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Effects of Dietary Black Soldier Fly Hermetia illucens Lavae Meal as a
Fishmeal Replacement on Growth and Body Composition in Juvenile
Korean Rockfish Sebastes schlegeli
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Sang-Woo Hur'* and Seunghan Lee*
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A 10 week feeding trial was performed to evaluate the effects of dietary black soldier fly Hermetia illucens lar-
vae meal (BSFM) on growth, hematology, and nonspecific immune responses in juvenile Korean rockfish Sebastes
schlegeli. Groups of 20 fish weighing 3.5+0.1 g were fed one of three experimental diets in which fish meal (FM) was
partially replaced with BSFM: B (FM 60%+BSFM 0%), B, (FM 56%+BSFM 4%, and B, (FM 53%+BSFM 7%).
All diets were formulated to be isonitrogenous and isolipidic, ensuring that proximate nutrient compositions (crude
protein and crude lipid) remained constant across treatments despite the graded substitution of FM with BSFM. Fol-
lowing the feeding trial, no significant differences were observed in weight gain, feed efficiency, or survival of fish
fed the experimental diets. Whole-body proximate composition, hematological parameters (serum aspartate amino
transferase, alanine amino transferase, glucose, and total protein), and nonspecific immune responses (superoxide
dismutase, lysozyme and glutathione peroxidase) were not significantly influenced. Notably, whole-body lauric acid
content and blood triglyceride levels in fish increased significantly with increasing dietary BSFM levels. Overall,
BSFM can replace FM in the diet of juvenile Korean rockfish at levels up to 7% without negatively affecting growth
performance.
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o Bk §A14 ofH 08 A A ) e Tl RS
L2781 (Kim et al., 2002; Cho et al., 2015), 8 Thl 2 Alz
A= 2 o E(fishmeal, FM)2 717 o] AR2-811L QUTH(Kim et
al., 2018, 2021). FM2 2u|&E2hS 35 o gfjito] A&
O] 9 Thi A O & opn|leAl W A|RFAF 24T} 7| 5 /d 0] 9
4=8}0J(Cho and Kim, 2010), A A|AZ o2 =Q7} F3=35}4
S7FkaL QIAIRHFAO, 2022), o] &l5 7tax 9 7] S 3tz QIgh
ol W12 SxFo] Hebgalil 7120] 4ak1 ATKKim et
al., 2013; Eom et al., 2015). whetbA] X< 71535 OFA1S 98]

M E

23] &2 (Korean rockfish Sebastes schlegeli)2 20243 =
Wi sfiako] oFA] At 14,513E5 71581 sjate] 4 55
%2918 AT, AAH 75 F8 4] o] FolTHKO-
SIS, 2025). 27} B} ofAlo A] AR o9 Z AT A4, ¥]
2Q) ZoA] FAMAIAT F WL G AR5
of|(Kim et al., 2019a), &2 Q1 417442 $Js 1 a& vt
Abi APkl B4=#] o] th(Kim et al., 2015; Cho et al., 2023). E
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FME tiAE 4= A= ohodet &A=/ e ol izt A+t
7} gkt A8 =L 9l © ™ (Lee et al., 2016; Lee et al., 2023;
Kim and Cho, 2024; Zaman and Cho, 2025), %<+ FMZ tjA]
o4 e et A o7 o] Sk Qi

LTS ARSHA o] Aol a1, At egEo] ok
S/ T A AAte] Blsl Wk (Kuo etal., 2022). £3] Fof
Soll(black soldier fly Hermetia illucens) 52 S A4 4]
o 2 tjgiato] 7Hset E3HE 7)ol £A51al(van Huis
etal., 2013; Henry et al., 2015), S4& 28|7] 5 4714 #HA
A DRIHA) YRE A 4 ol W AR e
¥]37 ¢lom(Rana et al., 2015), ol = ToALRE ALE-
3 4= 97 52 wlo] ool Al AR S 11 QITHMAFEA,
2025).

