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Table 1 Composition and nutrient levels of the experimental diets (air-dry basis) %
PUPIEN 14 24 3H 4 4 54

Iji H Items

Control group  Group 1 Group 2 Group 3 Group 4 Group 5
JE} Ingredients
Y Wheat middling 20.00 20.00 20.00 20.00 20.00 20.00
4 Peanut meal 25.00 25.00 25.00 25.00 25.00 25.00
FFK1 Rapeseed meal 12.00 12.00 12.00 12.00 12.00 12.00
kM Rice bran 10. 00 10. 00 10.00 10. 00 10. 00 10. 00
K& ¥ Soybean meal 3.30 6. 60 13.10 19.50 26.10
4B Crude rice bran 8.90 7.90 6.70 4. 60 2.50 0.20
-y Peru fish meal 20. 00 17.50 15.00 10.00 5.00
K&l Soybean oil 2.10 2.10 2.20 2.40 2.60 2.80
£k NaCl 0.10 0.10 0.20 0.30 0.50 0.50
R — =45 Ca(H,PO,), 0. 60 0.80 1.00 1.30 1.70 2.10
FALNHT, Choline chloride 0.10 0.10 0.10 0.10 0.10 0.10
WY R BIR L Mineral premix 1.00 1.00 1.00 1.00 1.00 1.00
YA KR K} Vitamin premix 0.20 0.20 0.20 0.20 0.20 0.20
41t Total 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00
#F:7K 3 Nutrient levels”
7K 43 Moisture 9.15 9.35 9.09 9.27 9.10 9.31
WHEH R CP 33.93 33.87 33.72 33.69 33.81 33.85
s Wi EE 5.50 5.41 5.39 5.52 5.48 5. 44
K4y Ash 9.09 8.60 8.46 8.34 8.06 7.91
ML 4 CF 7.00 6.88 6.70 6.68 6.39 6.26
To A B ¥ NFE» 35.36 35.83 36.36 36. 32 37.07 37.18
M fBe GE/(MJ/kg)® 16. 39 16. 46 16.57 16.56 16.69 16.70
AR Lys 1.65 1.61 1.59 1.53 1.46 1.39
EAR + Bt Met + Cys 1.06 1.02 0. 94 0.91 0.86 0.80
SR AR e 1.18 1.19 1.17 1.15 1.13 1.26
AR Thr 1.10 1.09 1.07 1.09 1.08 1.07
HE R Via 1.39 1.38 1.36 1.34 1.31 1.23
KA MR Arg 2.30 2.34 2.39 2.36 2.50 2.58
4% R His 0.70 0.71 0.72 0.73 0.74 0.76
TLH R Lue 2.13 2.12 2.08 2.12 2.11 2.12
KAAEMR + B Z R Phe + Tyr 1.77 1.81 1.86 1.80 1.86 1.91

D8 F oK R S2{E . Nutrient levels were measured values.

P LR BT AN BRRBR Y (%) =100 — (FHE IR + J5 i + K45 + £F4E) . NFE was calculated using the
following formula: NFE (% ) =100 — ( protein + lipid + ash + fiber) .

B e AP L BAE(MI/kg) = B HE T x23.6 + 18 x39.5 + LEEHY) x17.6, GE was calculated using the
following formula: GE (MJ/kg) = protein x 23. 6 + lipid x39.5 + NFE x17. 6.

1.4 HiELE 224E55 P W R A Tamhane [ T, 3347 5 2 7

K FH SPSS 16. 0 %4 ge it B XA g 4 41| 25490471, Duncan [Gi 050 5 20 ] 25 5 19 g 35 1
s JE AT B &K J7 25 40 B (One-way ANOVA),  #fTZE LA, DL P <0.05 1Eh 25 5 1 3 14 1
T 25 N iE FHLSD L AT SR [ Ry 22 0005 07 AnifE s IR g SR BRI 3ME  dnifE 22 R0R .



10 1

FERTEEHE A R MR AR U T 75 7 % AR AR £ 52 T DR P O ORI AR

1843

2 # R
21 REMBARAIHAAMNTHNERNETE
FamaEKEENTm

RIS 2 AR A B R E AR R R R

M AR LR 2, XA LRI E T
S  (H A R TE B 1 25 % (P >0.05) 525K
TR 100% fioky (15 5 4H) i, R R
2 S0 NEE ST S VS o S WDy a8 o (A | DT DO G
4H11 88.9% .90.9% .90.8% #190.8% .

