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2. TREMRAEMBEARGRAT &R M 510225)

mE J #F 5 IHE E fp s (Tenebrio molitor)# 2R, & ¥ Xt 1% 4 (Lateolabrax maculatus) K P §6 F0
e Bt B, DAL 4 [T G R E A (2.8340.02) gk LIt &, BH M AKT N 30%8 4k
18 5 Xt AL (FMY SR RE, F AR 20 2 0 (TM) 2 21 B Rt B AL 7 B 5% (5% TM). 10% (10% TM)
15% (15%TM)#F1 20% (20% TM)H & %, B Hl i 5 A% A% M0y SE i opF, At LI fb #5347 A
O BB EAKER, FRDT, MAERBER R RImAKTHE M, Ly EE FebkFEh
EARABERHE LA G ERENES, 5% TMA%E, L5 T 20% TM 40, 125 FM. 10% TM
FIS%TM A =R A EE, SARRE, BLE, FEE, FEL, BEEUR 28 KARAT
REZR, EERILEESRKTHE LA T EBRK, 20% TM A8 EE T FM 471 5% T™M 4,
s EAHEE R T AR AN E R AT E BN ESE, 5% TMARERT
HM A E R m A, A S NELI, ¥ HENRETE . RETEE EE M E
FERENERAKTFEABTELATERRNEAS, 5% TM A0¥FE kL E. KETEI
B RERF &5, T 20%TM 4 &K, MEHRATHAG, o FHER K EF IL-18 WA &
K EMMAEED 2SR K TR M E ERREATHAS, 5%~15% TM 48 EKT FM 470
20% TM 41; $IR B F IL-4 WA RAEE R TEE EANES, 10% T™M 4 A8 RIKME, T 20%
™ AEHFEEHME; Ml fEMEEFCZO-1 % Oclnih kA EE LT E R BEKNAS, 5% TM 4
0y ZO-1 %1 10% TM 48 Ocln Rk k ERG ., S AMEN S HBRIER LR E LR, BHREER 2 H
BREMVEZTHEA WA EFRNAESFE, §FM 44, 10% TM 1 15% TM 4 5 #AT #
J& (Bacillus) N A8 3 £ L B F 3 v, T 5% TM A1 10% TM 4 4§ % i, 1 )& (Plesiomonas) 1] 48 X F &
HTHEASE, G R, A0 2R 5%t &0 Fl T 04 i Efn 4 K &R 15%
B2 08 A K UUR 3 R 7 & U B SR s R M 3 20% 8, R TR e
frEfE e, BT HAekeh, FHEKMEETHE, RE_ABAEATEER, FWARKFA
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WAL 8 4R R AR R R B R AR AR E T 7.31%,

KA

hESZES 5963 TEERIRAD A

A6 (Lateolabrax maculatus) B A FENVE] | A&
R ERFEE SAERKIGESMTRE, 2021 457
B REE AL 19.91 J1 t (SAMSFHISE, 2019; Aoll AT
Rl e O HR R A, 2022) SR, H 25 HE N TR
AT B A v 3 B IR . 2 Rl B P i, RO AR
< RE Q5 AT P A i[9 i S | e S N
R TR AR R KT R, G AR A T R Z R T
R FUIEC R T AR B SRR B 38 P E 55

T A B (Tenebrio molitor) BAG 2 1 75 & 15 (47 %~
54%) 28 FE R A1 A i A S S 8 1 M I = e AR AL
(Lee et al, 1995; Ng et al,2001; BrfEi%, 2012; Kumar
et al, 2019), J&— 7l 7 TR AEFAF YO0 R HUE H I,
AR DR v £ ) BEARER 10 (Ghaly et al, 2009;
laconisi et al, 2017), CAMFFLRY], 2k fBH 2R
by B T 16% 0, fE % {2 U 45 fa (Sebastes
schlegeli)#1fa )4 K (Khosravi et al, 2018), 248y H
kB AL M0 Ry L B 32 IR (20%~30%) B, X T 6l
(Oncorhynchus mykiss)(Gasco et al, 2014; Belforti et al,
2016) M 43k 8 (Sparus aurata) (Piccolo et al, 2017)F)

