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Effect of Dietary Inclusion of Black Soldier Fly Larvae Hermetia illucens
Meal on Growth Performance of Starry Flounder Platichthys stellatus
and Feed Value

Seong-Mok Jeong’, Nam-Lee Kim'f, Sang-Woo Hur, Seunghan Lee, Jinho Bae and Kang-Woong Kim*

Aquafeed Research Center, National Institute of Fisheries Science, Pohang 37517, Republic of Korea
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The dietary inclusion of black soldier fly larvae meal Hermetia illucens (BSL) for starry flounder Platichthys stellatus
was examined in a four-month trial at a Pohang fish farm. Two diets were prepared: a fish meal-based commercial diet
(CD) and an experimental diet containing 7% BSL in the CD (BCD). Fish (average weight, 125.2 g) were reared in a
square concrete tank (7x7 m) in triplicates. Feed efficiency was significantly higher in fish fed BCD compared to that
of the fish fed CD. The DHA/EPA ratio in dorsal muscle was not significantly affected by the fatty acid composition
of the experimental diets. Based on the growth performance, the feed cost for producing 1 kg of starry flounder was
1,797 won for CD and 1,814 won for BCD. With government subsidies the feed cost for producing 1 kg of starry
flounder was 1,481 won for CD and 1,309 won for BCD. The results indicate that BSL can be included at 7% without
adverse effects on growth performance, fillet composition, or feed cost. However, further research is needed to deter-
mine the optimum percentage of BSL as a replacement of FM in starry flounder diets.
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317] 18lA] TS, S rua 22 gae] o
44 Hrto|| tigt ¢I-Eo] X3Y% vl 2th(Song et al., 2014;
Lietal., 2015).

0l WRPE ) ARSlRE 25ARe] B8l Ut
o] AAIAA 22 Talo] olA| L Sl A
7o Hlal £4) ol§ Bl Ssha, el A7k
9 QhwLjol 7hAg sl S 2 EA7F A on, T Ay
Ato] 7hs38lthe Aol itk (Ooninex et al., 2010; Song et
al., 2018). Foll 5l —;"T%(Black soldier fly Hermetia illucens
larvae, BSL)2 & S A1 58 35t G714 17| 52 Hol¢
O = o] K} xghg A o], Jofa o Hol Yo whef ot
A 2}o] 7} QQA|HE Tl x ]xl FAJopm| AR 2l RHFAL ZA]

o] f-5to] ol A= D’rul*}ﬂi ARG 4= QA S EE o
@It} (Van Huis, 2013; Barroso et al., 2014; MAFRA, 2020;
Gougbedji et al., 2022). o]t o] F-Z teFgt FalolE A}
& W BSLE Z-83F 917 ohefstAl 218 = AAIRHLi et al.,
2017; Xiao et al., 2018; Madibana et al., 2020), 7} =t}2] & o
Aoz ARE AT YA AAolch ER SlarolA]
L AEA 9 glokshd BHA-S Q8] sl ok abE Ak To] Al X
SFWIEE TR APIRE Aot AT, bl
7, 2o 2 w55 FAoltell AEas Authe Ales A
AJ3taL Qlek. 202349 715 7HAb0] i igAtE L] 24 %@71
G0 2k 50% OlAL, K] 8% o) dfo]u], AR WAl
o] B Fawd 7S FEoHEA 520l 7% ol 2%
Aol RHYZFEHMOF, 2023). whebs 2 ol A= 2t
2] HigAkE W BSL& H7Fsto] Al 23t ARdAm o AR
(commercial diet, CD)E & uf 4%, Atgo|-84d, oA &
A 9 ALR B8] |2 = F3E BrEek] fl8f A @l Al
AEAI RS RSl
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KB, At B obieAl B4 AT Table 19] Lreh
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ow], CD Azl Frhule 2dste] BSLE 7% A7 Al
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Table 1. Proximate composition and fatty acid and amino acid pro-
file in experimental diets

Experimental diets'

