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T AL W BE 77 He gl fa st (H R R R
WhoE K2 PR T H 4y Be, 1 %h AR A% o fa
gL D SR T T AT, h
WK BEom e 4y, #abuE RN ek, H
AT SRR A2 W A XK
S AR BN — A B, AR
A AR LR R B R R, A OGE
K5 MK = s W) A BEALAE AR AL B A A e 4B ",
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#=1 SHERNBEREFREBREEN
Tab.1 Fundamental nutritional index and unit price of

five carbohydrates

TiH N K#E EXK SFes K
items wheat  barley corn _ white sorghum cassava
HE A% 12.00 10.80  8.60 9.00 2.50
crude protein
HIE /% 1.70 1.80 3.50 3.40 0.70
crude fat
KRG 1% 1.90 2.40 1.30 1.80 1.90
ash
TEZHE/%  68.50 67.10 71.80 70.40 79.40
N-free extract
HAN/(TT/) 2 680.00 2250.00 2550.00 2 500.00 1 850.00
unit price

RO AR T 0 1%~2% 4, H M2k (8: 30—
10: 00, 15: 30-17: 00), F-We L1643 51 4140%
60%; K & T25 °CHF DL fa {5 & 1Y 3% 4%
M, H 3K (7:00-8: 00, 11: 00-12:00,
17: 00-18: 00), . o WA L F] 535008
20%. 35%. 45%, SCIRFAHI R 16)E . S5 E
IKRPH N 7.3£0.5, ¥ A & 1 0 (7.040.4) mg/L,
AAWE <021 mg/L, /Kik(26.143.2) °C,

e FIRFRI LB R EESS RS (10 A ), 1EAE
— A FE PR R AR SRR, KU/ 400 g2 A 1)
ISR R A TIRAC S, HE 150 A (2.0 mx2.0 mx
2.0m), HAWIRARBREMEY, HEKiE
Rl o B4 ST IEAT 168 o A& 3 ] /K R (10.3+
3.8) °C,

1.3 HmitES S

FI LA T, YUHk24 hE R FE, FriEfE
AMF R TR, ek R, TR E
FOBUE R R R B . VRS SE I AR BE AL
We R R Al T & MK EE(L < 10 000), idsgkf
AWM E . RKE, NEERIKEL, T
1.5mLELEY, 4°CFHEI2 0 TEON
3 000 r/minf L>10 min, B F 5K T-80 °CUKAf
PRAEREIN 5 55 Bt AIL B S R B A0 R e I T vk 431
HAEE, PREUFE . HE . NI E, T
WL B e . MR FE T T ORI R
i, 2 TF10mLE.LEH, —80 °CIRfFE, HT
JHFRE . i 38 Ak B R I RE 5 BOCEE SR AL A A
JERE, FHUEACM T7K 53, — 4% F 10 mLE L
B, —80 CCIRAE, FH T JFAH IS A LA J5E &%
E, HEGRTEE TS E 4%, 20 °ClfE, H
T 0 0 LAY 5 08 3 ) 0

TRE UL AR E H R RE 4 43 BT 2R
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#x2 AREAFMEEERRY

Tab.2 Formulation and proximate analysis of the experimental diet

TiH N K#E ES SIS K
items wheat barley corn white sorghum cassava

E#l  ingredients

INE/%  wheat 24.00

K#/% barley 24.00

EK/% comn 24.00

H%/%  white sorghum 24.00

AE/% cassava 24.00
FEK /%  coarse bran 6.00 5.00 5.00 5.00 3.00
KA%/%  rice bran 5.00 5.00 5.00 5.00 5.00
KGBENEM*Y/%  soybean lecithin oil powder 1.50 1.50 1.50 1.50 1.50
KE /% soybean oil 1.50 1.50 1.50 1.50 1.50
43% K5 /% 43% soybean meal 16.00 16.00 16.00 16.00 16.00
200%432H1/% 200 rapeseed meal 24.00 24.00 24.00 24.00 24.00
FAKEAHR/%  corn gluten meal 6.00 7.00 7.00 7.00 8.00
#IDDGS/%  import DDGS 6.00 6.00 6.00 6.00 6.00
FEEHE/%  dry distillers grains 4.00 4.00 4.00 4.00 5.00
R A 45/% Ca (H,PO,), 1.20 1.20 1.20 1.20 1.20
SALIHEE/%  choline chloride 0.20 0.20 0.20 0.20 0.20
J§4i@ 1/%  bentonite 2.10 2.10 2.10 2.10 2.10
TRIREN /%  premix 2.50 2.50 2.50 2.50 2.50

B  nutritional indices

7K4+/% moisture 11.01 7.83 7.83 7.83 7.86
HE A/%  crude protein 26.31 25.86 25.86 26.14 26.17
M M/%  crude fat 4381 5.10 5.10 5.07 4.68
K5y/%  ash 6.08 5.55 5.55 5.55 5.42
TR EY/%  N-free extract 37.25 37.63 37.63 37.29 37.48
HEF4E/%  crude fiber 6.44 5.92 5.92 5.92 6.03
/%  calcium 0.70 0.66 0.66 0.66 0.66
f#%/% phosphorus 1.20 1.10 1.10 1.10 1.08
HAFR/%  lysine 1.28 1.26 1.26 1.26 1.39
AT cost 3094.90 2991.70 3063.70 3051.70 2 960.00

