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ABSTRACT: The utilization of black soldier fly; BSF (Hermetia illucens L.) as an alternative protein to fishmeal
or soybean meal in fish, poultry, and pig feeds has been recommended worldwide. In sustainable circular
economy, BSF larvae feed on a wide variety of organic wastes in the community and by-products from the
agro-industrial manufacturing process then turn bio-wastes into a high-quality protein source proper for animal
feed. The objectives of this research were to evaluate suitable diets from local agro-industrial by-products for
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BSF production as a protein source in animal feed and to test the feasibility of BSF production at an industrial
scale. Two experiments were carried out; in the first experiment, completely randomized design was laid out
with nine treatments (diets), and five replications. Treatments were 1) a mixture of tofu waste and chicken feed
in ratio 1:1, 2) and 3) a mixture of peanut seed coat and fruit waste in ratio 1:1 and 1:2, 4) and 5) a mixture of
slaughterhouse waste and fruit waste in ratio 1:1 and 1:2, 6) a mixture of peanut seed coat, fruit waste,
slaughterhouse waste and food waste in ratio 1:1:1:1, and 7)-9) a mixture of brewer’s grain and fruit waste in
ratio 1:1, 1:2 and 2:1, respectively. All diets tested were able to rear BSF larvae for production as a protein
source in animal feed with crude protein ranging from 44.55-56.64%. Treatment diet 6 was the most suitable
diet in terms of larval growth, prepupal weight and yield, survival rate, feed consumed, feed conversion ratio,
and feed cost. The large-scale production was evaluated in the second experiment, a release of 25,000 5-day-
old larvae/container using diet treatment 6 from the first experiment yielded an average of 4.15 + 0.15 kg
prepupae. This large-scale optimization made the production cost cheaper than that of the laboratory scale.
Keywords: Hermetia illucens; organic waste; agro-industrial by-products; animal feed; zero waste
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Table 1 Larval period, prepupal weight, prepupal yield, and survival rate of black soldier fly reared on different diets (n=200/treatment)

Larval period (day) Prepupal weight Prepupal yield  Survival rate
Rearing diets
Mean Range (mg/individual) (g (%)
1. Tofu waste + chicken feed 1:1 (Control) 15.68 ©! 13-22 125 24.43° 98.00 °
2. Peanut seed coat + fruit waste 1:2 21.19°  17-27 110 20.95 P 95.00 2°
3. Peanut seed coat + fruit waste 2:1 23.22° 18- 31 135° 26.24 ° 97.40 °
4. Slaughterhouse waste + fruit waste 1:2 19.08 © 15 -26 121 ° 19.42 ¢ 80.10 ©
5. Slaughterhouse waste + fruit waste 2:1 19.04 © 15-24 122° 21.35° 87.60 &
6. A mixture of peanut seed coat, fruit waste, 17.81¢ 15-24 130 25.17° 96.90 ®
slaughterhouse waste and food waste 1:1:1:1
7. Brewers’ grain + fruit waste 1:1 19.08 © 15-24 85 ¢ 16.10 ¢ 99.80 °
8. Brewers’ grain + fruit waste 1:2 19.91°¢ 16 - 27 98 d 18.77 95.90 °
9. Brewers’ grain + fruit waste 2:1 18.11 ¢ 16 - 27 99 d 19.76 © 99.60 °
SEM 0.19 - 2.2 0.5 1.81
Fotest xx ) - ok -
CV. (%) 2.21 - 4.32 5.18 4.27

'Mean values with the same letter within a column are not significantly different at P>0.05 by Tukey’s HSD test, ns non-significant, *significant at

P<0.05, **very significant at P<0.01
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Table 2 Feed consumed, feed conversion ratio and feed cost of black soldier fly reared on different diets (n=200/treatment)

