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Abstract

This study investigated the effects of feeding live black soldier fly larvae ( Hermetia illucens, LBSFL) as
a substitute for soybean meal (SBM) and oil (SO) on laying performance and egg quality parameters of
free-range laying hens. A total of 144 18-week-old hens (Lohmann Brown) were allocated equally (4
pens/treatment, 18 hens/pen) to two dietary treatments: SOY and LAR. Birds in SOY group received a
commercial laying meal with 13.5% SBM and 1.5% SO (phase 1). This SBM+SO was completely re-
placed with LBSFL in LAR group. In phase 2, the amount of SBM+SO and LBSFL were reduced to 10%.
LBSFL were offered twice daily, calculated based on the expected dry matter intake. Growth perfor-
mance and feed intake data were collected weekly. Laying performance data (number of eggs and egg
weight) were collected daily. Egg quality parameters were determined weekly (phase 1) or every two
weeks (phase 2). Feeding LBSFL did not affect hen’s growth and laying performance (p>0.05). During
the whole trial period, LBSFL-fed hens showed a significantly reduced overall dry matter intake and a
higher average individual egg weight, which resulted in a tendency to improve feed conversion ratio.

During the whole trial period, individual egg weight and yolk color increased significantly, while shell
thickness and shell weight were reduced in LAR compared to SOY group. There were no significant
differences in the remaining egg quality parameters. The results of this study indicate that replacing
SBM+S0 with LBSFL is a suitable alternative and sustainable protein and energy source for laying hens.

Introduction

Egg production faces increasing demands to improve sustainability, especially by reducing dependence
on imported protein sources like soybean meal. Exploring locally produced and sustainable feed alter-
natives is crucial to meet these goals without compromising hen’s performance or health.

Materials and methods

This study investigated the effects of feeding live black soldier fly larvae (Hermetia illucens, LBSFL) as
a substitute for soybean meal (SBM) and oil (SO), on laying performance and egg quality parameters
of free-range laying hens.

A total of 144 18-week-old hens (Lohmann Brown Classic) were allocated equally (4 pens/treatment,
18 hens/pen) to two dietary treatments: SOY and LAR (Table 1). Birds in SOY group received a com-
mercial laying meal with 13.5% SBM and 1.5% SO (phase 1, week 18-39). The SBM+SO was completely
replaced with LBSFL in LAR group. In phase 2 (weeks 40-50), the amount of SBM+SO and LBSFL were
reduced to 10%. LBSFL were offered twice daily and calculated based on the expected dry matter
intake. Growth performance and feed intake data were recorded weekly. Laying performance data
(number of eggs and egg weight) were recorded daily. Egg quality parameters were determined weekly
(phase 1) or every two weeks (phase 2) (N=2296).
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Table 1: Composition of the diets fed to laying hens

L soy | LAR soy | LAR
Feed composition (%) Phase 1 Phase 2
Live black soldier fly larvae (Hermetia illucens L.) = 15.00 = 10.00
Soybean meal 13.50 = 9.20 =
Soybean oil 1.50 - 0.80 -
Vegetable oil (sunflower+rapeseed oil) 1.55 1.55 2.35 2.35
Other feed sources 83.45 83.45 87.65 87.65

SOY, control group, laying meal with soybean meal (SBM) and oil (SO) as main protein and fat source; LAR, replacing SBM+SO

with live black soldier fly larvae; based on 88% dry matter

n=72 laying hens (Lohman Brown Classic); phase 1, 18-39 weeks of live; phase 2, 40-50 weeks of live

Results and discussion

Feeding LBSFL did not affect hen’s growth and laying performance (p>0.05, Table 2). The amount of
larvae offered were always completely eaten by the hens. Laying meal intake was highly significant
reduced in the LAR treatment compared to SOY (p<0.001). In combination with LBSFL feeding, LAR-
fed hens showed a significantly reduced overall dry matter intake (-3.7%; p<0.05) during the whole
feeding period. With a higher average individual egg weight (+2.0%; p<0.05), this resulted in a ten-
dency to improve feed conversion ratio (p<0.01).
During the whole trial period, there were no significant differences in the egg quality parameters (Ta-
ble 3) such as haugh units, amount of yolk, pH value in yolk and albumen, and yolk index between both
treatments (N=2296). However, individual egg weight and yolk color (+2.5%; p<0.05) increased sig-
nificantly, while shell thickness (-2.9%; p<0.05) and amount of shell weight (-3.6%; p<0.05) were

reduced in LAR.

