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’ 1
: 1.1
[5-6] 1
[7-91
, 0 20% 40% 60% 80% 100% :
, 6 ( 30.3%)  (
[10] 18.0 MJ/kg) , DO(
, ) D20 D40 D60 D80 D100
. (
, , 50%)
[11]
F1 AREHHEFRKTIREERESE
Tab. 1 Nutrient levels and amino acid composition of feed ingredients % dry matter
items soybean meal rapeseed meal peanut meal wheat middling cottonseed meal fish meal  brewer’s dried grain

amino acid composition

Asp 5.10 2.44 5.91 0.74 3.91 5.32 1.85
Thr 1.77 1.51 1.28 0.41 1.34 4.68 1.04
Ser 2.15 1.48 2.30 0.63 1.80 2.48 1.22
Glu 8.51 6.34 10.30 4.52 9.01 9.02 4.89
Gly 1.99 1.83 3.24 0.60 1.80 4.32 1.06
Ala 1.99 1.61 2.07 0.48 1.65 4.25 1.22
Val 2.29 1.85 2.12 0.68 1.95 3.51 1.27
Met 0.29 0.23 0.28 0.16 0.35 2.56 0.54

Ile 2.13 1.38 1.75 0.50 1.32 3.06 0.94
Leu 3.49 2.46 3.34 0.96 2.46 5.00 1.86
Tyr 1.26 0.76 1.49 0.24 0.96 2.31 0.88

Phe 2.24 1.38 2.50 0.66 2.31 2.66 1.25
His 0.97 0.78 0.95 0.34 0.98 1.56 0.48
Lys 2.83 2.05 1.87 0.44 1.85 5.11 0.77
Arg 3.14 2.01 5.80 0.66 5.01 3.68 1.46
Pro 2.25 2.13 2.05 1.41 1.51 3.32 1.89

nutrient levels

protein 46.30 35.99 53.83 15.60 53.77 67.23 24.90
lipid 1.49 2.34 0.72 1.84 0.80 7.87 3.10
ash 6.33 6.99 5.51 2.64 7.81 12.30 5.32

phosphorous 0.65 1.02 0.82 0.39 1.29 2.03 0.38
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40 , 1.5 mm
, ,  50C 10%
, : , —20°C
30% s 15 min 2
F2 RWERERRERKTE
Tab. 2 Composition and nutrient levels of the expetimental diets %
ingredient gomp
DO D20 D40 D60 D80 D100
soybean meal 20.00 16.00 12.00 8.00 4.00 0.00
" brewer’s dried grain” 0.00 10.00 20.00 30.00 40.00 50.00
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 30.00 24.00 18.00 12.00 6.00
corn oil 4.30 4.10 3.90 3.70 3.50 3.30
vC VC phosphonate ester 0.02 0.02 0.02 0.02 0.02 0.02
Icoated lysine (50%)” 0.10 0.22 0.32 0.42 0.52 0.62
2 coated methionine (50%)” 0.80 0.70 0.62 0.52 0.50 0.40
dyitamin 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
choline 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,POy4), 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 0.76 0.94 1.12 1.32 1.44 1.64
ethoxy quinoline 0.02 0.02 0.02 0.02 0.02 0.02
(% )?proximate composition (% dry matter)
crude protein 30.58 30.53 30.35 30.22 30.41 30.34
crude lipid 5.68 5.53 5.61 5.58 5.61 5.51
crude ash 6.87 7.22 7.56 7.69 7.81 8.33
total phosphorous 0.97 0.91 0.86 0.85 0.82 0.80
/MJkg ") GE 18.10 18.06 17.99 17.98 18.10 18.10
Thr 1.21 1.24 1.26 1.28 1.30 1.32
Val 1.55 1.56 1.56 1.57 1.58 1.59
Met 0.71 0.71 0.71 0.7 0.73 0.72
Ile 1.27 1.26 1.25 1.24 1.22 1.21
Leu 2.23 2.24 2.25 2.26 2.27 2.28
Phe 1.51 1.50 1.48 1.47 1.45 1.44
His 0.70 0.68 0.66 0.63 0.61 0.59
Lys 1.69 1.69 1.69 1.68 1.67 1.67
Arg 2.45 2.38 2.31 2.23 2.16 2.08
0 1) . 24.9%, 3.1%; 2)
s 50%; 3) (g/kg s ): VA , 32000001U; VD, 16000001U; VE, 16;
VK, 4; VB4, 4; VB,, 8; VBq, 4.8; VB3, 0.016; , 28; , 16; , 1.28; , 0.064; , 140; , 777.84; 4)
(g/kg s ): ,230; ,36; ,9;, ,10; ,8 ,1.9; ,1.5; ,025;  ,0.032; ,0.05;5)

