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EEERBREamNeEK, HLEE

78RR R RS0

HIEF X m BEEA X B R U
GEEIERP20E TR S5 AN TSR E1]

ok A"

361021)

HE LA E H(5.80+0.07) gt 4% 45 (Lateolabrax maculatus)4h % S2ib 3t 4., BT R A 4% A%
Reputietf k. HAFHEEENTH. AEAGE AP ERNEAERF0. 20%. 40%.
60%F180% iy # 4, B R SF S A% e o LIt B, 25 X SH AR RIS 70 d; Fc78 L
] K8 #(29.5+1.5)°C, #JE A29+1, WA =65mg/L, ML KGR EELHATON, &7
BR, 20% % RAME EKMESEALEEZ FP>0.05), BHEaRHRLGNAE, Lo
EF(WGR)., 77 % (SR)., 1K E(FE)U K& & U % (PER) B 3 T [#(P<0.05), .4 i & & B
EHEURART R, MEE GG EENE S R EBEK(P<0.05), Eh4EmEELREN
HIAAG, Rk B FTNF-a, IL- 1B F Rk EAE, Fik B FHEREIL-4, IL-10Fk 3k & 48 2 EK

HREW, 6% aHRLS R+ &80 b FF F 2 320%,

Kigia

FESEE S965211  XEkERIDEES A

Ry e f WL DR R —, S B &
FEMR AT | 3 H LSR5, R K™ e v e fel
B E AR T, 1995), = 2018 4, FkEWEKFE
B = L3R 2000 7t (Al Ll i B4 BRR), 2018),
K= SR M X B G R A0 4 75 3 [ X £ 8 1 T
SRE BRI, SR R JFUBHIL B e 20 AS KT BRI,
[) Ao i o ERAR 7K P B 24 Ak F3 AR X B TG 8 R, o
87 LA B el B R AL S I O, SR K= A ) o
R Ry B9 B (AR 2 4R 38 7F JE BE (van Huis, 2013;
Abowei et al, 2011),

WAk, B AR (BB 7 BN s ekl o 2 1
TR BIFFE A 5 (Ogunii et al, 2008), HET, T4 Bk L .

B4FA; y; £K; Hi; a4

LM RERT
XEHE  2095-9869(2019)06-0056-10

PR A A RN A S5 N K R R g . AR
AFF 5T Hp A 0 52 6 R 1A — b A RO SRR RURE
JRW, MRS RN 25 Tl A 0 48 0k T A 4 ) B A BR R
AT . AR KRB, FEALRIG AL, PRZVR 4 AVIE
TEHEF T R B R S R Y, SR
WA, EAG R, AEREW, ERIESEFRTEM
[, 3 A R 5 4 TR R FH 23R 0 3l 4 i 3 e
B, BAEME RN, s anzE, BY
% -|E ti1 (Oreochromis niloticus) A] A% - Hb 45 £ FlIE 1k
A RS A (1 (Wang et al, 2017); 7E S M 2o
W) 5 Rk R ORI S R R B, SROBRMELRY AT LA F)
75% Fh R AR 41 Ry K S i AS 52 e H AR K R AR RE &R B
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(Lin et al, 2017), MiABFE SR E A 5 A TEAL B
NS AR =Y AW LI OB = 1 G

1t % (Lateolabrax maculatus) 3 i b i it .+ &
i ZEAESE, T HONTR . ik Ak, HHAER
WRIA S CEFRMME R R R SR B (Men
et al, 2014), WMi#k) Z IR, 20174 HAF =g 2 ik
15.6677t, 3K [E SR 7™ 5 45 s A 1 /Kt 2 (el it
A B B )R, 2018) AMWFFE LAAE B A WF TR 42,
SRR =R A K= AV EER i) DO I ke o iR = K A 918 )
TH i BRI, B HOE B AR AR, R E A
HRVFEAR B 7 b DRk () 5 B FH AR AL B A 4