Ve TR (kg S E)4EAE KA 120 000 TU. 443D 40 000 TU. 44 %E 480 mg. 4/ %£B, 200 mg. 44 % B, 280 mg. 4i4: KBy
240 mg. 4EEEK;200 mg. 44 EB), 0.6 mg. IZERHG720 mg. JHEZ1 000 mg. MHER60 mg. EMIE1.2mg. VCHELER6 850 mg. FILER3 200 mg.
#:4 800 mg. ££4 000 mg. ££2 000 mg. %H800 mg. 4160 mg. %512 mg. fifi4 mg. 40 mg

Notes:". mineral Premix composition (per kg) were vitamin A, 120 000 IU ; vitamin D5, 40 000 IU; vitamin E, 480 mg; vitamin B,, 200 mg; vitamin B,,
280 mg; vitamin Bg, 240 mg; vitamin K3, 200 mg; vitamin B, 0.6 mg; calcium pantothenate, 720 mg; nicotinic acid, 1 000 mg; folic acid, 60 mg; biotin,
1.2 mg; VC phosphatase, 6850 mg; creatine, 3200 mg; iron, 4 800 mg; magnesium, 4 000 mg; zinc, 2 000 mg; manganese, 800 mg; copper, 160 mg;
cobalt, 12 mg; selenium, 4 mg; iodine, 40 mg
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AOACT &P Horp, UK 9l & Rk H1 105 °C
M EEE; HEARSTERN2SANENAR
S HT AL (KjeltecTM2100, FOSS, i i)l 52 5 HLfg
05 B 0 2 R 2 P B 3 (I i e A, B mig T
REAAR ey A BRAE], HE); Ko e R A
AL B 550 °CRIBETL 5 AEER IS T {X (PARR-
6100, Moline, IL, 3&FEHBEATINE ; kLA R
H W 5L A ANFE=100%—(7K 53 %+H1EE 11 %+H1
JIg Wi Yo+ KL £ 4 Yo+ JK 53 %) T o

I HE(GLU)R FH ) A pi AR A AT I, 1l
4 R A (GOT) . A N A (GPT) ., 1ML
H il = T8 (triacylglycerols, TG)A & JIH [ % (total
cholesterol, CHO-T)JJT FHi 5 & 404 A w5t 8k
Y TREWEI B .

JHF U0 B Sl 0 T, OB ISR A Tk &P
VR, FE AR BRI A 150 WY A5 2SRRI 2H 21T oK
AKEH AN, 3000 r/min 010 min, H L
TE WO T RS M SE o IFIEGOT ., GPTR JH R 5t
R A ) TR S T R B o LR R
IFE R it B SR e AR ) TR A T Y
R

HEARK:

JITE R (survivalrate, SR)=N,/Nyx100%;

34 K (weight gain, WGR)=(W, - W)/ Wyx
100%;

JIFAA L (hepatosmatic index, HSH=W, /W, x100%;

JIE {4 EV (ratio of viscera and body weight, VSI)=
W,/ Wx100%;

HE i % (condition factor, CF)=W,/L’x100;

WA L (viserosomatic index, ISTy=W,/Wx100%;

T} 25 % (feed conversion rate, FCR) = W/(W, -
Wo+Wy) ;

FH F 3R (protein efficiency rate, PER)=(W, -
Wy + W,)/(W<CP) x100

14 H A (weight gain cost, WGC, JG/kg)=FCRx
cost/1 000
Kb, NAHLKREE, NP R w, W&
KR (g); WoNPIIR IR HEE (g); W RAET 1A
JRH(g); WA R (g)s W29 IV IE R
(8); W HNNERIRTE (9); WohlmiEH (g); L
K (em); CPAEPEHE 1% 5t (%); cost A ik
AR (JB/)

14 HIEHH

X FMicrosoft Excel 2007 F1SPSS 19.04K {43
17 H I E I 24391 (One-Way ANOVA), FDuncan

http://www.scxuebao.cn

REFEBAMERM, MP<0.05KFREZERD
&, BAEFRIR R P B HAPR 2" (mean+SD),

2 4

2.1 ARIFERE KM ESE KM

N TR VR X R AR £ SR 1 K i 3 5 i)
(P>0.05), 1HE K4 WGR, PERKCR i #L T H
f2ll, FCR i T HAbL (P<0.05), HAth4dl 2
SR E(P>0.05) (£3), NEHAFMCFEFH T
HA 4, FKHH VSR E (P<0.05), HAibd
VST i 35 22 5 (P>0.05); K Z 41 HSLE L T
fl 2 (P<0.05), A% 3E ¥y ZH HSIRI VST T HoAth
4, REAMBGERATAR, HUOR/ N, FoAk4
F14) 1 R B AR e 5

22 AEHBEXNAARES MRERELIE
AL

INFE A GLU R i W 3 T HAM 4L, K
72 1B KR4 8 AR F A 41 (P<0.05) (£4); K&
FE S R T-CHO & i ik 35 = T A 34H (P<0.05),
INFE L BRI E A B3 257 (P>0.05); K
HATGH i W E T HAb, KREHAS &
(P<0.05), HAthZH 2 [A] TG & 3% 22 55 (P>0.05).

