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Tab. 1 Formulation and nutrition composition of experimental diets (dry matter basis, %)

J5 BHngredient (%) AVHO AVHI10 AVH20 AVH30 AVH40

4 ¥} Fish meal 30.00 27.00 24.00 21.00 18.00
it £ P9 JIFE 2% (4 Abalone viscera hydrolysate 0.00 3.81 7.61 11.42 15.23
FHiSoybean meal 26.00 26.00 26.00 26.00 26.00
X A3 Poultry by-product meal 13.00 13.00 13.00 13.00 13.00
T} Wheat Flour 21.50 20.69 19.89 19.08 18.27
3 Fish oil 2.00 2.00 2.00 2.00 2.00
Z il Soybean oil 2.00 2.00 2.00 2.00 2.00
YR i Lecithin 2.00 2.00 2.00 2.00 2.00
R — & F5Monocalcium phosphate 2.00 2.00 2.00 2.00 2.00
Y4 ZC Vitamin C 0.10 0.10 0.10 0.10 0.10
TR A Premix 1.00 1.00 1.00 1.00 1.00
S AL EFR Choline chloride 0.30 0.30 0.30 0.30 0.30
H 7% 7 Nutrition composition (%)

7K 4rMoisture 5.34 5.07 527 5.49 5.57
1% [ Crude protein 479 48.1 483 48.2 489
FHNR Wi Crude lipid 11.25 11.15 11.21 11.14 11.38

W L IR SRR AL, 4E24E A 375000.0 TU, 425 %D 75000.0 TU, 4E42 K E 3000.0 mg, 4E4: KK, 930.0 mg, 4i4: % B,
600.0 mg, 4E£ % B, 600.0 mg, 4E/E 2B, 600.0 mg, 4E/E % B, 3.7 mg, 442 C 10500.0 mg, D-1Z %452400.0 mg, fH#1%4500.0 mg,
12185.0 mg, D-A#%7.5 mg, WLEE3000.0 mg, £53000.0 mg, £%1840.0 mg, 4#1200.0 mg, $7430.0 mg, #k1400.0 mg, £463.0 mg, fi153.0 mg,
f#16.0 mg; 2. B FEMAF ASHNE; 3. fky. S, SRR, R ET RELIITREEDEEARA R

Note: 1. The premix provides per kilogram of feed: Vitamin A 375000.0 IU, Vitamin D3 75000.0 IU, Vitamin E 3000.0 mg, Vitamin K3
930.0 mg, Vitamin B; 600.0 mg, Vitamin B, 600.0 mg, Vitamin B4 600.0 mg, Vitamin B, 3.7 mg, Vitamin C 10500.0 mg, D-Calcium
Pantothenate 2400.0 mg, Niacinamide 4500.0 mg, Folic Acid 185.0 mg, D-Biotin 7.5 mg, Inositol 3000.0 mg, Magnesium 3000.0 mg, Zinc
1840.0 mg, Manganese 1200.0 mg, Copper 430.0 mg, Iron 1400.0 mg, Cobalt 63.0 mg, lodine 53.0 mg, Selenium 16.0 mg; 2. The nutri-
tional composition values are measured values; 3. Fish meal, soybean meal, chicken meal, and wheat flour were purchased from Jiangmen

Haochang Biotechnology Co., Ltd., Guangdong Province
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Tab. 2 Effects of different replacement levels of abalone viscera hydrolysate on the growth performance of Lateolabrax maculatus

