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[F)J& 5 T s 1], e B PR 2 R 5 XU Y 75 SR B
PEIE™, R B HUR O R R BB AR R
FIsh ¥ E AW — . K Bk (Tenebrio molitor
meal, TMM)/2 HH 50Fy H2 0 i e falk, Sk B
— o TrEFRAEATR B B, H20104FE 8, mk H
CL7E e L) 3R RN, i T duy
HA MR HE I8 8 (IR FE IR . 44%—69%
HEATE. 23%4T%EN &%, &5 hld. 4
AR BN 22 Bh D RE MRS PR R4, © A K R A
TGS ER B RIL A B (Epinephelus lanceo-
latus & % Epinephelus fuscoguttatus Q) KN Z£ i
(Scophthalmus maximus)~ 4 3% (Sparus aurata)-
B 1 1 (Pelteobagrus fulvidraco) H| 2 (Aposticho-
pus japonicus)F1 KL 44 % R 1 e () R 56 %
B, BLBORy Bl & 70 B A 0k 7] 3 S THAE Ktk
e PRARTEL REOFIG R Y. mM M E
TILT . PRI B RS S B v P o, HOus o)
RS R S0 % R G0 R4 RN AN B . FLAART IR
i =3 S e, FL A T A 58 A OB e R g R
4i, H o Tol/IMDHI JAK-STAT/Z 1 2 #1 1 ik %
i PYRACEEEGE B R R R B 0SS
JUT B AE D9 3 B4 1995 i AH 5% 43 - B X (Pathogen-
associated molecular patterns, PAMPs), AJ # X i} #5
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(TMMOZH )& 25% 8y, AN &5 oky ok, 1 R34
53 A LS Ry Hoby 45 5 AR 15% 30%F145% 06
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Tab. 1 Chemical composition of Tenebrio molitor meal

AR B4 W R Byt e T IR Byt
Proximate indicator Percentage (%) EAA Percentage (%) NEAA Percentage (%)

7K 43 Moisture 8.43 & B Thr 2.46 RAE R Asp 485
M1 5 Crude protein 65.88 S IR Val 3.92 it S B Tyr 2.05
FHLAR B Crude lipid 4.19 EERMet 1.29 22 55 IR Ser 5.74
HZF4ECrude fiber 5.00 F 2B Cys 4.05 BRI Glu 7.74
JLT Ji Chitin 5.40 Fou A Rlle 2.80 HEBRGly 5.31
K4y Ash 8.00 A Leu 5.08 WERAla 3.13
#Calcium 0.45 KR 2Phe 257 Jiti & % Pro 4.43
B Total Phosphorus 0.35 ZH 5 iR His 0.90

BE R Trp 0.70

Wi R Lys 4.85

7E: EAA: TR IERR; NEAA: JE05 77 2 LI

Note: EAA: Essential Amino Acids; NEAA: Non-Essential Amino Acids
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P ZH 1 B2 I T PR 2EL RS 2l L3 30 4. T A ) sk
SRR 1 J5 1 80 H Ui, $2HC 5 FR &, SR IZR Y K
TR, VELE S HLALTE 1 2min, FIDN . Sl
JOR TG IR, F T BamBIE — ot id . FoR A
PERENLAE BB AL, ) DIk iLiR 2], &F-
260 MBFT B WL (e P L K2, T DB B A
1.05 1.5 mmPiki (Fb 11 20 1:2), 7625 55 N B SR

R2 FLHRRNE S REFRD (%, THR)
Tab. 2 Formulation and nutrient composition of the experimental
diets (%, dry matter)

2H 5 Group
TMMO0 TMMI15 TMM30 TMM45
4 £t 8 Brown fish meal 25.00 21.25 17.50 13.75

JiUkHngredient

T HISoybean meal 25.00 25.00 25.00 25.00
¢4 #1Peanut meal 8.92 8.92 8.92 8.92
[ Wheat flour 18.00  18.00  18.00  18.00
P % R Brewers” yeast  2.84 2.84 2.84 2.84
¥y Shrimp meal 5.53 5.53 5.53 5.53
R B TMM 0.00 3.81 7.63 11.44
iy Fish oil 2.00 2.00 2.00 2.00
Gl Soybean oil 221 2.40 2.58 2.77
EHH(50%) Choline 0.30 0.30 0.30 0.30
chloride

K % fEPhospholipid 1.00 1.00 1.00 1.00
AR WER 1.00 1.00 1.00 1.00
Vitamin and Mineral

premix*

R — 45 Calcium 1.50 1.50 1.50 1.50
monophosphate

Vel iRt 0.10 0.10 0.10 0.10
Vitamin C phosphate

T i £F 4 Cellulose 6.55 6.30 6.05 5.80
microcrystalline

U4k 7 Antioxidants 0.05 0.05 0.05 0.05
MitTotal 100.00  100.00  100.00  100.00
¥ (9 Crude protein 43.04  43.15 4296  42.77
HHL i Wi Crude lipid 6.74 7.28 6.87 7.10
7K 4> Moisture 8.74 8.79 8.70 8.95
JK 53y Ash 1087 11.80 1148  10.80

VE: U E R AR SR 4E2EZAL 500000 TU/kg; 4%
D3. 100000 TU/kg; 45 ZE. 4000 mg/kg; 4E4: 2 K3. 1000 mg/
kg; 4E4 ZB1. 500 mg/kg; 4E4E ZB2. 1000 mg/kg; 44 % B6.
1000 mg/kg; 44 ZB12. 2.0 mg/kg; MR . 4000 mg/kg; iZ FRAS.
2000 mg/kg; W% . 10.0 mg/kg; MR, 100 mg/kg; 4E4EFC.
15000 mg/kg; €. 10000 mg/kg; 1. 300 mg/kg; £F. 5000 mg/kg;
fii. 1200 mg/kg; . 80 mg/ke; Hi. 20 mg/kg; fili. 30 mg/kg

Note: Vitamin and mineral premix composition: Vitamin A.
500000 IU/kg; Vitamin D3. 100000 IU/kg; Vitamin E. 4000 mg/
kg; Vitamin K3. 1000 mg/kg; Vitamin B1. 500 mg/kg; Vitamin
B2. 1000 mg/kg; Vitamin B6. 1000 mg/kg; Vitamin B12. 2.0 mg/
kg; Niacin. 4000 mg/kg; Calcium pantothenate. 2000 mg/kg;
Biotin. 10.0 mg/kg; Folic acid. 100 mg/kg; Vitamin C. 15000 mg/
kg; Iron. 10000 mg/kg; Copper. 300 mg/kg; Zinc. 5000 mg/kg;
Manganese. 1200 mg/kg; lodine. 80 mg/kg; Cobalt. 20 mg/kg;
Selenium. 30 mg/kg

T, BAE DL, T20CHRAFEH.
1.2 LWZIHS5RFERE

AHIFUIRAG T AR UG K 2 S 56 Bh ) A E R A
F A6 B 2% B3 25 ik (5 it 5. GDOU-IACUC-2023-
A3321), S5 N TR A2 ™ bl 7 A AR LY, %
TS 56 T A FF R 24 <1 1% 2 00 4 1) s 1 M B o)
FE o FREESZEG T AR VT B R R AT R A R K
FRPAFE T F, IR TR aa A 0 2 (0.42+0.01) g
) LN XA SR, 22 7d %7 SR 9L i, 4% 5¢ 4= BE AL 13
THHE A 124300 LI B HS AN SE 50 A0, BEAf40 )2,
HEINPATEE . S0 H HASK, & kb FE 44 H

®3 EMAMERERTHENES IR EEERER
Tab. 3 Amino acid composition of each experimental diet after
the replacement of FM in the diet by TMM
IR ALY,
Amino acids
composition (mg/g)

TMMO TMM15 TMM30 TMM45

WHRASEREAA

71 R Thr 14.83 1499 1477 13.98
R FCys 422 431 428 422
S Val 1632 1679 1691 1749
HHA B Met 590 600 578  5.89
Aot AR le 1440 1452 1478 15.02
SR Leu 2590 2648 2659 26.70
KN AL Phe 1642 1721 1721 17.19
=M Lys 2291 2286 2297 22.58
L FEHis 973 952 901  8.60
FEE R Arg 23.83 2450 24.67 24.58
e TR EEENEAA

RE MR Asp 3509 3507 35.02 3448
HA R Ala 18.67 1856 18.12  17.88
B EKGlu 64.52 6439 6408 6293
H&MGly 19.17 2029 2021  20.78
225 R Ser 16,51 1838 1861  17.90
B R Try 9.83 1073 10.89  11.27
i % #2Pro 1823 19.87 20.11  20.79
HIEEM B FITAAs 336.60 344.43 343.93 34221
WA S AYEAA 150.27 152.83 152.67 152.03

