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This study aimed to evaluate the utilization of low fish meal (LFM) diet and black soldier fly (BSF) Hermetia illucens
meal supplementation in LFM diet as a fish meal (FM) replacer or functional additive for juvenile olive flounder
Paralichthys olivaceus. Three LFM diets were prepared to contain 30, 25, and 20% FM, respectively (designated
as F30, F25, and F20). Three BSF diets were prepared by adding 2.0, 2.5, and 3.0% BSF in the LFM diets, respec-
tively (designated as F30B2.0, F25B2.5, and F20B3.0). A total of 540 fish (initial mean body weight: 22.3+0.01g)
were randomly distributed into 18 tanks (240 L) in triplicate groups and fed the experimental diets twice daily for
12 weeks. Results showed that there were no significant differences in the growth performance, feed utilization and
survival among all the groups. Lysozyme activity significantly increased in F30B2.0 and F25B2.5 groups compared
to their respective LFM groups. Total immunoglobulin was significantly higher in F30 group than in F20 group. Anti-
protease and myeloperoxidase activities were significantly higher in F30B2.0 group than in F20 group. Innate im-
munity gradually decreased with decreasing FM level in all the groups. BSF supplementation significantly improved
immunity compared to their respective LFM diets. Therefore, BSF could be used as an immuno-stimulant supplement
in LFM diets for P. olivaceus.
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Table 1. Dietary formulation of the experimental diets for juvenile
olive flounder Paralichthys olivaceus

Dietary treatments
F30 F25 F20 F30B2.0 F25B2.5 F20B3.0
Fish meal (Chile)' 15.0 125 10.0 15.0 125 100
Fish meal (Peru)' 15.0 12,5 10.0 15.0 125 100
Tankage meal? 14.0 16.5 19.0 14.0 16.5 19.0

Poultry
byproduct meal®

Wheat gluten* 480 4.90 500 480 490 5.00

Ingredients (%)

7.25 800 875 725 8.00 875

Soyprolein 850 900 950 850 900 9.50
Black soldier fiy*  0.00 0.00 0.00 200 250  3.00
Tuna byproduct 200 3.00 400 200 300 400
Starch 360 345 330 360 345 330
Soybean meal 12.0 12.0 120 120 12.0 12.0
Wheat flour 700 7.00 700 550 500 450
Fish oil 406 392 378 356 342 328
Lecithin 0.80 090 100 080 090 1.00
Betaine 0.60 070 080 0.60 070 0.80
Taurine 0.55 0.60 065 055 060 065
Lysine 040 050 060 040 050 060
Methionine 0.29 0.33 0.37 0.29 0.33 0.37
'F\)"h‘;r‘sc;ﬁ::gi”m 125 120 115 125 120 1.15
Mineral Mix® 100 100 1.00 100 1.00 1.00
Vitamin Mix® .00 1.00 1.00 1.00 100 1.00
Vitamin C 010 010 010 010 010 0.0
Vitamin E 010 010 010 010 010 0.0
Choline chloride  0.70 0.80 0.90 070 080  0.90
Total 100 100 100 100 100 100

'FM, Orizon S.A., CO., Ltd, Chile. ?Hanla Industrial Co., Ltd,
Jeju, Korea. *Woosin Food Co., Ltd, pocheon, Korea. *Solae LLC
Inc., Saint Luis, USA. 3CJ Cheilledang Co., Ltd, Seoul, Korea.
°Entomo, Siheung, South Korea "Wooginfeed Industry Co. Ltd,
Incheon, Korea. #Fish oil, E-wha oil Industry, Busan, Korea. Min-
eral mixture contained the following amount which were diluted in
cellulose (g/kg, mixture): MgSO,, 80.2; C,H,FeO,, 12.5; KCl, 130;
FeSO,. H,0, 20; CuSO,. 5H,0, 1.25; CoSO,, 0.75; Ca(10,),, 0.75;
Al(OH),, 0.75; ZnSO,.-7H,0, 13.75; MnSO,, 11.25; CoCl,.6H,0,
1. '%Vitamin mixture contained the following amount which were
diluted in cellulose (g/kg, mixture): L-ascorbic acid, 6.4; DL-a
tocopheryl acetate, 37.5; thiamin hydrochloride, 5.0; riboflavin,
10.0; pyridoxine hydrochloride, 5.0; niacin, 37.5; Ca-D-panto-
thenate, 17.5; myo-inositol, 75.0; D-biotin, 0.05; folic acid, 2.5;
menadione, 2.5; retinyl acetate, 1.72; cholecalficerol, 0.025; cya-
nocobalamin, 0.025.
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Table 2. Proximate composition and fatty acid profiles of the ex-
perimental diets for juvenile olive flounder Paralichthys olivaceus
(% of lipid)

