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Abstract

THE DIETARY APPROPRIATE CARBOHYDRATE
SOURCES AND CARBOHYDRATE TO LIPID LEVEL
OF JUVENILE DABRY’S STURGEON
(ACIPENSER DARAYANUS)

Abstract

A study was been designed to explore the effects of dietary carbohydrate source and
carbohydrate-to-lipid ratio on growth performance, body composition, physiological and
biochemical parameters of juvenile Dabry's sturgeon (Acipenser dabryanus) .Based on the
analysis of the study to obtain the appropriate carbohydrate source and
carbohydrate-to-lipid ratio for conerrvation and feed recipe of Dabry's sturgeon (Acipenser

dabryanus). Results of the present study are presented as follows:

1 Effects of different carbohydrate sources on growth performance, body composition,
physiological and biochemical parameters of juvenile Dabry's sturgeon

An 8-week feeding trial was conducted to determine the effects of different
carbohydrate sources on growth performance, body composition, physiological and
biochemical parameters of juvenile Dabry's sturgeon (Acipenser dabryanus). Six
isonitrogenous and isoenergetic semi-purified diets were prepared by dextrin, wheat starch,
corn starch, a-starch, saccharose and glucose as carbohydrate sources to respectively
compound. The average initial body weights of trial fish were 68.05 g+1.63 g. The results
indicated that the feed efficiency (FE) and protein efficiency ratio (PER) of the dextrin
group, wheat group, starch group, corn starch group and a-starch group were significantly
higher than the saccharose group and glucose group (P<0.05). The fish which was fed the
diets containing corn starch had the highest weight gain ratio (WGR), specific growth rate
(SGR) and feed efficiency (FE). There was no significantly effect of different carbohydrate
source groups on the condition factor (CF)(P>0.05). However, hepatopancreas
somaticindex (HSI) and viscera somaticindex (VSI) were significantly affected by different
carbohydrate sources (P<0.05). The highest HIS and VSI were the glucose group. The
lowest HIS and VSI were the wheat starch group. The wheat starchgroup had the highest

crude protein in whole body, muscle and hepar. The glucose group had the lowest crude
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protein in whole body and muscle were significantly lower than the other groups (P<0.05).
The crude lipid in whole body and muscle of the dextrin group, saccharosgroup and glucose
groupwere were significantly higher than the other groups (P<0.05). The hepatic glycogen
of the a-starch group was significantly higher than the other groups (P<0.05). The muscle
glycogen of a-starch group and glucose group were significantly higher than the other
groups (P<0.05). The triglyceride (TG) and total cholesterol (T-CHO) in hepar and serum
were positively correlated with the glucose content in body and serum.Different
carbohydrate sources had significantly effect on the activity of the digestive enzyme of
digestive tract and pyruvatekinase (PK), phosphoenolpyruvate carboxykinasewere (PEPCK)
of hepar (P<0.05). However, the activity of hexokinase (HK) and phosphoenolpyruvate
carboxylase (PEPC) of hepar were not significantly affected by dietary carbohydrate
sources (P<0.05). The final trial results indicated that used corn starch as the carbohydrate
sources was the best for juvenile Dabry's sturgeon (Acipenser dabryanus).

2 Effects of different carbohydrate-to-lipid ratios on growth performance, body
composition, physiological and biochemical parameters of juvenile Dabry's sturgeon

An 8-week feeding trial was conducted to determine the effects of different
carbohydrate-to-lipid ratios on growth performance, body composition, physiological and
biochemical parameters of juvenile Dabry's sturgeon (Acipenser dabryanus). Six
isonitrogenous and isoenergetic semi-purified diets were prepared by different
carbohydrate-to-lipid (CHO:L) ratios (0.29,0.87,1.77,2.93,5.82,12.09) . The average initial
body weights of trial fish were 68.05 g+1.63 g. The results indicated that there were no
significantly effect of different CHO:L ratios on survival rate (SR) and feed efficiency (FE)
(P>0.05).The weight gain ratio (WGR), specific growth rate (SGR), protein efficiency ratio
(PER), condition factor (CF) and hepatopancreas somaticindex (HSI) were significantly
affected by different CHO:L ratios (P<0.05).The WGR, SGR, CF and HSI were increased
first and then decreased as CHO:L ratios increased.The moisture in whole body, crude lipid
in whole body, muscle and hepar, crude protein in hepar were increased significantly
(P<0.05), however, the muscle glycogen and hepatic glycogen show the opposite trend
(P>0.05).The activity of aspartate aminotransferase (AST) and alanine aminotrasferase
(ALT) of hepar decreased first and then increased, and the effect was significant (P<0.05).
There was no significant difference in triglyceride (TG) total cholesterol (T-CHO), the
activity of hexokinase (HK) and phosphoenolpyruvate carboxylase (PEPC) of hepar (P>
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0.05).The activity of pepsin, intestinal amylase, intestinal lipase, pyruvatekinase (PK) and
phosphoenolpyruvate carboxykinasewere (PEPCK) of hepar were effected by different
CHO:L ratios (P<0.05).The avtivity of PK increased as CHO:L ratios increased, however,
the PEPCK show the opposite trend. Based on broken-line regession analysis of SGR
against dietary CHO:L ratios, a CHO:L of 8.01 was proved to be optimal for the growth of
juvenile Dabry's sturgeon. These results demonstrated that the carbohydrate tolerance of
Dabry's sturgeon is higher,and relative to the lipid Dabry's sturgeon can make better use
carbohydrate of dietary.

KEY WORDS: Acipenser dabryanus; carbohydrate sources; carbohydrate-to-lipid ratio;
growth performance; physiological and biochemical parameters
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WGR Weight gain rate 147 2%
SR Survival rate BE
SGR Specific growth rate e A
PER Protein efficiency ratio & R
FE Feed efficiency e
VS| Viscerasomatic index I e 2
HSI Hepatopancreassomatic index A %L
CF Condition factor s
TG Triglyceride i =i
T-CHO Total cholesterol YT
ALT Alanine aminotransferase A
AST Aspartate aminotransferase RS i
HK Hexokinase SR
PK Pyruvatekinase TR T 15 s it
PEPCK Phosphoenolpyruvate carboxykinasewere e A7 T X T 8 Yk
PEPC Phosphoenolpyruvate carboxylase
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BrHAS [FLRE I LU ot ik IR 4 fa AR MR R L AR A ORI A AR A AR AR 52 e, DL E
— PP UMy 18 B AT Al i A K R B FR 2 DL R TR RL R R B, ATE A 56 35 1A
IREFHVEFR T RSE, AR X — R Fh RS .



1% A3 H) A R} b BRI ATRE i LA T




53
|
1
1=
e
Sy
&

H—B YRk

1 BREFFKRIMR

T RHR SRR Ay . AR KRBT B R R B, Tk SRR T AR
F. HE2E. WESR. geE SR YR 1038, M7 FRARDRE 2 32 BT 7t St ik
B A, AR A AR HE R S S ERE R RS ARERRE . BHEIGshE
(RISEIR, B RE 02BN R R R e A E B TR, [

KFaICEFREF M O EH 100 24T 5, T K 0275 77 75 K KA kR
FRE T 746 T 20 T4 20 AEARSE E, Bl S . HARSE ROk E R WA e T
BRI TL . R E R A RV 7T T 46 T 1958 4R, T ELE 20 tH4d 80 4N
[ RKECR 1) 51 5 R i 75 2R R E A E 20T R 1 288 FR AR R S I L. L4k
[E MG SR8 R SRR 7T CABUR T — RAIER, WS T 2Rk 28
HMEFRRFREMEE (LD .