Note: 1) Crude protein: 24.9%; crude lipid: 3.1%, Guangzhou Zhujiang Brewery Group Co., Ltd, China; 2) Coated lysine and methionine
(50%), Guangzhou Feixite Aquatic Technology Co., Ltd, China; 3) Vitamin premix(g/kg, Gruangzhou Feixite Aquatic Technology Co. Ltd.,
China): vitamin A, 3200000 IU; VD, 1600000 IU; vitamin E, 16; VK, 4; VB, 4; VB,, 8; VB, 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, Gruangzhou 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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1.2 (T-AOC) (SOD)
, T-AOC
(OD) 0.01 1
15 d, SOD SOD
24 h 50% 1 SOD
(3.00+£0.08) g 540 1))
, 18 ( 350 L), (weight gain, WG, %) =100x(W—Wy)/Wy;
30 , 3 , (specific growth rate, SGR, %d"') =
60d 4%~5% 2 (9:30 100x(InW—InW)y)/t;
17:30) 1, (feed efficiency, FE, %) =100x (W—
Wo)/FI;
’ (26.6412)C. pH 7473, - (protein efficiency ratio, PER, %) =
(W=Wo)/(FIxP);
5.0 mg/L, <0.01 mg/L (survival rate, SR, %) =100xN,/Ny;
13 (viscerosomatic index, VSI, %) =100xW,/W,,
’ 24 h, (hepatosomatic index, VSI, %) =100x
50 mg/L W/ W
MS-222( ) (intraperitoneal fat index, IPF, %) =
6 , 100X Wy Wy,
-20°C , (condition factor, CF, %) =100xWy/L; ;
8 : » Wo (8); Wi
, 1 mL : (2); ¢ (d) FI
1 h, 5400 r/min 4T 15 min, (2); P (%); No
, —80°C ;M 5 Wy
, , (8); W (8); Wi
(8); Wy (8); Lt
1.4 (cm)
1.5
AOACM , SPSSI11.0 ,
105°C (24 h); (One-Way ANOVA),
, TECATOR 1030 , Duncan’s ,
; ; P<0.05 +
550°C (4 h); (x £ SE)
( IKA-C2000); (3]
( L-8900) ; Y=L-U(X-R), Y
(ALT) (AST) ,L R (R,L) R
(CHO) (TG) (GLU) , X RU X
( L-7060) , X R, X-R=0
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2 , , DO
P>0.05);
2.1 ( )
40%,
WG SGR FE PER

(P<0.05); , D8O D100

3
979 D60 (P<0.05) WG
(P>0.05) FE ,
, WG SGR FE  PER ,
(P<0.05) 0~40% 27.0% 28.9%( 1)

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

n=3;x £ SE
group
item
DO D20 D40 D60 D80 D100
/g initial body weight 3.01+0.03 3.07+0.04 3.06+0.02 3.07+0.02 3.06+0.05 3.05+0.03
/g final body weight 24.17+0.19° 23.70+0.69° 23.21+0.38* 21.46+0.08° 19.35+0.39°¢ 18.48+0.47°¢
/% WG 702.75+2.14*  673.07+£31.07° 658.44+10.48% 599.59+6.98° 533.25+18.47¢ 503.19+11.30°¢
/(%-d")SGR 3.47+0.01° 3.41£0.07° 3.38+0.02° 3.24+0.02° 3.08+0.05° 2.99+0.03°
/% FE 78.36+0.52* 76.31+2.74* 74.53+1.34* 68.04+0.36° 60.27+1.55°¢ 57.04+1.61°¢
/PER 2.60+0.02° 2.51+0.09* 2.46+0.05° 2.23+0.01° 1.98+0.05°¢ 1.88+0.05°¢
/% SR 97.78+2.22 98.89+1.11 100.00+0.00 100.00+0.00 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).
800 o 90 rg
700€ 80 4
X 600 —’\‘\0\‘\’ S 70 _\
S 500 F @ 60r
= ) 550 -
ol 400 Y=687.9-2.6(X-27.0), R*=0.89 $< 40 L v -
& 300 | (X=27.0)=0 when X<27.0 5 ¥=77.3-0.3(X=28.9), R"=0.91
Hm = 30+ (X-28.9)=0 whenX<28.9
= =
200 20 +
100 10 F
00 10 20 30 40 50 60 70 80 90 100 0 0 10 20 30 40 50 60 70 80 90 100
BIUKTFE% B %
replacement level replacement level
1 (A) (B)

