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Introduction
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CHAPTER 1.

Evaluation of insect meals for fish meal replacement in diets for juvenile

olive flounder Paralichthys olivaceus

Abstract

This study was conducted to investigate the effects of insect meals as fish meal (FM) substitutes
in low-fish meal diets on juvenile olive flounder Paralichthys olivaceus. The low-fish meal diet
with animal and plant protein sources (tankage meal, poultry by-product meal, soy protein
concentrate and wheat gluten) was used as a control diet and Con was formulated to contain 45%
of sardine and anchovy fish meal at the same ratio. The diets were formulated to replace FM with
mealworm, white-spotted flower chafer, black soldier fly, two-spotted cricket or dynastid beetle by
10% (designated MW, WSFC, BSF, TSC or DB, respectively). The experimental diets were added
methionine to meet the requirement of olive flounder. Olive flounder (initial average weight: 11.0
g) were distributed into 18 tanks (170 L) at a density of 20 fish per tank. Three replicate groups of
fish were fed one of the diets two times daily for 8 weeks. In the feeding trial, no significant
differences were found among all the experimental groups in growth performance, feed utilization
and hematological parameters. In the digestibility test, there are no significant differences in all the
treatment groups. In the innate immune responses, immunoglobulin and anti-protease activity were
significantly higher in fish fed BSF and MW than that of Con group. Therefore, this result
indicates that the dietary inclusion of insect meals can replace the fish meal up to 10% in diets for

juvenile olive flounder.
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Figure 1. Five insect meals (mealworm, white-spotted flower chafer, black soldier fly, two-spotted
cricket, dynastid beetle) used in this study as alternative protein sources in diet for juvenile olive

flounder Paralichthys olivaceus.



Table 1. Proximate, amino acid and fatty acid composition of mealworm (MW), white-spotted flower
chafer (WSFC), black soldier fly (BSF), two-spotted cricket (TSC) and dynastid beetle (DB) for

juvenile olive flounder Paralichthys olivaceus.

Insect meals
MW WSFC BSF TSC DB

Proximate composition (% of dry matter)
Crude protein 69.8 53.1 41.7 60.8 51.5

Crude lipid 7.24 17.6 174 201 229
Crude ash 8.34 4.17 187 499 361
Moisture 5.39 4.46 4.39 9.46 6.46
Essential amino acid (% of protein)

Arginine 5.23 1.95 195 327 218
Histidine 7.84 3.26 3.05 288 29
Isoleucine 5.00 2.05 1.74 2.31 2.48
Leucine 7.92 2.84 2.63 3.99 3.48
Lysine 5.83 0.14 198 013 0.14
Methionine 0.23 2.74 010 280 287
Phenylalanine 4.25 214 1.44 1.83 1.90
Threonine 4.12 1.92 1.51 1.93 1.99
Valine 7.09 2.59 244 333 314

Fatty acid (% of lipid)

12:0 0.14 0.08 36.7 0.05 0.03
14:0 1.06 0.50 557 058 045
16:0 20.8 134 171 254 378
16:1 1.44 134 2.39 1.03 651
18:0 12.9 2.69 3.53 104 275
18:1n9 36.1 62.4 206 27.6  50.0
18:2n6 27.5 6.92 141 350 247




Table 2. Dietary formulation of the experimental diets for juvenile olive flounder Paralichthys

olivaceus
Ingredients Experimental diets

Con MW WSFC BSF TSC DB
Sardine, FM* 22.5 17.5 17.5 175 175 17.5
Anchovy, Fm? 22.5 17.5 17.5 175 175 17.5
Soy protein concentrate? 5.50 6.50 6.50 6.50 6.50 6.50
Tankage meal® 8.00 10.0 10.0 100 10.0 10.0
Poultry by-product meal’ 450 550 5.50 550 550 550
Wheat gluten® 450  4.50 450 450 450 @ 4.50
Starch 380 3.30 330 330 330 330
Soybean meal® 12.0 12.0 12.0 120 12.0 12.0
Wheat flour 7.00 8.30 6.05 405 705 6.30
MW?® - 4.60 - - - -
WSFC’ - - 6.60 - - -
BSF® - - - 895 - -
TSC? - - - - 555 -
DB - - - - - 6.70
Fish oil™* 430 3.35 360 325 365 3.25
Lecithin 050 1.00 1.00 1.00 1.00 1.00
Betaine 1.00 1.00 1.00 1.00 1.00 1.00
Taurine 0.50 0.80 0.80 0.80 0.80 0.80
Methionine*? - 0.15 015 015 015 0.5
Mono-calcium phosphate - 1.10 1.10 1.10 1.10 1.10
Mineral mix*® 1.00 1.00 1.00 1.00 1.00 1.00
Vitamin mix*! 1.00  1.00 1.00 100 1.00 1.00
Vitamin C 0.10 0.10 010 010 010 0.10
Vitamin E 0.10 0.10 0.10 0.10 0.10 0.10
Choline chloride 050 0.70 070 070 070 0.70

IFish meal, Orizon S.A Co., Ltd, Santiago, Chile.

%Solae LLC Inc., Saint Luis, U.S.A.

®*Hanla Industrial Co., Ltd, Jeju, South Korea.

*Woosin Food Co., Ltd, Pocheon, South Korea.

®CJ CheilJedang, Co., Ltd, Seoul, South Korea.

®Mealworm, KEIL, Co. Ltd, Seoul, South Korea.

"White-spotted flower chafer, Corp. Mohyun, South Korea.

®Black soldier fly, Corp. Entomo, Siheung, South Korea.

*Two-spotted cricket, Corp. Bury, South Korea.

Dynastid beetle, Corp. Mohyun, South Korea.

"Corp. E-wha oil Industry, Busan South Korea.

Methionine, Corp. Evonic rexim pharmaceutical.

BMineral mixture contained the following ingredients (g/kg, mixture): MgSQ,, 80.2; C4H,FeQ,, 12.5; KCI, 130;
FESO4. Hzo, 20; CUSO4. 5H20, 1.25; COSO4, 0.75; Ca(|03)2, 0.75; AI(OH)g, 0.75; ZnSO4.'7H20, 13.75; MnSO4,
11.25; CoCl,.6H,0, 1.

YVitamin 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-pantothenate, 17.5; myo-inositol, 75.0; D-biotin, 0.05; folic acid, 2.5; menadione, 2.5;
retinyl acetate, 1.72; cholecalficerol, 0.025; cyanocobalamin, 0.025.

Con, contain the 45% of fish meal; MM, contain the 35% of fish meal and 4.6% of mealworm; WSFC, contain
the 35% of fish meal and 6.6% of white-spotted flower chafer; BSF, contain the 35% of fish meal and 8.95% of
black soldier fly; TSC, contain the 35% of fish meal and 5.55% of two-spotted cricket; DB, contain the 35% of
fish meal and 6.7% of dynastid beetle.



Table 3. Proximate, amino acid and fatty acid composition of the experimental diets for juvenile olive

flounder Paralichthys olivaceus.

