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Effects of Dietary Mealworm 7Tenebrio molitor Larvae and Black Soldier
Fly Hermetia illucens Larvae on Pacific White Shrimp Litopenaeus
vannamei: Innate Immune Responses, Anti-oxidant Enzyme Activity,
Disease Resistance against Vibrio parahaemolyticus and Growth
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This study was conducted to determine the supplemental effects of two insect meals, mealworm (MW) and black sol-
dier fly (BSF), with high or low lipid levels in diets, on Pacific white shrimp Litopenacus vannamei. Sardine and tuna
by-product meals were used as the fish meal source in a control (Con) diet. The fish meals were replaced with MW,
defatted MW (deMW), BSF or defatted BSF (deBSF), respectively. The shrimp (body weight: 0.47 g) were stocked
into 20 acryl tanks (215 L) and fed the diets six times a day. After 45 days of the feeding trial, the shrimp that were fed
insect meals had significantly higher phenoloxidase and superoxide dismutase activities than the shrimp fed Con diet.
The gene expressions of prophenoloxidase, crustin and penaeidine-3¢ in shrimp hepatopancrease were also higher in
shrimp that were fed the insect diets, regardless of defatting than those in shirmp that were fed Con diet. The survival
against Vibrio parahaemolyticus was higher in shrimp that were fed the diets containing defatted insect meals than
in shrimp that were fed Con diet. These results indicate that MW and BSF, regardless of lipid levels, could be good
protein sources for the enhancement of innate immunity and anti-oxidant capacity of the shrimp.
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(Bruni et al., 2018; Henry et al., 2018; Nogales-M¢rida et al.,
2019). A-5-] A --oll= Felisol, ZA 2, Foll(Bombyx
mor))E 0|83t A7} AR HY = ] ot (Cummins et al,
2017; Panini et al., 2017a; Rahimnejad et al., 2019), A5H24 S
= n| 5o Aot} E3h 225 A|l2/d T 0] 8482 Hol, A
F27, 2] F7gol wpe} 2o]E Hoj(Henry et al., 2015), ©]
of] thgt Al F-21 Q1 A7} E .}
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fatted) 225-8}o] o]8-=| 1 QJcHRenna et al., 2017). 52| #|
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S glon], ANEEE A& A 0 F71 A0 dfZun o)
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Table 1. Nutrient composition of the insect meals and fish meals
for Pacific white shrimp Litopenaeus vannamei

Ingredients

MW deMW BSF deBSF FM-S FM-T

Proximate contents (%, dry matter)
Crude protein 475 630 388 611 710 65.0
Crude lipid 308 13.0 329 550 921 924
Ash 427 657 138 185 132 154
Moisture 707 412 370 539 6.25 7.00

Essential amino acids (%, protein)
Methionine 027 029 024 023 221 135

Nutrient contents

Lysine 593 573 572 583 8.00 5.89
Arginine 536 546 512 523 648 471
Histidine 838 818 765 784 513 3.15
Isoleucine 478 488 512 500 471 364
Leucine 723 713 803 792 7.77 579
Phenylalanine 3.96 356 4.06 425 431 3.09
Threonine 415 425 421 412 457 342
Valine 6.70 649 712 709 562 4.1
EAA/NAA 0.88 085 090 099 094 054
Fatty acids (%, lipid)

8:0 044 160 0.76 2.04 - -

10:0 031 115 184 1.7 - -

12:.0 0.34 - 379 308 040 0.10
14:0 385 284 564 458 - -

16:0 164 164 152 173 30.1 403
18:0 322 785 403 698 852 109

18:1n9(0A) 424 337 167 184 921 450
18:2n6(LA) 298 342 18 128 109 0.30
18:3n3(LNA) 133 098 153 142 452 0.30
(
(

20:5n3(EPA) - - - - 141 122
22:6n3(DHA) - - - - 8.90 7.90
Y SFA 246 298 654 634 452 513
YMUFA? 424 337 167 184 921 450
YPUFA3 311 352 133 142 384 2138
>n-3* 133 098 153 142 275 204
Yn-6° 208 342 18 128 109 1.30
n-3/n-6 0.04 003 013 011 252 154
Chitin 510 6.15 312 454 - -

