from the diet in India
which traditionally relies on meat, pulses, dairy

products and such to meet basic human body
requirements for protein is considerably assisting
the tremendous development of the poultry
industry. Moreover, increasing awareness of
proper physical health & nutritional lifestyle fuels
the necessity for a diet rich in protein. Additional
reasons driving the industry forward include
increased disposable incomes, improved living
standards and lifestyle patterns, rapid
urbanization, and the expansion of distribution
channels [4,5,6].

The chicken industry's goal is to reduce
production costs while increasing productivity
through nutrition, managerial methods, diet
changes, and other means [7]. When it comes to
nutrition, the rising cost of feed ingredients is
leading the poultry sector to place a great deal of
significance on improving feed consumption
efficiency without negatively impacting poultry
animal growth performance [8]. In the poultry
industry, feed cost takes up a significant portion
of production expenses, ranging from 60-80%
and rising steadily. As we speak, animal protein,
the most expensive component of poultry feed
accounts for 15% of such feed cost [9].

The dire need to fulfil the needs and feeds of
poultry as well as livestock has led to the
spontaneous improvement and alterations of diet
with more effective ingredients giving economic
benefits. The global dilemma of supplying for
increasing protein consumption and reducing
agricultural acreage is most visible in the
increased demand for poultry products. Poultry
production is considered environmentally friendly
because poultry birds emit less CO2 than other
animals. However, as chicken production
intensifies, more protein is required, resulting in a
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reliance on traditional sources such as soya
beans and fish meal. The latter is constrained by
overfishing and growing expenses. Given
chickens' natural proclivity to devour insects,
there is considerable interest in utilizing insect
protein in poultry diets serves as a remedy. Ideal
insect candidates for protein synthesis should
have a short reproduction cycle to ensure
sustainability [10].

2. EXPLORING NEW OPPORTUNITIES:
INSECTS AS A POTENTIAL PROTEIN
ALTERNATIVE IN POULTRY DIETS

"Feed-food competition" refers to the conflicts
and trade-offs that arise between two possible
uses for edible crops: feeding animals and direct
human consumption. The utilization of production
resources, such as water, land, labour, wild fish
followed by ecosystem services, is included in
the term "feed-food competition." The ultimate
use of the resource, which is usually the most
profitable, determines how these resources are
distributed among all other possible consumers
[11]. Because of their rich nutritional content,
insects constitute a sustainable feed component
alternative to commercial feedstuffs and
simultaneously reduce feed-food competition
[12].

Hollowing and digging through the ground for
food shown to be a natural behaviour of poultry
birds. This natural inclination is sparked by the
abundance of 'desired delicacies' found on and
under the ground, such as worms and insects.
Most likely because of their flavour and
nutritional value, chickens prefer eating insects
or insect-based meals. This behaviour serves
insects to have the potential to furnish an
alternate protein source for chicken production.
This ensures the potential to reduce feed-food
competition and provide income for industrial as
well as smallholder farmers [13].

Poultry and livestock require a specific energy
level which can be achieved when fed high-
protein diets creating effective pre-starter and
starter feeds for chickens [14]. Recently, using
insects as an alternative source of protein in
poultry diets has grown in favour [13]. It has the
ability to convert waste biomass into significant
feed resources. According to a new study, it has
been discovered that large-scale insect
multiplication provides a practical substitute for
adding protein-rich components to poultry rations
[15]. Over billions of people consume insects
globally; 349 species are thought to be

consumed in and around Asia, 524 in case of
Africa, 152 to be considered in Australia, 679
around America, and roughly 41 in Europe [16].
The majority of edible-insect species are found in
Mexico, with Thailand, Congo, India, Australia,
China, and Zambia following [17,16].

Insects account for around three-fourths of all life
on Earth [18]. Due to their similar fat content of
30-40% dry matter basis and protein content of
40-60% dry matter basis compared to traditional
Soyabean Meal and Fish Meal, insects are
gaining traction as a potential alternative protein
source in poultry feed [19]. This diversion could
result in higher efficiency in the use of natural
resources with reduced greenhouse gas
emission and less eutrophication of water
habitats through nutrient loss [20]. For these
reasons, the use of insect protein in poultry diets
has promising implications. Essentially, this is
demonstrated by the fact that chickens with
outside access gather and consume insects at
every stage of growth, suggesting that they have
evolved to use insects as food. Insect-derived
products contain a large proportion of digestible
crude protein with amino acids, making them a
powerful solution for improving self-sufficiency of
protein in poultry feed in the progressing future.
Insects suit the adequate nutritional needs
concerned towards poultry birds and contribute
towards building of such highly formulated
nutritional feed since they are abundant in
necessary amino acids [21]. Therefore, insect-
derived meals in poultry diets have been found to
improve chicken palatability, and chickens fed
with such meals are highly preferred by humans
for consumption. This shift could lead to more
efficient utilization of resources [20].