ARKPEREECA U, I H AT LU R T 8K (Tinca
tinca) RV 58 7 18 19 40 E AL HE U1 (Hidalgo er al, 2022,
Henry et al, 2018), {H 51D} bk ks 24 C A0k (1)
P 3k I, 2 S BRI o £ 2K R ) o A I W g
(Belforti et al, 2016; Piccolo et al, 2017)Fl4i & AL BE
(Sanchez-Muros et al, 2016; Song et al, 2018), F E[#
a2 KB (Gasco et al, 2016; Hidalgo et al, 2022)
SRR AN, R BRI T AR R R 34%, 3
B R A R b e K ORAE, S 1SRN T T
ZORE AR TR, AR Bk Uk AT IR Ab
(Henry et al, 2015), WFFTFIH, AR kY s 78 b 6
)k rp A AR K K T A 100%(Rema et al, 2019),
F HEBER 65% /K F 1 8 a] DL & B 58 (Pargus
major) A E (Ido et al, 2019), [FIAY, BLARE A H
A AR AN BUAE T BRI (Perca fluviatilis) il H L L
e (Tran et al, 2022),

ARG B TETR T R B Bk HOky B AR f ok
XF A S AR PR RE | SR SN M T R R e, PEA
AE iDL rb A 2Ry HOts 2 AR Y B L ], SR
JIR BOA OB TE AR B et o 4 o TR e 27

BLAEEm Bt st BR; e EKMER; TudE
XEHE  2095-9869(2023)05-0056-13

1 R 5FE
1.1 SKIgfEs

AHIFSE AR AL ) 5 R K, LAk RN GOR h 3E
B UR, LA AR A G Sy 32 B0 I IR 2R K OF
N 44% . NEWEKT R 12%R0 JERE A RHGER 1), PAFERY
TRl R B AL (FM), 430l F R AR #5083 R (TM, T %R
R YRR A BR A w6 AR A i R 5%
(5% TM) . 10% (10% TM) . 15% (15% TM)F120% (20%
TM) A ER BC il % 5 2H 45 AU S8 IR 1Y S 3 ikl o ekl
Bk is, o 80 Hiffi, SRHZHY KLk MRS,
TR eI, 8 A SR E AT 1R R 2L R 72
2.5 mm BPRCEL, T 55 CHEEEHHET 5 h, —20 'Cuk
Tt .

S0 T A fof £ ) ) AR RN B SRR . OE
AR, EHEEIRT 1000 L fY5E5MmE,
FM UGB 035 2 J8 o fffa i ad v Se i 2k e, Peik
300 RARMEfEOH: . BRI — R FEH(2.83+£0.02) g, Ff
BLAMBCE] 15 4> 500 L IR K FRFEAR H , BEA7 20 B fa,
5 41, 94l 3 NEE ., FREME, A RgRR
2 YX(08:00 F1 17:00), 5 PSS IS 0 A3 M WK 15 0 HE
L RS R 1/3 IRAK LA AROK BT R AF . M IREE AR
5 PP IR UCEEEAE , FE R AR ML 30 min J5, i FHAT K
DT SRS HR S (8 21 3 pB 4% I, fRAFT—20 C VKA,
FHF 005 85 SR R R AL % . FRAIIN], 0 s A4
A6 B 0 B R N AE g O RR L AR FE KR
26~27 °C, f#E =6.0 mg/L, 2% <0.1 mg/L, pH 7.5~
8.5, FRFHSLENFFLE 9 JH .