I FH AR SMYNEAA  186.23 191.57 191.33  190.23
WTRRAFER HILEAA/TAAs 44.64 4437 4439 4443

1 TAAs. T ZAERR I EA YEAA. 5 F Z LR 1 S A,
WAL, AR, HER. Prai. AR, FNA
W M. HERRAREER INEAA JE00 7 R IR ) AT,
BFERAER. 258, #ER. HER. WERK. BEAR
IR, EAA/TAAs: EAATETAASHIE 4t

Note: TAAs. sum of total tested amino acids; Y EAA. sum of
essential amino acids, including threonine, valine, methionine,
isoleucine, leucine, phenylalanine, lysine, histidine and arginine;
>NEAA. sum of non-essential amino acids, including aspartic
acid, serine, glutamic acid, glycine, alanine, tyrosine and proline;
EAA/TAAs: the percentage of EAA to TAAs
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Tab. 4 Fatty acid composition of each experimental diet after the
replacement of FM in the diet by TMM

Hiﬂfﬁfifgagg‘j;ds TMMOTMM15TMM30TMM45
IR DT BRSF As
C10:0 063 088 087 098
C12:0 043 05 051 056
C14:0 1911 16.64 14.51 12.44
C15:0 214 196 175 157
C16:0 158.6 1552 151.69 147.16
C17:0 789 7.09 655 579
C18:0 4871 4849 4939 49.62
€20:0 440 483 534 572
€22:0 412 419 446 441
C24:0 245 260 254 235
BRI G BT ERMUF As
Cl4:1n5 075 068 064 056
C16:1n7 25.62 2318 20.67 17.99
C17:1n7 480 446 391 332
C18:1n9%¢ 158.82 159.3 168.18 169.15
C20:1 930 882 894 865
C22:1n9 097 114 075 038
Z A AR ERPUF As
€20:2 140 135 130 125
C18:2n6¢ 2957 307.4 32694 343.01
C18:3n3 37.85 38.69 4075 43.19
C18:3n6 133 113 115 1.02
€20:3n6 089 093 079 0.79
C20:4n6 762 750 676 641
€20:5n3 (EPA) 114.54 114.56 102.92 101.04
C22:6n3 (DHA) 91.93 8847 78.67 72.63

YA 5 R S AT SFAs 248.48 242.38 237.63 230.6
FURMIFIAE BT R S ATYMUFAs - 200.26 197.59 203.08 200.06
ZAMTE IR S AYPUFAs  551.26 560.04 559.29 569.34
n-3AEFI T R S A1Zn3 24432 241.72 222.34 216.86

n-6 AN EFI IR TR S A1 06 305.54 316.97 335.64 351.23

}%g%ﬂﬁ?g%%iﬁﬁﬂg& 7997 7626 6624 61.74

n-3 75 B ANE ARG i n-3 HUFA 206.48 203.03 181.59 173.67
DHA/EPA 80.26 7722 7643 7191

E: YSFA. P AN XU B g T R < A1, SMUFA. T3 &5
BRI TR A1, Y PUFA. A & =2/ XU ) I iy 2 2 A
s En3. A n-3 AR IS TR 2 A En6. FIr A AT Rin-6 5 TR 2
M, BLFE20: 3n-6 S AL AUn-6 5 i HE; n3/n6. Tn35En6ILL
Bil; n-3 HUFA. n-375 5 N A1 IS 7 B2 (C=20), ALF5 C20: 5n3 Al
C22:6n3; DHA/EPA. C22:6n35C20:5n3 /) EL 7l

Note: Y>'SFA. sum of all fatty acids without double bonds;
>MUFA: sum of all fatty acids with a single double bond;
>PUFA. sum of all fatty acids with =2 double bonds; Zn3. Sum
of all n-3 unsaturated fatty acids; £n6. Sum of all n-6 unsaturated
fatty acids, includes 20:3n-6 in addition to individually reported n-
6 fatty acids; n3/n6. the ratio of Xn3 to Xn6; n-3 HUFA. highly
unsaturated n-3 fatty acids (C=20), including C20:5n3 and
C22:6n3; DHA/EPA. the percentage of C22:6n3 to C20:5n3

07:00. 11:00. 17:00H121:005 s ¢ M 11 £ 45 W2 of
I ARk, 45 M 30min 5 1 3% B 1 B I 4 Ik 1 vk H
PR . B H s K 7y 20 2 80% 77 FE KA,
DL 3 5 VB AN S 0 L A 1 S 280 R IV 1R R 94 FiE
YERF R AP IK I 25 . FESRIG I FE R, KRS 0™
478 I E 38 BLVE L, KR 4E R 7E27—32°C, AR
3% #E <0.05 mg/L, 5 FE PRFFAE27%0—30%o, ¥
R SE U FEE AR 7E>6.0 mg/L, pHA% I 7E7.7—8.0.
1.3 #RlE

TE8JE FRHE SIS 45 N 5, 251 24h, FRAH LG 34
B (I3 FREE), FEARBENLE 6 XTI, 75l K4
JUL PR RO J i 2H 21, SRR T3 R A R A 2155 i
BENINER, BHEFNRBEGHER, 72T
1.5 mLE O &, B TR G 7 2 -80°C UK AR I/
17, AT R EME . B @RS IRNRIT
FURIE R RIE T
1.4 FKIEFRMEAREAITEAR

14 K (Weight gain rate, WGR, %)=(Z KAk H -
WIUG A /A6 1A <100

Hr 58 2E K K (Specific growth rate, SGR, %/d)=
[In(Z& AR AR E )—In(H)UH 44 ) /5256 K E< 100

1Ak} 2 $1 (Feed conversion ratio, FCR)=$5% M ]
KL /(LR AR E- AU A )

Tk} AN (Feed cost)=TalAE B4 < b i 6 &2

SN (Gross income)=2¢ A B x B4y

FiE (Profit)=is N1 K} A
1.5 EMEFRRSS . SEBRE KA IRERER 757

RS WLATEE 197K 73K FH 105 °C 8 R E T
M5B (GZX-9146MBE, i), H & A1 LAk kb
5 5 (Primacs SN-100, fif 2£). AR 1l & R K42
B, A Bk NS . KAy 28550°C 5 dh 40 K ke oh g
PR . SRR %GB 5009.124-201655 — %, fii
FAL-8900Z B 1% 73 A (H AR 50l sE - AR TR 4H.
4% GB 5009.168-20163 &, il EHF &t K A 5 — 1k
ECE =) &, NURFE Gk W FRECGE —1%)E
i, 1l FH Agilent 7890B < #H t4 1% -FIDAG Ml 45 (6 3%
¥ : DB-FastFAME 90 m»0.250 mmx0.25 pm)i#t 47
I3
1.6 MENIEFRMEREIEFRME

HY—80°C R A7 JFF IR B AE b, MR VR S5 AR &, TN
O R AR T 74 0.9%4E H 2K, 4°C 26 1F R 2 K 3+
B, Bl J54°C . 4000 t/min 0> 15min, HL I 7% WA
WMo Frs 5 28 M T2 28 A (TP). i AL
filf (CAT). % A6 ¥ B 4k B (SOD). My %A At 1
(PO). ¥ HBF(LZM) XN (MDA 468hr. FTH
WA G B a2 A TAEWE T, SR A%
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T B IAT -
1.7 SKETPEEE PCR

R SLRNA K F TRIzoliZ(TransGen Biotech,
JEHOFEE, 221.0%35 i B ¢ /12 F ik A NanoDrop 7y
I E T (Aago/Aago) i W 58 B P 5K FE J5 , 18 H
PrimeScript™ RT reagent Kit (TaKaRa, ' [E)2: i3
YA DNAJF [ ¥ 5 N cDNA. % ) 5 # PCRK
2xSYBR" Premix Ex Tag™ (Perfect Real Time)if 7
& (TaKaRa, [ A)7E LI 5256 %€ BPCRIX E(F K
LightCycler480, i £ )it 17, Phefla (GenBank: GU
136229y 9 N S 3 A, i 2 I B H o alfs
pen~ po~ sod~ Imz. Ighp. dor. rel. cact. stat. jun
FfosHe RIFHX RIS E (K 5). AW H % H A
S W IPCRY™ HE 2% % 1 1 cDNA VR & BB 1) 54~k
JEE R JEE (A0 P2 B3 3R B A2 ) by e A i 2k it
AT VPN, AHETEH BT 5108 3 23R I 4E92%—
105%, HH5% RELR’ =0.98, FFEPCRAIN & B2
TESHTER
1.8 #HIELIE

SO0 R SPSS 21081 A HEAT H IR 38 7 22
43§11 (One-way ANOVA), 41 8] % 5 LA TukeyiZ 4T
2 HLLER, B KT BE I P<0.05, 45 R LT 1
fHAbREZER IR

2 #R

21 EHHEBBRIAR S &R AT M
BEAR AL FI A RO R0

JLGRAF IR A K e 2 SRR B (K] 1A), Bk Uk
B AR 00 2 35 52 FLAN ST IR () A K 1 R, 36 B R
T, TMM3041 & 2 & T TMMOZ, 5 TMMOZH $2 /&
12.34%(P<0.05). TMM15HTMM452H535ETMMO
H AR 2.61%F12.83%, 1H 7 F AN .3 (P>0.05). *F
B KR EHALLE R, TMM304H 23 & T TMMO
4, B TMMOZH 2 51 3.47% (P<0.05), TMM 1540 Al
TMM454 5 TMMOZH A $2 51 0.82%, 72 57 A~ i 3
(P>0.05), SR E AR R BT, %41 ) 2
ANRZEP>0.05). TEELREOTIH, TMM304H A TMMO
H AR 15.51%, TMMA4SZ [#1K7.49%, TMM 1541 [%
%1.07%.