'Sum of saturated fatty acids. 2Sum of monounsaturated fatty acids.
3Sum of polyunsaturated fatty acids. *Sum of n-3 polyunsaturated
fatty acids. *Sum of n-6 polyunsaturated fatty acids. Ingredients are
abbreviated as: mealworm (MW), defatted mealworm (deMW),
black solider fly (BSF), defatted black solider fly (deBSF), sardine
fish meal (FM-S) and tuna fish meal (FM-T).
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Table 2. Formulation and proximate composition (%, dry matter)
of the experimental diets for Pacific white shrimp Litopenaeus
vannamei

Experimental diets

Ingredients
Con MW deMW BSF deBSF

Fish meal, tuna' 10.0 8.00 8.00 8.00 8.00
Fish meal, sardine? 10.0 8.00 8.00 8.00 8.00
Mealworm, whole® - 5.47 - - -
Mealworm, defatted® - - 3.60 - -
Black soldier fly, whole* - - - 6.55 -
Black soldier fly, defatted* - - - - 4.67
Soybean meal 310 310 310 310 310
Soy protein concentrate  3.00 3.00 3.00 3.00 3.00
Squid liver meal 5.00 500 5.00 5.00 5.00
Starch 8.00 8.00 8.00 8.00 8.00
Wheat flour 218 216 219 211 211
Fish oil, cod liver® 3.00 168 3.03 1.16 3.00
Mineral mixture® 200 200 2.00 200 200
Vitamin mixture’ 1.00 1.00 1.00 1.00 1.00
Lecithin® 1.00 1.00 1.00 1.00 1.00
Cholesterol 0.20 020 0.20 0.20 0.20

Monocalcium phosphate  3.00 3.00 3.00 3.00 3.00
Proximate composition

Crude protein 396 398 396 389 390
Crude lipid 848 821 831 843 843
Crude ash 10.0 942 935 103 10.2
Energy (kcal/kg) 3947 3972 3942 3948 3941
Moisture 770 730 718 7.29 7.13

"Woogin Feed Industry Co. Ltd., Incheon, Korea. ?Orizon S.A.,
Corp., Santiago, Chile. *’KEIL, Seoul, Korea. “Entomo, Cheon-
gju, Korea. E-wha oil & fat Industry Corp., Busan, Korea.
Mineral premix contains (1 kg) 80 g MgSO,7H,0O, 369.64 g
NaH,PO,2H,0, 130 g KCl, 40 g Ferriccitrate, 20 g ZnSO,-7H,0,
357 g Ca-lactate, 0.2 g CuCl, 0.15 g AICL,-6H,0, 0.01 g Na,Se,O,,
2 gMnSO,H,0 and 1 g CoCl,-6H,0. 7Vitamin premix contains (1
kg) 121 g L-ascorbic acid, 19 g DL-a tocopheryl acetate, 2.7 g thi-
amin hydrochloride, 9.1 g riboflavin, 1.8 g pyridoxine hydrochlo-
ride, 36 g niacin, 12.7 g Ca-D-pantothenate, 182 g myo-inositol,
0.27 g D-biotin, 0.68 g folic acid, 18 g p-aminobenzoic acid, 1.8 g
menadione, 0.73 g retinyl acetate, 0.003 g cholecalciferol, 0.003 g
cyanocobalamin and 594.214g starch. *Lysoforte™ Dry, KEMIN
Korea Co. Ltd., Seongnam, Korea. Con, control; MW, mealworm;
deMW, defatted mealworm; BSF, black solider fly; deBSF, defat-
ted black solider fly.

ABIA240.47 +0.03 g)= % 207119] 422210 L)oj 230}
) SA9) AFRT 490 2 f X Eeleh. AL ALY 4

A 149 13 34 Hgen, P 22 28.2+1.25C, &FAT
A 5.1541.09 mg/L, pH:= 7.25+0.25, G2 29.1+19 psu,
ofrujol= 0.021£0.01 mg/L2 SRt AFAIRE A)
9 A E9] 4-8%= 14 63](08:30, 10:30, 12:30, 14:30, 16:30,
18:30)0]l 2A ¥ 4597 FFE=HUE AHe2 F57]= 7
Foe o AL, AT ES LPshe] 2-39 71
A0 & sttt AR AT AlFdishal s EA ¢
3)9] 2] 4 (5 E, 2019-0039)2 42519 ALAH ik
Sampling™} &AM

AL 2277 (final body weight, FBW)$} &4
(surviva & ZA1817] 18] A2 20417F S 4Rk,
AR Aok ARFHEE o] 85t0] A E(spe-
cific growth ratio, SGR), T2 o]-8-7 S(protein efficiency
ratio, PER), Al A|5>(feed conversion ratio, FCR)E A Ak}
ek 2 AE xollA 8nte] o] HAMSE 2= A7dst