A study examined the potential of black soldier
fly larvae and silkworm pupae as protein sources
for broiler chickens. These insect meals were
added to chicken feed at a 10% level to assess
their impact on chicken growth, meat quality, and
overall health. The results indicate that both
insect meals could effectively replace soybean
meal in chicken diets as they promoted better
growth performance [22]

Another study compared the nutritional value of
black soldier fly larvae meal to traditional feed
ingredients like soybean meal and fishmeal for
broiler chickens. The results showed that black
soldier fly larvae meal has a similar or even
superior nutritional profile to fishmeal and
soybean meal. This suggests that it could
replace fishmeal in chicken feed and enhance
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the nutritional quality of soybean meal without
negatively affecting the chickens' growth or
overall health [23].

Given the growing global population and the
need for alternative protein sources, the black
soldier fly (Hermetia illucens) has emerged as a
promising candidate. This study aimed to
increase the protein content of black soldier fly
prepupae (BSFP) by exploring the impact of
various feeding strategies. This  study
demonstrated that feeding black soldier fly
prepupae (BSFP) with dried bacterial cells
effectively increased their protein content [7].

Maurer et al. [24] conducted a study to evaluate
the suitability of Black Soldier Fly (BSF) larvae
meal as a replacement for traditional protein
sources like fishmeal and soybean meal in
poultry diets. Their findings indicated that BSF
larvae meal can be effectively incorporated into
both broiler and laying hen diets without
negatively impacting bird performance.

Agunbiade et al. [25] investigated replacing
fishmeal with house fly larvae meal in the diets of
laying hens fed a cassava-based feed. The
researchers found no significant differences in
how much the hens ate or how efficiently they
converted feed into eggs. These results suggest
that house fly larvae meal could be a suitable
replacement for fishmeal in both chickens raised
for meat and those raised for egg production.

For mealworms, a study investigated the use of
mealworms as a feed additive for broilers found
promising results. Adding mealworms to diets
primarily composed of soybean meal did not
negatively impact the chickens' growth, feed
consumption, or feed efficiency. This suggests
that mealworms could be a valuable addition to
poultry feed without compromising performance.
Ramos-Elorduy et al. [26]

3. A TURN-OVER OF INSECT AS FEED:
SILKWORM PUPAE MEAL

Silkworms and their life cycle prompts to serve a
great purpose of being utilized for the conversion
of waste to wealth [8]. This tradition of
domesticating the silk moth Bombyx morilL.
started about 5200 years ago among the
Chinese people [19]. Silkworm is a sericigenous
insect that develops from the eggs laid by the silk
moth. Initially, eggs are black which then hatch
and produce young larvae or worms that grow by
feeding on mulberry leaves. The larva grows

from Instar | to Instar V in which they attain full
size of about 7.5-10cm [27]. Silkworm larva later
spins cocoon inside which the pupa develops.
Cocoon is the protective cover made of raw silk
spun by the fifth-instar silkworms. In the end, a
certain enzyme that is released by the pupa
creates a hole in the walls of the cocoon from
which the moth emerges [28].

Fresh spent silkworm pupae debris are discarded
in nearby areas after being reeled from cocoons.
The silk industry generates a massive amount of
waste in the form of silkworm pupae, with global
estimates reaching a staggering three million
tons annually [29]. These fresh silkworm pupae
are highly degradable that create pollution and
odour in the surrounding locations. The category
of spent silkworm pupa is a natural,
biodegradable product. However, large
concentrations of these pupae being dumped in
the environment can cause major environmental
hazards in silk-producing areas [30]. Silkworm
pupae, often discarded after silk production, are
packed with nutrients and could offer significant
health benefits. These underutilized resources
could be transformed into valuable dietary
supplements [31]. Hence, for waste-to-wealth
purposes, using these resources for feed
formulation as well as the production of useful
biological compounds to help lessen the negative
impact of silk production on the environment.