Table 2: Effect of dietary treatments on growth performance parameters

SOoY LAR p-value
Body weight, week 18 g/hen 1409 =116 1402 +106 0.694
Body weight, week 30 g/hen 1862 +160 1899 *176 0.192
Body weight, week 50 g/hen 1963 £150 1964 +£155 0.982
Feed intake
Laying meal intake, phase 1 g FM/hen/day 117 +0.6 97 £3.1 <0.001
Laying meal intake, phase 2 g FM/hen/day 119 +2.7 100 +1.3 <0.001
Laying meal intake, phase 1+2 g FM/hen/day 118 0.8 98 24 <0.001
Larvae intake, phase 1 g FM/hen/day - - 64 £0.2 -
Larvae intake, phase 2 g FM/hen/day - - 45 0.8 -
Larvae intake, phase 142 g FM/hen/day - - 58 +0.3 -
Dry matter intake, phase 1 g DM/hen/day 104 +0.5 102 +2.8 0.174
Dry matter intake, phase 2 g DM/hen/day 106 +2.4 99 £1.2 0.005
Dry matter intake, phase 1-2 g DM/hen/day 105 0.7 101 £2.2 0.015
Laying parameters
Laying performance, phase 1 % 85 *1.2 86 £2.3 0.545
Laying performance, phase 2 % 94 +3.2 95 £3.2 0.847
Laying performance, phase 1-2 % 88 *1.2 89 £2.2 0.592
Individual egg weight, phase 1 g/egg 59 0.6 60 0.7 0.042
Individual egg weight, phase 2 g/egg 62 £0.8 63 £0.5 0.083
Individual egg weight, phase 142 g/egg 60 £0.6 61 #0.6 0.029
Feed conversion ratio, phase 1 g feed / g egg 2.74 £0.29 2.49 0.17 0.206
Feed conversion ratio, phase 2 g feed / g egg 2.06 +0.05 1.89 %0.05 0.004
Feed conversion ratio, phase 142 g feed / g egg 2.52 £0.18 2.30 £0.11 0.097

MEAN=SD, p-value according to ANOVA (GLM), p<0.05, SOY, control group, laying meal with soybean meal (SBM) and oil (SO) as

main protein and fat source; LAR, replacing SBM+SO with live black soldier fly larvae

n=72 laying hens (Lohman Brown Classic); phase 1, 18-39 weeks of live; phase 2, 40-50 weeks of live
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Table 3: Effect of dietary treatments on egg quality parameters

SoY LAR p-value
Egg weight, phase 1 g 59.7 7.2 60.6 £/.0 0.004
Egg weight, phase 2 g 62.7 24.8 63.6 #4.7 0.022
Egg weight, phase 1+2 g 60.3 #6.9 61.2 +6.8 0.001
Shell breaking strength, phase 1 N 47.8 +£10.2 45.6 +£10.7 <0.001
Shell breaking strength, phase 2 N 424 £9.1 40.8 £9.4 0.049
Shell breaking strength, phase 1+2 | N 46.7 £10.2 44.7 £10.6 <0.001
Haugh units, phase 1 88.9 #£82 89.0 #8.9 0.846
Haugh units, phase 2 84.2 #6.5 84.7 #7.1 0.462
Haugh units, phase 1+2 88.0 #8.1 88.1 #8.7 0.622
Yolk color, phase 1 according to Roche 10.3 #1.1 10.7 #1.1 <0.001
Yolk color, phase 2 according to Roche 11.0 #1.1 10.7 #0.9 0.012
Yolk color, phase 142 according to Roche 105 +#£1.2 10.7 #£1.1 <0.001
Proportion egg shell, phase 1 % 13.7 +£1.4 13.2 £1.3 <0.001
Proportion egg shell, phase 2 % 135 #£1.3 13.0 #£1.1 <0.001
Proportion egg shell, phase 1+2 % 13.6 #1.4 13.1 #1.3 <0.001
Proportion yolk, phase 1 % 25.0 £2.8 25.0 £2.6 0.844
Proportion yolk, phase 2 % 259 #£1.7 26.1 £1.8 0.129
Proportion yolk, phase 1+2 % 252 £2.6 25.2 £2.5 0.797
Proportion albumen, phase 1 % 61.3 £2.8 61.8 #2.7 <0.001
Proportion albumen, phase 2 % 60.6 2.2 609 £2.1 0.258
Proportion albumen, phase 1+2 % 61.2 £2.7 61.7 £2.6 <0.001
Shell thickness, phase 1 pm 387 £35 376 £38 <0.001
Shell thickness, phase 2 um 393 £33 379 #53 <0.001
Shell thickness, phase 1+2 ym 388 £35 377 #41 <0.001
Yolk index, phase 1 0.40 £0.03 0.41 £0.03 <0.001
Yolk index, phase 2 0.41 £0.03 0.40 #0.03 0.040
Yolk index, phase 1+2 0.41 £0.03 0.41 #0.03 0.182
PH-value, Albumen, phase 1 8.5 £0.3 8.5 #04 0.349
PH-value, Albumen, phase 2 84 £1.2 8.6 £0.3 0.240
PH-value, Albumen, phase 142 8.4 0.6 8.5 #0.3 0.130
PH-value, Yolk, phase 1 6.2 £0.2 6.2 #0.2 0.432
PH-value, Yolk, phase 2 6.2 0.1 6.2 #0.2 0.524
PH-value, Yolk, phase 142 6.2 #0.2 6.2 +0.2 0.343

MEAN=+£SD, p-value according to ANOVA (GLM), p<0.05, SOY, control group, laying meal with soybean meal (SBM) and oil (SO) as
main protein and fat source; LAR, replacing SBM+SO with live black soldier fly larvae

n=72 laying hens (Lohman Brown Classic); phase 1, 18-39 weeks of live; phase 2, 40-50 weeks of live

n=1133 (SOY), n=1163 (LAR)

Conclusion

LBSFL feeding enhanced certain egg quality parameters, such as yolk color and egg weight, while main-
taining growth performance. Thus, replacing SBM+SO with LBSFL is a suitable alternative and sustain-
able protein and energy source for laying hens.
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