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« Lower environmental
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Background

« Main protein sources for animal feed in the past years : soybeans, fishmeal, oilseed
by-products

* |[ssues:
* Environmental costs (land, water, transport)

 Dependence on imports (European Union)

* Insects:
* Natural protein source for many animals
* Increasing production with forecasts of 1.2 million tones by 2025

Wiedemann, S. G., McGahan, E. J., & Murphy, C. M. (2016). Environmental impacts and resource use from Australian pork production assessed using life-cycle assessment. 1. Greenhouse gas emissions. Animal Production Science, 56(9), Atticle 9.
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EU Approved Insects as

protein source for feed

Regulation No 2001/999 (Annex IV) amended
by the Regulation 2017/893 (Annex X)

TR -

Black Soldier Fly - Hermetia illucens L. (Diptera:
Stratiomyidae)

Housefly - Musca domestica L. (Diptera: Muscidae)

Yellow Mealworm - Tenebrio molitor L. (Coleoptera:
Tenebrionidae)

Lesser Mealworm - Alphitobius diaperinus Panzer
(Coleoptera: Tenebrionidae)

House Cricket - Acheta domesticus L. (Orthoptera:
Gryllidae)

Banded Cricket - Gryllodes sigillatus Walker
(Orthoptera: Gryllidae)

Field Cricket - Gryllus assimilis (F.) (Orthoptera:
Gryllidae)



EU Approved Insects as

protein source for feed
Regulation No 2021/1925

Silkworm - Bombyx mori L. (Lepidoptera:
Bombycidae)
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Bombyx mori L.

* Diet: Exclusively mulberry leaves

* Leaves are collected after pruning and provided to larvae
instantly to remain tender

» Trees need irrigation and fertilization

Processing the feed:

« 1%t-3instar: Leaves are chopped for easier consumption
« 4% instar: whole leaves

« 5% instar: Whole stem with leaves

Feed consumption for 1 ‘box’ of eggs (20k eggs)

*  650kg fresh leaves

« 0,06ha

Dedos, S. (2023). Sericulture. 330. https://doi.org/10.57713/KALLIPOS-207




Bombyx mori L.

*  65% of working hours = larva feeding

*  35% for cocoon preparation and harvesting

Dedos, S. (2023). Sericulture. 330. https://doi.org/10.57713/KALLIPOS-207




Aim of the Study

*Assess the nutritional composition
and conversion efficiencies of:

*Bombyx mori larvae and pupae

*Examine the environmental efficiency
of silkworm-based feeds.




Materials and Methods









Insects and diets preparation

Diet Nutritional Value

(%DM) (%DM) (%DM) (%DM)
Mulberry leaves 92.53 2.89 18.11 7.25 16.88
BSF diet 91.40 15.23 95.18 2.46 5.47




Insect Nutrients

Insects Samples:

e B. mori 5t instar larvae

* B. mori pupae

« BSF 6™ instar larvae

* Dried

« Ground

« Total nitrogen content: Kjeldahl method

* Non-protein nitrogen (NPN): trichloroacetic acid (TCA) method
e Crude fat (CF): Soxhlet method

* Ash: Ashing samples at 550°C for 4 hours

International Organization for Standardization. (1999). Animal Feeding Stuffs: Determination of Fat Content. International Organization for Standardization.
International Organization for Standardization. (2002). Animal Feeding Stuffs: Determination of Crude Ash. International Organization for Standardization.

International Organization for Standardization. (2005). Animal Feeding Stuffs: Determination of Nitrogen Content and Calculation of Crude Protein Content. International Organization for Standardization.
Licitra, G., Hernandez, T. M., & Van Soest, P. J. (1996). Standardization of procedures for nitrogen fractionation of ruminant feeds. Animal Feed Science and Technology, 57(4), 347-358. https://doi.org/10.1016/0377-8401(95)00837-3



Biological & Conversion Parameters

e 15 first-instar silkworms were selected
* Daily measurements:

« Viability

Body weight

Feces weight

Feed provided

* Feed consumption
* BCR

« PrCR

Dedos, S. (2023). Sericulture. 330. https://doi.org/10.57713/KALLIPOS-207



Biological & Conversion Parameters

Weight gain
Bioconversion rate % = gt g 9) x 100
Feed mass (g)

_ , , Protein gain (g)
Protein Conversion Ratio % = — x 100
Protein in feed mass (g)




Statistical Analyses

« ANOVA (a<0.05)
Data transformation [y=log(x+1)]
Multiple comparisons (Tukey HSD)
« JMP v 18.0 (SAS Statistics)
Prism (GraphPad)






Protein and Non-Protein nitrogen
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Protein and non-protein nitrogen (% of DM) for BSF and Bombyx mori Daizo race and H1x KKx V2x V2
hybrid (mean + standard error). Columns without common letters indicate significant differences.