Ao-E& upFA|F L] Alsever's solution (A3551; Sigma,
St. Louis, MO, USA)0| ©7] Z417]2 o] @-5to] up2] 5l A}
] hemolymphE A& 3s}3laL, H4Ee] & Y5 2E¥H(-80°C)s}
%t} Hemolymph+ H| 502 HE 2323l tf A4 Z(nitro-
blue tetrazolium, NBT), phenoloxidase (PO), anti-protease &
A1} gFARSE a4 T4 %] 3291 superoxide dismutase (SOD)2}
glutathione peroxidase (GPx) 24, 1 9] cholesterol, triglyc-
eride, total protein®] w5 EA5h=0] AMEE L] SRS
2o 90] 7RIS AZFAT, A LLE FEYE 7 3
FHIH-80°C)3tAth 7HI-2 qPCR (real-time polymerase
chain reaction)2 53| H|E-0]4 M ¢ 2] 3£ 21 penaeidine, crus-
tin, prophenoloxidase (proPO) -G-AA} ¥Hal HAjof] AR&E| 2]
t}. Sampling & ‘&= carcass®= AW EE A of] ARE-E] T

AT Ao AbR O] ARPYELS AOAC (2005) WS B
2 BEA3)¢itt. Strickland and Parsons (1972)2] W& 7| =
2 2 Y dryole] HEE £451% ). Song et al. (2018)
oS 7|2 & 58 Y chiting &0}, oS 45t
ot 9= U ofv]ie Ak Rosen et al. (1957)8] HH2S: &0
2 AA stlaL, sample of]=AREA]7](S433; Sykam
GmbH, Fuerstenfeldbruck, Germany)S ©]-83}0] 4 %31
o}, A|9AE $FEES Garces and Mancha (1993)9] W& 7| =
2 A2 3+ &, gas chromatography (6800GC; Agilent, San
Francisco, CA, USA)E o]-&-5}o] £45}% t}. HemolymphUj
NBT&} PO €42 Zhang et al. (2013)2} Hernandez-Lopez et
al. (1996)<] W& o]-g3te] 4519t SOD2F GPx 2+
2 A8 kit (19160; Sigma-Aldrich, St. Louis, MO, USA,;
K762-100; Biovision, San Francisco, CA, USA)E ©]-8-5}¢]
243}t Anti-protease 242 Ellis (1990)2] W of w2t
B A9t A=A FeHEA] 7] (SLIM; SEAC Inc., Florence,
Italy)E ©]-8-3}¢] hemolymphUj cholesterol, triglyceride, total
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TRI-zol® (Sigma, St. Louis, MO, USA)Z o]-8-3}o] AgA|
2-9] 7HA U RNAS $%3}31th Nano drop 2000 (Thermo
Scientific, Wilmington, NC, USA)E ©|-8-5}o] RNAY| &=
(OD,,/OD,,,, 1.8-2.0)5 =745I3lct. PrimeScript™ first-
strand cDNA synthesis kit (Takara, Shiga, Japan)E ©]-&3}
o] cDNAS d5t3ich 2d% cDNA+ 4082 )43 &
Zk Aol WrEsF ZA4 o ARSE T} Reference gene® =2
B-actin (F-5"-GAGCAACACGGAGTTCGTTGT-3", R-5'-
CATCACCAACTGGGACGACATGGA-3" )2 o|&3t3ith.
Aj$-o] o] HH 9122 penaeidine (F-5-CACCCTTC-
GTGAGACCTTTG-3’, R-5-AATATCCCTTTCCCACGT-
GAC-3"), crustin (F-5-GAGGGTCAAGCCTACTGCTG-3’,
R-5-ACTTATCFAFFCCAFCACAC-3), proPO (F-5-TC-
CATTCCGTCCGTCTG-3’, R-5-GGCTTCGCTCTGGT-
TAGG-3)9] @dzFS =43t WadsS thermal cycler
dice (real time system III; Takara, Shiga, Japan)& ©]-83}o]
SAsek

AR F8 3 G AP (acute hepatopancreatic
necrosis disease)2] Holwt o & U A Q1= V. parahaemolyti-