1.2 HEmRE

TR S WS, 58 24 h, THBMEEA :
10 000)/5 FRiEIf 114k BARMEHLIR 3 RBAaE T A H
4%, 20 CIRAE, HTamiRa i atr; SAmpEALE
10 BfafrEf, Bihkiun, F 1.5 mL B8
¥ 12 h i, 2500 t/min 2.0 10 min, WM,
—80 CORAF, F T I ¥ % T g (LZM) 1 e S Ak T
(DAO)E PRI AE o i) o3 8 FLFAIE . RE G 43 3l Bk
&, DA B IE s 2, b)E, AR HLER
2 Rt H T W8 AL B R I e 5 A 2 A
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THE Sk R AR B I R M S N R s
AN E ; HAREEHLR 2 B, el , ZEREim
107, B2 em TPz E T EAT 4% I E WY 5 mL 7R

Y, 4 CHRAF, Eid HE 03k, HIfEmEHN
DIF, T ImBHLUE S0 Fn, BAREEHLE
2 RHIAIE, JHTIERRE 16S tRNA #7347

®1 ZREMEMETSEZERES (% HHIEER)

Tab.l Composition and approximate composition of experimental diets (% DM basis)
JECRL 21 5 Group
Ingredients/% FM 5% T™M 10% ™™ 15% ™™ 20% ™™

ffi#} Fish meal 30.00 25.00 20.00 15.00 10.00
iR #y Ky Defatted mealworm meal 0.00 5.12 10.24 15.36 20.49
WR¥ Shrimp paste 3.00 3.00 3.00 3.00 3.00
A4 Wheat flour 24.50 23.53 22.56 21.53 20.51
S Soybean meal 35.00 35.00 35.00 35.00 35.00
il Fish oil 1.60 2.00 2.40 2.80 3.20
Tl Soybean oil 2.00 2.00 2.00 2.00 2.00
YR#EAE Lecithin 2.00 2.00 2.00 2.00 2.00
#iA= & C Vitamin C 0.10 0.10 0.10 0.10 0.10
WM — 445 Ca(H,PO,), 0.50 0.90 1.30 1.75 2.20
HE R EL MR L Lysine hydrochloride 0.00 0.01 0.02 0.03 0.04
EH MR Methionine 0.00 0.04 0.08 0.12 0.16
ZALJEFH Choline chloride 0.50 0.50 0.50 0.50 0.50
YRR Mineral premix! 0.50 0.50 0.50 0.50 0.50
Ytk ZWIR AL Vitamin premix? 0.20 0.20 0.20 0.20 0.20
=454k =42 Y,0; 0.10 0.10 0.10 0.10 0.10
&1 Total 100.00 100.00 100.00 100.00 100.00
EIEH R Approximate composition/(%, T#)5)

MM Crude protein 44.62 44.46 44.29 44.12 43.95

AR Crude lipid 12.00 12.02 12.05 12.08 12.10

K4y Ash 9.13 8.93 8.76 8.59 8.51

. 12 2% Zhang 55(2018),
Note: 1 and 2 refer to Zhang et al (2018).
1.3.2 A #RERHH Aty 4 0 R 20 R P K 4

1.3 $EHRNE

131 AKMie, BRIAFOHEATEAX 4T
TR (SR, %) =K RBE/V EE*100%;
HHE R (WGR, %)=[ K35 & (o)1 ¥ B &t (g))/

I A (2)x 100%;

Fi7E 4 KR (SGR, %/d)=100%x[1n A 2] i () —

In H) 4 JFi (@) 1/ IR FH K HL 5
A RUTEE(PDR, %)= A #H (g) < K & Mkl

F 75 1 (%)) 2 H (@) < ) 4 £ L2 1 2 o (%) 1/ [ 10 0

it (g) < DB 2R 1 75 1 (%) 1% 100%

TPt R B (FCR)=HeM i/ R Y B i (o) ¥4 Btk (g)] 5

HERFR, %/d)=100% x M5 (g)/[ KR
it (@)/2+H ¥ [ (2)/21/ 37T KA

A FE(HST, %)=k 5t 4 (g)/4% 5 1t (2) < 100% ;