T 11 3 2 % M b (www.feedtrade.com.cn)
XU S AN 4% 2070/ T, X6 25 S5 56 41 ) Ak 1) 15 4
BT A (E 1B). 45 R EIR, BETMME {CFMLEL 41
(58 =, & 2 DR B 2B T R B 34, TMMO.
TMM15. TMM30AI TMMA454H 5943 R 4% 43 51
8.65. 8.31. 7.98F17.657C /kg, 5 TMMOZL # Lt ,
TMMI15. TMM30F TMM45 40 i) 50 REi 4% 23 531 B

%5 qPCR3I|¥1F%

Tab. 5 Sequence of the primers used for quantitative PCR

HE4 g //PN
FRGene FEHID ¥ %Sequence (5'—3") /NSize
Gene ID
name (bp)
efla XM _ TGCACCACGAAGCCCTTAC 171
0701208311 A GGGTGGTTGAGGACGAT
C
cru XM GTAGGTGTTGGTGGTGGTTT 192
0273522542 C
CTCGCAGCAGTAGGCTTGA
C
alf  XM_ TTACTTCAATGGCAGGATG 142
027372864.2 TGG
GTCCTCCGTGATGAGATTA
CTCTG

pen  XM_ GACGGAGAAGACAATGGA 160
070118967.1 AACC
ATCTTTAGCGATGGATAGA
CGAA
po XM AAGCCAGGCAGCAACCAC 134
070133708.1 ¢ A GAAGTTGAAACCCGTGG
C
sod XM CTTTGCCACCCCTCAAGTAT 143
070117072.1 G
TGCCTCCGCCTCAACCA

cat XM ACAAGACGGACCAAGGCAT 157
070119527.1 C
ACTTATATCCTCAGTGACTG
GCATG
m XM TATTCTGCCTGGGTGGCTTA 91
070138434.1 C
CAGAGTTGGAACCGTGAGA
ce
lebp XM TACGGAGGAACGACGCTGC 104
0701196581\ s ATCATCGGCGAAGGAGC
dor XM AGATGGAATGATAGAATGG 127
0273821942 GAAGC
GTACACCTTTATGGGGTTCT
CTATCTC

rel XM AGGTGACAGAGGTGGGATG 94
0273572502 AGT
CACTGTTGGTGGAGACGGT
ACT
cact XM_ GGAGGCGTGCCAGTGACTA 75
0273763162 TG
GAAGTAACGATCTGCATTG
AAGGG
stat XM CTTCGCCATCCGTCCTCTAG 85
027383199.2 (G CTTGATCCTTAGGCACA
TTC
jun XM GCACATCAAGGAGGAGCCG 146
0273515612 10 cGACGGCGGCACTT

fos  XM_ CCATTACAGCTGTGGCTAC 173
070141911.1 GAGT
GGTCTGTTCGATGTTCCTCA
AG

VE: eflo. ZEARE T 1a; cru. F5ERPUBE K, alf. PilEZ MR
F; pen. STUF 2 ; po. By EALHE; sod. #BEMYEALES; car. 1T
WEEE; lzm. VW W Igbp. FE 2 WEAB-1, 37 ML & 8 A
dor. Dorsal#% % [K 7 ; rel. Relish#% 5% A T ; cact. Cactusi A
(TolE B} 0| X 1°); star. 55 5 5 5 ¥ K WAE BT jun. Junk
KK F; fos. FosiE kK7

Note: efla. elongation factor 1 alpha; cru. crustin; alf. anti-
lipopolysaccharide factor; pen. penaeidin; po. prophenoloxidase;
sod. superoxide dismutase; cat. catalase; lzm. lysozyme; Igbp.
lipopolysaccharide and -1, 3-glucan binding protein; dor. dorsal;
rel. relish; cact. cactus; stat. signal transducer and activator of
transcription; jun. c-Jun; fos. c-fos
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11.56%. TESUWN AR 77 T, % 412N FIFE
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i 3000

=
[=)}

[
(=3
(=3
(=]
N

._
=
(=
(=]

HATE 2 Weight >
gain rate (%) -
[\

growth rate (%/d)=:

R A=K #E Specific

=
=
o
(=3
(=]
—_
<
N
(=)

=N
=)
S
—
n

D
(=3
(=]

feed intake (g)
N
(=]
(=}
Talkk Z 4k Feed
conversion ratio
.o —
W S

S5 & Total

B - mRHrde T fpklbiA SISl 2R
30p 8.65

3 8.31
@ S8 7.65 .8
=
¥ 20F 18.06 g)
é 1542 1551 “'” 16 L]_;’/
i ]708 1039 :.,2_1
Z 10} 931 &=
§ 649 520 14 =
374 =

o =
E

0 2

TMMO TMMIS TMM30 TMM45

BT BB Ok & AR A LGk O A= A P e R BRDRL R
Al

Fig. 1  Effects of replacing FM with TMM on growth perfor-
mance and feed utilizationof L. vannamei

A B AR E R VERESR bR, AR (MR s E B R
(i) BB B R ()P R R . Bl DA ST 3 s v 2 R OR
(n=3), H L ANF/NE F BR8] 2 5 5 3 (P<0.05); B. Tl kHF
2T, R BRI R AR . BN 5FE D),
e R RN 4% (0 /kg); AR T 00k ER AL S, A
AR B, AR SEIR IR

A. Growth performance parameters of each group, including (i)
weight gain rate (WGR), (i) specific growth rate (SGR), (iii) total
feed intake, and (iv) feed conversion ratio (FCR). Data are
expressed as mean+SD (n=3); Different lowercase letters above
the vertical bars represent significant differences (P<0.05); B. Eco-
nomic analysis of feed utilization; bar charts (left axis) represent
feed cost, gross income, and profit (yuan), while the line graph
(right axis) indicates feed price (yuan/kg); Profit is calculated
based solely on feed ingredient costs and represents theoretical
gross profit, excluding expenses such as seed, utilities, labor, and
equipment depreciation; thus it does not reflect actual net aquacul-
ture profit

TMM304H F I & AR, 5 TMMOZ AH Lk TMM30
) NN R S R IA 17.12%4135.28%
22 EHRAEBBREARFEH T AT E L
X IEPRRISZ T

BE 2 SOk R B AR BT, PGS IR B A
b R 5E (1] 2), TMMA452HMDA & 3% T TMMO
21 (P<0.05), 1T TMM15F1 TMM3041 MDA 5 TMMO
WA BEMEZERP>0.05). TMM4541SOD 5CAT
TEMES R E T TMMOZH(P<0.05), TMM 15 FITMM30
41 SOD 5 CATIE 1 5 TMMOZL % A & # M 2 7
(P>0.05). fEE:HKF( 2B), TMM15. TMM30
Ai a

150 % T

ab [

b
L
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P
»

=

2000 ¢ a
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2 T T
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AL ESOD (Ulg Pro) .
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=
%
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it EIL A ECAT (U/g Pro)
1] P
) S S
S
S —
2
—
S

[e3)

sod kX FEIR T
Relative expression of sod ~
=1 (8]
i
e
cathixFFk
Relative expression of cat
o -
=) O =

2 SN HOR B AU 0 LA R AR DS FEAR 1 R I
Fig. 2 Effects of replacing FM with TMM on antioxidant-related
indices of L. vannamei
Bl 2R R AR E 22 (n=3); KETE B B 7 AN RN S - B
RAA RHZER(P<0.05); AFUEMAM RIS, Hrh @A
(i), BREAA B A B Gy R A B (i) B. P SE R kK
S, e LR S W A B R TR ) i S A S B R TR (1)
Data are presented as meantstandard deviation (S D) (n=3);
Different lowercase letters above the bars indicate significant
differences (P<0.05); A. Antioxidant enzyme activity levels,
including malondialdehyde (7), superoxide dismutase (i7), and cata-
lase (iii); B. Antioxidant gene expression levels, including super-
oxide dismutase gene (i) and catalase gene (if)



