KA E W

FA3EHSM Vol.43, No.5
2019 £ 9 A ACTA HYDROBIOLOGICA SINICA Sep., 2019
doi: 10.7541/2019.117
TR E B RN K ET RIS E a4 Kt EE
AT B 2H 2R 2549 B 52
A RENR NRE BRERHA FEHN OB & Emw EASE

(1.

I~ AR g KRB RN PR A 7 &8 UK AT 70 G, A 3 A 25 VR FR B8 R FH B A S8 =2, ¥ K P S 98B, 19 511400
2. H [ BL 2B K A AR W A AT, I 430072)

HHEE: B (Clenopharyngodon idella)% TR /KAL G PRI B8 77 5348 T M i, BRIGAR Fitmok b &9 5 8 A 1)
A EL AT FH 9% 28 2 iR e 0l 7 S (O B IR AR . SEIR R 1 AR (460 @) B A AR (1970 @) T k)
FBASHBKEAYIMEAEH KRR, SZIRK 23480 F 256 35 th, Semt—: ool 5 a2 AN FE R B
JEN25%H135%, 4R FIR6E N22% 24%. 26%A1128%, FE8ANKEFH; 5Bt —: KA B AR 2N ek B
H30%K140%, 4R FARRIE N18% 20%. 22%F124%, JL8ANbFE . TES6d SRR M o, L6 45 R oR: 1 #L
e LA 1) AR KA R A TR K BT EE B, 7E28% 8 /K 4HIA B 151(P<0.05), H/NEZBE 7K
35%LH A KM RS 0 3 18 T 25 %2 (P<0.05); KIS B 6 (1 A K 1 B B B & 1RDRL AR K 7 i 3 B,
HHKTRT20% S5 2 57 A 835 (P>0.05), H/NEZIER7KT-40% 4 AR KM A 35 51 T-30%4.(P<0.05). [
I, rF AR N AR B TR 43 VS 135 % 140 %0 /N 22 JiE Ky INF AN 2 Xof B #81 F J Ik 2L 23 o P S 1) 7L T S

EH UG AT DL, 75 S 26 PE T, A IR R RIS 5 £ 43 B LE ARDRL /N 2 8 K 7K 7 35% R140% LAY I, BT LA b )

VEAR T LI PDREER 11T AN AR 2 23453475

KPEIR: A RO, ek, KR
FE 5 2S: $965.1 CHERFRIRAD: A

¥ (Ctenopharyngodon idella) &3 [E i B
() — b B PEVR K TR B L i, £ 1 4 [ BT ROk 97
SRR RI20% DA . BORAE SE A E SR T R N
BEFAE20H R 704EACR TR 4G 71, HE I E R FH R
(IR 98 K 2 4 P PE A RE S A4l s BT, Bt g
AR, e BT AURS AEAN I XA BN % 7,
AR . U, AT IS 3750 g/ REI AT |
T, T 2 Hoh X Bt 4R 5 7508 B3 1500 g/ B 1 b
We T R i R I 2 Ry SR, AR
A TR vh R RIS B 08 5 75 SR AR 9T

TRPRL R 2 R M 1 2R A A BE A e B R R R
5 7 b AR R B A P ) e . IR
KA, BRI E A GEW SV AE A & B
M HREEAGTEL R, 2 ERENA RN
Y R R AR R R, D T R R

ks B HA: 2018-04-09; 1817 HHEA: 2018-10-15

JHF AT 4H 2R 2%
X EHS: 1000-3207(2019)05-0983-09

TR R & T WL 0 20 43 BT Al s B LR, 3R
WA 06 TR 5 a3 X RE B VB (S 0 R B K AL &
PN RIFI S, R S R AR S R, SR
ST [ B A A e S FC A R B S e T
ST A 20 £ R P 7 008 T 2 R0 A A £ 2
— Z 5 BT 90 AR IIE D2, B A ) B 0 B K AL
AR B 7B S TR . LR TR
TRAGA 5 TR (R AR FH 6 2 R A v B T
S () TR AR