Folisoll 752 G Abs 2 o 7 o wheh e
SRR AR, =2 Th A okt FA ol ol At Farofn| e
Ah SRR qlom, A1 9 A HbAE 24 TR ARSSE
7l o] whel 24 o] 71535l th(Barroso et al., 2014; Henry
etal, 2015). o] 2|3t SA &2 Fofl5oll 5 thaet 4o
T LFES 83 FM A AF7-Eo] ZeY= L 9lom
(Magalhées et al., 2017; Zhou et al., 2017; Xiao et al., 2018;
Belghit et al., 2019; Kim et al., 2019b), =] 3l k2] 0]F<1
A X|(Paralichthys olivaceus), 73 =t}2|(Platichthys stellatus)
% 2= (Pagrus majono A9 A4 At i Folflsol &Ee
A e 5-7%5 B A% It Hur et al., 2022; Jeong et al.,
2023; Kim et al., 2024). E3F Foll 5ol 52 5349 o
o AW S Wolshy] {1ttt P+t Weto| =5 sk Al
A WA JAS 28511 2121 (Andreu and Rivas, 1998; Bu-
let et al., 1999), 21 22j9] 0 4rel 7|ele Al s
22 3ol 7154 A7 28 7Pssleha 1w s glehVeld-
kamp et al., 2022). S5] Fof5o] 450l chef spEo] g
shoelhe Ak, Fulolels U FAF B4l Holuk of5e)
A Ao 2 =8-S ZrhT B 7 E| Y chSuryati et al., 2023).
Yol ol 5ol 52 Tt gl F9UE dol, |y
FE B 57154 A P AR PR Fu
v, 3 Beta) 28§41 ol ol M tiale B2
ERE S EYEE R IR Y
webA] 2 At solsol = FM A ¢ o &2 S83S
o, 2u]E2t 2] o] A, AbR o]-84, HolA| =, Folleh|
A3 9 B 5ol 4 W Rkgof m| 2= Gk BrIsto], FM o
A 7FsAT 7154 Al a2 A0 T8 rHsAS AES
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Elofl A Alzske] ARG o] ARESHAL, Ad o AME F8
SR ) FM3H o] 2] SofSo] 33 2ul(black sol-
dier fly larvae meal, BSFM) 2] &RIHE, lysine W methionine
A ETHE Table 10], AEARO) 243 3 54 ATHE Table
20 ERH AT

ABARE 60% FME %0 T deloe Algslo] 2|zt
AYALR(BO), FM 56%2} BSFM 4%2 A 238t A E A2 (B4),
FM 53%2} BSFM 7%2 4| 231 A8ALR(B7)S AF812 T,
FM} BSFM 5] slof o2 thild 9 12 g Sl
A g7 gjol e, A W ojgo] Feke 2 el

oh QAR AxE 2 U] $540} ol 92 B vertical

o] % 25°CollA Ax7|E ARE3l HRAIZ - -10°Co] Y5l
Hapsto] Ak of ARgsHTh
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FAtATt A FAFAN A st
o] 257k ofjv] ARSsh A-SA T e A WS SE e
At FEAERE9E3] S EskthEeIN s,
2025-NIFS-IACUC-18).

ASAF S dlv] ARgste] AGAI7] 2uEE X o & f4]
FRP €& 4=2(250 L) 970l 4% & 2001}2](3.5+0.1 g/m}a))
2 3dkE o 2 B0, B4 9 B7 AlR Ao FAE Lo
x5k & 10557 AR AES =aekoleh AR 35
& 295 A EE iR A(NIFS, 2017)2 Fars) 1Y 23]
(09:00, 16:00)ll AA A A|59] 3.5-7.0%F Azt 555+
oh AR MR O] 2 {AIA] §lo] AAsiaE A5l
AL, ZEeh Ak g flel] ZF 2o of| ol AES A A SHY T

AR of tgh S 7t R TRgkE A S 7| (YSI
63-10; YSI Inc., Yellow Springs, OH, USA)E &-&3}o] =
gstlal, Ad 717t FY AR S SRS W 2
19.2-25.8°C, AbA S} = 6.40-7.18 mg/L, pHE 7.51-8.23,
A0 30.45-32.30 psul. 2 ZA =T},

ol gok
R o
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Table 1. Proximate composition (%) of fish meal (FM) and defat-
ted black soldier fly Hermetia illucens larvae meal (BSFM)

) L Ingredients

Proximate composition (%)

FM BSFM
Moisture 10.05 2.26
Crude protein 71.95 59.82
Crude lipid 9.74 452
Crude ash 13.59 14.68
Methionine 1.88 2.10

Lysine 5.21 6.60
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A 3, ZF o] Aol A FAE S4ske] SAle(weight
gain), 7HJA-E(specific growth rate), T2 A3+ S(pro-
tein efficiency ratio), AF& &-8(feed efficiency), A7FA=EA]H
$-(daliy feed intake), 7552 4>(hepatosomatic index), H|T+
I=(condition factor), W54 4>(viscerosomatic index) 2
Ay Z-&(survival rate) 2 ZAFSFA ).
7} ez o 10 v} 2} S BA9]2 E81510] MS-222 (100 ppm)
of v}3] 7, Belzt Aol Alzg A3 Rkt Bl
ool A A F sk, sutddo] AeE FAE AR

A
e
% Aol
il

10

Table 2. Feed ingredients and proximate composition (%) of ex-
perimental diets

Experimental diets’

Ingredients (%)

