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. IR 12 R 6~10 A 4B BAR EARIL 69 Y08, AU A T ShoR Rt BB A (C 40). & Bk ah ot B8 40 (C2
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HF. AR RRIEATF., ERIEF, BIUDER a0 45 4E KM G L R F ¥ 7(P>0.05). TAY
B 5B & ARG B 0 R L A AR T AR, T 2040 8% dn i 5 R 4k B EE(ALT) B 3 71 5 (P<0.05), &%
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4 B A B (T-SOD)An A —BX(MDA)AE AT L R F £ F(P>0.05). ALY, WBIHHR Mt mA K
MEE MR FALREY R, BTRBERN®RZH, (2R R EREFHAG, BN EKT ATREER

HRAKE, R THRREMNRS, RAFEREHBAVWERLAZOR.
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PR U R, IR EE W IRE I, Tz 0Mm
TR AT, LA AR R %) PR P A SRR n] 1 T4,
EREILAR . LT HEEA 0 IR LR,
wREEE, M —EEMK. WIS A EARR.
BEWG . oKk &Y. diE R FIRM MR TR ES
FRE SRSy, Hoh B (o i 500k 15.82 g/100 g(ff
i), NEWG 2% 6.08 /100 g, Hih n-3 RINZ A
TL NG R A BGE 31.65%, JELA Bk TR
(EPA)FI —+ B AN BR(DHAY N £, B —FEA &
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SEIS 55 AR [E XPERIMENT AND TECHNOLOGY

DU = (AL A R SR A S AR, (RIS Sk 8 9 1) e 1Y)
AIRESE K R AR AT T

1 #HBExE

1.1 ZERHHERPAREE

WFE 12 H 6~10 H s P42 M RS S0, 73R
H(560+£50) g, ELEMLIK HL 5 s R, R R
U, T A, HARG TR M. R+
T, PR IR T kR B SRR R Y, 38T AR IR S T A
Fi o ARYE R FEHLAE 2B LA 43 R R SRR R AL (C
ZH) . faRyFER XS R4 (C2 2H) G DU AR S 86 24 (T
41y, M4l 4 2. LW 30 d.

LIS AR H 2 AR B 1 K T 2 i v K
K, BRI RO SE, AL shas a), A HE
PEHEM ), CRFRIE N BOTE TS AR, 8 W AR S LR
5, Bhikseisg .

F1 LA 3 MARIERERERS ENEFTED (%, BE)

1.2 RE4AH

T 41 H # EAR NG UL UL AR by | DL Fep &
FOBER — AR A HIR, C1 4L H % B2 m 4l
AR (V% 5 B A BR A F YY), C2 4 H
B RN R LR IRDRL . 3 A AR RS B TR A
Sy WL 1o T ZL0 AR AR b in i e DU Rk T
DL, SR P E AR H G R (L4 36°N,
119°E). laDUsUR 220t . v ohidk . 2898k . &
TS L IRAC B, A DL AR (40 H ) L DL FEHN(80
BN T 4R C2 41 A il 3 R A i 4 2 K 45 JRL
AR IE 4t 40 B, S0, DSeksifm
Wy 2B RAR AU B RELIN K B, IR
FEBF GRS K 2 mm B R0k, P4 T 105 CHt
AL 30 min, FRBEART, 52T o B8,
20 CURFE R FH o 3 di Al 0y S 35 2 AT s 1 o
FKE R EOLER 2 T 3,

Tab.1 Composition of the raw material and the three basal diets (%, wet weight)

—_— 4151
Cl C2 T
JEORZH AR
5PN 15 15
PN 15 15
INFE! 3 3
Xt Ay 20 20
4+ HNEH 10 10
LB ] 3 3
YA 2 9 9
M 0 14 14
Eiik i) =10 10 0
IR — A5 0 1 0
T DL A 53 0 0 10
T DL DL 524 0 0 1
=%y
Koy 5.1 55 6.1
Giki-gs 32 32.41 34.78
HAE 15.7 18.7 18.6
ENI TNy 0.6 0.4 0.2
R 53 8.7 10.0 8.5
A iR /(mg-kg ™) 459.40 874.57 358.74
W bkRe1”, CUABIM/NERS, T 4R C2 Ay insk iz, Lhse2”, CLATMAGM, T 4R C2 41 ¥R i il <-4 i 9 R 50 F 4 5k