Dietary treatments
F30 F25 F20 F30B2.0 F25B2.5F20B3.0
Proximate composition (% of dry matter)
Crude protein 57.4 574 573 58.6 58.2  58.1
Crude lipid 10.2 106 112 109 1.2 1.5
Crude Ash 131 128 127 13.0 13.1 13.0
Fatty acid (% of lipid)

C12 - - - 276 316 413
C14 3.79 347 3.09 3.81 3.53 3.59
C16 254 262 260 256 256 247
C16:1 535 5.08 490 475 452 456
C18 821 9.92 992 9.11 1.0 10.0
C18:1n9 222 228 246 213 222 243
C18:2n6 136 142 129 143 143 136
C18:3n3 342 296 316 246 231 247
C20:4n6 547 462 538 400 330 3.62
C20:5n3 754 637 625 679 586 544
C22:6n3 502 439 384 510 428 3.56
MUFA' 276 279 295 260 267 289
PUFA? 296 279 261 286 267 251
¥n-3° 16.0 137 132 144 124 115
n-6* 136 142 129 143 143 136
SAF? 374 395 39.0 413 433 424

'Monounsaturated fatty acids. Polyunsaturated fatty acids. *Ome-
ga-3 fatty acids. *Omega-6 fatty acids. *Saturated fatty acids.

2o FH3FAE AT 5% 2 24.6£2.17°C ® ¢
2 2} =20 o]&s} 4t 844 = Pro20 Dissolved Oxy-
gen Instrument (YSI, Yellow Springs, OH, USA), pH+= Seven
Compact (METTLER TOLEDO, Columbus, OH, USA), &+
2 Master Refractometer (ATAGO, Tokyo, Japan) 7|75 Ak
sto] S5kt AP 7t 5§24 8.1440.83 mg/L,
pHE= 7.65£0.25, §E-2 30.4+2.03 psus 94| =] 2T},
oM=H

AEAY TR 5, AEE(weight gain, WG), YIHIEE
(specific growth rate, SGR), AR 0]-&aE(feed conversion
ratio, FCR), THil 2 413} 8 S-(protein efficiency ratio, PER), A}
Z&(survival), H|W = (condition factor, CF)E SA43}7] 3l
A01Z 24AI7E BAAIZ) % u1150k 2 2 final body
weight, FBW), Zo]& S48t} 74 574 &, =2 o 3vt
2] 9] A9l o) & F29 &2 Aste] 100 ppm&] 2-phenoxyetha-
nol (Sigma-Aldrich, St. Louis, MO, USA) 8910 2 n}3|A]
71 3 7F5eFA] 4> (hepatosomatic index, HSI)2} W54
(viscerosomatic index, VSIyE Z745}7] 98l Aol a5t
o] 213} 9] 2% Zstet
Samplingzt 24

Foll2 upE AF oo njRFuofA QP o, N
S5 R85l 20 uL9) heparin (Sigma-Aldrich)S &
slith. Hematocrit (Ht)2 A& (whole blood)S AR5}
Micro-hematocrit (VS-12000; Vision Scientific, Daejeon, Ko-
rea) AH] 2 =43}9] 01, hemoglobin (Hb)-S & HAY 3}
417](CH 100°s; RADIM company, Firenze, Italy)E 53l &
=] Qlt}. Heparino] A 24 &2 YAlE-2]7]|(Micro 17 TR;
HanilBioMed Inc., Gwangju, Korea)5 %3l 4+2](10 min,
5000 g, 4°C)=| o1, E-2] % % (plasma)> glucose, choles-
terol, total immunoglobulin (Ig) &4 ol A& 21t} Glucose,

Table 3. Essential amino acids profiles of the experimental diets
for juvenile olive flounder Paralichthys olivaceus (% of protein)