Scientific studies have indicated that silkworm
pupae are rich in compounds beneficial to human
health. Both laboratory and animal research have
shown that these pupae possess antioxidant,
antibacterial, anti-cancer, and liver-protective
properties [32]. Silkworm pupa inside the cocoon
accounts for a high content of fatty acids, lipids,
and protein which makes them ideal for inclusion
in poultry and other animal feed. Fresh pupae
with high moisture content are dried in order to
prevent them from rotting [33,34]. These
silkworm pupae produce a certain pungent smell
that is caused due to the degradation of the
pupae relating to the existence of chemicals in
mulberry leaves that the silkworms may feed on
such as essential oils, flavonoids and terpenoids.
This foul odour is related to palatability [35,36].

Pupal powder extracted from the silkworm pupae
also known as silkworm pupae meal has been a
fairly researched aspect for poultry as well as
livestock feed. Silkworm pupae (SWP), silkworm
meal, wasted silkworm pupa, deoiled silkworm
pupa meal, non-deoiled silkworm pupa meal, etc.
are some of the other frequent names [19]. The
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nutritional component present in silkkworm pupae
meal has the ability to replace the protein
sources in conventional animal feed. This area of
research has been widely opened through
experiments conducted by scientists all over the
world. It was found that defatted pupal meal had
a higher content of protein compared to un-
defatted pupal meal [37].

4. COMPOSITION OF SILKWORM PUPAE
MEAL

Bombyx mori is found to be the most prevalent
dry matter in silkworm pupa and possess a high
protein content of about 55.6% dry weight [38].
Pharmacological actions of silkworm pupa can
be carried out by hydrolysing these pupae
proteins to create a range of physiologically
active peptides. All species of silkworm pupae
have about the same amino acid content, with 18
amino acids making up each protein. Of these,
the WHO/FAO/UNU criteria are met by eight
essential amino acids [39,40,41]. Consequently,
silkworm pupae is therefore regarded as an
essential nutrient and a premium source of
protein [42].

Coming to the pupal meal sector, Silkworm
Pupae Meal (SWPM) is a high-nutritional-value,
protein-rich animal feed component. Crude
protein (CP) content of this meal exceeds 50%,
rising up to 80% (for defatted pupal meal) on a
dry matter (DM) basis. The amino acid profile
stands out with particularly high levels of lysine of
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about 6-7% of total protein and methionine of
about 2-3%. Furthermore, the chitin and some
insoluble proteins that are present in it may
explain the presence of fibre. Also, the acid
detergent fibre (ADF) concentrations have been
recorded to range from 6-12 % DM basis [36].
The pupae meal is high in concentration of fat
ranging from 20 to 40% DM. Defatted silkworm
pupa meal contains less than 10% oil, but
remarkably boasts a high proportion of
polyunsaturated fatty acids, particularly linoleic
acid (18:3), which comprise 11% to 45% of its
total fatty acid content [12]. The proximate
components of silkworm pupa (SWP) on a fresh
basis include crude protein (12-16%), moisture
(65-70%), ash (0.79-1.41%), carbohydrate (1.18-
1.79%) and Ether extract (EE) (11-20%). In
SWP, energy content ranges from 706 to 988 kJ
[43]. However, in dried SWP powder the contents
are 20.1% EE, 71.9% CP and 3.9% ash on a dry
matter basis [39]. Another study found that the
concentration of about 55.6% CP and 32.2%, EE
on a dry matter basis [38]. In addition to that the
potential role of 1-DNJ (1-Deoxynojirimycin), a
certain silkworm bio-compound is studied, that
tends to affect the absorption of glucose in
poultry feeding. As a result, certain research
studies examined the influence of diet
incorporation of full-fat and/or defatted silkworm
pupae meal on nutrient digestibility, feed
preference as well as faecal microbiota in
chicken [44]. It is also rich in essential fatty acids,
such as alpha-linolenic and linoleic acid along
with riboflavin [45].