WEAAR FE(VST,  %)=P 5 3 (g)/4R 5T 1t ()< 100% ;

JIEL 6 2 (CF)=1A Jii 2 (2R K P(em’) ;

HEREZE(AFR, %o)=HEFRIE N BTt ()R T ft(2) < 100%

FHRRIG . LK 2 0 275 AOAC(2005)H) ik, 7K
AR F 105 CHEM T4 (DHG-9123A, T IT R
)Y E RS R 2 A AR ik (DL 2k R i 7))
ME , MKSY R 550 C bbby bekiie , #lE A
K FH L T 5 R e sE A (Rapid N A&/ 25 1 543 Mt
1%, Elementar 2y A, 7 E)E .

1.3.3  feiF 5L 4R A I AR LR V75 T it . i 2
PR . T8 T A T (L3 R o e R B 1t ) 35 1 7 D
P14 MR ) & U BA 3 E 4T (R ot AR W TR A 5
Fr)o BB A E A3 B R R AT BCA k(3K
FAEY AR A DT

1.3.4 WiEABHEFHH Z: B2 55(2019)
MISEEG T, B EERE E 12 h Al 4l 2RE i T
KK . —HWAREH , E . 5, 6 um b
h, HE Btk e i (n=6), WHiEHLUEE =S %
Baeverfjord ££(1996)fl Bonaldo Z(201 15T . i
1E B i (Leica DM5500B, {2 D48 Y) . W%
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JE i i B R B B A AR E W B (villus
height, VH). 4 3¢ JZ (villus width, VW)FILJZ B RE
(muscular thickness, MT),
1.35 Mk %A B A 2
IMrZ% Chen %5(2021)H1 Zhang 25202151, %k
W) V3~V4 [X 16S rRNA F:H T PCR 348, i
51 ¥ N 341F (CCTACGGGNGGCWGCAG) fil  806R
(GGACTACHVGGGTATCTAAT), f#i ] Illumina -5 it
FFINFE(PE250), ffiff] FASTP 0.18.0 HE—# 185 A1
o T FLASH 1.2.11 XHRLRFA 70U e US , il
FHl UPARSE 9.2.64 #3455 97%MMIUEE HEFT OTUSs 52K,
HATIFIFLE | o-Z R TIR, iras i 22 5.
136 MiEXELEFERZFORE TN LS

Jr 3B SR R - | R B A DG DR A N R Gk
T qPCR LA TR . BAA AT .

i RNA $2I057 752 8 Zhang 55(2018) , {1 FHSCRHif
AEPRHE A RS RNA $EBGAT S48 U B 22U A8
RNA., 53¢ Je SER5O65E i PCR #21 TaKaRa RRO47A
TR A UL PRSI S A% 1) RNA Sk cDNA 55—
S5k f#1] SYBR™Green Master Mix (AceQ"qPCR, Fg 5t
EMERE A YR A BR 23 vl ) iR 7E. Thermal cycler (ABI
StepOne Plus™) A2 i PCR BE R GEHHA T4 14,
DN A8 iz JE A 6 DR AR X R ak 1. DA B-actin VA
SHA, BRI 22T

FRAE NCBI £ 4 9 A6 5 58 e PR 5 35 R R 5 %%
HHEE PR BT E 1Y, 51 s A st E R EY)
BHE AR A BRA R AR, ffH Primer-BLAST (https://
www.ncbi.nlm.nih.gov/tools/primer-blast/)i% i+ 514, i
TS Y 1S WoR A R AL R 2 ] 9 22 5, 9 RIOR
95%~105%, SI¥FIITEIZK 2.

