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Abstract: Fermented cottonseed meal (FCSM) is a high-quality plant protein ingredient with potential to replace fishmeal in
feed. To evaluate the suitability of FCSM as a protein source in the diet of juvenile golden pompano (Trachinotus ovatus) and its
appropriate replacement level, we had fed the juveniles with initial body mass of (12.57£0.25) g for seven weeks by five diets to
replace 0% (Control group), 25%, 50% and 100% of fishmeal by FCSM, and the fish meal in reference diet was 35%. Then we
investigated the effects of FCSM replacement of fishmeal on the survival, growth, feed utilization performance and intestinal mi-
croflora of the juveniles. The results show that the survival, growth, feed efficiency, dietary protein and lipid deposition rates
were lower in FCSM treatments compared with those in reference diet, while the differences between 25%, 50% replacement
groups and the reference diet were not significant (P>0.05). However, the liver antioxidant system was stimulated, and the activi-
ties of total superoxide dismutase (T-SOD) and catalase (CAT) in 75%—100% replacement groups were higher than those in the
control group. In addition, the liver hematoxylin-eosin-stained sections show that the cellular vacuolation phenomenon was ag-
gravated. The contents of total protein, albumin and globulin in serum in 100% replacement group were reduced, and the pro-
tein synthesis capacity of liver might be impaired. High-level replacement of fish meal by FCSM affected the composition of in-

testinal flora, with the abundance of beneficial bacteria decreasing and that of harmful bacteria increasing. Taking into account

both growth performance and fish health, it is reccommended to replace fish meal with 25% FCSM in the diet for T. ovatus.

Keywords: Trachinotus ovatus; Fermented cottonseed meal; Growth; Feed utilization; Intestinal flora
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®1 ZREBERREFREN (FHER)

Table 1 Formulation and proximate composition of reference and experimental diets (Dry mass) %
KRR AR AR ALK} L ] Proportion of FCSM replacement
J5UB} Ingredient

0% 25% 50% 75% 100%
4} Fish meal 35.00 26.25 17.50 8.75 0.00
KB Fermented cottonseed meal 0.00 11.47 22.94 34.41 45.00
K5 He 4 # 11 Soy protein Conc 13.00 13.00 13.00 13.00 13.00
X4 P Chicken meal 5.00 5.00 5.00 5.00 5.00
#H %R L-Lysine 0.00 0.21 0.42 0.63 0.85
4R DL-methionine 0.00 0.10 0.19 0.29 0.39
PR Gluten flour 20.00 20.00 20.00 20.00 20.00
F® Attractant 0.30 0.30 0.30 0.30 0.30
YI@EAR Lecithin 2.50 2.50 2.50 2.50 2.50
13l Fish oil 6.00 6.50 7.00 7.50 8.00
etk Z R Y TR HURA
Vitamin and mineral premix 2400 2Ly LY 2L 2Ly
AL EHH Choline chloride 0.50 0.50 0.50 0.50 0.50
BHIR — 445 Ca(H,PO,), 2.00 2.00 2.00 2.00 2.00
Yk % Vitamin C 0.50 0.50 0.50 0.50 0.50
5 Bone meal 13.20 9.67 6.15 2.62 0

EFRAT AT (FL) Analyzed proximate composition (Dry basis)

7K4¥ Moisture 9.5+0.2 8.3%0.1 10.40.1 11.040.1 9.940.1
M Crude protein 40.6+0.3 41.640.3 43.3+0.3 44.6+0.1 44.9+0.1
MU Crude lipid 9.740.1 9.740.2 9.8+0.1 9.840.15 9.840.1
M4 Crude fiber 0.33 1.62 2.91 420 5.39
K4y Ash 21.4%0.1 18.140.2 14.240.1 10.9+0.1 8.6+0.1
o o
fée’foyi%mi ffraction /(mg,kg,l) 0 29.93 59.85 89.78 119.70

F: © KRS 7.1% (B, . M 68.0% . HARWT 8.0% . HLEF4E 0.2% . K5 16.4%; @ /K4r 7.2% . MLEEF 59.7% . KR

1.7% ., M4k 11.4% . } ﬁ 646%; @ K43 9.0% ., M 65.0% . HLARWT 0.5% . HLLF4E 0.1% . K53 2.6%; @ /K53 9.0% . HLAHM
65.0% . HLABMT 5.0%. HLF4E 2.6%. K5y 12.1%; G K5r9.7% . KR 16.4% . HIENT 1.0% . MEF4E 0.6% . JKIT 1.5%:; @ Gyl
W BE-B-INRWES: (Dimethyl-B-propiothetin , DMPT) . H&RR . AMR% LLONR G ; @ 4kt 3 A0 1 B HUR R ) 5T 4344
(mgkg™): 4EEZE A LIRS 150 000 TU, 443 D5 75000 1U, dl-a-AE B8 LHRNS 2 500, F GRS ML 7 2508 250, fil5R m‘f& (4t
F B)) 320, HER UK By) 700, EHFRMLMEEE (44K Bg) 500, FUAINE (EER Byy) 4, U 4000, L-HURIMIR-2-BERRER 5500,
Btz 3 800, D-IZER4S 1600, A% 80, D-AEME 4, 4 (HEMRM4 A1) 200, —/KELERIA 1800, Bl 450, B 5500, MLER
5100, IEANFREN 15, BRMREHS 50, ZEHEMEMK 0~300, T HIRHEHIE 0~750,

