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Effects of Worm-based Extruded Pellets on Growth Performance of
Olive Flounder Paralichthys olivaceus in Commercial Aquafarms

Sang-Woo Hur, Jin-Hyuk Lee, Seunghan Lee, Seong-Mok Jeong and Kang-Woong Kim*

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

We evaluated a worm-based extruded pellet diet with black soldier fly Hermetia illucens larvae (BSF) meal and BSF
oil for olive flounder Paralichthys olivaceus through field feeding experiments at a commercial aquafarm. We pre-
pared two experimental diets by replacing fish meal and fish oil with BSF meal and BSF oil (BEP-1, BSF meal 7%,
BSF oil 1%) and (BEP-2, BSF oil 2%), respectively. We prepared raw-fish based moist pellets (MP) for comparison
between the two experimental diets. We distributed the olive flounder (220+£6.29 g) in square (10 mx10 mx1 m) con-
crete, 100 ton tanks at a density of 1,600 fish per tank (n=3) in triplicate for each dietary treatment. We fed the diets to
the fish to apparent satiation for 7 months. At the end of the feeding trial, we found no substantial differences between
the groups in terms of growth performance, survival, or feed utilization. None of the diet groups showed any changes
in either hematological or non-specific immune responses. The histological observation of the intestine showed that
the goblet cell number and cholecystokinin-producing cell activity increased in the fish fed the BEP diet compared
with the those of the fish fed the MP diet. These results indicated that dietary BSF meal and oil can be used for olive
flounder without compromising growth or, hematological and histological parameters.
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Table 1. Dietary formulation and proximate composition of the ex-
perimental diets for olive flounder Paralichthys olivaceus

Ingredients BEP-1 BEP-2 MP

Fish meal (Chile) 63.00 70.00

Black solider fly larvae meal 7.00 0.00

Soybean meal 2.00 2.00

Wheat gluten 3.20 3.20

Starch 6.92 6.92

Wheat flour 10.00 10.00

Fish oil 2.00 1.00

Black solider fly larvae oil 1.00 2.00

Vitamin C 0.50 0.50

Vitamin E 0.50 0.50

Vitamin mixture' 1.00 1.00

Mineral mixture? 1.00 1.00

Mono calcium phosphate 0.50 0.50

Taurine 0.50 0.50

Choline chloride 0.50 0.50

Cellulose 0.38 0.38

Farm-made feed (raw fish) 100.00

Proximate composition (% of dry matter)
Moisture 0.87 0.15 70.1
Crude protein 56.30 56.04 541
Crude lipid 9.1 912 339
Crude ash 12.88 12.14 7.2

'Mineral premix contained the following ingredients (g/kg pre-
mix): NaCl, 43.3; MgSO, -7H2 O, 136.5; NaH, PO, -2H, O, 86.9;
KH, PO,, 239; CaHPO,, 135.3; Ferric citrate, 29.6; ZnSO, -7H2
0, 21.9; Ca-lactate, 304; CuCl, 0.2; AICI, -6H2 O, 0.15; KI, 0.15;
MnSO, -H, O, 2.0; CoCl, -6H, O, 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. BEP, Black
soldier fly Hermetia illucens larvae; MP, Moist pellet.
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Fig. 1. Changes in mean body weight of olive flounder Paralich-
thys olivaceus fed the three experimental diets for 7 months. BEP,
Black soldier fly Hermetia illucens larvae; MP, Moist pellet.
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Table 2. Feed utilization, survival and biological indices of the olive flounder Paralichthys olivaceus fed the experimental diets for 7 months'

Diets
P-value
BEP-1 BEP-2 MP
Feed conversion ratio 1.19£0.10" 1.13+0.03 1.07£0.07 0.2342
Daily feed intake (%/day) 0.95+0.08" 0.91+0.03 0.87+0.05 0.3215
Survival (%) 82.3+2.9™ 84.4+6.7 87.1+1.9 0.5509