®2 RERAENERE BEAKER ANYERNEARYE
Table 2 The FI, SGR, FER and PER of fish in experimental groups

2H 5 N K B FiE AR T del sk e R
Groups IBW/g FBW/g Fl/g SGR/ (% /d) FER/ % PER

XTHRZH Control group 5.83 £0.08 46.52 £5.67 59.23 +1.53 3.63 £0.20 68.70 £3.72 2.03 £0.28
1 24 Group 1 5.87+0.15 42.56 +5.42  53.53 +3.53 3.49 £0. 24 68.54 +9.62 2.02 £0.27
2 2§ Group 2 5.68 £0.08 43.12 £7.87 56.76 +£3.49 3.54 £0. 32 65.95 +9.32 1.96 £0.52
3 2 Group 3 5.95+0.05 42.87+1.69 58.38 +£2.10 3.46 £0.06 63.52 +5.56 1.92 £0.42
4 24 Group 4 5.68 £0.03 44.52 £2.09 58.35 +4.29 3.61 £0.09 66.56 +10. 89 1.97 £0.08
5 2l Group 5 5.80 £0.15 38.07+£3.79 52.68 +4.39 3.30£0.14 61.26 +£10.91 1.84 +£0.40

2.2 XEMBRIAAMPHENNTETFE
& AR FE 30, M R4S 80 A0 B3 BE F5 B #2 1

16 4% 2 00 A i S0 oA I 9 ORI I 45
WO 3o B KGRI L) L T, BT A4
B TR AR IR #E 25 (P>0.05) ;)

NETEECS BT R 16 B0 52 AR ) e 4, %) IR 20 i fig 48
Bl e TR 5 41 (P <0.05) s {H N eSS B bt &
R ERAER A ARy LU B 385 i T 7, X B2 P A 45
BT i% 5 (P <0.05),

x3 KRBFHGBPFEIEH . NS EY

Table 3 The HSI, VSI and ISI of fish in experimental groups %
415 Groups JiF A HST P HESE £ VST [ A 45 % 1ST
%} HE2H Control group 1.45 +0.41 7.50 £0.18* 0.74 +0.17°
1 4 Group 1 1.40 £0.53 7.55+0.28" 0.68 £0.21°
2 #H Group 2 1.15+0.04 7.75+0.03" 0.61 £0.50®
3 4 Group 3 1.27 £0.17 7.85+0.43" 0.61 £0.64°
4 24 Group 4 1.17 £0.03 8.22 +0.29" 0.55+0.81"
5 44 Group 5 1.18+0.18 8.70 £0.15" 0.39 £0.11°

ISR B AR AN R NG TR ROR 225+ .3 (P <0.05) o FK[.

In the same column, values with different small letter superscripts mean significant difference (P <0.05).

2.3 REMEBERZAANTHNENNEETEE
HaAKkS BER  EARFKS S ER M

0 A 4 ot (AR A3 AR DT B BRI 43
LR 4 I A 4L R R R T AR A S R
BEEF(P>0.05) ;i X5 1 4K EREERT
X HRZH 5150 2 2H (P <0.05) ;105 3 .4 Fl 5 4135
R & R E KT R 556 1 41(P <0.05)
24 XEHMEBERIAAMGDHNERTETE
FiEa#a ik ELERNZIE

X B2 500 5 i K A AR B L

The same as below.

[ P = R B W R AT P = R R
JE R A HOIR IR 2K &5 L3 50 X IR AL M b
A EE EECH = RS A s TR S
A HARICRFE 2R (P >0.05) ; X FEAL M iE +
HERIRR S i B 3 TR 5 (P <0.05) ¢

30

HESUER SRR E SETEL R/ S
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LR, K EORIXE I E 2 AR A B A B
BIRMEL, 75 20% #0853 1 S8 A ARDRE AR R R ORI B
1 80% Bty , F AR R AR AR R B A R &2 1R
SRS E R T — R = R 30% ~ 50%
(R R AKX T g S DR R 2 A £ R T 4%
PR S A G, 2 B IR £ 28X 5 A R DR Y

HE 5 DAt 1T 122 32 i — BEAR LB e, 5 A R
A LR, 2% B M 40 2 — RO iy S A 3l
S SR RN L A L N E - DNITR
o AN EER I E o SR S N R
A A USRI T 10% 724, X il BB 2R
SRS A B AR N ARDRL AR L T R TR, R
M5 AR + ML & AR A K

x4 RERASEKS BN ZEERSRSEE

Table 4 The contents of moisture, lipid, protein and ash of fish in experimental groups

24 5] Groups JK 4y Moisture & [ 5t Protein A& 5 Lipid JK4y Ash
%} BE4H Control group 75.77 £0. 25" 17.37 £0.31 2.93 +0.16° 1.99 £0.12
1 % Group 1 77.05 +0.20° 17.06 £0.77 2.85+0.77" 2.02+0.11
2 44 Group 2 75.59 +0.47° 17.03 =0. 34 2.80 £0.15% 2.00 £0.43
3 #H Group 3 76.05 +0. 58% 17.06 0. 13 2.76 0. 50" 1.98 0. 35
4 41 Group 4 76.06 £0.56® 17.13 0. 12 2.74 0. 78" 2.01 +£0.37
5 #4 Group 5 76.20 +0.08® 17.12 £0. 51 2.67 +0.10° 2.00 £0.30
x5 MBASKWSAEMnDREROFFELERNESE

Table 5 The contents of biochemical indexes in plasma and serum of fish in the control group and experimental group 5

wER BEA

iLE i I U

2] 02 X7 RN

it N

éfi : GLU/ TP/ CHOL/ TG/ Ca/ PHOS/  JREEmM iﬂ( jgli)
P (mmol/L) (g/L) (mmol/L) (mmol/L) (mmol/L) (mmol/L) T,/(nmol/L) !