23 AREEEMAAESEGRE. ERS
Bl M Y R M

K FIEGOT. GPTIHEM: 2 5 T Hh 4
4 (P<0.05), HAth2H 8] JFFIEGPT TG & 35 25 7% (P>
0.05), KZ& KA W IEGOTH M 8 2K T/
A 4 (P<0.05) (£5). /NEZALITEGOTH
Hivm, REMARRATEREMRT/NEA
(P<0.05); REHMEGPTR HixkE, EXRAS
B AK(P<0.05), HAh34 I B2 2 F(P>0.05),

24 AEHBEMAIAREGNA. FERS
FaEAT

521 B Aa LA K 4 FR 43 Y TG I8 3 25 (P>
0.05) (%£6), FERAMMIET & Eimm, HKE
KFERM/NEZH, H S 0 RLIR W& 5 ik
INEHMLAPHER R ES TAEH, A%
Mg E AL, Hh 4410 8% 2% 5% (P>0.05);
KEMAGRANMBER S EEE®mTNE . £
KA ELH (P<0.05), 5 5L R K 4 5k 25
FH A4 4 (P<0.05), /N34 FE K 24 75 i i
i%; /NZAFRER G & & 3 T HAb & 4L, A
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®3 TRERNAMBESE KRS FERNZM

Tab.3 Effects of carbohydrate sources on growth performance and morphological indices of large size C. idella

TiH N K#E ES/S SR R

items wheat barley corn white sorghum cassava
YithE/g IBW 402.23+0 400.15+5.78 392.54+10.79 403.00+4.72 407.22+1.53
K HE/g FBW 1.326.58+184.21 1301.62+93.52 1172.72+177.01 1291.69+74.52 1 373.56+44.00
WER/Y% WGR 230.07+46.10° 225.24+19.55° 198.02:£32.08" 220.51+20.62° 237.73+9.57°
BEEF/Y% SR 93.33+0 100.00£0 96.66+0 91.75+7.13 93.44+4.72
Tk RE FCR 1.99+0.21° 1.96+0.10° 2.25+0.36° 1.93+0.09° 1.92+0.07°
HHEMAF  PRE 1.96+0.38" 1.99+0.18" 1.51+0.52° 2.00+0.17° 1.98+0.13°
AT RE/(g/em’)  CF 2.17£0.03¢ 2.08+0.03" 2.05+0.03° 1.96+0.02° 1.95+0.02°
MR E/% VST 13.41+0.26® 12.82+0.17* 14.19+0.49° 12.84+0.20° 13.20+0.19°
JFfARLL/%  HSI 2.18+0.05™ 1.97+0.03" 2.05+0.03" 2.28+0.04 2.460.12°
Mttt/ % 1SI 1.72+0.03" 1.79+0.03" 1.44+0.03" 1.80+0.04™ 1.87+0.02¢
WE R A/(T/kg) WGC 6.16+0.65 5.86+0.30 6.89:1.10 5.89+0.27 5.68+0.21

e RPEATEIR PR AR TR RS E R B, P<0.05, FIE

Notes: values in the same row with different letter superscripts represent significant difference, P<0.05, the same below

x4 TREERI KB EREMFERHZIE

Tab.4  Effects of carbohydrate sources on serum indexes of large size C. idella mmol/L
SgE| N K& BV ISP AE
items wheat barley corn white sorghum cassava
m¥E GLU 4.45+0.47° 3.02+0.55° 2.82+0.33" 3.62£0.51° 3.67+0.19"
SEEEE  T-CHO 6.98+0.15" 8.70+0.31° 7.18+1.16" 8.45+0.32° 7.66+0.19°
Hm=m TG 2.06+0.18" 2.37+0.14° 1.99+0.24° 2.28+0.29" 1.40+0.30°
Fx5 FTEEEMAMSESE. MERREEEENZT
Tab.5  Effects of carbohydrate sources on liver and serum transaminase activities of large size C. idella Ulg prot
TiH N K& BSP/S ST A
items wheat barley corn white sorghum cassava
JFNES S 4%/ L-GOT 5.610.19" 4.76+0.42° 4.64+0.24° 5.66+0.47° 6.90+0.63°
JFNES 5% L-GPT 1.77£0.15* 2.26+0.32" 2.33+0.40" 1.93+0.25" 4.00£0.83"
MiEBFEEEM  S-GOT 14.51£1.37° 9.46+2.33" 10.25+2.77% 9.51+3.98* 10.38+0.30%
MERFHERE  S-GPT 7.30+0.70" 7.65+3.04" 4.09+1.92° 5.61£3.03" 8.87+2.11°

MRS ERMA. ARBIARFEHNIHES BREMERMA, A@RAAREHZERT /D

T /NAE KR ZE 4 (P<0.05), KREMHS & A Y1(P<0.05); 4S5 B KA AHSLE E KT /)
5418 %4 (P<0.05), HAFAG/NEHERRRE
25 HENAMBESFRERMGERN  (P005), FRAEANSIFG & T4l
21 (P<0.05), KRAZHEM. #AJ5 T KA VSIFRK