Marine Sciences / Vol. 49, No. 7 /2025 93



oIy 545K [E XPERIMENT AND TECHNOLOGY

F2 ZEA I MAEERPNEERMELRED B (%, BRE)

Tab.2 Types and contents of amino acids in the three basal diets (%, wet weight)

EEpi]|
Tt H

Cl1 C2 T

AR His" 0.44 0.73 0.73
K& R Arg 1.22 2.09 2.13
KA TR Asp” 1.54 2.73 2.76
WA R Lys* 1.09 1.88 1.95
2 FR Ser” 0.91 1.30 1.27
A% Glu” 3.29 4.41 424
H& R Gly” 1.66 2.41 2.32
EH R Met* 0.33 0.44 0.49
SEETR Leu* 1.93 2.37 2.33
HRINE R Phe* 0.96 1.42 1.38
AR Thr* 0.76 1.22 1.24
ffi %R Pro” 1.75 1.91 1.79
W& R Ala” 1.50 2.01 1.88
AR Val* 1.15 1.69 1.68
FESCEMR Te* 0.72 1.24 1.25
BEZ R Cys” 0.18 0.25 0.25
fig MR Tyr 0.55 0.79 0.81
WA AR EAA 7.38 10.99 11.05
T HEIR NEAA 10.83 15.02 14.51
MR TAA 19.98 28.89 28.50
EAA/TAA 37 38 39
EAA/NEAA 68 73 76

Ry U RIERR, " RIS
*3 ZRAIMHTEBRPIEHERRE DB (%, TRE)
Tab. 3 Fatty acid contents of the three experimental feeds (%, wet weight)
i 2577
Cl1 C2 T

Cl14: 0 0.07 0.21 0.23

C15:0 0.01 0.03 0.03

C16: 0 2.37 2.08 2.05

C17:0 0.03 0.05 0.04

C18: 0 0.96 0.75 0.71

C20: 0 0.03 0.04 0.03
C21: 0 - - 0.02
C22: 0 0.01 0.02 0.02

C24: 0 0.03 0.03 0.03
YSFA 3.51 3.21 3.16
Cl6: 1 0.23 0.36 0.39
C20: 1 0.05 0.32 0.32
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EEpi]|
i H

Cl 2 T

C24: 1 0.01 0.08 0.07
C18: 1(n-9¢c) 4.03 2.67 2.53
C22: 1(n-9) - 0.08 0.07
SMUFA 4.32 3.51 3.38
C18: 2(n-6¢) 2.23 1.81 1.72
C18: 3(n-3) 0.09 0.16 0.16
C20:2 0.01 0.04 0.04
C20: 3(n-3) - 0.02 0.02
C20: 3(n-6) 0.01 0.01 0.01
C20: 4(n-6) 0.04 0.45 0.40
C20: 5n-3(EPA) 0.01 0.67 0.72
C22: 6n-3(DHA) 0.01 1.36 1.38
SPUFA 2.4 4.52 4.45
SPUFA(n-3) 0.11 221 2.28
S PUFA(n-6) 2.28 2.27 2.13
DHA/EPA 1.00 2.03 1.92
JIG J5 TR A 10.23 11.24 10.99

1.3 FARME F &%
1.3.1 RIS RE K

TR AL H R(CP) . BLIR G (EE) . UK > | 7K
g1 KR FNNE TR 5T & 43 A MR B A U v
Mg, HAAZIR GB/T6432—2018 ., GB/T6433—2006 .
GB/T6438—2007 . GB/T6435—2014 , GB/T18246—2019
1 GB/T21514—2008 $447 .
1.3.2 KB SEEHER

TELBRAES 0 d M1 30 d AT ZS IERRE, 1054
TR BTEL LRI AR R FE L, TG H 8 (weight
growth rate, Rwg). FrEHE K (specific growth rate, Rsc)
AR 2% (feed conversion ratio, Rec); F-T4 30 d IdE
YIRFEME, W ZEEE T AL ORI AR, TS
FEWI R ZEILTH LR (apparent digestibility, Rap)o

Rwa(%) = (W,— Wo)/ Wox 100% (1)
Rsa(%/d) = (InW,— InWo)/Tx100%  (2)
Erc(%) = C/ (W,— Wo)x100% 3)
Ran(%)=[(I - F) / 1x100% 4)