Experimental diets
Con MW WSFC BSF TSC DB

Proximate composition (% of dry matter)
Crude protein 60.3 59.3 59.7 61.1 594  60.0

Crude lipid 12.4 11.9 13.1 11.9 12.6 13.5
Crude lipid 115 10.4 104 12.0 9.94 9.96
Moisture 6.37 6.47 6.46 6.80 6.31 6.50
Essential amino acid (% of protein)
Arginine 9.26 8.45 9.99 886 872 10.5
Histidine 2.66 2.38 2.88 249 244  3.07
Isoleucine 4.42 4.42 413 440 437 419
Leucine 8.67 8.22 8.25 839 834 843
Lysine 3.63 4.27 4.30 389 416 344

Methionine 3.56 3.41 3.73 331 355 395
Phenylalanine  4.68 4.50 4.59 458 454 469

Threonine 5.09 4.96 4.91 520 5.00  4.99
Valine 4.83 4.89 451 485 489 456
Fatty acid (% of lipid)
12:0 ND* ND*! ND* 235 ND!' ND!
14:0 3.56 3.14 2.80 331 275 254
16:0 24.8 24.2 23.2 243 246 276
16:1 4.35 3.82 5.19 395 365 445
18:0 9.91 9.88 9.82 988 9.75 9.01
18:1n9 30.1 30.3 33.6 290 298 335
18:2n6 14.5 17.7 15.2 16.1 192 141
18:3n3 3.64 3.49 3.23 342 339 228
20:5n3 5.62 4.59 4.33 485 423  4.05
22:6n3 3.48 2.86 2.68 287 264 245

INot detected. Con, contain the 45% of fish meal; MM, contain the 35% of fish meal and 4.6% of mealworm;
WSFC, contain the 35% of fish meal and 6.6% of white-spotted flower chafer; BSF, contain the 35% of fish
meal and 8.95% of black soldier fly; TSC, contain the 35% of fish meal and 5.55% of two-spotted cricket; DB,
contain the 35% of fish meal and 6.7% of dynastid beetle.
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- AAE(WG; weight gain, %) = 100 x (final mean body weight — initial mean body
weight)/initial mean body weight

- U EE(SGR; specific growth rate, %) = [(log. final body weight-log. initial body
weight)/days]x 100

- AM=4d o] EH(FI; feed intake, g) = dry feed fed/fish

& & (FCR,; feed conversion ratio) = dry feed fed/wet weight gain

- @A o] 8§ & (PER; protein efficiency ratio) = wet weight gain/total protein given

- “8<=E(Survival, %) = number of fish at end of feeding trial / number of fish stocked x 100

- ZF5 A9 (HSI; hepatosomatic index, %) = 100 x (live weight / body weight)

- =] S (VSI; visceralsomatic index, %) = 100 x (visceral weight / body weight)

- B] 5 (CF; condition factor) = fish weight x total body length®

113 BEFH

HAE7A 54 5, A¥AE 7 Fxuit ngE FEAE AdEste] 2-
phenoxyethanol &< (200ppm)2. 2  wiH AT U8 Eg FAIZ wiFHE o] {9
oo A APstiey. AHE FAN2 o] 20uLH A E]¥ 1.5mL Eppendorf
tubeoll o]  hematocrit®}  hemoglobin Sl AREEHSUTE & (plasma)>
Y452 (5,000pm, 15 -, Micro 17TR, Hanil Science, Korea)¥ 31 0., aspartate
aminotransferase (AST), alanine aminotransferase (ALT), glucose, total protein 2]
AFEE AT A (serum)> G EE](5,000rpm, 154, Micro 17TR, Hanil Science,
Korea) ¥ %1 ©. ™, lysozyme activity, myeloperoxidase (MPQ), total immunoglobulin(lg), anti-

protease Aol AFE-E T Aol oA #AS flE 20°C B E A HUTh
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1.1.4 GHH3EEA

Ate 9, AFAE, dojAle] st dutdttAlS AOAC (1995) el waf F-it2
A7rdaxz= (125 °C, 3 h), 3| A ER(B50 °C, 6 h), EHALS AF
Zul A 7] (Kjeltec System 2300, Sweden) 2 #4159l v, x]H¥--2 Folch et al. (1957)2]

el whEl  Soxhlet %% (Soxhlet Heater System C-SH6, Korea)E ©]-83}]

115 E4EH

AHE Ao @S HEgk F hematocrit®} hemoglobing = A3t
Hematocrit micro hematocrit "W 2 =743} tf. 1587 ¥4 72](5,000 rpm)3}to]
g5 23k 3 alanine aminotransferase (ALT), aspartate aminotransferase (AST), total
protein, glucose = 413} t}. Hemoglobin, AST, ALT, total protein, glucose #4]2 7}7}+9]
Al kitr ok HEEA 3 gl A ssE A 7] (ch 100plus, RADIM company, Firenze,
ltaly) S o] g3l A3t d3 W lysozyme 412 Sankaran and Gurnani (1972) 2]
W o g FBA53t 93 W myeloperoxidase (MPO)Zd-2 Kumari and Sahoo (2005) 2]
W o7 FASF T Total immunoglobulin Siwicki and Anderson (1993)2] WH o %

w21 3F Stk Anti-proteases 341> Lange etal. (2001)] W O 2 #4383l T).

AA e = Al5E 05 mm ©]3t= 23kal 6N HCI 15 ml & 7} % dry oven (110°C,
24 hyol Al RESAIATE 2al® AR water bath (55°C) 5 ©] 4319 2 3] 7tssE A7
% 25 ml volumetric flask ¢ & sF3ith. 0.45 ul membrane filter & o]} & 3] 4] &}o]

ofn] = Ak K49 7](Sykam amino acid analyzer S433, Germany) S ©]-83} 31t}
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1.1.7 XA #4

A WAES- Garces and Mancha (1993)2] e ulg} FE3FSch Eald A AR
capillary column (112-88A7, 100mx0.25 mm, film thickness 0.20 pum, Agilent Technologies,
USA)e] zt¥l gas chromatography (6800GC, Agilent, San Francisco, USA)E 53
BAE Tt Carrier gase F4E AFESFY I, ovend] &%= 140°Col 4] 240°C7HA)
4°Cimin©. 2 S7HAIZTh Inject®] &3 240°C, detector®] 1= 240°CE Y33t

Standard sample PUFA 37 component FAME Mix (Supelco, Bellefonte, USA)E A}-&-3}$1 T

1.1.8 438 &4
23H% A¥As W AAJAZ chromium oxide (Cr,Os;, Daelung, Siheung, Korea)=

AFESFA T AEAFR(99%) 2 AA A (1%)E E35HsE &

(ot

StE T T 10%°

dAFets FHFE HA7iekdd. Als= 238 A7) (SP-50, Geumgang, Daegu,

il

Korea)E Alg3lo] 5mme A g S Azt Axw AdrssE 7427
o] g3te] 25°CollA 2413 AXAIZ -, WE(-20 °C)oll A AFE A7kA] B E QT

B A ge asg ARE ¥ 54 8 A7 Aol W% FRET UEIF

Hol 4 9] chromium oxide 3% Divakaran et al. (2002)¢] WS EUiE 4%}

At g o] w2 435182 Buietal. (2014)2] WH O 2 AAE S

1.1.9 TA8E &4
AgAg e HiXE= A5 72 (completely randomized design)S A A& A,

A AIEL SPSS (version 18.0) EF 1S o] 8§30

a

ARE, AMREE, 4S8 Y
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4 (P<0.05)S wlwstF dHolEE A gheEFHA(meanzSD)E  LFERY S 0,