B, WEET/NEHP<0.05), HABIHZEF AR

DR HLRS B fe 045 PR Rt . CAN
VST B B0 T , 2 2806 U B 42 , _
RRER TS (P<005), Hfuk gz 20 BERAAREEERELIRRORE

BEEF(P>0.05) (87); /NEZHCFFHm, HiK NG SE A R GRS G SN

F(P>0.05),

http://www.scxuebao.cn
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Tab. 6 Effects of carbohydrate sources on body composition, muscle and liver glycogen of large size C. idella
H N K EN I=Fes R
items wheat barley corn white sorghum cassava
WLKA  muscle
7K43/%  moisture 75.51+0.18 75.14+0.27 74.82+2.28 76.13+0.46 76.52+0.48
HAEWI/%  crude fat 2.92+0.26" 3.01+0.33* 3.81£0.56 2.744+0.19° 2.40+0.05"
fH#E /% crude protein 20.22+0.27° 20.10+0.42% 20.00+0.52° 19.43+0.23% 19.41+0.52°
K5/% ash 1.34+0.03 1.39+0.07 1.41+0.09 1.40+0.03 1.33+0.03
JEHE  liver
WLKEIE/(mg/g) muscle glycogen 0.90+0.10° 1.22+0.10° 0.92+0.06° 1.13+0.10° 0.88+0.06°
K43/%  moisture 65.84+1.56" 67.74£0.27" 65.47+0.3 68.66+0.32" 66.8120.52%
FAEWI/%  crude fat 11.15+0.58° 9.43+0.17° 9.85+0.38" 7.72+0.11* 8.78+0.51"
JFHE R /(mg/g)  hepatic glycogen 31.61£10.62% 28.142.75° 36.82+9.63" 41.61+6.72° 39.31+4.77°

R7T TRERNB AR ARIEE ML EHREMARRFN
Tab.7 Effects of carbohydrate sources on weight and physical indicators of large size C. idella after overwintering
TiH N N ESS izt A
items wheat barley corn white sorghum cassava

AR HE/g HBW 1 464.46+51.24

WA A E/e HAW 1 342.20+54.18

1378.89+12.81

1 180.11£20.00

R ERIRE/% QFR 8.37+0.62° 14.60£0.11°
G %% SR 100 100

HE# ¥ /(g/em®)  CF 1.74+0.02 1.77+0.04
JESH B T BELL/%  CFF 19.18+1.59° 13.98+2.84™
WEAAREE/% VST 9.62+0.13 9.93+0.36
R LE T REEL/%  VSIF 26.03+2.67" 21.20+1.29°
AL/ % HSI 1.30£0.09° 1.2120.06™
JFARLE FBELL/%  HSIF 39.46+0.93% 31.92+1.82°

1 356.67+45.50 1401.25+28.81 1 440.00+13.87

1243.51+44.91 1295.97+32.37 1323.33+18.36

8.34+1.29° 7.53+0.46° 8.11+0.46°
100 100 100
1.77+0.07 1.78+0.01 1.78+0.02
12.91+2.47% 8.36+1.02° 8.96+1.21°
10.68+0.99 9.54%0.27 9.36+0.31
33.90+0.98" 27.67£1.19® 27.2742.01%
0.98+0.06° 1.21£0.07" 1.28+0.04"
52.1343.12° 49.43+1.32% 53.43+1.26°

A JF M GLU, T-CHORMTGE B — & Bl i) T
K%, /NZ2 4 GLUF R 2 5 T K2 4. (P<0.05), HAth
34T i 24 5 (P>0.05) (328), R %40 T-CHOF
WEE T HALA 4 (P<0.05), K#F . EXRAAZE
HIC 3 2% %(P>0.05), /NEMHT-CHOE AR
R TE i T 7.76%+3.78%., /N4 4 TGF . % & T
HAb# 4, REHEAM(P<0.05), HAB3HILEE
#5(P>0.05),

27 BEMNKABEGNARS . FEERER
AN#E IR B 52 0

T
A [RDHE 5 A9 RS2 A 1 e ) MR Fg DRI ARG s £
A Jr B L PR 2 R A S B — R L AT R
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WLPI K 73 B/ R B T v, ER 2R S R B
(P>0.05) (#%9). BZJ5, 4R R M ILIA &
FU TR RELE 07T R Le Aok o3 38 be e 2 2%
Z5, HRREHANAEA THERERK, &
SEAUNUP S R BRI L Sy s FORALILIA S 1y
TR R, AREHNARED TR RN T
KUK PG e K, /INF2 ALK 33 HE B /)
A5 A5 AL URE DR TG 2 25 22 5, 1 v SR AL LB
JAT R R T HA A 4L, HRRRAZY, £
KA E TR AT B RGBT
Fofb a5 41, FOKRAUATHEJEUT 1L B 25 T HoA
FU, REATETE
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Tab. 8 Effects of carbohydrate sources on serum indexes of large size C. idella after overwintering

iH N K# E¥S Sh=s KE

items wheat barley corn white sorghum cassava
A5 IBE/(mmol/L)  GLU 1.72+0.38 1.92+0.15 1.25+0.39 1.48+0.02 1.97+0.23
I FREE/%  GLUF 61.80+14.85° 37.09+12.94° 57.45+13.23" 58.56+13.43" 45.50+£14.59™
A5 SR E BE/(mmol/L)  T-CHO 7.4240.67 7.85+1.02 6.64+1.01 6.83+0.78 6.43£1.00
SSOBE [ RE R B EL/%  T-CHOF —7.76+3.78" 16.55+8.69° 18.10+9.65° 27.81+6.85° 24.93+10.09™
A5 H I =B8/(mmol/L) TG 0.18+0.03 0.49+0.11 0.71+0.24 0.61+0.25 0.70+0.12
Hil =B85 FBE/% TGF 90.29+16.17° 78.90+18.45° 64.82+24.67" 73.68+22.48" 50.00+24.47°

®9 TRERNBLEHIAARES WL FHAKS BT

Tab. 9 Effects of carbohydrate sources on muscle composition of large size C. idella after overwintering