CD BCD
Proximate composition (%, dry matter)
Dry matter 92.76 93.80
Crude protein 55.81 54.71
Crude lipids 9.45 10.36
Ash 13.13 12.60
Major Fatty acid profile (% of total fatty acids, DM)
C12:0 ND? 4.45
C14:.0 4.45 5.20
C15:.0 ND N.D.
C16:0 24.04 21.63
C16:1 5.77 572
C18:0 6.70 5.62
C18:1n-9 20.37 19.43
C18:2n-6 8.44 8.72
C20:3n-3 4.56 3.24
C20:5n-3 (eicosapentaenoic acid, EPA)  8.73 8.87
C22:6n-3 (docosahexaenoic acid, DHA)  12.46 9.14
DHA/EPA 1.42 1.03
Essential amino acid profile (% in protein)
Arginine 7.51 7.07
Histidine 0.10 0.09
Isoleucine 5.36 5.12
Leucine 8.46 8.54
Lysine 0.49 0.41
Methionine + Cystine 2.88 2.72
Phenylalanine 5.14 5.26
Threonine 5.12 5.05
Valine 6.00 6.03

ICD, commercial diet; BCD, contain black soldier fly larvae 7% in
CD.>Not detected.
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oflA] suFal ) Al 2fs}e] W BI-25Cystech AR
4 Aoty 580 YRR 242 AOAC (1995)9] B+
o] whak AN X 6.25)-2 FOSS 8400 Automatic Kjeldahl
nitrogen determinator (FOSS, Hillered, Denmark)S A-8-5F
o] BA514] 11, 2R 42 soxtec system 2043 (FOSS, Hillerod,
Denmark)E AR&ste] EA319ch =52 135°CY] dry oven
ol A 2417 A& & A5kt 23|52 600°C 3|3t of4] 6

AZE 59 B F ZAsleint.
A

APARS SRR ST e S22 F A HS F
=50l 14% BF,-methanol (Sigma-Aldrich, St. Louis, MO,
USA) gl o2 Z7PARS- methylation A]7] &, SPTM-2560
(100 m x 0.25 mm; Supelco Inc., Bellefonte, PA, USA)Z o]
A2 gas chromatography (Trace 1310; Thermo Scientific,
Waltham, MA, USA)& Z[HHARS 24519} 5 A|WHAke
2 377 AHAF &3+E(PUFA 37 Component FAME Mix; Su-
pelco Inc.) S ARE-5F3AT)

T/otu] At 6N HCI 20 mLE 71ato] 7heh st &
110°C9] dry ovenol|A] 24A|7} oA} S0t Ab7h4=Ra) A7)
Glass filter® 2olj-S of}otar P ofs 55°CollA] ZHet
52sto] Al B 9E] FUAY ThE, BHE ARE
sodium citrate buffer (pH 2.20)2 25 mL A-&ZefAF o 4
4519 0.45 um membrane filter= o]} §F A] 7oL ofn| 1
A A5 E47](Biochrom 30+; Biochrom Ltd., Cambridge,
England)2 AH&-510] 248191,

AYAE A I ATE v o R AARSR UE AN
v 83t 4201 vla-EA SRl B3 A AP WA
7 A& A= w2} CDE: 9,6809/20 kg, BCD:= 15,870
/20 kg A ¥52 2-85FATHMOF, 2023). Ab=7FA-S 4
Yol AHg-E Amrte] AlR ST 285190 132020 kg)
2 CD 9 BCD 7z} 55,0009, 57,00048 #-831o] A=3}
Ak (1) JAFN)T AEE(S) 12|13 E3HHW)=
oot T ikl S8l HP)E wsto] o] Alat ol 4k
St Eote 2 AR T8 A A7 E 7SR §19e
] Z5h7He kg 11,00098 28519t}

[=(N X S X W) x P

S

Ay Axke] FA #2)= SPSS version 23(SPSS Inc., Chi-
cago, IL, USA)S o]-&-5to] £A18k3iTh A 2] 411te) SA1A
0] independent t-testS ©]-8-3}0] H-A151¢] o.n, HF 719
913 (P<0.05)= A7 skt