Essential Dietary treatments

amino acid F30 F25 F20 F30B2.0 F25B2.5F20B3.0
Arginine 6.76 6.77 6.70 6.80 6.82 6.76
Histidine 2.87 280 270 293 288 280
Isoleucine 414 408 403 418 412 409
Leucine 729 747 722 734 724 730
Lysine 7.02 686 658 7.06 691 664
Methionine 266 263 238 266 263 268
Threonine 401 388 382 404 391 387
Phenylalanine 4.34 427 435 437 431 439
Valine 474 471 468 479 478 AT5
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cholesterol-2 STANBIO kit 0]-8-3f dAYSetEAA7 1S &
3] 24w gle}. Igt= Siwicki et al. (1994)9] W o & 243519]
o @A (serum)> AHE NS Ao A 307 ST
< I FUsHA HAEeskel e, lysozyme, anti-prote-
ase, myeloperoxidase (MPO) &40 o]-8-5}31t}. Lysozyme
/42 Hultmark et al. (1980)2] =2, anti-protease -2
Sharifuzzaman and Austin (2009)2] {2 MPO+= Quade
and Roth (1997)2] 1 0 2 RA3loic), @43} @32 1A
of| AR&-=7] 712 ¥5 HAH(-807C) H St

A AFEeF 5259 U412 AOAC (2000)9] Y
of whe} BAEI SR U7t 21257, 3 h), =
ol 22 AR 2|SF(550°C, 4 h), THES As A A
7](Kjeltec™ system 2300; FOSS analytical, Hillered, Den-
mark)2 243149 0™, X2 Folch et al. (1957)¢] o]
we} 2T A% ARRSh HolA|e] A 24 Met
calfe and Schmitz (1961)2] Wl of wla} A&7 sF3ict. £
H A"AR capillary column (112-88A7, 100 m X 0.25 mm,
film thickness 0.20 um; Agilent Technologies, San Francisco,
CA, USA)o] A2Fe gas chromatography (6800GC; Agilent
Technologies)& 53l A4 & 31t} Carrier gase 48 AR
319931, oven?] 2= 140°Cof|A] 240°C7HA] 4°C/minl. 2 =
7HAF ) Injection 2= 240°C, AE7]19] &&= 240°C=
A5t #2522 37 Component FAME Mix (Supelco,
Bellefonte, PA, USA)S AR5t A o]o] 548 ot
A 59 Rosen (1957)9] Whgol uje} BAE gie). S8
A 2(LP20; ilShinBioBase, Dongducheon, Korea)s}53.©.
, ZF &S 30 mLo] 6 N HCIZF £37}51o] 2447K(130°C) 5
beRalist ek, ol FF4 A7Hste] 100 mLe YHE

N

rS . off

%, syringe filter (0.4 pm)Z filteringd} At SH] % A2+ 3
A5t 5 o} AL B4 7] (Amino acid analyzer S433; Sykam
Chromatography, Eresing, Germany)= £-4] & it}

£7 24

2E Aslle= AHSEA S (completely randomized de-
sign)S 5ol FAF9I= wiA|5}31ct. E4] A 7= SPSS (Version
24.0; International Business Machines Co., NY, USA) =71
S 0] 8510 One-way ANOVAR 7 BA €] ¢]c}, do|
252 122+ Tukey’'s HSD multiple range test (P<0.05)2 Lt
ER gict. B2-E dlo]E] = arcsine M3 GHO= A 4FSHG o,
= glo]g= HtgEEEH A meantstandard deviation) 2
LR It} Two-way ANOVA B 0. = o] £9] 3kt BSF
O] M7} -5 Alol 9] TAIE R4k

g

125719] A48 3 FBW, WG, SGR, FCR, PER, survival
& RE AT Apolol 5942 Aol7} g2k Table 4). 4
EX 1 24 A}, CF, HSI, VSIE= BE A3 Alo]o] -9
291 Zfo|7F gl th(Table 5). 5-52] YRPEat A4t =
/d A3z Table 60 YEFQITE 559 2ehidl ke
F20B3.0 A& 771 F30 AEFHTE §-9¥ 02 =9kom, =
A2 kol 7% F25B2.59F F20B3.0 A&7} F30 A
s golHo 2 Lokeh. 23|Re] A9 AT Alojo] §2l4
Q1 zpol 7} glodeh. S50 AAE g =4 A3, o] 2o §F
gFo] kAol wle} linoleic acid (C18:2n6)2} Omega-6 fatty
acids (3'n-6)2] graFo] =718l 2, lauric acid (C12)= =
= Aol HEEHA] 2Uth 259 4 ofn] A &
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¥ =