X B 2H 8.00 33.10 2.70 2.78 3.57 2.70 2.96 26.73

Control group +0.70 +0.70 +0.14 +0.25 +0.25 +0.12 +0.32 +3.02°

544 8.10 29.50 2.40 2.27 3.30 2.37 3.28 14.90

Group 5 +1.00 +1.50 +0.30 +0.10 +0.22 +0.29 +0.47 +3.47°

KGR A ) v i 0k, 7 A W] 1 X 56 vh
Xf HL AR AR AR R R JE AR — B, RSO
TR B #8153 %) T 8 ( Oncorhynchus mykiss ) F1 K PY
T (Salmo salar) 1) AR 25 15T 6 W5 K 20 F0K
S¥IEEELmC T ARG, HE Y k0
HR Y B BRI K S5 5 B AN 325 E B A R
HOR SR AR ok Lo ) B T, A s D i
R S T8 205 I IR 96 B0 BUAR W) & %, TN
JUE i B0 BE A5 DR SRR A 0k ) B T B
o 3 S e B A Rk Hp O ORI AR R L B T
HARNE T A& S TR RE ) T RE .

MR R A DR Hh Ry J T 8 B ( Di-
centrarchus labrax) 1 5 B 5 ) ( Carassius auratus
gibelio) Il 3% v iy JIB [ B 2 & 5 90 B AR
T BRI M W AR 2 Sl Ak P Y

PR S &, B Ry P RS R - 5
MRATEC " o AEASR IR, 2K TR 58 A B AR £
IR | S (A A o = B T I RN T
Y Rl 5 R Y — s R U A, R ) a3 e
RIWR G EEE TR, RURTHMPPERRA
TFoERm 7w 2 AR A AR K S R ORI — A
HERER, XWA NKREHEMN 20% ~80% faky
(1) o 2 £ 1) A R R ] 5 3 4 R 58 I B4
KRR B — 2P IR, R OB ERE FH i
PR AR 1 it PR RO R T B R B R AR, A
FERWEAN TR AL AR D5 F0 8 H 5 5 4k 5 3T
o AR & — P AR A 4 o0 25 R Y B 5, % 48
KREB &R EFAH WIS SRES BB S5 56 B
i BRFNAR S5 AR B TR R e 2% S W, AT R
I3 iy & i 26 g ) T T 2 R 3 BB AR K
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Evaluation of Soybean Meal as a Substitute for Fish Meal in Practical
Diets for Juvenile Genetic Improrement of Fanned Tilapia

ZHAO Haixiang FENG Jian® NING Yi PAN Yanyun ZHAO Hualin
(Institute of Aquaculture, Guangxi University, Nanning 530004, China)

Abstract: This experiment was conducted to evaluate the effect of soybean meal (SM) as a substitute for fish
meal (FM) in practical diets for juvenile genetic improvement of fanned tilapia ( GIFT). A total of 360 fish
with an average body weight of (5.80 =0.17) g were randomly divided into 6 groups ( control group and 5
experimental groups) with 3 replicates each, and each replicate contained 20 fish. Six diets were formulated to
be isonitrogenous (33.8% ) and isoenergetic (16.50 MJ/kg). The diet with 20% FM and without SM served
as a control group diet. Five experimental diets were supplemented with FM replaced by 20% , 40% , 60% ,
80% and 100% SM, respectively. The experiment lasted for 60 days. The results showed as follows: 1) the
feed intake ( FI), specific growth rate ( SGR), feed efficiency ratio ( FER) and protein efficiency ratio
(PER) of fish fed diets supplemented with SM instead of 20% to 80% FM were similar to those of fish fed the
control diet. When SM was used instead of 100% FM, those indexes were decreased by 10% approximately,
but no significant differences were found between the control and other experimental groups (P >0.05). 2)
No significant differences in carcass protein and ash contents were found among all treatments (P >0.05). 3)
With increasing the proportion of SM instead of FM, lipid content and intestinalsomatic index (ISI) were de-
creased (P >0.05) and viscerasomatic index ( VSI) was increased (P >0.05). The diet supplemented with
SM instead of 100% FM had significant effects on ISI and VSI compared with the control diet (P <0.05). 4)
The contents of total protein ( TP), cholesterol ( CHOL) , triglyceride ( TG), calcium ( Ca), phosphorus
(PHOS) in plasma of fish fed diet supplemented with SM instead of 100% FM were lower than those of fish
fed the control diet (P >0.05), and the content of thyroxin in serum was significantly lower than that of fish
fed the control diet ( P <0.05). The results indicate that SM can be replaced up to 80% FM in practical diets
of GIFT. But the anti-nutritional factors and suboptimal levels of essential amino acids ( Lysine and
methionice + cystine) in SM may be major negative effects on growth and feed conversion ratio of GIFT. [ Chi-
nese Journal of Animal Nutrition, 2011, 23(10) .1840-1846 |

Key words: soybean meal; substitute; fish meal; growth efficiency; genetic improvement of fanned tilapia
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