WS fo]El &= arcsine HE oz AArsle] B4 A E )

A=A 54 A9, vwEs 5 Age BE A¥T7E dixTel vls)
oAl Aolzk vk FET AFE= MW (4.24), WSFC (4.02), DB (4.27)77}

z2=7-(5.01)°l vlsl] FoJHow vkt

=
T

flo

dolAl dRbdEEA Ad= Table 501 YeEbAlYh &, 299 FEFS B
AT 7 Afelel FEAQl Aol7b gl =AM S MW, DBTL
el mla] felAer vy, xR FEFES WSFCT7F thETel s
o] Ao kst

ol B Ayl= Table 60 YEFU 21t} Hemoglobin, hematocrit, AST, ALT, total protein,
glucose®] F=+v Ee AAT7F iz Fo41 ZFol7F At

e #4 Ay Table 8o YERISITE Lysozyme, myeloperoxidase®] /432 B
A7 izl wle] oAl Aoz Atk Total immunoglobulin®] 43S
BSFT7} thz7o vla] #2242 =3kt Anti-protease®] &> MW7} o 279
Hlal| FolFow =3t

Agrtge st 234 423 Fig 39 JeEldde 48ks B4 Ay, AE

AstE @A 2aES BE AYTIL 2T f949 ol ATk
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o Aol AFR U ojBe mFvow dAStdE 4% At So| RAES
Qo)X = AOE Mol 5 F 2FUS Hoy] YAAZ U oA ACEA

ol§ Jbssitta FerHET AAAAY G BolEeli thE

i

Foll ulsh ol wel,

N

g Ate] Agst For Frhrn Qv ofF AR W AAAAR Y FelsolE
o] g3t A= o WY E ATt Gasco et al. (2016)> European seabass (Dicentrarchus
labrax L.) (5.22g) A= Wl ©]<*(Chile)s ZMAA T FFO =2 36%7HA] Al sto] &,
o 7o Al T dojux &ttt Hasgith. AMAAY {F BES
2-7}2] (Siniperca scherzer) (20.8g) AF& W o} %(pompano)S 32%7FA] tjA gk 4= Qlthar
RuE . s (Pagrus major), European seabass, gilthead seabream Als oA %=
AR = oS 29-35%714] oA g 4 Slvkal K 1% gl th(Jeong et al., 2017; Gasco
et al., 2016; Piccolo et al., 2017). FolGolle] AF ZAAMAAE o HI&] o Fufa|&o]
gAZ F2 oz d#A Stk Folsel F35 () European seabass (12.1 g) AF&
W o&Es 50%7HA  thAlst = ol 7ol A AlsdEEdd FFe vIAA
1 37 % 21 T (Abdel-Tawwab et al., 2020). Nile Tilapia (Oreochromis niloticus) (5.7 )& ©] &3t
ATAME Folwedl FF> AR W oS 70%7HA tiAE 5 dta
H %t Devic et al, 2016). AMAAZ e Folsels ALt YA 2F9

o]

ofo
o
2

| #3 A= dF JAYyEAo BEAFE = African  catfish  (Clarias
gariepinus) AtE W o} 100% WA 7Fssltbal H ¥ itH(Taufek et al., 2018).
A yuto) L EA) gl FpFdol Afos T2 oHAEA L o]g gyt HiuEgl oy

(Ghosh et al., 2017, Lee et al., 2019), o7 AF& U ©Ago 2 o]&d A= YA

5
o
*
(]

IR Aol A 55 ZFurE g@A AojRAlR W ofis 22%7H4 thAl 2

|
re

Tolld = 7 2EEre] A o A& el

Foges st 54



to
-4
gt

o,

rH
ofj

HRe oliel Hls) Met, Lyssh @& A% Apoluliate] gapo] vivhi ohelx]
SItH(Miles and Chapman, 2006; Ghosh et al., 2017; Nogales-Mérida et al., 2019). +
ATFNA= AR U ol FTHe® fiAge] wel Aol Mets: FUIE
A7FeFolth(Table 2). 94 Ats W Meto] A" A A% AlRREE&°] AstE=

Ao deA SlrhAlam et al., 2000). AFEAF oA ZFuE Ao Aol AstE A

2 THMiles and chapman, 2006) Aol A AtE W AEAE ] zbol=
Ao AHEH A57F oz AlmHw, Ao FAAQ TS mAA %

T delM AR Wl 23R Hrke "9X8 AeEATE AaATIe JoR

ek ool AT 1 F% A5t o7 Awkd oiA faE W

i
ol

]_

rr

A E 2 AFE-F o (McLaughlin, 1983). Piccolo et al. (2017)> A A A 2] 2 gilthead sea
bream (Sparus aurate) Al U &S A A, o9 Al &o|(74%) S7/1EF=

79 ATFA T} A7 ST Bkt 18y, Abdel-Tawwab et al.
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Ao 2 UEelST) African catfish Als Wl oS ZAAAZZE AsSS o, o] 72
ZA A gl FUlsIR Tl RalEQIti(Ng et al, 2001). &7l2] AlgelA =
AAaAAe 2 s WAL A oF  IFHE FFe]l  Frksidn
B 5 ¢ th(Gasco et al., 2016). *FHFA S22 African catfish AtE Wl oS oAl
3-%(>100%), WALl  FUHEFH ofFe FE o] Frhsilta
1 1% ¢l th(Taufek et al., 2018). ¥4, Nile tilapia A& W o] &S Z-AAA S o] &3}
A 5F S wWl(>50%), 1A LR Aol o]l ATkl K 1% Sl Th(Sanchez-Muros et

al., 2016). Aol ANPIE A2 AR wigH], AMRIH, A7), £ T O

o QTN AL ) RS TFUOE AT ¥H ) Yol TS
FA g Qo® Uehgth @98E Axs ool A, MYty wag

7 sk A %2 AFE-E U (Hrubec et al., 2000; Rainza-Paiva et al., 2000). o] A= W

D&

ARUANCEH A FAEY ARE ol§F AT, AR DAy I

o
o
o
rlr
Y

o

T o7 A Quk(Ye et al, 2011). FE Alx U ZAAALE
A A (>32%) 0. % o] 8 A-p, o] 72 g U] ALT, AST, total protein, glucose 2|
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ArE T Follsol(>19.5%)E T Ado R o]g& 9 glucose 2} total protein ol &=

Qe FA ok=vhal HalE vk (Magalhdes et al., 2017). wheba], 2EF8S |3 AR

Holy e B8-S F= Ao UEYT Anti-protease = AllvrAl QA o] Gl

3 aas EE43 A7l #ES stoi(Bowden et al, 1997; Magnadottir, 2006).
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Immunoglobulin & % wWkS-o] Fo A Q4= d#A Qt(Uribe et al., 2011).