L
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Eri Silkworm Pupae

Fig. 1. Fatty acid composition of different silkworm pupae
Source: [38,46,47,48,49,50]

115



Tamuly et al.; Arch. Curr. Res. Int., vol. 24, no. 7, pp. 111-122, 2024; Article no.ACRI.121989

Amino Acid Profile

16

: I

12
10

M Eri Silkworm Pupae

Il ki

‘\-% \fﬁ'dﬂz

Mulberry Silkworm Pupae

LA

2 o9

¥ SRR IR R SR SR

Antheraea pernyi

Fig. 2. Amino acid profile of different silkworm pupae
Source: [38,51,35,39]

In the end, among alternative protein sources,
silkworm pupae meal being low-cost would also
mitigate the environmental concerns associated
with the disposal of this by-product and
contribute to a more sustainable livestock feed
industry. The meal can also contribute to cost
savings, as it has the potential to replace more
expensive protein sources in animal diets without
negatively impacting the performance and health
of the animals, including poultry, fish, rabbits,
and ruminants [52].

5. CURRENT SCENARIO: ATTEMPTS IN
REPLACING CONVENTIONAL FEED
WITH SWPM

Throughout a study of diet incorporation of
defatted silkworm pupa meal for feeding broilers
in Hungary, the health of the chickens was
reported to be ideal across all experimental
groups, illustrating that the incorporation of
silkworm pupae meal at the tested amount is
well-tolerated by the chickens. Since carcass
yield and other key metrics remained consistent
across all dietary groups, the inclusion of the
meal appeared to have no negative impact on
carcass quality. This suggests that the meal’s
suitability as a protein alternative is promising,
further supported by the minimal to no effects
observed on specific aspects of meat quality and
the absence of any detrimental impact on growth
performance. Overall, the study concludes that
defatted silkworm pupae meal presents a

promising and sustainable alternative protein
source for broiler diets [12].

One of the studies implemented on Ross 308
broiler chicks revealed that up to 75% of soybean
meal in broiler finisher meals can be successfully
replaced with silkworm meal without affecting
performance, carcass quality, or bird health. As a
result, silkworm meal appears to be a feasible
alternative protein source with the capability to
reduce feed costs and improve profitability in
broiler production [53]

Poultry diets of Rhode Island Red pure line
chickens in a study in Bangladesh showed that
increasing the amount of SWP in the diet by up
to 6% increased growth performance, egg
production performance, and profitability. The
data show that, despite contradictory findings
from prior studies, incorporating SWP into the
meals did not increase mortality, implying that
SWP is not acutely harmful to birds.
Furthermore, as the dietary levels of SWP grew,
the feed cost per kilogram decreased. As a
result, the authors argue that SWP is a realistic
alternative for layer diet formulation in
Bangladesh, which could lead to higher
profitability for poultry producers, especially given
the existing scarcity and high costs [54].

A study investigates the effect of adding full-fat
silkworm chrysalis meal to the diet of Rhode
Island Red and Fayoumi crossbred chickens,
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specifically focusing on their growth and meat
quality outcomes. They ensured that a 25%
SWM inclusion level appeared to be the most
favorable, with better overall results than the
control and 50% inclusion levels [55].

A study of RIR strain chicks established a
concrete result on the growth performance along
with proximate analysis of varying percentages of
silkworm pupae that were used to prepare the
feed. Tasar silkworm pupae meal that was used
from Central Tasar Research and Training
Institute (CSR&T]I), Jharkhand demonstrated that
the least expensive and most viable alternative to
the pricey and tainted fish meal utilized as a
source of protein in the poultry sector is silkworm
pupal meal. Feed cost per kilogram at 8 weeks of
age decreased steadily as the amount of SWP in
the diet increased. Numerous writers concluded
that dietary protein intake has a direct impact on
the average amount of weight gain. Therefore,
this inexpensive by-product of the tasar silk
business can be utilized to replace expensive
traditional feed such as fish meal as a protein
source in poultry feed [9].

A study investigated the potential of silkworm
pupae meal as a replacement for fishmeal in
broiler chicken feed. Results indicated that

substituting up to 50% of the fishmeal with
processed silkworm pupae meal led to enhanced
broiler performance metrics [56].

A certain researcher explored the potential of
replacing soyabean meal with silkworm pupae
meal in the diets of White Leghorn hens. The
study examined how this substitution affects
various aspects, including growth performance,
blood profile. Nutrient digestibility and egg
quality. The findings suggest that SWPM can be
sustainable protein alternative to soyabean meal,
offering comparable protein content without
compromising the health or productivity of the
hens [53].

For a study with Arber Acres broiler chicks with
feed alteration with SWMP showed that with an
increase in silkworm pupae meal level their
growth performance, liveability, meat yield, feed
conversion and market profitability rose nearly
linear [57].