BO B4 B7
Fish meal (FM; Anchovy) 60.0 56.0 53.0
Black soldier fly meal (BSFM) 0.0 4.0 7.0
Soybean meal 13.0 13.0 13.0
Wheat gluten 1.35 1.75 2.05
Starch 9.95 9.19 8.62
Wheat flour 8.0 8.0 8.0
Fish oil 5.0 5.36 5.63
Vitamin mix? 1.0 1.0 1.0
Mineral mix3 1.0 1.0 1.0
Stay-C (35%) 0.2 0.2 0.2
Choline chloride 0.5 0.5 0.5
Total (%) 100 100 100
Proximate composition (%, dry matter)
Moisture 4.96 5.15 5.23
Crude protein 5249 5220 5213
Crude lipid 11.41 11.30 11.53
Crude ash 11.38 1137  11.41

'B,, Contains 60% FM; B,, Contains 56% FM and 4% BSFM; B_,
Contains 53% FM and 7% BSFM. *Vitamin premix contained the
following amount which were diluted in cellulose (g/kg mix): L-
ascorbic acid, 121.2; DL-a-tocopheryl acetate, 18.8; thiamin hy-
drochloride, 2.7; riboflavin, 9.1; pyridoxine hydrochloride, 1.8;
niacin, 36.4; Ca-D-pantothenate, 12.7; myo-inositol, 181.8; D-bi-
otin, 0.27; folic acid, 0.68; p-aminobenzoic acid, 18.2; menadione,
1.8; retinyl acetate, 0.73; cholecalciferol, 0.003; cyanocobalamin,
0.003. 3Mineral premix contained the following ingredients (g/kg
mix): MgSO,-7H,0, 80.0; NaH,PO,-2H,0, 370.0; KCl, 130.0; fer-
ric citrate, 40.0; ZnSO,-7H,0, 20.0; Ca-lactate, 356.5; CuCl, 0.2;
AlCI,-6H,0, 0.15; KI, 0.15; Na,Se,O,, 0.01; MnSO,-H,0, 2.0;
CoCl,-6H,0, 1.0.

e - ol

o] Y5t 5 LAE2)(5,000 rpm, 1025 S35 &
& -80°Col] Eykshu] BASHGITE HolAl= A7 =
AR, AUAY, opn| At fA of| 2-8-5H3iTt

SENERRETIER

AR D HojA o] dRbAE 242 AOAC (2005) 3+
of T} 58 ARIZFAAZHI(125°C, 3 h), 25182 23]
SFRR(550°C, 4 h), 2 AL 2 2 EHEA7|(Kejlte sys-
tem 2300; FOSS, Hillered, Denmark), Z%]2-2 Folch et al.
(1957)2] Hhwol| whet A5} et

Aol o] ofulicAt BAL giolAE UA RS SAAZE
%, 0.02 g& 23] FHto] 6 N @4H15 mL) -2 110°Cof|A]
240171 7h5-Eal S AAISIRTE TRet S Al 50
mL FeATo A FRFE AR 5 FUARX F,02N
sodium citrate buffer (pH 2.2)E- ©]-8-3}] 3|31t} 3]+
A8 0.2 um o] 744 5 5 8} o] 5k 3 $433 obu| A 547
(Sykam, Gilching, Germany)E ©]-83}%] 570 nm ¥ 440 nm
o]l A ninhydrin A]2FO & HH-8-A|# EA5}9IT) Methionine}
cystine®] 73-7-, tkek AA 2] Ipgo] HastE, 6 N 4k o4l
performic acid& A&-5}o] A3} 9l 7h4=Eal] 2H4-&
SRR EEEREE Y

oA A|HPAE BA0- Folch et al. (1957)2] Wil uket 2
22 ST o221, vv) B3 SuhE AEstel 3 A A
53 &, 14% BF3-MeOH £-94-S A3l methylation #]
2]& 3}t o] &, capillary column (SPTM-2560, 100 m X
0.25 mm i.d., film thickness 0.20 um; Supelco, Bellefonte, PA,
USA)o] 221 GCS ol 880 b4t 248 BAlsielct.
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AST (aspartate aminotransferase activity), ALT (alanine ami-
notransferase activity), ALP(alkaline phosphatase), Giu (glu-
cose), Chol (total cholesterol) ¥ TG (triglyceride) X5 =
Al o, ssHE4 7] (FujiDRI-CHEM 3500i; FUJIFILM,
Tokyo, Japan)E AH&-5}F0f 245131t

HlSoldel B 245 ¢ maw
zyme-linked immunosorbent assay)2- 53 4
(super oxidedismutase)= SOD assay kit (Takara Korea,
Seoul, Korea), LZM (lysozyme)> LZM assay kit (BioVi-
sion Inc., Milpitas, CA, USA), GPx (glutathione peroxidase
activity)x= GPx assay kit (Takara Korea)E 283}l microplate
reader £ FE=E Sl ool vl A s3I

