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Evaluation of Black Soldier Fly Hermetia illucens Meal as a Fish Meal
Replacement for Growing Red Seabream Pagrus major

Hyeon Jong Kim, Seong-Mok Jeong, Jin-Ho Bae, Kang-Woong Kim and Sang-Woo Hur*

Aquafeed Research Center, National Institute of Fisheries Science, Pohang 37517, Republic of Korea

This study evaluated the effects of defatted and non-defatted black soldier fly meal (BSFM) as a fish meal replace-
ment in growing red seabream. Four isonitrogenous and isolipidic diets were formulated: 0% BSFM (D1), 5% de-
fatted BSFM (D2), 5% non-defatted BSFM (D3), and 5% defatted + non-defatted BSFM (1:1, D4). A total of 360
growing red seabreams (mean = SD body weight, 98.9+0.29 g) were equally distributed into 12 circular polyethylene
tanks (1,000 L; 30 fish per tank; N=3 tanks per treatment). The red seabream were fed until satiation twice daily for
12 weeks. After 12 weeks, growth, feed utilization, whole-body proximate composition, blood parameters, and im-
mune related parameters were measured. No significant differences were observed in weight gain, specific growth
rate, feed conversion ratio, morphological parameters, plasma metabolites, plasma lysozyme, glutathione peroxidase,
and superoxide dismutase among the experimental groups. However, immunoglobulin M (IgM) in fish fed D2 and D3
were significantly higher than those in fish fed D1. Additionally, the fish in D2 group showed higher IgM levels than
those in the other treatment groups. These results indicate that defatted and non-defatted BSFM could be utilized as
a potential feed ingredient for fishmeal replacement for red seabream.
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A AAROR 2T o FAAIYG S F57F F7FstaL gle
1], A AH]E| = o] 7o Ayl o] o] A Foll T AL A
THFAO, 2021). G4 A L7} vl S7kgke]] whef of
F AR Q1% Al i S} P AL Ak AAto] A Al
AR QL F=A7E = Ak, o - Tl H I} ofm| e Ab 9l g 4> 2Rk
Ao FHsto] Ak Y] ThalE] vlFo] =2 Aol ui AR 9
FQ Thl A ) 0 8 AR ETHLim et al,, 2022). L2} HL 7]
FHAste} of Sl5F 74 gl o £9] =R F7FR QIR e &t
A3} 2 A7} A5kl 9l o™ (Abdul-Halim et al., 2014;
Hua et al., 2019), 9841 RAF h719] o9 =0 v]|Z2 X A|5l1L
= BiEALR ] =8 YRl of o] thet tiA| P =] Aol

ST Folatae] o Tl =2l of & HAIEH]
g d7F 2e] A E L JloH, A Rt A=/
A Q=7 g 2 AEkE| o] ARS-E| 31 QItH(Gatlin et al., 2007).

F ol 2o Al w2 Folisoll o] 8ol dizt A7HAA
202 38 A= glek. FolSoli B SAES Hol
glog olgslo] Alsto] 7Rsa 21817 fleoln, AT} 57
7H g R AAT A2 EO A QPR HR] AlAko] 15t wel
A T2 ZF A Hihe W2 714 0 2 YA, g5l 7Hs o]
A2 7417 §4sih, g ool A A] oF 50%7} e
w42 TAEo] Q7] tie] ool il HUCE BE
7}x]7} 32 2™ (Rothman et al., 2014), X4 o] Fefo] szobA &
Ao} ulekA] R Lieo] 2 ) A8 7R ettt Eak 744
A4S lauric acid The THystol Fhatelut aH4ke 7154
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0] 2-4=3}t}(Ouattara et al., 1997; Dierick et al., 2002; Choi et
al., 2015; Ushakova et al., 2016). o] 2|3t A4 wfj o] &) &
& QpAolF A FolEel £ ol g4l et At B
= Ych(Kroeckel et al., 2012; Li et al., 2017; Magalhdes et al.,
2017; Xiao et al., 2018; Belghit et al., 2019; Madibana et al.,
2020; Jo et al., 2021; Jeoung et al., 2023). O] ETHA| L= A}
|5 = Yol YR 24wt 247 ok TRl &
Aobe, B2 7hgo] AT ALR AR E AR A AR o
H 2 = Al 7RSS AFAI A S Sl W, T T A 9
S7FE QIR AbR 71 QS 2 S 4= et Bl sl Y] A+
T2 A S FERL Qo] ER] of Fof| w2 F=71 34 B]-g-o]