T H Item AVHO AVH10 AVH20 AVH30 AVH40
IR EIBW (g/fish) 141.98+0.49 140.58+0.14 142.57+0.54 141.43+0.45 139.53+1.16
KA EFBW (g/fish) 402.26+1.89" 386.77+1.60" 393.34+9.00" 413.13+16.29" 377.48+7.37
B EEWGR (%) 183.32+1.23 175.12+1.04 175.91+6.45 192.09+11.32 170.64+7.10
52 £ K ZESGR (%/d) 1.77£0.01 1.72+0.01 1.72+0.04 1.81+0.07 1.69+0.05
TaRE R EFCR 1.16+0.01 1.20+0.01 1.22+0.03 1.20+0.05 1.24+0.02
LA RFI [g/(fish-d)] 5.10£0.02° 5.010.01° 5.18+0.06" 5.49+0.14° 5.01£0.11°
JE§# BECF (g/om’) 1.92+0.03" 1.86+0.01° 1.87+0.02" 1.87+0.03" 1.84+0.02°
WEREZE AFR (%) 7.56+0.53 8.03£0.12 7.75£0.18 7.90+0.17 8.41+0.19
JF 47 EEHST 1.6620.05 1.54+0.04 1.64+0.04 1.60+0.05 1.61+0.01
MR LE VST 13.04+0.26 13.24+0.16 12.86+0.28 12.76+0.23 13.08+0.16
TEI% SR (%) 100.00:£0.00 100.00::0.00 100.00:£0.00 100.00:£0.00 97.78+2.22

T R P EEE 3N E A AT R bR A R RO 2 R B 2 (P<0.05); TH
Note: Data are means of triplicates; Values in the same row with different superscript letters indicate significant differences (P<0.05);
the same applies below

*3 HREAEESEREN LS RERBFIT

Tab. 3 Effects of different replacement levels of abalone viscera hydrolysate on the body composition of Lateolabrax maculatus

2H 7 Grou
gt Composition (%) AVHO AVHI0 ZJVHzop AVH30 AVH40
4:ff Whole body
K45 Mositure 65.560.16 63.62+1.49 64.760.34 64.53+0.33 62.89+1.08
H1Z [ Crude protein 22.11+0.83 21.12+1.40 19.67+0.11 20.11+0.42 20.56+0.42
FHAEIDF Crude lipid 12.46+0.09° 13.41£0.63™ 14.010.14° 14.09+0.37° 16.09+0.74"
WP Muscle
K43 Mositure 76.86+0.03" 76.77+0.00° 76.91+0.05" 76.730.09° 77.02+0.09°
F & A Crude protein 21.29+0.03 21.2740.10 21.2740.07 21.41+0.06 21.3540.03
AL Crude lipid 1.67+0.08 1.79+0.05 1.69+0.11 2.02:+0.32 1.74+0.15

R4 EBRERNIEERER MRS IIEE LRI

Tab. 4 Effects of abalone viscera hydrolysate replacement for fish meal on serum biochemical parameters of Lateolabrax maculatus

5 Ttem 2H 51 Group
AVHO AVHI0 AVH20 AVH30 AVH40

B AMGPT (U/L) 4.11£0.54° 3.34+0.45° 3.09+0.22° 4.45£0.53° 6.58+0.66"
B EERGOT (U/L) 2.25+0.32° 2.34+0.24" 2.89+0.28% 3.06+0.42% 4.34%1.05"
HEHEGLU (mmol/L) 10.55+0.74° 11.92+1.19 13.68+1.56 23.3542.22° 22.55+1.44°
Hih =HSTG (mmol/L) 1.29+0.03% 1.17+0.03° 1.2940.05% 1.3620.06 1.5120.04"
K JB[E EET-CHO (mmol/L) 6.32+0.29" 6.01+0.29" 5.88+0.37" 6.24+0.46" 3.9420.17°
125 P g 55 A E & B LDL-C (mmol/L) 2.78+0.04° 3.1540.29" 3.83+0.06" 2.94+0.04° 2.13+0.04°
e 25 FE i 4 1 JE [ A HDL-C (mmol/L) 3.88+0.35 4.28+0.23 4.39+0.60 4.51+0.57 435+0.51
TR M FRAFACP (4 KK E47/100 mL) 9.49+0.30° 8.11+0.14" 8.03+0.34" 7.44+0.14° 8.1940.37°
TR RERREEAKP (42 [CH07/100 mL) 4.10+0.06" 4.3340.06" 5.03+0.27" 3.1540.11° 3.500.15°
AMAC4 (ng/mL) 68.89+4.03" 58.42+2.56° 71.08+5.17°  100.17+4.98° 590.77+46.78"