1 S A%
1.1 SEIGER

MRPE AL SR 5K, B8 1 5o 43%, BR N
T 12%0 B R 2 A S E (RT3 A Y
A BRA R 73 5 A St iR R 0L 20% .
40% . 60%F180% Mk (A -5 kB IR 4 AL
F1), FHEIN =AML 52 R FE s RS AR

®1 BMESEABRAEREH(%)

Tab. 1 Nutrient composition of fish meal
and composite protein (%)

BRI iy

HEEN

Nutrient composition Fish meal Composite protein

R FMR Amino acid

AR Lys 6.36 7.56
HEER Val 3.24 3.57
EHAMR Met 3.25 3.27
FILER le 3.39 2.67
SR Leu 4.20 3.89
AR Thr 3.32 2.86
KNEMR Phe 2.38 2.29
HAR His 2.59 0.61
WER Arg 4.62 2.83
BB Trp 0.57 0.31
REER Asp 5.80 3.78
ERR Tyr 1.69 1.44
225 R Ser 2.43 4.57
HE8 Glu 8.74 5.80
&/ Pro 3.17 6.18
H&E Gly 3.43 4.03
WA Ala 3.88 2.70
P& B Cys 0.78 1.92
E 37K F- Nutrient level

HZE M Crude protein 68.73 69.72
LG Crude lipid 9.87 3.43
HLK4> Crude ash 14.10 7.00

W5 25 Bl et SRR R g 0, SRS T SORE AR 4 A
1.5 mm A1 2.5 mm §P0RCRE, AR CE TRERS T e
55CF 5 h i1, #RJGH A B8 E, fRFF-20T
VKA o GRDRLES R R R L 2.

R2 LURABEAREZEFRS(TYE, %)
Tab. 2 Formulation and nutrient composition of
experimental diets (Dry basis, %)

J5UR} Ingredients 0 20% 40% 60% 80%
ff1 }} Fish meal 35.00 28.00 21.00 14.00 7.00

iﬁiie protein 0.00 6.96 13.92 20.87 27.83
I ¥} Wheat flour 28.30 27.88 27.47 27.06 26.64
M Soybean meal 24.00 24.00 24.00 24.00 24.00
#4115 Squid paste 2.00 2.00 2.00 2.00 2.00
43 Fish oil 3.00 3.46 391 437 483
5.9 Soybean oil 2.00 2.00 2.00 2.00 2.00
IIRENE Lecithin 2.00 2.00 2.00 2.00 2.00
4k % C Vitamin C 0.10 0.10 0.10 0.10 0.10
ffh@f;/i?pizlsﬁge 2.00 2.00 2.00 2.00 2.00

ZALAESR Choline chloride 0.50  0.50 0.50 0.50 0.50
£4¢ Vitamin premix” 0.40 040 040 040 0.40
£ Mineral premix?’ 0.60 0.60 0.60 0.60 0.60
o = 7
Yttrium( Il )-oxide
E IR0 Nutrition level(%)
ML Crude protein~ 43.26 43.25 43.17 43.12 43.06
FLIE T Crude lipid 12.11 12.10 12.08 12.09 12.10
HLK ) Crude ash 9.87 928 9.11 839 8.13
. OfARREGYW(meke FED: kR, 25 mg;
B E, 45 mg; FHRMLEE, 20 mg; 44 EK By, 0.1 mg;
K Ky, 10 mg; JIEE, 800 mg; ZHR, 60 mg; AR,
200 mg; MR, 20 mg; AEMIE, 1.2 mg; AR A LRIE,
32 mg; 4EA-E Ds, 5 mg; aEEEY, 120 mg; LHE I
Wk, 150 mg; MEFLER, 1511.7 mg
QEAT Y (mg/kg Wkl —/KEREREE, 4000 mg;
— /KB , 50 mg; WUEHI(1%), 100 mg; FALA(1%), 100 mg;
FOKBRERE, 20 mg; —/KBRERILEL, 260 mg; —I/KBRMREE,
150 mg; WAERREN(1%), 50 mg; THAHEF4EZ, 5270 mg
Notes: (D Vitamin premix (mg/kg diet): thiamin, 25 mg;