% V, parahaemolyticus (13-028/A3)= H|EF oF A&+ 1 3t}
2 4.9-9] 9Jol|A] Bl H #HE o] §5H3Irh(Han et al., 2019).
slckel ot 52 g 16u1) 4 & 157)2] of2d 42(110 L,
2|42l Wi 2] =] I}, V. parahaemolyticus= NaClo| %715
tryptic soy broth (TSB) (211825; BD Difco, Dickinson, ND,
USA)E o|-8-8to] 17417F 5t vl H(30°C, 150 rpm) =] A vl
oF=l 72 2 x 10° colony forming unit (CFU)/mL =7} &=
2 AlAFSIo] ZF =% o] X3}t Positive control 2= TSB
U] & o]-8-5F31aL, RA] 6417 o] 2H(90%)E %13y 53T
AR A A5 13] go] sk3laL, o] A5 AlE9f 3%
o SFE= oS 1< 33](08:00, 13:00, 18:00)0 Uo] &=
Skl HAG AT B 406417 B A9, 14]
A CE 2 | HARE TSk 7| S5k A A=
SAE ol-8sto] oA AASHATE A I W V.
parahaemolyticus®] 542 44 Q1= Photorhabdus insect-
related (PirA) toxin gene2] $aF-e EA415}1I ) AEA$-9] 7F
e ABT o 30kl 7 1A HOAZD 7 84 F A
A7H(12, 96 A1 7b)oll e} & 33] A& w9t} S42= Han et al.
(20152)2] W& 7|22 EA= o 7H W DNA+= Kit
(69504; Qiagen, Hilden, Germany)E ©]-8-3s}o] =% ATt
2% DNA+= SYBR Green premix (Takara, Shiga, Japan)
¢} =351 a1, thermal cycler dice (real time system IIT; Ta-
kara, Shiga, Japan)& ©|-&35}o] WdATFS =431t} Primer

d} o]%

=

ox.
o,

=7}t 627

+= VpPirA-F (5-TTGGACTGTCGAACCAAACG-3"), Vp-
PirA-R (5-GCACCCCATTGGTATTGAATG-3")E ©]&3}
% th(Han et al., 2015a). qPCR-2 denaturation (95°C, 20%),
40 cycle (95°C, 1%, 60°C, 20%) ZA3}ol| A= ]t}

A =4

Ay 2 Y AR HiX = 2 Y el ] ¥ (randomized
complete block design)2- ©|-&-3}th ARSAH I H A GG A
% 9] A= SPSS (Version 18.0; SPSS, Chicago, IL, USA)S
o] g-5lo] B E4 % 9ItHOne-way ANOVA). Z} 3H=-0] A1}
= Duncan’s multiple testZ ©]-&3}o] §-2]4(P<0.05)2 AZ
SFAL, W Z-EH| 0| El = arcsine 1% o2 FARA sF3ATh

HAGGAE | 73S, V. parahaemolyticus] T3t A$-2] A
T2 F T HAEF AT H(T74.4%)7F H 27H56.4%)2F
2] 51 A H(51.3-53.8%) ll HIS =34 Th(Fig. 1). A5
1% W V. parahaemolyticus -4~ 2] %2 2 A| 12417+ &
of] &HA] of flof] Adtglo] F8F A7} o 2t Hs Wk
CH(Table 3). AR O] 75, A9 7H1789] proPO W& -2
SRLAA 2 F7F 2Tkl vl o)A o= #Qkal, T 9
L8 Ao A =2 RS H 3 tk(Table 4). Crustin}
penaedine-3¢ 'WAFL 7 T LSE AAF7FEA f-7l
A1 glo] 270 Hla) S-S 3L 29}, Hemolymph Uj
PO2} SOD &4 = 158t Ad 7} i 2+t B8l 172
202 £t} Cholesterol = TAL5H AH7F df =
ol Blsl oA o= Wotar, At 3L5f Ao s B
S 23t} GPx, NBT, anti-protease €4 7} triglyceride &
S WE AT Apolo] §0]212) Ko & 20| x) glslet. 2|

Table 3. The cycel threshold (Ct) values of hepatopancrease for
Photorhabdus insect-related (PirA) toxin-like gene levels in Pa-
cific white shrimp Litopenaeus vannamei at 0, 12, 96 h after Vibrio
parahaemolyticus (2x10° colony forming unit/ml) infection chal-
lenge

Dietary treatments Oh 12h 96 h
Con nd 29.3+1.53 nd
MW nd 35.3+0.04 nd
deMW nd 34.5£5.16 nd
BSF nd 33.0£2.72 nd
deBSF nd 36.5+1.37 nd