BB, Wo FoRVIRIRBURE(Q), W, FR LRI
B (g); T HEFERE(); C S5 m o B
(8); I FMPARIETRI Btk (), F R FE el
(9 TR b 3R 20 BBV R (2) o

Marine Sciences / Vol. 49, No. 7 /2025

1.3.3  MBCRES MBHER

SERGEEHE, WA S A TS I R
TELIA ) R DK SR DR AL R 2 mL, 55785 2 B0
HEE 1 bR EIIE. 43 000 r/min £.0 15 min
Ja, BRI VW, IFE T 20 CR IR .
(1R E = i 3 E 1A e ol = e | R 2 S e o TR
(BS-430) #6105 HEAREaHG: H i =K (triglycerides,
TG). =\ H[E EE(total cholesterol, T-CHO). M3 [H(total
proteins, TP). H % H (albumin, ALB). kK H(Globulin,
GLB) . 7%t (glucose, Glu)/K¥-, DU K43 B 4% & il
(aspartate aminotransferase, AST). 2 N#% % fiff(alanine
aminotransferase, ALT)FIH# P4 B B2 i (Alkaline Phos-
phatase, ALP){ V£ . MG BT AL bn bt A AR T (total
antioxidant capacity, T-AOC) . &L 1k i (total
superoxide dismutase, T-SOD){if4: 1A —[# (malondial-
dehyde, MDA)K -, 5HE 2 7 5 W0 AR A U AT R
N EVREI
1.3.4  SEEBAEALE

SERY B R SPSS17.0 Geit B #4434, 4
PR %7 Z K 5 (one-way ANOVA), Tukey’s £ It
7], BEEKTLL P<0.05 fERFIERME, Bk A
S BH PR 22 (mean+S.D.) R IR .
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2 ERE54H

2.1 FBR 3ABARGFAER. REARS
JIE 5 BR 22 - HT

SEEOFH 3 FIOR[RIAR ) SRR A2 S i A
F 2 A5 IR, 3 IR 1 BB i 0 A5 e T I GB/
T31217—2014 FLE B %) (45 ) A iR A 1 0 o i 0 4K
(=28%) T, it DUk OB 1 5T 3 o 4 5 (e
(34.78%) o ZAGHN, —FIIEHRI A 17 M higd oy, H
TR IERR 8 Fi(His, Thr, Val, Met, Ile. Leu, Phe
Fl Lys), AEhTF2 302 7 Fi(Asp. Glu, Gly. Pro. Ala,
Ser Fil Cys). TaDUK A CBHRIA SRR EAA . TAA
Bt g, BETRTakl. i, IR DU R
EAA/TAA(39%) e filfR i, 476 FAO/WHO HEFEARIE
TR (36%) 1, SEHGH 3 FARRRL A A AR o B 434X
BRAEEPREUBH UL NRCHEE 5 =0.04%), {HEAK T
bR GB/T31217—2014 HUE B R A= BT o i 434X
(=0.1%), Hrp st &80 =(874.57 mg/kg),
T DU A R 2 B2 1 434U fIK(358.74 mg/kg).

x4 TaHBEREMILHIEE KRNI

SO 3 ORI AR R AR TR o 4B 2 3.4
RBIR, 3 PSRRI A, T EhME
(=9%), HAFE AAFCO HEFLIAR AR BE I i o
(14%~20%) TEVUBEACEIYEIRIER . SFA. MUFA
SR O SRR, PUFA B 408500 b s TR okl
JeHUE n-3 251, EPA(0.72%) . DHA(1.38%) . Y PUFA(n-3)
(2.28%)F102 3 PR e 0. TR DURS R R R ) I
TleHY) DHA/EPA HEHET, ¥IFFG NRC AR LA
(=2 1 1), MUV EACRIYY PUFA(n-6)/Y PUFA (n-3) i
il 93 1 100, 74 NRC HEAF IS5 & 1),

2.2 EIUBRER a4 A KR Yra

i DURY R AR X it A AR RE I s UL 36 4.
RPEAAR AT WER | Fre B KRN R A, 3
MR PERE2E F R B3 (P>0.05), C2 Atk
ZHCR BT HAR M ZH(P<0.05), T4H 5 C1 4H T 35 2%
S (P>0.05). 3 AR RHEAE R AP H R B
25 W E(P<0.05), T AMEEHNEFEE A HRE R
Bl S5 E/R C1 LRI s A P, T dlie2s.