KL BRBLEREERE

Tab 1-1 Nutrient requirements of partial fish

species nutrient requirement data resource

fill Cyprinidae carp EAR 38% Ogin and Satin(1970) ©

HT 4% Oncorhynchus mykiss &AM 40% Kim, etal (1990) ©
FiBEta Epinephelus malabaricus RAJR 47.8% Shiau and Lan (1996)
%ifn Ctenopharyngodon idellus HE R 22.77~27.66% Pritas (1980) M

filfl Cyprinidae carp i3t} 5~8% Watanabe T, etal (1975) [
Tt Atractoscion nobilis RE Wi 15.3~19.4% Lusm, eral (2009)
#1 Mylopharyngodon piceus iR 6.5% Figws (1987) M

BE S XM letalurus punetaus i 25~30% Wilson R P(1991)1%

YT ## Oncorhynchus mykiss i <20% NRC (1993) 1

B9 774k Silurus meridionalis i 12~18% fHthgE, hE (2005) 1
fifl Cyprinidae carp iach -\ 4000 1U/kg Aoe, etal (1968) 1

K PG ¥4 Salmo salar 4i/EKE 60~100ma/kg  Hamre K and @ Lie (2008) 19
i Ctenopharyngodon idellus YK D 1000 1U/kg ¥ (2007) &0

B IF % 4k 1 Oreochromis aureus 5 7 alkg Robinson(1987)%Y
KBRS 1 Oncorhynchus tshawytscha il 8 a/kg Shearer(1988)#4

it Ctenopharyngodon idellus i 8.49 g/kg Zaey (2012) &
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XL R A R 7 E B, X R el i ) S DR 2R A A R R S SRR YR
FH 1 Rt 52 B ARl o BB A 28 R RSP 2T o W TR AR AR S 2 i 0 A R 0 3
1, ForboRE R AR o R ) PR A S OO (HKO . TARHER AR 4B (PK) | 6
TR SR IEE-1 (PFKO AT BRI (GK) S B 57 A = T2 110 PR T 6,458 TR Bl R 21k
fif (PEPCase) . %4 bE-6-TF R (G6Pase) . MR Bz N B R PR IS (PEPCKD .
FE AR AT OB S PE B L SR 10 A4, MBI N, OO S (R T
BRI T (% 2 B AR e /7 . Cowey 251291 2k 72 5% 45 B1 Rt Borrebaek®? 45 S6uT il |
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11 (Mylopharyngodon piceus) A5 (Perca fluviatilis) FRF 7R, Falkl A K7
S8 90 R T T 22 YA T T 2 e v 1 A B o T v o T e W -6- TR R B A W S AR I R P AR
—ANPRIE A, Panserat £ 7 0T 6 AARL AR IS [F) S B RS R R LB 1 A 3
St o TR I X R T R R A A I R [ DG , Borrebaek 20, 1 XA
FRIRIE 7 Fp A S B o S (R (R 2 S o 66 PR 23 77 2R 540, T Panserat 5034 76 6} it
(Cyprinus carpio) AT 7T Hh & I iy 7K ~F B 2 8w DA FLRR DR 3Rk o DRI oG T
T A T A T 2 B I () R SR B A, — P RIRE S IR AN RS i L R R 3Rk
53— S A A I s B 2K RT DA AR L mRNA 7%,

2.3 F/Meta e EL T YR =

R R R AR R B REEA A I, 2o AR N B 5 DL A2 AR RE = )
TR, W FUIIAE I T AT AR STk R R, AT R DAk R R 1 40
R AERARER . AR ER R Z B2 R, K EEREE
MR, BER AR PERMEE. HARE TR . IR RIS
2.3.1 S pYFRAEXHE LTI AR

ANFEIFERI XTI R HF G R RER . —BORYE, TR MEERNR KM £ 2T b )
I BE ST KPR R K 1 285, v 7K AR 7K 1 8 SR Ak Hh o BB S I & — ARG
T 20%, TR F LY G (Lates calcarifer) B7 | T @B | [ H
(Pleuronectiformes) B | KpGyEsE (Salmo salar) MO falih g i v im0 A B i
20%; i 76 ¢ T BF A X 24 Cletalurus Punetaus) B9, bt | wx g 12 Fn 9 4 41
(Oreochromis spp ) M1 {{yBIF 7 b 2 WAl Hh 3 00 25 B3 A 259%-30%« 30%-40%-
37%-56%F1 40%. F3rHhRital | mE gl | e gn PO SRR A2k A R R R
i R BRI R 22 R R R 2 —

2.32 RS EX A TERFI BN

T ek r AN [ A2 B i e S W S R LA R R R P R LR . %5
S 8] S ot A AR R 3 BV IS 20% . A0% KA 1% 4 B HEME T 1 RN ( Carassius
auratus) , HfF 7L BHRE (N (ORI RS 2EL AN 2] 4L 7 AR B B . TRDRL AR Y & T
LRIt . BRI B 0%-40% (4 10% 09— MR ) HIBIRS AT oYk 45 e
it (Acipenser sinensis) , 25 SR EILEANIN 20%F1 0% kS 130 R w A K B
& T A R, R EE AR T A A
2.3.3 FERIThE XS fa HE ST A B9S2

KB R 2% B £ A0 AR ) 6 TR Fr SR 2t S [F] » Buhlert®™ L 1 8 ik



5 Ktk KBRS £ (Oncorhynchus tshawytscha) A= K20, 38 e X A A JBR e £
AFRAL T 20% A [RIFER I 8 AhiElRL, BT 7T K ILBEAE BE 21 B It £ iR 1 E AR
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WR7KA S VD R MR = e 4 L, TR AR R IR B R OR/IMK IR ) BE =22 2 B SR
= FORERM =S A= =41 4 5. AW FRRI, X Ko T8 1R FH 2 2
w TN TR . Jiang 2T I 6 it ER AT S0 SRS B A 22960 A [P BER IO ARDRE, 4
RR IR = AR oyl (716%F1 782%) , 3 H R AR R bE
(333.2%) , FpEA KRG E AR R —FR R BUUAH &, B IRMIE A R
=T > 22 SRS RIS >o-JE > TR VER . Deng 2518 xof v i 6 (R 57 45 SR Al 3 B
8 T K TR R .
2.3.4 HAhE TR 3 FE2EF F B 220G

Tk b AN ) 2 B He At 5 S B S B R R A 5 . Bergo 259 A
Legate £ Jp S ML 54T TR T, 4% SR 1 26 B AE AP o 8 I e v 2 B I AR 1 R
T 488 %5} 4] 26 7 R R W R FH SR 5 57 . Buhler A1 Halver™@15¢ B i SR M B 78 3K B 24
TRLREL R R AN R B AR I REAEL AR (RIS, BRE A SR R e AR KR B . Morita KT 1
f# (pagrosomus major) [FFFCH, TESH 10%. 20%. 30%HIAE AR 2 Bl In&
N 0%-12% (B 3% 8 — B EE) MR IR LF 43R, o5 FaR IS IR H 2L - 4k 2 11
WM E R R ESE R, FEMRKCF NG 5 R PR R S Bz 0.
235 mEX BAHELEF AR

RN 52 52 BRI R, SR A T SR B 52 v TR 2%
. KPGVEEEAE 12.5°CI XTI A REITN 32 8. FrE A KR, mpdexym T 21 ¢BY
E e it AR A T BE KT B 7 6 ) A RN TRDR S R VA S, LEAGR I B K T sz e H A=
JL/:[SZ] .
2.3.6 R IRSME X & PE AT R AR

