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1
(Oreochromis niloticus x O. aureu) 11
0 20% 40% 60% 80% 100%
’ , 6 ( 30.7%)
( 18.1 MJ/kg) ,
’ FO ( ) F20 F40 F60 F80 FI100( 1)

F1 REABERKRERKFE

Tab. 1 Composition and nutrient levels of the experimental diets %
ingredient goup
FO F20 F40 F60 F80 F100
soybean meal 20.00 16.00 12.00 8.00 4.00 0.00
" fermented brewer’s grain" 0.00 6.00 12.00 18.00 24.00 30.00
cottonseed meal 10.00 10.00 10.00 10.00 10.00 10.00
peanut meal 10.00 10.00 10.00 10.00 10.00 10.00
rapeseed meal 10.00 10.00 10.00 10.00 10.00 10.00
fish meal 5.00 5.00 5.00 5.00 5.00 5.00
wheat middling 36.00 34.00 32.00 30.00 28.00 26.00
corn oil 4.30 4.00 3.80 3.60 3.40 3.20
VC VC ester 0.02 0.02 0.02 0.02 0.02 0.02
Dcoated lysine (50%) 2 0.10 0.17 0.23 0.30 0.37 0.43
Ycoated methionine (50%)? 0.57 0.55 0.54 0.52 0.50 0.48
dvitamin premix * 0.10 0.10 0.10 0.10 0.10 0.10
Ymineral premix ¥ 0.50 0.50 0.50 0.50 0.50 0.50
Scholine chloride (50%)* 0.20 0.20 0.20 0.20 0.20 0.20
salt 0.20 0.20 0.20 0.20 0.20 0.20
Ca(H,POy), 1.00 1.00 1.00 1.00 1.00 1.00
sodium carboxymethyl cellulose 1.00 1.00 1.00 1.00 1.00 1.00
microcrystalline cellulose 0.99 1.24 1.39 1.54 1.69 1.85
ethoxy quinoline 0.02 0.02 0.02 0.02 0.02 0.02
(% )?proximate composition (% dry matter)
crude protein 30.72 30.73 30.69 30.75 30.77 30.75
crude lipid 5.65 5.68 5.63 5.70 5.70 5.75
ash 6.63 6.06 5.65 5.60 5.54 5.62
phosphorous 0.94 0.87 0.82 0.83 0.81 0.86
/(MJ-kg ") gross energy 18.15 18.10 18.09 18.19 18.12 18.08
i 1) : 37.44%, 5.20%; 2)
, 50%; 3) (g/kg , ): VA, 3200000 IU; VD, 1600000 1U;
VE, 16; VK, 4; VB, 4; VB,, 8; VBg, 4.8; VB, 0.016; ,28; , 16; , 1.28; ,0.064; , 140; ,777.84; 4)
(g/kg s ): ,230; , 36; ,9;,  ,10; L8, , 1.9, 1.5 ,0250; ,0.032; ,0.05;

5) .
Note: 1) Crude protein: 37.44%; crude lipid: 5.20%, Guangzhou Prosyn Microbial Feed Co., Ltd, China; 2) Coated lysine and methionine
(50%), Guangzhou Feixite Aquatic Technology Co., Ltd, China; 3) Vitamin premix(g/kg, Guangzhou Feixite Aquatic Technology Co. Ltd.,
China): VA, 3200000 IU; VD 1600000 IU; VE, 16; VK, 4; VB,, 4; VB,, 8; VBg, 4.8; VB, 0.016; niacin, 28; calcium pantothenate, 16; folic
acid, 1.28; biotin, 0.064; inositol, 140; rice chaff, 777.84; 4) Mineral premix (g/kg, Guangzhou Feixite Aquatic Technology Co. Ltd., China):
Ca, 230; K, 36; Mg, 9; Fe, 10; Zn, 8; Mn, 1.9; Cu, 1.5; Co, 0.25; 1, 0.032; Se, 0.05; 5) Measured values.
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( 50 mg/L
R 50%) MS-222( )
(8] 6
2( -20C ,
[9] 8 , ,
40 , I mL )
, , 1 h, 5400 r/min  4°C 15 min,
) , —80°C
30% , 15 min , ,
1.5 mm ,
50C 10% , 14
,—20°C
1.2 AOACY ,
5 105°C (24 h);
’ , TECATOR 1030
15 4, 550°C (4 h);
24h .
(3.00£0.08) g 540 ’
( IKA-C2000);
: 18 ( 350 L)
30 ’ 3 ’ ( L-8900) ;
60 d 4%~5% 2 (9:30 (ALT) (AST) (AKP)
17:30) L (CHO) (TG) (GLU)
( L-7060)
: (26.6£1.2)C, pH  7.4~7.8, >
5.0 mg/L, <0.01 mg/L (weight gain, WG, %) =100x(W—Wy)/ Wy;
1.3 (specific growth rate, SGR, %d ") =
, 24 h, 100x(InW—InWy)/t;
%2 RARANGLFRERAR
Tab. 2 Essential amino acid composition of ingredients and experimental diets
% dry matter
amino acid fermented brewers’ grain FO F20 F40 F60 F80 F100
Thr 1.54 1.21 1.23 1.24 1.26 1.27 1.28
Val 1.87 1.55 1.55 1.56 1.57 1.58 1.58
Met 0.63 0.6 0.61 0.63 0.65 0.66 0.67
Ile 1.44 1.27 1.26 1.25 1.24 1.23 1.22
Leu 2.84 2.23 2.24 2.26 2.27 2.28 2.29
Phe 1.94 1.51 1.53 1.54 1.56 1.57 1.58
His 0.81 0.71 0.71 0.72 0.72 0.72 0.73
Lys 1.31 1.69 1.68 1.66 1.65 1.64 1.63
Arg 2.25 2.45 2.45 2.45 2.44 2.44 2.43
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(feed efficiency, FE, %) =100x(W\— ,L R (R,L) R
Wo)/F1; , XR,U X
(protein efficiency ratio, PER, %) = , X<R, X_R=0
(We=Wo)/(FIxP);
(survival rate, SR, %) =100xN,/N; 2
(viscerosomatic index, VSI, %) =100x% 2.1
W Wy,
(hepatosomatic index, VSI, %) =100x 60 d ,
Wi W,
(condition factor, CF, %) =100x Wb/Lt3 ;
, 95% (P>0.05)
, Wo (2); W,
(8); 1 (d) FI WG SGR FE PER (P<0.05)( 3)
(g); P (%); No 0~60% |
> M (P>0.05),  F40
W, (8); M (P>0.05); F80
(&) M (8): Lt WG SGR FE PER FO
(cm) F40 (P<0.05), F20 F60
1.5 (P>0.05); F100
SPSS11.0 , (P<0.05) WG FE
(One-Way ANOVA), , ,
, Duncan’s >
P<0.05 + 541% 554%( 1)
(x £ SE) 2.2
[10]
Y=L-UX-R), Y 4