7 KR R

2026, 50(8): 082607

FITMMA45 [P s0d 3215 2. % 7 T TMMOZH.(P<0.05), 73
Ak, TMM15. TMM30M TMMA45K] cat$ i5 N 5
TMMOZ G & 2 22 7+ (P>0.05)
23 BB REAR PRI AT &M
BERY RN

B A Ok HUOM & AR BT, LA ER 9 PO
A LZMP 3% 2 18 3 5% (K] 3), TMM30F1 TMM45

Aig i
£ S 0.06 a
en =5}
= 20 b b
S S004F = T
o =
g N 0.02
S g
- -
= . ¥ S W

ST S TS
Bi §~ 6 E 3 a g @
5 = o
g <
X2 4 2.8,
%2 E g1 2
¥ o
=0 S0
- ERCIE NG
&®&@@&$\®&®®

B3 Bty BB AR X LR R e il e ek S e P e 1Y)
SN

Fig. 3 Effects of replacing FM with TMM on nonspecific immu-
nity in hepatopancreases of L. vannamei

B AR T B HRRAEZE (n=3); FETR I 07 AN /NS 5B
REA B EZR(P<0.05); A, RBEEHEACT, Fh W imEE ik
WG ) AV B B (ir); B S e R R R /K, Hh (L s AL
Pt = DR () AN TR Bl R 181 (i)

Data are presented as meantstandard deviation (n=3); Different
lowercase letters above the bars indicate significant differences
(P<0.05); A. Immune enzyme activity levels, including PO (7) and
LZM (ii); B. Immune gene expression levels, including po gene (i)
and /zm gene (if)

10
1 TMMO

| £ TMMIS
72 TMM30
| X3 TMM45

o]

HPOWEE & 2 = T TMMOZH(P<0.05), T TMM1541
POV M5 TMMOZ Tk & % 7% 7 (P>0.05). TMM45
HLZMIE T B 2% = T TMMOZH (P<0.05), TMM 1541
TMM3041 LZMiF 7% 5 TMMOZ & & # % 7= (P>
0.05). 7E 2 [A K F (K 3B), TMM30A1 TMM454
podt R ik & 3 & T TMMOZH (P<0.05), 1fii TMM15
Hpodk K 1E 5 TMMOZ TG 2 3 2 57 (P>0.05). It
A, TMM15. TMM30F TMM45{] lzm3t R % 15 &
Z T TMMOZH.(P<0.05).

B Bk B B AR BT, L i BT B
JOR R B 28 FH DGl B A R R R A B 2. 7 (B 4), 1B
PO KA 26 3 ] b TMM30AT TMM45 4. [F) crufil
alfF: K %35 B 2 7 T TMMOZH.(P<0.05), i TMMO.
TMMI15. TMM30FITMM454 2 [8] ff)pendit R ik
o35 3 75 57(P>0.05).  7EToll/IMDAE 5 i B 3 K 1,
TMM30F1 TMM45 ] rel: K & 1A & % & T TMMO
41 (P<0.05), TMM3041 1 Ighp 55 cactit [N 32 1k & 3%
1 FTMMOZH.(P<0.05), TMM 1540 [f) dor 3 Rl % 5k B
Z 5 T TMMO4L (P<0.05). 7£JAK-STAT/E 5 i #%
FEFF, TMM15. TMM30AITMM45stat junik
Fik ¥ B E & T TMMOZ (P<0.05), TMM30A
TMM45 1] fos 3 K 3R 1A 2. 2 5 T TMMOZH (P<0.05) -
24 F=HEBENRER &R LTI R E
AR5 B SN

LGRS SR AL PR 2 AR Bl 4y 45 SRR B (GR 6), BLIE
ORI, TMMO. TMMI5. TMM305TMMA45
XN IAIKINT5.49%—T76.03%) FHEEF(18.44%—
18.64%) FIHL 7K 73 (2.82%—2.94%) & . 2 B AR i
#(P>0.05), 2 W B Ky HOk B AR R SR LN I
FEEFRE Y. R 2B A A B 0 B
B, TMMASAL A TMMOZH & 2 $27715.38% (P<
0.05), TMMI15FITMM304H 5 TMMOZH % 7 A & 3%
(P>0.05), LA AR 07 DURR () 38 I a5 508 Hofy A

Ta

a

FHXF 3k ERelative expression

cru pen Igbp
] L

b
- a =
a a a a, 2 o Cb . ada
0 e s s ] o 600
alf dor rel

a
b
cc [El
cact stat Jjun fos

PRI K]

Toll/IMD {553 % A&

JAK/STATIE 53l #% 4

Bl 4 B0k HOB B AR X FLARRT R S8 AR DG HE PR 1) 2
Fig. 4 Effects of replacing FM with TMM on immune gene expression of L. vannamei
B R N T BMEARAE 22 (n=3); KR B LA R/NG - RHAR B B3 2 7:(P<0.05)

Data are expressed as mean+SD (n=3); Different lowercase letters above the vertical bars represent significant differences (P<0.05)
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Tab. 6 Effect of replacing FM with TMM on the muscle compo-
sition of L. vannamei

ZH Ko HEHCrude MM Crude K 5rAsh

Group Moisture (%) protein (%) lipid (%) (%)

TMMO 76.03+1.52  18.64+0.23 1.56+0.03"  2.82+0.12
TMMI5 75.62£0.23  18.44+0.30 1.58+0.03°  2.89:0.04
TMM30 75.49+40.89  18.47+025  1.64£0.06"  2.92+0.04
TMM45 75.67+1.79  18.62+0.17 1.80+£0.04"  2.94+0.06

dHE A HUBITAH K & B LR E R R R [
— HIANE] E bR B RN ZE e 35 (P<0.05)

Note: Crude protein, crude lipid, and ash contents are
expressed on a wet weight basis; Within the same column, values
with different superscript letters indicate significant differences
(P<0.05)

B 6 I 2 B v S I i PR 4 R R K
25 EHEMBRERN D EHI AR
Sl

JLENXT R LA S B R 25 AR (R 7), (E
QAR T, K2 TR FERRAE & 4 8] 2 7 A
F(P>0.05), AEHER .. FaAMK. AR, K
WA EER. Bk AR b, 752
RS SR 7 5 B =5 A LU A 3 n 235 90 5%, TMM45
H 43 7 B TMMOA 2 2 B 11K 9.01%H1 7.87% (P<
0.05), TMMI15F1TMM304 5 TMMOZ % = A &8 %
(P>0.05). fEAEVLFRIEM T, REAER . B
TR I TN 22 R AE &% 2H [R) DR He A2, AR AR B2 250 oK
B 1.19%. 22 1 Bl 25 A bE A 38 n 52 03 08
TMMA452H B TMMOZH F#11%8.62%, 1H 72 e AN i 3 (P>
0.05). BRI BRI 2T w=ia s, (A2 () 5)
BOR, MUEMEA R . H 2 R A TMM304H 5 TMMO
H A 15.68%, HETMMA54 [41K4.38%. TAASTE
2 8] 25 AN 2 (P>0.05), £ 2H 45 F5 75 206.33—
210.00 mg/g. YEAATE TMM454 5 TMMOA & %
F#AK2.74% (P<0.05), = B K T 75 2 IR ARG 2 R
I8 > . EAA/TAASTE % 41 [8] 45 AL /)N (44.19%—
45.05%), Z 5 A 8 FP>0.05). PR G I 5 A
(X FlavorAA)/ETMM 1 5FITMM302H 5 TMMOZ1AH4,
{HTMM454 5 TMMOZH 2 3 [ 11 1.29% (P<0.05).
2.6 B RER T &I LA TR BE
BRB AR B 200

JUGH U WL AT 105 R I AR 45 R R B (3R 8),
> SFARE B AR EL A5 14 I i 51, TMM452H 5 TMMO
I FH IR ET1.11% (P<0.05), EEH1C16:0 (3R &
65.82%)F1C18:0 (2 5 62.80%) 1 K 1 334 Jiin 5K 2 .
YMUFA 2 A 34, TMMA454 5 TMMOZ i 2% 42
171123.71% (P<0.05), 3= ZH T3l B2 (C18:1n9¢) )
BERINHRE121.77%, P<0.05). TMMI15FITM304H.