TiH N K#E EPS Him g K
items wheat barley corn white sorghum cassava
A JERLE /%  crude protein 19.68+0.09 19.310.30 19.37+0.22 19.27+0.01 19.24+0.04
HEA FRE/%  FCP 2.53+1.27 4.31+2.06 3.07+0.53 1.59+0.03 2.12+0.49
A JEHLAR T /% crude fat 1.23+0.09 1.26+0.13 1.28+0.30 1.20+0.05 1.2240.07
D FREE/%  FCF 35.86+2.31 57.67+5.01 66.32+4.14 55.56+8.86 48.75+9.71
A 7K5Y/%  moisture 77.39+0.03 77.78+0.09 77.69+0.46 77.87+0.13 78.49+0.33
KA/ % RM 2.40+0.13 3.49+0.31 3.76+1.20 2.45+0.26 2.59+0.13
A EULRE R /(mg/g)  muscle glycogen 0.84+0.49 0.93+0.53 0.96+0.49 0.62+0.03 0.84:0.04
WUBE R FBELL/%  MGF 6.29+2.82" 23.82+8.86" -3.91+1.37° 45.07+3.81° 4.92+0.35%
A5 PR R /(mg/g)  hepatic glycogen 31.60+1.11° 32.71£0.91° 22.93+1.75° 36.55+2.67° 35.3141.94°
JFERE R TR/ %  HGF 0.11£0.05 -16.30+3.15" 37.84+9.38° 12.38+4.33" 10.91+3.57"
3 W A PhBLE 0 o s FORE X Bl AR O a4
FOXT BRI TH AL BE T BE A= K R M O, R R £
30 FEEERMAMBEGEKMEE. XN

Ry R IR (iR iR B S0

X B T A IR WCRE g Lo fram T ek B D RE 32
LSS ZONE L AR E U NS S A R N6

NG DT AN B L R A R R A5 A A
K= A RRE R Bl iz R TR R B
i, s S BURL SR b R MR BB IR I 1
A A R S BOH AR KT R R R 32
FROT w0t 4y f G RORE DT SE 30 R BT, /N BEAK
AR 0/ 22 BRSO B T KM, XA E R
M BE N AES (BIEARSLT T, N R,
FE AR R R 25 RN
ALRE S AR A5 T (D45 AR I TR AR T 5
BrhyrE RN EA K, e RW, i
TRl ARG . BT S pUE SR I A R,
M B R A R @5 M Hs A L, M
PRI A 2 58 B9 45 K4 70 2 RE BE A= < k7 T AS BT 58

VERY IR L E . SHEVE B 1Y LL BN [R] O L B
i) 25 43 TR A9 38 422 DA B Kk M o S R 2 —
T2 43 SR 40 7, A2 I Ak iR i B op ol
AR o SCEETE R 43 ) A SR AR S IR AE T
TRE Gy Wi 404, TR AL B fa A K Pk R & KT
HoAhadl, wTREIH . O5 FK¥ER 0 2
TE R FIAE B K S AT K B B T AL R
K, X G INEEEPTEBE(Cyprinus carpio) ™ B
FEER 3 Q5 F K i S8 TE R & A% T
FEUER SRR AL, HEEEM S TIEEER
WA G W R, S BOW L B B AR I X i S Ak A
HEsREO, N E RE R S i AR K . 5 H A 44l
FRUSAH EL, B4t & & e ik, H B KR4k

http://www.scxuebao.cn


http://www.scxuebao.cn

1076 KopE o R 43 45

PR EC AL A I 17 24 5 T At 45 4L, T RE S
X R A Wl 22, R RO R) T 25 A%,
i Z Mg AL D9 BRI, U ZR RIS 107 AL
PIRITDCRR, X5 T S e 4 R — 2, A
WFFEF DT, A [RURH IR 038 H- i = 15 A E 5
WS 00 S8, X A RE 5 R R XA [ R A T
Al . PRI BRI A7 1 22 5 AT 67, AL
AR

ML P A e A il R A TN Tl e AT
NRERS R Z AR FEIER WO, T4
P05 G A D BRI R I 2K v, 25 A
Je Az R AE SRR IR I, 22 A7 R (Y A e il
AT N5 T A 200 10 PR o ) E N M9, 0 i
R R TS VE T R RS, A YR
LT F A e S il R A T B il 14 45 /N A 1
BEERKBEFRTPELZA, WHAALE M
B, ORE L BRI SRR R T R
Wi SN ARG o ABETERT, AR IR
SEA TR IR Sy A 0 P i AL, AR
BB RA B, WG R AR R R T
SRR, o PR AT R R B 22 I A T B
TAEY T A BG, BEAR TR A SE
IR TS i

32 TEWENAABRESBEFERIE. AN
MR BB £ IR A (R R R R MR

ARWFTERM], BAC ST A5 IR 2H A 1 T
AR, MoK & Tk m, R AL A
R, VPR BA g, & R B
TR NR T M R R R B A S
JEL e TR DUAFAE 22 57, RE TR IR T
R IURE S G e, A A AR R L
W I B R AIG L U B A2 4 oK 4 7 8 4 20 1)
3y OB D AL e 5 A 41 B 22 SR . S Bn FR A
AR, R LI DX R SR, A A
W REA AL T EORAS 7R AR IR AL AR OBU R A5
T, AR R AR AR BRI K, i 3 J g
AR, Al B PRI A B RE R 4R
A s, WREW BT EON R . R b
i, — s 3l FH R P A i BE W) o o0 A AL RE
WFE D, BFRHE R 2 T R MG RS AR
B, BRI 1S dis 2 2R R . AL
*%Jﬁﬂ:‘ﬂﬂﬁ‘ﬂﬁm] 5 j(@?@ﬁ(Mystus macropterus)m’ﬁi
12d, EEFHAAHEE ., ISR R EA B, AR5