S5 24

AgTel B

= ASEA EH (completely randomized
design)S AAS}AL,

A7 9 B4 ZA7H= SPSS Version 26.0 X

(e}
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2 33(SPSS Inc., Chicago, IL, USA)S ©]-8-3}¢] One-way
ANOVA R %7 241519.0.04, Tukey HSD test (P<0.05)% 7
Aot e blo|El = Halgh+ BT (mean £ SD)E Lt
A
Zm o oy
AYARE 1057 T 29122 Jolo] 44 9
444 23} Table 3o UeffiQict BE Alg A
£ 90% oo 2 AFT 7k) §91219) Rol7
(P>0.05), 71} H A= A O 2 A3t FA4 U EoAF
ERR] okoith ARSAY AT, SAE, QAE, AFRRE,
ol detag 9 AR HENA = BE AlR AT
2 el Aolg 1olA| gt Ml 9 25 o
Al 5941 Zfol 7} it vH, WA= A= BT At& A
3 7HFM 53%, BSEM)7} B0 AL A3 7LH(FM 60%) =t} &
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Table 3. Growth performance of Korean rockfish Sebastes schlege-
Ii fed the experimental diets for 10 weeks!

Experimental diets?

P-value
BO B4 B7
W3 3.59+0.31  3.49+0.17  3.54+0.05 0.818
Fw# 22444292 22.73+3.30 22.38+3.48  0.990
WG?® (%) 531.2+118.7 578.9+122.6 531.8+98.9  0.962
SGR® (%) 2.82+0.29 2.93+0.27 2.82+0.23 0.942
FE (%) 105.5+20.7 106.4+20.3 103.3%18.7  0.988
PER® 1.99+0.41 2.00+£0.38  1.96+0.36 0.989
DFI° (%) 1.98+0.24 1.96+0.29 2.01+0.25 0.989
CF10 1.52+0.16%° 1.62+0.25% 1.45+0.14>  0.026
HSI"(%) 2.22+0.32 2.08+0.30 2.21+0.30 0.271
VSI'2 (%) 8.20+1.07¢  7.11+£0.93° 7.70+0.79®  0.020
SUR™ (%) 95.516.5 90.7+8.1 93.8+3.0 0.942

"Values are expressed as mean+SD (n=3). The absence of su-
perscript letters indicates no significant difference among treat-
ments (P > 0.05). *B, Contains 60% FM; B,, Contains 56% FM
and 4% BSFM; B_, Contains 53% FM and 7% BSFM. °linitial
body weight (g/fish). ‘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 ini-
tial fish weight)] x100/days reared]. ’FE (feed efficiency)=(wet
weight gain/feed intake)x100. *PER (protein efficiency ratio) =
(wet weight gain/protein intake). °DFI (daily feed intake; %)=(feed
intakex100)/ [(initial body weight+final body weight+dead fish
weight) xdays/2]. '°CF (condition factor; %)=[wet weight of
fish/ (length of fish)3]x100. "HSI (hepatosomatic index)=(liver
weight/body weight)x100. ?VSI (viscerosomatic index)=(visceral
weight/body weight)><100. PSUR (survival)=(final number of fish/
initial number of fish)x100.

Towd ol ZdiAl A= &3t 531

oA o & Y UEPEAL(P<0.05), B4 Ak AATHFM 56%,
BSFM 4)= B0 Al= A9 9 B7 Ak A9 -9F -9 421 2
o]7} §IATHP>0.05). & A& H3} BSFMO. 2 FME 7%7H4]
SIS S o) 22t ofe] A W AR EEe] o4l
Aol7t 91511, 418 A3} Thakek o} 5L thAHo.= BSFM
© 2 FM< HiAIsH S o, 474 9 Al a-gol F4 40 97
o] Sl Ao R B EQt) §-H-59](Dicentrarchus labrax)ol
A= BSFME ALY FM 32.4%E 19.5%7H4] ti A 312 wf A
A AR A Eo] A = 9l AL (Magalhdes et al., 2017), thA%F
A 0](Salmo salan)o| A= AU FM 10%E 100%71A] thA]
sk o= Qi R w9l o ™ (Belghit et al., 2019), yellow cat-
fish Pelteobagrus fulvidracoX)| A+ A2 FM 40%E 22.3%
7] A7} 7Rsehehn B e thXiao et al., 2018). 718
U Kroeckel et al. (2012)2] dA+LollA+= ElE(Scophthalmus
maximus)°| 4] BSFM t A7} 4% A& f-ibeles A3 2
1% 7] % Yk