Sankian et al. (2018)> 27} Atm ZAAMAA R oS diASASE AF, o7
v 5o]z W F(lysozyme)d T3S (GPx)S SAAY Bkt 259

Apell= ofe] HLAo T4 S == antimicrobial peptides (AMPs)7} $H3-% o]
ttar &el# Qtk(Choi et al., 2012). AMPs &= H Y9 YRz HF3so] RNA £
DNA 9o AaAel wals o A|sttk(Nicolas, 2009; Fozefiak and Engberg, 2017).
FoSelx= AMPs 9  AEQl  defensing-like peptides & 3t oka
K 115 ) th(Hwang et al., 2008). Lee et al. (1998)> Z-A A A 2] oA FZ3F tenecin ©] &+t

d4de Zbeta Basklty wEbd, 23uE JX o nlSeld wmely e

FRAEJAA T oY olF=E Qe o7 AsEe TN ASE UERETH(Yang
et al., 2011). Gilthead sea bream Al= U o] &S ZAAAYZE thA|(>30%)3}d = o] 72
AL gz Aslgo] AsE do7|x vt X = TH(Piccolo et al., 2017).
F3 Fo] AIROAE Folsold AMES(>195%) ol F9 A3&el Gdo] vl
okokrtal X 1% QtH(Magalhdes et al., 2017). o}= 27} w719} e UK oFofri=
At W 2FHter ofifts AT Ag, o7 AasES SATIE Ao

UEbsETH(Taufek et al, 2016). Wk, Aol7] WA Alg W) oj®e ZaAA,
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Table 4. Growth performance, feed utilization and biological indices of the juvenile olive flounder (initial mean body weight: 11.0£0.15¢g) fed the

experimental diets for 8 weeks.

Dietary

treatment FBW! WG? SGR® FI* FCR® PER® Survival (%) CF’ HSI® vsI®

Con 97.1#5.61  782+43.2  4.18+0.09 63.0£508 0.73+0.07 2.27+0.19  98.3+2.89 1.02£0.10" 1.33+0.25  5.01+0.20°
MW 100£3.54  820+42.3  4.27+0.09  67.3+0.82  0.84+0.02  2.24+0.06 1000 1.08£0.09® 1.41+0.33  4.24%0.53"
WSFC 95.9+8.63  773x75.2  4.16+#0.17 65.6#5.84  0.77£0.02 2.17+0.06  100£0 0.98+0.07° 1.25+0.31  4.02+0.49"
BSF 106+6.97  867£73.7  4.36x0.14  69.9+223  0.74£0.05 2.22+0.15  100%0 1.05£0.09® 1.34+0.25  4.44+0.40%
TSC 96.8+6.94  789+80.8  4.20+0.17  69.1¥10.2  0.80£0.08  2.11x0.20  100%0 1.11£0.09° 1.45+0.22  4.33+0.32%
DB 97.246.29  785x64.2  4.19+0.14  66.1#554  0.77x0.09  2.19+0.27  98.3+2.89 1.04£0.03" 1.42+0.31  4.27+0.39"

Values are mean of triplicates and presented as mean + SD. Values in the same column having different superscript letters are significantly different (P<0.05). The lack of
superscript letter indicates no significant differences among treatments.
'FBW (final mean body weight, g/fish).
WG (weight gain, %)=(final weight-initial weight)x 100/initial weight.
3SGR (Specific growth rate, %/day)=[(log.final weight-log.initial weight)/days].
*FI (feed intake, g/fish)=dry feed consumed (g)/fish.
°FCR (feed conversion ratio)=dry feed intake/wet weight gain.
SPER (protein efficiency ratio)=wet weight gain/protein intake.
“Condition factor=fish weight x total body length®.
®HSI (hepatosomatic index)=100 x (live weight / body weight).

*\/SI (viscerosomatic index)=100 x (visceral weight / body weight).
Con, contain the 45% of fish meal; MW, contain the 35% of fish meal and 4.6% of mealworm; WSFC, contain the 35% of fish meal and 6.6% of white-spotted flower
chafer; BSF, contain the 35% of fish meal and 8.95% of black soldier fly; TSC, contain the 35% of fish meal and 5.55% of two-spotted cricket; DB, contain the 35% of
fish meal and 6.7% of dynastid beetle.
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Table 5. Proximate contents of growing olive flounder Paralichthys olivaceus fed the

experimental diets for 15 weeks (% of wet basis).

t'?égttf;ifn . Moisture (%)  Protein (%)  Lipid (%)  Ash (%)

Con 74.1+0.30 18.1+0.01 3.71+0.46®  3.11+0.09%
MW 73.4+0.04 19.5+1.05 2.70+0.05°  3.11+0.19%®
WSFC  75.1+0.39 20.3+0.04 3.46+0.16™  2.48+0.10°
BSF 73.7+0.36 19.3+0.22 4.25+0.05®  3.38+0.12°
TSC 74.1+0.82 19.2+0.56 4.38+0.23*  3.27+0.06®
DB 75.3+0.84 20.2+0.62 2.79+0.07°  2.79+0.20*

Values are mean of triplicates and presented as mean + SD. Values in the same column having
different superscript letters are significantly different (P<0.05). The lack of superscript letter indicates
no significant differences among treatments. Con, contain the 45% of fish meal; MW, contain the 35%
of fish meal and 4.6% of mealworm; WSFC, contain the 35% of fish meal and 6.6% of white-spotted
flower chafer; BSF, contain the 35% of fish meal and 8.95% of black soldier fly; TSC, contain the 35%
of fish meal and 5.55% of two-spotted cricket; DB, contain the 35% of fish meal and 6.7% of dynastid
beetle.
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Table 6. Hematological parameters of juvenile olive flounder Paralichthys olivaceus fed the

experimental diets for 8 weeks.

Dl oo Mo gy gy Tol Gl
Con 5.89+0.89 22.0+1.73 37.849.53 9.40+2.56 2.90+0.57 15.6+2.32
MW 5.71+£1.24 24.3+1.77 32.248.57 10.4+3.28 3.26£0.65 15.8+2.23
WSFC 6.66+1.47 23.1+3.15 32.2+10.3 8.80+2.12 3.21+0.84 15.9+0.95
BSF 6.751£0.21 24.1+1.80 40.5+10.3 9.70+2.95 3.29+0.71 18.1+3.54
TSC 5.94+1.01 21.842.33 32.848.19 10.6+2.47 2.88+0.90 17.7+2.04
DB 6.45+1.15 21.742.25 36.247.67 11.9+3.96 3.27+0.71 15.9+1.77

Values are mean of triplicates and presented as mean + SD. The lack of superscript letter indicates no
significant ~ differences among treatments. ‘Aspartate aminotransferase (U/L), *Alanine
aminotransferase (U/L), *Total protein (g/dL). Con, contain the 45% of fish meal; MW, contain the 35%
of fish meal and 4.6% of mealworm; WSFC, contain the 35% of fish meal and 6.6% of white-spotted
flower chafer; BSF, contain the 35% of fish meal and 8.95% of black soldier fly; TSC, contain the 35%
of fish meal and 5.55% of two-spotted cricket; DB, contain the 35% of fish meal and 6.7% of dynastid
beetle.
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Table 7. Non-specific immune responses of juvenile olive flounder fed the experimental diets

for 8 weeks.