Values are mean of triplicates and presented as mean+standard de-
viation. Values with different superscripts in the same column are
significantly different (P<0.05). The experimental diets were pre-
pared by replacing fish meal in the control diet (Con) with meal-
worm (MW), defatted MW (deMW), black soldier fly (BSF) or
defatted BSF (deBSF). nd, not detected.
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AR e F0] 2EHATA(7.03 2)2F U7H3HE(6.01%)
2 ut ZH A A 2] 7H(6.87 g, 5.96%) 2 T 27(6.66 g, 5.89%)
| H]8f =2 3RS B gIrH(Table 5). A2 A x]2] L] A}
EA(1.38)= URE AR | (1.44)0] H]sf S Ak
B, chl o] 8582 Bt o] AgkS Helrh AE&S A
Tt Atolell F-2JAQ1 Afo|E Kol x| okt gl ol sl
oF Uk Folgoll-o] HFH A FA4(7.06-7.10 g)°t LM%
£(6.02-6.03%)2 tHZT(6.66 g, 5.89%)°] )&l =2 A3
Btk sollEoll Ao AR AIG(1.36-1.38)2} T2l o]-§-
F-8(1.86-1.90) th2=71(1.40, 1.81)0]] B3l Wropch AF A
O] URb R} 15 W) AHARS] 2402 B AR Alolof &
2] Q1 o] 7} ¢l th(Table 6, Table 7).

2

oo

o]t oA BR| LR BA| A2l E oHA] o2 L5 Eto|
H]8l] V. parahaemolyticusoll gk A&/ S%lof B} =2 &
IS B rhFig. 1). BAESES YRE 7Hdl= 2 llA

A& Al gt =4 o) ok A, chitin, 1] 2]/37Q1A} 50|
H|EhR| at5-abof| H] gl At A o &2 F7151l AL, chitint} 22 Ay
] 24 S v AARIAT ool gt Aj9-2] EE
ol =g Folvkar Azkgtet. Chitin 13- 742H9] 8
AR O 2 F4-25% A% SR o] It (Henry et al., 2015).
el A 5] chitin RS SAAAA A 2]} &
Foh5ol7h HIRAZ A7 A elof uIg Sol ool wla) &3t
C(Table 1). Chitin: 5] AlE 3t 44 Agkstel T2
2 907170, 2] 2 AR DNAS) 48 2 4 9
3, Fo] Aol WRT F4olea Agtslel Ao
79 SAZ AA & o qlokar HarE ¢lk(Abdel-Ghany and

Table 4. Innate immune response and anti-oxidant enzyme activity of Pacific white shrimp Litopenacus vannamei fed the experimental diets

for 45 days

Parameters Con MW deMW BSF deBSF
PO’ 0.23£0.02° 0.29£0.022 0.27+0.022 0.28+0.012 0.2940.022
SOD? 82.8+1.29° 86.7+2.412 87.1£2.172 88.5+1.65% 87.5+0.972
GPx® 3.52+0.28 3.74+0.51 4.23+0.86 4.10+0.68 4.54+0.33
NBT* 2.70£0.09 2.97+0.15 2.91+0.43 2.68+0.49 3.07£0.12
Anti-protease® 19.0+4.53 20.4+4.74 19.7+4.49 20.1£1.27 21.3+3.46
Cholesterol® 10.74£2.15° 9.29+2.03° 9.75+1.52% 9.20+3.21° 9.54+3.843
Triglyceride® 10.9+£2.70 11.0£1.99 10.84+2.48 11.1£2.94 10.6+2.13
Prophenoloxidase’ 1.00£0.71° 3.98+0.95% 4.21+0.24° 3.41+0.44% 3.34+0.21%
Crustin’ 1.00£0.37 3.48+0.64 2.45+0.84 2.15+0.76 2.49+0.62
Penaedine-3c’ 1.000.38 3.14+0.48 2.90£0.77 1.81£0.63 3.20£0.59

Values are mean of triplicates and presented as mean+standard deviation. Values with different superscripts in the same row are significantly
different (P<0.05). 'Phenoloxidase activity (absorbance). *Superoxide dismutase (% inhibition). *Glutathione peroxidase (mU/mL). “Nitro-
blue tetrazolium activity (absorbance). °(% inhibition). °(mg/dL). "The expression of three genes in shrimp hepatopancreas were normalized

to B-actin and expressed relative to control. The experimental diets were prepared by replacing fish meal in the control diet (Con) with
mealworm (MW), defatted MW (deMW), black soldier fly (BSF) or defatted BSF (deBSF).