Table 4. Growth performance, feed utilization and survival of juvenile olive flounder Paralichthys olivaceus fed the experimental diets for

12 weeks
Dietary treatments FBW! WG? SGR?® FCR* PER® Survival (%)
F30 16015.67 619+25.8 2.43+0.04 0.67+0.01 2.62+0.03 98.9+1.92
F25 157+11.5 603151.8 2.41+0.09 0.69+0.01 2.53+0.02 98.9+1.92
F20 157+1.60 605+7.04 2.40+0.01 0.67+0.01 2.59+0.04 97.8+1.92
F30B2.0 159+5.86 612+26.3 2.42+0.05 0.68+0.02 2.52+0.08 97.8+1.92
F25B2.5 152+3.81 584+16.6 2.37+0.03 0.68+0.01 2.53+0.06 98.9+1.92
F20B3.0 154+2.37 591+10.9 2.39+0.02 0.69+0.02 2.50+0.06 97.8+1.92
Two-way ANOVA
FM 0.333 0.344 0.338 0.273 0.407 0.619
BSF 0.403 0.401 0.420 0.445 0.033 0.690
FMxBSF 0.907 0.910 0.927 0.286 0.229 0.848

'Final body weight (g). *Weight gain (%)=100x(final body weight—initial body weight)/(initial body weight). 3Specific growth rate
(%)=100x[In(final body weight)-In(initial body weight)]/experiment days. ‘Feed conversion ratio=dry feed fed (g)/wet weight gain (g).
SProtein efficiency ratio=wet weight gain (g)/total protein given (g). FM, Fish meal; BSF, Black soldier fly. Values are mean of triplicates

(n=3) and presented as mean+SD. The lack of superscript letter indicates no significant differences among treatments.
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Table 5. Biological assessments of juvenile olive flounder Parali-
chthys olivaceus fed the experimental diets for 12 weeks

Dietary treatments HSI' VSI? CF?
F30 1.31£0.23  3.83+0.27 0.93+0.03
F25 1.07£0.02  3.50+0.12  0.95+0.08
F20 1.19£0.03  3.68+0.39  0.95+0.04
F30B2.0 1.25+0.26  3.23%0.74  0.94+0.06
F25B2.5 1.18£0.07  3.54£0.19  0.96+0.05
F20B3.0 1.24+0.05 3.88+0.17  1.00+0.02
Two-way ANOVA

FM 0.156 0.306 0.319

BSF 0.816 0.345 0.282

FM x BSF 0.737 0.184 0.785

"Hepatosomatic index=[liver weight (g)/fish weight (g)]*<100.
2Viscerosomatic index=[viscera weight (g)/fish weight (g)]><100.
3Condition factor=[body weight (g)/body length (cm)*]x100. FM,
Fish meal; BSF, Black soldier fly. Values are mean of triplicate
(n=3) and presented as mean+S.D. The lack of superscript letter
indicates no significant differences among treatments.

4] A3H= Table 701 A At oH, of & oA &3t BSFO] &
7h ek ARglo] mE AR Aloof Zto] 7} glglct W}
2| 2|3t #-4] A 3H= Table 8o LreF 1.0, Hb, Ht, glucose,
cholesterol 422]%= W& A Alolof {272l &o]7F 9191
o} WA Ak= Table 90 AAISHITE Ig A} F30 A3
T7H F20 Agtol vlsf f-ol2 o= &qtow, Lysozyme 2
Ao BSF 3471 AgTE0] F30B2.0, F25B2.5 AFLHc}
Go]Z o7 Lropth Anti-protease®] B F20 A to] H]
3 F30B2.0, F25B2.5 A3l 77} -2 2] 0 2 =9ko i, MPO 4=
A& F30B2.0 A7} F20 ARt fo2 02 =t
Anti-proteaseS A|2]8}H1= A o] A9 7o) 2] 2l 2o
7} S1gich Aol BALE U BSFE 371619 o, 5 o
A o] B AP LT} lysozyme B} g =7 GojF oz
7}8t3Act.