Tab. 4 Effects of replacing fish meal with mussel meal on the growth performance of kittens

B 2059
Cl C2 T

WA R B /g 535.20+139.30 539.57+128.23 528.40£72.25
KRR/ g 605.51+182.16 711.30+232.59 633.87+166.23
HAH AR /% 12.52+4.75 29.99+18.46 18.68+15.34

R AR (%-d ) 0.39+0.14 0.85+0.46 0.55+0.44
TRk FE R g 3016.75+7.420 2837.83+2.47° 2 652.20+2.92¢

Tkl R E0 Y% 3.79+0.14° 3.09+0.21b 3.98+0.19°

P HREH/g 100.55+0.25% 94.59+0.18° 88.40+0.29°

e FATEURA B FREAR F/NG R R R 410 22 5 B35 (P<0.05), ARARiEF AR A0 R 2 8 R 2 58 B35 (P>0.05)

s DR 5 A AR X &Iy 00 98 7 R LT AL 3 A 52 )
W 5. SEAIR, T AR 8 H BRI 5 A9 20
®5 IBBREMTNEEFRWHELENZE

Tab. 5 Effects of replacing fish meal with mussel meal on
the apparent digestibility of nutrients in kittens

. 4 5
Cl c2 T
HELRE Wi /% 71.50 74.50 88.20
AR A5/ % 81.10 75.60 87.70
KA 1% 29.00 29.10 21.00

AT BCR AT E AR TR NG T R 4L 2
(P<0.05), b7 H: 5 B ol bR VAR ] 52 B 2008 0 5 R 3 (P>0.05)

TH LR 5z =1 (EE88.2%, CP87.7%), fIL THAUMIAL

2.3 06 TUB AR b a4 38 o i A AL AR AR
RS

iy DUy B A 0 3 X A it 3 A= Ak b 1 52 i) D,
F® 6. ZREWR, T AMME T ALT BEHE
(P<0.05), {H AST ifith5 C1 417G W % 22 5 (P>0.05),
AST/ALT B #23F 1.0, ALP iR T3 R4 2
B, 5 C2 070 325 5 (P>0.05). T L0448 i b i 3%
I FXF BB 41 (P<0.05), T TG /K5 C24H L £ H
(P>0.05), ¥ EMT C1 4 (P<0.05), T-CHO /K.
FRT C2 4H(P<0.05), T TP 5 C2 AL W&
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ZE5(P>0.05), (AR EFT C1 41(P<0.05), ALB 5
Cl Z17C i 2% 2 5 (P>0.05), H¥EEMT C2 41

x 6 MalU K &M 4038 S & WisfRa S0

(P<0.05), GLB 3% /& T X% HE 41 (P<0.05), ALB/GLB

LU 35 [ I (P<0.05)

Tab. 6 Effects of replacing fish meal with mussel meal on the serum biochemical parameters in kittens

A 21 51

Cl C2 T
B RS /(UL 18.38 +£2.072 12.18+0.29° 16.73+0.60°
B LA /(UL 9.88+2.83% 12.38+0.82° 15.95+0.69°
P B R /(UL 6.65+19.16° 28.10+0.98° 22.55+1.02°
IM#E/(mmol-L1) 3.41+0.11° 2.34+0.02° 1.85+0.04¢
il =E&/(mmol-L ™) 0.170.032 0.13£0.01% 0.16+0.01"
JIF [ B/ (mmol- L") 1.3740.32° 1.95+0.02° 1.68+0.02°
BEA/(gL) 27.68+2.92b 32.50+0.37° 33.60+0.13%
HEH/(gL™) 10.13+0.522 12.94+0.13° 10.48+0.222
EREM/(g'L™ 17.55+2.422 19.56+0.492 23.1340.17°
B R WA TN i 1.87+0.42° 1.05+0.04° 1.05+0.09°
8 /R E 0.58+0.06° 0.67+0.01° 0.45+0.02¢

T RATEE A bR iR TR/NG TR R 4 8] 25 5 53 (P<0.05), AR 7 RE mUbR TR A ) R R 25 5K 1 3 (P>0.05)