A S 917] o] BA) 9wk R Tste] B4
o1§4 B2} s

weA] o] QL BA) W u]gA] BofSolE ol tAele
2 Bgstol £497] BB A, Mol 24 R A B <)
Aol 013 FFL B7e7] 913 sk

| whe} Sgsatatebe AR
| AMEE HES 277 8E 9

Foro] $-g3t0] ATAOR, 2A7IFL 19 23] A
A S ]

(mean+SE)%l 5/407] 35 360vt2]E 1& 74 9342
12700l 7z} 30ube] ¥ F2Re] i x|atlct. ARSAl
B2A(LI12DI2) D AAs 2A0R AN
T2 72t 2 15 Limino| 1L, 1] 23] &5
vieho] Al WA & AAS FATh 12529 ARS717E 54
2292 236422°C (mean+SE), 8EAAL 99+0.8 mg/L
(mean=+SE)9] H| o, AlR3F-2 12 23(09:00, 16:00)
+£0 7 Wk FH5koith

g Mz Mz

o] Ao o]4E Alme] ZA®L Table 10 UERHC
. Al o] &5 B2 9 H[ER] Fofjsoll 2 ICIEF
(Gimje, Korea)ol| 4] i sto] ARE-3FSI T D1 (THR1)2 o+
30%, FAFAREE 30%S Ak =8 Tl A, off 3.5%
2 29 Yo AMgsIgon, AME 19 18%E F4 B
32910 2 ARRSIATE DI AR 0f5 2.5%9} ZHA| AL
1 2.5%5 24 FolsolE B HEA Fofisol o' 242
5% AR D2 9 D3, Ak Y] o] 2.5%2F A AR 2.5%
£ 24 9 e sofsol (112 5% tiAlgt D4
AYARE A 23T ZE ALR U5l 52 vertical mixer
(HYVM-1214; Hanyoung Corp., Hanam, Korea)S A&}

o] itstglon, EotE UusS W/ F7I(SP-75; Geum-
gang ENG, Korea)5 Ag-5l0] A5 AATS3L 60°C #17]
Z1271(SHI-300; Shinhanil, Gwangju, Korea)of| 4] 2A] 7} &<t
A% -25C ¥sael Zysteict

1272709 LA 22 F, AES, ZAF(veight gain,
WG), A& Z(specific growth rate, SGR), A= Al<=(feed
conversion ratio, FCR), H]9F=(condition factor, CF), 7+55F
Z]4*(hepatosomatic index, HSI), W&-%5F 4] 4>(viscerosomat-

Table 1. Feed ingredients of the experimental diets composition

Experimental diets

Ingredients (%) D1 D2 D3 D4
Fish meal 30 27.5 27.5 275
Tuna by-product meal 30 275 275 275
Defatted BSFM 0 5 0 25
Non-defatted BSFM 0 0 5 25
Wheat gluten 3 4 4.9 44
Poultry by-product meal 3 3 3 3
Krill meal 0.5 0.5 0.5 0.5
Soybean meal 8 8 8 8
Wheat flour 19.18 1813 1768 17.98
Monocalcium phosphate 0.20 0.20 0.20 0.20
Lecithin 1.00 1.00 1.00 1.00
Choline 0.12 0.12 0.12 0.12
Vitamin C 0.50 0.50 0.50 0.50
Mineral Mix' 0.50 0.50 0.50 0.50
Vitamin Mix? 0.50 0.50 0.50 0.50
Fish oil 3.50 3.55 3.10 3.30
Proximate composition (%, DM)

Moisture 2.81 2.30 225 224
Crude protein 52.69 5274 5202 52.10
Crude lipid 1249 1258 1289 12.84
Crude ash 13.15 1338 13.70 13.51