1o

olN

L.

Kim et al. (2020)9] A Lo|A] 72 EAEE 2)ul it
S, USRS 2 o]§5to] o] RS tiAIsHl o, At

Table 6. Proximate composition and fatty acid profiles in muscle of juvenile olive flounder Paralichthys olivaceus fed the experimental diets

for 12 weeks

Dietary treatments
F30 F25 F20 F30B2.0 F25B2.5 F20B3.0
Proximate composition (%, wet basis)
Moisture 75.7£0.21% 75.610.37% 75.2+0.16%° 76.0+0.342 76.0+0.342 74.91£0.63°
Crude protein 22.6+0.38° 23.110.40% 23.240.13% 23.0£0.53* 23.610.65%® 24 .8+1.302
Crude lipid 0.38+0.04° 0.51£0.10 0.53+0.08" 0.69+0.18%¢ 0.85£0.23% 0.97+0.192
Crude Ash 1.45+0.11 1.35£0.11 1.33+0.13 1.16+0.10 1.32+0.30 1.09+0.02
Fatty acid (% of lipid)

C14 2.33+0.51 1.7310.05 1.62+0.40 2.34+0.42 2.05+0.63 2.59+0.24
C16 27.5+1.63 27.7+0.34 28.2+2.19 28.6+0.87 28.7+1.46 27.6+0.60
C16:1 3.50+0.69 3.03+0.18 2.81+0.52 3.46+0.51 2.80+0.73 3.55+0.28
Cc18 11.0+2.04 10.7+1.30 10.7£0.24 10.0£0.78 11.3+1.31 9.5941.16
C18:1n9 20.94+3.68 19.611.40 20.510.64 21.141.47 20.04£0.62 23.242.61
C18:2n6 9.90+0.60¢ 10.4+0.52% 11.6+0.50%° 10.8+0.120« 12.1£0.382 12.7+0.71°
C18:3n3 3.26+0.92 4.28+1.94 2.5740.81 2.83+0.49 2.75+0.89 3.63+1.90
C20:5n3 8.80+0.26 8.8310.59 8.88+0.61 8.44+0.80 8.0910.25 7.35£0.81
C22:6n3 12.8+2.05% 13.7+0.54° 13.1£0.0920 12.5+0.822° 12.2+0.662° 9.8842.23°
MUFA' 24.4+4 11 22.741.52 23.3+1.15 24.641.32 22.8+1.36 26.742.83
PUFA? 34.741.21 37.241.08 36.1+£1.22 34.5+0.18 35.2+0.88 33.612.34
>n-3° 24.8+1.53% 26.8+1.462 24.610.77% 23.8+0.28%¢ 23.1£0.51% 20.9+1.77°
> n-6* 9.90+0.60¢ 10.4+0.52 11.6+0.502° 10.80.120 12.1£0.382 12.7£0.712
SAF?® 40.943.09 40.2+1.04 40.612.12 40.9+1.43 42.1+1.92 39.741.41

'Monounsaturated fatty acids. 2Polyunsaturated fatty acids. *Omega-3 fatty acids. *Omega-6 fatty acids. ’Saturated fatty acids. Values are
mean of triplicate (n=3) and presented as mean+S.D. Values with different superscripts in the same row are significantly different (P<0.05).
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Table 7. Amino acids profiles in muscle of juvenile olive flounder Paralichthys olivaceus fed the experimental diets for 12 weeks (% of