1z

HI

=

dgt ¥ nE

SEPAY Zerhe] FAFOIA 22 HAAS 125 g Wel
o] Arthe] & e & 47047k CD ¥ BCDE 353 A%
2 Atz o]84 AYE Table 20 YUt 2545, A
&, dIVE 9 vvie = A o3 Jpol= fsich
(P>0.05). 3}A|WF AR F-2(FE)& BCD A1377} CD A3
B} fo4 0 2 =ktH(P<0.05). Yellow catfish Pelteobagrus
fulvidraco 2 Z5(Pagrus major) A= Y] BSL ko] 21z}
22.3% 9 293%7HA = 4% 9 AkRol Aol Al
gk Qlo] d7le 4= Qe Ao g BuEth(Xiao et al., 2018;
Takakuwa et al., 2022). o]} Wit 2 E]¥(Psetta maxima)= A}
& W BSL H7heo] whet Ad7o] fhash A e Ut slet
(Kroeckel et al., 2012). o]¢} Zro] A H7}eF o]Ake] BSLY]
7K 9 9 Ahmol 8 Aol AR AaRe vl 4 gl
ol= % =4 Al2H S A5k 7|Elo] Sagh dld A
© & goEh 7|92 WA 2R f7)3RMERE ofFo] uet
71€19] o] 8/ 8] Zpo]7} Ql7]ofl A A Ak o] dofl A
0l G2 el 4= QITh(St-Hilaire et al., 2007; Alegbeleye et

fa}

Table 2. Growth performance and biometric parameter of starry
flounder Platichthys stellatus fed the experimental diets for 4
months'

Experimental diets?

CD BCD
IW (g/fish)® 125.740.3 124.742.3
FW (gffish)* 315.3£0.9 3237432
WG (%) 150.9£0.5 159.8+4.0
SGR (%/day)® 0.75+0.00 0.7840.01
SUR (%)’ 97.9+0.6 97.9:0.5
FE (%) 84.120.8 89.441.6*
FCR® 1.180.01 1.1240.02
DFI (%) 0.81+0.00 0.78+0.01
CF (%)"" 1.70£0.03 1.690.01

"Values are mean of triplicate groups and presented as mean+SE.
The lack of superscript letter indicates no significant differences
among treatments. >CD, commercial diet; BCD, contain black sol-
dier fly larvae 7% in CD. 3IW (initial body weight; g/fish). ‘FW
(final body weight; g/fish). "'WG (weight gain)=(final body weight-
initial body weight)x100/initial body weight. SGR (specific
growth rate)=[(In final fish weight - In initial fish weight)]x100/
days reared]. "SUR (survival)=(final number of fish/initial num-
ber of fish)x100. *FE (feed efficiency)=(wet weight gain/feed in-
take)x100. °FCR (feed conversion ratio)=feed intake/wet weight
gain. 'YDFI (daily feed intake; %)=(feed intakex100)/[(initial body
weight+final body weight+dead fish weight)xdays/2]. "'CF (condi-
tion factor; %)=[wet weight of fish/(length of fish)*]x100. *Indicate
significant difference between groups (P<0.05). ND, Not detected.
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al., 2012; Anvo et al., 2017; Sudha et al., 2022). ©}2}A] & o
T A4 9 AbR Ol 8A ATHE Lkl E W Ak Ale
W BSL 7% &2 474 9 Aol F742 oJgFo] glo] A
2Ol-8A4Z AN 4= qlkar Sk Th

AMSAY TR kY] S50 AR E, AARE
Ao A B4l A3FE Table 30f] Ve Qic). dubAdE B
A, e, 2202 ek Afgo] w2 folxel A}
7h 120K (P>0.05). 2] g2 CD Ag+7F BCD A&+

I °

Table 3. Dorsal muscle proximate, fatty acid and amino acid com-
position of starry flounder Platichthys stellatus fed the experimen-
tal diets for 4 months'

Experimental diets?