Fig. 1 Relationship between weight gain (WG) (A), feed efficiency (FE) (B) and dietary replacement of soybean meal on broken-line analysis

2.2 , D100
DO  (P<0.05),
0~80%
4 (P>0.05);
,D80 D100
(P>0.05); DO D20 D60(P<0.05)
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(P>0.05); DO

: (P>0.05); D100  (P<0.05) ,
, (P>0.05);
D100 DO D20 , (P<0.05);
(P<0.05), (P>0.05) D40  , DO
, (P<0.05)

x4 THREESKREZHNERETIFESEMSFRIKEREZNE
Tab. 4 Effects of dietary soybean meal replaced by brewer’s dried grain on whole body and muscle composition and mor-
phological indices of hybrid tilapia Oreochromis niloticusx0. aureus

% wet weight); n=3; X = SE

) group
item
DO D20 D40 D60 D80 D100
moisture 70.15£0.22  70.21%0.65 70.28+0.53 70.38+0.52 71.53+0.68  71.63+0.80
crude protein  15.00+0.09°  14.99+0.05®°  14.93+0.05°  14.88+0.07*®  14.73+0.09°  14.60+0.10°
whole body crude lipid 10.45+0.41°  10.04£0.37" 9.80+£0.49" 9.98+0.47" 9.274£0.24"  8.85+0.29"
crude ash 9.77£0.23°  9.87+0.49" 10.77£0.37®  10.34£0.54™  11.64+0.27*  11.64+0.37°
moisture 76.89+0.53  77.47+0.25 77.54+0.06 77.56+0.21 77.49+0.23 77.60+0.14
crude protein ~ 17.70£0.45  17.27£0.19 17.23+0.10 17.17+0.15 17.14£0.12 17.15+0.14
muscle crude lipid 1.70£0.04"  1.62+0.08" 1.51£0.02™ 1.55+0.04™ 1.51£0.04™  1.42+0.03°
crude ash 5.95+0.18 6.14+0.16 6.27+0.28 6.15+0.10 6.37+0.22 6.40+0.04
viscerosomatic index, VSI 11.650.45°  11.95£0.19"  12.04£0.17"  12.19£0.08"  12.22+0.30"  12.98+0.67°
hepatosomatic index, HSI 2.28+0.16 2.04+0.19 2.08+0.03 1.90+0.22 1.71+0.35 2.10£0.75
intraperitoneal fat index, IPF 2.28+0.10 2.15+0.10 2.09+0.23 2.05+0.20 2.04+0.25 2.04+0.30
condition factor, CF 2.7740.24°  2.29+0.16" 2.32+0.20° 2.16+0.19° 2.09+0.03° 2.05+0.14°
(P<0.05).
Note: Values with different superscripts in the same row are significantly different (P<0.05).
23 T-AOC (P<0.05),
D20 (P>0.05) DO
SOD , (P<0.05)
5 20%~60%
, CHO T-AOC SOD (P>0.05),
TG , SOD D80 D100 (P<0.05)
(P>0.05) ALT AST 3
, GLU
(P<0.05) D100 ALT AST )
DO D20 D40 (P<0.05), 2
D60 D80 (P>0.05) DO )
AST , (P<0.05) Bl .
DO D20 D40 GLU )
(P<0.05), (P>0.05) ) )
)
T-AOC  SOD (P<0.05) D20 , DO [14-15] [16-17]
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x5