24 WM HEHRaHTHBIREAE D
%ok
i DL A R AR A5 o 20 08 0LV 0 SR Ak 38 s B9 52 1)

x7 TalHBEREMLNIE MRS LERHENE

T2 7. 3 41EfY T-AOC. T-SOD Hil MDA 1553357
225 B (P>0.05), Hd, T H4hiiE i T-SOD

KA 55, MDA K %

Tab.7 Effects of replacing fish meal with mussel meal on the serum antioxidant indices in kittens

SiH 2H 51
Cl1 C2 T
Bt E AL EEJ1/(umol TE-mL™") 0.88 +0.03 0.99+0.03 0.87+0.12
SR A A B AL /(U-mL ) 1.24+0.03 1.55+0.33 1.67+0.27
PN U /(umol-L ") 0.2120.04 0.23+0.03 0.19+0.06

T RATEE A O bR iR TR/ING TR R 4 TR) 25 5 2 (P<0.05), AR T RE mUbR TR M ) TR R 25 5K 1 3 (P>0.05)

3 ik
31 EBA 3 ABRGFTAESR. KRAR
Fo fg i BRUR = 20 85T

ARSEIG Y 3 PR ) H RS SR S IR B A R
W, 0E DU AORE ) H LR 43 T i o BRI |- S
Ky AR, R R B BN R DL
BACRHEA M . BRI BT 3 B0 S IR
eI B P T R R A A LB R s TR R
AR G I B Z R U2, ARSEg b, IS DURY AR}
FR FEm R Z LR A A R], A 22 R o i 434K
i, HhA BRI L 135 2] FAO/WHO 5
HERLCH 36% IR, ULEH IR DU AR A 5 8 1

. AR RSN A T R AR T SR 314,
HAeprA b . sy . Mk B %A B ECR,
XoF Sl (e B A R AR R S, RO SCARDOR SR I,
ARAE DI S it or 28, 280 DL rh AR R ot et 404
Ak 4 400 mg/kg, ASCEGH, TG UL % A
P& o o BmAR, T RE -5 R DL AR A R IR 0 A 25 5%
JT R T DU SOk 2 itk 2 o A ARG L TR DR I Tl A
i BE K ez BT )R, KV I A e E LA SR
D5 VR AR 2 R T 2P R R 0 O 2 T REBR I T
IR A HE IR E, T 2@ BN A AR (&
i), AR SRR, PR TR

JE W1 R B A e R UR, X &l A A A R %
S, JCHG B A AERVE I 07, =R R I o
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M R A E SRR, FEERUR A R DU AR
RS R BHERRITRAL R, DHA 1 EPA Xf
YIS R E | BB O AR LA R CE A BN ASAE
J5 1 G E S, M DURY kL DHA T EPA BT i3
B 3 MU b Y, H DHAVEPA A& NRC
(=2 0 D), AT E LB, YPUFA(n-6)/
SPUFA(n-3) L BRI JAE | SRR B AZEd i
FREARZLCFTATDO, NRC #EBUS R PIZ LB e 501
PN o TR DURPERA R Aoy SERIDRHY HL BT, 494
A AR, SRR L EAS] 207 110, B 0RE,
AIRESET 1 &S0 HPHTH H ZRREiRE,
3.2 BIBRSHRaRTHHAERMEEN TR
Az KRR S WA AR AR R B 1) R B R A
BEid W RE SR ARSZEG AR R, DA DR AR k)
VERE IR DA R E | S E R R AR KT
B ZE S (P>0.05), B DA 7 gh Al A K e
T AT SRR S E TR ). SR, C2 dliDRE R
BET T4(P<0.05), RIHES ks s i & H s ik
RRBARPUE R o mA 2 (e, T
2 B GRDRLE AR R H R R LT A 4
(P<0.05), $/Rid FIPE2E AT REsE s 21T ), R dh
BRI AL SR 5 vk sh Wi, - o T a2
(14) 5 7 18 I N7 7= A O 2 PR XU ) SR (AN 2 . IR TR

Je B WRIEIEAE), XIS R IR T R,

1713 Dty DA AR PRI Tt 8 o R A 0 2 R e i
WP, W=, IR, SRR EE
FET R RS ANERII RS — 2L, $R T
DU A RPRME RIS T AN T2, A fige A e |
S SRS 173wl € ST R i

