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§ Study design
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Laying hen trial



§ Alternative protein and energy sources contribute to circularity and 
sustainability

§ Black soldier fly larvae meal (BSF) is a more sustainable alternative 
ingredient 

§ Bioactive compounds, i.e. chitin, lauric acid (MCFA C12), and antimicrobial 
peptides might provide health-promoting effects

§ A Promising ingredient for laying hens as; developed digestive tract, longer 
production, lower protein requirement

Alternative Ingredients
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Replacing SBM with BSFLM

Results of publications between 2016-2023
• Green: Inclusion levels with no effects or with positive effects on the performance
• Red: Inclusion levels negatively affected the performance
• Black outline: Complete replacement of SBM



§ Aim:

To study the effects of soybean meal replacement with two inclusion levels of BSF meal 
(5% and 10%) on laying performance, egg quality, and health status of laying hens

Study
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§ 378 Laying hens (19 weeks of age)

§ Brown Nick

§ Experimental period: 22-30 weeks of age

§ 3 treatments X 9 replicates

§ Experimental unit (n=27): Each Pen with 14 birds

Laying hen trial
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Treatments

1 0% BSF meal (Control diet)

2 5% BSF meal

3 10% BSF meal



Laying hen trial
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Control BSF 5% BSF 10%
Wheat 15.00 15.00 15.00
Corn 45.62 45.94 43.75
Rapeseed 3.00 3.00 3.00
Soybean meal 48% 13.48 6.92 0.00
Sunflower seed meal HiPro 10.00 10.00 10.00
wheat middlings 0.00 2.39 7.00
Poultry fat 2.32 1.82 1.88
BSFM 0.00 5.00 10.00
Limestone 7.90 7.90 7.90
Calcium carbonate 1.18 0.61 0.09
monocalcium phosphate 0.39 0.23 0.05
Sodium chloride 0.27 0.21 0.14
Sodium  bicarbonate 0.14 0.19 0.25
Lysine 50% 0.07 0.07 0.07
Lysine HCL 0.00 0.05 0.11
Methionine DL 0.11 0.13 0.16
L-Isoleucine 0.00 0.00 0.01
L-Threonine 98 0.00 0.01 0.03
Tryptofaan 98 0.00 0.01 0.04
Premix1 0.53 0.53 0.53



Timeline
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19 20 21 22 23 24 25 26 27 28 29 30

• Individual weight
• Uniformity Egg quality • Egg quality, chemical 

analysis, organoleptic
• Dissection and blood 

sampling

0% BSF (Control diet)

5% BSF

10% BSF



§ Two birds per replicate (=18 birds per treatment)
● Blood

● haematology, biochemistry, immunology (IgM and IgG)
● Lymphoid organs

● histological evaluation of liver, spleen, thymus, bursa
● Small intestine

● histomorphometry, gene expression, microbiome caecal 
content

● Liver and oviduct
● Gene expression

Dissection day-SUSINCHAIN
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Performance 1-8wk
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Parameter Control BSF5 BSF10 P-value

Body weight gain 
(W8 – W0, g)

511 502 505 0.8871

Control BSF5 BSF10 SEM P-value

Laying rate
93.8 93.4 95.1 0.72 0.2403

Egg mass
53.2 52.5 53.3 0.54 0.5334

Feed intake 
(g/day) 123.8a 120.3ab 118.8b 1.02 0.0090

Feed conversion 
ratio

2.33a

(0.02)

2.29ab

(0.02)

2.23b

(0.02)
0.021 0.0127



Physical characteristics of the eggs
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Week 4 Control 5% 10% P-value