R () SCHRROE, 7E I8 5 KT B 5 (T4 TR
TR A GBS R EEA 2R TR, H—
R WEE B KT (42 2 R AR B K AL & KT,
Wt RESRIBN FEAFROFRD S, KR
IR BRI T sk s ue i Y, B L
AT SRl BT 9 1k B K R 1 AR I 2 1 K

BEEWB: | AE L ERITE 4L 1(172232) % B [Supported by the Special Project of Guangdong Post-doctoral Research Fund

(172232)]

PEET T HAM1982—), 2, LRI 1+ L ZRFILT7 F 2K S0 E SR

E-mail: dongxiaolin01@163.com

BIEEE: BEM1967—), I, LA, 8Ly EEWTFTT RS ME I7 SRR AT & . E-mail: qxq@haid.com.cn


http://dx.doi.org/10.7541/2019.117

984 K& A& Y ¥

43 %

3, XA SR T N — W —Fh @ik it FHik
RIS RN T 4ERE— AN I RE R K
0 TR) B J I o 28 i 1 R /K AL & Pk B (B 7 B 1
X AR GE R, AR X B = e ) . ESERESRME R
W78 L S KA S P 1) 0% & 2 0 2808 77 75 SRt
FUIE B AR, HAE T N AEWIRE & 2% 00 A R
T RFERINT M o E 2 X LB RO 72 43 41 R B,
SR8 BT AL T AN ) S ML AR B AR K e AR
Ko Mk, ASCERAH —AMREE R RE KT R
e Ry 0 &, 8 X A I s e TR I A SR A
BRI AR RN R E R R T RAKFUAERS
AR EVRAEEAER KR

AW FE 53 51 CA A R (460 g) £ R
(1970 g) B B 7o R, B e valkl B E A K AL
B WNIKPHF 24 A K i B B A KRR 5
M, DA A o KOS () £ 7 i DR G 7 46 2 b

PR o
1 #RERE

11 WG SwiER

AW FEHK FH2 <4 RUA Bt E2 IR A K
£ 1 BHEA60 g & STIRIEL 5 R B F LA 5 (% MURTAE R 5 AE)

Tab. 1

SRR EANE AR . SEE—: Y460 g/
1) R RIS £ PR 2N VE K o FE 1 25% A135%, 448
ERREE N22%. 24%. 26%F128%; SZif —: ¥) &
1970 g/ B 1 K FIAK B A0 (19 24N U A 86 FE D 30% A
40%, 4N EE FARERE N18%. 20%. 22%H124%. ik
FA a0k AVER O B TR, R 5 2 R T R, /)
FVER N E TR . LI — IR IR TR, 5K
B BT AN 2FT s . BT SRR SR T A
JERE, AME 0 AR S B & BoR BHE A 5 30 B M7,
DURE W I PR A 150« ARG 18 IE B 25078 s ki
HUREATECRIE 7=, AHIRE80—90°C, EiRAE G
HIRRI423.0 mm, K 0.5 em RS2 KL, SR 5 A A
SRR} P I 0, B A B R AT A
1.2 LHESFEEE

SEES T AR R A PR 4 ] & AR
W 7T O FOTREIRS B SR A B b AT . 78 1E SR 5
Dl ARG P o 4 T R Mt K XA R T 9,
TR A . BFIR IS H G, X SEi
PUR24h, Bk ks e R — S0 B B HL 2
21, T RIRK B A8 [ EE (460+1.7) g/ R 1EE A 502,
IR B [9) EE(1960+4.5) g/ R 1D AH20 2 .

Formulation and nutrient contents of experimental diets of medium-size (460 g) grass carp (% air-dry basis)

J7 EHngredients (%)

Tal £ Diet

28P/25S  26P/25S 24P/25S 22P/25S 28P/35S 26P/35S  24P/35S 22P/35S

/INZEE Ky Wheat starch 25 25 25 25 35 35 35 35
T HISoybean meal 29 29 29 29 29 29 29 29
163 Fish meal 242 21 17.8 145 242 21 17.8 14.5
Zi¥% Unite bran 15.6 18.6 21.5 245 5.6 8.6 115 145
K JHSoybean oil 2.1 2.3 2.6 29 2.1 23 26 29
Y TR B Vitamin premix’ 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
i & BURH Mineral premix’ 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
HAh4H 53 Others 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4
k2% 4H 4> Chemical compositions (%)

