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Optimal of Feed Ratio for Rearing Black Soldier Fly Larvae (Hermetia illucens)

for Using in High Value-Added Products
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The black soldier fly larvae (Hermetia illucen, BSFL) are noteworthy in various industries. They
produce lipids that possess desirable physicochemical properties and show promising bioactive
potential. Furthermore, the residual biomass left after oil extraction is a high-quality alternative protein
source. This makes them an excellent choice for applications in livestock feeding and aquaculture.
Therefore, the objective of this study was to optimize the ratio and formulation of feed for BSF to assess
how it affects the growth rate, oil yield, and oil characteristics for use in high value-added products. The
results demonstrated that the optimal feed components were corn, rice bran, and soybean meal.
Soybean meals displayed the highest protein and fat levels, at 26.50 and 10.63 ¢/100 g, respectively.
Additionally, soybean meal had the greatest diversity of amino acids. Based on the evaluation of the
optimal ratio, the optimal formulation consisted of corn meal, rice bran, and fresh soybean meal at a

ratio of 1:1:3 by weight, producing 82.61 ¢/100 g of BSFL oil and containing 34.88 ¢/100 g of lauric acid.
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Furthermore, BSFL oil contained 1,100, 17,197, and 17,480 mg of omega 3, 6, and 9 fatty acids per 100

g of BSFL oil. The peroxide value and saponification number of BSFL were measured at 3.65 m Eqg/kg

and 233.44 mg KOH/g, respectively. Consequently, the BSFL feed formulation from this study could be

applied as a method for BSFL rearing for high value-added products.
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Table 1 The weight of BSFL and their feed consumption

Feed types

Increased weight (g)

Consumed feed (g)

Palm oil meal

Fresh soybean meal

Rice bran 72.31+3.52°
Corn meal 100.86+6.00°
Soybean meal 67.05+1.69¢
Pineapple peel 97.14+1.61°

Commercial feed

83.69+2.55°¢
95.59+1.02%°

89.12+4.06"

200.29+2.61°
306.30+29.19°
86.39+17.17¢
191.81+6.60°
189.97+6.12°
294.88+8.39°
178.20+4.14°

Data are presented as meanzstandard deviation.

Means with different lowercase letters in the same column indicate significant differences when compared using Least Significant

Difference (LSD) at 95% confidence level (p<0.05).
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Palm oil meal

Soybean meal

Fresh soybean meal

Pineapple peel

Rice bran Corn meal

Commercial feed

Figure 1 The morphology of 13-day-old BSFL grown on different types of feed examined

using a stereo microscope at 10X magnification
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Table 2 Protein and fat contents of selected feed

TUsfunarlvdusosasun wazdnlnaunaziden
fsinalUsunaslutuosiian (Table 2) uagnanis
Sinsrevinsaesilufinuluemsiildides BSFL wuin
nndavdesansuuiaiidiuiunsnesiluiiniige
&4 20 ila luvariitlnaunazBesuaysiaziden
wunsnerdlufianun 18 wie lutngiuis 3 wile
15un 1lnaunazden s1az8en waznindindes

wuUSuunsaedlungiinuniian (Table 3)

No. Feed types Content (%)
Protein Fat
1 Corn meal 8.67 3.89
2 Rice bran 12.80 10.30
3 Dried fresh soybean meal 26.50 10.63
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Table 3 The amino acid composition of selected feed

No. Amino acids Content (mg/100 g)
Dried fresh
Corn meal Rice bran
soybean meal
1 Alanine 743.46 842.57 1,266.19
2 Arginine 367.26 916.73 1,303.02
3 Aspartic acid 582.71 1,137.67 2,528.90
a4 L-Cystine 63.97 89.81 171.56
5 Glutamic acid 1,552.59 1,875.91 3,989.06
6 Glycine 396.56 748.26 1,367.78
7 Histidine 215.71 326.07 636.97
8 Hydroxylysine ND 13.58 115.31
9 Hydroxyproline 16.38 ND 21.87
10 Isoleucine 129.40 207.02 370.88
11 Leucine 904.09 770.30 1,576.34
12 Lysine 254.37 495.74 1,195.83
13 Methionine 23.65 89.90 143.91
14 Phenylalanine 353.47 486.53 1,049.78
15 Proline 740.00 533.49 1,332.34
16 Serine 462.66 654.45 1,344.89
17 Threonine 293.30 439.88 771.00
18 Tryptophan ND ND 170.63
19 Tyrosine 299.59 373.96 529.53
20 Valine 190.84 323.10 498.97