'Mineral premix contained the following ingredients (g/kg pre-
mix): NaCl, 43.3; MgSO, -7H,0, 136.5; NaH,PO, -2H,0, 86.9;
KH,PO,, 239; CaHPO,, 135.3; Ferric citrate, 29.6; ZnSO, -7H,0,
21.9; Ca-lactate, 304; CuCl, 0.2; AICI,-6H,0, 0.15; KI, 0.15;
MnSO, -H,0, 2.0; CoCl, -6H,0, 1.0. *Vitamin premix contained
the following amount which were diluted in cellulose (g/ kg pre-
mix): L-ascorbic acid, 121.2; DL-a-tocopheryl acetate, 18.8; thia-
min hydrochloride, 2.7; riboflavin, 9.1; pyridoxine hydrochloride,
1.8; niacin, 36.4; Ca-D-pantothenate, 12.7; myo-inositol, 181.8;
D-biotin, 0.27; folic acid, 0.68; p-aminobenzoic acid, 18.2; mena-
dione, 1.8; retinyl acetate, 0.73; cholecalciferol, 0.003. BSF, Black
soldier fly.
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222 A 3}o] 2-phenoxy-ethanol (Sigma-Aldrich, St. Lou-
is, MO, USA) &4 0.2 npA[Z] &, v]rgtof A F A 2
SETE A3t doie AEe7]E ol8-5to] 5,000 pm o=
10271 le] 5, D7 (plasma) 2|2t 5 AP S H
A A A7 242 WEEAH-80°C)st Tt E2lE E
AFo 2 AST, total protein, glucose, cholesterol, triglyceride=
EA3}1¢ o] HAAks 54 Agel 24 7](Fully automatic wet
chemistry analyzer; Indiko, Waltham, MA,USA)E ©]-&3}o
AzALe] 24 oirele] uel Aaste). ok BF weln
oIz} & AL 4 45 (lysozyme, LZM; immunoglobulin
M, IgM; superoxide dismutase; SOD, glutathione peroxidase,
GSH-PX)& ELISA (enzyme-linked immunosorbent assay)
kit (ELISA Kits; CUSABIO, Houston, TX, USA)E A5}
of Bl i},

.

& AAstech ABAIRS HolAlol UUHIEEALS AOAC
(2005) o whet 2okl Ale. Kjeldahl method (Kjeldahl
8400; FOSS, Hillerad, Denmark) .2 2 X2 o H| 2 3%
(Soxtec 2043; FOSS)2 & FA31¢t) T35 2352 600°C
3)5}=2 (FHPX-14; Daihan Scientific Co., Ltd, Dacgu, Korea)

foi
oy,
=
o
%

Chicago, IL, USA)S ©]83}¢] One-way ANOVA<L} Dun-
can’s multiple range test2 z} A 417F] 5-2144-2 AA3I
th AF HlofE= Wt + BEHEAR B0, P<O.0SE

fol 4202 WAstol fLol4S Beshrt,

Zap Y o

AAtR Y5e] ARt E B4 A3}= Table 20f UERAS
o} o] &, IAFAREE, 94 Follsol, HIEA Foflsol&
o] =R Zetwial 22]2, 3] 8-9] gheke 7F7F 3.87-10.05%,
38.99-68.11%, 8.49-33.92% X 13.59-22.84%2] o
o Bol| A 7P 3o el SRS W Gl ©hR] Foll s
A 7P =2 35 &EE vER] FollFoll ol A 7 e &2
2 glefo] UrebyiTt.

12527Fe] AbS: A g o] WhE A% A3 Table 30f] YEFASE
ot ZEo) AEE2 W E AF 4 98% ol4fo| o, HE
9] WG, SGR, FCR+= ®= Add+t7to]| -9]2 Q1 Zpo| 7} te}
LA QEFTHP>0.05). T3 3H5-2] CF, VSI Y HSI S4 23},

= At f-olZQl Aol 7t LrERA] SEQIEHP>0.05).
o] AL} F-AlSH, Takakuwa et al. (2022)2] Lo W=
H &7] Foflsol gl s FhE X o] &(Z7]5A, 179 g) vl

Table 2. Proximate composition (%) of fish meal, defatted and non-
defatted black soldier fly Hermetia illucens meal used in this study

oA 6417k £t Blsket F AR, 8L 135°C Dry Moo prowm ) ooy ()
jjfkﬁgfyiz ;?:gran Scientific Co., L)l 2417kt 1005  68.11 9.74  13.59
e T e T A Tuna by-product meal  2.74  61.65 931 22.07
s &4 Defatted BSFM 565 5241 849 2284
E7% 242 [BM SPSS program version 25 (SPSS Inc., Non-defatted BSFM 3.87 38.99 33.92 16.45
BSFM, Black soldier fly Hermetia illucens meal.
Table 3. Growth performance of red seabream Pagrus major fed the test diets for 12 weeks
D1 D2 D3 D4
Growth performance
Final body weight (g/fish) 268.7+6.72 274.4+7.39 272.9+4.10 274.0+7.95
Weight gain (%) 171.746.32 177.5£7.83 175.744.12 177.148.32
Specific growth rate (%/day) 1.1940.03 1.21+0.03 1.2140.02 1.21£0.04
Feed conversion ratio 2.2+0.11 2.2+0.31 2.1+0.05 2.1+0.12
Survival (%) 100+0.00 98.9+1.92 100+0.00 98.9+1.92
Morphological parameters
CF 1.76+0.03 1.80£0.08 1.73+0.02 1.78+0.08
VSl 6.43+0.01 6.86+0.06 6.49+0.15 6.82+0.22
HSI 1.35£0.50 1.32+0.30 1.2140.32 1.4+0.22