/K43 Moisture 8.8 9.1 10.1 8.9 9.2 9.3 8.5 9.2
#H% 1 Crude protein 27.88 26.15 23.85 21.73 28.24 25.93 24.05 2227
HE Wi Crude lipid 472 4.62 4.62 4.62 4.74 4.65 4.65 4.64
K4y Ash 11.0 10.9 10.9 10.7 9.9 9.8 9.9 103
Y Starch 29.52 30.35 30.86 30.39 36.10 36.73 36.03 37.56
A 1 1L R Digestible energy” (kJ/g) 1216 1195 1177 1158  13.11 1290 12,72 1253

VE: L 4EAE R TURY (mg/kgliEl): 484 KB, 20; 484 5 B,, 20; 44 KB, 20; 4E4E KB, 0.020; MR, 5; 2 BR4S, 50; WLEE, 100,
2, 100; 2EWER, 0.1; JERT, 645.2; 44K C, 100; 4E2E KA, 110; 445 KD, 20; 44 KE, 50; 4E4E KK, 10; 2. 5 ) BRI (mg/kgla k)
NacCl, 500; MgS0O,:7H,0, 4575.0; NaH,PO,-2H,0, 12500.0; KH,PO,, 16000.0; Ca(H,PO,), H,0, 6850.0; FeSO,, 1250.0; C¢H,,CaO4-5H,0,
1750.0; ZnSO,-7H,0, 111.0; MnSO,-4H,0, 61.4; CuSO,4-5H,0, 15.5; CoSO,-6H,0, 19.02; KI, 178.33; L KiTHr, 6253.33; 3. i+ 5 1H

Note: 1. Vitamin premix (mg/kg diet): thiamin, 20; riboflavin, 20; pyridoxine, 20; cyanocobalamine, 0.020; folic acid, 5; calcium
pantothenate, 50; inositol, 100; niacin, 100; biotin, 0.1; Starch, 645.2; ascorbic acid, 100; Vitamin A, 110; Vitamin D, 20; Vitamin E, 50;
Vitamin K, 10; 2. Mineral premix (mg/kg diet): NaCl, 500; MgSO,-7H,0, 4575.0; NaH,PO,42H,0, 12500.0; KH,PO,4, 16000.0;
Ca(H,PO,),"H,0, 6850.0; FeSO,, 1250.0; C4H,,CaO¢ 5H,0, 1750.0; ZnSO,4 7H,0, 111.0; MnSO,4-4H,0, 61.4; CuSO,-5H,0, 15.5;

CoS0O,4-6H,0, 19.02; KI, 178.33; Corn starch, 6253.33; 3. By calculation
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PG RS 92 mx2 mx2 m, B AL R B3 E 6. 2515 B E & & . KR A & IR (Sox-
5. 7ESu WIaE R A SR EACT & RT7:00. tec System HT6, Tecator, Hoganas, Sweden)Jll i€
12:00. 17:004 M3 7, R ESE AR RS NE, &R %E ROy E B D o IP TR S50 C R EE EI E . JEH
ZINRE1.6%—2.0%, FRESEN W56 55 3% A F KHGB/T 5009.9-2008 11 /7750 %€ » W VH AL AE AL
RF o SIZIG 1) A5 FE W I B K RS L, AR = ORE IR R A AR BN T ST OR: KA &N
0.2—0.6 mg/L, ¥ % kT4 mg O,/L, pH 6.7—7.0. 4.0 keal/g, & )5 44.0 keal/g, JEI7 49.0 keal/g" .

SEIG HH R A 7K IR N26—33°C . 1.4 HURAMER Gt
1.3 SKIGBURE R AT S5 11 ) 2% K fA 5 (Final body weight, FBW).