Note: D Moisture 7.1% (Mass fraction, the same below), crude protein 68.0%, crude lipid 8.0%, crude fiber 0.2%, ash 16.4%; (2 Moisture 7.2%,
crude protein 59.7%, crude lipid 1.7%, crude fiber 11.4%, ash 6.6%; 3 Moisture 9.0%, crude protein 65.0%, crude lipid 0.5%, crude fiber 0.1%,
ash 2.6%; @ Moisture 9.0%, crude protein 65.0%, crude lipid 5.0%, crude fiber 2.6%, ash 12.1%; (® Moisture 9.7%, crude protein 16.4%, crude
lipid 1.0%, crude fiber 0.6%, ash 1.5%; ® The palatability enhancer is a mixture of dimethyl-B-propionate, glycine and taurine; D Composi-
tion of vitamin and mineral premixa (mg-kg '): Retinyl acetate 150 000 IU, Vitamin D; 75 000 IU, dl-a-tocopherol acetate 2 500 mg, Mena-
dione nicotinamide bisulfite 250, Vitamin B, 320, Riboflavin (Vitamin B,) 700, Vitamin B¢ 500, Vitamin B, 4, Inositol 4 000, Cholinesalicylate
5500, Nicotinamide 3 800, D-calcium pantothenate 1 600, Folic acid 80, D-biotin 4, Copper (Copperdiglycinate) 200, Ferrous sulfate mono-
hydrate 1 800, Manganese (II) sulfate monohydrate 450, Zinc (Zinc sulfate monohydrate) 5 500, Iodine (calcium iodate) 100, Selenium (Sodi-
um selenite) 15, Cobalt (Cobalt sulfate hydrate) 50, Ethoxyquin 0-300, Dibutylhydroxytoluene 0-750.
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K2 FEKERAFHERENKT TINEEESL & MNTFE . & KMERF AL
Table 2 Survival, growth and feed utilization of juvenile 7. ovatus fed with reference and experimental diets
containing different FCSM replacements

KRR A C £ K3 7K Replacement of fish meal by FCSM

Ll ol

~ = ES 3 - ;

L7 $-?§§%$ﬁ Linear Quadratic

Index 0% (X R4 25% 50% 750 100% A(Ij)>;])A trend trend

Control) 0 0 ? ? (P>F) (P>F)

JRIE R Survival/% 85.00£5.09°  80.00+6.94"  85.00+6.31°  72.50+5.34"  63.33+2.72° 0.061 0.010 0.210

LR JFi i FBW/g 42344392 40.78+2.62  39.87+1.49 39.14+3.80  35.08+1.38 0.487 0.095 0.648

R WGR/%  239.8431.9  226.7+20.0  217.6£10.2  212.81+29.4  181.07+12.7 0.471 0.087 0.692

B # PR/ (%-d ™) 3.15+0.03 3.2740.10 3.2140.04 3.29+0.08 3.3140.14 0.659 0.203 0.856

TalRHA FHR FE 0.64+0.06"  0.59+0.07°  0.61£0.01% 0.54%0.06®  0.45+0.05° 0.116 0.016 0.348

FEEVUHZE PR/% 28.3241.75°  27.1242.86" 26.21%+1.64°  21.94+3.14® 17.17+1.78" 0.020 0.002 0.225

BRI UL LR/% 76.79+9.80°  67.04+4.14"  64.41+1.43"  48.73+4.11°  25.50+4.63" 0.000 0.000 0.079

e AT AR RR 225 B (P<0.05), FREDEMME, FEF.

Note: Values with different letters within the same row are significantly different (P<0.05). F represents the probability of significance. The same case

in the following tables.

K3 FAREEBRIFHEREMN KT TIIRESEENEREN (BE)

Table3 Proximate composition of juvenile 7. ovatus fed with reference and experimental diets

containing different FCSM replacements (wet basis) %
KRR AR B R ALK 7K F Replacement of fish meal by FCSM FRE &b kiER
LD J72253H7 Linear  Quadratic
Index 0% (& fRZH ANOVA trend trend
2 0, 0, 7 0 1 [0}
Control) 5% 50% 5% 00% (P>F) (P>F) (P>F)
AN AV
Ko Jﬁi.ﬁ B . 65.93+0.67°  66.37+0.32° 67.13£0.19™ 68.30+0.54*  70.26+0.58° 0.000 0.000 0.083
Mass fraction of moisture/%
FHEE 1 BT /M4
Mass fraction of crude 18.00+0.35 18.431+0.22 18.34+0.55 18.251+0.36 17.7240.31 0.673 0.542 0.189
protein/%
SR 5 2\
MR ﬁ%’ T - 10.3140.53°  9.7240.25™  9.4240.09*  8.48+0.35°  6.57+0.25" 0.000 0.000 0.017
Mass fraction of crude lipid/%
1A A=W
PRI 4.30+0.17 4.21%+0.05 4.43+0.13 4.25+0.06 4.65%+0.17 0.162 0.089 0.256