TIF 7% 2 42 28X DRk HoR 16 R ) 2 3 52 3 B0 R 1R 520 . Murad 251281 2355 LA
BIWE. ZIERE. MRS AR AR OV B R R, AR R L R 2 I(ED L 4
WEHD 6 R(H) Mg 6 &, S5 RRHFARMR 2 R(H) et 45 a4 Kb
A, AR 4 R(HD 6 (H ) BREQ4L,  DUFRAS [R]RE 5 el Rk e i A K 520 g 2
%5, Tung A1 Shiau B 6T B JE £ B AR (KRF 70t SR 4E 6 Yk CH D I 38 2 0
IR AE R N B AE A K LR 2 2R, HEM ek (HD Wlfmftt 2 %k (H) ik
AR R,



1% A3 H) A R} b BRI ATRE i LA T

3B EEXEREKMAR
3.1 BB A FEIBTSRE

JEKRE R R RS A P — RN S I GERR, $ IR 4
FIRT LA b fis Gl gD FIZEAERRFI2E. SIS B bk S 2 By — 43 7 H Al =4 7 g
WiRLL R IBE SRR, A HM = . IR R B g iR g, eI o 45
53 RIS 0T R AN ANV AT B TR, JHC v AR e i K 75 T2 1) 2 AU AT I TR B 475
MR WHRER . EADUGEIR. T HER. T AR, R ERE R,
HOLHEI RS R, BERG . BERE RS2,

[5) 2K 19 57— B SRR o I U O Bk B AU . ISR SR
FTIEFR, 160K TG shh A BB E B IR, MEmT LUy M iRt
GBI R, POOEE R TR CRURREE, B AU 2 A 0 BB ) B B 4
AT DA SE AR RS e SRR A g R EHAR, 44 E AL D. E %8
VAR 2 R I R S A TSR 5 B2 rb 0 A VR I PO TR 0 1k 5 B
Bear B, TR S TIR SR R K. R TR, F5 40 Bl v DA Mg
T 02 JEORE AR rd B 16 2 B T LA A 2Kt 2R R KR, T 20l
IEA R, 1
3.2 B EFAERHEL . IR E R

M H il E A SRR ) pH RBs Y, R AERR LR B A R AR A L.
FAHACHE T ) 2 R ALAE /N, AR ASBETS TK, 3855 HE 7k (Y BE SR A ) AT v T
TR R FLBERIORL , 8% J A A P i O A FH T 20 g lom] e e AR R RO BRI R H vk = A A Hr
AR o B SEISHE Iy 1) L B A i . IR N R a 1 EARAL K
AR OERE R A R PR AR, 53 0000 e A RS FEL ] 2 AW 128 i O e I v 8 38 2% 8
HHH.

X RARSE G B FCR B, RV ALl W) — Rt SRt ) DL AR AT AR TR 16:0 AT
18:0. SIFLAIYIANIA, AT AL f0 S B £ B ) T2 B TS0, R D BR AR R
AT n-3 A1 n-6 R AE TR & BT AT, 15 04858 B B ASRENS & B n-3 F1 n-6 R 5115
IR, ISR LR n-9. n-6 A1 n-3 51T IR L AMAE KBREE (Nl 1.2) .



18:2n-6(LA) 18:3n (ALA)
A6 Fad l
\l/ AB/A5 Fad
18:3n-6 18:4n-3
\l/ Elovl \l/
20:3n-6 20:4n-3
\L A5 Fad
AB/A5 Fad y
20:4n-6(ARA) 20:5n-3(EPA)
\L Elovl
Elovl Elovl
24:4n-6 €<— 22:4n-6 22:5n-3 —> 24:5n-3
A6 Fad l A6 Fad
o \L A4 Fad o \L
AB/A5 Fad B-oxidation y B-oxidation AB/A5 Fad
24:5n-6 —> 22:5n-6 22:6n-3 < 24:6n-3
(DHA)

B 1.2 @ 3EE R AMBERER R E 1A R
Fad: REAGERZEIAFIES; Elovl: FkBEIEICES
Fig.1.2 HUFA biosynthesis pathway in fish
Fad: fatty acid desaturase; Elovl: elongases of very long chain fatty acid®"!

R RS — MR A R, A R E R Rl i, B
BRI P e sk R AN 2 A E T R 5E G, R IR IITEL & g (FAS)
NEEE FIMERE(LPL) A6 fEWIFR 22 MaFEg (A6 Fad) . FREEZEKES Celovl) . i o i 2k
il A BLEBE (SCD) « SEAYIBE A AR 2k (PPARS) | JIETERF iz H
(FABP) 890081 " Ryyter 41020 75 oy 44 oy 2 B PPARS J:if i %ot I iy BR At S8 AL 470
AR . ME R T 13244, 2 20 IR AT A SS Jk (A 48 52 21 PPARS K
10304 S aEsk, 5 95402 PPARS B[R 22 ek i i A 1 FD B ML 70 4 e 22 195091,

3.3 M & 23t Be K F| A E =

— AR L £ S TR R S S 7 B RAE 496-18%2 1R 15t PRSI AR D,
RIS HESSHIA B2 Z MR R . Horh BRI AR A AR S, Jali. ik



1% A3 H) A R} b BRI ATRE i LA T

P HAWEFEYR . B, LS.
3.3.1 £ AR s 26 51 F 952 M

ARl 1 20 RE R BRI A BT AN, #8812 e A TR P R IR 28 75 sk &= 1Y)
B R FEITRERAF IR, Rt a BRI AHE R TN e A
ST R Du 1% e R0 T S 4 LA Bk R R4 B 3.6%7 4%
B UO0 Sob 5 1S4 £ O TF 8 WA 5 1 4 M 46 IR Ol 36 21 75 SR B 7.18%~8.21% . 2k
e st S A% 2 063 (RO IR 2% ) 6%6~99% 1141 i 0l B3 -4k 2 i3 A K i 202 i e v
KW Fitn (Pelteobagrus fulvidraco) & ELAEMI 755K 11.31%. 142 5@ i %t i

(Silurus asotus Linnaeus) A7 /7 fifi(Silurus meridionalis) KIWF 0 &, & B &5 A1 /7

fil 1) A J 5 B 20 9 7%~13% 1 7%~10%.
3.3.2 AE R iR %t £ B 267 F A9 S2 0

ANTF R 7 HH R B R SR B AN AN ], 0 SR AN [ R i R 1) ) FH R 0 22 5,
S AN () 4D T P07 A 2 g il £ SR008 IR B R e 0 A IR 3 2 — o a3 A A B
B AR AR e BRI, et 686 (Anguilla japonica) U® | ar@sl’®l | g4l
il (Carassius auratus gibelio) 1" Fnaml7 255 5 ek 2 B £ yoh 5 4 T4 PR A K
B 1T AE /K 7 IR B )R R, A7) £ P 75 SRSt ORI i o S AN B3R
S TR AR bR A ik B A S 5 A 3 (R F 7 bR £ . Huangeh 2579 [yt 7t
rh 2% B B | 2 R ] B R B ) S AR, FEXTARM (Lates calcarifer) B (a5t
AR B T HIBL 45 S o A G (RURIE S e BILAE AR S A R e 1 I
AR S T A ORI BRARH o
3.3.3 BERAZK 31 € s 357 A 9 20

e AT Ay AR A arig sl ke, (R om0 I 0T K 2 PR SR AR R 3R
BELAS f00 4 Xot HAth 725 R0 R (RO MACR FH A 75 f f 2 K ak Jig An 182 831 g i ok B o
HE 107 7K 55 T 20%0 KL B 1 (Psetta maxima) B4 (1384 8 268 B R % . Tainaka 250
R I v B g 7K SF-3d it D #1 (Barchydanio rerio var) SR R R BT R ARG FE T R E
U TS B e 2B K R f e . T 9 B4R S@id w7 i 2 At SRR [ i KT R A
BRI, e RS 7RI i R, S AR E A REE R SE R RIE, R
k55 WL AR B AR o
3.3.4 HihEFM BT & Bs 2K F| ARz