FRAES6d ), 15 MEd, TR H 7:005%5 % W 4 1) 51 5 58 A K (Specific growth rate, SGR). 1 H %
It AT AR R RRE, JRIE ARSI R . RS (Weight gain, WG). 1A%l 5% (Feed conversion ra-
AN X R PR ade 2 B2 S 56 f, FH BY A2 4T FF RE tio, FCR)HJTH A X R

i, MR B8 B I 0 2% 1 em b REZ) 1 emx KRR E(FBW, )=&K S H/ RS
1 em K/NFIFFREALZR, 37 R E T 4% B BS 7 0 [ K E A K FE(SGR, %/d)=100%x (In a4k K 5 —
SE, AR5 IR SIS = 4 R LA 2 Y) v EAT InflL FRA] H )/ R E
K. A3 Y5 MHEY (O (5 AR RS - 41), 78 ¥ E R (WG, %)=100%x (ff 4k &K - 44 4]
BT TR EH S SR )/ ARy E

S AR REE 7R 2 43 (R E SR HTAOAC(1995) (1) Tk R B(FCRy=H5% & &/ (kK B AV &)
ik KA S EAE105SCH A Rt = E E e . A S8 Kt ULT S (B 7 E 1% (Means+SE) R R,

A E B RHIIKE &% (Kjeltec 2300 Analyzer, FiT A 5256 $04 °K F Statistical2.5 for WindowsiE 47
Foss Tecator, Sweden) 72 £ i 7 & &, S8 J5 3R LA MR 2 77 2 53 1 (Two-way ANOVA), HDuncan X
F2 AMIR1970 9 E & LI /5 REFRE T (% AR TFH R E L)

Tab.2 Formulation and nutrient contents of experimental diets of large-size (1970 g) grass carp (% air-dry basis)

JikHngredients (%) PRI Diet
24P/30S  22P/30S  20P/30S  18P/30S  24P/40S  22P/40S  20P/40S  18P/40S

/NFZBENY Wheat starch 30 30 30 30 40 40 40 40
FHiSoybean meal 15 15 15 15 15 15 15 15
4 ¥ Fish meal 28.2 25 21.8 18.6 28.2 25 21.8 18.6
4t ffUnite bran 19.9 22.8 25.7 28.6 9.9 12.8 15.7 18.6
K E 1 Soybean oil 28 3.1 3.4 3.7 2.8 3.1 3.4 3.7
Yi/E Z FUR K Vitamin premix’ 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
"0 & BUE £t Mineral premix’ 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
HAhZH 43 Others 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4
{2220 4> Chemical compositions (%)

/K43 Moisture 8.9 9.2 9.0 8.5 9.1 7.9 8.6 9.0
#1 5 (4 Crude protein 23.77 21.82 20.05 17.92 2421 21.95 20.27 18.21
FH & Wi Crude lipid 4.8 49 49 5.0 4.8 4.9 4.9 5.0
K4y Ash 113 11.4 115 10.9 10.5 10.7 9.9 10.2
JER Starch 28.4 28.9 29.5 30.0 35.3 35.8 36.3 36.9
A {t B Digestible energy” (ki/g) 10.32 10.11 9.90 9.69 10.92 10.71 10.50 10.29

V1L AR R TR (mg/ke i RD): 484 K BI, 20; 4845 B2, 20; 44 KB6, 20; 44 EKB12, 0.020; M, 5; 12 845, 50; HLEZ, 100;
IR, 100; W%, 0.1, 645.2; 4i2ERC, 100; 4825 KA, 110; 4825 KD, 20; 44 KE, 50; 4i2ERK, 10; 2. § 0 FUIRY (mg/ke
#b) NaCl, 500; MgSO,-7H,0, 4575.0; NaH,PO,-2H,0, 12500.0; KH,PO,, 16000.0; Ca(H,PO,),-H,0, 6850.0; FeSO,, 1250.0;
C¢H,oCa0g4-5H,0, 1750.0; ZnSO,7H,0, 111.0; MnSO,-4H,0, 61.4; CuSO, 5H,0, 15.5; CoSO4-6H,0, 19.02; KI, 178.33; T KTk,
6253.33; 3. i+ 1H