CF, Condition factor; VSI, Viscerosomatic index; HSI, Hepatosomatic index. Values (N=3 tanks per treatment) in the same row sharing the

same superscript letter are not significantly different (P>0.05).
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AR o] 89 41.7% (AHEW 28.13%)7H4] thA| 7Hs8)cta
B arstel om, gA] FoflE ol o] of oA whE F5¢] CF
o} HSIi= ok A bt oy VSI= s gdita ) BhA] 5ol
Solo] ofRellA] gepol S71E Aashe 4TS 29
c}. 31, gilthead seabream Sparus aurata (27|57, 181.6 g)
At oftg BA] FolsolEoz tiA|ekE w Ak of
F9] 50%(A= W 18.4%)7HA] A7} 71531 R 2., gilthead
seabream®] CF, VSI & HSI= EH2] Hof 5-of 2.0] o] & th o]
w2 FEFo] UEhA] 93U tH(Gai et al., 2023).

2)017] \d A (Paralichthys olivaceus) BJEALE W o] &g v]g
2| FofSo o 22.2% (A=Y 10%) Al 7Fssl3ie
‘g %] ] CF, VSI % HSI= H[EA] Fol5olli2] 37 o w2 &
o]7} ek tA] 9Fofth(Song et al., 2023). T3t AlH2]o} Mz}
Arol(Acipenser baerii) WEA=E U BIEHA] 5ol 5022 30%
AL A4 B ALR 08/ 0] F7tell e, ol B of -2 o
Fe 247 61.3% 2 95.4%71A] A7} 7Fs-5F R thH(Rawski et
al, 2020). o] AT S4714 FHE WjFHALR 1 o2 o)
Al Lo zm =] gl HEA] Fofsoll o2 8.3% (AH=H 5%)
7HA] A Bk e A 9 AbR BEol A DI Aok -9 412l
Aol = LEHA] oRto H =2 47 A3t Urehydtt. o2
e ATE v HsE o, R S AFRY o tiAle e R
A &2 9 a[ER] FofsollR ] B w2 e 2 At ks
Aoz AR E

A TR S Ao S5 dVHE 74 AYE
Table 40 YeRH AT 5250 2, 20d 9l 2x]4 o
A= ZF AR 794 Aol 7F ek A] 9E3ItH(P>0.05). =
B2 ol Al vl A] Fofsollio] -5 AFHD3 % D4)
7k Dlof| H3f & A5 Ul en, &3] Foflsollie] o
e D2 Aok 194 Q1 Zfol 7t vrehA] ¢hgiet. o] ¢

ToFFAHA, 2HE 2018 v AR W o e S o

of ol RO = thA|5HS o Mol URdE A A= B
= AR Yok A ko (Takakuwa et al., 2022),
gilthead seabream Al= U] 0]2-& EX] Foll 5ol .0 2 )45}
= o, 2= AR HolA| fES EA] sl o ol th
Aol FaFe WA e3ttH(Gai et al., 2023).

A R S AR o9 A AuE Table 50 WE}
U ict. oA A} AST, triglyceride, cholesterol, glucose,
total proteinol Al AIBTZE £-0]21e] 2ol Lpekbr] gkkeh
(P>0.05). o]5e] Bl e ojze] A7AeE Hrtet
LAY e 9 s wsto] gieh w32 MU EE dl=t] ©|
L= tH(Clauss et al., 2008). o] A1} FARSHA] FA] 740
(Oncorhynchus mykiss) WEATREY] o} E-S &) Fofl 5o &
o2 A5FFS o FA]7H 4:019] cholesterol, glucose, total
protein> A g 17be]l F-2] 2 Q1 Zpo| 7k LrehubA] ¢t o.m (Du-
mas et al., 2018), F 2] Z]o]-§ viALR Y o] B-5 H[EA] Fof
Zo|E 22 10% AI5FIS ] AST 2 Cholesterol-2- BEA]
FoiEolliEe] ol thAllol e kS A FAtH(Song et
al,, 2023).