YA F E R Bl SIS BRI, AT AR = BE AN AN G D7 R 2 B4 2k
MR Bell 2518 ot tof K 7 A S PR DO Pl o AR [ e A 2R R, 4 SRR B
Z YA FR E BRI s W R A e



VE R 10 B AR, 7 YRR LA T O B 700 B B A B S5
FE o FE AN LR R T R F P EE B I
3.3.5 R E Xt f5 2 F RN

VE gz i A KA I B R 7, 3o v s A ) /K T 2 ) £ 288 19 2B K
B, R KRE R AR R R RN EEEE, B R K a2 kK
P #2120 6F I 107 ) P BE 7 B v o VR YA O g A T = AR B R 20 06 A iR 4

((Cyprinus carpio L.) #MEANE ;& &0k, LR KIAE 23 CHI 30 CHY

FAT BT R DT Re K B2 T 6 °C, fEX it (Cynoglossus semilaevis Gunther)
(90 py ik o b A AL
3.3.6 FhFE X £ B 25 FI F 9 =20

7 FERF X996 K 0 3k ) i U 110 75 SR BB, Sargent 45 BIF AT IA gt K £ rh
3 te AN T 107 R ) eV 1R LIS, R B iR T 2 IR R AR KR K
Sheridan £ A1 Lil%®! 254 i i F1#24% (Oncoryhnchus masou) [ & 7K NG /K5,
AR Z ABAR NIRRT BE T

4 B(EEFFKRMR
41 8B EBERREFRFKRMAR

{3121 % 25 15 10 7 SR R v TR MRt 2, e e Rl P A AL, g
B30 {1 B Hr TR A 69 (TEAE AR 6 QAR B g ) Bl aIT st R I ARDRL R
Ji E AT 38%~44% N ] LA & JLFM R s AR KRR, HFRRE 2N 38.4%~43%.
38%~42%. 39.68%~44.64%. 42%. 34%~37%.

Stuart 1 Hungt®*3 5 P i) AN [ 2% 1 95 ) S RURDR A v i 63, e 2006 45 SR 1]
WINRBAEA (BEA. DNEm. BED FIEEE A PR & s E R, 16
BICR . B AR CR S T Al A R R, RO K SRk 4 B AR
R AR B TRDR ) R, KRG B B AR B A LG 4303 D 0% 15% . 30%- 45%,
IS 45 R BB K SIRAG R O E IR I TR ARl H A R AR KRR AR 1)
ST RS, RERGE DB L mT LIk 2] 30%.

4.2 BB EREFREKAR

U5 46 006 R B 72 DIR853 K. Morre 1 Hung® 5 671
RN, (P R R O A B 9%. 1 BRI e 4 B 5 e R
A o R 7R B 9.06%. Guo 25U 207 (FEARITE SR < M3 ) 1)



1% A3 H) A R} b BRI ATRE i LA T

WFFE 3 AR @ JE T A B 10%. Bl UA S5 Rk i P (02 44K 527 S0 5% M AN () 4%
TR St s & ARl 15 AR S Wi i ekl BIE T  INE N 12.65%~16.65%. &R
FINOIFT Mohesenin 2104t it PR A5 A0 Jr 663 (R 9F 72 26 B, i E 63 R 98 30 3 £ AR LR iy
BB 17%F1 25%I00 24 AT AR A2 K . Hung 2500 g B v e el 4 i i e 6, B 2
6 2% FLOA R R i N N B AE 25.8%~35.7 i i B i AR K A b

Xur 25 OO 3of of oy o i F5 MR S IR ANVES A (Rt R AT EE T | K
Tl I o IR I £ T R U7 s DR 2 e S N MG E S NN E RS EESR S
AR R TE B3 M. XIARDOt v A 6338 B g 1 IR PR 7 2% B Al o i o el A0
T oK R AR A KA R LT R S S TR A THORIAE AR

4.3 BB EEEFE KRR

Hung 2511 25 B IS R Bk Ak 54 (R DR BV Ty B9 40, B (R B SR K
WO G =22 RS BRS = TR TEm =REME> FL = RBE=2T 42K Mark 50
W I AL I RAN [RTRE IR Y v o B9 AR VR AL L B AR R R /KT 20 R B 2 2
St H A R A A O Gl Bl =~ FUE =22 2> R > OB = TR > PUA = TR TE R > 2T
#E3R; Lin ZEUOBRTT 1 i v AN 2 B R AT R AR A, B SRR i e x)
WA R B E T DA, AR b a3 g 4 R IR OB S 4 o
BEME OB TOKVERY . SRE TR PR SR E AR KOR DL R R R AR
FTERERERE, R R R EOUC T SRR Jiang %17 Sl i Xt jli FREFHEME N
i B0y 229% B9 AN R I TR 25 SRR W 3 31 5 fpe e B2 MRS LA oA 4, 4R
HIEARONRIELL, € AR RMDRL R K 1 R R 5, BRI R AR D9 R
= B> 22 ZFMES RS > a- TR > TR VE R ;30 SCOEROME Sof G M) S0 63 O BT e 45 SRR W
a-VEAT  INECUENT S TOKTE R = A AL B AL 1 74 AR A A5 0 PR R e 1Y B AR AR e AR K
ESOPRTE Pt S YV E I S ES PR T S

4.4 S8 Y RN YIREFRFKRMR

Moreau 25 Ohust P A Rl 653 (OB 72 % B BT DA B B 2 C, AEMR R AN TR
FRINZEE SR C. mypklMx cp ARG AR ST 45 R W], FRRH R N 100.2~108.8 mg/kg
it % C et KRBT . SCHEMAN i AT BT R B, fkl b E g &
A, %EAER C MYEE R E & & 0508 923 IU/kg. 110.4 mg/kg 11 187.4 mg/kg.

Hung™ 3% v g 63 (A 78 2 8L, AR RN 0.05~1.2 mglkg (FIfl s 1 63 48 Kok
RETC W om, (H2s ARG 1 5% 0.3 mg/kg. 1.0 mg/kg A1 1.2 mg/kg ZHR 56 fa 2E
KAEAEA LA 22 . Xu SISt Ay ) S0 63 FORE 7o 45 SRR W, Tkl il & Bl 0.5% I



P A T 4 5 05 S At B9 O 9 08 G P O B I R 0.98%.
5 RIBERNEEX

5.1 IAKEF T R A IR

RREGFRTEEE . G, GE, R KL, 2 ERMER ARl
BAGE RS, TR B T30 SRy, 2 KT B s
GrtRy — R REPHEH K 2 E T, B AT ja BRDE AR, BY) 2 T0d .
FE & T A, TLHEK S Jevb e i a2 1) ve FlE e R L B E MM S . Rk
B, haUKAEFERE, BAE, KERR RS aEhe, bl
BEAMEAEY AT, ARHEK R, S ABEFNKERFEmAER, ©

R L, 96T 0 B3 (R 7 32 3 A A S N Tt B e |
Oy ORGSR B B R OISR T T A SIS IR RS IR I
FED, AU FEFE RN A Rt AR K 5e 2 A R4 o bkl b R
FoREm MBI, A AT L) R R B R R R e