G PEERE M IgM (ug/mL) 350.84+36.96°  331.99+18.91"  361.66+3431"  324.64+20.80°  248.76+21.29"
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Tab. 5 Effects of abalone viscera hydrolysate replacement for fish meal on hepatic antioxidant capacity of Lateolabrax maculatus

2H 53 Group
T H Item
AVHO AVHI0 AVH20 AVH30 AVH40
N MDA (nmol/mg prot) 0.38+0.01° 0.44+0.08" 0.50+0.06" 0.46+0.02" 0.73+0.03"
ALY AL EFSOD (U/mg prot) 88.47+5.32 95.34+7.65 95.51+19.08 108.53+14.44 74.10£9.07
i E AL S BECAT (U/mg prot) 50.33+5.25 35.33+0.91 38.42+0.77 48.63+8.67 36.13+7.63
BPELLEE IT-AOC (mmol/g prot) 0.20+0.03 0.18+0.01 0.21+0.03 0.22+0.02 0.17+0.04

v L \ “ ] I

200 um  AVH20

BT ARSI SR BB X T 7 T8 2H 4R 27 52 IR (HE Sk (2, 200%)
Fig. 1 Effects of abalone viscera hydrolysate replacement for fish meal on the intestinal histomorphology of Lateolabrax maculatus (HE
staining, 200%)

* 6 BERREIMBEE BB R &ML mBEEARSHFM

Tab. 6  Effects of abalone viscera hydrolysate replacement for fish meal on intestinal morphology of Lateolabrax maculatus (pm)

20 53| Group
Tji H Ttem
AVHO AVH10 AVH20 AVH30 AVH40
WUZEEMT 431.33+29.70 419.43+15.14 403.22+71.35 418.30+35.93 338.54+11.15
KEMEVH 825.59+18.25" 665.25+23.22° 662.49+64.38" 528.90+24.29" 443.68+76.55°
BEREEVW 108.62421.29 103.79+6.76 100.96+22.08 114.83£11.40 105.5614.47

*7 EREMNEEDER ML FEHE LB

Tab. 7 Effects of abalone viscera hydrolysate replacement for fish meal on intestinal digestive enzyme activities of Lateolabrax maculatus

Tji B Item (U/g prot) AL Group
AVHO AVHI10 AVH20 AVH30 AVH40
g Wi fELPS 6.60+0.62 6.32+1.48 6.79+0.73 6.78+1.17 5.89+1.51
VEMEFAMS 0.060.01 0.07+0.02 0.060.01 0.05+0.01 0.05+0.01
JE R B TPS 55.63+1.49" 59.21+2.41° 53.82+1.25" 46.1123.08" 28.88+0.65°




6 3] RIS MR AE P I R A R B XRE ST A TSR K TE i R S 6

B, AVHE AR AT 1 1A E A Frisdm. 76
JE K _E(B 3), 85T 56 8 (Cetobacterium) AR =F
5 BE & AR L 20 BT R R BRI #, AVH20
ML 2 B, HAVH305 AVHA04L 47 i 1 X6 R 41
(AVHO).
3 it
31 AVHEBEREMXHEFEMERE . ARE /R KZFT
B FR A 52 0

TEAR LIS H, AVHE FL10%—40% ) o8 I 48
iy 1y AR K 50 IEZH T W 5 2 5, 1 B TE IR B ARUK T
N, AVHRES I /& 16 5 2 1 B0 75 B AR IR 1S
FRTOR, dEFF R AK . XATREIR TR A
B /NIK S0 R R, B 5 0 R i BT
U™, A, T A AR T B LR R A R . R
6= R S AR R R, LB T AR i
o™, T AR R A AR R A RS R
HORIEAER o SR, 4B AR L3 22 40%0T, R
1 R o R A A bR B 2 R R, {H E R PR
AT, IR AT 5 AT ek R, 0 v b AR

AIRETF IR BRI RE B SRR R B, B
AVHTE 5848 A 7 AFE— 2 MRSl K
I B AT BE AT AR PR SRR /)N B 3 R 1) T AR
RS, JE R AR A R T . &
BRI LR, A8 A KA = ERE  1 G (1
P HEAE P A7 AE WA 8 1) B3 s e L, B e R
G 9% 1 55 5O T B, B KB AR R FH 2R Tl g
e FIRYY . AT, b 2 R P T 2
H B AR LB T =, AR RN IR SRR, A
AU NIK 5 5 8 5 [R5 AR RE 7, 7T RE
T B R R R CSE G BRI IR, T o) A A
E. BhAb, b B AR R AT e 5] R i ) B R R U
A, 30 BRAR R A TR AR IR CR .