Table 5. Growth performance, feed utilization and survival of Pacific white shrimp Litopenaeus vannamei (initial body weight, 0.47+0.03

) fed the experimental diets for 45 days

Dietary treatments FBW! SGR? PER* FI° Survival (%)
Con 6.660.22 5.89+0.07 1.40+0.06° 1.81£0.072° 8.660.13 87.6+9.54
MW 6.87+0.53 5.9610.17 1.4410.06° 1.75+0.08° 9.19+0.40 92.446.52
deMW 7.03+0.36 6.01+0.12 1.38+0.022° 1.83+0.03 9.02+0.47 91.3+3.55
BSF 7.10+0.42 6.03+0.13 1.36+0.06° 1.90+0.082 8.98+0.29 93.5+5.61
deBSF 7.06+0.35 6.02+0.11 1.3840.032 1.8610.042° 9.07+0.31 91.347.94

Values are mean of quadruplicates and presented as mean+standard deviation. Values with different superscripts in the same column are
significantly different (P<0.05). 'Final body weight (g)=final mean body weight-initial mean body weight. *Specific growth rate (%)=[(log,
final body weight-log, initial body weight)/days]*100. *Feed conversion ratio=feed intake/wet weight gain. “Protein efficiency ratio=wet

weight gain/total protein given. Feed intake (g)=dry feed consumed (g)/the number of shrimp. The experimental diets were prepared by
replacing fish meal in the control diet (Con) with mealworm (MW), defatted MW (deM W), black soldier fly (BSF) or defatted BSF (deBSF).
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Fig. 1. Survival of Pacific white shrimp Litopenacus vannamei fed the experimental diets for 45 days during the challenge with Vibrio

parahaemolyticus. The shrimp were immerged with V. parahaemolyticus suspension containing 2x10¢ colony forming unit/ml. The water in

each tank was exchanged 6 h after immersion challenge. Triplicate groups of shrimp were fed one of the experimental diets three times a day
during the challenge period. The experimental diets were prepared by replacing fish meal in the control diet (Con) with mealworm (MW),
defatted MW (deMW), black soldier fly (BSF) or defatted BSF (deBSF).

Salem, 2020). E3} chitinS Ak (free radical)@} 235}
of o]5 583} Al7l= Aoz dPA Slth(Ngo and Klm
2014). A& WY chitin®] A7H= 7hzH3o] AL skakst a4

/3, ofe] Aol ek A3 el =8 = Ao R EL
=) %I tH(Akiyama et al., 1992; Shiau and Yu, 1998; Powell and
Rowley, 2007; Niu et al., 2013). 3lct2]Af£-9] 43}7]3of=
chitin 23| 421 chitinaseS E0|5}= o] A EAskctal
B EItH(Tzuc et al., 2014). Chitinase] /42 H2] Aof
A 23] =8-S F= G019l Lactobacillus®] -5 Z7HA]
713l Escherichia coli®} Salmonella®} 772 Gallit-2] SA41S

Table 6. Proximate composition (%, wet basis) of Pacific white
shrimp Litopenaeus vannamei fed the experimental diets for 45
days

t?(ieeattan?:ents Crude protein Crude lipid Crude ash Moisture
Con 21.0+1.26  0.89+0.06 1.50+0.07 76.3x0.74
MW 21.1+0.43 0.80+0.12 1.54+0.04 77.1£0.52
deMW 21.440.34 0.86+0.11 1.52+0.11 77.0%£0.35
BSF 20.5£0.62 0.97+0.06 1.51+0.03 76.8%0.75
deMW 20.7+1.25 0.98+0.12 1.56+0.10 76.2+0.50

Values are mean of triplicates and presented as mean+standard de-
viation. Values with different superscripts in the same column are
significantly different (P<0.05). The experimental diets were pre-
pared by replacing fish meal in the control diet (Con) with meal-
worm (MW), defatted MW (deMW), black soldier fly (BSF) or
defatted BSF (deBSF).