QAR ojolx] A% Aol Fa Aelomt nF el
FAEQ] 7|Elo] X2 o] ¢Fo u(Lindsay, 1984; Olsen et al.,
2006), 7] €12 poly-B,4-N-acetyl-glucosamine©] B(1—4) A%}
o IZE LEA $71 22, o)57} ol & chap AT A9 &
3t Aol E sk A o= 424 Qltk(Shiau and Yu, 1999).
o]9} 724 5}to] Magalhdes et al. (2017) Fol5ol 420 A
&bl mhet 71|l fhigo] S7hskaL, o] &= Qs Abm o] 43kgo|
Ashd 4= & BT & A tollA= ol AFtet g
2] A2 Q1 GFo] TAE|R] (hdtt. o] = AE AbR o] Tl
T A" Ao Z|of7] 2ulEe] GF 27 555101 AR
= AE 4= 2UAaL, BSFM 2] FM thA] a=<=0] 2t 7%= %
of 7|&l ghFo] A om AG7] WjZo g wetE ) ot
2 Aol 7Y S askes AR S5 e s
= A% Antete] lut A siAoll= AT o, - A
TollMe 719 o 9 4x3f e R 3xof gk 7 HEol E
Qs

3HH, & A3 oA+ BSFM H7tol| met WAsFA=7t &
OfHA| sl A Helow, ol s A7k WA

= o

ety

4
SA 9] P WGt 7|E A A e} Fakrith(Jobling
et al., 1998, 2002). 413§ A2 x} Fol5oll 2] 8 &<l

S-2lato] Aol A 7| 4tstE] o] Joi(Cyprinus carpio) £}
ol(Cyprinus carpio nudus)®] WEAR 525 AARIHaL
B35l A(Li et al.,, 2016; Xu et al., 2024), 2-HAko] =
5 BSFM=E FME tiAIeE 3, FA1714-01(Oncorhyn-
chus mykiss) 2 W7}o)(Anguilla japonica)ol| A = WA A]
71 AAaskckal 2% Ith(Melenchon et al., 2020; Kuo et
al., 2022; Takakuwa et al., 2022; Kim et al., 2024). o]} U
HEATY e o 7o ash-thAlr e AAIA oy
A &g 852 o], ANkl A7k fA]of| 34 o= A
S} 7140 QItk(Yang et al., 2024). T3t WASSR A= A



A O HAIR H1RE ST A1 7] e
¢l o m(Igejongbo and Olufade, 2022), o]+
A 7Hx ot A 7S AT Tast AxE 2eE
TRl ek ok
whebA 2 Hte= 2352 2|00 4 BSFM2 7% =7H]
i Ash= 2ol A8t Ak o]-8Adoll A FFe A B
= HojFqlnh. ey o] = ARt A7 A dojxl A
olEz, A7 # o] Al g 7Hs/dS S st] flsiAl
© A1 EMHAE #stof whE 4R dS 2he-at
o] e YA F2]0f nlA= FFS FEshs AAA
QA A7t asicth
AAY T8 T 2052 2]0]9] HojA| ARIE, ofr] e
olA| At

o]
-)]K__

o2 1 |

A Bl ZRAE 24 ATHS Table 40f] vreb oick

AR BA Aol A S8, 2318, 221 9 2ohild gl
RIS AR ARTA £ 21 ol 7} QATHP>0.05). o]
& dke Z5Eo] HolAo] AN E 2ol foj3t L

—

A2 A] e AR ol ke, 3E, ol & O
gk o]0 A FM< BSFM= thAgt Al S 3-a35F302 o, ©f
A 4 2ol 58420 o] Gsiehe Aa 9 ATHETHE
|8t} (Jeong et al., 2023; Kim et al., 2024; Zhou et al., 2017).

HofA| opu| it 24 JA| Bz AbR AR 7F -9 Q1 2
o7} Y12 H(P>0.05), o= BSFMo| o}72] Hg=obu| it
LTS TE9] FEAZES gt iR E o83t
FAolFE2 8 GHA LI FME 53 dgobi]|eikS &
H1Fo 1 (Cho and Kim, 2010; Choi et al., 2004; Jeon et al.,
2014; Kim et al., 2018), 5ol -l -2 methionine} lysine
o] FM3} | ste] At} 0.2 Rasleh a7 dnt glout
(Henry et al., 2015; Liland et al., 2017), -A] o] o5& A% of| &
3t Ageoln| e ARS: TheF 3FG-51a1 ¢lo](Belghit et al., 2019;
Fisher et al., 2020), theFet ofFof| Al opn|ieAl A glo] 44
S = Qo= A AT B 1 E i Magalhdes et al., 2017,
Zhou et al., 2017; Belghit et al., 2019).

