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ABSTRACT

The aim of this study was to determine the nutrient composition,
amino acid and fatty acid profiles, and mineral content of silkworm
(Bombyx mori L.) pupa powder (SPP) that can be used as a feed
ingredient in poultry diets. In this study, the dry matter, organic
matter, crude protein (CP), ether extract (EE), crude fiber, and ash
contents, amino acid and fatty acid profiles, and the contents of some
minerals of SPP dried until they reached a constant weight at 130°C
for 12 hours were determined. In addition, color characteristics (L¥*,
a*, and b* values) were also determined. The CP, EE, and ash contents
of SPP were determined to be %58.8+0.39, %20.8+0.93, and 5.9+0.04,
respectively, on a dry matter basis. The most abundant amino acids
were arginine (35.4+3.26 mg/g), aspartic acid (40.2+3.64 mg/g), glycine
(104.0+6.69 mg/g), lysine (98.1+5.80 mg/g), proline (39.9+3.57 mg/g),
and serine (43.143.38 mg/g) in SPP. The total saturated,
monounsaturated (MUFA), and polyunsaturated (PUFA) fatty acids
were found to be 26.7+0.05, 31.2+0.08, and 42.0+0.05, respectively.
The fatty acids lauric acid, myristic acid, palmitic acid, stearic acid,
oleic acid, and a-linolenic acid were found as abundant fatty acids in
silkworm pupa powder. The potassium, phosphorus, magnesium, and
calcium contents of SPP were 83.9+0.6+, 63.4+1.8, 26.2+0.3, and
9.8+0.5, respectively. These findings clearly show that SPP is a
potential protein source that can be used in poultry nutrition.
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Kanatli Hayvan Yemlerinde Yem Hammaddesi Olarak Kullanilabilecek Ipekbécegi (Bombyx mori L.)
Pupa Tozunun Besin Maddeleri Kompozisyonu, Amino Asit ve Yag Asitleri Profili ve Mineral Maddeler
Igerigi

OZET Zootekni

Bu calismanin amaci, kanathh kiimes hayvanlar1 karma yemlerinde

yem hammaddesi olarak kullanilabilecek ipekbécegi (Bombyx moril.) Aragtirma Makalesi

pupa tozunun (IPT) besin maddeleri kompozisyonu, amino asit ve yag

asitleri profili ve mineral maddeler igeriginin belirlenmesidir. Bu Makale Tarihgesi
calismada sabit agirhga ulasincaya kadar 130°C'de 12 saat Gelig Tarihi :15.04.2025
kurutulmus IPT’nin kuru madde, organik maddeler, ham protein Kabul Tarihi :14.06.2025
(HP), eter ekstrakt (EE), crude fiber ve kiil icerikleri, amino asit ve

yag asidi profilleri ve bazi mineral maddeler icerikleri belirlenmistir. Anahtar Kelimeler

Ayrica, renk ozellikleri (L*, a* ve b* degerleri) de belirlenmistir. Alternatif yem

IPT’nin kuru maddede %58.8+0.39, %20.8+0.93 ve 5.9+0.04 Protein kaynag
diizeylerinde HP, EE ve kil icerdigi belirlenmigtir. Pupada en bol Bocek unu

bulunan amino asitler arginin (35.4+3.26 mg/g), aspartik asit
(40.2+3.64 mg/g), glisin (104.0+6.69 mg/g), lisin (98.1+5.80 mg/g),
prolin (39.9+3.57 mg/g) ve serin (43.1+3.38 mg/g) idi. Toplam doymus,
tekli doymamis (TD) ve coklu doymamis (CD) yag asitleri icerigi
sirasiyla 26.7+0.05, 31.2+0.08 ve 42.0£0.05 olarak bulunmustur.
IPT°de laurik asit, miristik asit, palmitik asit, stearik asit, oleik asit
ve a-linolenik asit yag asitleri bol miktarda bulunmustur. IPT nin,
potasyum, fosfor, magnezyum ve kalsiyum igerigi sirasiyla 83.9+0.6+,
63.4+1.8, 26.2+0.3 ve 9.8+0.5’dir. Bu bulgular, IPTnin kanath

Besin bileseni
Besin degeri
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beslemede kullanilabilecek bir protein kaynag oldugunu
gostermektedir.
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INTRODUCTION

