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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
C t : : :
omponen 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* 2.2840.01°  1.0340.02°

Crude protein  22.80+0.15¢  5.63+0.04°

Crude lipid 2.64+0.13°  0.95+0.03"  2.20+0.12°
Ash 7.07+£0.04°  7.69+0.16°  3.64+0.04°
Crude Fiber ~ 3.73£0.10°  4.35+0.10°  2.0340.01°

10.774£0.03°  2.7740.23*  46.73£0.97° 37.03+0.90° 44.53£0.07° 36.80%0.44°
0.34+0.01°  24.03+0.33° 42.4740.15¢ 28.63£0.19° 37.70%0.46°
12.4740.44°  13.50£0.12° 6.50+0.01°%
0.48+0.02

8.66£0.25"  9.07£0.07°

9.7740.50* 13.97+0.12> 16.07+0.45° 15.47+0.17*

8 ¥ K(Scialabba et al., 2014). T&tA F71E B4
=5 A o8 Aot FAlo| LFH ] At 2t
ds AEHA o2 BT 5 Q= I ol i+
=i Qlot ol=gt ZAIE siasks Y 59 stz
ot 2]7hs o5l E ol-8ot= Wl St
of|2f7FE ol 5ol Gl RE AS7HA] oF 45¢
=2 g ZZl vlste] BgF7(Life cycle)7t &L
(Kim et al., 2008), ZH 9 4715 #H=HL-E HF st
1 Fafsh= sEo] glow, HASH f7ES dldo]
U 2o 2 A e Bioconversion)d 4= Y= 58
2 71X 4L it E5], W2 A+ Aol ip2 |, o]
7HsolEol 2 B2 24E, R FAE, iz
FE BT & Aom AAo] Algolu 7159 Hix,
£87] 52 |t 68.8%7A] 2ol 4= 3l
Sfigt FatES 2o 22.7%7HA] Geido|ut A 5o
2 YA Bioconversion)T = e 5HE 7ML
tHZheng et al., 2012; Banks et al., 2014,
Nguyen et al. 2015; Oonincx et al., 2015; Mohd-
Noor et al., 2017; Cai et al., 2018; Lim et al.,
2019). Egh, orejuf mrie} ge) ¥ vizfeha] ¢
ZAHo] Jtk(Furman et al., 1959; Diener, 2010).
A +=F=(Giannetto et al., 2019; Lalander et
al., 2019; Fischer and Romano 2021)°ll 2, &

2] e FakEolut A4 FAtES Z9ste] Folst ot

SF H
CERE E

3 A
FH Aot AE Sof A a2 202249 -2

T

gt AA RS oF 619 Eo|m| 1% AFEofA] oF
60.95F & AT o A A Zha APATEES] oF 99 8% S A
ARSIt} (KOSIS, 20232). 3t )9} Ala} AArel o
Al gvet AR A 5 AAERZA 47 oF
93.9%, 2F 58.4%% AJASIAL UTHKOSIS, 2023b).
w2ha] TR Aat 2 g o A ghe dhAj R K
AtZo] A D o8 MggH o R AHdsty AU
=8k 4= o] @ =3 Qi o] 23k WEtol A] o
2755 el G AT HAES A5t
et 4= = W F skt 2 4 Qi

B Ao M At w7k, midele] AlztA] &
B 0|85ty otg]tsolsol f-5ol
AZNZ 559 GFAHE, ofnieAl, AH
55t o g|7l s ol 5ol §-50l AR
ZH o] 7H5AS AAlet A} Shch.

y

<l
2,
L
2ol
0

)
=

2L ol ne
ITB ok
o o

HE —lolv

X,

o

2. A2 U uhH

2.1, IYE LA 0|2 OfRITHSONSOl B2 A

al AH=2|
= o2

2 Ao E 20T = sdyerdols A=
she otl2l7hEolisolE  AFSSIe™, Koo et
al.(2003)9] ®WHez ARgsty. ofEl7HsoiEl
Holgdow 37k dpAlF FAtE(A R, =, Hii
o)t 2791 FoAAtRE Folshrt. Al A
2HIe et A7 ARt TET] 915k
ARME 2HESHAL "2 A771E olgshileH, Hide
= AFE AFA sl dEFLE e A
Sto] g2 2okl E2 A7) B nsdE 085t



WAF FabE gololl e otrl2l7bg NS oll(Hermetia illucens) 1521 73+ &4 967

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(0.05by Tukey’s multiple comparison test. ND indicates ‘Not dectected ((Quantitation

limit = 0.02 g/100 g)".