AofA A AE 24 24 Ay}, diAl&ol w25 ohe-at
ool §1H 0= Z7RNP<0.05), 7 9] ThE AW 2
e mE As T 2ol §o142l 2ol7t 13IcHP0.05).
o|= BSFMo| tlek 48l k-2l 4to] et A At
20 ARA Q] FE v H RS HolEtHGatlin et al., 2024;
Goda et al., 2024). A8 A-Lof| A= meagre Argyrosomus re-
giu, Y4tz ol Oreochromis niloticus), F-A] 7401 & <]
oo} -2 thekRt ojF oA BSFMo| 71 AbRE Sudt
79 oA W 2e-elat gieo] Z1akehn B ESlekZhou
et al., 2017; Guerreiro et al., 2020; Hoc et al., 2021; Goda et
al., 2024). 2} AR S| x| WA Hmedium-chain fatty acids)
= T A Ao g, 4, A B, WY 248 5
choksl Ae] 2] 7158 7FA n(Kabara et al., 1972; Martinez-
Vallespin et al., 2016; Jiang et al., 2018), o1572] A4}, Al&= 0]

e - ol

B4, i A 2 A A Al =aE & 4 ol v

o A H & tk(Silva do Couto et al., 2021; Ullah et al.,

Table 4. Proximate composition, essential amino acid and fatty
acid profiles of Korean rockfish Sebastes schilegeli fed the experi-
mental diets for 10 weeks'

Proximate Experimental diets?

composition P-value
(%; dry matter) BO B4 B7

Moisture 70.77+0.67 69.03+1.32 69.10+0.96 0.171
Crude protein  17.80+£0.77 18.16+0.82 18.75+0.48 0.302
Crude lipid 7.2610.48 8.1910.40 8.47+0.66 0.068
Crude ash 4.19+0.21 4.56+0.27 4.68+0.42 0.219
Essential amino acids (EAA; %)

Arginine 3.20£0.10 3.19+0.08 3.35+0.27 0.539
Histidine 1.0810.23 1.07+0.17 1.08+0.16  0.998
Lysine 3.53+0.20 3.61x0.18 3.64+0.19 0.762
Phenylalanine 2.07+0.12 2.04+0.09 2.04+0.10 0.919
Leucine 3.62+0.18 3.6410.14 3.67+0.13 0.929
Isoleucine 2.04+0.09 2.03+0.04 2.05+0.04 0.912
Valine 2.4310.10 2.42+0.06 2.45+0.09 0.881
Threonine 2.29+0.13 2.29+0.10 2.33#0.12 0.897
Methionine 1.58+0.06 1.50+0.04 1.57+0.09 0.362
Fatty acid composition (%)

C12.0 0.00+£0.00° 0.360.03° 0.61+0.04* 0.000
C14.0 4.23+0.07 4.42+0.14 4.42+0.15 0.211
C15.0 0.21+0.03 0.20+0.02 0.20+0.04 0.989
C16:.0 17.18+0.81 17.07+0.65 16.66+0.63 0.658
C16:1 7.3310.12 7.3120.14 6.89+0.39 0.163
C17:1 0.22+0.19 0.21£0.19 0.224+0.21 0.926
C18.0 3.7910.12 3.67+0.14 3.76+0.16 0.560
C18:1n9 23.5620.31 23.58+0.40 22.89+0.55 0.205
C18:2n6 4.2240.15 4.15+0.07 4.58+0.43 0.200
C18:3n3 0.69+0.04 0.7120.05 0.70+0.06 0.884
C20:1n9 8.31£0.47 8.5120.36 9.03+0.37 0.151
C20:5n3 (EPA) 8.99+0.56 8.76+0.44 8.62+0.47 0.656
C20:3n3 0.39£0.03 0.38%0.05 0.39+0.04 0.913
C22:1n9 0.43£0.04 0.3910.03 0.40+0.04 0.460
C22:6n3 (DHA) 6.54+0.26 6.32+0.29 6.41+0.17 0.551
C23.0 0.50+0.07 0.50+0.05 0.51+0.07 0.979
C24:1n9 0.47+0.07 0.46+0.05 0.4840.05 0.955
Others 12.94+0.39 12.86+0.27 12.99+0.18 0.848

"Values are expressed as mean+SD (n=3). The absence of super-
script letters indicates no significant difference among treatments
(P>0.05). ’B,, Contains 60% FM; B,, Contains 56% FM and 4%
BSFM; B, Contains 53% FM and 7% BSFM.
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2022; Goda et al., 2024).

ujebx] BSFMS Y 7]5 243t 9 AW A o SHol
A 71678 AR dREA Y 28 The e 7, & A4 A
= BSEMo| Zu]Eet 2]o] 9] Al4dtol F42 Q1 ke 1l
A A e AL FAOl, A& 7Rt Tl A o e A8
H 5 S Hojerh