Bombyx mori L. (B. mori) is an economically and ecologically important insect, representing an ideal lepidopteran
species in many scientific studies. It was domesticated in China over five thousand years ago (Gong et al., 2016).
The silkworm is a type of insect characterized by a complete metamorphosis with a short and rapid life cycle
consisting of four stages, including egg, larva, pupae (in the cocoon), and butterfly (adult; Sharma et al., 2022). The
main purpose of silkworm breeding is to obtain silk, so after the completion of cocoon spinning by larvae, the pupae
are killed through the cocoon boiling process to prevent the emergence of pupae from the cocoon. The remaining
pupae after silk reeling become a waste material in large quantities, which could be accepted as an important by-
product of silk production (Patil et al., 2013). On the other hand, waste pupae are often thrown out of the
environment or used as fertilizer, leading to serious environmental pollution and the loss of valuable resources
(Wei et al., 2009). In other words, pupae left over after silk reeling are highly nutritious waste that have to be
utilized with different aims to support the sustainable agriculture production (Lamberti et al., 2019).

More than 200,000 tons of spent silkworm pupae are obtained each year throughout the world. The biggest
producer countries are mainly China and India, followed by Brazil, Thailand, Indonesia, Vietnam, and South Korea
(Thirupathaiah et al., 2018). In Turkey, 78 tons of fresh cocoon production were achieved in 2023 (TUIK, 2024).
However, since the moisture content of dead pupae is very high, they could easily spoil and cause a bad odor and
environmental pollution (Rashmi et al., 2023). Therefore, it could be offered to dry under the sun and ground before
usage, to ensure a more uniform mixture in the rations (Jintasataporn, 2012). Additionally, using such a valuable
source of protein in poultry nutrition is a good way to reduce the environmental impact of the silk industry
(Kowalska et al., 2020). Previous studies demonstrated that silkworm pupa could be accepted as a nutritious source
of its major nutrient components and bio-active compounds (Mishra et al., 2003; Meyer-Rochow & Jung, 2020).

In poultry nutrition, traditional protein sources include plant-based protein sources such as soybean meal and
sunflower seed meal, and animal-based protein sources such as meat meal, meat-bone meal, and fish meal (Sajid
et al., 2023). However, since soybean production in Turkey is very insufficient, soybean meal, which is used in
large quantities in poultry rations, is supplied through imports. On the other hand, when evaluating
slaughterhouse by-products such as meat-bone meal and blood meal as protein source feed ingredients, issues such
as the risk of Salmonella and the inability to definitively determine feed values could cause difficulties (Limeneh
et al., 2022). Therefore, to comply with future tendencies by sustainable production in the agricultural production
chain, it is crucial to investigate the local, available, and economic alternative protein sources to replace the
traditional ingredients in poultry feed (E1-Sobrout et al., 2023; Khalifah et al., 2023). Considering all these factors,
it has been demonstrated through some studies that the pupa, obtained as a natural waste product, could serve as
an alternative to traditional proteins, and it has gained increasing importance in recent years (Kowalska et al.,
2020; Tamuly et al., 2024; Zotte et al., 2024).

In a recent study performed by Yeruva et al. (2023), dried pupae, that were harvasted at 6th day of spinning process,
had a balanced nutrient profile for protein (51-55%), fat (25-32%), carbohydrate, minerals and vitamins which
make the silkworm pupae as good source for human food and animal feed. Also, the researchers highlighted that
the dried pupa had a rich content of bioactive compounds, including essential amino acids, e.g., lysine, leucine,
methionine, and tryptophan, omega-3 fatty acids, e.g., a-linolenic acid, phenols, and flavonoids. Besides, it was
found that silkworm pupa had 18 different components of phenolic acids, mainly cinnamic acid and ferulic acid,
and 15 different components of flavonoids, including quercetin, catechin, myricetin, luteolin, and epicatechin.
Therefore, the pupae could be used as a functional food due to their potential beneficial effects, such as anti-oxidant,
anti-hypertensive, anti-tumor, anti-coagulant, and anti-bacterial effects. It is noteworthy that the nutritional
content of the silkworm pupa powder could show variations according to the silkworm lines, feeding conditions,
harvesting time during the spinning process, drying, and grinding processes of the pupa. However, no
comprehensive data exists on the nutrient profile of silkworm pupae produced under Turkish sericulture
conditions. We hypothesized that Turkish silkworm pupae would exhibit a nutrient profile competitive with
conventional protein sources. In this respect, determining the nutrient content of silkworm pupae raised under the
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current production and feeding conditions in Turkey is an important issue for making a general comparison and
evaluating their potential against traditional protein feed ingredients in animal nutrition. The objective of this
study is to investigate the nutrient composition, amino acid and fatty acid profiles, and mineral content of silkworm
pupa powder, which was reared in Bursa (Tiirkiye) and harvested at the end of the spinning process (at the 6t day
of this process).