http://www.scxuebao.cn

WYY B (Pagrosomus major)iLi#k 15 d{HH
FE B AERERY . UL AN [R] S AE DL 8] A I
REW Bt ae O XAFFfE 22 =, (Al Ah 2R AE LR
RET it ae 7B 5OV BT A G . =i
07 2 Fo B A P L B P T, LU W DRI AR T
SRR 45 5 L PR R 11 7K T e i A B0 AR 4 09 4k ot
R ED, KRR, KEHE ML G
P R R T HAAA, REAFAKLT
B Lb e I, JHRE R & i OR R AR, S ini A
e, HORZE 20 0 L RDHLEE S i R
e T4, TR K S 20 B FH IR PN 9 s g
TR LU B I, Bl OB DR Ok B Ak R K T At
H, Wi E BB RE S T AR, IR
A B R BT EET R T HA A, HLELE
Aleit— Lo

4 25

TEARSLE AT, ZRE A RIERE . JRAHAL
g AEBEACSESR bR, R A A RRL R
ARZER e ST LU/ BRI

S E k-
[1] RS BUE E R, F Ek gt E %M. 3 Rk
iR AL, 2017.

The ministry of a griculture and fishery administration.
Chinese Fishery Statistics Yearbook[M]. China Agricu-
Iture Press, 2017(in Chinese).

[2] HwE, K, Wk, & B e moKk &
YR (R TRt R [T]. B AL 2016(5): 25-28.
Feng S H, Mi HF, Liu Y L, . Research progress on
utilization of carbohydrate in feed by grass carp[J].
China Feed, 2016(5): 25-28(in Chinese).

[31 X, ETE. AN} A 1) 52 A R 50 38 R 1],
A SR T, 2005(1): 34-36.

Liu Z, Wang W G. Research Progress on the application
of wheat in aquatic feed[J]. Cereal & Feed Industry,
2005(1): 34-36(in Chinese).

[4] Interpreters S. FAO-Food and Agriculture Organization
of the United Nations[J]. Science, 2013, 118(3077): 3-3.

[51 GKeh, 2ol bkl oK 22 1 S (8 S 0T KRR, o
E & 5E %, 2015, 21(7): 27-31.

Zhang R, Li X D. Application value and development

prospect of feed barley in China[J]. Food and Nutrition


http://www.scxuebao.cn

4 1

Bk W, 45 AP AL IR 0] IOUAR B f Al 4K B4 R i B0 40 2R AL 8 4R (1 52 i 1077

[8]

[10]

[11]

[12]

[13]

in China, 2015, 21(7): 27-31(in Chinese).

Wang W X, Ke C. Dominance of dietary intake of
cadmium and zinc by two marine predatory gastropo-
ds[J]. Aquatic Toxicology, 2002, 56(3): 153-165.

R, R, DLRE. 120 ARROR ZE RORF IR AT 8 [0]. &b
R, 2012, 37(9): 143-146.

Chen J, Liu H, Shen Q. Gelatinisation properties of 12
varieties of grains[J]. Food Science and Technology,
2012, 37(9): 143-146(in Chinese).

W6 3 IR 5 RIS HI[M]. A5 Tl iR AL,
2013.

Ye Y T. Fish Nutrition and Feed Preparation[M].
Chemical Industry Press, 2013(in Chinese).

IRREZR, BRIHR, KT, S5, ARk b A R il A K
SRR I R AT 22 R U D], IR K2
&, 2016, 25(1): 61-70.

Xu X T, Chen N S, Liu Z K, . Effects of dietary starch
sources and levels on liver histology in largemouth bass,
Micropterus salmoides[J]. Journal of Shanghai Ocean
University, 2016, 25(1): 61-70(in Chinese).

RTINS, XK, IR, S5 A0 GRRL K AL A A
MM BB FEI]. ol 24k B R B R, 1999,
38(4): 87-91.

Zhao W P, Liu Y J, Pan Q, . Study on utilization of
dietary cargbohydrate by grass carp[J]. Acta Scientiarum
Naturalium Universitatis Sunyatseni, 1999, 38(4): 87-
91(in Chinese).

Rosas C, Cuzon G, Gaxiola G, . Metabolism and growth
of juveniles of Litopenaeus vannamei: effect of salinity
and dietary carbohydrate levels[J]. Journal of Experime-
ntal Marine Biology and Ecology, 2001, 259(1): 1-22.
WEF, EEEE, SR, 5. AN FEFRERAK L&D
FE VAR AR KRR A ZE N ML E A A B 1 5
WD), K723, 2014, 38(9): 1486-1491.

Sun Y P, Wang G X, Hu J R, . Effects of different types
of carbohydrate on growth, body composition and serum
biochemical indices of GIFT tilapia[J]. Journal of
Fisheries of China, 2014, 38(9): 1486-1491(in Chinese).
W EM, SR, AL, 5. A FEREIR XA R A3 Ak
Koo MO B A B AR LS R AR BRI, P B KR,
2017, 24(2): 284-294.

Chu Z P, Wei Q Q, Du H, . Effects of different
carbohydrate sources on growth performance, body

composition, and physiological and biochemical

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

parameters of juvenile Dabry’s sturgeon[J]. Journal of
Fishery Sciences of China, 2017, 24(2): 284-294(in
Chinese).