Dietary Ia‘é?\?iztime MPO* Ig° Anti-protease
treatment (ug/mL) (absorbance)  (mg/mL) (%)

Con 29.6£2.69 2.07£0.53 11.8+2.61°  33.2+2.04
MW 47.6x13.7 2.01£0.21 13.2+43.49°  38.1+2.71°
WSFC 36.3£16.5 2.04£0.14 13.5+2.68"  35.5+1.98%
BSF 34.6+9.05 2.23+£0.15 30.8+7.64*°  36.5+0.75®
TSC 34.7+£8.79 2.14+0.19 19.743.74°  37.3+1.79%®
DB 38.8+10.3  2.30+0.37 18.5+0.83°  32.8+2.71°

Values are mean of triplicates and presented as mean + SD. Values in the same column having
different superscript letters are significantly different (P<0.05). The lack of superscript letter indicates
no significant differences among treatments. *Myeloperoxidase, Total immunoglobulin. Con, contain
the 45% of fish meal; MW, contain the 35% of fish meal and 4.6% of mealworm; WSFC, contain the
35% of fish meal and 6.6% of white-spotted flower chafer; BSF, contain the 35% of fish meal and
8.95% of black soldier fly; TSC, contain the 35% of fish meal and 5.55% of two-spotted cricket; DB,
contain the 35% of fish meal and 6.7% of dynastid beetle.
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Figure 3. Apparent digestibility coefficient of dry matter and protein in the experimental diet.
Con, contain the 45% of fish meal; MW, contain the 35% of fish meal and 4.6% of
mealworm; WSFC, contain the 35% of fish meal and 6.6% of white-spotted flower chafer;
BSF, contain the 35% of fish meal and 8.95% of black soldier fly; TSC, contain the 35% of
fish meal and 5.55% of two-spotted cricket; DB, contain the 35% of fish meal and 6.7% of

dynastid beetle. Values on the bars having different letters are significantly different

(P<0.05).
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Figure 4. Growth performance, feed utilization and survival of juvenile olive flounder
Paralichthys olivaceus fed the experimental diets for 8 weeks. Con, contain the 45% of fish
meal, MW, contain the 35% of fish meal and 4.6% of mealworm; WSFC, contain the 35% of
fish meal and 6.6% of white-spotted flower chafer; BSF, contain the 35% of fish meal and
8.95% of black soldier fly; TSC, contain the 35% of fish meal and 5.55% of two-spotted

cricket; DB, contain the 35% of fish meal and 6.7% of dynastid beetle. Values on the bars

Dhiet treatments

having different letters are significantly different (P<0.05).
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Figure 5. Biological indices of juvenile olive flounder Paralichthys olivaceus fed the
experimental diets for 8 weeks. Con, contain the 45% of fish meal; MW, contain the 35% of
fish meal and 4.6% of mealworm; WSFC, contain the 35% of fish meal and 6.6% of white-
spotted flower chafer; BSF, contain the 35% of fish meal and 8.95% of black soldier fly;
TSC, contain the 35% of fish meal and 5.55% of two-spotted cricket; DB, contain the 35%
of fish meal and 6.7% of dynastid beetle. Values on the bars having different letters are

significantly different (P<0.05).
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Figure 6. Hematological parameters of juvenile olive flounder Paralichthys olivaceus fed the
experimental diets for 8 weeks. Con, contain the 45% of fish meal; MW, contain the 35% of
fish meal and 4.6% of mealworm; WSFC, contain the 35% of fish meal and 6.6% of white-
spotted flower chafer; BSF, contain the 35% of fish meal and 8.95% of black soldier fly;
TSC, contain the 35% of fish meal and 5.55% of two-spotted cricket; DB, contain the 35%

of fish meal and 6.7% of dynastid beetle. Values on the bars having different letters are

Diet treatments

significantly different (P<0.05).

Diet treatments
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Figure 7. Non-specific immune response of juvenile olive flounder fed the experimental diets

for 8 weeks. Con, contain the 45% of fish meal; MW, contain the 35% of fish meal and 4.6%

of mealworm; WSFC, contain the 35% of fish meal and 6.6% of white-spotted flower chafer;

BSF, contain the 35% of fish meal and 8.95% of black soldier fly; TSC, contain the 35% of

fish meal and 5.55% of two-spotted cricket; DB, contain the 35% of fish meal and 6.7% of

dynastid beetle. Values on the bars having different letters are significantly different

(P<0.05).

28



CHAPTER 2.

Evaluation of black soldier fly and mealworm meals for fish meal
replacement in diets for juvenile olive flounder Paralichthys

olivaceus

Abstract

This study was conducted to replace fish meal (FM) with two insect meals (black
soldier fly, mealworm) in low-fish meal diets for juvenile olive flounder Paralichthys
olivaceus. The control diet used the low-fish meal diet with animal and plant protein
sources (tankage meal, poultry by-product meal, soy protein concentrate, wheat gluten).
Con was formulated to contain 45% of FM mixture (sardine, anchovy; 1:1). The
replacement diets were formulated to replace FM with each insect meal and/or insect
meal mixture (black soldier fly, mealworm; 1:1) by 10% (designated F35B10, F35M10,
F35B5M5). The replacement diets were added methionine to meet the nutritional
requirement of flounder. Olive flounder (initial average weight: 34.3g) were distributed
into 12 tanks (425 L each) at a density of 37 fish per tank. Three replicate groups of fish
were fed one of the diets two times daily for 15 weeks. At the end of the feeding trial, no
significant differences were found among all the fish groups in growth performance, feed
utilization, biological indices and non-specific responses. In hematological parameters,
hemoglobin and alanine aminotransferase were significantly higher in fish fed the
F35M10 than that of Con group. Total cholesterol was significantly lower in F35M10
group than fish fed the Con. Thus, this result indicates that the black soldier fly and
mealworm with methionine could replace the FM up to 10% in diets for juvenile olive
flounder. The availability of black soldier fly seems to be better than mealworm on olive
flounder feed.
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Figure 8. Black soldier fly and mealworm for the alternative protein source in diet for

juvenile olive flounder Paralichthys olivaceus.
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Table 8. Proximate and fatty acid composition of black soldier fly (BSF), mealworm (MW)

for juvenile olive flounder Paralichthys olivaceus.

Ingredients
BSF MW
Proximate composition (% of dry matter)
Crude protein ~ 42.6 67.3
Crude lipid 32.8 7.24
Crude ash 9.04 8.34
Moisture 2.77 7.07
Fatty acid (% of lipid)
12:0 45.6 0.12
14:0 5.90 0.93
16:0 14.6 21.8
16:1 1.75 1.41
18:0 4.34 14.4
18:1n9 15.5 33.7
18:2n6 12.3 27.7
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Table 9. Dietary formulation of the experimental diets for juvenile olive flounder

Paralichthys olivaceus.