0.10 0.10 0.10 0.10 0.10

riboflavin, 45 mg; hydrochloric acid pyridoxine, 20 mg;
vitamin Bj,, 0.1 mg; vitamin K3, 10 mg; inositol, 800 mg;
pantothenic acid, 60 mg; nicotinic acid, 200 mg; folic acid,
20 mg; biotin, 1.2 mg; retinal acetate, 32 mg; vitamin Ds,
5 mg; alpha tocopherol, 120 mg; ethoxy quinoline, 150 mg;
microcrystalline cellulose, 1511.7 mg

@ Mineral premix (mg/kg diet): MgSO,-H,0, 4000 mg;
MnSO4-H,0, 50 mg; KI(1%), 100 mg; CoCly(1%), 100 mg;
CuSO4-5H,0, 20 mg; FeSO,-H,0, 260 mg; ZnSO4-H,0, 150 mg;
Na,SeO3(1%), 50 mg; microcrystalline cellulose, 5270 mg
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2 R %40 &

12 a5 HFERE

Aoty fa e 1 A WA BRHE A PR F
TEO B W, fem e R IR pE 3 b T fh K
AP TR IR, R mRR e, LASERR AR
b7 do IENFRFELIEET, MM IURGEE 24 h, B
LRG3 — A (5.80+0.07) g. RAK{EEEAYFES 600 B,
BEHL > BC 3 20 S PR IR FE T PY (400 L), BE6T 30 B A,
BRI 4 ANEE, AT 70 d BFREESCR .
FRFEIARIK IR 4 (29.541.5)°C, R K 29+1, HfRA
=6.5 mg/L. B RIEEHM 2 K(08:00; 16:30), NKE
10 BEANMEL TP AE 5 A RN A KRS B0, I I IR A A
BRI 2 3848 I, (RAFT-20CokF T
I e Rk R AL %

13 HEmR&ESHH

131 #H&EiX%E TR LR LSRG K YLk 24 h
JE T &M (1 10000)FRIE, SEATARE AT, RHGL
BEPLEL 9 B fh, REFFIKBUnS, REFE . TG
53 A ANHAZE T, SRIG B T-80°CUKFi -7 &
BCHLEC 3 B2 fh R 4R 5 i A B A 3 A I R0 10 o
AT, BF 4CUFRAE, HT MBS0
FEELE 3 B8 A T AE B R 43 14 5 # o

132 HRETHRE 5 AR RGN J} | ]
b RIS A5 AT ¥R F AOAC(1995)
M) AT HerfoK o3 2 7E 105 CHER st =
FELER 100 2 SR AL S Bk v e R, e AR 4 B
3 %€ & {L (Elementar, rapid N Exceed). FHJg 5 & K
FHZ IR IE G R R k) 5 R 43 DU 2 7E T I A
H550°C RIS 12 he TpRHFIZE(ERE S P oo R B
SE 8 2 FH N R BRI 30 7% (Jupiter-B , 2238 I3 001 it
1, AU LA B A BR A |, J5 A
8B T IREF & SHE L (ICP-OES, Prodigy 7,
Leemae Labs, 3&[E)ill%E .,