In a study for incorporating eri SWP in broiler
chickens fed 10% eri silkworm pupae meal grew
better, had healthier growth and produced higher
quality carcasses compared to those without it.
This level of supplementation is beneficial and
safe [58].

Table 1. Key findings of various research conducted

Experiments conducted

Place

Result &
Inference

Source

Incorporating defatted
Silkworm Pupae Meal for
Broiler chicken diets

Hungary

Suitable source of
protein for broiler
diets because it
had no
detrimental effect
on growth rate or
quality of carcass

(Zsedely et al.,
2022) [12]

Replacement of soyabean meal
with SWPM in Ross 308 Broiler chicks

Pakistan

75 % of soybean
meal in broiler
finisher meals can
be successfully
replaced with
silkworm meal
without affecting
performance,
carcass quality, or
bird health

(Ullah; Khan;
Hafeez; et al.,
2017) [28]

Inclusion of SWP in Rhode Island
Red pure line chickens

Bangladesh

Increasing the
amount of SWP in
the diet by up to
6% increased
growth

(Khatun et al.,
2005) [54]
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Experiments conducted

Place

Result &
Inference

Source

performance, egg
production
performance, and
profitability

Addition full-fat silkworm

Bangladesh

chrysalis meal to the diets of
Rhode Island Red and Fayoumi

crossbred chickens

25% SWM
inclusion level
yielded the most
positive results
across the board

(Miah et al., 2020)
[55]

Inclusion of varying percentages of India
SWP in diets of RIR Strain chicks

Feed cost
substantially
decreased as the
amount of SWP in
the diet increased

(Dutta et al.,
2012) [9]

Replacement of soyabean meal for

Pakistan

SWPM on white leghorn layer

Soyabean meal
can be replaced
with SWPM with
no negative
impact on the
layers

(Ullah; Khan;
Khan; et al., 2017)
[53]

Feed alteration of Arber Acres broiler India

chicks with SWMP

A positive, near-
linear trend in
growth rate, meat
yield, feed
conversion and
market profitability
observed as the
level of SWPM in
the diet increased

(Khatun et al.,
2003) [57]

Effect of SWPM with enzyme India
supplementation on growth of

broilers

Effect of SWPM inclusion in broiler

using Eri Silkworm

Thailand

Replacing Fishmeal with SWPM India

In broiler chicken feed

Incorporating
silkworm pupae
meal and an
enzyme
supplement
improved growth
performance and
reduced feed
intake.

Adding 10% eri
pupae resulted in
CP content similar
to Soyabean meal
with higher final
weight, lower FCR
(Feed Conversion
Ratio) and higher
CCW (Cold
carcass weight)
25% and 50%
Replacement
helped improve
broiler growth

(Konwar et al.,
2008) [59]

(Kongsup et al.,
2022) [58]

(Banday; Bhat;
Shenaz; ... 2009)
[60]
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6. CONCLUSION

Silkkworm pupae meal (SWPM) presents a
promising and sustainable alternative to
traditional poultry feed ingredients such as
soybean meal and fish meal. Its high protein and
fat content make it a nutritious option for poultry,
while its production aligns with a circular
economy approach. The incorporation of SWPM
into poultry diets offers several advantages,
including  improved  palatability,  potential
enhancement of market preference for chicken
meat, and reduced environmental impact. By
utilizing a waste product from silk production,
SWPM contributes to more efficient resource use
and reduces feed-food competition.

7. FUTURE PORSPECTS

To fully realize the potential of SWPM as a
poultry feed ingredient, further research is
needed. Key areas of focus include:

e Processing optimization: Refining
processing methods to enhance
digestibility, palatability, and shelf life of
SWPM.

e Performance evaluation: Conducting
comprehensive studies to assess the
impact of SWPM on animal performance,
gut health, and meat quality across various
poultry species and rearing conditions.

e Regulatory considerations: Addressing
any regulatory hurdles and developing
guidelines for the safe and effective use of
SWPM in poultry feed.

e Consumer acceptance: Understanding
consumer perceptions and preferences
regarding insect-based feed ingredients
and addressing any potential concerns.

By addressing these areas, researchers and
industry stakeholders can contribute to the wider
adoption of SWPM as a sustainable and
economically viable option for poultry nutrition.
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