"Values are mean of triplicates and presented as mean+SD. The lack of superscript letter indicates no significant differences among treat-

ments. BEP, Black soldier fly Hermetia illucens larvae; MP, Moist pellet.
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2021), thAf ek ofof “sollsolf BEs o]-&sto] oS 100%
hA|EFE o Ad7doll Zpol 7} glekar Ha1E|§l o w(Belghit et
al., 2019), Foli 5ol £ &3 AFRE EHEolA 5533
< 1 soll-soll 2o tiAl&o] S7ietkel whet 7ol f2Jst
A Zrash= A7 B %l ch(Kroeckel et al., 2012). ©]4 2]
ATANES TS W ofFol wet EFUERR oES
WA|SFEE o] Aol DetAl AS ERIE 4= AR, o]
AR AT A o Folseol EEE dAsHS o 4
Zoll Zpo7h flim AS ER1 T 4= ATh AEASeE YA}
24131% ollAli= BEP-1'2 BEP-2 A%t MP A g ol A &
oA 9] ko] 7} §19132(P>0.05), Kim et al. (2009b)2] &1-of| A
T AR v ALE ARR-ofl ThE AbR SO Aol (IS
ASAY SR S HiRtALR L AR O] AbE Al E Bt 2
3} BEP-1 9 BEP-2 A1} MP A% Lol A 928l 2ol
7F QAR A @A ALRE Saokls © AR} ul
ARl B8l 34 7}7to] Tk A& Fele 4= ATt o]
At Aib= YAEZF s gAbE | vl -Eetero] 7] wi
of} FeHE ] o] Aol A AR = vigALR | Bls) HA
o] ufj-¢- Ho Ao, f5okeFo] ot AlRE FF S o o
frAieko] EPof| H| 3l uj-9- i7] wfitof] Az a-go] A5 Ao
2} B 1 EQITHKim et al., 2009a). T3+ AL2 Y] 5ol 5ol & &
7Vt W AlEAIG] S AR FFE FAUThe d7H A
e A=, o)A AtollA] Folisoll 2EE Al M7tk
sad A FAMNEA AW Felate 771 et
HaA7= 5 U #5S AR HSAZIThL By
&1th(Gaudioso et al., 2021; Randazzo et al., 2021). A g
A A7 GHloll Al AL B 7130-35% o] AHA| 5= RHE A
AR} 558 A4 W ARLAIRE THA] = EF AR S A
Bk Alo] B PA Q1 S| sietal At th(Hwang
and Kim, 2009).

Carcassol| gt URHg 224 2= Table 3¢ Uebf ict.
oA W 2382 A Alololl 4431 Zpol 7} gl ot =
AL MPAIE(10.7%)7} BEP-1 A& 71(7.14%)2} BEP-2

Table 3. Carcass composition (% of wet weight) of olive flounder
Pralichthys olivaceus fed the experimental diets for 7 months'

Diets
P-value
BEP-1 BEP-2 MP
Moisture 68.6+0.23* 69.8+1.55% 66.0+1.86° 0.0477
Crude protein 20.5+0.06® 19.5£0.31° 19.2+0.42° 0.0039
Crude lipid  7.14£0.57° 6.60+1.49° 10.7+0.93% 0.0062
Crude ash 3.47+0.15™ 3.28+0.13 3.42+0.34 0.5901