ND = not detected; Limit of detection (LOD) is 5.0 mg/100 g.
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91N TENTAUANANTULAAIGS Figure 2

Table 4 Growth rate and oil content of BSFL grown on different feed formulations containing

corn meal, rice bran and fresh soybean meal

No. Ratio* Growth rate (g/day) Oil content (g)
1 1:1:1 52.92+3.73" 15.49+0.24"
2 1:1:2 66.99+3.65° 2.43+0.569
3 1:1:3 77.15+1.19° 82.61+0.28°
4 1:2:1 57.14+6.57%F 17.30+0.80"
5 1:2:2 60.83+10.67< 13.44+0.37™
6 1:2:3 66.66+7.63 9.23+0.56"
7 1:3:1 48.27+3.78%" 21.37+0.38
8 1:3:2 55.06+3.86°" 4.44+0.46°
9 1:3:3 58.88+4.01% 30.06+0.84¢
10 2:1:1 44.64+1.02" 29.21+0.58°
11 2:1:2 48.95+5.79%" 30.28+0.72¢
12 2:1:3 48.99+1.14%" 15.43+0.47"
13 2:2:1 35.60+2.59' 26.35+0.39"
14 2:2:3 49.23+0.75%" 32.38+0.51¢
15 2:3:1 60.58+1.61 41.09+0.33°
16 2:3:2 64.50+2.56" 32.45+0.39°
17 2:3:3 67.38+2.30° 22.21+0.42"
18 3:1:1 59.93+1.72°% 20.83+0.70
19 3:1:2 67.17+0.99° 15.76+0.33'
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Table 4 (Continued)

No. Ratio* Growth rate (g/day) Oil content (g)
20 3:1:3 0.81+0.74 18.02+0.17
21 3:2:1 0.86+0.62 7.59+0.41°
22 3:2:2 1.57+0.82 13.02+0.22™
23 3:2:3 1.52+0.68 23.46+0.508
24 Corn meal 1.06+0.29 9.63+ 0.10"
25 Rice bran 58.79+4.779% 32.29+0.72°
26 Fresh soybean meal 2.06+1.36¢ 18.51+0.31
27 Commercial feed 3.19+0.60/ 23.21+0.228

*Ratio of corn meal : rice bran : fresh soybean meal by weight; Data are expressed in terms of meanzstandard deviation.
Data with different lowercase letters in the same column indicate statistically significant differences when comparing the

average values using the Least Significant Difference (LSD) test at a 95% confidence level (p<0.05).

l_lllllllllllll LL Ill l_l_lllllllllll LIIIIIIII'IIII l_lllllllllllll

1:1:1 1:1:2 1:1:3 1:2:1 1:2:2
|_|||||||||| L‘llmllullnn "””IIII m Llllu”l'lll
1:2:3 1:3:1 . 2:1:1

2:3:2 3:1:3

l_nlllll'ulll d w
3:2:1 3:2:2 3:2:3
I_IIIIII ﬂ I_IIIIIIIIIII m
Corn meal Rice bran Fresh soybean  Commercial
meal feed

Figure 2 The morphology of BSFL grown on different feed formulation formulations
(corn meal: rice bran : fresh soybean meal) examined using a stereo microscope

at 10X magnification
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ST 2,3 WAy 4 3NNNITILUAT 27, 11 wag 3
AINSITU drunTmaudd 15 FaliUsunanandn
dstududdud 2 Wenauainsludiduit 13 uas

MINuANNTuAdUNg A NIIUAN 8, 14, 18

way 21 Woeglugampivosiduiiulddlng
Hdnwauriuveunal la vnaninuudiiimengnou
SAFUTRIVET Wavt iU ld N nyEnaLdT 2, 5,
7 way 9 ddnwuzidunzneudu wiln wagldilu
Youvafignmgiivies (Table 5)
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Table 5 The appearances and CIE (L*, a*, and b*) color values of oil extracted from BSFL

grown on different feed formulation

No. Ratio* Appearances L* a* b*
1 1:1:1 45.34+0.53%" 9.93+0.28°% 8.47+0.34"
2 1:1:2 44.06+0.53" 8.20+0.28% 5.12+0.34%%
3 1:1:3 52.30+0.48 10.99+0.15° 15.11+0.49°
4 1:2:1 51.96+0.40% 5.50+0.87%" 16.40+0.44%
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Table 5 (Continued)