R3I ABMBEBERZAXNERSIESSEKMERFARHEID
Tab.3 Effects of dietary soybean meal replaced by fermented brewer’s grain on growth performance and feed utilization of
hybrid tilapia Oreochromis niloticus x O. aureus

n=3; x+SE
) group
item
FO F20 F40 F60 F80 F100
/g initial body weight 3.04+0.03 3.05+0.01 3.06+0.02 3.06+0.03 3.07+0.00 3.07+0.02
/g final body weight 24.55£0.23°  24.43+0.29" 24.67+0.27° 23.92+0.01° 23.73+0.23" 21.36+0.37¢
/% WG 707.68+7.17°  702.08+10.99"  706.35£12.07*  681.07+6.47"°  672.28+7.43°  594.45+11.65°
/(%-d )SGR 3.48+0.01° 3.47£0.02% 3.48+0.03" 3.43£0.01% 3.40£0.02° 3.23+0.03°
/% FE 79.61+0.79° 79.15+1.11%° 79.94+1.05° 77.13£0.15% 76.41+0.84° 67.60+1.36°
/PER 2.65+0.03" 2.60+0.04™ 2.63+0.03" 2.55+0.01" 2.51£0.03° 2.22+0.04°
/% SR 98.89+1.11  100.00+0.00 98.89+1.11 97.78+1.11 98.89+1.11 100.00:£0.00
(P<0.05).

Note: Values with different superscripts in the same row are significantly different (P<0.05).
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Fig. 1 Relationship between weight gain (WG), feed efficiency (FE) and dietary replacement of soybean meal on broken-line analysis
x4 AEBBEEERZANARTIEEEKNS REAEFRNAFMT

Tab. 4 Effects of dietary soybean meal replaced by fermented brewer’s grain on whole body and muscle composition and
morphological indices of hybrid tilapia Oreochromis niloticus*xO. aureus

n=3; X£SE; % ( wet weight)

. groups
1item
FO F20 F40 F60 F80 F100
moisture 69.89+0.04 69.96+0.53 70.30+0.17 70.77+0.35 69.81=0.28 69.98:£0.49
crude protein 14.98+0.04 15.19+0.39 14.81+0.09 14.77+0.04 14.98+0.06 14.94+0.12
‘Z};g;e crude lipid 10.74£0.18  10.65£0.39 9.78+0.27 10.09£0.14  10.67+0.32 10.310.58
ash 9.77+0.30° 9.78+0.31° 10.64+0.19™ 11.39£0.10° 10.74+0.36™ 11.29£0.43"
moisture 76.62+0.17 77.05+0.05 77.25+0.11 77.28+0.04 77.17+0.13 77.18+0.59
crude protein  17.66%0.15 17.66+0.14 17.27+0.06 17.25+0.12 17.30£0.25 17.23+0.45
muscle crude lipid 1.68+0.01 1.64+0.03 1.610.04 1.59+0.10 1.54+0.06 1.53£0.03
ash 5.91+0.04 6.08+0.30 6.14%0.25 6.03£0.06 6.15+0.09 6.16+0.14
viscerosomatic index, VSI 13.14+0.15 12.63+0.31% 12.73+0.25% 12.91£0.74™  12.9240.95®  12.31+1.29°
hepatosomatic index, HSI 3.02+0.26 2.75+0.21 2.75+0.25 2.71%0.15 2.43+0.21 2.6240.25
condition factor, CF 2.56+0.18 2.26+0.15 2.73%0.19 2.6240.18 2.64+0.17 2.64+0.20
: (P<0.05).
Note: Values with different superscripts in the same row are significantly different (P<0.05).
0~80% (P>0.05)
2.3
(P>0.05)
5 ,
(P>0.05); ALT AST
(P>0.05); CHO TG GLU (P<0.05)
) ) )
(P>0.05); F60  F100 (P>0.05) ALT AST
FO  F20 (P<0.05); GLU
, CHO TG
(P>0.05); , F100 (P<0.05) 40%
(P<0.05), ALT AST FO F20 (P<0.05),
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GLU FO  (P<0.05) (P>0.05)
60% CHO TG 20%~60% | CHO TG GLU ALT
FO F2 F40 (P<0.05), F60 (P>0.05)