FEBEEEREMMNREFTFaMBENERRNEKENHEMN

Tab. 5 Effects of dietary soybean meal replaced by brewer’s dried grain on serum biochemical indices and antioxidant ca-
pacity of hybrid tilapia Oreochromis niloticus x O. aureus

n=3; x £SE
. group
item
DO D20 D40 D60 D80 D100
/(U-LHALT 33.37+1.64° 34.87+0.87° 35.40+1.19%  36.43+2.74  40.87+1.31°®  42.23+2.36"
/(U-L"HAST 250.83+12.87°  287.53£10.65° 287.83+8.40° 341.00+11.48* 342.13£7.08° 358.23+10.43"
/(mmol-L )GLU 13.03+0.42° 13.17+0.29* 13.17+0.29* 10.93+0.24° 10.50+0.21° 8.73+0.09°
/(mmol-L)CHO 2.97+0.08 2.87+0.10 2.77+0.14 2.71£0.09 2.68+0.10 2.68+0.07
/(mmol-L TG 2.64+0.01 2.61+0.07 2.60+0.05 2.59+0.17 2.46+0.17 2.30+0.14
/(U-mL")T-AOC 5.06+0.17° 4.52+0.07% 3.91+0.27% 3.78+0.29% 3.57+0.32° 3.49+0.18°
/(U-mLI")SOD 56.51+0.89* 52.98+0.76" 51.42+1.05°  51.26+0.87° 48.25+£0.71°  47.82+0.72°
: (P<0.05).
Note: Values with different superscripts in the same row are significantly different (P<0.05).
DDGS[IS] [19-20]
b b
, , , (Platichthys
(1ol stellatus)[zs] DDGS (18]
b b
b b
0~40% ,
b 2
, (Cyprinus
carpio carpio) (21-22] s (25-26] (18]
b 2
2 2
[23-24]
40% R R
b
b
b b b b
27.0%~28.9%, R R
[27]
b bl
b
, [26] (Schizothorax

prenanti)[2

8]

b
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Brewer’s dried grain as a substitute for soybean meal in formulated
diets for hybrid tilapia (Oreochromis niloticus % O. 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 brewer’s dried grain
levels on the growth performance, body composition, serum biochemical indices and antioxidant capacity of juvenile
hybrid tilapias (Oreochromis niloticusxO. aureus). Five hundred and forty juveniles with an initial weight of
(3.00+0.08) g were randomly divided into six groups with three replicates of 30 fish. Six isonitrogenous and isoenergic
experimental diets were formulated to contain different levels of brewers’ dried grains to replace soybean meal at 0,
20%, 40%, 60%, 80% and 100%, respectively. The experiment was performed for 60 d in an indoor recirculating cul-
ture system. The results showed that there were no significant differences in weight gain, specific growth ratio, feed
efficiency and protein efficiency ratio when the replacement level was 0-40% (P>0.05). The growth performances of
the fish were significantly poorer in 60%, 80% and 100% groups (P<0.05). Based on weight gain and feed efficiency of
broken-line analysis, the best replacement ratios of soybean meal with brewer’s dried grain were 27.0% and 28.9%,
respectively. The crude protein and lipid contents in the whole body and muscle decreased as the replacement level in-
creased. When the replacement level was 100%, the crude protein and lipid contents in the whole body were signifi-
cantly lower than those in the control group (P<0.05). In addition, the viscerosomatic index (VSI) of the fish decreased
with increasing dietary brewer’s dried grain level, as did the condition factor (P<0.05). The activity of alanine ami-
notransferase (ALT) significantly increased as the replacement level increased; when the replacement level was more
than 60%, serum ALT activities were significantly higher than those in the control group (P<0.05). Aspartate ami-
notransferase activities significantly increased as the replacement level increased (P<0.05). The glucose contents were
significantly reduced with increasing dietary replacement level (P<0.05). The serum total antioxidant capacity (T-AOC)
decreased with increasing dietary brewer’s dried grain level; when the replacement level was more than 20%, the
T-AOC was significantly lower than that in the control group (P<0.05). Serum superoxide dismutase activities signifi-
cantly decreased as the replacement level increased (P<0.05). Based on the results of growth, serum biochemical indi-
ces and antioxidant capacity, the optimal replacement level was 27.0%—-28.9% for juvenile hybrid tilapias.

Key words: Oreochromis niloticus XO. aureus; brewer’s dried grain; growth performance; body composition; se-
rum biochemical indices; antioxidant capacity
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