Note: 1. Vitamin premix (mg/kg diet): thiamin, 20; riboflavin, 20; pyridoxine, 20; cyanocobalamine, 0.020; folic acid, 5; calcium
pantothenate, 50; inositol, 100; niacin, 100; biotin, 0.1; Starch, 645.2; ascorbic acid, 100; Vitamin A, 110; Vitamin D, 20; Vitamin E, 50;
Vitamin K, 10; 2. Mineral premix (mg/kg diet): NaCl, 500; MgSO,-7H,0, 4575.0; NaH,PO,42H,0, 12500.0; KH,PO,4, 16000.0;
Ca(H,PO,),"H,0, 6850.0; FeSO,, 1250.0; C4H,,CaO¢ 5H,0, 1750.0; ZnSO,4 7H,0, 111.0; MnSO,4-4H,0, 61.4; CuSO,-5H,0, 15.5;
CoS0O,4-6H,0, 19.02; KI, 178.33; Corn starch, 6253.33; 3. By calculation
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P<0.05,
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21 HEER

TEAR SIS 26 AF RIFRFEE B R, A A% A A%
AL 1 E A IS R N100%.
22 EK5ENFH

PR EAFAEKSEBRE MWK 3ITE
I HT IS ST DUE Y, TR RS AT R iR K
SERR A A R E L RRE A KR, WE
R kL R AT B 3 A8 HAE 2 (P>0.05); 1T
Tl B 1 KT R TR B K P 43 Sl i R A K R
TR A 35 5 (P<0.05) . 35%/ N2 TE R 411
A K R R 2 R T 25% /N UE K 41(P<0.05); [l
35%GE R AL TR R BUE B R T 25% e M 4 1)
(P<0.05). RIS 55 fa AR KB 5 DR R KT
P 23 BT (P<0.05), Hh28% E A A M A K
PEAE R m T HAh E A KA (P<0.05); [H) I
28% % H AR TR REE Z KT H A & A4
(P<0.05).

Pl 1 RS L 8 R ) R TS B I T T
TVERIER T 280N : B INCP22+S35~CP24+S25;
CP24+S35~CP26+S25. M IR 1) # ik b
- TE B 1T B0 s 1 3t VS BN RT REAF AR
SR I PE R X B T LR R R o

A EANEKSERARE AR 45E
Sy MR EE RN DU H, 1AL EE K FITE A AR I K
SRS F AR E ., Ak R, WH
TR R EY 0 B2 S HAR - 2 (P>0.05); T
PR B 1 KT R AL S R K 43 ) e e Ak A= K
TRRLR] A 235 52 (P<0.05) . 40% /N2 TEN 410
A KRR R 2 T 30% /N 22 UE R 4L (P<0.05); [A] I
40%VE R A I AR R R FEK T30% 0 Mm A
(P<0.05). Ik B 1 A= K Bt 25 AL k) 2R /KT 1)
S # ETHP<0.05), HE S EAKTEKT
20%2 JG Z 7 AN 2 (P>0.05); A I 18% 2 411
TR R B 2 = T H AR F 24H(P<0.05) .

Pl 2 KA £ 18 i R 1 3R A SRS I b TR
TUER X B AR 2N LW CP18+S40=CP20+
S30; CP20+S40>CP22+S30. M I HdfE () ik
A 7R 2 BT R A d Y P RT REAF LR

®3 ANERMNEIRBKF X P60 g E % K RIRRF ARG

Tab.3 Effects of dietary protein and wheat starch on growth and feed utilization of medium-size (460 g) grass carp

205 Group KAREFBW (g) H e K SGR (%/d) WEZEWG (%) Tkl R EFCR
CP28/825 1084+12.5 1.54+0.019 136.442.56 1.100.021
CP26/S25 1072+3.47 1.52+0.007 133.7+0.91 1.12+0.007
CP24/325 105243.75 1.48+0.008 129.5£0.98 1.16+0.008
CP22/S25 1034+2.89 1.45+0.006 125.1+0.70 1.20+0.006
CP28/S35 1125+10.6 1.60+0.018 14524247 1.03+£0.017
CP26/835 108143.19 1.53+0.006 135.140.82 1.11£0.006
CP24/S35 1070+3.46 1.51£0.007 133.5+0.90 1.13£0.007
CP22/S35 1055+2.09 1.49£0.005 130.0+0.65 1.15+0.005

