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Composition Analysis of Black Soldier Fly (Hermetia illucens) Larvae
Fed with Different Three Single Fruit By—products
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Industrial Insect and Sericulture Division, Department of Agricultural Biology, National Institute of Agricultural
Sciences, RDA, Wanju 55365, Korea

D Animal Welfare Research Team, National Institute of Animal Science, Wanju 55365, Korea

Abstract

As the world population growth and economy develops, the importance of eco-friendly organic waste resource treatment
and up-cycling increases. Black soldier fly (BSF) (Hermetia illucens) treats organic waste resources that allows it to be
recycled as a feed resource. In this study, we analyzed the nutrients composition, amino acid, and fatty acids of BSF larvae fed
three agricultural by-products, namely apple pomace, mandarin waste, and oriental melon waste (mainly generated in South
Korea). The highest BSF larvae crude protein and amino acid content was obtained in those fed mandarin waste compared
with the other two diets (apple pomace and oriental melon waste). BSF larvae fed apple pomace had the highest crude fat,
fatty acid, and lauric acid content compared with the other BSF larvae. Furthermore, all crude protein and fat content of
BSF larvae fed the three agricultural by-products exceed that of the original agricultural by-products.
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Table 1. Composition analysis of the fruit by-products and the Black soldier fly (Hermetia illucens) larvae fed on fruit
by-products (Unit: g/100 g) Nutrients compositions of three fruit by-products, calf feed as a control substrate and
dry matter of BSF larvae fed with each substrates were conducted. Data are shown as the mean values + SE (n = 3).
Different superscript letters indicated significant differences at p(0.05 by Tukey's multiple comparison test.

Substrates Black soldier fly larvae
Component Calf feed Apple Mandarin Oriental Calf feed Apple Mandarin Oriental

pomace waste Melon waste pomace Melon waste
Moisture 64.07+0.18" 81.53+0.41° 81.93+0.20° 83.97+0.03° 3.92+0.11¢ 0.48+0.03" 2284001 1.03#0.02°
Crude protein  22.80+0.15¢  5.63+0.04> 10.77£0.03° 2.7740.23* 46.73+0.97° 37.03+0.90° 44.53+0.07° 36.80+0.44
Crude lipid 2.64+0.13%  0.95+0.03°  220+0.12° 0.34+0.01° 24.03+0.33% 42.47+0.15¢ 28.63+0.19° 37.70+0.46°
Ash 7.07+£0.04°  7.69+0.16°  3.64+0.04* 12.47+0.44° 13.5040.12° 6.50+0.01° 8.66+0.25°  9.07+0.07°
Crude Fiber ~ 3.73+0.10°  4.35+0.10° 2.03£0.01® 0.48+0.02* 9.77£0.50° 13.9740.12° 16.07+0.45° 15.47+0.17™
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Table 2. Amino acid analysis of the fruit by-products and the Black soldier fly(Hermetia illucens) larvae fed on fruit by-products
(Unit: g/100 g) Amino acid analysis of three fruit by-products, calf feed as a control substrate and dry matter of BSF larvae
fed with each substrates were conducted. Data are shown as the mean values * SE (n = 3). Different superscript letters
indicated significant differences at p(0.05 by Tukey’s multiple comparison test. ND indicates ‘Not dectected ((Quantitation

limit = 0.02 g/100 g)’.

Substrates Black soldier fly larvae

O Gatieed  Jpple Mandun Onenlmelon cypreeq  pple  Mandan | Oriend
Essential amino acids

