
The New Zealand Institute for Plant and Food Research Limited

Bioconversion 
of a meat industry 
side-stream into 
added-value products 
and ingredients 

Heike Schwendel, Mario Alayon, Geoff Holmes, Amira 

Mahmoud, Saeedeh Asfar, Kambiz Esfandi, Damian Moran



Objectives 

Investigation if sheepskin could be used as a substrate to 
rear Black soldier fly larva (BSF) and then produce BSF larva 
meal to be used as an ingredient in the formulation of 
animal feed.



Background 

Alternative uses for sheepskin, which is a side stream from the lamb meat industry, with 
an annual volume of approximately 28,000 ton/year. 

Low grade hides and skins are uneconomic to 
process and are sent to landfill instead. 
Meat Industry Association 



Black Soldier Fly larvae 



Objectives 

Investigation if sheepskin could be used as a substrate to 
rear Black soldier fly larva (BSF) and then produce BSF larva 
meal to be used as an ingredient in the formulation of 
animal feed.

• Characterization of the nutritional profile of different 
skin materials 

• Insect dynamics and life history parameters

• Nutritional profile of the insects reared on different diets

• Feasibility study



Trial Design

Standard diet (S) broll, typical chicken diet based on wheat residues

Sheepskin with partially shearing (SW) short wool

Sheepskin without shearing (LW) long wool 

Sheepskin chemically treated (CT) to remove wool

Sheepskin enzymatically treated (ET) to remove wool

• BSF larvae were feed with broll for 7 days after hatching 

• moved to the different diets for 15 days 

• 2 different larval density 200 and 400 

• Larvae and Larvae meal composition analysed



Trial Design



Different life stages of BSF larvae and survival rate 

Short Wool 99%

Long Wool 92%

Broll 99%

Chemical treat. 23% 

Enzymatic treat. 66% 



Amino acid profile of Sheep skin and BSF larvae meals
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Broll Diet 31 44 43 9 129 32 19 0 0 19 38 28 7 25 44 26 21 2 21 27 563

Chemical treat Diet 57 68 49 9 96 117 10 5 58 19 42 34 7 23 73 34 25 0 20 27 773

Enzyme treat. Diet 63 72 51 16 99 130 12 5 66 19 41 33 7 23 86 37 28 0 21 28 838

Long wool Diet 40 90 65 53 141 50 12 0 5 30 74 32 6 34 58 75 53 0 50 46 917

Short wool Diet 65 76 56 18 109 131 12 5 62 20 46 36 6 25 86 42 30 0 24 29 877

Larvae meal composition

Broll BSF 54.6 56 27 69 3 81 38 18 0 0 29 47 41 8 28 40 30 28 4 50 42 639

Chemical treat. BSF 42.9 56 28 56 5 87 35 14 0 0 27 43 36 5 24 41 27 25 2 40 38 589

Enzyme treat. BSF 49.8 63 29 61 5 92 38 19 0 0 30 48 43 6 28 43 29 28 5 49 42 656

Long wool BSF 53.3 56 34 72 5 85 40 20 0 0 32 52 43 9 33 44 31 29 6 60 46 699

Short wool BSF 47.4 59 33 77 5 90 41 22 0 0 33 54 48 8 35 45 32 31 6 62 47 727

Taurine not detected



Amino acid profile of Sheep skin and BSF larvae meals

Fatty acids %
Diet composition C
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Broll Diet 31 44 43 9 129 32 19 0 0 19 38 28 7 25 44 26 21 2 21 27 563

Chemical treat Diet 57 68 49 9 96 117 10 5 58 19 42 34 7 23 73 34 25 0 20 27 773

Enzyme treat. Diet 63 72 51 16 99 130 12 5 66 19 41 33 7 23 86 37 28 0 21 28 838

Long wool Diet 40 90 65 53 141 50 12 0 5 30 74 32 6 34 58 75 53 0 50 46 917

Short wool Diet 65 76 56 18 109 131 12 5 62 20 46 36 6 25 86 42 30 0 24 29 877

Larvae meal composition

Broll BSF 54.6 56 27 69 3 81 38 18 0 0 29 47 41 8 28 40 30 28 4 50 42 639

Chemical treat. BSF 42.9 56 28 56 5 87 35 14 0 0 27 43 36 5 24 41 27 25 2 40 38 589

Enzyme treat. BSF 49.8 63 29 61 5 92 38 19 0 0 30 48 43 6 28 43 29 28 5 49 42 656