Average egg weight (g) 56.38 (0.301) 57.02 (0.286) 56.07 (0.319) 0.0713

Shape index1 79.14 (0.325) 78.29 (0.315) 78.61 (0.342) 0.0805

Shell colour 19.96 (0.368) 19.30 (0.351) 19.08 (0.391) 0.2269

Breaking strength (N) 58.57 (1.097) 59.46 (1.053) 59.42 (1.155) 0.7814

Shell thickness (mm) 0.411 (0.0029) 0.412 (0.0028) 0.418 (0.0031) 0.1500

Shell weight (g) 6.19 (0.052) 6.22 (0.050) 6.19 (0.055) 0.8610

Surface area (cm2) 68.41 (0.258) 68.96 (0.245) 68.16 (0.273) 0.0698

SWUSA (mg/cm) 90.6 (0.84) 90.3 (0.82) 90.7 (0.88) 0.8933

Haugh unit 82.39 (0.891) 83.20 (0.854) 80.98 (0.951) 0.2048

Yolk colour (Roche) 10.71 (0.121) 10.52 (0.115) 10.75 (0.128) 0.3408

Yolk weight (g) 15.05 (0.161) 15.05 (0.155) 15.34 (0.170) 0.3089

Albumen weights (g) 35.2 (0.36) 35.7 (0.34) 34.6 (0.37) 0.0465

Week 8 Control 5% 10% P-value

Average egg weight (g) 59.8 (0.42) 60.0 (0.40) 59.2 (0.44) 0.2688 

Shape index1 78.50 (0.281) 78.02 (0.267) 78.01 (0.298) 0.3743

Shell colour 15.59 (0.282) 15.19 (0.270) 15.60 (0.298) 0.4616

Breaking strength (N) 57.69 (0.864) 56.83 (0.815) 58.00 (0.923) 0.6304

Shell thickness (mm) 0.413 (0.0022) 0.410 (0.0021) 0.416 (0.0023) 0.1829

Shell weight (g) 6.53 (0.051) 6.47 (0.049) 6.48 (0.054) 0.6701

Surface area (cm2) 71.30 (0.351) 71.52 (0.337) 70.76 (0.372) 0.2594

SWUSA (mg/cm) 91.6 (0.63) 90.6 (0.60) 91.5 (0.67) 0.4238

Haugh unit 76.97 (0.689) 77.55 (0.662) 77.23 (0.729) 0.8020

Yolk colour (Roche) 9.5b (0.10) 9.3b (0.10) 10.2a (0.10) <.0001

Yolk weight (g) 16.2 (0.15) 16.6 (0.14) 16.4 (0.16) 0.3238

Albumen weights (g) 36.9 (0.42) 37.0 (0.41) 36.3 (0.44) 0.4157



Egg quality
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• No significant effects on the content of dry matter, ash, crude 
protein and fat of yolk

CTRL BSF5 BSF10 SEM P-value

Wk4 91.3 91.2 91.8 0.83 0.8372

wk8 91.8 91.9 92.8 0.73 0.5586

CTRL BSF5 BSF10 SEM P-value

Week4 CP 34.0 34.6 34.0 0.20 0.0690

EE 55.5 55.3 55.6 0.19 0.6407

Week8 CP 34.1 34.1 34.3 0.15 0.7197

EE 56.8 56.7 56.8 0.11 0.6546

        Albumen crude protein (% as DM)

         Yolk crude protein and fat (% as DM)



§ Despite a reduced Ca intake, laying hens in BSF10 treatment maintained 
eggshell quality

§ About 6% higher gross energy which cannot fully explain the lower feed 
intake

Effects of Feed intake on Nutrient intake
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Control BSF 5% BSF10%

Ca g/kg 39.7 38.8 32.0

P g/kg 4.9 4.9 5.2

Average Ca 
intake

g/day
4.9 4.7 3.8

Gross energy Kcal/kg 3588 3626 3805



§ There is no rise in VFA (except propionic acid) ruling out its impact on the 
feed intake

Volatile fatty acids in cecal content
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Control BSF5 BSF10 SEM P-value

Acetic 5137.1 4810.6 4800.0 204.16 0.4131

Propionic 1053.0 1099.0 1136.6 42.29 0.4412

Butyric 1022.6a 697.9 b 634.8 b 57.58 <0.0001

Valeric 163.1 138.8 152.1 10.2 0.21

BCFA 246.7a 267.3 a 143.3 b 36.52 0.0052

Total 7629 7036 6872 288.2 0.1572

BCFA = branched chain fatty acids indicates sum of isobutyric and isovaleric acid



Blood

§ Systemic immune responses

§ Biochemistry parameters

§ Metabolomics

Digestive system

§ Microbiome

§ Volatile fatty acids

§ Gene expression

Multiomics analysis!
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Evaluating functional properties of feeding black soldier fly larvae in laying hens by 
FeedOmics, Dr. Edoardo Zaccaria             Poster Session 41 (Wed 8:30 – 13:00)



§ Replacing SBM with 10% BSF improved FCR

§ Feed intake reduced with no effects on egg production, body weight

§ Already after 4wk

§ No effects on the chemical composition of egg yolk and albumen

§ 10% BSF maintained eggshell quality and increased yolk colour

Outcomes
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Thank you for your 
attention

 arya.rezaeifar@wur.nl

Researcher Poultry Nutrition

Wageningen Livestock 
Research, WUR (The 
Netherlands)

Let’s join forces and cooperate!
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