1.3.3 Wi K ALEE 7 6G M 2 V7 3 T A Tl R A
WM, B SRR AE R A AR R, FAEBRERK S G
2500 r/min 4°CZ5.0> 10 min, B W5 T-80°C uk4s b
£ o HorbUE M G (AMS) IR 7 i (LPS) ¥ g it ik
F e B @ AEY TR R INHIE, WiEEA
P 7 R AR AR R e, il B RS
s WA VAR (W A R e AR TR ST T ) . T
AR it ARSI M A 2 L BH 5 0 B 2D TR RIS 5 o
134 MWmiE XHWRET AR LK % 1B B RNAFEHL
JHRNAiso Plus (TaKaRa, HAN)KH|, Frf#efEdym™
k& 2 B8 UL B B By #:AE A5 B 3 17 . A NanoDrop
ND-200043 636 B 11 RNAVR FE , B Iea 6 e e vk
I %€ RNASE % M, 4R J5 J Thermo RevertAid First
Strand ¢DNA Synthesis Kit X} @& Jii #& i RNA # 17
cDNAG L, BHEAL pg RNA, 1 pl Oligo(dT)s,
IddH,0Z 12 pl, #£4765°C KNS min, SR ) E Rk
Z il A5xReaction Buffer (4 ul), Ribolock RNase
Inhibitor (1 pl), 10 mmol/L ANTP Mix(2 ul), RevertAid
M-MuLV Reverse Transcriptase (1 pl)iiz2), ##%H842°C
60 min, 25°C 5min, 70°C 5 miniFf7 /[ .

S A 9 % RE B PCR A Tk il 48 14 K F mRNA K
3. fdi Jl SYBR®Green Master Mix(AceQ“qPCR ,
A U E R AR R A BN WD) iRGR #E Thermal cycler
(ABI StepOne Plus™){{#F [ #E47 SEHF 262 1 PCR,
RNARZ AT . SYBR®Green Master Mix (10 ul),
WE5I¥(10 umol/L, 0.5 ul), FHF5#(10 pumol/L,
0.5 pl), cDNABIAR(9 pl)o SV AT : 95°C 5 min,
95°C 10's, 60°C 30 s, FL40FEIS, P Bt
P3ANEE . BEFEB-actinfE M NS, BidE2s Lok
FH2 5000, 5198 L3 .

14 HEARK
S S5 0 e X AR R — AT PR E IR, TR

x3 RAEER3IMFT

Tab. 3 Primers used for real-time PCR

A L519 el B I FE
Genes Forward primer Reverse primer Ta(C)
B-actin F:CAACTGGGATGACATGGAGAAG R:TTGGCTTTGGGGTTCAGG 60
IL-1B F:GTCAACTTACGTGCACCCTG R:AAATCGTACCATGTCGCTGC 61
TNF-a F:GATCGTCATCCCACAAACCG R:GCTTTGCTGCCTATGGAGTC 61
IL-4 F:ACCATGCATTACTACAGCACTG R:CACATTCAGGGGCGTTTGTC 61
IL-10 F:TTCAAAACTCCGTTCGCCTG R:TCACTCTTGAGCTCGTCGAA 61

TE:IL-1B: MR -1B; TNF-a: JEIRSEE T o; IL-4: AR R-4; IL-10: HZ0MEAZ-10
Notes: IL-1: Interleukin-1p; TNF-a: Tumor necrosis factor a; IL-4: Interleukin-4; IL-10: Interleukin-10
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1705 2R (Survival rate, SR, %) . 1 5 % (Weight gain rate,
WGR, %) . $# 5 LE K % (Specific growth rate, SGR, %) .
1 3K (Protein efficiency ratio, PER)., il Rl%
(Feed efficiency, FE). #% & #:(Feeding rate, FR, %/d),
s w I

SR=(Ny/Ng)x 100

WGR=100%(Ws—Wo)/Wp;

SGR=(InWi—InW)x 100/t

PER=(Wyr—Wy)/M;

FE=(Wir-Wa)/ W,

FR=100XWpy/(Wpy 2+ Wi/2)/t;

K, No HLE R AR AL BT AL, N, R S5 45 Rl A7
TEIEST R, M B REARE(g), Wyl Wy 41
SR AR ST R) 1f S EE AR BVE s Wo AT WL 33l AE
IR Y B AR (g); Wy S SE 56 A S8 A TRl
BH(g); tNEFERE(),

TEHE TR LT RMIH AR AT

IR W AL (%)=[1-(T R Y ,05%x 3%
e v 575 3R 03 %) (GEAE TP Y 05 %o x i) ) vh 5L 7 57 A
53%)1%100

1.5 #HIFEAIE
JIT A SEE R AR SPSS 22.0 Seit ik b kAT

One-way ANOVA 4347, H Duncan's £ H L5, %
Sl E KV P<0.05. Fir A EE -1 Y (8 + 5 E 1R
(Mean+=SE) /R .