K2 NHHEXMIEALEESIWFT

Tab.2 Nucleotide sequences of the primers used for real-time PCR of the intestine of L. maculatus

SR Lii314 T B

Target genes Forward primer Reverse primer Annealing temperature/C
FZN2 1BIL-18  F: GTCAACTTACGTGCACCCTG R: AAATCGTACCATGTCGCTGC 60
FN 2R 4 1L-4 F: ACCATGCATTACTACAGCACTG R: CACATTCAGGGGCGTTTGTC 60
K EREN-1 Z0-1  F: TTGCCGTTGTAGAGGGTGTC R: GATGTGTATCGGCGGATCGT 60
H-&#HA Ocln F: GTCCGAGGTGAAGGCTCAA R: GTCCAAACTAGCGCACATCA 60
Wsh#E A B-actin F: TCGAGCACGGTATTGTGACC R: TCAGGTGCAACTCTCAGCTC 60

1.4 #HFEAE

i#id SPSS 26.0 G144 #) Kolmogorov Smirnov
F Levene's o 50 8 73 Sl o 56 BT A 40040 1) 5 26 1R85 53
A L 5F U R B o SR FH BRI 3R 7 22 73 BT (one-way
ANOVA)KA 7 3 R X B i B s, S8,
K H Tukey's K0k iF 1T Z H LI, B e & 4 Z A1)
Z5, ZREEKER P<0.05, Urfa BEES DAEE
+hRifE R (Mean=SE)YWIE AR Kok, BAHE 3 MY
.94, fdif] GraphPad Prism 8.0 2 {4H1E K

2 #R

21 MEESRBEREMIELE £

MR 3 AT, FifE AR SRy sy AR L B Y 4
i, A6 E R R 1 T DR I T R R
B, TE 5% TM Hik i RKME, 20% TM 43S E
FRNAE H BT R i KT FM 20 5% TM 41 (P<
0.05). SXTHRAIAALL, 2 R4l HE 2 | R SeR |

FEIG . R LRI B 26 15 T ik 2% 25 5%(P>0.05) . JIE
K HETE FM 4 5% TM 2 8 8T 20% TM 4 (P<
0.05) .. JI B B Ry HOB R FC KT 5 A6 4 i 3 1 56 R
TR IR KR N Y=—1.584x7+9.232 8x+1 892, R*=
0.956 6, BLATEAR kY HUBY il B A 7.31%(&] 1),

22 BiEEMREHEREMXTEL £ &AM

I3t 1 Ry E S A AR M X A B 4 A4 2 )
WANER 4 FiR o A4 AE S R P ik 4y . ML
F . FLIR I AR 7 39 0 . 2 1 25 5 (P>0.05)

23 MAEEMEBBEREMIELMEE LSRN

AL

F 1 2 T, Bt TS By OB B A A0 K L B3 34
T, A8 LT V5 TR AR 1 2 ST R R PR AR A A, HorE
5% TM 4R, 25 FM ML, KK
2 DA TS 1 25 T I 3 1 22 57 (P>0.05) . A ALl Y
T PR DS Ok BURY R AR EL B A3, 5T
G AR A3, (H 45 41 1A] TG .35 25 57 (P>0.05)
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Tab.3 Effect of replacing fish meal with defatted mealworm meal (TM) on growth performance of L. maculatus

i H 21 5] Group

Item FM 5% TM 10% T™ 15% T™M 20% T™M
W R WGR/% 1 871.43 +106.85° 1957.16+61.84* 1773.70 £21.10° 1 685.17 +38.47" 1 446.23 + 73.94°
AR FR/(%/d) 3.52 £0.05 3.62+£0.14 3.87+0.11 3.74 £0.11 3.98+0.14
FE % SR/% 93.33 £ 1.67 95.00 + 2.89 100.00 + 0.00 96.67 + 1.67 98.33 + 1.67
EABUURE PPV/%  31.23 +0.45° 31.49 + 1.22° 29.16 + 0.35% 29.64 + 0.70% 27.52 £0.92°
Tkl BB FCR 1.23 £0.02 1.27 £0.05 1.36 + 0.04 1.32£0.05 1.43 +0.06
JHA4 H HST/% 1.07 £ 0.06 1.07 +0.03 1.12 £ 0.05 1.08 + 0.05 1.13 £ 0.06
Wi H VST/% 10.75 £ 0.16° 10.57 +0.11° 11.23 +0.27% 11.38 + 0.27% 11.91+0.11°
A& CF 1.85 +0.05 1.84 £ 0.05% 1.95 £ 0.00° 1.94 +0.03° 1.75 +0.02°
55 #% AFR/% 5.63+0.11 5.17 £ 0.08 5.74£0.21 5.81 +0.36 6.03 £ 0.07