Experimental diets

Ingredients Con F35 F35 F35
B10 M10 B5M5
Sardine, FM* 22.5 175 175 175
Anchovy;, FM! 22.5 175 175 175
Tankage meal® 800 950 950 95

Poultry by-product meal® 450 450  4.50 4.5
Soy protein concentrate® 5.50 6.00 4.60 4.60

Wheat gluten® 450 470 330 3.30
Tuna by-product meal® . 1.00 1.00  1.00
Starch 3.80 2.63 2.63 2.63
Soybean meal* 120 120 120 120
Wheat flour 7.00 7.00 7.00 7.00
Black soldier fly larvae’ - 100 - 5.00
Mealworm larvae® - - 10.0  5.00
Fish oil® 4.30 1.30 4.10 2.70
Lecithin 0.50 0.70 0.70 0.70
Betaine 1.00 1.20 1.20 1.20
Taurine 0.50 0.80 0.80 0.80

Methionine™ - 0.07 007 007
Monocalcium phosphate  0.70  0.70  0.70 0.70

Mineral mix* 100 1.00 1.00 1.00
Vitamin mix*2 1.00 1.00 1.00 1.00
Vitamin C 0.10 0.10 0.10 0.10
Vitamin E 0.10 0.10 0.10 0.10
Choline chloride 0.50 0.70 0.70 0.70

IFish meal (sardine, anchovy), Orizon S,A., CO., Ltd, Chile.

’Hanla Industrial Co., Ltd, jeju, South Korea.

*Woosin Food Co., Ltd, pocheon, South Korea.

*Solae LLC Inc., Saint ILuis, U.S.A.

>CJ Cheilledang Co., Ltd, Seoul, Korea.

¢ Wooginfeed Industry Co. Ltd, Incheon, Korea

"Black soldier fly, Corp. Entomo, Siheung, South Korea.

®Mealworm, KEIL, Co. Ltd, Seoul, South Korea.

*Fish oil, E-wha oil Industry, Busan, South Korea.

O\ethionine, Corp. Evonic rexim pharmaceutical.

“Mineral mixture contained the following ingredients (g/kg, mixture): MgSO,, 80.2; C,H,FeO,, 12.5;
KCI, 130; FeSO4 H,0, 20; CuSQ,4 5H,0, 1.25; CoS0O, 0.75; Ca(l03), 0.75; Al(OH)s, 0.75;
ZnS0,.-7H,0, 13.75; MnSQ,, 11.25; CoCl,.6H,0, 1.

3\/itamin 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-pantothenate, 17.5; myo-inositol, 75.0; D-biotin,
0.05; folic acid, 2.5; menadione, 2.5; retinyl acetate, 1.72; cholecalficerol, 0.025; cyanocobalamin,
0.025.

Con, contain the 45% of fish meal; F35B10, contain the 35% of fish meal and 10% of black soldier fly
larvae meal; F35M10, contain the 35% of fish meal and 10% of mealworm larvae meal; F35B5M5,
contain the 35% of fish meal, 5% of balck soldier larvae meal and 5% of mealworm larvae meal.
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Table 10. Proximate, amino acid and fatty acid composition of the experimental diets for

juvenile olive flounder Paralichthys olivaceus.

Experimental diets
Ingredients Con F35 F35 F35
B10 M10 B5M5

Proximate composition (% of dry matter)
Crude protein 58.7 594 57.7 59.3

Crude lipid 125 12.3 12.8 12.2
Crude ash 10.0 10.3 9.09 9.80
Moisture 8.61 11.2 10.5 11.8
Essential amino acid (% of protein)
Arginine 6.62  6.88 6.97 6.94
Histidine 280 274 2.84 2.82
Isoleucine 445 433 4.37 4.39
Leucine 757 7.34 7.42 7.40
Lysine 6.95 6.60 6.62 6.57
Methionine 250 2.38 2.33 2.37
Phenylalanine 443  4.36 4.33 4.35
Threonine 414  3.98 4.04 4.02
Valine 521 513 5.28 5.26
Fatty acid (% of lipid)
12:0 0.07 136 0.22 6.96
14:0 467  4.65 4.26 4.53
16:0 24.7 224 24.4 24.0
16:1 567 3.80 4.74 4.23
18:0 830 7.19 8.87 8.78
18:1n9 191  19.0 19.5+ 19.2
18:2n6 998 14.6 12.4 13.2
18:3n3 542  3.17 5.17 3.69
20:4 1.77 2.56 7.40 4.86
20:5n3 946  5.85 8.31 6.83
22:6n3 570 3.23 4.79 3.68

Values are mean of triplicates and presented as mean + SD. Values in the same row having
different superscript letters are significantly different (P<0.05). Con, contain the 45% of fish
meal; F35B10, contain the 35% of fish meal and 10% of black soldier fly larvae meal;
F35M10, contain the 35% of fish meal and 10% of mealworm larvae meal; F35B5M5,
contain the 35% of fish meal, 5% of balck soldier larvae meal and 5% of mealworm larvae
meal.
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d & (WG; weight gain, %) = 100 x (final mean body weight — initial mean body
weight)/initial mean body weight

- A 7HJ = (SGR; specific growth rate, %) = [(log. final body weight-log, initial body
weight)/days]x 100

- AF=E A O] = (FI; feed intake, g) = dry feed fed/fish

>

| 57 % a &-(FCR; feed conversion ratio) = dry feed fed/wet weight gain

i
Z

Z o] &g &(PER,; protein efficiency ratio) = wet weight gain/total protein given

- A<EE(Survival, %) = number of fish at end of feeding trial / number of fish stocked x
100

- ZF5 =] 9= (HSI; hepatosomatic index, %) = 100 x (live weight / body weight)

- 5 %A S (VSI; visceralsomatic index, %) = 100 x (visceral weight / body weight)

- B] 9% (CF; condition factor) = fish weight x total body length®

2.1.4 MESF
ST 54 5, A E 4 Fxuid 3ukgE AR Addste] 2-
phenoxyethanol &< (200ppm)C. 2 vl A AT L3]E FA|Z vl e of 79

sl Adekiny AHE a2 svpddo]l 20uL® AHEl®E 1.5mL
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Eppendorf tube®l] 2] hematocrit} hemoglobin =7 o] AF-2% STt d % (plasma)

< 42 (5,000rpm, 15 <+, Micro 17TR, Hanil Science, Korea) = 31 ©. ™, aspartate

{

aminotransferase (AST), alanine aminotransferase (ALT), glucose, total cholesterol =43
of AFFHAT. A (serum)> LA F2](5,000rpm, 15+, Micro 17TR, Hanil
Science, Korea)® %1 ©.™, lysozyme activity, myeloperoxidase (MPO) 4]of A}£-5

th Aol AolH AL & 20°C WEKHT Fgrh

A-ALR, oA sEFeol digh ¥4 AOAC (1995)
el we RS ArrEdxs@es °c, 30 h), X3V
25 3]st Z (550 °C, 4 h), @A 25 FukulRA 7] (Kjeltec System 2300,
Sweden)Z A Fow XS Folch et al. (1957)2] "o wal Soxhlet

% 7 =] (Soxhlet Heater System C-SH6, Korea) S ©]2-3}of 2] 3}3A T},

216 o £

AFAD Aol &S Aeld F hematocrity} hemoglobine = %3} T}
Hematocrit-> micro hematocrit W5 .2 =743} v} 1587F 441 +#2](5,000 rpm)
slo] g2 Ha)3 5 alanine aminotransferase (ALT), aspartate aminotransferase