No. Ratio* Appearances L* a* b*

5 1:2:2 - 42.04+0.11' 6.26+0.49° 2.73+0.25'™
6 1:2:3 40.61+1.63" 8.14+1.55% 3.00+0.96<™
7 1:3:1 42.70+0.24" 5.51+0.29%" 4.64+0.18™
8 1:3:2 38.37+0.03! 1.59+0.06'™ 2.07+0.09™
9 1:3:3 47.35+0.65" 6.40+0.23" 8.73+0.29"
10 2:1:1 48.38+0.30" 6.60+0.14°% 11.48+0.43
11 2:1:2 54.41+0.70" 5.45+0.86" 17.82+0.90°
12 2:1:3 59.60+0.64° 0.70+0.49™°  23.44+0.65
13 2:2:1 59.51+1.77° -0.28+0.75™ 22.73+1.47°
14 2:2:3 6 38.33+0.17" 3.30+0.414 2.67+0.28"™
15 2:3:1 41.88+0.95'% 6.04+0.68%" 4.05+0.71K™
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Table 5 (Continued)

No. Ratio* Appearances L* a* b*

16 2:3:2 59.26+1.25° 2.40+0.98<™ 23.24+1.22%
17 2:3:3 61.47+0.27° 2.08+0.25K™ 27.42+0.21°
18 3:1:1 38.67+0.21" 4.30+0.30" 1.60+0.18"
19 3:1:2 45.19+0.41%"  10.33+0.17%° 6.69+0.71"
20 3:1:3 51.44+0.52% 9.59+0.5220< 14.98+0.96°
21 3:2:1 38.62+0.20" 1.12+0.06™ 1.25+0.14"
22 3:2:2 40.15+0.351 2.21+0.354™ 2.60+0.23'™
23 3:2:3 50.97+0.69% 7.04+0.71°% 13.15+0.91%
24 Corn meal é 44.13+0.16" 9.05+0.11°< 5.98+0.14"
25 Rice bran 60.15+0.04° -0.81+0.03° 25.21+0.15%
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Table 5 (Continued)

No. Ratio*

Appearances

26  Fresh soybean meal

27 Commercial feed

L* a* b*
49.75+1.815"  11.13+0.30° 13.51+2.13
56.68+0.14° 3.74+0.13% 21.73+0.07¢

* Ratio of corn meal : rice bran : fresh soybean meal by weight; Data are expressed in terms of meanzstandard deviation.

Data with different lowercase letters in the same column indicate statistically significant differences. when comparing the average

values using the Least Significant Difference (LSD) test at a 95% confidence level (p<0.05).

aunwiduiildann BSFL
MnnMsleszsinaamiituiliann BSFL
yoaviMudi 3 AwUiuhifusnniian wuiidien
waseenluawiniu 3.65 m Eqzkg Madnsuauya
wesoenlydoandiaudenidu 1 alandu) e
farsanAgmeudfiinduresinduiildann BSFL
WUIHUSUAUNAU 233.44 mg KOH/g 21nA1IATID

Anszalanenin laun arsny aend wagdsen

o A

puIbdnulaneundnys 3 vda tudiduianale

Table 6 Properties of BSFL oil

(Table 6) Inuan1TIAT TR TALArUSUIUUDINTA
Tagfuriuiildann BSFL wuindusunalusududn
(Saturated fat) 11niign Inensalusufinuuindian
Ao nsmaadn (Lauric acid) drunsalasfufinu
Tudsunusesasun Ao nsalatadn (cis-9-oleic acid)
AsAAlaNN (cis-9,12-linolenic acid) waznsauraudfn
(Palmitic acid) uenaniiganunsaludungslowmii
3, 6 waz 9 lutinsuann BSFL fiafalésngae (Table 7)

Analysis Results
Peroxide value (mEg/kg") 3.65
Saponification number (mg KOH/g™) 233.44
Heavy metal content (mg/kg)

Arsenic (As) ND™
Lead (Pb) ND™
Mercury (Hg) ND™

‘mEqg/ke is milliequivalents of free iodine per kg of fat; “mg KOH/g is mg of KOH per g of sample.