AA| A7t B 1w ] ch(Khempaka et al., 2011). Bruni et al.
(2018) At W sollsole] A7k FAI7hE-01(Oncorhyn-
chus mykiss)2] 7} U] 2]t (Shewanella spp., Pseudomonas
stutzeri, Acinetobacter radioresistens, Carnobacterium diver-
gens)| &5 F7FA7Ickal Baskith T 5 Acinetobacter
spp.+= chitinase, amylase, cellulose, phytase 42 H= A&
2 A qlch(Askarian et al., 2012). ¥4t o}y 2} chitin &

Table 7. Fatty acid composition (%, lipid) of Pacific white shrimp
Litopenaeus vannamei muscle fed the experiment diets for 45 days

Fatty acids Con MW  deMW BSF deBSF
16:0 31.3 33.2 341 33.5 31.8
18:0 10.6 10.2 10.6 10.2 10.4
18:1n9 (OA) 15.6 17.0 16.7 14.6 16.2
18:2n6 (LA) 11.9 13.4 13.2 13.5 12.9
20:5n3 (EPA) 6.76 6.63 6.83 6.86 6.77

22:6n3 (DHA) 7.43 7.16 6.94 7.38 7.58

DHA/EPA 1.10 1.08 1.02 1.08 0.82
>n-3 14.2 13.8 13.8 14.2 124
> n-62 11.9 13.4 13.2 13.5 12.9
n-3/n-6 1.19 1.03 1.04 1.05 0.96

ISum of n-3 polyunsaturated fatty acids. 2Sum of n-6 polyunsatu-
rated fatty acids. The experimental diets were prepared by replac-
ing fish meal in the control diet (Con) with mealworm (MW),
defatted MW (deMW), black soldier fly (BSF) or defatted BSF
(deBSF).
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Alt(lactic acid bacteria)Q] Aol Lo SAREMN, ALR W
Afrae] 28 S0 =2 = A o2 B 1E It Gajardo
etal., 2016; Bruni et al., 2018). AJ- At o)l = A-F-47F o35
AU w7 o AR E 7] wizoll 225 W chitind AH 2]
ZAREA Q] astol e =2 F 4= Qlrkal AZbETh Chitin®] o]
I oFAZIA] T EA L A BFE A A] o2 o] AR =
Aol G| L5 H| A 2 o] 8ol A Ao r ok
= AT A7 34 AFE ol 2t AR =
Aof| gt Al F2A Q1 AE7F 8T

PirA= oA folA HE5s fFdste =4 A2 V.
parahaemolyticus Y plasmidoll A5}, 47} k2 o8 V.
parahaemolyticus %l H3 U@ o] §-7F5 TWtdh= A HE o]
S thH(Han et al., 2015b). Han et al. (2015a)o]] w2, pirA
9] 3+ V. parahaemolyticus®] =2} $H7 57 Kthreshold
cycle FF 74Tk B FAZA RO Al 7
A W pirA= A 12407F 0] BLE ARl oA HEE AL
(Table 3), o]+= W¥ALS A V. parahaemolyticus®l 23] Al
7t HALH S d5Rt Aatetarl Tk Tk vhE, X] 964
7k %o pirAs 5 Aol A HEEA] ot A4 WY
AA7F 273t o] 2 W V. parahaemolyticus®] 54{°]
oA &= AES17] o]l JIA] 9647t Foll= pirA7} =
T A] QFQkrhar Tt T

ol Aol A = Ff 25 EA] ol Aaglol Abs
U o] 23 B2 0= tiA|(20%) S o= 92 BTk o 2f A<
H|E0| & ™ 2(PO, proPO, crustin, penaeidine-3¢)} &AL}
A2(S0D)9| B4 Tl =52 = A 0= LEy{th(Table
4). PO= 9] A28 4 lipopolysaccharides®} -1, 3-glucan
of oJs)| &3t =, proPOL} -2 WA A EAdoll 2144
S pojste], FAFFES WY 2do FF2Y AT
Hdoh= QxR A A lck(Cerenius and Soderhill, 2004).
proPO+= polysaccharides®} AgHer o= Qli= Tl 2 LAk
o] 9lo], HAAZ 2145 (Amparyup et al., 2013), crustini}
penaeidine-3ci= {270l EA S ot e =2 174
23 aeeb ol o BEBAS A Aoz Huw s
(Song and Li, 2014; Yang et al., 2015). SOD= thAFzHA o A
S 2/44H42(0,)5 H,0,= HEA|A Z/dAkao] ot
A|a o] 44 et 583 9% Stek(Fridovich, 1998).
L5 Aol o7 F7o It HEte| =& fhrekaL )l
29| et Ere| B WYt Alizdof F2lslo] o] & uty]
AZIA, Al W= 3] 5F8to] RNASEDNAS] HalS& A8t
Aoz dHA Qlth(Nicolas, 2009; Jozefiak and Engberg,
2017). =t | B 715 ARl H7HE A9, =9 S
o]z Hoj i} of ] Ao thgt A SH o =& & 4 3L
AL, B atol tieh e Yo7 A] b the A 7L 9l
tHWu et al., 2012; Choi et al., 2013; Jozefiak and Engberg,
2017). ZAHAA 2| e} Foll 5ol =t lEto] =] U542l tene-