Histidine 0.10£0.00° ND ND 0.14£0.02*  1.10£0.02°  0.59+0.04*  0.83+0.01®  0.73+0.02°
Isoleucine 0.19+0.01° ND 0.04£0.00°  0.03+0.00°  1.69+0.03°  2.05+0.04°  0.15+0.05°  1.20+0.01°
Leucine 0.44£0.00°  0.03£0.00°  0.08+0.00°  0.04+0.00° 3.08+0.07°  5.82+0.09° 4.14+0.10° 2.37+0.03°
Lysine 0.24£0.01°  0.03£0.00° 0.03£0.00° 0.05+0.00° 1.96+0.07° 1.44+0.06® 1.54+0.03°  1.23+0.02°
Methionine ~ 0.13+0.00% ND ND 0.71+0.03  0.43+0.01®  0.51£0.02°  0.41£0.00°
Pheylalanine  0.21+0.00° ND ND 1.6740.01°  1.5140.04¢ 1.19+0.07  0.91+0.02°
Threonine 0.21£0.01° ND 0.03+0.00°  0.03+0.00°  1.58+0.02° 134+0.03" 1.50+0.03°  1.22+0.02°
Tryptophan ND ND ND ND ND ND ND
Valine 0.2140.01° ND 0.03£0.00°  0.03+0.00° 1.95+0.04° 1.51+0.01° 1.68+0.05°  1.42+0.02°
Non-essential amino acid
Alanine 0.26%0.00° ND 0.07£0.00°  0.14£0.01°  2.59+0.01°  2.24+0.05°  2.42+0.02°  2.17+0.04*
Arginine 0.2140.01¢ ND 0.03+0.00° 0.03+0.00° 1.40+0.04* 1.2140.02° 1.14+0.02°  1.21+0.02°
Asparticacid  0.39£0.01°  0.0840.00°  0.13£0.00°  0.07+0.01°  3.79+0.08°  2.34+0.06* 2.9240.07°  2.31+0.03"
Cysteine 0.1440.01*  0.1940.02°  0.16+0.03*  0.18+0.04*  3.46+0.10°  4.58+0.03  4.42+0.22°  6.02+0.14°
Glutamicacid  1.00£0.01°  0.03£0.00°  0.06£0.00°  0.21£0.01°  4.47+0.14°  3.18+0.09°  3.95+0.09  3.13+0.06°
Glycine 0.26%0.01° ND 0.04£0.00°  0.05+0.00°  2.57+0.01° 2.10£0.03®  2.19+0.04>  2.03+0.04*
Serine 0.26%0.02° ND 0.04+0.00°  0.06+0.00° 1.83£0.02°  1.57+0.04* 1.74%0.03°  1.48+0.03*
Proline 0.3240.01°  0.01£0.01*  0.11£0.01° 0.01£0.01*°  2.34+0.08"  3.60+0.05  2.42+0.10°  2.03+0.01°
Tyrosine 0.12+0.00° ND ND 2.2540.12°  14740.01*  1.90£0.07°  1.43+0.01°
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Table 3. Fatty acid analysis of the fruit by-products and the Black soldier fly(Hermetia illucens) larvae fed on fruit
by-products (Unit: g/100 g) Fatty acid analysis of three fruit by-products, calf feed as a control substrate and dry
matter of BSF larvae fed with each substrates were conducted. Data are shown as the mean values + SE (n = 3).
Different superscript letters indicated significant differences at p(0.05 by Tukey’s multiple comparison test. ND
indicates ‘Not dectected ({Quantitation limit = 0.0001 g/100 g)’.

Substrates Black soldier fly larvae
Components Calf feed Apple Mandarin Oriental Calf feed Apple Mandarin Oriental