x5 ABBEEBKEMMNRRETIESMFE KBRS
Tab. S5 Effects of dietary soybean meal replaced by fermented brewer’s grain on serum biochemical indices of hybrid tilapia
Oreochromis niloticus x O. aureus

n=3;x+SE
groups
item
FO F20 F40 F60 F80 F100
/(U-.LHALT 50.23+1.59¢ 52.73+1.28% 54.53+3.12%4 58.77+1.82% 61.20+1.93% 65.57+4.26"
/(U-LHAST 213.83+£13.58°  225.30+£10.55°  252.30+£12.61%  279.03+14.55"  313.60+18.48"  311.50+17.81°
/(mmol-L")GLU 9.73+0.18° 10.60+0.17" 11.40£0.65™ 11.80+0.23% 11.60+0.66™ 12.13£0.41°
/(mmol-L)CHO 3.10+0.06 3.04+0.05° 3.03+0.02° 2.93+0.08% 2.82+0.07° 2.77+0.06°
/(mmol- L H)TG 3.03+0.07° 2.85+0.15% 2.76+0.17% 2.59+0.14% 2.28+0.12° 2.19+0.03°
/(U-L)ALP 51.93+3.68 52.87+6.51 53.93+1.99 58.30+3.61 60.60+0.96 62.17+1.51
: (P<0.05).
Note: Values with different superscripts in the same row are significantly different (P<0.05).
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2 2
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Fermented brewer’s grain as a substitute for soybean meal in formu-
lated diets for hybrid tilapia (Oreochromis niloticus X Oreochromis
aureus)

LI Xiaoxia, QIU Binchong, LIU Biwei, GAN Lian, PAN Qing
College of Animal Science, South China Agricultural University, Guangzhou 510642, China

Abstract: This feeding trial was conducted to evaluate the effects of replacing soybean meal with fermented brewer’s
grain levels on the growth performance, body composition and serum biochemical indices of juvenile hybrid tilapias
(Oreochromis niloticus * O. aureus). Five hundred and forty juveniles with an initial weight of (3.00+0.08) g were ran-
domly divided into six groups, with three replicates of 30 fish. Six isonitrogenous and isoenergic experimental diets
were formulated to contain different levels of fermented brewers’ grains to replace soybean meal at 0, 20%, 40%, 60%,
80% and 100%, respectively. The experiment was performed for 60 days in anindoor recirculating culture system. The
results showed that there were no significant differences in weight gain, specific growth ratio, feed efficiency and pro-
tein efficiency ratio when the replacement level was 0-60% (P>0.05). When the replacement level was more than 60%,
the growth performance of the fish was significantly lower compared with the control group (P<0.05). Based on weight
gain and feed efficiency by quadratic regression analysis, the best replacement ratios of soybean meal with fermented
brewer’s grain were 54.1% and 55.4%, respectively. The crude lipid contents in the whole body and muscle decreased
as the replacement level increased, while the moisture and ash contents showed the opposite trend (P>0.05). Meanwhile,
the viscerosomatic index (VSI) and hepatosomatic index decreased with increasing dietary fermented brewer’s grain
level (P>0.05). When the replacement level was 100%, the VSI was significantly lower than in the control group
(P<0.05). The activities of aspartate aminotransferase (AST) and alanine aminotransferase (ALT) and the glucose con-
tent significantly increased as the replacement level increased; when the replacement level was more than 40%, serum
ALT and AST activities were significantly higher than in the control group (P<0.05). When the replacement level was
more than 20%, the glucose content was significantly higher than in the control group (P<0.05). In addition, the triglyc-
eride and cholesterol contents were reduced with increasing dietary replacement level; when the replacement level was
more than 60%, serum cholesterol levels were significantly lower than in the control group (P<0.05). Meanwhile, when
the replacement level was more than 40%, serum triglyceride levels were significantly lower than in the control group
(P<0.05). Based on the results of growth performance, body composition and serum biochemical indices, the optimal
replacement level was 54.1%—55.4% for juvenile hybrid tilapias.

Key words: Oreochromis niloticus xO. aureus; fermented brewer’s grain; growth performance; body composition;
serum biochemical indices
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