I35 A A2 i £ 2 {g JEAR 100 1) B2 LA R A, g
R R AREPIRES . N E S N EUK . fEARSE
56 H, B AR ACPYE 1 2 8 K T X FR 4L, 1 AKP
EHEN 2T E R ES. XRAEEHER
ol AR S e A E R T ER . 40%E A4
IgM & 5 25 PR AR, 3 1 I vy bl ol B AR T e 3 8
% 52 FHMH . AVHA0LL 75 * GPTH GOTIE 1 &

*8 BEMREIMBEE BB R &ML B FIEINRERIFM

Tab. 8 Effects of abalone viscera hydrolysate replacement for fish meal on intestinal barrier function of Lateolabrax maculatus
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Fig. 2  Effects of abalone viscera hydrolysate replacement for fish meal on the relative abundance of intestinal microbiota at phylum level

in Lateolabrax maculatus
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Fig. 3  Effects of abalone viscera hydrolysate replacement for fish meal on the relative abundance of intestinal microbiota at genus level in

Lateolabrax maculatus
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DIETARY FISHMEAL REPLACEMENT WITH ABALONE VISCERA
HYDROLYZED PROTEIN ON GROWTH PERFORMANCE,
HEPATIC ANTIOXIDANT CAPACITY, AND INTESTINAL

HEALTH IN SPOTTED SEA BASS
(LATEOLABRAX MACULATUS)

DONG Jun-Feng, QI Hai-Shen, ZHANG Chun-Xiao, WANG Ling, SONG Kai,
LI Xue-Shan, MA Rui-Juan and LU Kang-Le

(State Key Laboratory of Mariculture Breeding, Fisheries College, Jimei University, Xiamen 361021, China)

Abstract: To investigate the optimal replacement level of fishmeal with abalone viscera hydrolysate (AVH) in the diet
of spotted sea bass (Lateolabrax maculatus) and its effect on fish health, a feeding trial was conducted for 8 weeks.
Juvenile spotted sea bass [initial body weight: (141.22+0.38) g] were fed five isonitrogenous and isolipidic diets with
AVH replacing 0, 10%, 20%, 30%, and 40% of fishmeal, respectively. Growth performance, serum biochemistry,
hepatic antioxidant parameters, intestinal digestion, and gut microbiota (via 16S rRNA sequencing) were analyzed.
Results showed that the specific growth rate was the highest in 30% replacement group, with no significant difference
compared to the control. In the 40% replacement group, the activities of alanine aminotransferase and aspartate amino-
transferase were significantly increased, and hepatic malondialdehyde content was significantly elevated, indicating
liver oxidative damage. Serum immune parameters showed that complement C4 content was increased while
immunoglobulin M (IgM) level was significantly decreased in the 40% group, suggesting immune dysfunction. Intesti-
nal morphology analysis revealed significantly reduced villus height with loose structure, along with significant
increases in D-lactate and diamine oxidase levels in the 40% group. Trypsin activity decreased with increasing replace-
ment level, whereas lipase and amylase activities showed no significant changes. Gut microbiota analysis indicated that
the relative abundance of the genus Cetobacterium first increased and then decreased with increasing AVH inclusion,
peaking in the 20% replacement group. This study demonstrates that replacing 30% of fishmeal with AVH does not
adversely affect the growth, liver function, or intestinal health in spotted sea bass. However, replacement at 40% leads
to liver metabolic disorders, oxidative stress, intestinal structural damage, and impaired digestive function.

Key words: Abalone viscera; Enzymatic hydrolysate; Fishmeal replacement; Spotted sea bass; Growth performance;
Intestinal health
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