Crude Protein (%DM)
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True Protein

True Protein (% of DM) for BSF
and Bombyx mori Daizo race and
H1x KKx V2x V2 hybrid (mean +
standard error). Columns without
common letters indicate
significant differences
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Crude Fat

Crude Fat (% of DM) for BSF and
Bombyx mori Daizo race and H1x
KKx V2x V2 hybrid (mean +
standard error). Columns without
common letters indicate
significant differences
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Insect Nutrients

Treatment Total N Protein N C. Protein True Protein Crude Fat
(%DM) (%DM) %DM) (%DM) (%DM) %DM) (%DM)

6.11+0,02¢ 49+0,042 1.21+0,05¢ 29.07+0,08¢c 2332+0212 1743+5562 39.76=1,49=2
DaizoL 874+0,192> 440+0,11b% 434+0,16¢c 41.62+0,92 20.97+0,522 11.18+0,272 12.76+0,17¢
HKVGL 891x0,1823 3.43x0,21¢c 548=0,14> 4242+0862* 1632+1,0°> 10.12+0,152 11.19+0,20¢
DaizoP 9.50=0,02@ 3.40+0,22¢ 6.10+0,202> 4520+0,102 16.17 1,06 5.49+=0,02> 23.12=0,14¢

HKVGP 858=0,10b 2.11+0,169 6.47+0,082 40.84=0,46> 10.06x0,77¢ 489+0,06> 2553=0,44b

Not common letters within each column indicate significant differences (ANOVA, a<0.05, Tukey HSD)



Biological Parameters

m Development (d) Wet mass per larva (g) Yield per larva (g in
DM
11.0 100

0.178 0.057

B

35.0 100 4.83 1.18
m 35.0 100 4.55 1.14
45.0 100 2.39 0.58077
45.0 100 2.28 0.56544



BCR (%)

Bioconversion ratio (%) for BSF
and Bombyx mori Daizo race and
H1x KKx V2x V2 hybrid (mean +
standard error). Columns without
common letters indicate
significant differences

BCR (%)
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Daizo pupae
H1xKKxV2xG2 larvae
H1xKKxV2xG2 pupae



PrCR (%)

Protein Conversion Rate (%) for
BSF and Bombyx mori Daizo race
and H1x KKx V2x V2 hybrid
(mean £ standard error). Columns
without common letters indicate
significant differences

PrCR (%)

BSF

Daizo larvae

Daizo pupae
H1xKKxV2xG2 larvae
H1xKKxV2xG2 pupae



Conversion Parameters

o N
“ 23.31+0,39° 4591 + 0,412
4,8+0,18¢ 25.04 + 0,92
m 5.65+0,16b 29.49 + 0,81 b
2.56 0,03 d 12.29 +0,15 ¢
2.69 0,03 d 14.3+0,169

Not common letters within each column indicate significant differences
(ANOVA, a<0.05, Tukey HSD)






Comparisons in nutritional value

*BSF:

» Higher Protein levels

* Much higher Fat levels

*Silkworm:
* From high to decent Protein
* From decent to low fat
* In Daizo: Larvae protein not different from pupae

« Crude fat: Higher in pupae



Conversion

*BSF:
« Higher PrCR and BCR

« Ability to process diverse organic waste efficiently

*Silkworm:
« Efficient utilization of mulberry protein.
« Monophagous: High levels of true protein

» Larvae: Higher BCR and PrCR than pupae



Environmental impact

*BSF:
e Lessland demand
» Smaller water footprint

*Silkworm:

* Fresh mulberry leaves
* Need for land

* Low water requirements
* Mulberry trees: can sequester up to 81.65t. CO, / ha/ year
« Unlike soy: Do not rely on deforestation
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Role in Circular Economy

*BSF:

» Process agricultural by-products, food waste, helping to close the nutrient cycle and reduce
food waste disposal issues.

« >50% of food waste: Transformed into protein and fat
 Frass: organic fertilizer
« Variety of waste streams: Adaptable for large-scale waste management

*Silkworm:

» Larvae: very low impact

» Pupae: Sericulture by-product

* No need for feeding

« Collection of other value-added by-product (sericin)
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Conclusions

*Silkworm is a promising alternative feed, due to the true protein content and
digestibility

*Compared to BSF, silkworm pupae have less true protein content, fat and
adaptability to diverse feedstocks

*Their role in the circular economy is significant only as pupae (by-product)

*Economically viable after harvesting silk, potentially sericin



Conclusions

Silkworm pupae stand out as a sustainable, high-protein feed alternative, offering
environmental, economic, and nutritional advantages.

Their integration into circular economy models enhances resource efficiency while
reducing waste from sericulture.

Despite challenges in scalability and market adoption, their potential in livestock,
aquaculture, and bioproduct industries makes them a promising candidate for future
sustainable feed solutions.
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