2 LWHER

21 EREREREMXEHERKEREMARF A
B0 )

8B A R R AT N X A 5 A K M BE RN 4R RL I
S0 UL 26 4 W58 60, 20% A 4 AE B WGR .SGR .
SRAIFRYE 0 £H (K HE40) A e e 3% 22 % A W 3 (P>
0.05), IMIFEMIPER W % FEAL(P<0.05); M &HE
fRAKS LB 4k 22 Tt =, AEH"WGR . SGR., FERIPER
B 4 AR (P<0.05), % 80% 0L MMk, MFR %
EHIN(P<0.05); SRIMAERAC LA 2 60% T i 2 [ A%
(P<0.05).

22 EREABRKREMXEEEMNRIT

82 A B PR AR AT X A6 5 A 2L A 5 i DL 3 4
T, FE 5 U & bR A 8 R RUKF
WAL, 2= 80% 04 B FF#K(P<0.05), it
WK 4y . ORLAS W AR IR 43 % 0 45 2 35 0 W 3 22
(P>0.05).

x4 EAEPENKEMMESEKMEREMERAARNF N
Tab. 4 Effects of substituting fishmeal with composite protein on growth
performance and feed utilization of L. maculatus

4 3 WA Kk My FREAERKR  mESE ROASE  fAEE W
Groups(%) IBW(g) FBW(g) WGR(%) SGR(%/d) FE PER SR(%) FR(%/d)
0 5.78+0.03 63.31+1.10° 993.19+20.37° 3.42+0.03*  0.94+0.01°  2.19+0.01* 100.00+0.00° 3.14+0.03¢
20 5.8120.06 59.71+2.05° 928.26+31.27° 3.33£0.04*  0.90£0.01°  2.10£0.01°  98.33+0.96" 3.26£0.05%
40 5.80£0.07 51.86+1.26" 791.87+16.27° 3.13+0.03*  0.87£0.01°  2.02+0.01°  95.00+2.15* 3.37+0.06"
60 5.80+£0.02 45.61+1.33° 688.22424.22° 2.95+0.04°  0.75£0.01%  1.74+0.03%  87.50+3.70° 3.48+0.02%
80 5.82+0.05 32.25+2.25° 453.77+36.76° 2.44+0.09°  0.73£0.01¢  1.70+0.02°  86.67+3.04" 3.60+0.05"

H e RPFEIUAE/NG FR R R 22 5 .35 (P<0.05), T &I

Note: The values in the same column with different upper small letter indicate significant difference (P<0.05), the same as

the followings

*5 EAEABREMIIEE IRE RN (EE, %)
Tab. 5 Effects of substituting fishmeal with composite protein on body
composition of L. maculatus (Fresh-matter, %)

215 Groups(%) 7K43 Moisture

MEH Crude protein

AR Crude lipid MK 4> Crude ash

0 69.11+0.29 17.33+£0.21° 8.63=0.30 4.93+0.10
20 69.23+0.21 17.26+0.04* 8.74+0.11 4.90+0.12
40 69.91+0.46 17.25+0.18* 7.81+0.56 4.93+0.17
60 70.06+0.24 16.99+0.10%° 7.94+0.49 5.09+0.04
80 70.19+0.40 16.71£0.13° 7.91+£0.24 5.06+0.07
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2 R % 40 3%

23 ERERBRENNEYFHAREHNZIT

024 1B R AR X AE 855 1 2H 445 4 1 52 i
WE 1, FEE IS R B, 4% 40 W 16 2k R 4
BEVEUN, I 1) i BE 1) T 9 O IR 2 B EZ | Bh
BER 2 WUZ LA R BZ . o, X BRZH A 20%851€
HACHT 5 BTS2, B SF R A I Y, JCREE
JIi P& G, AR A M IE 8 5 (U2 Y AR LU 2 40%H
W2 5] iy 15 55 R ALK 20 T B 4 2 5 BEERAR L 1) 4k
ST i, N o A S A A e P, [ R AR