(AST), total cholesterol, glucose & +213F$itt. Hemoglobin, AST, ALT, total

cholesterol, glucose #2412 Ztz+e] Al kitA]oFah WH-S-A1Z1 & H AAY 3} ek
71(ch 100plus, RADIM company, Firenze, ltaly)E ©]-&3Fo] 4135130t I3 U
lysozyme 273> Sankaran and Gurnani (1972)°] W o2 FA35F3ch % U

myeloperoxidase (MPO)/d < Kumari and Sahoo (2005)¢] ™ o2 A a3l ot
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2.1.7 otv]At B4

AAE = A15E 0.5 mm o]stZ 43 6N HCI 15 ml & 37} % dry oven
(110 °C, 24 h)ellA wESAIZ T Fall¥l A&+ water bath (55 °C)E ©] &3}
23] s A7 %, 25 ml volumetric flask ol -8 3}3I T}, 0.45 ul membrane
filter = o3} & 3]43}o] o4l 4] 7](Sykam amino acid analyzer S433,

Germany)E ©]-8-3}3it}.

2.1.8 AL 4

A ¥k2- Garces and Mancha (1993)] WHiol wiel F==3513h EElE A
A+ capillary column (112-88A7, 100mx0.25 mm, film thickness 0.20 pm, Agilent
Technologies, USA)©] =3 gas chromatography (6800GC, Agilent, San Francisco,
USA)E Z3f HA15 9t} Carrier gass T45 AFE39 1, ovend &% 140°C
ol A 240°C7HA] 4°C/minC. %2 S 7FA F T Injectd] %1= 240°C, detector®] =%
T 240°C= 73St} Standard sample PUFA 37 component FAME Mix

(Supelco, Bellefonte, USA)ES AF&-3134 o}

219 FAEH &4

X A= SPSS (Version 12.0) T2 135S o] §3}o] One-way ANOVAE %
Al AT "ol kel 92k Tukey’s HSDE AME-3sto] H 7+
0] (P<0.05)= Hlw kgt dlole& 3t 2 (meantSD) = HEFU A

t}, MRS ol arcsine HE o ® AAtste] B4 B850
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Abole]  Folgk o)zt glddth iy HEFAIS % F35B10 (214 ),

F35M10 (195 g), F35B5M5 (205 g)O.= ZAAA# e ko] ZF71e4=

Badte 43 B0 5 AU
BESHAAR 54 Ao, WNE, 3FFAE, FEFAFE RE AFTL

gzTet §oAel o)zt ek zEy AEEA0l A F35B10 (2.90),

AEE BAT 5 Aot
SO% A REA AT Table 120 VERT. 4%, ErkuA, 244,

A RX Ay= Table 139 vERSATE Hematocrit,
AST, glucose A1 Ay RE AIAF Afolo] FoFd Aol7h glolth
Hemoglobin 4] ZA¥}, F35M10 A37F dlx7, F35B10 A3 ol H]3|
FolA oz =itk ALT 4 23}, F35M10, F35B5M5 A 37} o 2tof 1] 3
oA o® E9kth Cholesterol 41 ZA¥, F35M10AE77F tiz=to] 13|
o)A o7 ykekr) Lysozyme activity, myeloperoxidase ¥4 Ay, RE A3

Apolo] Al tol7t QL.

39



olgl AFelA  Felsolet AAaAAAEE AR AEAST Ast T
AR/ ZIdE yehiA W= ZoeR Hol, |A AolAlR
olFdiAl g oz o]grldo] Erha HEETE Rainbow trout (Oncorhynchus
mykiss) (55 ~ 141 g) AbE Wl ol¥& FolFolst dNAAE 242 30%7HA
Astl . ofFe AR AFEAFd obFd Aol glina
X 31319 tF(Melenchon et al., 2020). Yellow catfish (Pelteobagrus fulvidraco) A&
o5 Zo|So & 48%714 tAl 7bestia HaE 9 th(Xiao et al., 2018).
Gilthead sea bream (105 ~ 294g) Al& W o]&S ZAAMAAZE 25%714] A
7Fesitkal BoarE ¢l th(Piccolo et al., 2017). European seabass, 2~7}2], Nile tilapia
NHE Feolseolet AMNAAYE 32 - 70%7HA ofFS dAE 4 Slvx
1 115 9l tH(Devic et al., 2016; Gasco et al., 2016; Sankian et al., 2018). A& o 7

Solsolel AAAAYE A AbR W 10%7HA] ©l& 7hsetal, sollselrt

ZAAAT nrhs olg4o] Hun AlRHEY. 3% AN 7 wEe
Aoy of o)Al &l g gl 2T
D5 opuleate ofFo AW AEgd AHAoR JFL FL Qow

oA 2lth(Hamidoghil et al., 2020). &8l oj&of nHls] H4 olu| Aol
Mete] &gFo] vz w2 Ao =7 H 3% tHGhosh et al., 2017; Nogales-Mérida
etal, 2019). ¥ AF-olA HFAR = FF5H Hd7kel] wel Mets H7bskSith
2 AT AE AFE Y Metd] TS {X 2] ofu|iAil Q-(2.88-2.98%) S

SAA Fol, A5 ofuxAl Aol oF A Aste Ad o=

ofje

i

ZFhE ThAlam et al., 2000). 2t} 2FERS Metl] o] ofFof nlaf wol,

hAlEo] S71eE 5 AbR Wl Met®] g0l fadthal KarE glti(Cummins
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et al., 2017; Panini et al., 2017; Rahimnegad et al., 2019). W&l Al&s 1 o]¥&
iAol F7tstd, Met> Ats Wl Astesz #E&d 7heAdol v
o

Lauric acid (LA) + Folselel Fo Aoz <A Qlti(Diclaro and
kaufman, 2009; Nogales-Mérida et al., 2019). LA:= SHALALe] dFo=
A& A A e Hl&f w2 A AbstE = Ao g <] A Q) th(Stubbs and Harbron,
1996). Belghit et al. (2019)> LAZ®] 4tsh7 w21 Ao AdE = =7t
AApEA Akl vlsl wi-e- stopan Bauekgivh ek, LAY Ao AlEE S
sGasAY, A A2 AdH HUleel Ews Fo o=

1 15 9l th(Schlievert et al., 1992; Dayrit, 2015). welA, Eojso] W LAE

g4 5
nom d#A olol RS AAE 9} XEHAE IAHE AHE
AME-E O(Kristofferson et al., 1974). % 3¥]2f(Sebastes schlegeli) A= U
A A AT (>532%)7HA] A &F o = AFEEF Ol T, ALT ol o] it
R 315 ¢l th(Khosravi et al., 2018). European seabass A= Ul &°ll 5 °ll(>19.5%) &
Abgstel  diAlskels W, Cholesterol ¢ F&7F A3tE AL

AR

B 175 %l th(Magalhdes et al., 2017). Cholesterol = E&4ke] =2

-

A2zt AfAow AdEo]l vk olHd AAE= A7 JFLH,
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ofF, A¥TA T ol A g JTFS WweErtn R auEglvhJang et
al., 2003; Choi et al., 2004). %2 chitin = A 23} @5 59 o]&A E4 o
Agtsto] A|Ae] 75 AT + v Ao®E ¢# A dok(Tharanathan and
Kittur, 2003). 221}, g8 Adgo] AstH A ¢k Aoz Hof, 1 JaFo
A FHAH A &S AT

A8Ao®, Tolsolst AAAAZ: @A AR ul ofF iAo =zZH
o]-g 7hsaltta #AdHAT soFelrt ANAAY R} o]fAdo] H &

Ao ARPL ZAAALE PNISE 1Y) A8 A9, WA

o

A= A 7ol wrha AdE 55 AeM e 4 23] A

e
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Table 11. Growth performance, feed utilization and biological indices of the juvenile olive flounder (initial mean body weight: 34.3+0.05g) fed the

experimental diets for 15 weeks.