""ND = not detected; Limit of detection (LOD) of arsenic, lead, and mercury are 0.05, 0.01 and 0.008 mg/kg, respectively.
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Table 7 Fatty acids composition of BSFL oil

No. Fatty Acids Content (g/100 g) LOD*
1 Butyric acid ND** 0.01
2 Caproic acid 0.01 -
3 Caprylic acid ND** 0.01
a4 Capric acid 1.09 -
5 Undecanoic acid ND** 0.01
6 Lauric acid 34.88 -
7 Tridecanoic acid 0.05 -
8 Myristic acid 6.91 -
9 Pentadecanoic acid 0.15 -
10 Palmitic acid 14.91 -
11 Heptadecanoic acid 0.23 -
12 Stearic acid 2.34 -
13 Arachidic acid 0.13 -
14 Heneicosanoic acid 0.72 -
15 Behenic acid 0.08 -
16 Tricosanoic acid ND** 0.01
17 Lignoceric acid 0.02 -

Saturated fat 61.23 -
18 Myristoleic acid 0.18 -
19 cis-10-Pentadecenoic acid ND** 0.01

20 Palmitoleic acid 2.40 -
21 cis-10-Heptadecenoic acid 0.07 -
22 trans-9-Elaidic acid 0.24 -
23 cis-9-Oleic acid 17.48 -
24 cis-11-Eicosenoic acid 0.08 -
25 Erucic acid ND** 0.01
26 Nervonic acid ND** 0.01

Monounsaturated fatty acid 20.45 -
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Table 7 (Continued)

No. Fatty Acids Content (g/100 g) LOD*
27 trans-Linolelaidic acid ND** 0.01
28 cis-9,12-Linolenic acid 17.17 -
29 Y-Linolenic acid 0.01 -
30 O.-Linolenic acid 1.24 -
31 cis-11,14-Eicosadienoic acid 0.02 -
32 cis-8,11,14-Eicosatrienoic acid 0.01 -
33 cis-11,14,17-Eicosatrienoic acid ND** 0.01
34 Arachidonic acid ND** 0.01
35 cis-13,16-Docosadienoic acid ND** 0.01
36 cis-5,8,11,14,17-Eicosapentaenoic acid ND** 0.01
37 4,7,10,13,16,19-Docosahexaenoic acid ND** 0.01
Polyunsaturated fatty acid 18.32 -
Unsaturated fat 38.76 -
38 Trans fat 0.24 -
39 Omega 3 (mg/100g) 1,100.50 -
40 Omega 6 (mg/100g) 17,197.60 -
a1 Omega 9 (mg/100g) 17,480.90 -
42 Gondoic acid 0.07 0.01

* LOD = limit of detection
** ND = not detected

397150NAN1598

nMsAnLEene i siildiass BSFL s 3
¥in Ao 91lnaunasiBon nndamdesdn wazs
azidun Taglddnuwazusing ndu waznsiasguivla
99 BSFL vndndruvesadiusauinsaunyuin gns
wardndruimunzay fe 91alnaunaziden :
azidoun : nndundesan lusnsidiu 1:1:3 lag
ihain TH8nsnisiaiaiivinvesigounniian

F99194899U191N 01 5ENTAINA1ITUTUIUAIN

dundesnniian Wefiarsanainuansgiuiunm
Tusfuuaglutu suviswdanasUiinavomnsnosily
(Table 3 uag 4) wuinndundonduingfuid
Usinalusiuuazlutugeiign Sndedanudinin
dundesdviaveansnezilunainvaisiian Judy
annalit BSFL La3iAvlelddfgauagliuiuna
mawﬁmﬁnﬁuqaqm NUIIYVRY Seyedalmoosavi
et al. (2022) T8uansomsAdlusAunTeunas
Tulasiauduesdusenou tJudadedrdglunis