"Values are mean of triplicates and presented as mean+SD. The
lack of superscript letter indicates no significant differences among
treatments. BEP, Black soldier fly Hermetia illucens larvae; MP,
Moist pellet.
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AFT(6.60%)°] vlaf 212 02 SeHP<0.05). o] AT
oM FFEE AR W ALFFo] F71AHS HolA] EL 2
S ) 74 gheo] Z7heks ATE R YrH(Kim et al., 2004;
Lee and Kim 2005). ¥ A-FoA AR8-H AYAtg o] 2| AEF
(33.9%)< BEP-19] 2| 3HK(10.2%)3} BEP-29] x| 2 atef
(10.9%)ll Blsh =817 wfiZell o] d A&} upxk7k| = MP A
2] A4 gkl thE F ATl Hlsl > A o= wekE
o} J 29} 22 sitol a2 AW A E AL Bagt vk
SESHARHDHA, EPA)= €5 Blo| & 53l sait=dl, o
Aol AHEE FolTell 2 E ZMAA Y} S 2R
S0 ofol Hlg|| A=A AR o] Wol AW o]-8-4
o] ol HojA| A4 grro] wolAth A o] 2]0]7]
B30 Fofisoll of Al A2 o} thAlEo] wobEs
5 21017] 5o Ak B Aedof HojA| A= EE s} ARy
Aol srobRan, TRk HojA| 2| A gkero] Wolx|= Ayt Bl
=] lth(Kroeckel et al., 2012). o] SR F o A= d 2] A9
ARl AR A SHA] A, 71E AFElA Sl
off £ W ZA AR 2| Edut Zo] LA R o|A of Zof H]3]
A= ESE A o] B A8 81l B 4= Gl Sl th(Kroeckel et
al., 2012; Zhou et al., 2017; Jeong et al., 2022).

Carcass?] =83} k=l sleko] MP A7} BEP-2 A
Aol Bls f-o)H o= W2 o] f= oA 24 F XA Tl
Z7151% 7] wj&of] A& 0 2 WA Yehd A o2 AR H
HAEA Ail= Table 40 Uetlioict 2E FHshy 2
A oA s AR Afolofl Fo1A Q1 Zol7h ISt
(P>0.05). 349k 2 2 2 glucose 42|+= MP A&7} 7}
=94t} Triglyceride®} cholesterol <~2]&= MPA L7} 7}
ok}, o= AEF AT S| whek catecholamine
o] B1]5} catecholamine-2 7tof| A glycogens glucose® A
A ZITHKim et al., 2017). 25 AEH A7} 2718408 PF
glucose 522|7} Z7}sHA| Hch. AR E Al2 S 23T o &
Aol Wol Alr g & 4ol oot a1, A A 9ol &

Table 4. Hematological parameters of olive flounder Paralichthys
olivaceus fed the experimental diets for 7 months!

Diets

BEP-1 BEP-2 MP Pvalue
P2 5431049 623:021 626+122  0.5404
Gc? 15.5¢6.94 16.7t8.00 24.9t+6.53  0.4568
TG 228+132.3" 330£650  170:96.6  0.3995
Chol®  412+116.8™ 365:141.4 236:158  0.3581

"Values are mean of triplicates and presented as mean+SD. The
lack of superscript letter indicates no significant differences among
treatments. *Total protein (g/dL). *Glucose (mg/dL). *Triglyceride
(mg/dL). *Cholesterol (mg/dL). BEP, Black soldier fly Hermetia
illucens larvae; MP, Moist pellet.
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Fig. 2. Histochemical and immunohistochemical analysis of the liver and intestine of olive flounder Paralichthys olivaceus. BEP, Black

soldier fly Hermetia illucens larvae; MP, Moist pellet.

5 LW Ee Fggth. MP AE 9] glucose =] 7} =9k
ol g o]gj3t A A AEF AR QT Ao F2Erh w3
A3 9] cholesterol ¥ triglyceride®] <=7} Wi EALRE
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O 7 079 7F, 15 5 2A o Aol 7} e -9 b2
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=9I thKim et al., 2005).