Dietary FBW! WG2 SGR® =G ECRS PER® Survival CE’ HSI® VSI°

treatment (%)

Con 218+14.2 537+41.7 1.80+0.06  139+2.96 0.76x0.04  2.25+0.13 94.6+0.00 0.93+0.12 0.77+0.13  2.91+0.25
F35B10 214+15.5 524+43.6 1.78+0.07  145+3.26 0.81+0.07 2.08+0.17 92.8+3.12 0.92+0.07 0.75+0.11  2.90+0.32
F35M10 195+5.56  468+16.9 1.69+0.03  140+0.52 0.87+0.03 1.99+0.06 93.7+1.56 0.88+0.06  0.79+0.13  3.24+0.20
F35B5MS 205+8.92  499+25.9 1.74+0.04  142+8.53 0.83+0.02 2.03+0.05 93.7+1.56 0.89+0.06  0.79+0.08  3.06+0.39

Values are mean of triplicates and presented as mean = SD. Values in the same column having different superscript letters are significantly different (P<0.05). The lack
of superscript letter indicates no significant differences among treatments. 'FBW (final mean body weight, g/fish). WG (weight gain, %)=(final weight-initial
weight)x 100/initial weight. *SGR (Specific growth rate, %/day)=[(log.final weight-log.initial weight)/days]. *FI (feed intake, g/fish)=dry feed consumed (g)/fish. >’FCR
(feed conversion ratio)=dry feed intake/wet weight gain. ®PER (protein efficiency ratio)=wet weight gain/protein intake. ‘Condition factor=fish weightxtotal body
length®. 8HSI (hepatosomatic index)=100x (live weight/body weight). VS| (viscerosomatic index)=100x (visceral weight/body weight). Con, contain the 45% of fish
meal; F35B10, contain the 35% of fish meal and 10% of black soldier fly larvae meal; F35M10, contain the 35% of fish meal and 10% of mealworm larvae meal,
F35B5M5, contain the 35% of fish meal, 5% of balck soldier larvae meal and 5% of mealworm larvae meal.
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Table 12. Proximate contents of juvenile olive flounder Paralichthys olivaceus fed the experimental

diets for 15 weeks (% of wet basis).

E;Zttfgnt Moisture (%)  Protein (%)  Lipid (%)  Ash (%)

Con 76.9+0.17 21.2¢056  0.73:0.10  1.26+0.02
F35B10  77.3:0.03 21.6£0.70  0.95:0.11  1.44:0.10
F35M10  77.4:0.43 217020  1.06:0.04  1.45:0.07
F35B5M5  77.3:0.65 20.5:0.22  0.78:0.09  1.45:0.15

Values are mean of triplicates and presented as mean + SD. The lack of superscript letter indicates no significant
differences among treatments. Con, contain the 45% of fish meal; F35B10, contain the 35% of fish meal and 10%
of black soldier fly larvae meal; F35M10, contain the 35% of fish meal and 10% of mealworm larvae meal;
F35B5M5, contain the 35% of fish meal, 5% of balck soldier larvae meal and 5% of mealworm larvae meal.
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Table 13. Hematological parameters and non-specific immune responses of juvenile olive flounder Paralichthys olivaceus fed the experimental diets for 15

weeks.

Dietary Hemoglobin Hematocrit AST! ALT? Glucose Total k\)gﬁ/zi}[/me MPO*

treatment  (g/dL) (%) (mg/dL) Cholesterol® y (Absorbance)
(ng/mL)

Con 3.62+0.38" 32.4£1.90 20.8+8.01  44.6+7.58° 57.8+7.50  116+14.0° 29.6+£10.8 1.30+0.23

F35B10 3.92+0.34® 35.6+£2.92 25.9+7.70  59.0£7.59™  485%5.03  103+13.4% 28.6+11.1 1.32+0.24

F35M10 4.44+0.31° 36.2+2.68 20.5+7.59  76.4+5.11° 51.047.74  95.5+9.65° 28.9+8.50 1.30+0.22

F35B5M5  3.98+0.68™ 34.1+£3.72 2854529  66.9+9.82"° 52.248.68  107+16.9% 28.6+8.92 1.27+0.30

Values are mean of triplicates and presented as mean £ SD. Values in the same column having different superscript letters are significantly different (P<0.05). The lack of
superscript letter indicates no significant differences among treatments. *Aspartate aminotransferase (U/L), *Alanine aminotransferase (U/L), *Total cholesterol (mg/dL),
*Myeloperoxidase. Con, contain the 45% of fish meal; F35B10, contain the 35% of fish meal and 10% of black soldier fly larvae meal; F35M10, contain the 35% of fish
meal and 10% of mealworm larvae meal; F35B5M5, contain the 35% of fish meal, 5% of black soldier larvae meal and 5% of mealworm larvae meal.
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Figure 10. Growth performance, feed utilization and survival of juvenile olive flounder Paralichthys
olivaceus fed the experimental diets for 15 weeks. Con, contain the 45% of fish meal; F35B10,
contain the 35% of fish meal and 10% of black soldier fly larvae meal; F35M10, contain the 35% of
fish meal and 10% of mealworm larvae meal; F35B5M5, contain the 35% of fish meal, 5% of balck
soldier larvae meal and 5% of mealworm larvae meal. Values on the bars having different letters are

significantly different (P<0.05).
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Figure 11. Biological indices of juvenile olive flounder Paralichthys olivaceus fed the experimental
diets for 15 weeks. Con, contain the 45% of fish meal; F35B10, contain the 35% of fish meal and 10%
of black soldier fly larvae meal; F35M10, contain the 35% of fish meal and 10% of mealworm larvae
meal; F35B5M5, contain the 35% of fish meal, 5% of balck soldier larvae meal and 5% of mealworm

larvae meal. Values on the bars having different letters are significantly different (P<0.05).
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Figure 12. Hematological parameters and non-specific immune responses of juvenile olive flounder
Paralichthys olivaceus fed the experimental diets for 15 weeks. Con, contain the 45% of fish meal,
F35B10, contain the 35% of fish meal and 10% of black soldier fly larvae meal; F35M10, contain the
35% of fish meal and 10% of mealworm larvae meal; F35B5M5, contain the 35% of fish meal, 5% of
balck soldier larvae meal and 5% of mealworm larvae meal. Values on the bars having different letters

are significantly different (P<0.05).
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