pomace waste Melon waste pomace waste Melon waste
Capric acid 0.00140.000° ND ND ND 0.207+0.003° 0.280+0.017° 0.25040.006® 0.313+0.007°
Lauric acid 0.020+0.002* ND ND ND 6.24320.075% 1274740757 7.403+0.139® 9.01740.246°
Myristic acid 0.007+0.001* ND ND ND 1.23040.021°  2.653£0.122° 1.3874+0.009* 1.877+0.084°
Palmitic acid 0.024£0.001° ND 0.001£0.000° 0.001£0.000° 1.687+0.046" 3.640+0.131° 2.613+0.013" 2.943+0.264°
Palmitoleic acid 0.001+0.000° ND ND ND 0.23340.003* 0.870£0.049° 0.437+0.009" 0.773+0.064°
Stearic acid 0.005£0.000°  0.0010.000° ND ND 0.403£0.012* 0.703+0.012° 0.573£0.003" 0.61740.026°
Oleic acid 0.035£0.001°  0.001£0.000° 0.001£0.000" ND 1.633+0.043* 3.160£0.113° 2.787+0.020° 2.977+0.311°
Linoleic acid 0.037£0.018" 0.002£0.000° 0.002+0.000° 0.000£0.000° 1.477+0.039" 1.700+0.061* 2367£0.029" 1.623+0.158"
a Linolenic acid 0.004+0.000° ND 0.001£0.000° 0.000+£0.000° 0.110£0.000° 0.177£0.003° 0.443+0.007° 0.25740.009°
Eicosa pentaenoicacid ND ND ND ND 0.004£0.000° 0.013£0.000° 0.067+0.002° 0.019£0.001¢
Docosahexaenoic acid ND ND ND ND ND ND 0.007+£0.000* ND
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Palmitic acid, Oleic acid €22 Yef}= o2 &
I ET o m(St-Hilaire et al., 2007; Spranghers
et al., 2017; Meneguz et al., 2018; Ewald et al.,
2020), ol & AollA F3E A4 248 24 A
ot FARE A2 7HS Elstaltt

>

for

AR - e

rel

oo A= Eicosapentaeoic acid(EPA)7} A&
=] 2] GFAAIRE, oA AR E AR BAE Fol §5
Lo EPA 7} AEEQ, 5] Hzba Fol /3l
A FolA|AtR Fo] RFETE oF 17 1 =2 S &
Isk3ict. 539, HE Ho Yol A= EPA 7t HE=A] &
AT Ax 5o 4E EPA 7 A& = enz oy
2|75l 5ol AA WollA EPA 7F AR Ele Aoz
o/}, Holdyt Az 5] A4 24 24 Aot
Docosahexaenoic acid(DHA)E =l7ta Fol f52l
At HEEE gRlokint. oE AT Ao w2,
Attt @ &#17], vt it BARES S3toto] gol gt of
H|2]7hE ool 752 AWAE 244l EPA €F DHA 7}
A HY2ES F9IstatHFischer and Romano,
2021). T3t op|g)7hE ol 5ol f5<] Holdoz six
FU 23 vlgo] FopdsE ofl7tE ol 5ol 552
EPA ¢} DHA o] $7Fe2 @1t th(Liland et
al., 2017; Ewald et al., 2020). o33 2= v
© 2 of|g]7FE ol 5ol 552 AA WollA omega3 Al
S 54 B o] 7Fed A0 R AR EH, Ak
7 FAHE B9] i EE Fol8 952 4 AFR L] A
BYo R ALgo] 7FES A o2 d g

= A=A HE
=] 92 Tryptophan ¥ Isoleucine, Leucine,
Phenylalanine, Arginine, Cysteine, Proline & A<
2t 11 F9] o] i4H(Histidine, Lysine, Methionine,
Threonine, Valine, Alanine, Aspartic acid,
Glutamic acid, Glycine, Serine, Tyrosine)}< H &
= Folgt f-5ollA 7H =22 Z]lstant

29AE 24 A, o]z HE ol 5ol 7F ok oot
I ot B39 Lauric acid & AFPERS: Folgt &
FolA 7P 2 ol FIH Utk 124 Omega
3 & 42% EPA ¢ DHA & #H7ES golg f3l
A 7V =2 o] ERIE A ol 4t AtR ] A
sdo=E HAES Fo] §50] &8 7Hedol ==
2oz ot



T

wfebA] £ A7) Avbe PAfF BATES Foldt o
W7 bEo Sl 45 AR 2AzA 28517 9%t
NzAmE #8494 9k ®3 opll7HsolEo]

f%ol Foloke TAF RArEo] FHo) wet st
Abe gereha Aaks verdiolet wheb g5 27
A 22, Ax, 718 B 5ol AT7E Botel B o
oo 2 A 7IAE EolE F7HH < AUt B asht
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