R"7T ERHBER AR LR SRS LE ALY RZ00
Tab. 7 Effect of replacing FM with TMM on the amino acid
composition of the muscle of L. vannamei

WA & FE 8 4H B Amino
acid composition of ~ TMM0O TMMI15 TMM30 TMM45
themuscle

T REIR

T &L Thr 777+ 757+ 740+  7.07+
021° 012" 010 0.12°

HA R Val 8.07+ 813+ 823+ 827+
0.31 0.15 0.25 0.15

EA R Met 567+ 537+ 563+ 530+
0.15° 0.2 012° 0.10°

FEAMRIe 797+ 800+ 820+  8.10+

0.31 0.17 0.26 0.20
15.07+ 15.10&= 15.07+ 14.73+
0.06 0.20 0.35 0.21

it
P
S
—
[¢]
i

K% 2Phe 797+ 850+ 807+ 833+
0.21 0.44 0.12 0.45
AR Lys 1647+ 1650+ 1627+ 1597+
0.38 0.36 0.40 0.49
HE R is 403+ 397+ 423+ 430+
0.23 0.06 0.15 0.10
K& Arg 2070+ 2037+ 19.87+ 19.07+
.18 049" 132" 123°
R TR IR
KA IR Asp 20.13+  20.17+ 2037+ 19.97+
0.32 0.35 0.15 0.32
BHAGlu 3313+ 3343+ 3287+ 3283+
0.15° 015 021" 015
HE L Gly 2217+ 21.83+ 2343+ 2120+
0.25 021 0.29 0.26
HWEIRAla 1237+ 12,80+ 1223+ 12.67+

0.25 0.20 0.25 0.21
777+ 7.50+ 7.30+ 7.10+
0.40 0.10 0.36 0.46
1y 7.133: 8.03ai 7.30biC 7.83ﬁ
0.40 0.29 0.10 0.15

N
AoMr M
£
&

=
oS
—

i & Pro 11.87+ 1273+ 1190+ 1387+
0.50°  0.40 0.44° 1.00°

FILRE S AITAAS 208.33+ 210.00+ 208.33+ 206.33+
8.39 5.29 4.16 6.81

D

VR IEIR MATYEAA 93.70+  93.50+ 92.9Z)i 91,1§i
2.91° 1.68" 2.30° 2.40

b THHELIR B0 114.57+ 11650+ 11540+ 115.47+
SNEAA 2.07 0.56 1.30 2.07
TR I G L 45.05+ 44.53+ 44.62+ 44.19+
EAA/TAAs 2.83 0.49 0.40 1.25

KUK HEBRY FlavorAA 87.80+ 8823+  88.90+  86.67+
0.80" 0.55" 0.50" 0.47

3N E B RS 59 {8 45 1 2% SD; 7F Tukey’s HSD) 3%
i b, [ —AT B EARR S E R &3 2 7 (P>0.05); TAAs.
PP SR (0 S YEAA. 0 &R (1 S, B 5 R
HEAR. HER. RAEAR. AR, XNER. BEAR.
HAMRAEEIR; YNEAA. 0 & R K S M, B RAR
. 25, AER. HEAR. WAR. MARMHER;
EAA/TAAs. EAAX TAAsI H 47 H; YFlavorAA. MR R 2
M, AFERELAR. AEAR. HERMAER; F—17 AR L
Wi BER N 22 5 .35 (P<0.05)

Note: Data mean values of three replicates=SD. Means in the
same row without superscripts do not differ significantly (>0.05)
on the basis of Tukey’s HSD; TAAs: sum of all tested amino
acids; Y EAA: sum of essential amino acids, including threonine,
valine, methionine, isoleucine, leucine, phenylalanine, lysine,
histidine, and arginine; Y NEAA: sum of non-essential amino
acids, including aspartic acid, serine, glutamic acid, glycine,
alanine, tyrosine, and proline; EAA/TAAs: the percentage of EAA
to TAAs; Y FlavorAA: sum of flavor amino acids, including aspar-
tic acid, glutamic acid, glycine, and alanine; Within the same row,
values with different superscript letters indicate significant diffe-
rences (P<0.05)
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8 EMMHMERIER P A &M FLAXTHRAN P BE BB S AR
HISZAE

Tab. 8 Effect of replacing FM in the diet with TMM on the fatty
acid composition of the muscle of L. vannamei

JEWT BT (mg/g G JR)

Fatty acid deposition TMMO TMM15 TMM30 TMM45

(mg/g lipid)
TR BT I SF A

Cl14:0 nd nd nd 0.05+
0.00
Cl16:0 7524 805k 803k 1247+
0.02° 0.01° 0.03° 0.06
C18:0 3.79+ 471% 426+ 617+
0.01° 0.00° 0.02° 0.01

LAV AR T FRMUF As
C20:1 nd nd nd 0.04+
0.00
Cl16:1n7 0.65+ 0.67+ nd 0.95+
0.00  0.00 0.00
C18:1n9¢ 496+ 532+ 571x  11.00%
0.01° 0.01° 0.03" 0.02"

Z AR IE T PUF As
C20:2 0.87+ 098+ 083+ 123+
0.00° 0.00° 0.00° 0.00"
C18:2n6¢ 5.02& 728k 73%  9.36%
0.01° 0.01° 0.04 0.02
C18:3n3 nd nd 0.53+  0.69+
0.00  0.00
C20:4n6 151 1.05+ 1.0+ 114+
0.01"  0.00° 0.00° 0.00
C20:5n3 (EPA) 10.22+ 11.83+ 12,05+ 12.12+
0.14° 0.01° 0.04" 0.01
C22:6n3 (DHA) 757+ 832k 803k 9.07x
0.01° 0.00° 0.04° 0.01
YR RE I R S ANy SFA 1132+ 12.77+ 1228+ 19.37+

A 002" 0.01° 005 007
URMIRIR TR S Iy MUFA 5.61+ 599+ 571+ 12.55+
d b

0.01 0.01° 0.03° 0.03"
ZAMBAIR DI S ATYPUFA 2519+ 29.46+ 29.84+ 33.60:+
0.15°  0.02° 013" 0.05"

n-3ANEAIRDT R S AE3  17.79+ 20.15+ 20.61+ 21.87+
0.14°  0.01" 0.09° 0.03"

n-6 NIRRT EAIENG 653+ 833+ 840+ 1049+
0.00° 0.01° 004 0.02°

n-3 AL I [ R Aln-6 272+ 242+ 245+ 2.08+
ARG R 5 En3/n6 0.02° 0.00° 0.00° 0.00°"
n-3 = EANLAD i D R 17.79+ 20.15+ 20.08+= 21.19+
n-3 HUFA 0.14° 0.01° 0.08" 0.03"
DHA/EPA 0.74+ 070+ 0.67+ 0.75+

0.01°  0.00° 0.00° 0.00"

M nd. RAEH, BIETS0M Gl R, A0 e A
PR 290.033 mg/gllig 51 ; Y SFA: It A A & X8 1 I 117 B2 2 75
YMUFA: It & 5 XU ) g 7 1R < A YPUFA. Ji A & =21
TUBE () 5 07 R 2 A1 =n3. TG n-3 780 B A VLA I 7 R 22 AT 6.
JIT A -6 5 B AN VLR IG T R 2 A1, 04520 3n-6 LA B F R 5 11
n-6 151 [ ANV I 7 2 5 n3/n6. n3 5611 L 3; n-3 HUFA. &
FE ANV AN -3 i i BR (C =20), AL$5C20:5n3H1C22:6n3; DHA/
EPA: C22:6n35C20-5n30 LL); [7]—4T, ANF) AR 7 B RN %
5 (P<0.05)

Note: nd. Below the detection limit, limit of detection (LOD)
<0.033 mg/g lipid; Y} SFA. sum of all fatty acids without double
bonds; > MUFA. sum of all fatty acids with a single double bond;
Y PUFA. sum of all fatty acids with =2 double bonds; Zn3. Sum
of all n-3 fatty acids; £n6. Sum of all n-6 fatty acids; includes
20:3n-6 in addition to individually reported n-6 fatty acids; n3/n6.
the ratio of ¥n3 to Xn6; n-3 HUFA. highly unsaturated n-3 fatty
acids (C=20), including C20:5n3 and C22:6n3; DHA/EPA. the
percentage of C22:6n3 to C20:5n3. Within the same row, values
with different superscript letters indicate significant differences
(P<0.05)