3.3 B IUBREAR S st 40 5 dn A A AL AR AT
EO R

I35 A ALFE B2 VAL S LA QI T e S fd etk
BRI E )2 fpr i, AST . ALT 28505 TAT 4
W, R DI RE A E BRI Y A Sz
AST. ALT Ktk A&, BT AR i3 i 22 e
T HERA, ARSLIRLE IR BoR, T A T ALT 1%
P 5 T (P<0.05), 1] AST Fil AST/ALT HAE-5 W%}
I 2 25 5(P>0.05), $E/R IR D& I rT e R BT
YMREAZ I, EAE S B 3, AT RES5 06 DUA =
TR0 R K e DU vy 5 s MR B 4 i oo 2
A KBy TP, ALB il GLB RERSIAIIH LA (A
ARG IRERPIREL, 1 Glu, TG Fl T-CHO 2 A

HUARRE AT A B QI ) S ZE AR ARET38, ARSI v,
T 241 TP. ALB S5PHX} 84T i 322 5%(P>0.05), {H GLB
L ETHE(P<0.05), 1R T LSRR ER RIS
€, (HIR DR R r] BRI e R AR AR L, T 4140
i i i 2 PR AR (P<0.05), AT fig S5 HLa K Ab A 1 & egx
IRERE & RABURME AR OCBY, TG 5 T-CHO 7K -5
X BEZH TG 5 3525 F(P>0.05), 145 5 5145 a0
PTG IR IR TR T AR G A o 41— 3 25
e, A DURYRR AR ARy T 3 3 9 MR I T 00 4 o i £t
FREdEbR, (BT fE M Be AU i v e me i B A
FRBC Ty, ANREAEAR L S5 A, AR Mo A7)

TR

3.4 W IR ST 4 L BB A 69
R

META AR VPG S LA S LB -
FACHHMEERR Y S 8> — 41, T-SOD &1 bl A B 25
T A O OB, HIEHTHEE F LA A
FRBHHIRE 1RG22, MDA 1 gt k24,
HIKF- RN 422 I Wi S Ak S 5 AR FE 4. T-AOC
LEA IR 2 5 AR BB L R G P R
FRESY, A, I DU AR X 48 13 T-AOC .
T-SOD J¢ MDA 7K V-34 K7 A8 ik 2520w, Horf T-SOD i
PEEAXS TR S, MDA K TR, R IEAER
BREARTAER AN SR R ds, HAEH T AE
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Evaluation of substituting mussels with fish in the diets of
chinese field cat kittens

HU Bin', CHENG Huizhong', WANG Bingli', LI Zhuang', WU Jun', ZHANG Yuanyuan',
ZHANG Yanhua', MA Guohong', MAO Shuquan', XU Peng', ZHANG Shoudu?,
WANG Xiaotong?®

(1. Shandong Freshwater Fisheries Research Institute, Ji’nan 250013, China; 2. Marine Science Research
Institute of Shandong Province (National Oceanographic Center, Qingdao), Qingdao 266104, China; 3. School
of Fisheries, Ludong University, Yantai 264025, China)

Received: May 10, 2025
Key words: mussel meal; Chinese domestic cats; growth performance; serum biochemical parameters; antioxidant
capacity

Abstract: This study investigated the effects of substituting fish meal with mussel meal in diets on the growth per-
formance, serum biochemical indexes, and antioxidant capacity in young Chinese domestic cats. A total of 12
healthy Chinese domestic cats, aged 6—10 months and with similar body weights, were randomly divided into three
groups (n=4 per group): commercial diet control (C1), fish meal-based control (C2), and mussel meal test group (T).
The experiment lasted for 30 days. Results showed that mussel substitution did not significantly affect growth per-
formance (P > 0.05). The T group exhibited a higher apparent digestibility of proteins and fats compared to the
controls. Serum analysis revealed significantly elevated alanine aminotransferase activity (ALT, P < 0.05) in the T
group, while aspartate aminotransferase (AST) activity and the AST/ALT ratio remained unchanged. Notably, the T
group demonstrated lower glucose, total cholesterol, and triglycerides (P < 0.05). The total protein in the T group
was comparable to that of C2 but significantly higher than that of C1 (P < 0.05). The decreased albumin (ALB) and
increased globulin (GLB) levels reduced the ALB/GLB ratio (P < 0.05). No significant variations were observed in
the total antioxidant capacity, superoxide dismutase activity, or malondialdehyde contents among the groups (P >
0.05). These findings suggest that mussel meal can effectively replace fish meal without compromising growth,

while potentially enhancing the antioxidant status despite inducing mild changes in hepatocyte activity.
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