A .~ 100pm B

D 100 um

o L B A s B 3
24 SEAEBEREMNVLLTEHLEEENRM

S R AARUB) X A 7 7 TV A B 1 A 5
W WL 6. WFFERM, AEfy i iE & A R A
R A AR LE IS T2 i A, 40% 5 AREIT iR 2
F R (P<0.05); T AL 517 18 1 53 Tt A0 i I T % 4G
BFZEF(P>0.05), (HEEEGE AL LE T
RS

100pm C 100 um

E 100 pm

K1 25 E AU XL 65 7 41 2145 K i) 320 (< 200)

Fig. 1

Effects of substituting fishmeal with composite protein on posterior intestine morphology of L. maculatus(x200)

A~E 43BN (0). 20%. 40%. 60%7F1 80% 24

Among A~E represents 0, 20%, 40%, 60% and 80% replacement proportion of fish meal with composite protein, respectively

*6 ESERBREMMIELFEHELEEERFITE
Tab. 6 Effects of substituting fishmeal with
composite protein on enzyme activities of
intestine of L. maculatus (U/mg prot)

M REAG, (2 20% 2041l 0 A 22 A 3, H
4 J5 5 ML 1 R TS A SR AE B AR T 40%
it B 2 R (P<0.05), T HEL S i 2 W0 31 Ak 5 D
TE 60%E A4 H B i & ME IR (P<0.05)

*7 EAEPREBEKEMNEYERYR
RMWHURBF I
Tab. 7 Effects of substituting fishmeal with composite
protein on apparent digestibility coefficients of
the nutrients of L. maculatus (%)

4151 HEH N TER T i 117 il

Groups Protease Amylase Lipase
0 108.07+6.03" 2.25+0.25 46.09+2.70
20% 87.88+12.87% 2.36+0.17 41.74+5.85
40% 48.32+8.31° 2.35+0.31 37.75+4.51
60% 32.18+5.93° 2.2340.21 37.39+2.07
80% 31.15+1.74° 2.17+0.14 35.22+3.04

25 EAEOEREMVLEYERTYRERIGELE
A
B AT R AR AR X A8 B8 5 W) o BE 1 3R L
HLRN W IR 7, BFR R, e, Mk
55 KL 5 28 WL AL R B A2 & B AR A1y L 4] T

2 51 T HEA HLRE 5
Groups Dry matter Crude protein Crude lipid
0 70.63+1.52"  88.53+1.58"  94.75+0.63°
20%  67.95£1.81°  85.45+2.21%™  92.76+1.25"
40%  64.43£0.16"  83.53£0.83°  93.82+0.85"
60%  60.58+0.84°  79.01+0.91°  87.49+1.18°
80%  61.94+£1.35°  78.56x0.41°  84.93x1.57°
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824 R R AR AR X 2 B i 3 AR 4R [ FIL-1B,
TNF-o ik [F & 55 1 (1) 5% 0 WL 112 BF 95 6 B, BB IL-1B
H1ITNF-o J K 3% 35 & 0 7E 80% £ 1R 41 1 3 F+ =
(P<0.05), HABEACL 50422 3 A 3 (P>0.05),
WHTL-1B5E [ Rak 45 24 22 R R i 3, M TNF-a & K 3%
IR AR LA N TR, E60% F180% R 4G 4H
T E (P<0.05)., J5 MIL-1p3E K ik 7 7E20% 51041
HOHZEFARE, H2EA LG T40%0, IL-1B
FERFR KA TR (P<0.05) 5 J5 1 TNF-o kK 36
R TES0% 04 23 7 T 040 (P<0.05), H:Al B4l
5% BRALAH Lb 22 5 A8 .35 (P>0.05) .
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K2 ZaEngRakmxEsmima). hin®)mm
& (O 48 [ 1+ IL-1B, TNF-o JE K 22 ik H 5 5% 0
Fig. 2 Effects of substituting fishmeal with composite
protein on relative expression of IL-1p, TNF-a, in the
L. maculatus proximal intestine (A),
midintestine (B) and posterior intestine (C)