Mass fraction of ash/%

R4 AEEZEBFFHEREMK T TR S & ENREIER
Table 4 Physical indexes of juvenile 7. ovatus fed with reference and experimental diets
containing different FCSM replacements

sohr R BERATR R0 A K3 7K S Replacement of fish meal by FCSM BTy 224550 52@%% :Ub\ﬁ?}

Index ANOVA Linear trend Quadratic trend

0% (XFHB4] Control)  25% 50% 75% 100% (P>F) (P>F) (P>F)

JHFAR H HIS/% 1.39+0.13° 0.91+0.05*  1.024£0.05° 1.140.08™ 1.06+0.04° 0.002 0.083 0.007

WER L VST/% 6.34%0.16 6.21£0.14  5.80+0.41 6.31+0.16  6.44%0.19 0.388 0.686 0.124

NEWGEE CF/(g-em™) 3.09+0.06 3.1140.06  3.09+0.05 3.18+0.05  3.04%0.05 0.395 0.837 0.241
PREAHEM T BERE L 1 5 20 oAl e R AW O a1 0 I GE S
2.5 XRBEEERRN 2 W] T AR ) 22 RV RO 25 5 R TR 31 R 8 K

SR AR s, BR 100% BFAASh, H SF (P>0.05, [ 3).

2R3 MEMRAR Chaol F8Em T IR ; K 25 AbTRZH BRI R 62 i 8 TR REAE ] ] KPR s K

FFFRY B Shannon $5%, BR 50% BARALSN, 8 M LLGI LI 4 FnlEl 5. R BERR R AR 75%~
TRHRA . AR PRAH B R RERY Simpson HY 100% by %) D IE 68 62 )1 18 B RF OB 2548 72k T
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Table 5 Digestive enzyme activities and hepatic antioxidant enzyme activities of juvenile 7. ovatus fed with reference and
experimental diets containing different FCSM replacements

KRR R A A3 7K Replacement of fish meal by FCSM

BRE Ak R

FEbR J525087  Linear Quadratic
00
Index i % 25% 50% 75% 100% ANOVA  trend trend
(¥R Control) (P>F)  (P>F) (P>F)
[==) T
Iifffiﬁt%/(umg_l) 71.73+6.91 60.93+6.15  62.17+4.13  62.08+5.94  58.1844.95  0.518 0.133 0.637
‘—é‘ e oy
%&ffﬁfyﬁfﬁﬁvity/(umg”) 2119.74392.6 1902.7+619.7 1 606.1£223.0 1705.5+390.6 1482.0£232.6  0.700 0.193 0.760
JYr 1 - VE Y ARG
Intestine a-amylase activity 1.5340.17 1.39+0.24  1.36%0.13  0.97+0.21  0.98+0.13  0.123 0.015 0.944
/(U-mg )
E“ B V)|
ff;ﬂﬂ?ﬁfﬁcﬁviwug,l) 1.4040.06 1.73£0.08°  1.60£0.02"  1.54+0.03® 1.73+0.11° 0.018 0.026 0.536
lb v
P?E%%ﬁﬁ?/gi%ﬁ it 444.86%+33.68  432.68+29.54 445.68+17.98 484.21+37.00 450.95+13.16 0.794 0.540 0.802
JHERE 3 ST SR
C Aﬁfﬁﬁirfumn{z% 39.59+7.73 46.3246.51  41.83%3.32  50.94+4.31  48.0240.49  0.494 0.174 0.792
FFHE S5 RALRE ] 0.33+0.03 0.20+0.02  0.25+0.02  0.2440.01  0.25+0.04  0.063 0.125 0.061

T-AOC of liver/(mmol-g™")

ol o X

(NN TV i ER i S AR

JKF R EIEERES TR HE Bl - (

Oz »

400x, ZLPERER ML =S 1AL IRR)

Fig. 1 Hematoxylin-eosin (HE) stained liver sections of juvenile T. ovatus fed with reference and experimental diets containing

different FCSM replacements (400X, red circles represent cytoplasmic vacuolization)
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Fig.2 Contents of serum total protein, albumin, globulin and blood urea nitrogen of juvenile T. ovatus fed with
reference and experimental diets containing different FCSM replacements

Note: Different letters on the bars are significantly different (P<0.05).
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Fig. 3 Species diversity indexes of intestinal flora of juvenile
T. ovatus fed with reference and experimental
diets containing different FCSM replacements
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Fig. 4 Relative abundance of intestinal flora of juvenile

T. ovatus fed with reference and experimental diets containing
different FCSM replacements (Phylum level)
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Fig. 5 Relative abundance of intestinal flora of juvenile
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different FCSM replacements (Genus level)
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Fig. 6 Prediction of intestinal flora function of juvenile T. ovatus fed with reference and experimental diets containing 100% FCSM
replacement (KEGG L2)
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