52 B/

VERKAT B T £ E SR M & il il 35t 22—, 20 e 70 R0, &
A 2 5 ATLE = BN 4% ~10%. b5, 18RI IR E SR~ R, i, 1982
IR IREFSEAT AR G, B 2000 4F, A IKEIFE RIRITE — e rRfiE, (HEMIT
W 1994 4F 5 R A BT K, 1

i 20 4k, BT BN TAR RN DL RO FER 457 . KBRS G5 — R IR A
B AT K R PR D, 818 B R — AR st 2020 g T X — WA,
WE AT EIE . R FRIEE TS T RKE S A BT AR, SRRk RS
FETERA T TAET AR, H N TECE b ik 6l Skl Rty
HEFRTFEI TR A LEEABAYIM ., K REEGAERKR. PR, REEN2

AR R, XTIA BRI E IR ORI BT, AMEREON N T GE ORI (o & B A4
FEMIETRE, AR R A IR N TR, KIADRAEIA IREFEAE TH IR, R4 eIk IR
3 SR B RN R G R 7 SRS H ks . BT VI3RS 17k IR6F 5 1R
MR TFR L B0hEs IR AT H 5 A8 i LU A 78 7T DA 58 350k IR 675 77 75 SR Rl Ek
W, WA UGS TR T S A SN2 A iy B SR

PERAE K= skl b B AL REVI BT, (E H AR RN 2 . BERZS 51
R LR, KA arig st fiae i, Rt nr/E AR 75 F A B AL IR S5 AR
R B BT AR R 2 5t kA KA FE Y ot SRR R R IE BB B
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1% A3 H) A R} b BRI ATRE i LA T

L B PR TR, AR ) 8 A B ROPE A, s sk ta iR, 3R m s AR U fig

BEAR R HE RO FRIERK AR 5 2, [RINPESRAE U RIRIURG 577, nT DASR b AR e 1k

CZ ALK BC & PR R I B .

A Sl L B T AR A [T AR L ik R 4yt AR M RE
AEACTERRIISZNR, DU e 1 A IR AR K ORI HE L, ATz 20 5 308 IR B 1S

FFRSEL NRTIE 2RI AR K

6 SRR Bk

N
o

Lk

TR EIR O AR . TR a-iERy . TOKTER

LR pERS L 0.29. 0.87. 1.77. 2.93. 5.82. 12.09

INZETERT

L

KRR E PRSI E R AL BRI E
R X £ A2 KA L AT 1 A e A g A2 B
(I S, 1 QR R, g HABFRIR I : T
R, RRR. & s Ko AR Sy PEAL R BRRRE A
R AR B s R K Bty fo it A 1Ll
Ry BEWERE . FTALL B AR

kA

|

|

|

I AT ARDER A AN TR B DS AR i B XA FREF L A ARk B AR A AR PR

AACTRAR RIS

'

iy 5 18 PRI 4y g P el v o B PO AREORORE i L
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S AR IA AR A Ry B A B A AR R B

BT TMEREFEERSGSHEER, RO REEEN

FErRAYE2
1MR5ERE
1.1 38 1A 4l

R LA B LIRS . NETER . ERIEN . o-TER (TR EKiEk) .
FERE. REROARER, ftr. BEE. HRCOVEAIRE, SRR, FCH] 6 A
SERE A ARl KR ERP SR 42 60 H 2> R0, TR IREL 5 RS vEAR IR AT,
LZRNLEI R E AR 2 mm BEFCR R, FERUE KT OK3 2058 10%) , &a
PENLB AR AR, B iR B -20 CUKME A& . R 2-1 RIS AR R &
B IRKT .

1.2 i RIAFEER

BRI 8 R K P R F 78 Be A YLK P2 I 78 BT 300 H R T rh A 63 25 5L Hh B 43k 1)
MBS KRBT AR . ISR TR [REF S i R B 42 1.05 m, & 0.5 m
AT TR I 2 i . I YIRS, (5 1E8ne, EUUH 24 h JE Bk Riss —
. AR R NMA (WIEATRE N 68.05 g+1.63 ¢) , BRIt IR ISR N 6
M, BHIANEKE, BNER 24 BAOREFEMN, FKFRME, HAKEE 2 Lmin,
RHUE WA e, AR A% 3 Yk (8:00 14:00 20:00) . ML 1 h JEilTs, UEERE
FdRIRE ., JRaE. WA 8, &2 AFRE 1k, RIESLhrikEKIGE
T L VR B R . IS K O e BRI vE i E A R K, SR GE B IR KGR A
(18.022.0) ‘C, 5 N(7.620.6 mg/L), A% /NT 0.05mg/L, pH A 7.430.2.
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#*2-1 HEARNEREEFRKTE (FYREMD

Tab. 2-1 Composition and nutrient levels of experimental diets %, DM

i H #EYE carbohydrate sources

items LT TARTER - REWE GikaL

dextrin  wheat starch corn starch a-starch  saccharose  glucose

J5 %} ingredients

ffy fish meal 40.00 40.00 40.00 40.00 40.00 40.00
F&EE 1 casein 15.00 15.00 15.00 15.00 15.00 15.00
i gelatin 4.00 4.00 4.00 4.00 4.00 4.00
i3 fish oil 8.00 8.00 8.00 8.00 8.00 8.00
MEmer4ER microcrystalline cellulose 0.75 0.75 0.75 0.75 0.75 0.75
SALHETE choline chloride 0.25 0.25 0.25 0.25 0.25 0.25
YA Z TR AL Y vitamin premix? 1.00 1.00 1.00 1.00 1.00 1.00
R TRk 2 cineral premix? 5.00 5.00 5.00 5.00 5.00 5.00
R I 4R HICMC-Na 4.00 4,00 4.00 4.00 4.00 4.00
i carbohydrate 22.00 22.00 22.00 22.00 22.00 22.00
£t total 100.00 100.00 100.00 100.00 100.00 100.00

E75/KF nutrient levels

TH)0% dry matter 90.3 90.52 90.34 90.78 90.27 89.79
FLE A crude protein 42.84 42.75 42.01 42.28 42.16 42.71
HUIEM crude lipid 8.19 8.28 8.21 8.29 8.14 8.31
K4y ash 8.90 8.85 8.94 8.82 8.94 8.94
&.BE gross energy/(MJ/kg) 19.23 19.12 19.48 19.55 19.82 20.17

F: D) HEEFETURR (mg/kg diet or 1U/kg diet) 443 E, 100; #45%%E K, 40; HEE A,
5000 1U; #4%% D, 2000 1U; #4543 B, 50; 44 3% B,, 200; 443 B, 50; HEZE By, 0.
5; 4% % C, 325; MAER, 175; MR, 5; FLEF, 1000; E£4%, 2.5; ;ZERISE, 50.

2) WHIRELFUR RN (mg/kg diet): NaCl, 5000; Ca(H,P0O,),, 15000; FeSO, 7H,0, 1000; ZnSO, 7H
»0, 350 ;MnSQO,4 4H,0, 40; CuSO, 5H,0, 12; CoCl, 6H,0, 80; KlO3, 5.

Note:1) Vitamin premix (mg/kg diet or 1U/kg diet) : vitamin E, 100; vitamin K, 40; vitami
n A, 5000 IU;vitamin D, 2000 IU; vitamin B,, 50; vitamin B,, 200; vitamin Bg, 50; vitamin B,
5, 0.5; vitamin C, 325; nicotinie acid, 175; folic acid, 5; inosito, 1 000;biotin, 2.5; Calcium Pant
othenat, 50.