T AT BB bn AN ] 7 B 22 57 .35 (P<0.05), R,

Note: Values in the same row with different superscript letters are significantly different (P<0.05), the same below.

< 2%y s ®4 BEEMRREREMEHEE
g 2000, {28 B B 2 M1 (%010 7))
\ﬁ g Tab.4 Effect of replacing fish meal with
g2 1000 1);;0195;:’5 +9.232 8x+1 892 defatted TM on whole-body composition of
= 500 ’ L. maculatus (% wet weight basis)
= X731
0 2151 K4y HLE HLE 17 K5y
0 5 10 15 20 25 . . ..
Group  Moisture Crude protein Crude lipid Ash
T™ FRKF
TM replacement level/% FM 69.91£0.11 16.65+0.07 7.48+0.10 4.01+0.03
B 1 BiiE ks dRs A KO S A i T SR S B 5% TM  69.67+£0.54 17.10+0.10 8.00+0.49  4.24+0.17
Fig.1 Relationship between TM replacement level 10% TM 69.50+0.26 16.85+0.27 7.98+0.18  4.20+0.05
and weight gain rate of L. maculatus 15% TM 69.60+0.35 16.6740.22 7.75£0.16  4.310.00

. B S L 2 . , 20% TM 69.44:0.11 16.68+0.08 8.18+0.11  4.19+0.11
24 MEEMRNEXEM L FEHRARLESH

e SR sERE  HERIE SRR B, Tt DUE ARG R 2
W 3 B FM 201 S%TM St e KB BIF, BEE R O In , 76651 oL E

1500 a 20rp
T
a 15 F
- T

131 000F 2 M
o ﬁ b b 4

25 b S5 0f
55 ¥S
= 500 | 3

1= st

1 0 1
& c\g& 0\§ e\g& e\(o& Qé\ o\§ e\‘o& °\§ g\(ogé\,
NI IR A ORI ORI
451 Group 215 Group

B2 WG BB HORy A OB o AE 85 ML 375 2E AL 8 Hm Y 52

Fig.2 Effect of replacing fish meal with TM on serum biochemical indexes of L. maculatus

AR PR IR 22 57 10 35 (P<0.05) . F[Al.

The significant differences are shown with different letters (£<0.05). The same below.
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Fig.3 Effect of dietary TM on intestine tissue morphology of L. maculatus

EA|

a: FM; b: 5% TM; ¢: 10% TM; d: 15% TM; e: 20% TM

HEFIAI L) . REHERSE, Wk 5 i, BER
REEFIR BN, HMETEE . HEREMIZIEEY
BT EEREALN S, Kb, 5% TMA R EST
HAZH (P<0.05), 20% TM 4H 4576 5% 3 Fi L2 S5 B 3
WERTHADH, M ERES FM il 15% T™M 4H
WA REES, HEEIT 5% T™ fl 10% T™M 4
(P<0.05).