FHWN R, XK, g, & ANED DS i by 0 2 f0 A
Koo 1 R IR W7 UOAR AN S A 2 BRI A AT, 7K 43R,
2002, 26(3): 247-251.

Tian L X, Liu Y J, Feng J, . Effect of different types of
starch on growth, the deposition of mesenteric fat and
body composition of Ctenopharyngodon idellus[J].
Journal of Fisheries of China, 2002, 26(3): 247-251(in
Chinese).

Friped, oot GRHE, &5 FK, NERARER T
(Ctenopharyngodon idella) E K G FIFZ M [T]. o [EHR
TR, 2010, 25(08): 70-76.

Ying XJ,Ye Y T, Jin S Y, . Effects of corn, wheat and
cassava on grouth of Ctenopharyngodon idella[J].
Journal of the Chinese Cereals and Oils Association,
2010, 25(08): 70-76(in Chinese).

sk, sk, Mot S R SRR AR B A T R
LA CR BB FE[I]. AR Tk, 2010, 31(24): 16-22.
Zhang J, Zhang BT, Ye Y T, . Study on application
effect of five kinds of starch materials in grass carp
feed[J]. Feed Industry, 2010, 31(24): 16-22(in Chinese).
Mokoginta I, Takeuchi T, Hadadi A, . Different
capabilities in utilizing dietary carbohydrate by finge-
rling and subadult giant gouramy, Osphronemus gour-
amy[J]. Fisheries Science, 2004, 70(6): 996-1002.
RuliyE, T, T, 55 BAE O TUR IR IS
VAR e RLT]. 7K PSR, 2012, 36(5): 756-763.
Zhu Z Y, Hua X M, Yu N, . Response of lipid and
protein metabolism of grass carp (Ctenopharyngodon
idellus) to starvation[J]. Journal of Fisheries of China,
2012, 36(5): 756-763(in Chinese).

XUFERS, 8%, B &, 5. A Bk, mIEH L
B S S R bR R[], AKAE A A4 E, 2015, 36(03):
72-76.

LiuZ P, Hu Y, Lv F, . Effect of overwintering on body
indices,intestinal digestive enzymes and immune indices
in Monopterus albus[J]. Journal of Hydroecology, 2015,
36(03): 72-76(in Chinese).

Association of Official Analytical Chemists. Official
Methods of Analysis of AOAC International[M]. 16th
ed. Arlington: AOAC International, 1995.

sk, MR, TA %, 5. AN T S

http://www.scxuebao.cn


http://www.scxuebao.cn

1078

Ko AR

43 %

[22]

[23]

[24]

[25]

[26]

[27]

(28]

T BE IR AT A B RSO AR K B IR AR K
PEREMIREMA[T]. BhAE IR 54, 2017, 29(7): 2295-2306.
NiHQ, Yang Y J, Yu J B, . Effects of extrusion on
antinutritional factor content in rapeseed meal and
expanded rapeseed meal on growth performance of
growing finishing pigs[J]. Chinese Journal of Animal
Nutrition, 2017, 29(7): 2295-2306(in Chinese).

XHAF . RN LR J s - G IE R PR
BB FL[D]. MR AR BRI, 2009.

Liu Y X. Study on exteusion properties of sorghum flour
and sorghum-beam nutritional breakfast powder[D].
Harbin: Northeast Agricultural University, 2009(in
Chinese).

Swinkles I J J M. Composition and properties of
commercial native starches[J]. Starch-Stéarke, 1985,
37(1): 1-5.

Davidson V J, Paton D, Diosady L L, et al. Degra-dation
of wheat starch in a single screw extruder: characteristics
of extruded starch polymers[J]. Journal of Food Science,
1984, 49(2): 453-458.

INEHE, S, FRAEE, 55 DR EOKUEM I KT
of S A G PR RE LT A I I R I T AR AR R 0 5
W] BhAE 3R], 2016, 28(4): 1152-1159.

Sun J H, Fan Z, Cheng J Y, et al. Effects of dietary corn
starch supplemental level on growth performance,
digestive enzyme activities and serum biochemical
indices of common carp[J]. Chinese Journal of Animal
Nutrition, 2016, 28(4): 1152-1159(in Chinese).

R, B, ROLHT, S5 T [EVE M VR B RO
P K S AR R ANH AL AR RN )], ShE IR
%, 2014, 26(8): 2209-2216.

Yuan J, Xue M, Wu L X, et al. Effects of different starch
sources on pellet quality of extruded feed and apparent
digestibility of genetic improvement of farmed tilapia
(Oreochromis niloticus, GIFT)[J]. Chinese Journal of
Animal Nutrition, 2014, 26(8): 2209-2216(in Chinese).
Deng D F, Refstie S, Hung S S O. Glycemic and
glycosuric responses in white sturgeon Acipenser
transmontanus after oral administrtion of simple and
complex carbohydrates[J]. Aquaculture, 2001, 199(1-2):
107-11.

TEIE DS, WL, KRR AR, 55, ARFE MR JE 2 & 4k fa i
TR AR ALAR AR IR [T]. % K 7= 2 B 2441, 2007,
22(5): 361-365.

http://www.scxuebao.cn

[29]

[30]

311

[32]

[33]

[34]

Nie G X, Ming H, Zhen J L, . Effects of xylanase on
blood physiological-biochemical parameters of Nile
tilapia Oreochremis niloticus[J]. Journal of Dalian Ocean
University, 2007, 22(5): 361-365(in Chinese).