2) Mineral premix (mg/kg diet): NaCl, 5000; Ca(H,PO,),, 15000; FeSO,¥H,0, 1000; ZnSO, 7H,
O, 350; MnSO,4 4H,0, 40; CuS0O,45H,0, 12; CoCl, 6H,0, 80; KIO3, 5.
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1.3 HmARESIERNE

TR EE R, fERAYL 24 h f5, SADEERENLPEE 10 2 &K IFRR
#H, AU . DA HEEREIBRE 4 B MSS-222 ikt , w3 2
HEAT R KR 1ML, 3500 r/min 550> 10 min J5 HUMIEHZE-80 “CyKAH &I fLid A= L FE br o
HX P IEFD T FREE , FH DATHSE AR L R LG, FRR AT B & it AT 0 3 f5 i CE F 2 mL
B TNZR-80 "CUKAE, F LUKl & T g v5 4845 o BUHANE WLERAE, FH LA SE I e
WU FERE SRS L. 55 1 B fa T4 fa AR A3 1l 5

TRk, At RV EIK S S AT HRER I K 2> & & BR A 105 CF
# 7% (GB/T5009.3-2003 ) . dl K & % ( GB/T5009.3-2003 ) % [K fh $2 ¥
(GB/5009.6-2003). 550 °C#J%k2i%illE (GB/5009.4-2003). 1Akl rh fit & F A B EAX
(SDACM-4000, #rg =FERHE A A R 6] #EATIE » MG EAFEPR K Sysmex
A H AT AL (Chemix-800) e . FFHEIE . WIKEE . B NFE BT 2 54 2
Hii=fe. SPHEER. BEA. R, nEE. O, IR, R
Mz X R A A D Tl A e =X PR T P 2 A 35 R P P i A AR ) TR AIE LT B2 4t 1)
A BT I E
LATTE AR R HBIELIE

AT R & SHU T EAL DL A AT

B E R (WGR, %)= (W-W,) /W,x100

G (SR,%) =N¢/Ny><100

578 42 K (SGR, %/d)=(LnW;-LnW,)/t<100

B A R (PER, %) =(Wi-W,)/ 1y <100

TR (FE, %)=(W-Wo)/11<100

JRE AR FE B (VS1,%)=W,/W>100

A4 £ (HS1,%)=Wn/W><L00

JIEL336 /5 (CF)=W/L3=100

A, WREARAETE(g), Wo REVIETTE(g), No AR IRIHWI faEE, N ALK
IR AL, t AR (D, WARBRREARTE (@), AR KA
+FH#E (@), Wy AR MR FTE(g), Wy R TE (90, WAERMIAILE (),
L AREAMAEEK (em) .

T 4 28 Excel 2007 #1553 J5 , K SPSS 20.0 % £ 85 3047 #8255 22 0T
KA Duncan K% 5 LA BT Ia () 22 B 1, 38 /KF 8 N P<0.05, 38404 A
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1% A3 H) A R} b BRI ATRE i LA T

S {E R (MeanSE) &R
2ERS D

2.1 NEIFEIRIIXRET 4N & & KM Re AR RL I RIS 00

it 8 FMIAFRE, RIASFIEIE L [T %)t s R A B3 (P>0.05) .
FKVER AT Y B R AR KR AR R s (R 2-2) , & AR
B R AR A KR B E T A4 (P<0.05) o« ZHEH CHIR. DNEEh. =
KUER ~ a-VERT ) 50 Fo PRI A8 20 R B 1 o A0 0 2 v T OURE 2E CRREMRED AN B i 2e (Al
B (P<0.05) .

2.2 NEIERIARE B RS F eI

M2 2-3 WA, ANEIREUEN A T AL T w25 50m (P>0.05) , T A4 L An
FIEAR LU 29 B 25 500 (P<0.05) o 2HL vy e 0 4 o (10 A EU AT BIE A B 38) X8 2% v
FAb B (P<0.05) , /Ny FoKTERy . REREAL L0 i 4 b B 2 AR T A &
20 (P<0.05) , /N2 i by 2L 150 £ (P AR LU 2 2K T oV M AN & W2 (P<0.05)
B5HAMHZERARE (P>0.05) .

* 2-2 FEEREXHARE L& E KM REFIRRF BRI 0
Tab.2-2 Effects of different carbohydrate sources on growth performance and feed efficiency of juvenil

Acipenser dabryanus(n = 3)

G JliE 2 W% Fre Kz ()Y & HARME
carbohydrate sources SR/% WGR/% SGR/%/d FE/% PER/%

B4 dextrin 1004+0.00  193.60+5.38%  1.92+0.08°  63.65+4.09° 148.62+551°
/N E R wheat starch 98.48+152 188.99+3.80° 1.894+0.06°  58.6040.52* 136.9+0.73"
FeKEk) corn starch 1004+0.00  206.284+3.13*  2.00+£0.05°  66.65+3.73° 158.33+5.13°
a-¥EF} o-starch 100+£0.00  200.91+2.48  1.96+0.04° 64.72+1527° 152.8+20.85°
HEHE saccharose 98.48+152 182.05+4.38° 1.854+0.07°  46.2+328°  109.4+4.50°
H%IHE glucose 96.97+1.52  9266+271"  1.18+0.07°  4546+1.13" 106.41+153"

3 RV EERAREBRIRT RN FRRRABEREE(P<0.05), BirkFBzg/NEFE1H

ElfnZE R EZ(P>0.05).
Note: Different small letter superscripts in the same column of different carbohydrate source group
indicate significant effect(P<0.05), while with no or the same small letter superscripts mean no

significant difference(P>0.05).
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& 2-3 A EFERINERE &R SFIRRFN
Tab.2-3 Effects of different carbohydrate sources on morphological indices of juvenil Acipenser

dabryanu(n=9)

HEIR JIEL 6 g JIRNES iR ENE

carbohydrate sources CF HSI/% VSI1/%

HWIkE dextrin 0.6940.02 2.4140.17° 6.7940.37™
/NFEVERY wheat starch 0.6840.01 1.4240.11° 6.4140.40°
EKIEH corn starch 0.7040.02 1.6420.08¢ 6.7140.30™
o-JEH) a-starch 0.6940.02 2.3240.11° 7.4240.23°
e b saccharose 0.7040.02 1.5840.08° 6.9640.26™
Wiz FE glucose 0.6740.02 2.9940.02° 8.7940.22°

x: B EREREABEBIRA R/ NEFRRR AR EREE(P<0.05), BirtF&ag/5FE1E
FIRRAERFEZ(P>0.05).

Note: Different small letter superscripts in the same column of different carbohydrate source group
indicate significant effect(P<0.05), while with no or the same small letter superscripts mean no

significant difference(P>0.05).
2.3 PEMERXNEREI B AFRST AL FERS BIR D

2 2-4 WA, ANFEPEEXHE REF 4. WLAL BFEI7K ALK 52 i
ﬁﬁw%<m@%>,ﬁﬁ?é@\mw\ﬁmﬁma\ﬁ%%ﬂé@f\ﬁiwﬁ

R (P<0.05) , Hr 6 MNMAWATHIPEEAFHEO S ESFREER
(P<0.05) . /NjEkdlaf . NINFAMFFHED S ERm, FRERHABRIH R
MPHED SR, MABASAMIAMEES S &K EER T HMEH
(P<0.05) . A= FILPH G 7 & im0 =35 9 Bk . RERE R 2 p 4 B 3 =
T H AR & 2H (P<0.05) o AN[FPEVE S I FR AT FH-BE SR JULNE I 2 &5 i 2% (P<0.05)
HA TR R S B REN a-SER RIS AL, o- TN 2P0 2 B 240 R S 1 PR FEE R A /)
FVERYALI 4 £ o FIATFERD a-ve Ry LU JR 5 & 3 T HAh %41 (P<0.05) , /I
iR EAER &
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xR 2-4 TEHERENERGNEEE/T. AKRT FFS RIS
Tab.2-4 Effects of different carbohydrate sources on compositions of whole body,muscle and hepar in

juvenil Acipenser dabryanus(n=9)

mH ki INFZVERD FRVEH o-VERY e GiEabi
items dextrin wheat starch corn starch a-starch saccharose glucose