*5 BEEHAHBEREMTESFEAATSHNZI
Tab.5 Effects of replacing fish meal with TM on the
morphological parameters of the intestine of L. maculatus

21 51 HWETE HWEwEE W2 R
Group VW/pm VH/pm MT/pm

FM 75.76+0.69°  378.22+14.71° 143.10+2.99°
5% TM  99.83+1.27°  586.57+27.62°  197.85+7.30°
0,

;‘l)vf’ 81.15£0.58"  483.34420.13°  147.2342.42"
0,

;if 78.48+1.91°  452.83426.68°  150.63+3.45°
0,

?;f 62.23£4.61°  367.41£18.49°  112.03£6.95°

25 MilsEMABBER ML i7E R TR T
REEEREARXERRZEZEN M

H 4 AT, 5 FM AL, 5%~15% TM 40 IL-18
AR B R B T IH(P<0.05), 20% TM 2HJC &1k
225 (P>0.05); BEAE BRGS0k ROy = A L i 3
IL-4 FAX Rk VA R SE IR LA E, 78 10%
TM 4 A RAE(P<0.05), 7E 20% TM 2H & T Hifl
ZH(P<0.05); M 475, S£BRANEKEEERE

HIEH ZO-1 F1 Ocln BT R E T 5 FM 4170 i 2% P

Z5(P>0.05), 1M ZO-1 X FIEHAE 5% TM 4lik

P EH(P<0.05), 1 Ocln BYAHRTFERNTE 10%
TM 4135 3 i = {H (P<0.05)

2.6 MBEEH HHBER AN L R7EH L BRI

FH LS AT, JBERE B OB R AN [R] LU 3] 1Y) £k
Jei 5 A 507 fi7 3 T Tl R TR I A S S e R
3% 2 5(P>0.05).,

27 MEEHEBBEREMNNEYFESR
B A SRR

H% 6 TR, JBEAE SRy ROl 2 AR AR J5 X AL 57 17
1B TR HE 2 RS BOL R R (P>0.05) o 2 T 11K,
A S 2H AR 1B Y LA RS R AN 6a F
N, EEAEAEIEE ] (Proteobacteria) . JEBER ]
(Firmicutes). ffF 5[] (Bacteroidetes). & #1]
(Cyanobacteria) I 2 5[ ] (Actinobacteria), HH, 28
TETRTT L 3T BT TR T 1] A8 A X = B 7R 45 S 6 41
7] JC i % 25 5 (P>0.05), T 10% TM 2 {15 RER [T
Ji 5 T HAB A 4 (P<0.05), HofbZH 6] 6 i 3 22
(P>0.05); 520485 18 @ K7 F 2R HEMEEAA
AT & (Acinetobacter) . 4B %M & (Plesiomonas) . i
JK W J& (Enhydrobacter) . 2 f¥T 0 J& (Bacillus) Mk
FRFT W J& (Citrobacter) . H:H, 10%F1 15% TM 4H %
T T Ja AR 2 88 83 v 1 At % 41.(P<0.05) (1 7);
A A [A) A7 A R AT T i R T 3 B AR S 5 TS T R
ke, 5% TM. 10% TM 418 % 5T 20% T™ 41

ALY
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Fig.4 Effect of replacing fish meal with TM on the relative expression of genes related to inflammatory
cytokine and tight junction proteins of the intestine of L. maculatus
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Fig.5 Effect of replacing fish meal with TM on the activities of digestive enzymes of the intestine of L. maculatus

(=]

*6 WMEEMHEMBERENMESFERRSHENRM

Tab.6 Effect of replacing fish meal with TM on the microbial diversity indexes of the intestine of L. maculatus