SFA XX MUFA 5 TMMO4 % 7: A 2.3 (P>0.05), 7 B
R AR 3 R AR R B UK. JLAIPUFASI)
A SRR E A F.. YPUFARE & LLH
BANT 3 TR, TMM4SZL B TMMOZH 4% 5533.39%
(P<0.05). VIR (C18:2n6¢) 2 1 i £ A ) Ag B R,
TMM15. TMM30H1 TMM454 43 5] % TMMOZ. &
EHEE45.02%. 47.21%F186.45% (P<0.05), S ik H
DRk A T R B v T L PR L R T R S
TEARBFFOH I — A5 5, RE R EPAFIDHA
& B AETMM30FI TMM454] & 2% B&AIK, LA FFEPA
FIDHA & B 1 B 8 A EL ) 16 i iy 7t 5 . EPAYE
TMM15. TMM30A1 TMM454H % TMMOZ 43 5] &
EHF15.75% 17.91%118.59% (P<0.05), DHAZE
TMM454 % TMMOZH & 2 2 /5 19.82% (P<0.05).
3 — &5 LR RN R AT B EPAMIDHA B A ik 3% 1k
BN RS /1. C18:3n37E TMMOA TMM 1540
R A, T ZE TMM30AI TMM454L i B, 7T g
RVR T T Oy B = W o-E R BR 5 B . ARATE
% B ARA P R TMMOZ 2 3 4 1524.50%—33.11%
(P<0.05). En-3F1Xn-635 b £ X LL A7) 14 o i 7+ &,
TMM454H 5 TMMOZA. 43 7l & 3 2 = 22.93%F1
60.64% (P<0.05). HIT=n-6341EiE Ak T2n-3, n-3/n-6
FU AR B £ AQ A 38 I 2 25 R B, TMMO. TMM15,
TMM30FITMMA454 53 71082.72 2.42, 2.45H12.08
(P<0.05). R, % %Hn-3/n-6LL1H (2.08—2.72)
iz i T N S . n-3 HUFATE S &R
ZH 15 I8 2 = T TMMO4, TMMA45 2 TMMOZH 2
= 19.11% (P<0.05), 3 — 2 EIAIE X} 8 X} n-34 4
PUFASs % # 5 B . DHA/EPA AR 7E & 20 ) A%
WILN0.67—0.75), Z& 55 AN 83 (P>0.05).
3 iTig
3.1 EMHEMRBEREMITAREFRERS T

X S0 VA L E R IR 40 BT 2R BH, B0k HURy B AR
i E, R L TR R R AL FRER SR
HHr BT Ho, 258, BER. 9%5%R. 75
AR R WER. KNAR . R 2R
TR M AR X & A B AN B2 T, 5 Sanchez-
Muros25" i 45 e — 8, B B AR L i, 06 T
FIER BRI LB 2 TR, X5 apnd
EAA/TAA A & T 300 dobs B8 SR A 21
FE, FREh RAER. HER. BER. NAR
T E R 9 H A9 B F B4, S Taconisi®s ™ B iE —
. BRI E, RMEAE & B ARUKF(TMM4S) T,
TR} R 00 T R R A AT R A LT B S
FAERPY, FWLLEON SO S R A B A A 7R S
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P-4l 7 T A AT AT

1 Fi 5 T8 25 B 79 T, 30k UK 5 AR A0k 5 1)
B ARA. DHARIEPAF & & & 2% F%{%, 5 Panini
st o0 48 R — 80, X — AL E T 300 dom A
B JLF A& DHAF EPA %S n-3K B 22 18 A0 fig
WU R M, I R A 1, S AR R e
P T 3 % 5 = AH A, 1 Y SFAsy Yn-3. n-3
HUFAFIDHA/EPA 3 FAR, 25l 35 75 T 4"
F R 78 IR A TRE . C14:0% & M TMMOZ )
19.11 mg/g i FEETMMA54H 111244 mg/g (FEIExL
34.90%), C18:2n6ch 295.70 mg/gFt % 343.01 mg/g
(1§ 16.00%), 3X 1] B2 H T 300 HUky DL R
F G B B AR R AN K BEn-3 PUFA i
TR, S8C14:04 B AICI8: 2n6c 5 B MIAL 1L .
32 ERHAMBREM RS LAXTIFAE KM
REFNAIRLFI A

AR, ST LAH HUky B AR08 10t 9T H a3
% It BT 73R S & B AT SeE K= S AR
Kt R, (R & B AR 2 72 AR A TR e o 3Ky HURY
P AR 25%f00h T 5 3 40 TR BUAH Y W i 2R
Ktk e MR R AL R . AR, BB AR LT &
50% 5% LA _E I, 2088 A K e AR P 4k 4 ek
FAN, Ry OB B AR R 2 DL R B, RK
PR P e P A K B U
W B E ], AP FIBAFHT I, Feng ™ ik
12%#5 0y dh 2 (1 B AC ok B ] B 35 ek AR K, H2
TN BBy B ARTRL R — 2 DL R AR I, B IR IR AR
KAk REZ 24N . TEh RGBT 0, AR SR
HOR B AR25% R IS, AR K BERS A T, T AR
BB TS% MR AT AR AR K RE . g% R AL B S
Ve A % g T e Y. 7R AR BRI AT R R,
TRy HURY B AR 50% 0 e BT DL vy 45 BRI i A=
KPR, E 2 5 4 B AR oy 27 A A K™, e
LA ERAT T, Panini®s 48 H ok dUky 55 4 B
FR A8 M) S T BT IR AR K PERE, T Choi % I3
W HURS B AR 50% fR i BE A b xR AR K, 5 ARG
SER . AEARHETT T, TMM30Z (1) A4 K fig
FEMT HABAL A . SHEFR RBLEEZER,
55 Feng MPanini " PRI 4t 45 B — 5. Hrb (A&
(1) /2%, TMMA45ZH A K e AR T TMM302H A Fir [
W, R KR AR RO LT RS RO
5.40% (K 1), #ig FRE B AR 8 3G, Rk LT
R B RSB, AR, LT FEN
B HUR 1 = B S R R, HprE 7RV B A
R R AR R SE e MR T RS R
B 1.47%0F, SGRED H 3 52 Bt i — i RS54

WEEH, LT AT S & E il A R A,
T BEAR 25 13 5 R SR 1 v A R i e ) SR
XPUR 6T YR L T MR M B A m A
28%—36%"", 1£ H AR IR 5 o, BENIE 2 1L
TR S F A K R, A AR AT E T R N,
FERlE 5 A A R AT B A R LT, i v
BRI JLT 5, TR 3B TMMA454
FRLT RS EL L. T AW I08A Xkt
FPILT & s, HAEHED TMMAS 4 (1) A& K 1
Re TR REZ LT MR &S S8, LRHENA A
J& SRR FLE— B IRAIE .

MGG A BE oy BT, 25 R AR B A R s .
ROk, ABREON A% BRI 2 H 2K BT,
20234 JE 11 b & 8 g 7505 ok I i — B Rk
175007 /0, 61 3 5038 507, 20254F | 2 48 [0 7% &
12900—135007c/M, HA3 4Ty s p s KF. H
AT, ASHIF 50 H A5 AR 6 TR Bk R A % 20 820078/
m, HAr i B E T 02060k, IR TMM30
Y A, gD R ARy B & 250 0% 22175 kg, [F]
IR NSRS HRUORY 76.3 kg, REMETRIARL AT 4T 2 JEURE A
216707, TEAWIH, STMMOZLA E, TMM3041
TR A B AR 8.01%, [FIIS F T+ 12% 21 384 25 S A k)
BN T TMMOA, S AFIFRE 52 +17.12%
F135.28%, SEELFE ARG AL, R, AHE T ATMM S
A 030% FMANMY AE0% 003 0t i A= KM B, if
B A8 5 R AR A, D SRRy HUR 76 X R E &
TP R R RASEAL HE R R SR T B AT AT A
33 EHHEMEREaRRESNLATITM TR LEE

MDA & 538 5 v] LU iR B L R, B
71 52 J52 W 200 L 52 4% ) 7 B AR DT, SODMEAL A H
FA R H,0,/10,, CAT#E— B ALH,0,77 A /K T4,
AU, FEARBEIT R, SOk HOB B AR O R
TR BB AL RE 17, FZ I NSODAICATIF 1 K H:
SRR IE L, MDA & B, 3 BIFRRL A 3508
ok T sk 4 A U P A A R R AR AR LIS R
o #RHFFR B, DL Ky HURB B AR 50% 4 1] 42
BT SODRICATE B AL B 1 ™), LL#0K dupy
B R75% 8k vl 42 5 e &' B E 1 SODMICATEE it
SAGEEE TE Y 75 B BRI g b, DR AR
AR K T B AT I SODZ i A L R,
2 WAL A Ry ROk BE I K AE S I BT AL BE
1. Ok HURy o = P AL M RE S PR o) AT R
BFEZA T, JUT B AT A R R A Hh
HEIE RRVE M, BOA R E I R AR A FIY . it
Ab, TR HUR IR S H Z R R AR S N RE
e A VE MRS, T REXT BUA A 1 7 AR B R 3
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A AL L e B Oy EL AR G T 3 5 L 44 %o
UR LA RE 1, ATh 7R 1 — 20 SEER BRAIE .
34 EHREMEBEREMES AN %Z