MATERIAL and METHOD

In the study, the pupae of the hybrid silkworm line obtained from the Bursa Koza Agricultural Sales Cooperatives
Union were used as material. The silkworms were kept at an ambient temperature of about 250 °C and ambient
humidity of 75% and fed fresh mulberry leaves for all instars. Silkworm cocoons were harvested on the 6th day
after the beginning of cocoon spinning. To prevent the emergence of adult butterflies from the harvested cocoons,
the cocoons were dried in an 80 °C oven (Heraeus T6120) for 30 minutes. After the cooling process, the pupae
obtained by cutting cocoons were dried in an oven set at 130°C for 12 hours until they reached a constant weight,
then ground in a laboratory mill (Fritsch Pulverisette14) with a 1 mm sieve, and stored in an airtight container
until further analysis (Pereira et al., 2003).). Each analysis was performed with 3 samples of silkworm pupa powder
for creating 3 repetitions.

Chemical Composition Analyses

The analyses of proximate composition of silkworm pupa powder, moisture, ash, fat, protein, and crude fibre
content were determined according to the standard methods reported by AOAC (2005).

Moisture

To determine the moisture content of silkworm pupa, a 10 g silkworm pupa powder sample (initial weight, IW)
was placed in a hot-air oven (100°C). The sample was then collected after drying for the required amount of time,
and its final weight was measured. The samples were heated once again in the same oven for one hour and weighed
once they had cooled to make sure the drying was finished (final weight, FW).

] Initial weight — Dry weight
Moisture (%) = Initial weight * 100

Ash

After precisely weighing 5.0 g of the dried silkworm pupa powder sample into a crucible that previously had been
heated and cooled, it was placed in a muffle furnace set at 600°C for approximately five hours, provided cooling in
a desiccator, and then weighed again.

Crude protein

The crude protein content of samples was determined by multiplying the nitrogen value by 6.25 and determining
the sample's nitrogen content. The standard Kjeldahl technique was used to estimate nitrogen.

Protein content (%) = Nitrogen (%) X 6.25

Ether extract

To determine the crude lipid content of samples, 10 g of dried pupa powder was put into a thimble and covered
with cotton according to the procedure in the Soxhlet extraction method. Then the thimble was extracted using
hexane for almost eight hours. The extract was filtered; the oil content was measured after removing the hexane
content by a vacuum evaporator.

Weight of hexane extract

" 9
T o) = x 100
lpia conten (1009 samp e) Weight of sample

Carbohydrate

The carbohydrate content of samples was determined by using the difference method according to Egounlety and
Awoh (1990). The total percentage of the moisture, crude fiber, ash content, and protein content of the samples
was subtracted from 100%, thereby determining the remnant as the total carbohydrate content.

Fatty acid profile
A total of 3 g of pupae powder was placed into 50-mL screw-cap tubes. Then, 30 milliliters of Folch-I solution
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(CHCI5:CH30H, 2:1 v/v; Folch et al., 1957) was added. After the vortex procedure, the sample was filtered into
another volumetric flask. After adding saline solution (10 mL, 0.88% NaCl) and Folch-I (2 mL) into the flask, it
was vortexed. The phase separation was provided, and the bottom layer was transferred into a petri dish. After
the drying process (40 °C for 2 hours), the dried lipids with an amount of 0.4 mL were mixed with 1 mL BF3-
methanol for the solubilization process (Cherian et al., 2002). Afterwards, heating (90-100°C for 60 min), cooling,
and phase separation were applied to obtain the hexane layer. Gas chromatography was used to separate and
quantify fatty acid methyl esters (FAME). The fatty acid methyl esters (FAME) were analyzed using a gas
chromatograph (Agilent 6890N Series) fitted with a flame ionization detector (Agilent Technologies Inc.,
Wilmington, DE). The studies were conducted using an HP 5-MS capillary column (30 m X 0.25 mm i.d., 0.25 pm
film thickness; Agilent Technologies Inc.). At 250°C and 300°C, respectively, the injector and flame ionization
detector were kept. By comparing the retention times to FAME standards (Mixture ME-100; Greyhound
Chromatography and Allied Chemicals, Birkenhead, Merseyside, UK), sample FAME was identified. The fatty
acid content of samples was given as percentages of total fatty acids.