FaR 2H 5] Group

Index FM 5% ™ 10% ™ 15% ™ 20% TM
Shannon 4.23+0.40 4.96+1.10 5.05+0.78 5.01+£0.70 4.71+1.28
Simpson 0.87+0.20 0.86+0.08 0.89+0.01 0.90+£0.03 0.87+0.07
Chaol 450.41+£47.31 464.52+78.30 762.75+165.49 540.21+10.55 501.99+14.40
ACE 474.30+£36.83 504.63+76.82 797.41+£141.65 577.53+8.23 529.06+18.05
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Fig.6 Effect of replacing fish meal with TM on the relative abundance of microbial community of the intestine of L. maculatus.
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Each row in the heat map represents a species, and each column represents a subgroup. The color represents the species
abundance. The closer the color is to green, the lower the abundance, and the closer the color is to red, the higher the
abundance. The legend shows the abundance values of the corresponding species.
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Fig.7 Effect of replacing fish meal with TM on the
relative abundance of differential species of the
intestine of L. maculatus
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Effects of Substituting Fish Meal with Defatted Yellow M ealworm
(Tenebrio moalitor) on the Growth and Gut Health of Spotted Seabass

LIN Shengxiongl, LI Xiao', LU Kanglel, SONG Kai', LI Xueshan',
LIN Yong’, WANG Ling'", ZHANG Chunxiao'

(1. Xiamen Key Laboratory of Feed Testing and Safety Evaluation, Fisheries College, Jimei University, Xiamen 361021, China;
2. Guangdong Zehecheng Biotechnology Co., Ltd., Guangzhou 510225, China)

Abstract A 9-week feeding trial was performed to investigate the effects of substituting fish meal
(FM) with defatted mealworm Tenebrio molitor meal (TM) on the growth, body composition, serum
immune index, as well as histology, barrier functions, digestive enzymatic activities, and microbial
communities of the intestine of spotted seabass (Lateolabrax maculatus). In this study, the basal diet was
formulated to contain 30% FM, and five experimental diets were formulated by replacing FM with TM at
different levels: 0 (TM 0), 5% (5% TM), 10% (10% TM), 15% (15% TM), and 20% (20% TM). Juvenile
spotted seabass (2.83+0.02) g were randomly assigned to five treatments with three replicates and 20 fish
per replicate. The results showed that the weight gain rate, specific growth rate, and protein productive
value of spotted seabass first increased and then decreased with an increase in TM. Among the treatments,
there were no difference in the feed efficiency, feeding rate, survival, hepatosomatic index, abdominal fat
ratio, or body composition (P>0.05), but the viscerosomatic index was higher in the 5% TM treatment
than that in the 20% TM treatment (P<0.05). The serum lysozyme activity was induced in the 5% TM
treatment compared to that in other TM treatments (P>0.05). Intestinal histomorphology of spotted
seabass was altered with increased dietary TM levels. Compared with the FM treatment, the intestinal
villus width, villus height, and muscular thickness were increased significantly in the 5% TM treatment,
while all three indices were decreased significantly in the 20% TM treatment (P<0.05). Meanwhile, the
expression of the pro-inflammatory gene IL-1f was significantly down-regulated in 5%-15% TM
treatments compared to that in the FM and 20% TM treatments (P<0.05). A similar pattern was observed
in the expression of the anti-inflammatory gene /L-4. The transcripts of genes associated with barrier
functions (ZO-1 and Ocln) were significantly up-regulated in the 5% TM treatment (P<0.05). However,
the activity of digestive enzymes (protease and lipase) was not different among all treatments (P>0.05).
Furthermore, the alteration of intestinal microbial communities was observed with increasing dietary TM
levels. Higher genus abundance of Bacillus was observed in the TM treatments compared to that in the
FM treatment (P<0.05), and the relative abundance of Plesiomonas tended to decrease in the 5% TM and
10% TM treatments. In conclusion, substituting fish meal with 5% TM can improve the growth and
intestinal health of spotted seabass, while 15% TM had no negative effects on fish. However, excess
dietary TM (20%) inhibits growth, causes histopathological damage, and alters the composition of
intestinal microbial community in L. maculatus. According to the results of the quadratic regression
model, the level of fishmeal substitution by TM in the diet of spotted seabass should not be greater than
7.31%.

Key words Defatted mealworm meal; Fish meal; Replacement; Lateolabrax maculatus, Growth

performance; Intestinal health
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