1w3gtAulaves BSFL Inunsneziilunlaainlusiu
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flduddlunsduaseiusiuiifulasaduas
p9AUsTNaUTR LAY waludagUudilulisneau
Aertuuiunaveslusiunaznsnasiluudazeia
71 BSFL #fasnislunsidaiule
nsulssUingRufenisiutadutunou
m3LLUi3ﬂ%uﬁuﬁﬁwaimmwia@mmw GRREY

[

Uaonsiy wazAnAnIalayuINITuesingay N5
Wit PIuanUTuNaUNId anA1IBmaTwaNTIIA
(Water activity, a,,) Suaﬁmqau Lﬁagmmﬁgmilﬁu
$nw1 annisiinnauiiu (Rancidity) Fen15viusis
anansevinlananeds 1w nsmnuen n1skdgeu N3
Fufwuuuifonuds msldadulilasom wardu 9
Tnglusziugramnssudelinseusedeusniian
osannlddunudiuaznszuiunishidudou
(Hernandez-Alvarez et al., 2021; Hurtado-Ribeira
et al,, 2023) Bvlsdanuiniseunisiegouaudou
annsndisanUIuaqdunidviavun (Total viable
count) Tunuasgwanuau (Encostemum delgorguei)
I#Afan uaztieuwindumsiuisieadululasim
waziigamndl 650, Julvannsndudanisiadyves
wuafiisuaulugle (Dandadzi et al., 2023)

msaﬁmﬁwﬁuéﬁmﬂ'%'aqaﬁmﬁwﬁuuwaﬂg
waa Hunisafniiifudieisidana (Mechanical
extraction) w&nns fe M5t ingAviFesnisadin
ussasluaIosudranuiunsdonisnadn vials
ihifugniudneanuiaininghu nsadaditudie
Fnsthduszuunsadmiituuuusainfidinsde
Tflutlagu ilesannlddunuet Lidndudedld
yaansidanuidsivggdunisauauiaiosing
Iinananihduiiiauaindfiusaaindavinazany
vioasiadildlunisade ludndudedldansiad
Tunszuauns SeanunsathmnfimdelUlduselov
Liloanse wiod1elsinundanisainmisinisnsia
"3meﬁ@mmwmmﬁ']ﬁuﬁaﬁﬂﬁ (Nde and Foncha,
2020)

Amesoanlesaunsatavananuideude
vosngAvdmanladuuazigiu fron1stausina
lelasinesoonlad (Hydroperoxide) Faiduans
fanansluufAsereondinduvedlodunasingy
(Maya et al., 2023) ANNos00n gAY DIdIUNEL
Tua3asdonsesiiatlussauliiiu 20 deduseiu
foousuld wazAnwefoonludiivanyanfignadsd
A191091 5 (Wabner, 2002) 1iofia15a191067
wesoenlasvasisiuain BSFL Feilrvindu 3.65
Fuirdiduildfamaiwvuizandimiunis
hlusegndlfidudunasluniosdions

91N97U38UB9 Phongpradist et al. (2023)
wunhsuan BSFL Adssfeemnsmanisen S
FAINDUTHATUYINAY 197.1 mg KOH/g (HaanTuwas
TnunaBeylensonleddeinufizemedfunsalusiy
dase) memwauﬁ‘ﬂLﬂ%’uﬁqwzﬁmmaamﬂé’mﬁ’u
Unmnsnlediu ieluguuuuleduiifguandfdu
nand (Neutral fat) waznsalasiudasy (Free fatty
acid) Finululusunaziiu Fainemeudfieduves
¥stuann BSFL Tunnsanuniilanlndidesiutiiiy
wznd171 Feargmeudiinduaziinnuduiusuuy
wdswndufuimdnluana difusendnidmin
luanadey wagaArgInaudiadulyindy 250
Tuvariibiuisndadiudnluanauinuage
FrnpUNALATULNIAY 175 (Patterson, 2011;
Phongpradist et al., 2023)

Leong et al. (2015) Anwnavesn1sitvey
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8931909 BSFL wan1sitasigndsuinlasiunas
peRUsENRUVRINIAlUTUYDe BSFL wu3n BSF
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YUAYBIDIMNSNIALT Xu et al. (2021) AnYIN1SHEA#
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TululeFanatwesea (Monoacylglycerol, MAG) #1il
va & a o a s 1 a - o
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