Long wool BSF 53.3 56 34 72 5 85 40 20 0 0 32 52 43 9 33 44 31 29 6 60 46 699

Short wool BSF 47.4 59 33 77 5 90 41 22 0 0 33 54 48 8 35 45 32 31 6 62 47 727

Taurine not detected



Mineral profile of Sheep skin and BSF larvae meals

Larvae meal composition
Larvae feed on different diets

Total 
Nitrogen 
(g/100g)

Crude 
Protein 

(g/100g)
Crude Fat 
(g/100g)

Calcium 
(g/100g)

Magnesiu
m (g/100g)

Potassium 
(g/100g)

Sodium 
(g/100g)

Phosphoru
s (g/100g)

Sulphur 
(g/100g)

Iron 
(mg/kg)

Boron 
(mg/kg)

Copper 
(mg/kg)

Manganese 
(mg/kg)

Zinc 
(mg/kg)

Broll Diet 8.7 54.6 29.5 0.68 0.32 1.48 0.07 0.93 0.44 229.3 1.31 17.6 480.4 161.6

Chemical treat Diet 6.8 42.9 41.8 2.30 0.26 0.91 0.11 0.69 0.30 120.3 1.57 11.7 209.2 93.1

Enzyme treat. Diet 7.9 49.8 39.2 0.67 0.26 1.01 0.10 0.80 0.34 177.9 0.74 44.5 211.8 114.3

Long wool Diet 8.6 53.3 32.0 0.59 0.27 1.12 0.12 0.73 0.41 309.3 0.85 12.3 288.0 177.1

Short wool Diet 7.6 47.4 35.8 0.41 0.21 0.98 0.10 0.61 0.37 180.1 0.95 9.6 210.6 111.6

Diet composition  (mg/kg) Cu Fe Ni Zn

Broll Diet 11.9 169.0 2.14 92.2

Chemical treat Diet 2.7 547.4 0.90 55.7

Enzyme treat. Diet 3.0 216.8 0.39 60.6

Long wool Diet 3.5 179.3 0 72.2

Short wool Diet 2.9 153.7 0 65.0



Mineral profile of Sheep skin and BSF larvae meals
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Fatty acid profile of Sheep skin and BSF larvae meals

Fatty acids %
Diet composition C
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Broll Diet 29.5 0.01 0.18 0.1 0.07 17.2 0.1 0.06 0.02 1.0 19.1 57.7 3.7 0.04

Chemical treat Diet 41.8 0.21 0.21 2.3 0.09 0.24 0.24 25.7 1.7 0.73 0.35 14.4 0.1 50.3 0.37 0.8 0.54 0.74 0.13 0.44 0.15

Enzyme treat. Diet 39.2 0.09 0.08 1.6 0.15 0.17 0.16 23.3 3.3 0.49 0.69 8.3 0.11 59.1 0.25 0.94 0.43 0.39 0.12 0.14 0.05

Long wool Diet 32.0 0.12 0.12 1.7 0.05 0.31 0.16 23.1 1.3 0.99 0.45 17.2 0.21 49.9 0.55 1.6 0.95 0.4 0.13 0.25 0.2

Short wool Diet 35.8 0.11 0.11 2.1 0.16 0.28 0.14 24.8 3.2 0.68 0.6 9.6 0.14 54.7 0.51 0.98 0.48 0.52 0.06 0.3 0.13

Larvae meal composition

Broll BSF 21.0 1.7 43.34 9.7 0.09 0.21 14.9 2.3 0.18 1.9 9.8 12.8 0.75

Chemical treat. BSF 28.7 0.79 19.16 5.5 0.17 0.57 20.7 5.5 0.47 2.8 0.13 32.8 0.21 4.8 0.5 0.08 0.23

Enzyme treat. BSF 29.4 1.16 23.43 5.6 0.19 0.72 18.1 5.8 0.38 2.6 0.13 29.7 0.23 5.1 0.55 0.1 0.26

Long wool BSF 21.5 1 28.62 6.5 0.86 19.7 2.5 0.45 3.7 26.6 0.16 6.4 0.75 0.39

Short wool BSF 27.6 0.86 21.5 6.7 0.08 0.95 21.6 2.8 0.68 5.0 0.1 31.2 0.33 4.2 0.7 0.1 0.29



Fatty acid profile of Sheep skin and BSF larvae meals
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Nutritional Feasibility

BSF meals could be used with a 30–40% inclusion in the diet formulation 
for dogs and cats

BSF meal could be used for fish and poultry diets



Financial Feasibility

10 year project life time

CAPEX $10,000,000

OPEX $350,000  per annum

1000 t Waste per annum = 340 t Dried meal at $15 per kg 

Gross profit $5,000,000 per annum
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