A F R S, Aol ek 23 422 B H[ 504
o 9 giks} gy B A IS Table 5o Ueb $ict F st
2 A FAE AR 43 AST, ALT, ALP, Glu (8% =5
512) 9 Chol (2% S2812) 2414 BE AR AT 2+
o122l Zo]7} LERLER] QREaL(P>0.05), TG (8% £4%)
1) 2= B7 Abe AglTtoll A BO Abs AR 242
2 =7 UYEbTHP<0.05). FoeHA] 2| 3t= of 79 el A 4
B, A7 57k AW 7 9 2 AE A kS ahetetr] 9
3l &-8-%]+=1|(Clauss et al., 2008; Seong et al., 2018), AST,
ALT, ALP 4232 7+ <44} o] lo] 7F 717 2| 28
E)31(Song et al., 2014; Wang et al., 2014), @5 F2FIA 5
A o] B aolo] ofgt ABH AR 8% 5ET} Z7)eto]
AEY A A} A 22 L-8-FHTH(Chang et al., 1999; Do et al.,
2016). & QLo A= AST, ALT, ALP ¥ &% F23A 43
B Abe AR 7 IR Aol 7t glSlaL, AR A AT 5
off-5oll HUE FME ARt ALE-S 353 5 0l(Lateolabrax
Japonicus)®t QJofol Al ] Zpe]7} glrkal B 115ked(Zhou
etal., 2017; Wang et al., 2019), BSFM 7|7} 7} 7| 5olup &

4

Table 5. Hematological and non-specific immune parameters of
Korean rockfish Sebastes schlegeli fed the experimental diets for

10 weeks!

E:g;tgt'ggca' — Expenm;r;tal diets? - b.value
AST? (UL) 61.8£29 60.8¢6.2 61.4+2.7 0.933
ALT* (UIL) 18.0£3.2 18.2+24 16.6+25 0615
Glu® (mg/dL) 98.04¢5.4  96.6£2.9 98.4+7.4 0.867
TG® (mg/dL) 96.0£5.8° 100.0+1.9% 105.4+4.9 0.021
Chol” (mg/dL)  153.0+11.5 144.6+5.8 150.6+7.1 0.311
ALPS (UL) 91.614.9 94.8+50 93.0+6.3 0.656

Non-specific immune parameters
SOD® (U/mL)  38.59+4.28 41.33+3.98 40.56+4.74 0.601
LZM™ (U/mL) 10.12+3.62 8.68+1.08 8.62+2.64 0.614

GPx" (mU/mL) 225.0+12.0 219.4+12.9 221.0+17.6 0.820
Values are expressed as mean+SD (n=3). The absence of super-

script letters indicates no significant difference among treatments
(P>0.05). *B,, Contains 60% FM; B,, Contains 56% FM and 4%
BSFM; B, Contains 53% FM and 7% BSFM. *Aspartate amino-
transferase activity. “Alanine aminotransferase activity. Glucose.
Triglyceride. "Total cholesterol. 8Alkaline phosphatase. °Super
oxidedismutase. "’Llysozyme. "'Glutathione peroxidase activity.
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Eg| A thAtel] £ JaFS n A A] g8kE2 AlARRITE

G5 FULEE oAs BE AR AT 7R3 Zpol 7t
Ao, Ay Ao A= sollsoll = FMe thAlg A

£ 333t 25w 7|(Pseudobagrus fulvidraco)2}; -H&
oA EF S| LEE A7t At A7 H Ak ItH(Mag-
alhdes et al., 2017; Haider et al., 2024). o]2]gt &35 S| A H|
£ Ast adk= Follsol e F48el 71'o] xE njAd
(lipid micelles)7} Z3310] Ze| AE|S Bg ofAaics &
Al gl o2kal B 1% 9l ch(Sugano et al., 1980; Khoushab and
Yamabhai, 2010). L} = ¢17Lo] 4+= BSFM Y] t) A &0] 3l
T A3 A-Sol Bl HlwL A Lo} o] 2|3t a7} FElEHA U
ERLA] 9ESEE 7HsAd o] qlom, ofof| whet % T A2 A
oz eold 1 avE wrt ges) Fushs 37140 9
7t 2ast 7o gekec

45 A oAl AR A ek BHskA A
= (Kikuchi et al., 2000), A3 A+A7} S5FHv]7], B
(Scophthalmus maximus), Q1 % 950104 S5l &
wE M AR AR S B A9 B S}
Zragtotal B E la1(Li et al., 2017; Magalhdes et al., 2017;
Khosravi et al., 2018; Haider et al., 2024), o]+ 7]€lo] &%
AP SRR Adste] A1 FE Asfishs H7HU
of 7]elgtrtal B a1 it Gasco et al., 2018). L2} & AL
ol A= BSFM F7tell et @5 SAA =271 o5k A 5
7Vol= 7% Hlot. o] gt A3k BSEMof| v ok 2t
F-EAke] tiArA Ao oA Wf A @Rt H A 2ol
FE HFHE 7S AR A A AT sl 2o
oflA] ghe-Elat BES Ak AREY FolA el FTHe 34 @
A SR 5= 5 Al Al 7] HE Q) 2 (Fontinha et al., 2025),
S-=(Acanthopagrus schlegelin©| A= 0.1% 2 0.8% 452
ehEhhs HEeh Al A F TEollA €5 54 A=
ol ] 3f| =A] B E It Ullah et al., 2022). o] 23t Aih=
ehe-eltbo] Qi o}l M AR A A F7HI713 7k o) A
AN A2 E Bt G5 SR A7 258 A
T 5 s HolF, ojFo] whE 5ol thAl ZFolof 7)<l

ujeba] Z3jaet 7ojo] BSEMS A7kt Al a8 717}
S EEERESE RERERELEENE
[¢)