4=t whole body (%)

/K43 moisture 80.5440.10  81.37#0.13  81.02#058  80.96#1.11  80.69#0.30  80.9020.43
¥ A crude protein 11.6240.08°  12.1040.13°  11.4840.04° 11.9240.06° 11.91+40.13%° 10.4740.18"
FAAE crude lipid 4.3840.08° 3.2340.06°  3.6140.02°  35040.01%  4.1440.11°  4.9620.11°
K43 ash 2.1940.10° 2.2240.34°  22740.16°  1.9620.30°  2.2740.05°  2.1440.25°

LA muscle (%)

7K 43 moisture 79.8640.35  81.2840.61  80.9620.15  80.8240.78  81.1020.87  80.24+4).89
FL2 A crude protein 14.6840.05°  15.2540.12° 15.1340.08°  15.0740.02° 14.70#0.07°  12.7440.03°
FIE W crude lipid 3.8440.07°  2.7240.09°  2.4830.02°  2.4640.07°  3.9820.02°  3.5840.02°
K4y ash 0.9520.03 1.010.01 1.030.01 1.0640.01 0.9320.02 1.0246.01

WLHE I 1.464+0.07° 0.73+£0.02° 1.38+0.10° 3.16+0.32° 1.16+0.07° 3.3540.30

muscle glycogen/(mg.g™)

T hepar (%)

7K 43 moisture 69.0640.53  71.18#1.94  70.3140.24  72.4340.28  69.43#.62  71.1240.86

F1%E A crude protein 8.9540.07°  13.07#0.19° 12.6940.19°  9.5140.05"  11.4240.10°  9.9840.07°

FHAEA crude lipid 10.4140.27¢  12.0320.63 12.9020.17* 10.5740.16° 13.7620.28°  11.290.08™
JFF 4 SR 53.0+3.61" 16.840.10° 20.9+226" 61.7£299* 156+1.64° 40.9+2.98°
hepatic glycogen/(mg.g™)

x: EHTAEERARERFRAR/NEFERNABEREE (P<0.05) , BREFEHNEF
BHERRAER T EZE(P>0.05).

Note: Different small letter superscripts in the same line of different carbohydrate source group indicate
significant effect(P<0.05), while with no or the same small letter superscripts mean no significant

difference(P>0.05).
2.4 T EIEREXNIA K &G40 & AHEfRaIS2 0

H1%% 2-5 AR, a pE LSS ST A R s PR . H =B S AT a-iE At 4L
St Ay FLAL G MHE I S IE S R e T 2 A T A 4L (P<0.05) o REREANA
G B AR 10 B M PR R AR R R T HAR &4 (P<0.05) o FoKiEk it
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6 0 e = i AT A I [ ) A
% 2-5 TEMERINARE L&A ErRaS200
Tab.2-5 Effects of different carbohydrate sources on hepatic indexes of juvenil Acipenser

dabryanus(n=9)

IR BN WL o =g L ]
carbohydrate sources AST/(U g% ALT/(U g™ TG/(mmol g%) T-CHO(mmol g%
Wik dextrin 80.28+42.78¢ 63.0643.83% 0.2840.01° 0.0640.01%
/N R wheat starch 98.7244.02° 57.5441.22° 0.2620.02° 0.0520.00°

T K BEH corn starch 123.9748.33" 71.8744.83° 0.2520.01° 0.0420.01°
a-¥EH} o-starch 104.5143.93° 73.6147.33° 0.3320.03" 0.1140.01°
JHEHE saccharose 106.544.39° 52.1649.4° 0.3640.03® 0.0840.01°
H%HE glucose 142.7845.69° 47.4843.16° 0.4340.01° 0.09+40.01°

x: B EREREABE BRI/ NEFRRR AR EREE(P<0.05), BirLtF&aE/5FE1E
FERRAERTEZE(P>0.05).

Note: Different small letter superscripts in the same column of different carbohydrate source group
indicatea significant effect(P<0.05), while with no or the same small letter superscripts mean no

significant difference(P>0.05).
2.5 N EIFEIREXHARE & MFHsFRaIFZ 00

EIA KA M TR R, A4 Ay b &b, =, SHEES =
wim, A H I =B AS A EE R S T T AN S (P<0.05) , /NEETE R N
& (& 2-6) .

2.6 AEIEREIHAKESE S MiZEHLEsE MRS

H 2-7 Al AN, AS[EDHEIR A QAT B A7 8 VA RS MR X B35 520 (P<0.05) .
Hordr/INZ2 vy 106 £ 1 B s T B v 1T 1 1 I AR i ey Tt U B A o 0 280 B A
U B R E B AR R ARG (A R T B Y B S R R TN TR . T
A EIHEZ (P<0.05) 5 W7y B s P 5t v (A2 a3 K ORI AS 2E I 3% 5 v 1781 460 B A
INETERYE (P<0.05) .
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*2-6 AEFEEREXNERE LS MFRRAIF

Tab.2-6 Effects of different carbohydrate sources on serum indexes of juvenil Acipenser

dabryanus(n=9);mmol/L

MR W il =g I [
carbohydrate sources glucose TG T-CHO

HWIKS dextrin 3.28490.10° 3.6340.20™ 1.1840.05"
/NZEVERT wheat starch 2.4840.13° 3.3140.09° 0.9240.07°
F K UEH corn starch 1.9740.08¢ 3.6140.21% 1.0040.06"
o-TEH a-starch 2.8540.09° 4.0440.17° 1.1740.06"
T BE saccharose 2.5340.15 3.5540.16™ 1.1240.08°
W2 M glucose 3.4940.12° 4.7040.37° 1.9140.19%

I FSAREREREBIRAR/NE FRRRABREREZE(P<0.05), BirkFEz/NEF&H

FRRAERTEZ(P>0.05).

Note: Different small letter superscripts in the same column of different carbohydrate source group

indicate significant effect(P<0.05), while with no or the same small letter superscripts mean no

significant difference(P>0.05).

®2-7 AREFERMIARE S E B MEHCEE T AFNT

Tab.2-7 Effects of different carbohydrate sources on digestive enzyme activities in stomach and

intestinal of juvenil Acipenser dabryanus(n=9)

WHIE EEHE]L i e i i Jia e 491 i
carbohydrate sources pepsin/(U mg™) intestinal amylase/(U g% intestinal lipase/(U g%
FHE dextrin 0.8140.05" 14.5140.72° 196.52+413.10°
/NSEVEHRT wheat starch 1.0040.05° 8.9140.32° 156.8148.05"

F K IEH corn starch 0.8740.02% 12.76.07% 187.97+15.91%
o-TEH a-starch 0.9940..08° 12.204+1.35% 214.07413.44°

T BE saccharose 0.8340.02° 9.6640.61° 174.8749.28%°
W& FE glucose 0.7340.05" 10.1740.64 157.40+10.89°

3 RV EERABRIEBRIRT RN FRRRABEREE(P<0.05), BirkFBzg/NEFE1H

ERRrERTEZ(P>0.05).