JLGRT IRy SO TE B MESh ), FL e A
BARKH S R RIZE R G . o R RGHId Fh &
Y B 1) 5 X R 51) 52 4K (Pattern recognition receptors,
PRRs) iR A1l 7 AH OC 7 7158 X, 2E 0 N s 5
BRI 4y T2k, Hoeb, IR 2 HERIB-1, 3-%
F M 45 4 % M (Lipopolysaccharide and B-1, 3-glucan
binding protein, LGBP) 1] 1 il 40 B fiz 22 4% F1 5 4 B-
T SR, TR Py S8 A il D5 2 1B S N AN T DA s PR 3
5™, 40 5 Ik (Antimicrobial peptides, AMPs)/& %t
MR 5 R 928 1) B B AN 931, AR HRAED SR B A=
RAESBEAEF, A4 11 5% 2 Bt B K (Crustin)
PUIEZ ¥EKF(Anti lipopolysaccharide factor, ALF)F!l
XU 2 (Penaeidins) ™ ', CUA BT 722 W, 1Ak}
¥ BB RT3 58 22 FlOK = S B e D Re . fE R
th, EORY HUR B AR AR T S R T e e kT
st B e AT 6 0 2 T S AR R, I3
o B 00 £ R T 3R 4 9 A T R PO g
J1. FEFFERMITIFh, Chois ™ R &t BRI N
A BBy T I R R PLG N R KT B 2 S AR
Yy 2 Ja (A5 2, Motte5 " — i S H dup
HAE R B R 5 RARGE T % 2 3 R AIK, Feng
P B BV R o 0 2 B 2 AL £ 4 2 8 25 4%
Pio ARFFLEE RS PR HRE A B EE, B Sk
K B AR EL B4 =y, PLAAT I Moy 48 A Bl R V75 T Il T
FNIE R IR HE T, AR TT Ry HOA 1 45 0 R S 9%
(173 7 HLA, A8 BF 7E 46 I Tol/IMDAI JAK-STAT
P 2 B S S M ) S B AR K Rk . FEToll/
IMDiH #% ', Dorsalfll Cactus & TollitH % ) #% O #%
SR R 5 2R 1, Dorsal 28 2% Bk K 2808, 3
Toll3dH 6 /1 3 1 3 B A2 22 PRBH 14 1 7 48, Relish3iK
FIMDiE %, b AP0 KRR R0k, DLHRAE 5 22 IR
BIE B R 2™ EARBE I, dorde ik fE TMMISZH
T A, relflcacttETMM304H &5 & 1/, 20 8%
b BUR T80 SF TLR/IMDAS £ % . Gus /75
K 1 R A o 0 U858 B B8 HORy BT b TLRAH S B[R]
®ik. 5i4b, JAK-STATIE % & X iF 53 — 2 2 (1
KRB T I, S5 8105 PR A R 9% B
0 qunE PR e R B, CRYBRAE T %
i1 e &5 A4 8 B $2 45 & Domeless 32 A, AT X
WRJAK/STATIE B . fEAHE TN, stat junFil fostt
RI7E & 5 AU P R Rk 3 235 B, SRk Uk
B AR AR v BOE JLAA T I JAK-STATAE 5 8 % o
JE H T I E B EEEJAK-STATIE B4 1)

W FiARIE, 2 AR R, JLT 5 B 75 X0 0F 5o 2
[R5 AT R R jun  fosFstar R 25",
TR O TR LT RS B, W REE S LT R
B PR I, R OS JAK-STATIE S . th4h, Mk
BN B 3 E RN VR T BB B, 3 tenecin-1
(B8 25 K )~ tenecin-2 (K7 & X))+ tenecin-3
(WA T K ) Ml tenecin-4 (attacinZ ﬁj’bc)[sz’ Bix ik
E HIRAMPSTE SRy B Iin T3k 2 A mT 6 350 20 R BE
HAYEE, ST IR RN G, AR R AR G 5%
B TR PRRAR 1), AT 38 i Toll/IMDIE % 1 2% 1k
RN 18] O JAK-STATIE % . SR, H §i 5 T 8%
# HUB SIAK-STATIE B W B R E S A, k
TR RIS 75 L5256 0 LASRAIE .
35 EHHEMEBREHI LA RS EERT
A5 XU S R B A

JVL PR 11 5 R g 7 5 o A 2 R VT S R
FRIME R R R. AR, S5 E
F IR B AR R e o R UL PR 1) S PR i R A R AR
WP, FEATT S, #k HOB B AT IR AR R )
XoF FRAE 8 JE S (1 X JUL PR 3 A T 35 B A B i R UL AR
GINT, IR AR A i SR 25 2 i o 0K SR 1)
8 i RGN, AR UL AR S R R A R
RELI, BARTE M 2R AT 78 3 B, TRk B p)
W TR K A S A o R A DY, AR
fy AT 0 £ 4 REL T 2 % X S AT BT 9 48
BAMFF . ABTEH Al H 552 0 22 3 2R U 4,
Yaol5 PR rh e R B IR IR A B B A RS,
N R A By 15 = P (S NP
W I F %6 o, Panini 5" VB 5 ) 45 5 5 ASHT TR 45
B8

TE N L TR 21 B 7 18T, LN EAA/TAALL 1
1E £ A1 1) 2R A 7N (44.19%—45.05%), 5 B %
£ 70 S A OB dUY B AR RLS g s — 2B,
SR, AR S 5L 2 A RN #E TMM4S 20 5 38 A, 3
HRFREARS EALME TR BAER. K&
R B2 RS E LRI ULN I RIE R 5%
S, R R R A A N 2 X R AL A JRU: BT iR e K R
FERRS, K SRR (A BAEC T B X i 8 HOB) B AR 7K
ORGP AER R . R R R
R b8 Bl B AR LL AR 14 n g  RR R 3A S LI R
Al —5, R R R R ERR LS BRI
SERRUTA . 3 I HOky HORY 5 L 4 5 AR f R K
ST AT F 5 M X R LAY JRURR 58 5
3.6 EH M E R & LYy ERAL P AS B ER T
DR A 53 4

FE RS TR YRR 7 T, AHIF 55 K B R LA ) 3=
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T JI5 17 2 e 2 5 Panini ! R 0 B A — B, (HAE
n-3/n-622 ANV g 17 2 LU A A8 Ak a4 EAFAE B
HEF . EARF R, BEE R B B AR AR K
() TF s, KR ALY o n-3/m-6 L A 5 T B A, 1T
PaniniZ IR 52 U R LB PR H . %
72 5 BT P TR 7 B A A I SO ORI T
SR, T B R J5 R R VR A AT AE 2 5
AT TR 2 G B0k Bk, R 7 & BRI,
DAL I TS 7 Wt H 7 8 0 3 v o DA AL AR
e TR, B BB BB B AUKE T, Sl
WA N3 0. 9 E I R (C18:2n-6), FL K&
G N B b1 kL -6 PUFAFRY EL A, AT FEAR )
IR LR 9 n-3/m-6 L A5 e #EEL 2 R, PaniniZe!f#
FH 2 4 RR S0k HURy, SE0RY HURY AR B W] 358 20 AR
75, DR skt JFC T P S e A o e B AR L5 8 i 9k
L& FE n-6 PUFARIAME S N FH L FEAR . PRI, PR
THASF 5T o RF R LA n-3/n-6 EL AR AR b #a 33 () 22 55, AT
AR ik R E O A Y, W TS 4
JIE SRRy R 75 T 5 H o v I R R E 5 A A
FrEt. BeAh, ARFFTIE A, REWEIHARA. DHA
FIEPAS 2 B 25 A% L A7) 39 in im FRA, LA A EPA AN
DHA# X} & & i &2 L FFiEa#A, MEPARIDHALE
1 R AR 1 B AL 4y, S 5 RE RS, K
TR A RORE S s S A R Aranjoss™™
TE LGRS R TG f e e bk a6 o A 3, e iR A S £ B
n-3 HUFA ] T B i 1 &5 1 R T BE 75 5K, K il
J f 7 % (Oleic acid, OA, C18:1n-9)A1 ¥ jfi % (Li-
noleic acid, LA, C18:2n-6)/F N B-AfbJEM L RE, T
Ik 4 1. DHAFI EPASE I B8 1 K E 22 A 1 A0 g s
o F34b, AT 5 bl AR LA 3G I, 1A REARA S,
B E T, ML ARAS Bt AH N FRAG (&% B
KA TMMOZ fE1524.50%—33.11%). X A i