Rearing diets Feed consumed Feed Conversion Ratio Feed cost of 1 kg prepupa
(%) (FCR) (Baht)
1. Tofu waste + chicken feed 1:1 (Control) 48.25 Pct 4.71° 73.33 @
2. Peanut seed coat + fruit waste 1:2 41.88 © 4.68 ° 9.91°¢
3. Peanut seed coat + fruit waste 2:1 2156 € 2.10 32.25 ¢
4. Slaughterhouse waste + fruit waste 1:2 20.63 € 1.56 % 16.07 ¢
5. Slaughterhouse waste + fruit waste 2:1 12.04 0.10 € 33.19 ©
6. A mixture of peanut seed coat, fruit waste, 35.15 9 243 ¢ 9.92 ¢
slaughterhouse waste and food waste 1:1:1:1
7. Brewers’ grain + fruit waste 1:1 35329 2.18°¢ 16.67 °
8. Brewers’ grain + fruit waste 1:2 63.41° 457° 16.82 ¢
9. Brewers’ grain + fruit waste 2:1 49.07 ¢ 3.16° 43.12°
SEM 1.38 0.13 0.7
F-test *x *x *¢
CV. (%) 8.46 9.53 5.64

'Mean values with the same letter within a column are not significantly different at P>0.05 by Tukey’s HSD test, ns non-significant, *significant at

P<0.05, **very significant at P<0.01
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Table 3 Proximate composition of different diets used for rearing black soldier fly larvae

Crude Ether Gross
Moisture Crude Carbohydrate
Rearing diets protein extract Ash (%) energy
(%) fiber (%) (%)

(%) (%) (kcalZkg)

1. Tofu waste + chicken feed 1:1 (Control) 3.93 19.26 343 9.11 7.38 56.89 3997.56

2. Peanut seed coat + fruit waste 1:2 7.13 20.35 24.98 10.44 3.61 33.49 5192.51

3. Peanut seed coat + fruit waste 2:1 6.64 22.1 25.99 10.24 4.06 30.98 5268.46

4. Slaughterhouse waste + fruit waste 1:2 6.29 28.96 45.1 5.22 4.63 9.8 5978.55

5. Slaughterhouse waste + fruit waste 2:1 5.93 34.4 43.03 3.72 3.33 9.59 6257.05

6. A mixture of peanut seed coat, fruit waste, 5.28 23.93 32.35 7.64 4.6 26.19 5632.94
slaughterhouse waste and food waste 1:1:1:1

7. Brewers’ grain + fruit waste 1:1 6.91 30.5 6.67 12.01 7.79 36.12 4453.76

8. Brewers’ grain + fruit waste 1:2 6.65 33.94 6.48 10.12 7.64 35.17 4714.82

9. Brewers’ grain + fruit waste 2:1 6.66 33.57 5.92 10.2 5.87 37.78 4661.08
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Table 4 Proximate composition of black soldier fly prepupae reared on different diets

Moisture  Crude protein Ether extract  Crude fiber Ash Gross
Rearing diets energy
(%) (%) (%) (%) (%)

(kcalzkg)

1. Tofu waste + chicken feed 1:1 (Control) 6.06 46.48 28.73 7.00 11.74 8019.01

2. Peanut seed coat + fruit waste 1:2 73 49.09 27.51 9.02 7.07 5728.96

3. Peanut seed coat + fruit waste 2:1 10.18 47.78 28.36 7.93 5.75 5965.89

4. Slaughterhouse waste + fruit waste 1:2 9.38 44.55 34.31 5.95 5.81 6221.46

5. Slaughterhouse waste+ fruit waste 2:1 2.19 46.2 39.49 7.65 4.46 6294.07

6. A mixture of peanut seed coat, fruit waste, 6.1 44.86 34.78 7.64 6.62 6083.88
slaughterhouse waste and food waste 1:1:1:1