-

o .
HA b B |
FS BSFMo| 2 1]&2to] )4 AL 2 o ] o] 8-
S 8| el 7 A7 2 asitt
238 2)o]9] B o] g3t v Sol 4 wel W aAks} 7]
34 27}, SOD, LZM % GPx 34 25 U517 7+ 4042l
AJol7} LheEREA] QI9LEHP>0.05). ofsze] Bk} el e A7
XS H7lsh= 25 A 2 -85 1 (Theanacho and Odo,
2020), AU 444 (reactive oxygen species, ROS)o] 1}
LA ABAE A ASE AEYAE fEste] opeke Ay 7
Aol 5718k 4= Qlth(Ighodaro and Akinloye, 2018). SOD£};
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GPx+= o] 23t ROSE QIFH A2 &4 Aok ke aa
2 2 42A 9lom(Dawood, 2020; Wang et al., 2022), & ¢
ToIAE AR AR R §ll e, BSEM 371l
A1 SOD 29 F7} Zako] W= qieh. 1efut of2fgh 3k
SAHCE fFolstA] 7] wZell BSFM 717t 2u]E¢) 4]
019] GASt 7] 5ol WY BR3-5 A2 02 ARkl
wgs}7] ot Ay 15147} Abd El-Gawad et al. (2025)2
BSFME &8t v g etujotol A 744 A3 5 SOD % GPx
o] Z715HS 11849 1, Abdel-Latif et al. (2021)2] o1
Al FEsololA A8l Frketttar Harskgie) o]t
A= BSEMO|| ol 71619 @hitel 54 miim o= Hths]
1, 7|9l o] Ahf 2t 2 Al A skal 1A HhE| 2ok el 2
FFROS A2 A 4= Qlekar Harsteh(Ngo et al., 2009;
Zhu et al., 2019). w}2hA], ZulE2o 4 SOD 9 GPx 4]
gt BSEM | &35 ekt 1 gsh7] fleiAl= 871 Ak
Aoy BoA AL 2 55 & Eol L avE

uch gaksbl 45d Bask gk

=
vl =

LZM 8732 9N F28-& Fof ol AR |
del& Jeohs At vSolA MY QIxkE(Yono, 1996),

LZM B/ 57F= WA ol thet AoHg el 7od o= 9l
tH(Doan et al., 2020). A8 Lo A= BSEME M 7[5 AM=
£ 33 Al FrH-solet vtelt vl (Lates calcarifer)o| A LZM 2
Aol F71sle= o] 1w ¢l o ™(Chaklader et al., 2019;
Abdel-Latif et al., 2021), 0= BSFM¢| 335 3t #Efo] =
9 42|24 2 8 Ravi et al, 2011)7} A o] 4E A2 B3
efulo] 9 8 A7 e M-S AP TR Hrshe
TH(Bruni et al., 2018; Terova et al., 2019; Hu et al., 2020). ~1
2L 2 Qo i LZM SH4o] 070l ol S L2l
AUANE s Aok Bolon, o= BSFME FMS tiA|gt
2 Folet R & /o &2 gt AdY Aol A e AF-
2k foJRt 2ol 7t glIIH Aukel Y| ghrk(Wang et al., 2019;
Hender et al., 2021). Y¥H2 02 WY uk-g-2 WA 7+ &
2ok = dEe] Adem(Suet al, 2017), & AofA= A
Hofof e A 9 HAsHA 2|71 A/ H e Well AAH H&
g, BSFM 717} of 7 47 ol £42 Q1 3= mIx| 2

QokThar ek o
2 A-E TR A, 2uES ZJolo] BSFMS 2 7%
7HA FM< tiA| 8k 38 75, A7t Ak ]840l 74
A7}, BSFM

2} gyl LhehbA] elgkeh. Aol At 24
2 A7Fe b ATl 2helAl giako] 27k, of
1= et xofe] A AR APl 71018 4= Qs 7He A
2 AJAFRICE, 5 BONshA 4|5 9 ]Sl me] whgofA] £
ofgk Aoz 2EI | koLt slg il sl A 2714
A7k Bastcha Azt ARH R, Boh] 452
2-6-5F BSFMS 2352} X]0]o] FM th |2t o e} /)54
AR RN E & B8 7P AS BRI o] 4]

T =20

o

e

l

BT - R - SRS - ol5dt
RGO AR FAT A% 75 AR AL Se] 7]of3 4
912 A0 ghorelct,

AL AL

o] =52 FYSAIIEH A AATAY (ST 2
374 vigHALE A7) 4 9 EAake] 91, R2025038)0) X9
o= 23 AP,

]
=
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