& Ji7KF-Protein levels (%)
CP28 1104+11.7° 1.57+0.02° 140.8+2.53° 1.07+0.02°
CP26 1076+2.88" 1.52+0.00° 134.4+0.63" 1.12+0.01°
CP24 1061+:4.69" 1.50+0.01° 131.5£1.07° 1.14£0.01"
CP22 102244.94° 1.47+0.01° 127.5+1.17" 1.18+0.01°
/INZEVERD 7K F- Wheat starch levels (%)
25 106046.47" 1.50+0.01 131.2+1.44 1.15£0.01"
S35 1083+8.23° 1.530.01 136.0+1.81 1.11+0.01*
MK 2 T7 2 5 B Two-way ANOVA
¥E# Starch 0.0002 0.0002 0.0003 0.0001
% FProtein 0.0000 0.0000 0.0000 0.0000
%% T Interaction 0.1257 0.1346 0.1261 0.1587

e RZIEEE R bR & A RN TR 3 B RR R B FUKF R IR 2 2 (P<0.05);  [FIZIEEE R in & ANRRS PR R ER T
TEPRL /N2 SE R KT BRI 200 42 3 (P<0.05); T A

Note: Means in the same column with different lower-case letters are significantly different by dietary protein levels (P<0.05); Means in
the same column with different capitals are significantly different by dietary wheat starch levels (P<0.05); the same applies below
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TS R TE R A B T RN R R
23 BTAELRLRLEH

W 3FT7R, 25 Ak HE A A rh oS £ 4 A
TEASIEH, JH- 20 A SR 3 o H 2 2814, 40 g i
TG, FREEANL T A0 b g, 4i i B .
541(P28/S35)MI6ZH(P26/S35) ) i i 7% 4L T 4 it
T AR R, 0 S 2 5 2 14D T O 200 L 17 200 i S 2
R, (HREA AT EFIRES.

U AFT7R, 25 A3 KRR B A 1) I 2H 21
SERRCA B ZE 5, PR HES B S, KN —, 4

-0 35%/\NFETERY 35% wheat starch
150 —— 25%/\NFETERY 25% wheat starch

145
140
135
130 |
125
120

BT
Weight gain (%)

22 24 26 28 30
TR F kP
Dietary protein level (%)

1 BRLER H AT AN 22 5B TR 0 KCT-3T h S (460 g) B f
B AR

Fig. 1 Effects of dietary protein and wheat starch on weight gain
of medium-size (460 g) grass carp

MUAZ TR A B 2, L ACHE o T 4 B B A L A
i ) R L R T I 2R T o (B KA B bl P
R 1 P JHT P 40 K, 4 i % £ A0
3 WTig
31 HK5ERFA

[ ] ANE — R B 5 6 B B R BOK A A
YIF 5% R 4RE . Dabrowski' ARS8 1A A
VRN E B K N15% 25% 35%- 45%- 55%
F65% 16 L A Ak, [ B FH 7K it e F 3 7R L
B (AF 4 R KT N1 %), IRV R EH0.14—
0.20 gl R ffE A, 759 0 88 B 0 7 SR =8 o5 1
FHI41%—43% (HEI T & 21 946%) . T
DA TS 25 11 R B i o B 1 VR B RDRL A KT 43l
H18%- 23%- 29%- 34%. 40%H145%F6FH L &
PR, [E T FERRS T 7 R R 3 R PR TC T )
2 (A HEZ KT N23.19%), o AT & 15 3
WIUE R EE7.43 ot B ¥ 35 1 75 5K 939.14% (M
(ROBAE & BE2115%). 2t TBEFE T 3R [FI HKS
R, AR G1S2IW)E12.17 ghif ) &
H 75 3K A31.27% (LI IVE R 3 40 844%); #)
#1209 g A 18 1 75 SR N26.5% (LT I3k s i
2145%); V1 EA54 o A [ H 1 75 5K N25.82% (JER

R4 AREBRESRINKEIIKRE1970 g &% KR IRRF ARSI

Tab. 4 Effects of dietary protein levels and wheat starch on growth and feed utilization of large-size (1970 g) grass carp