protein)
Dietary treatments
F30 F25 F20 F30B2.0 F25B2.5 F20B3.0
Essential amino acid
Arginine 5.97+0.07 6.10+0.05 5.92+0.07 6.08+0.20 6.20+0.24 6.1610.29
Histidine 2.09+0.03 2.09+0.06 2.05+0.01 2.07+0.29 2.14+0.25 2.16+0.16
Isoleucine 4.33+0.06 4.46+0.05 4.41£0.13 4.43+0.24 4.45+0.17 4.43+0.12
Leucine 7.42+0.24 4.59+0.11 7.43+0.22 7.42+0.40 7.48+0.29 7.87+0.26
Lysine 8.28+0.00 8.44+0.23 8.21+0.12 8.12+0.96 8.54+0.59 8.35+0.41
Methionine 2.81+0.13 2.96+0.02 2.85+0.06 2.85+0.17 2.95+0.06 2.84+0.06
Threonine 4.34+0.22 4.37+0.03 4.31+0.07 4.34+0.14 4.36+0.17 4.43+0.27
Phenylalanine 3.94+0.06 4.02+0.07 3.88+0.05 3.94+0.19 3.98+0.11 3.98+0.14
Valine 4.74+0.02 4.86+0.12 4.77+0.04 4.84+0.17 4.87£0.16 4.88+0.11
Non-essential amino acid
Alanine 5.92+0.08 6.03+0.08 5.80+0.04 5.98+0.08 6.15+0.04 6.10+0.14
Aspartate 5.87+0.16% 6.03+£0.19% 5.75£0.19° 5.8140.54% 6.03+0.282 5.92+0.362
Glutamate 10.1+0.48 10.6£0.14 10.1+0.49 10.2+£0.77 10.3+0.48 10.1£0.70
Glycine 6.54+0.79 6.34+0.26 6.29+0.66 6.29+0.49 6.68+0.50 6.60+0.18
Proline 5.68+0.37 5.52+0.05 5.34x0.11 5.34+0.36 6.11£0.03 5.79+0.13
Serine 3.37+0.12 3.56+0.02 3.44+0.07 3.44+0.17 3.5410.15 3.42+0.21
Tyrosine 3.84+0.07 3.87+0.04 3.80+0.11 3.80+0.19 3.85+0.12 3.91+0.09
Taurine 3.14x0.16 3.19+0.30 3.030.18 3.03+0.15 3.13x0.17 3.09+0.06

Values are mean of triplicate (n=2) and presented as mean+S.D. Values with different superscripts in the same column are significantly dif-

ferent (P<0.05). The lack of superscript letter indicates no significant differences among treatments.
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Table 8. Hematological parameters of juvenile olive flounder Para-
lichthys olivaceus fed the experimental diets for 12 weeks

romtmens D@0 HEO0) Ia O gy
F30 6.01£0.48 36.1+3.95 88.4+3.20 172+20.6
F25 6.50+0.90 38.7+9.07 90.8+0.73 164+19.7
F20 6.96+0.72 38.9+5.54 88.3+4.95 155+17.3
F30B2.0 6.02£0.52 40.7£3.06 87.5+5.09 176+8.70
F25B2.5 6.74+0.08 44.0+3.28 88.415.28 1541124
F20B3.0 6.12+0.70 31.4+5.01 82.7+0.35 166%7.08
Two-way ANOVA

FM 0.218 0.168 0.220 0.223
BSF 0.509 0.933 0.128 0.803
FM x BSF 0.323 0.125 0.575 0.522

'Hemoglobin. 2Hematocrit. FM, Fish meal; BSF, Black soldier fly.
Values are mean of triplicate (n=3) and presented as mean+S.D.
Values with different superscripts in the same column are signifi-
cantly different (P<0.05). The lack of superscript letter indicates no
significant differences among treatments.

Table 9. Immune responses of juvenile olive flounder Paralichthys
olivaceus fed the experimental diets for 12 weeks

Dietary Lysozyme' Ig? Anti-protease® MPO*
treatments  (ug/mL) (ug/mL) (%)

F30 11.2+1.45° 16.7+3.46° 21.3+1.96°® 1.83+0.19%
F25 11.3+1.15° 12.3+2.18% 20.6+1.25®® 1.78+0.12%
F20 11.0£2.01° 9.57+1.67° 18.0+1.29° 1.43+0.09°
F30B2.0 17.5£2.60° 14.8+2.84® 24.1+1.64® 2.03+0.29?
F25B2.5 17.5£1.99% 14.120.15® 23.4+2.79° 1.97+0.25%
F20B3.0  14.3+1.33%® 15.1+2.63* 20.9+0.38* 1.90+0.172
Two-way ANOVA

FM 0.782 0.087 0.017 0.086
BSF 0.001 0.071 0.004 0.010
FM x BSF  0.009 0.013 0.991 0.395

Lysozyme activity. *Total immunoglobulin. *Anti-protease activ-
ity (%, inhibition). *“Myeloperoxidase (450 nm). Values are mean
of triplicate (n=3) and presented as mean+S.D. Values with dif-
ferent superscripts in the same column are significantly different
(P<0.05).
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