Color characteristics

The color characteristics were evaluated with measuring of redness (a*), lightness (L*) and yellowness (b*) of
silkworm pupa powder (n = 6; SPP (six independent samples)) by using a spectrophotometer (Konica Minolta,
Osaka, Japan) as explained by (Uguz & Sozcu, 2023).

Amino acid profile

After weighing a uniform 0.5 g sample of silkworm pupa powder, 20 mL of hydrochloric acid was added, and the
mixture was burned for 18 to 24 hours at 110 °C. After adding 20 milliliters of distilled water, the sample was
dried at 70 degrees Celsius in an evaporator. After adding distilled water to reach 25 mL, the mixture was
centrifuged for 15 minutes at 10,000 g. After that, 0.2 pL of the sample was extracted and dissolved in 0.1% formic
acid-containing methanol. The supernatant was then put onto the column (Zorbax Eclipse AAA 4.6 X 150 mm, 3.5
um) after being filtered using a nylon filter membrane. Amino acid analysis was conducted using the LC-MS
conditions (Nimbalkar et al., 2012). Solvent A, which is water with 0.1% formic acid, and Solvent B, which is
methanol with 0.1% formic acid, were utilized as the mobile phase.

Minerals

The samples of silkworm pupa powder with an amount of 0.25 g were mixed with 10 mL of nitric acid (HNOs, 67%
v/v). The mouths of the microwave containers were tightly sealed, and the samples were dried at 200°C for 15
minutes and then allowed to cool. Then, the samples that had turned into a solution were completed to 25 mL with
ultra-pure water and analyzed for mineral nutrients according to the induction coupled plasma atomic emission
spectroscopy (ICPAES) procedures (Eknayake et al., 1999). The instrument was calibrated with known standards,
and samples were analyzed at corresponding wavelengths.

Statistical Analysis

All results were given as the mean of three measurements belonging to three samples of silkworm pupa powder,
presented as mean + standard deviation.

RESULTS and DISCUSSION

The silkworm pupa powder is a rich source of essential nutrients, minerals, and bioactive compounds; therefore, it
has already been used for medicinal and human nutrition purposes. Likewise, current results clearly showed that
the silkworm pupae had a rich content of nutrients, which could potentially be used as an alternative protein
source in poultry nutrition. The chemical composition of silkworm pupa powder is presented in Table 1. The
moisture, dry matter, and ash content of the silkworm pupa powder were found to be 75.50%, 24.50%, and 5.9%,
respectively. The crude protein was 58.84%, and the EE content was found as 20.81%. The silkworm pupa powder
had 4.80% of crude fiber, 89.93% of organic matter, and 0.35% of carbohydrates. In another study, Yeruva et al.
(2023) investigated the proximate composition of silkworm pupa powder, including the moisture content (76.7%),
dry matter (23.08%), crude protein (54.50%), fat (28.03%), ash (4.5%), and carbohydrates (4.7%).

Previous reports clearly highlighted huge variations in the composition of silkworm pupae. Indeed, the moisture
content varied between 5.89 and 10% (Mishra et al., 2003; Nisha et al., 2014; Bhagat & Barat, 2017). Dry matter
content of silkworm pupa powder was found to be 87.50% (Oso & Iwalaye, 2014) and 92.10% (Ullah, 2016). On the
other hand, ash content of silkworm pupa powder ranged from 0.8% to 17.2% (Ahmad et al., 2000; Koundinya &
Thangavelu, 2005; Ullah, 2016; Bhagat & Barat, 2017). Fiber content was reported as 14% (Koufimski &
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Adamkov, 2016), 11.20% (Banday et al., 2009), 5.01% (Oso & Iwalaye, 2014), 6.6% (Makkar et al., 2014), 5.55%
(Ullah, 2016), and 3.5-4.7% (Shukurova et al., 2021). Observed these changes in constituents of silkworm pupa
powder could probably arise from silkworm strains (Eri, Muga, Tasar, Mulberry silkworms), feeding level of larvae,
harvesting location and time, seasonal and environmental conditions, storage and drying conditions, de-fattening
process of pupa (Oduguwa et al., 2005; Ojewola et al., 2005; Zhou & Han, 2006; Banday et al., 2023). These facts
have hypothesized that silkworm pupa powder could have a specialty as a regional product due to changes in its
nutritional composition (Meyer-Rochow et al., 2021).