AEAY TR F Aol HYEA ATE Fig. 1o UERY
9lth. SOD, lysozyme 2 GSH-PX:= A3 L7ko] §-0] ¢l 2}
o= LhetLEA] 919OLKP>0.05), IgM2 D22} D34 7oA
DI ] 5914 0.2 H9ITHP<0.05). [gM& Z§-79} b2t
7IA| & o] Fol| A ] A Ao 23 A ot o] 7= dl Y
I g ol A theket Aol lE 7] ool IgME =
7] WA e EE S o) 7P WA A sl AR AlS
sHA| HeAe] g3l W A AE FXIgtHMashoof and Crisci-
tiello, 2016).

Kishawy et al. (2022)2] A+ Zxto] wp=H, L Hetujo}

Table 4. Muscle nutrients composition of red seabream Pagrus major fed for 12 weeks

D1 D2 D3 D4
Moisture (%) 75.1240.41 74.54£0.0.09 74.63+0.42 74.32+0.35
Crude protein (%) 21.81x0.39 22.21x0.33 21.95+0.10 21.750.26
Crude lipid (%) 1.15£0.16 1.29+0.20 1.34£0.35 1.58+0.28
Ash (%) 1.57+0.05° 1.66+0.02% 1.58+0.28° 1.76x0.04°

Values (N = 3 tanks per treatment) in the same row sharing the same superscript letter are not significantly different (P>0.05).

Table 5. Plasma metabolites of red seabream Pagrus major fed for 12 weeks

D1 D2 D3 D4
AST (U ) 38.515.19 41.1645.34 34.25+4.04 39.32+2.96
Triglycerides (mg dI') 102.15+3.96 114.23+11.79 94.23+22.19 127.12412.27
Cholesterol (mg dI) 181.35+20.71 183.31+2.23 195.27+25.26 189.48+14.47
Glucose (mmol I) 95.98+23.49 78.41£10.82 82.75£20.30 77.97+22.54
Total proteins (g dI") 3.810.26 3.94+0.13 3.73+0.39 3.91:0.14

Values (N=3 tanks per treatment) in the same row sharing the same superscript letter are not significantly different (P>0.05).
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Fig 1. Interaction effect means of plasma LZM, IgM, SOD, and GSH-PX of juvenile red seabream Pagrus major fed for 12 weeks. Values
are mean of three replicates. Values without superscript letters within the same row in the table are not significantly (P>0.05) different. LZM,
Lysozyme; IgM, Immunoglobulin M; SOD, Superoxide dismutase; GSH-PX, Glutathione peroxidase.

(Oreochromis niloticus) ¥igtALREY EA] Fofl5o 22 o] &

o) Gpol Z7hatel ket IgMo] foj2j0 2 27ttt &

g, AN S0l Wiz bR Y oS B4 SolsoliEoz thA

Al IgMe] gelalAl F71el9. 00, B4 Folelios ok

2 50% oA tAIA] Lactococcus petaurioll 7HEH o]F72] A
Z8-0] AT A tH(Sayramoglu et al., 2023).

xl—i HEAI R Y o]EL €x] W HEA] ZojSojior
8.3% (A=) 5%t chAlstol = welgto] Z7kalo] ALS3t
Aol wreh grebAl wolukgo] BR A ke A Aow
T, ol= 3 $471-8 wi A=W 24 9 BlEA] Fof
Soflito] ofEef Ao AFe Aoz BerHn,
/371 ZE& gAY BA] 9 B[] Foflsol R o= of
= HAALL 2] A7 9 AR o A ol A B A H HIERHA] o
Sol 02 o] 28 t 5t AFTeHD2, D3 2 D4) DIAHT
ol 4] 21219 2hol 7k Lyehita] ekgkom, IgMo] Z7stsict.

olg|et A=, w471 s wigH bR oAl o= &
A 9l H|ER] ZofjSofBo| $A7| o] HelgkA o FulA
o A0 B oA PO ol ol fhoickn 1
QT EE, 18 BE LR o] 7% AR B
o] 7bsstH, 3 LF A 7y TAE o84 Bk, 48k
3 W et okge] BAl 9 vjEA] FofsollR o ® oS
Az A7 dad Ao 2wtk

Al A}
O] =F-2 ARLAEY AR Y ATLARI (R 573 A
4 vigAbR A e 9 EA ] A9, R2024038)2] A
2 9 Ayt
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