WIEER, BRER, 5, & BT EA N 5
(Cyprinus carpio L.) I35 %% % B [ 41 40 Mo i S AL g
PR [T]. AR R 524K, 2010, 41(8): 75-80.
Meng Z N, Chen Y C, Guan X T, . ffect of Chinese herb
compounds on activities of transaminase in -serum and
antioxidase in erythrocyte of Cyprinus carpio L.[]].
Journal of Northeast Agricultural University, 2010,
41(8): 75-80(in Chinese).

T, BRAUE, W, 55 SESmE R E R B AAR
LA TR R ES SRR [T B E 32544, 2015, 27(11):
3597-3603.

Ma X, Chen Y C, Guan X T, et al. Nutritional effect of
replacing wheat flour with cassava meal in Channa
argus diets[J]. Chinese Journal of Animal Nutrition,
2015, 27(11): 3597-3603(in Chinese).

REEM, 7548, ERYLRIT FEIR[I]. B 5 A8,
1998(1): 48-52.

Song Z B, He X F. Research status of fish hunger[J].
Chinese Journal of Zoology, 1998(1): 48-52(in Chinese).
TEOCHE, PRIEIR, sKOMIR. LR FE 4 PR B 40 £ b A
A B R[], BEAR, 1999, 45(4): 404-412.
Shen WY, Lin H R, Zhang W M. Effect of starvation
and refeeding on biochemical composition of grass carp
fingerling[J]. Current Zoology, 1999, 45(4): 404-412(in
Chinese).

S, g, WRARAS. LI ULEHR T O 8 6 2 A 28 1 s
FIERR R DT RR LRI FE M [T]. AR A AR, 2010,
31(02): 61-65.

Ma S, Jiang H B, Yao J J. Biochemical composition
amino acid and fatty acid composition of Mystus macro-
pterus under short-term starvation[J]. Journal of Hydroe-
cology, 2010, 31(02): 61-65(in Chinese).

TR, I, R TR YU FLE A K R AR A R R
NE[I]. K72 223K, 2000, 24(3): 206-210.

Zhang B, Sun Y, Tang Q S. The effects of starvation on
growth and biochemical composition in Pagrosomus
major[J]. Journal of Fisheries of China, 2000, 24(3):
206-210(in Chinese).


http://www.scxuebao.cn

44 Bk W, 45 AP AL IR 0] IOUAR B f Al 4K B4 R i B0 40 2R AL 8 4R (1 52 i 1079

[35] Tk MAHSEER AR HYRa W A A and biochemical components during overwintering in
AT FE[D]. g RifgdgE R, 2015, Cyprinus carpio var. songpu mirror[D]. Shanghai: Shang-
Yu M. Changes in morphology, histological structure, hai Ocean University, 2015(in Chinese).

Effects of dietary carbohydrate sources on growth, overwintering and serum
indexes in large-size Ctenopharyngodon idella

CHEN Tuan "**, HUYi"”, ZHANG Dehong'®, PAN Huaxiang ', CHEN Yunfei "*’, ZHONG Lei >

(1. Hunan Engineering Technology Research Center of Featured Aquatic Resources Utilization,
Hunan Agricultural University, Changsha 410128, China;
2. Collaborative Innovation Center for Efficient and Health Production of Fisheries in Hunan Province, Changde 415000, China;
3. Tongwei Co., LTD., Chengdu 610041, China)

Abstract: A 16-week feeding experiment was conducted to study the effects of different dietary carbohydrate
sources (wheat, barley, corn, white sorghum, cassava) on growth, body composition, overwintering and serum
indexes of large-size grass carp (Ctenopharyngodon idella) [initial body weight (400.77+7.45) g]. Every diet was
randomly fed by triplicate cages, and each cage (2 mx2 mx2 m) was stocked with 30 fish. After the feeding trail,
15 fishes were kept in original cage for overwintering experiment in 16 weeks . Results show as follows: the
weight gain rate (WGR) and protein efficiency ratio (PER) of grass carp in corn group was the lowest among
experimental groups, and the feed coefficient ratio (FCR) was the highest, but other four groups had no significant
difference; the condition factor (CF) in wheat group, was the highest, body weight (VSI) in corn group, and the
hepatic body ratio (HSI) and intestine ratio (ISI) in cassava group were the highest, and these were highest among
experimental groups; blood glucose (GLU) in wheat group and total cholesterol (T-CHO) in barley and white
sorghum groups were the highest among other groups. The triglyceride (TG) content in the cassava group was
significantly lower than that in the other groups. The crude fat of muscle in wheat, barley and corn groups was
significantly higher than white sorghum and cassava groups. The crude protein content of muscle in cassava group
was significantly lower among other four groups. Hepatic glycogen was significantly higher in the white sorghum
and cassava groups than other groups. Muscle glycogen was significantly higher in the barley and white sorghum
groups than other groups. After wintering, the weight loss of barley grass carp was significantly higher than that of
other groups. The decrease rate of HSI was significantly lower than other groups. The hepatic glycogen content
was significantly increased, and the decrease of GLU was significantly less than that of other groups. The crude
muscle protein decreased most rapidly. There were no significant differences in weight loss after winter in other
groups. The CF was the highest drop rate in wheat group, the HSI decline in corn and cassava groups was
significantly greater than other groups. Corn group had the largest decrease in VSI. In conclusion, under the
puffing process conditions, wheat, cassava, and white sorghum are suitable sugar to be sources to be added in feed
for large-size grass carp, and cassava has the lowest weight-increasing costs with growth, weight gain cost, and
overwintering as evaluation indicators.
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