40 5 Group KIKEFBW (g) FEEE K SGR (%/d) WERWG (%) TRk REFCR
CP24/S30 3619+26.9 1.09+0.01 83.95+1.37 1.73+0.03
CP22/S30 3657£15.3 1.11£0.01 85.81£0.63 1.69+0.01
CP20/S30 3624424.6 1.09+0.01 84.12+1.12 1.73+0.02
CP18/S30 3534426.4 1.05+0.01 79.72+1.32 1.82+0.03
CP24/S40 3748421.7 1.15+0.01 90.49+1.11 1.61=0.02
CP22/S40 3721439.7 1.14+0.02 89.10+1.88 1.63+0.04
CP20/S40 3685+24.5 1.1240.01 87.29+1.16 1.66=0.02
CP18/S40 3616+5.31 1.09£0.00 83.7740.13 1.73+0.00

FR A 7K FProtein levels (%)
CP24 3684432.7° 1.1240.02° 87.2241.66" 1.67+0.03"
CP22 3689+23.7° 1.1240.01° 87.46+1.15° 1.66+0.02°
CP20 3655+20.6" 1.11£0.01° 85.71£1.01° 1.70+0.02°
CP18 3575+21.8" 1.07+0.01° 81.75+1.09" 1.78+0.02°
/NFZFER 7K P Wheat starch levels (%)
S30 3609+59.0* 1.08+0.01" 83.40+0.84" 1.7420.02°
S40 3692+64.3" 1.12+0.01° 87.67+0.92° 1.66+0.02"
MUK 25 T5 7 43 B Two-way ANOVA
V& H) Starch 0.0002 0.0001 0.0001 0.0001
& [ Protein 0.0010 0.0006 0.0007 0.0006
%% H Interaction 0.5107 0.4877 0.4812 0.5058
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BEZ123%). JinZPLIYIE4.27 gt B R SR
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REFPR RN IN20% MO 4T 4E 2R, 45 AR & K
F40%, FRKIER IS INE N 18.8% Mk 2H A K 1
RedliT . XuP LIyl E 264 gL NI F N 5, DA
by B A AT i Oy R, PladE B A R OKTE
K R, RERR AR S% IR AT 4E &, 45 1K
AR AT B K AE KB B PRDRLRE 2 1 7 B 9128.62% (R
HAE & 825.07%), WB iR kHE B & 224N
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Fig. 2 The effect of dietary protein and wheat starch on weight
gain of large-size (1970 g) grass carp
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Fig. 3 The effect of dietary protein and wheat starch on liver histology of medium-size grass carp (460 g, 10x40 times)
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a, b, c,d,e,f, gand h of fig 3 was liver histology of grass carp for P28/S25, P26/S25, P24/S25, P22/S25, P28/S35, P26/S35, P24/S35 and
P22/S35 group, respectively. The same applies below



539 TIPS TR ER 1 SN/ ZESER KT o KRR g A A KT HE AL R R E 989

MR G . B R M E A TR RIE R
R 22, 0 bR B (B 9T, (0 Xuss 45
I 264 g6l ) ER A 75K R28%; 25 A i d)
H209 gf454 gBifh 1) H 75K 5 826.5%F1
25.82%. AMFFEEE L 5K RE RN ESR, FH
VTt ARG . TRREE FREEM) . DA SEIG W AR
PIANTR] o (3)ASTH 5T B, F RIAS 1 L) ) (1) 3 A
NI Z /D AT IR B35%, KRS B AaDRl b (R e K s
&b rl A E40% . 158 A KA H, Dab-
rowskim%afﬁﬁ@ﬁ@%ﬁﬁiﬁﬂ?ﬁﬁﬁ@ﬁﬂﬁ%
SR 46%; Tin%" 118 14,27 o) E [ B R A K
I b 7 1R B 2 B £4018.8%; XuZkU 3 11264 g
) B ) B A g A AR K N R R A R A
50%; 2= E A E 12,17, 20901454 gffi3 /4
& 1) £ B A AR B S B ) TR R E D B B 0 il 24
HA4% 45%FN123% . LA O, BT AN R A AT
R ARG . SEO0 R ADE TR S A
[E], FHORS AR K DR Ve KPR BOR 2=
F(18.8%—46%) . IX £ 1 0 JE Hy 1) 75 KA 72
A I Sz 1 RSN A Y A kL R K E27%
YIE7.09 gt n] DL 52 35% /K P B 3E K s
TianZ® e AR F123%0F BF 906.9 o] 5 [ 40 %t
IINFZVER IR SR, 45 SRR BRI INZZ R 1 S 2 N
ZAET33%. 2R R R AR R 1138% I i 516.5 g
1 B IR B A N R OKJE R 1 75 K, 45 R B AR oK