7. Brewers’ grain + fruit waste 1:1 3.01 53.97 23.73 9.96 9.34 5464.56

8. Brewers’ grain + fruit waste 1:2 54 53.64 20.56 10.36 10.04 5345.61

9. Brewers’ grain + fruit waste 2:1 4.45 56.64 19.53 10.52 8.85 5395.05




KHON KAEN AGRICULTURE JOURNAL 51 (1): 69-82 (2023)./d0i:10.14456/kaj.2023.XX. 79

nsnagaunsHanuNalUsAusEAUgRaMnTIY

nsnasouvhlnglddunauvonderuudniiaas iwnaldl inudonydniouaziawons (nssudsi 6) fuduemsd
WNgaNNHaNIMaaestedl 1 Wil annsandnszezieudidnudldiade 4.15 nn/nszuy (Table 5) Ysunaevnsiifu
84.31% mafiunandaiionuoueny 15 Yu ihszeznoudidnuduszanm 80% lasmsldiaiessoulwihfiarnsonsnnin
vioyavesususenlisInigs 1nailunissou 15 wifi/nseuy 15andmsldiieseurunzunsaiildinan 45-60 unit leya
5.30 nn. dnwazyavueududadnadeiuiau Smadu Saududntes aunsadlUlfdutaguivugaiu dauves
taitafiAntumaiodnisnnlsnusgugnsinuelifuniefudesudeslilfanmdoduninuiauds niseuuiovuou
svozneutdnud T¥gamgfl 55 0. utu 72 §alue ietestunsgapdenmameoms wu Tsiu ludu wagindu
n¥19nn1zeuwis vuewdsurndinaseudufiimady uasiinduveundretaitu dunudemnsdmiunnan
szozneudifnudan 1dy nn.ag 5.93 Um QﬂmhmiL?iyﬂﬂusgfﬁ'uﬁangﬁﬁmiﬁummiwmamﬁwﬁa (9.92 um) 40.22%
iesangideldusuuimnaemsTimnzaufudnumueulined annanisdnwwihliifiudneniwnsuanuuadusiu

o

szaugnamnssuiideliuiauinniinisideseiuiesujifinishe ssesvueudunit nsdesddiian 15 Ju ifunands

v
b
v
v a

adufor hininidevesszernouddnug 170 un./i gendniinn 130 un./ Adeduseiuiesufifnaidesnd
nsnmatumadissesdeudadnudyntu vldusugnsuniu uenandanmeiniefiaruulsusugamgilsiasd Tng
aqﬂmamnmi‘wmaam%&aﬁaamé’mﬁ’wwm Scala et al. (2020) ﬁWU’J'”Iﬂ’liLg‘c’NiSfﬁUQﬁlﬁ’lﬂﬂﬁm%uaui%na’]Lﬂ‘u‘3383
AouddnuEtu Ithihminssezdeuddnusiunnni Tngedunein madewmueusuaunnezndneudou Seinamauan
fumsasaiulnvesuaddusiu egrslsinu femsfunduamsiteananuderlunszusios fuddenansauiiuansii

& d' N & ! <3 = a a v ' & [ g 1 . 1 !
NIILAYINUDULUULAYI RIDLAUINGULAN ©| Muau%%uﬂﬁilﬂimﬂ}LGI‘UIG]‘U’]ﬂ’]’]ﬂ’]iLﬂEJﬂLUUﬂQ@fL‘ViEg Bonelli et al. (2019) na13n

v
=

arufeunisueniinasiomanuguihdeslunafuomsvesuuadlsiudninlinisdeslusiuditu gumnivenigesdi
WNgEUAD 45 °a.

ForauauLEINUNAABItMsAgaUNSIILUSINAIs s usus ansT ULl wasifinensanudnaaui
W ZAU USRI LSIUIU LB URBNTZUZAIN 25,000 § AIURUILLLYBIRILEY 4.20 fa/au.2 W 35,000 §2 AL
NUILUUVDIAINUDU 5.88 A2/%3.2 91nN15ANYIBIParra Paz et al. (2015) WUITAUNUIUUVDINUOUTIUIU 5 /2.2

lildenadesasresnuauuazinntinuiweamusy wWeliemishisnnin 1.7 n/f ahudnuwi)
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Prepupal Feed
Feed consumed Prepupal Feed cost of 1 kg
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(mg/individual) Ratio (FCR)
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