TR ARA S & BRI IR B2 R E RS, DA B ALR
i, ARA 5 EPA/DHATE 20 23 b (T FRAFAE 55 4 %
A, ARAT &= I BFAK AT Re 92> H AT COX-2FILOX S
JUE 7 T ARG U TR Vit 2k 1 55 4 1k 0 A1), DA TR [ 22412 3
EPA/DHATE A gt AR, 5 4b, SRkt
EPAFIDHA S & AT A, (HAHE 7t 25 S2 56 k)
I DHA+EPA & & 3 /=1 T L gH 0 R 1) 5 I 75 oK =
(=120 mg/gllg 7)™, e BI7E L BALL MR, WHiF
Mg Y 437 L 25 14 08 56 -3 HUFARIWLA AR . B
SME G RN, W SR B 5K 2 Bt K
FL, B = ¥ ALARILAZE C18 PUFART K #54k Ky
EPARIDHA% LC-PUFA ¢ 71, Al 1L EPARI DHA
BRI 6 F G R”. MonroigfilKabeya'*”
TE KA T M YIPUFAE W& Bl 5 G2 i) R Gi 25

WA, AR AR E . LAV
AN LT BB E N I 2 R H R H RO &
SRAF AR N “A6NR 157 TR 2 VR A il 1 288 Al B A,
Chen R AIC 25 B R 46 1 F ALt R
B, LTI R i A 2 55 AN VRN T 7 2 A 0 6 ik
{14 R D3 845 (0 955 IV 8 A R A A D 7 1 AR 3
%) AT DRI R B RV AS Rl R AR A, S —
THURIF 58 17 OCIE SI2 ML X iR 2 A DL AR o- S0 R R (-
Linolenic acid, ALA, C18:3n-3) N i1k, 4 A6 1M
MG 54 REPANIDHAI GE /7, H. SR 5% 440 1
A6F M FNEE J5, BP A6 £h 78 7 U ALA, iR 20 21
EPAFIDHA/K EAS &3 F ™. Lk R HE
B, LA B & A6 AR5 DLALA AT
& & BCEPARMIDHA ¥ 77 . 1E AW 58, 1 K}
LAFTALA S 2 B8 50Ky B0k B A Ee A7) 38 i - ey
(TMM45HALAB TMMOZH 2 5114.10%), X E—
TR b g iR P P 1 PUF A ZE 4 138 R S 1L 56 g
78R ICISHI AR R Yt 45, WA Bh T3t — B2 it
EPARIDHAM W& . 28615, A5+
EPAFIDHA M LA YA B 4 v] e S e B VE IR B
ARATE - PEAAR R FI IR A e 1 =38 P RAE (1
gL X — I 7 B L (R 21 R 0 D R 2
RV HiE K il DR 3R 43 BT 5 T Bt — S IIE

4 ZEig

TESE R G MR 24T, B0k HUop B R30% fky
AR IR LT IR R S AR K R, R
HER AR 5T A E IS WIS TLR 5TAK-STAT/E 5
R, b LGS IR B AL S DU KA DGR R R K,
AT 1 58 o I 1) 4 S 1 B S P S AL B 1R . B
HARE R BBy BB AR R LB 3, TR S R R
R METE S, Min-3 HUFAZKSF A N FRK, 325
JFLAXT U LA AR 7 34 IDHA . EPA &,
HNNIENRE MR . % b, EATREAUT,
TRy HURY 75 L G55 R Al o 5 AR o8y 1) 3 L B A
2130%, AT TEGRAE A BE 052 T 2 T 0 42
BLAE H o502 UL AR 107 B AR, I HL B 248.01%1)
REERAS B T 35.28%F 1, BA & E S HFI A,
SRRy HURY 75 X B I A PR AR ) 22 5 R AT PR AR B
FIUKE S P2 LR AR
(1E# 75 AR SR A H AR A BEEESR)

SE Hk:

(] 2R A st b v B 3 5, 4 B K = AR i,
Fh O K R 2 g )RR R iR Y 45 1 4R %2025 [M]. b
A RO R A, 2025.
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REPLACEMENT OF FISH MEAL WITH TENEBRIO MOLITOR MEAL ON
GROWTH PERFORMANCE, IMMUNE RESPONSE, AND NUTRITIONAL
QUALITY OF LITOPENAEUS VANNAMEI

ZHENG Yu-Dong', CHEN Jian"?, WANG Hong-Ming', HOU Cui-Hong',
YUAN Hang', HU Nai-Jie' and ZHANG Shuang"’

(1. Laboratory of Aquatic Nutrition and Feed, College of Fisheries, Guangdong Ocean University, Zhanjiang 524088, China;
2. Zhanjiang Experimental Station, CATAS, Zhanjiang 524013, China; 3. Aquatic Animals Precision Nutrition and
High-Efficiency Feed Engineering Research Centre of Guangdong Province, Zhanjiang 524088, China)

Abstract: This study was conducted to investigate the effects of dietary fish meal (FM) replacement with Tenebrio
molitor meal (TMM) at different inclusion levels on body composition, muscle amino acid and fatty acid profiles,
antioxidant capacity, and immune performance of Pacific white shrimp (Litopenaeus vannamei). Four isonitrogenous
and isolipidic experimental diets were formulated by replacing FM with TMM at 0 (TMMO, control), 15% (TMM15),
30% (TMM30), and 45% (TMM45) on an equal protein basis. Juvenile shrimp with an initial body weight of
(0.42+0.01) g were randomly distributed into four experimental groups and fed the respective diets for 8 weeks under
controlled laboratory conditions. The results demonstrated that the total amino acid content in the experimental diets
increased linearly with increasing substitution levels of TMM, while the ratio of essential amino acids to total amino
acids (EAA/TAAs) remained statistically unchanged among all dietary treatments. Notably, dietary linoleic acid content
was elevated by 16.00% in the TMM45 group compared to TMMO group. Conversely, eicosatetraenoic acid (EPA) and
docosahexaenoic acid (DHA) levels were significantly decreased by 11.79% and 20.99%, respectively (P<0.05). In
terms of growth performance, shrimp fed the TMM30 diet exhibited significantly higher weight gain rate and specific
growth rate, which were improved by 12.34% and 3.47% compared to the control group, respectively (P<0.05), indicat-
ing that moderate replacement of FM with TMM promotes growth without adverse effects. For antioxidant capacity,
hepatopancreas malondialdehyde content in the TMM45 group was significantly decreased, indicating reduced lipid
peroxidation and oxidative stress. Concurrently, superoxide dismutase (SOD) and catalase (CAT) activities, as well as
sod gene expression, were significantly upregulated (P<0.05), demonstrating enhanced antioxidant defense. In terms of
immune performance, phenoloxidase and lysozyme activities, along with their corresponding gene expression, were
significantly elevated with increasing dietary TMM substitution levels. Furthermore, key genes involved in the
Toll/IMD signaling pathway (dor, rel), the JAK-STAT signaling pathway (stat, jun, fos), and antimicrobial peptide
genes (cru, alf) were significantly upregulated in treatment groups compared to the control group (P<0.05), suggesting
that TMM could activate innate immune responses through multiple signaling pathways. Regarding nutritional quality,
no significant differences were observed in crude protein content of shrimp muscle among all treatment groups.
However, the total content of flavor amino acids in the TMM45 group was significantly reduced compared to the
TMMO group (P<0.05). Interestingly, although dietary EPA and DHA levels decreased with increasing TMM inclusion,
the concentrations of EPA and DHA in shrimp muscle were significantly elevated by 18.59% and 19.82% in the
TMM45 group (P<0.05), suggesting a potential compensatory mechanism or selective retention of these long-chain
polyunsaturated fatty acids. Additionally, crude lipid content in muscle increased significantly by 15.38% in the
TMM45 group (P<0.05). Based on the economic benefit analysis, compared with the control group, the TMM30 group
reduced feed costs by 8.01% while increasing profit by 35.28%. In conclusion, under isonitrogenous and isolipidic
conditions, the optimal dietary inclusion level of TMM as a FM replacement for L. vannamei is 30%, which can not
only reduce feed cost but also significantly promote shrimp growth performance, maintain muscle protein quality and
the nutritional value of n-3 long-chain polyunsaturated fatty acids, and enhance antioxidant function and immune
capacity through the activation of Toll/IMD and JAK-STAT signaling pathways. These findings provide theoretical
support and practical guidance for the application of TMM in shrimp feed formulations, contributing to the sustainable
development of aquaculture through reduced reliance on FM.

Key words: Tenebrio molitor meal; Growth performance; Emerging protein sources; Toll/IMD signaling pathway;
JAK-STAT signaling pathway; Nutritional quality; Antioxidant capacity; Litopenaeus vannamei
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