Table 1. Nutrient content and color characteristics of silkworm pupa powder
Cizelge 1. Ipek bocegi pupa tozunun besin madde igerigi ve renk ozellikleri

Parameters

Chemical composition % (Dry matter basis)
Moisture 75.5+0.95
Dry matter 24.5+0.29
Crude protein 58.8+0.39
Ether Extract 20.8+0.93
Crude fiber 4.8 +0.08
Ash 5.9+ 0.04
Organic matter 89.9+ 0.09
Carbohydrates 0.35+0.08

Color characteristics
L* (lightness) 44.0 + 0.69
a* (redness) 8.0+0.10
b* (yellowness) 23.5+0.80

Values are mean +SD of 3 samples of silkworm pupa powder.

Laying hens have no ability to synthesize the color pigments. Therefore, the diets should be supplemented with
ingredients with a rich content of pigments. The pigment value of feed materials is crucial for the color of poultry
products to attract consumers (Baiao et al., 1999). The coloration capacity of feed materials could be determined
by colorimetric measurement of L¥ a¥* and b*values. As given in Table 1, the L* a* and b* values of silkworm
pupa powder were found to be 44.0, 8.0, and 23.5, respectively. According to the color measuring scale, L*value
determines the lightness from black to white (values from 0 to 100), a*indicates the redness from green (-120) red
(+120) and b* represents the yellowness from blue (-120) to yellow (+120) (Pujari et al., 2010). According to the
findings, silkworm pupa powder was found to be a color scale between red and yellow with a mild, darker tint.
Therefore, silkworm pupa powder could have potentially beneficial effects for the pigmentation of broiler meat and
egg yolk. However, it requires demonstrating the effectiveness of silkworm pupa powder on the color of meat and
yolk. Kongsup et al. (2022) found a darker yellowness of skin color in broilers fed with 10% supplementation of
silkworm (Samia ricini) pupa meal. This finding has been explained by the involvement of different pigments
(melanin, pterins, ommatidial chromophores, and especially carotenoids) in insect coloration (Jariyahatthakij et
al., 2018), which reflects the meat color. Furthermore, Priyadharshini et al. (2017) highlighted the ameliorative
effect of silkworm pupae supplementation for egg yolk color in laying hens.

As seen in Table 2, the most abundant essential amino acids were lysine with an amount of 98.14 g, followed by
histidine (18.92 g), phenylalanine (15.10 g), methionine (14.62 g), and isoleucine (14.30 g) in silkworm pupa powder.
The higher content of non-essential amino acids was found for glycine (104.03 g), serine (43.09 g), aspartic acid
(40.22 g), proline (39.93 g) and arginine (35.36 g), compared to the alanine (15.50 g), cystine (6.66 g), glutamic acid
(29.78 g), tyrosine (25.95 g) in silkworm pupa powder.

The silkworm pupa could be accepted as a good and high-quality protein source with a crude protein content
between 50% and 60% on a dry matter basis, with a rich content of 17 different amino acids (Rashmi et al., 2023).
This amount of crude protein is higher than many animal and plant origin feed materials. Indeed, recently edible
insects, also silkworms, have been largely recommended as a protein source for both human and animal nutrition
(Wendin & Nyberg, 2021). In poultry nutrition, the limiting amino acids are lysine and methionine (Zhou & Han,
2006). The findings showed that silkworm pupae powder lysine and methionine contents are satisfactory for
digestibility and poultry requirements. It is consistent with previous studies performed by Chandrasekharaiah et
al. (2002, 2003). Longvah et al. (2011) found the amino acid score and a protein digestibility-corrected amino acid
score with values of 100 and 86, respectively, for silkworm pupae.