rr

cin¥} defensin-like peptides& -5l QJaL, ol tof tjst
FAZAS A Aoz A A Qrh(Lee et al., 1998; Hwang
etal., 2008). = Aol ShA] R Aol A Abm W Tl
S 2R A Ao} Fol 5ol 75 EUE AN A, Stk
2 A1$-(0.09 g, 57%) 2] v 50| 4 9 2(PO, crustin)#} &AL}
A4 ZY(SOD, GPx)S 51IA 7= 2 02 Uk th(Shin et
al., 2020). 71 9] ATOI A AR W 24 A A el o] Hobe 3l
2A-2] v]E0] 4 W H(B-1,3-glucan binding protein, pro-
PO, crustin)@} V. parahaecmolyticus] tgt A gdS FHIA|
ZIthal R 1 tH(Choi et al., 2018; Motte et al., 2019). 5|
ol B3t Abgof H7FE 739, 7S] Y2l marron Cherax
cainii®] lysozyme €41} A U 3} 3(anti-inflammatory)©f|
Toisl= cytokine?l interleukin-102] WHE S S7FA|7]= 710
2 B EtH(Foysal etal., 2019). 91 F-& Ao 2 A3 o
FOIHE IR ) 2R Rleh Bol 5ol Tl Ao R A}
835} 74, yellow catfish Pelteobagrus fulvidraco (Xiao et al.,
2018), tA 9 o|(Salmo salar; Li et al., 2019), Z5(Pargus
major; Ido etal., 2019)2] H| 50| 4] <, gh4tale], 7l 5o
gt At A7 A o' HAE St webA, Folls
ofl e ZMA 2 E Al U] T 52 7|54 H7HAIE o]
St 7§ Sl 92 W e ket SRl Eed &
QS Ao HotkET)

ol Aol A FLFHRS A ol A glo] A2 A4
ARH i, A4t Sl EAA G2 71 A Gttt
(Table 5, Table 6, Table 7). 352 A| 2 2] ghaFo] thA| = o}
of iAoz AN Aol AbR W Zt o] 8ot Al
Stol= @42 2835k o= Qlth(Nogales-Mérida et al., 2019).
Aol AREE ZFEFe] ZA FHEF(30-33%)> 9A] L5Et
(5.5-13%)T} ©]5(9.24%)o]] 1|3} =Fch(Table 1). Panini et
al. 2017b)> At Wi o] 2] 9] gHefo] 30%<1 24 A A]
2 E A A, Sk -] AE o] ST
I Baskee) o] b= Wit 2 x| sofl 5ol 2F Aol E ol
&oto] Abm U o] &5 B tiAlst ek ok A9 A1-
ol ke mAA] etk A% It Cummins et al.,
2017; Rahimnejad et al., 2019). <25-(insect oils) U] 23}
HhAkK(saturated fatty acids) S-2 TU-EE SR HFARS] Sk of
ol Bl Eof Abmol B[R] L5k ThF AR o=
AAEe] Bt e 2efisto] o 7ol e A7 AL AF
BAFHE AAAZ 4 okl R 1 E QI ck(Panini et al., 2017b;
Nogales-Mérida et al., 2019). oH ALo] A= AFALRE Y o
£0] 2% Lo 7 A A (20%) = 3171 wi<zoll A4
7t A 2ol 2 PR mIAIA] trhar AZbE T ey
UE 2ZHE 0] 8-5to] oS vhi A ol A9

=29 T6

A

N

1 oo

i)

d

2 oo
ol

A 2ol WEHE 002 7P5Ao] o AR Hh uebd, 2
A] 23 ape e ] v)s) A8 gapo] wob 49 At
2o T AR 2K BT B O AT 4 91 Aloleka



7y,

stk ZEUS ol R U0 R A Aol B TEY
of HZA £Ful] Hl3) 11 o Aol HiA £ Ao
s,

Al AL

o] =22 FRQALE)S] AU A=A rATe] XS
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