CD BCD
Proximate composition (%, dry matter)
Moisture 76.7+0.2 76.9+0.4
Crude protein 20.5+0.3 20.440.3
Crude lipids 1.0£0.1 0.9+0.1
Ash 1.510.01  1.57+0.02*
Major fatty acid composition (% of total fatty acids)
C12:0 0.19+0.01  0.16x0.01
C14:0 3.46+0.02* 3.31+0.04
C16:0 19.08+0.10 18.9910.12
C16:1 5.72+0.04  5.64+0.27
C18:0 3.54+0.00 3.58+0.09
C18:1n-9 17.90£0.15 17.3520.59
C18:2n-6 6.68+0.03  6.58+0.13
C18:3n-3 1.75£0.02  1.80+0.05
C20:5n-3 (EPA) 11.56+£0.00 11.79+0.19
C22:6n-3 (DHA) 12.91£0.02 13.28%0.21
DHA/EPA 1.12+0.00  1.13£0.01
Essential amino acid composition (% in protein)
Arginine 5.99+0.11  6.03x0.13
Histidine 2461005  2.48+0.09
Isoleucine 4.63+0.11  4.69+0.15
Leucine 8.03£0.16  8.11+0.23
Lysine 9.31£0.15  9.25+0.24
Methionine + Cystine 2.25+0.01  2.29+0.23
Phenylalanine 4.1320.01  4.08+0.16
Threonine 451+0.05 4.51+0.11
Valine 5.37+0.10  5.36%0.15

"Values are mean of triplicate groups and presented as mean+SE.
The lack of superscript letter indicates no significant differences
among treatments. >CD, commercial diet; BCD, contain black sol-
dier fly larvae 7% in CD. *Indicate significant difference between
groups (P<0.05).

o oA 0= EQTH(P<0.05). A4 = 24 A3 C14:0
= ARl = S AR 50l TE 22l Aol 7t ¢l
ATHP>0.05). C14:02 CD A&7} BCD AgFH} 59
2 0 & =9kh(P<0.05). A& Y DHA 3, DHA/EPA H|&
© CD A7} BCD ARRHEH 5 9EA/ g, 2% U] DHA §1%
DHA/EPA 1] -2 Atz 9] S5 u2 £:91 21 o7} gigich
(P>0.05). YA £} -2 sfjAko]= DHA 9 EPAS} 2H-2-n-374| 11
TEESRAALo] PR HARO 2 A 9low, that ofF
o) A, Abmol-8/d W ofA FEE Ak W AAE 2/
S u] 2 ckal 231 E] Qi Th(Acar and Tuker, 2018; Jeong et al.,
2022). Y 2] &] 739~ 77 o]/4S] EPA 9 DHA 9] 32 o1 7
o] &S A7 A] Sgttal E = Qitk(Bell et al., 2003;
Kim and Lee, 2004; Piedecausa et al., 2007; Aminikhoei et
al., 2013; Kim and Lee, 2019). Lee et al. (2003)2 7=t} 9
n-3 HUFA 842 0.9% 2kl Hushglon, 2 Aol A A
4% CD 4 BCD+= AAF 8 7152 SEA1 2 7] wfiZell A%,
=5 W A 2/ o] 2Zpel 7t QIS Ao = whekEIth BSLY
AA ARAE 24 5 21-49%2 A 5k= C12:0 (lauric acid)
< Gt JHfolY A T 22 Aol tfsiA] Hars v Qlok
(Thormar et al., 1987; Tran et al., 2015; Herdiyati et al., 2021;
Suryati et al., 2023). & $15-2] Ao 4 BCD AR=29] &