H| 0|2 Holsha] B4 Ayk= Table 59 Ve Sic &2 A
T A= IL-1B, GPx /o] Z7tehe A3 Holil ah3le
U R E W EME(IL-18, GPx, IgM, LZM and SOD)o|| 4]
AT Abololl o2 ¢l Aol §ITHP>0.05). 252 St
Hefo| =0t of 2] B EHS FH-okal okl HarE| 9l
(Ravi etal., 2011), A& Hf 2234-S 7sto] 35 49 o]
T "o AHARLS A 5 ok BaE e
AR W Follsoll Big H7tete] S Aol A
o] H|Eo|d Wogu} FAstas SYS F7HI7= AoR
1 1% 9 cH(Shin et al.,, 2020, 2021). T3} =2 0] 7] ALY &
off-5oll HL-Z 25%E H716tE W LZM €/d o] S7HlitkaL
1 E|9] 3(Xiao et al., 2018), X]0]7] Z¢] 4l %s0] ALE ] Sof
ol B 2 {5 H7ekeS wf LZM 2 WE §41%
g4o] F7)gtcla B 5kt Hender et al., 2021).

Z 254 WA= Fig. 20 epf ik, 7F 23S kst
I} 2} A9l Atolof| k2] WSkt A E| Ik AR W
2 A7V A9 71"l ofsf 7t 225k WSk} Urepdt

=

N i,

of

T 2% cHElia et al,, 2018). E3k, 7]E1-S 7k 22 Z o]
FFE = o o, FHSE o] = grh(Zarantoniello
et al,, 2018). o[ A-Lo| M= L FALR FFtoll A YA
& Fgtoll Bls AW A4 o] =7 WAFE Qi o] vf
o] &= 39| 7]¥1-& poly-b,4-N-acetyl-glucosamine ©|7] wj&
of o} 77t th AT - L3Pl 7 A 4= qlrkarl Bk
¢1tk(Shiau and Yu, 1999). 3}A|qF AR U] Fofl 5ol 22 A7}
o 7AW dSEAE el Eohal By e skgl o

Table 5. Non-specific immune parameters of olive flounder Parali-
chthys olivaceus fed the experimental diets for 7 months'

Diets
P-value
BEP-1 BEP-2 MP

IgM2 9.07+£3.18 7.02+0.37  10.8+2.22 0.2047
Lzm3 254+11.9~ 21.4+13.1 22.0£3.16 0.9042
IL-1p* 5.65+3.12 5.6310.31 2.64+0.64 0.2756
SOD5 9.71£2.59= 7.19+0.29 9.01x2.02 0.3159
GPx® 21761578 1697x120  1402+135 0.1600

"Values are mean of triplicates and presented as mean SD. The
lack of superscript letter indicates no significant differences among
treatments. *Immunoglobulin M (pug/mL). *Lysozyme (ng/mL).
“Interleukin-1pB (pg/mL). *Superoxide dismutase (U/mL). *Gluta-
thione peroxidase (ng/mL). BEP, Black soldier fly Hermetia illu-
cens larvae; MP, Moist pellet.
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(Kumar et al., 2021), tiAF ¢1o] Ak Y Folisoll 25 AR
sko] of &5 thAISE A ax8kE0] wobA 7| SF3ith(Fisher
etal., 2020). o] Htof| = gol 5ol E& AR W o= tAl|sh=
g ARESFA 20l = AU goblet celli CCK-producing cell
=7}t z2Ttef xfo 7k §L 9 tHWang et al.,, 2019). o] A+
of| A= BEP-132} BEP-2 Aol A] thx thu] A Hu&
o] B31E FHlE 4 WerEo] 4534 WAL FYow, &
3EAS 8l goblet celld 43135 22 CCK-producing
cell $27} 57 AT 25 Hol | F0 AsEEE
sl 34 W] BAS FE AsAE B40] L asit)
L AbRECH

wet B ATES FE A, Fol5ol B EE o5
5 272 1%, 199 ARG vikAb = = FA oA AR
o}l mateiehE Y19 4%, AR A%, 77, vl So]H e
ol Zfo] glo] ARg-o] 7hsd A O = ek o] Foflsol & E
= Eof5ol $71 BrbE TR S AR Al S B

O G829 A o =] & Aoz geter
AP A}

O] =2 I HPANSHY FAAIE AR (ol v A
2 4831 9 obd A AFR2022016)9] A1 PO & 43 ot
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