1395



KSU Tarim ve Doga Derg 28 (5), 1391-1400, 2025 Arastirma Makalesi
KSU J. Agric Nat 28 (5), 1391-1400, 2025 Research Article

Table 2. The profile of essential and non-essential amino acids of silkworm pupa powder
Cizelge 2. Ipek bocegi pupa tozunun esansiyel ve esansiyel olmayan amino asit profili

Amino acids Content (mg/g)

Essential amino acids
Histidine 18.9+1.32
Isoleucine 14.3 £ 0.80
Leucine 8.3+0.15
Lysine 98.1 £ 5.80
Methionine 14.6 £ 1.43
Phenylalanine 15.1 £ 1.38
Threonine 9.3+0.80
Valine 21.4+1.68

Non-essential amino acids
Alanine 15.5+1.95
Arginine 35.4 + 3.26
Aspartic acid 40.2 + 3.64
Cysteine 6.7+ 0.50
Glutamic acid 29.8 +2.45
Glycine 104.0 + 6.69
Proline 39.9+ 3.57
Serine 43.1 + 3.38
Tyrosine 25,9+ 1.82

Values are mean +SD of 3 samples of silkworm pupa powder.

When comparing the amino acid profile of silkworm pupa to conventional protein sources, such as soybean meal
or fishmeal, it has been demonstrated that comparable differences exist between amino acid levels, especially for
lysine and methionine. According to the previous reports, the methionine content was found to be with values of
3.88 g/100 g in silkworm pupa, 3.02 g/100 g in fishmeal and 0.52 g/100 g in soybean meal, whereas the lysine
amount was 7.52 g/100 g in silkworm pupa, 4.56 g/100 g in fishmeal and 2.62 g/100 g in soybean meal (Ji et al.,
2015; Ullah, 2016; Dawit, 2019). Silkworm pupa powder's lysine content (98.1 mg/g) surpasses fishmeal (45.6 mg/g)
by 115%, addressing a key limitation in poultry diets. Previous reports have indicated that silkworm pupa had
higher nutritional value (Khatun et al., 2003; Ullah, 2016), and it could partially replace 50% of the traditional
protein feed ingredients, mainly soybean or fish meal, in poultry nutrition (Valeria et al., 2015; Heuzé et al., 2017).

In the current study, the fat content was found to be similar to previous findings reported by Yeruva et al. (2023),
who found a fat content of 25-30% in dried silkworm pupa with a rich profile of essential fatty acids, including a-
linolenic acid, and omega-3 fatty acids. In another study, it has been reported that silkworm pupa powder had a
high number of essential oils (49.0%, including a-linolenic acid and linoleic acid), non-essential fatty acids (8.6%),

and eicosatetraenoic acid (0.3%; Kwon et al., 2012). The fatty acid profile of silkworm pupa powder is presented in
Table 3.

The fatty acids lauric acid, myristic acid, palmitic acid, stearic acid, oleic acid, and a-linolenic acid were found as
abundant fatty acids in silkworm pupa powder. These fatty acid values were found to be similar to previous reports.
The high ®-3:@-6 ratio (4:1) may enhance egg yolk fatty acid profile and anti-inflammatory responses. The C16:0
content of silkworm pupa was reported as 21.3-28.3% by Pereira et al. (2003), 24.2% by Tomotake et al. (2010),
23.18% by Kumar et al. (2021), and 23.18% by Zhou et al. (2022). The oleic and a-linolenic acid concentrations
ranged between 26.00-38.00% and 17.00-38.25%, respectively, in previous studies (Nakasone & Ito, 1967; Kotake-
Nara et al., 2002; Pereira et al., 2003; Tomotake et al., 2010; Kumar et al., 2021).

Some of fatty acids are accepted as essential for poultry, due to their inability in synthesizing or converting of fatty
acids one to another fatty acid in same series (Enser, 1984). Therefore, the essential fatty acids, especially linoleic
acid (C18:2), linolenic acid (C18:3), and arachidonic acid (C20:4), have to be added to the diets to obtain optimum
growth and a strong immunity. To provide an adequate amount of essential fatty acids in the poultry diet, a
minimum supplementation of fat with a level of 10 g/kg is recommended by Leeson &Summers (2005). However,
to ensure the confidential amount in commercial poultry nutrition, a fat level of between 20 and 50 g/kg is usually
applied with different ingredients, for example, oil or cereal grains, according to their prices and availability
(Ravindran et al., 2016).
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Table 3. Fatty acids profile of silkworm pupa powder
Cizelge 3. Ipek bocegi pupa tozunun yag asitleri igerigi