Substrates Black soldier fly larvae
TN cafieed e Madan Otemoeln e e Mo Qe
Essential amino acids
Histidine 0.10+0.00° ND ND 0.14+0.02° 1.104£0.02°  0.5940.04°  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°  1.200.01°
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 0.2440.01°  0.03£0.00°  0.03£0.00°  0.05+0.00° 1.96+0.07°  1.4440.06°  1.54+0.03 1.23+0.02¢
Methionine 0.13£0.00° ND ND 0.71£0.03°  0.43+0.01®  05140.02°  0.41+0.00°
Pheylalanine  0.21+0.00° ND ND 1.67+0.01¢ 1.51+0.04¢ 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°  1.34+0.03° 1.50£0.03¢  1.2240.02*
Tryptophan ND ND ND ND ND ND ND
Valine 0.21£0.01° 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°  2.4240.02>  2.17+0.04*
Arginine 0.21£0.01¢ 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°  0.08£0.00°  0.13+0.00°  0.07+0.01*  3.79+0.08°  2.34+0.06*  2.92+0.07°  2.31+0.03
Cysteine 0.14+0.01*  0.19£0.02*  0.16£0.03*  0.18+0.04*  3.46+0.10°  4.58+0.03"  4.4240.22°  6.02£0.14°
Glutamic acid  1.00£0.01°  0.03£0.00°  0.06£0.00°  0.21+0.01®>  4.4740.14°  3.1840.09°  3.95+0.09°  3.13+0.06"
Glycine 0.26+0.01° ND 0.04£0.00°  0.0540.00*°  2.57+0.01° 2.10+0.03® 2.1940.04>  2.03+0.04*
Serine 0.26+0.02° ND 0.04+0.00°  0.06+£0.00°  1.83#0.02°  1.5740.04*  1.74+0.03° 1.48+0.03*
Proline 0.3240.01°  0.01£0.01* 0.1120.01°  0.01+0.01*  2.34+0.08®  3.60£0.05°  2.42+0.10°  2.03+0.01°
Tyrosine 0.1240.00* ND ND 2.25+0.12° 1.47+0.01° 1.9040.07° 1.4340.01°
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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 0.001+0.000* ND ND ND 0.207+0.003* 0.280+0.017% 0.250+0.006® 0.313+0.007¢
Lauric acid 0.020+0.002* ND ND ND 6.24320.075° 12.74720.757° 7.403+0.139® 9.017+0.246°
Myristic acid 0.007+0.001 ND ND ND 1.23040.021°  2.653£0.122° 1.38740.009* 1.877+0.084
Palmitic acid 0.024+0.001° ND 0.001£0.000° 0.001+0.000° 1.68740.046" 3.640+0.131° 2.61340.013" 2.94340.264°
Palmitoleic acid 0.001£0.000° ND ND ND 0.233+0.003* 0.870£0.040° 0.437+0.009° 0.773+0.064°
Stearic acid 0.005£0.000° 0.001+0.000° ND ND 0.403£0.012* 0.703+£0.012° 0.573£0.003° 0.617+0.026°
Oleic acid 0.035+0.001> 0.001£0.000° 0.001+0.000° ND 1.633£0.043" 3.160+0.113° 2.78740.020° 2.97740311°
Linoleic acid 0.0374£0.018* 0.002+0.000° 0.002£0.000° 0.000£0.000° 1.47740.039° 1.700£0.061° 2.367+0.029® 1.623+0.158*
@ Linolenic acid 0.004£0.000° ND 0.001£0.000° 0.000+0.000° 0.110£0.000° 0.1774£0.003° 0.443+0.007° 0.257+0.009°
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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