L L
o
5 o
»

TR & BN ALK T38%. X Lenf 5ot — b iE s
TR 1) ARG R (T 52 B K, KPR
IR AS 206 R I AR P AR ST e . H R A
P A AR — AN R IN20% 42 4 (T & ERIR B
TEAS%) MBI RE R (WNE . KE. KRE
SN DAMBEFRIN T T8 . AW B e
1T 75 SR W R AT DA R e K e B i KA A
ACERIETHFEEE R . (DB G E AT
1 o — P L EAR U S 2K B s e A T
DAIA 21 FE 2 0 v 2 IR R AR . A
SEIG I AR KRR R B, R B R CP22+S3 5=~
CP24+825, CP24+S35~CP26+S25; KH % Hth rh
CP18+S40~CP20+S30; CP20+S40>CP22+830. iX
PERBATAT DR BUE M PR E A = oK &9
(1) REm o B AR A I S LK) R B K Ak A ) 1R R
JIAS ot 22 HE B v, ABLLE AR O FE AR I AD
BEf% o PR AR K. 5 20 R (1 R s e R
R, HIERZKI G TER N T o ik ag,
Hopth B FR 2R A Rk e oL AR KD, B
BRI KA VIR E AT LR Filt— PR
S R 7 2
32 MBRELRLEN

JF R R ARU A e () B, AR IR NS
Fr L5 RN 2 B DR 2 56 A B I 2H 208 R — 1

B IR IE, 2T A5 T A 1 SR AN T RE . TR/

-

4 FEARLE FURIER KSR KRS B A (1970 g)FHEZH 2R (521 (10x40£%)
Fig. 4 The effect of dietary protein and wheat starch on liver histology of large-size grass carp (1970 g) (10x40 times)
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EFFECTS OF DIETARY PROTEIN AND WHEAT STARCH ON GROWTH AND
LIVER STRUCTURE OF GRASS CARP, CTENOPHARYNGODON IDELLA

DONG Xiao-Lin', QIAN Xue-Qiao', LIU Jia-Shou’, CHEN Jia-Lin', WANG Zheng-Kai',
FAN Hua', JIANG Rui-Li' and ZHOU Yi-Yong’
(1. Haid Central Research Institute, Key Laboratory of Microecological Resources and Utilization in Breeding Industry, Ministry of

Agriculture, Animal Husbandry and Fisheries Research Center, Guangdong Haid Group Co., Ltd., Guangzhou 511400, China;
2. Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072, China)

Abstract: To study effects of dietary carbohydrates and proteins on the growth of grass carp, we formulated a factorial
design of 2x4 diets with medium-size (460 g) and large-size (1970 g) grass carp (Ctenopharyngodon idella). Two die-
tary starch levels of 25% and 35% and four protein levels of 22%, 24%, 26% and 28% were fed with medium-size grass
carp for 56d with same quantity of food. Two dietary starch levels of 30% and 40% and four protein levels of 18%,
20%, 22% and 24% were fed large-size grass carp. The results showed that the growth performance of the medium-size
grass carp increased significantly with increased protein level with the highest effect in the 28% protein group (P<0.05),
and the growth performance of 35% wheat starch group was significantly higher than that of the 25% group (P<0.05).
The growth performance of large-size grass carp increased significantly with the increased protein level with the peak
level at 20% (P>0.05). The growth performance of the 40% wheat starch group was significantly higher than that of the
30% group (P<0.05). No significant negative effects on liver tissues were observed by adding 35% or 40% wheat starch
in both groups of grass carp. These results revealed that grass carp can effectively utilize starch to save feed protein
when the wheat starch level of the feed was below 35% and 40%, respectively.

Key words: Ctenopharyngodon idella; Protein level; Starch level; Growth performance; Liver structure