Fatty acid Analyte (%)

C12:0 Lauric acid 0.05+0.01
C14:0 Myristic acid 0.13+0.01
C16:0 Palmitic acid 20.10+0.14
Cl6:1 Palmitoleic acid 0.98+0.02
C17:0 Heptadecanoic acid 0.07+0.01
C17:1 Cis-10-heptadecaenoic acid 0.05+0.01
C18:0 Stearic acid 5.924+0.08
C18:1c Oleic acid 30.15+0.21
C18:2¢ Linoleic acid 8.66+0.03
C18:3n6 Gamma-linolenic acid 0.01+0.01
C18:3n3 Alpha-linolenic acid 33.18+0.17
C22:0 Behenic acid 0.13+0.02
C22:2 Cis-13,16-docosadienoic acid 0.08+0.01
Saturated fatty acids (SFA) 26.7+0.05
Mono-unsaturated fatty acids (MUFA) 31.2+0.08
Poly-unsaturated fatty acids (PUFA) 42.0+0.05

Values are mean +SD of 8 samples of silkworm pupa powder.

The proportion of PUFA was found to be the highest, with a value of 42.0%, then SFA (26.7%) and MUFA (31.2%)
in silkworm pupa powder. Similarly, Wei et al. (2009) reported that the silkworm pupa had a higher content of
PUFA, especially the C18:3t, comprising approximately 68% of total UFA. The PUFA mainly includes linoleic acid
and alpha-linoleic acid, which are classified as essential fatty acids and have to be received through diets due to a
lack of the required enzymes for synthesizing PUFA (Orsavova et al., 2015). Hibeanu et al. (2023) highlighted that
silkworm pupa could be accepted as a sustainable, safe, valuable, and alternative source for n-3-rich PUFA.

Table 4. Selected minerals content of silkworm pupae powder
Cizelge 4. Ipek bécegi pupa tozunun bazi mineral maddeler igerigi

Minerals Concentration (ppm)
Potassium (K) 83.9+0.6

Phosphorus (P) 63.4+1.8

Magnesium (Mg) 26.2+0.3

Calcium (Ca) 9.80+0.5

Iron (Fe) 0.51+0.02

Sodium (Na) 0.65+0.03

Zinc (Zn) 0.74+0.03

Hibeanu et al. (2023) noted that the silkworm pupa powder could include many minerals, up to 25 different
minerals, which potentially have crucial physiological functions. However, Zhou et al. (2022) have emphasized that
the type and amount of minerals could show variations according to the silkworm strain, location, and feeding
status of larvae. Koundinya and Thangavelu (2005) indicated that silkworm pupa powder had a rich content of
minerals such as calcium, phosphorus, and iron, whereas Rashmi et al. (2023) recently suggested that silkworm
pupa had a low content of minerals, accounting for 3-10% minerals on a dry matter basis. Zhou et al. (2022)
reported that silkworm pupae represent a substantial source of calcium, potassium, iron, and zinc. Their analysis
of the mineral composition of silkworm pupae, expressed on a dry matter basis, revealed the following
concentrations: phosphorus (474 mg), magnesium (207 mg), calcium (158 mg), iron (26 mg), zinc (23 mg), chromium
(1.69 mg), manganese (0.71 mg), and copper (0.15 mg).

CONCLUSION

In conclusion, our results indicate that the silkworm pupa powder, a significant byproduct of the silk industry, is
a nutrient-rich. Moreover, it has an excellent profile in terms of nutrients such as protein, fat, amino acids, and
fatty acid composition. It is a source rich in limiting amino acids such as methionine and lysine, with an essential
amino acid profile. Additionally, it is a rich source of monounsaturated and polyunsaturated fatty acids, which are
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crucial for overall health functions. This nutritional profile makes the silkworm pupa powder a valuable and
versatile feedstuff that could be used in animal feed as an alternative to traditional protein sources like soybean
meal. Additionally, due to their sustainability, environmental friendliness, and nutritional value, they are
becoming increasingly popular as an animal-based protein source. Due to this potential, the sericulture industry
should continue to be developed. Thus, the use of silkworm pupa powder in animal feed will reduce dependence on
traditional protein sources. At this point, it could reduce feed costs and potentially minimize the negative
environmental impact. In summary, silkworm pupa powder is abundant in protein, environmentally friendly, and
a low-cost animal feed ingredient.
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