2 55 C12:0 o] ®ish= yHFEA] R dth(P>0.05).
o]2h= RIH & jian carp B thA o] Ak Wf BSL& 37t
MRS T A 5 B AojA ol Cl2:00] HEE=
7102 H31E}tH(Zhou et al., 2018; Belghit et al., 2019). ©]
23t AFA ] Zfo]= ofF, oA 27| A Aks o whet
Zpo)7} Q& Al ez ke, ofof thsfjAl= 5 AR A
7F D asirtar sebE e Ao Ak A Aup A e
oAbz o] 5ol T 0142l Aol7} gleTHP>0.05).
whepA] obn| gt A o] W2 A4 Asl] 59 ol Qa5 vl
Algk 4= & A olgt BehEth(Kim etal., 2013). Foll5ofl o &
S o, AAE 24 5 ol et e e e s
R 115 ¢l ch(St-Hilaire et al., 2007; Barroso et al., 2014; Devic
etal., 2018; Spranghers et al., 2017; Madibana et al., 2020). =}
2hA BCD A2 &4 e fleliie AR H e 25
o] wlol g, Yot FH(2THA, 224 5)9 7= FHo|
Zasfrhal Azt

AR E ol ThHE AR B8 ol 2ARE 23S Table 4
of Lpet ek, i AbEEee CD 9 BCD 22} 1412 kg
o= FAsgow oo b2 % AHRHI§-L CD @ BCD %
7} 3,883,000¢, 4,024,200 .= BCD7} 141,200 ¢ &
Ao 2 Uelgtt Kg & AFRH]-E2 CD ¥ BCD 42+ 1,797
2, 1,814900.2 Lepgtl. Teluh @A) A3l Wiatale 4
A S A4-5hH CD 2 BCD 227 683,408, 1,120,422
AL A A ek by H2Fo] A8 ARH§-E CD
9 BCD Z}7} 3,199,592, 2,903,778 €4 2.2 BCD Al=H]|-&-
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Table 4. Feed cost and revenue for feed types

Experimental diets'

Item description

CD BCD
Production (kg) 2,161 2,218
Feed intake (kg) 1,412 1,412
Unit feed price (won/20 kg) 55,000 57,000
Total feed cost (won) 3,883,000 4,024,200
Feed cost of production (won/kg) 1,797 1,814
Subsidies (won) 683,408 1,120,422
Total feed cost after subsidies (won) 3,199,592 2,903,778
Feed cost of production after 1481 1.309

subsidies (won/kg)

Revenue (won) 23,771,000 24,398,000
ICD, commercial diet; BCD, contain black soldier fly larvae meal
7% in CD.

o] 295,814 © @A Uehsten, kg G AHRR-8-2 CD 9
BCD 77} 1,481, 1,309 2.2 Wbt} $20of glojA=
A zto] 2 ¢lé] BCD7} CDET} 627,000 T =2 Ao
2 JEAE I

B A= E3lo] CDE BCDE vl w s, A& wo] 52
2 zto|7h glom vigAbR AlEF O 2 CDEE BCD AbEH]
o] WA vpebdol| whet 3% o i7h o] A5 %9 BCDE
QA7 s gt Ao ' st vlEo] BCD 3+ Al o179
A7 9 FA ol tigh A &A1 AGE F3f o7k 14
7iAdo] B a5t g5 BCD 7H2 o] QMY S th oFA] AAtct
7RO R Qe AP mE/d WA Aol A FRF
S U AR 7| Hrt

2 Aol M= ke et FA717ERL 10-127]Y(NIFS,
2019)= ot Z-2 470 7He] FA717HE 7Hgsto] B4R Aot
B A FA7IZHE aefskA] Esheitt. ek 2] of7t obd Ft
SA401E YAlste] Fdet At XJolRE Aoj7kA] At
7850 AT, AFEA G, AR B|E 52 1 8hA] fske] At
AT gurststr]of dAId o] ARl whEbA 5
A ol A FA7IHE s @FASAE S B8l V1S
A Ao A ARE-E] 1 Q1= CD E= YA tB] ZL3ALR ] o
ghol 84 W A B7F A7t Tk o) o] AR A,
=t AR W BSL& 7%7H4] 447, AbRol84, oAl &4
g ol ol HAP Al F3f glo] H7HE = S Ao’ ok
. Z27Hd o & Zwcte] AR U BSL 2% A7k diaias
7% A5 F8l ol etk Ak T

k)

Al AL

Hoor 2023¥E AP ANVERY  ARfE A ALY
(R2023036)9) 7 2122 3=l i)
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