O A B R AR M X A B i 3 Bk R TL-4,
IL-103E R R A A WIE3, M, FimiL-4
FEPUARX 3R 38 1 45 B AR 5 X0 R AT (040 ) M Lk 22 =2 3%
A2 (P>0.05), (HHT I 25 AR IL- 105 H Y R 36
T4 5 3 TR R (P<0.05), Hirh80% 5 AR 4 B i o
I TL-4 FITL - 105 PR 3 3k o Bl A L 481 o v 222 5 7
T JE S, TL-47E20% 204138 B B i s 2£80%
IR, IL-1038 P R A 7E B L B8 11 40% )5 2
FEAI(P<0.05), R4 5 X AT AR b 22 5 AN I 3
(P<0.05). JaladmIL-43EH R I mAZEAEA
AR L, £ 41 ) G 3 25 55 (P>0.05); 1T
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Fig. 3  Effects of substituting fishmeal with composite
protein on relative expression of IL-4, IL-10 in the
L. maculatus proximal intestine (A),
midintestine (B) and posterior intestine (C)
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TL- 103 PR AH X 26 35 5 ) J2 40% 2 0 2 35 v T Hodth
B, HAbA AR TC B % 25 5 (P>0.05),

3 it
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Effects of Replacing Fish Meal with Composite Protein on Growth, Diet
Digestibility, and Gut Health in Japanese Seabass (L ateolabrax maculatus)

HU Pengli, WU Rui, LU Kangle, WANG Ling, SONG Kai, ZHANG Chunxiao”
(Xiamen Key Laboratory of Feed Testing and Safety Evaluation, Fisheries College, Jimel University, Xiamen 361021)

Abstract This study was conducted to evaluate the effects of replacing fish meal with composite
protein on growth performance, diet digestibility, and gut health in Japanese seabass (Lateolabrax
maculatus). Five isonitrogenous and isolipidic diets were formulated by replacing 0, 20%, 40%, 60%, or
80% of fish meal in the basic diet with composite protein. Quadruplicate groups of 30 fish [initial body
weight (5.80+0.07) g] were fed the test diets to apparent satiation twice daily (08:00 and 16:30), and the
experiment continued for 70 days. During the feeding trial, water temperature, salinity, and dissolved
oxygen values were maintained at (29.5+1.5)°C, 29+1, and =6.5 mg/L, respectively. Samples were
collected for analysis after the feeding trial. The main indexes including the growth performance, diet
digestibility, intestinal digestive enzymes activities, posterior intestine morphology structure, and
expression of inflammation-related genes of the proximal intestine, mid-intestine, and posterior intestine
were analyzed to investigate the appropriate replacement proportion of fish meal by composite protein.
The results showed that substituting 20% of fish meal with composite protein did not significantly affect
growth performance compared to that of the control group (P>0.05), while further increment of fish meal
replacement levels resulted in significant reduction of weight gain, survival rate, feed efficiency, and
protein efficiency ratio (P<0.05). Moreover, as the replacement level of fish meal with composite protein
exceeded 20%, intestinal protease activity and apparent digestibility coefficients of feed dry matter, crude
protein, and crude lipid also significantly decreased with increasing level of fish meal replacement by
composite protein (P<0.05). Meanwhile, increasing replacement of fish meal with composite protein
damaged posterior intestine morphology structure and up-regulated expression of gut inflammatory genes
such as TNF-a and IL-1p, while an opposite trend was observed for the expression of anti-inflammatory
genes, IL-4 and IL-10. In conclusion, it was recommended that the replacement proportion of fish meal
with composite protein should not exceed 20%.

Key words Composite protein; Japanese seabass (Lateolabrax maculatus); Growth performance;
Digestibility; Gut morphology structure; Inflammatory genes
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