Note: Different small letter superscripts in the same column of different carbohydrate source group

indicate significant effect(P<0.05), while with no or the same small letter superscripts mean no

significant difference(P>0.05).
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2.7 NEIHEIRNA R eG4t FFHE A5 IR B S 1 RV R2 M

H13% 2-8 WJ 0, AN [RIRE YR i AT T AT A I g Tt IR s 1 X P A G Bl v 1 2
AEFERm (P<0.05) , X COEREE . A R i = 70 R R R AL B Vs M S AN (. 3
(P>0.05) o o-VEkn ZH il 5e fo fH OB IEORG L AT VT TR At Vs 118 e v T kIR A e =X P B
PR ERAR . N2ty AL S0t T CORE G . RN ZEL A 7 T IR P AR 8 1 0 1 5
W FR A Bl v 1 B AT, T /) 22 Ve oy ZEL T Pt R s e e P I P2 Tl D) 2 T S e
e

R 2-8  TEIWEIRXIA &G 4 & AT HE 51 X SR B E 4 OS2
Tab.2-8 Effects of different carbohydrate sources on hepatic carbohydrate metabolic key enzyme

activities of juvenil Acipenser dabryanus(n=9)

LA OOl MRS  BERIGRE NI IERAR S BRI I U R R AR A B
carbohydrate sources HK/(U g™ PK/(U g1 PEPCK/(U mg™) PEPC/(U mg™)
K% dextrin 44574869  18.53+.99% 8.5441,09 8.26+1.34

/N R wheat starch 33.0144.76  16.9441.92° 10.2240.69° 7.6341.53

T K¥EH corn starch 50.31410.53  16.32:4.71% 9.83+.78% 7.98+1.02

a-¥EF} o-starch 51.6348.50  18.6240.93 7.261.06° 8.47+1.63

HEHE saccharose 46.2628.47  11.60+.75 9.20+1.09° 8.0542.31

H%IHE glucose 36.1546.48  11.7141.95 8.3741.30° 8.03+1.87

I AR RVERAKEBIRARNEFRRRABEREZE(P<0.05), BirkFE33/NEFEFHE
FlFmZEF I EZE(P>0.05).

Note: Different small letter superscripts in the same column of different carbohydrate source group
indicate significant effect(P<0.05), while with no or the same small letter superscripts mean no

significant difference(P>0.05).
31ie
3.1 NEIEIERTIA R ES Y& 4 KM se AR AL FI| A 3R AI 2

ARG RRINZ ML RS DEIER . FTRIER . o-TER) FIXCHEA (B
B 1 RS AR KR B T AR (AR, AR SR AR R AR T
F T UURE LR PApE 2 . 3K 3R W IA A5 &) £ 0] 22 W R AR T B /8 Wik R 4h
T RHE 7 ISR I 22 B SR R T bR AR K. X 5658 (Gadus morhua) 1281
7 # {1 (Rachycentron canadum) [ | [4]3kfs; (Megalobrama amblycephala) %% |
#141 (Mylopharyngodon piceus) M4 | ri#E43 (Acipenser sinensis) ' | & Bkt
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(Oreochromis niloticus) ™3 A1 245z i3 (132 A5 5 K7 5 HAZE AL 3 Al £ 200 K 2
THERMF TN TR IR R T2, Ko PR b R & 5 T B Al K
BT TR AR I A5 T A R R 6 0 i A B A RSO R Y ] 2 A ) T DA ¥ A T T AL
2 BRI By 3 22 B0 M S 3 il s R 5 | S AR BRAE A, AT A f 2R A AR
T PR R S T S Bk Kotk e e 22 1029 | (H0 4 B £ (Epinephelus malabaricus)™! |
4> 3L (Sparus aurata)!**? 1%Lt (Ctenopharyngodon idellus)™®! [r1wF 5t % B H % /N 43
TR RO S B T K 0 X T B R AN [ 2 A 2

3.2 AEINERX AR @A RS FIE R BT AL B BF AR 53 B9S2

Tt 503 W A L 22 B TR HP OB KT (0 T a3 O, rpod s (0 PR L R i
PR A b1 i 3 B R B 22— 183 B T RO R T i RO L B Ot B g R
LA OB IR AR [ th 2 3 F R4 b iy 22 1300, ARG R AR . B L oY
ZEL PR LU R PR S0 5 B B 25 T A S L e sk T . O KEWF AR AR
A FRE R BIR 2R 22 5, ARSI AN [RIBEIEOG [T 4 . LA ) B S 57
FRY 25 S R R IR R O RIS B |, A A R A e AL 2R 1 S BRI,
(IR A0 L RRG . RRERAEL 4 f ATV AR 07 5 B 3 T A 3 4, X 5 rp g
ANl #71 (Carassius auratus gibelio)™™ [KIfF 7t 45 B340, 1M #8 3 55 (Pagrosomus majo)H*®
FIEG J7 i (Silurus meridionalis Chen)™®! [t 5t b o I3 M9 20 4 # IS i 2 & v T WUb
FOCREAL . AR . WK 44t R UL PR P & B e T B2 R T AR LR IR . T
JEE R L 5 sy £ R TR A S 2 PRI A 7, T A A R v A ol ) A T — 2 TR B T LA
R 3R H i LA A P B PR A i S 8 A A2 B Bk A R A #2106 B )
Ry TA00 (B AR ARG AT S AR AT D TR 2k (10 5 5 v I R % 3% 7 LA Sl
Ve T HARLL, oAb b 2 2 2R v R obs & S A W e T AR, A O
g Wi 2 B e B SR DRI it — s 1R, R AT REA St DLARIAT BOWIRS . o-Te k4l
FPRLER (S AR, Furuichi M &M 030 Hhy 20 24 rb s 26 55 2 i v 2 AT
s TV AR TE P RE RSO A, DT 5 e S S SRR IR A, 3 R R TR B
%o AR A H b A LR JE AR AR B LS 4, EIR TG 4 8 77 JE R ]
B IRINE BN IER . BRIEH . FERE A T R R R AR .

3.3 T EIEIR AT ik FE 6340 & AT 2 M & RO B0

2 TR e B R 2 SR 2 A L9 7 R B 0 B P T A 1 2 AR AR
ol i )4 P e v B A e i A6 I T e S 35 1 o AN 1k B o 881 2 W 2L 4 D9 i 1
i ey O A A 2L D) (1, 6 26 R 2 4 B e G PR AR o 3K RT RE A2 JHT o R 5 ok
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REINE T, S5R5 R HREE S E A a8 SR AR R ) 4
AL, ARG TR AR . o VE R RIS 2 I 3 R A RS R A e T A =
(025 e el R E i 1= =W SN i == R D S == M R 2 R e P R
H =g, SHEEE SRS T HM S A, %45 R 5Bk | Zeeagt®a o
T I 25 i #41 (Pelteobagrus vachelli)™! 255 5 45 BAR L, e 22 # ) | He P et
CULT 3 6 RO 4L I Y P H oo = B 5 A, (E NSS4 % SR T 25 12 v 1R 5
ZH AR N H v =l A AR o 38 R Y = R RN e T A v ) D R AT RE A LR
R I HEORE 7 B e A DAV A B TR AR e v B BT A BE B, 32 T S oA R R P AR 1Y £ Tk
G A FE = IRIRIGEA P 2 (0 R AR A R A BESR A i aa i 4

3.4 AEIFERXTIAKES 4 & B FiAE BB R R £20

AN [ Aol 24 4 £ 7 35 6 AN RV AR T DL 230 8 5 T AL B e D44 AR g b A e o
AR A KRG E SR OB WIRNTES. Mie kB a B2 . AN EUEm A o-iE ¥
Hrh B EAMEERE, X52aNIATHERSESR 80 Bk, TKEHh A
o-UE K 251 i 177 T AR fi i o B R 38 v T A &, SR T K TE R A oY 4H A
WA R AR 7 2 S 2 TG . AT aTE A, X S5 ARG R LA K v b 2 &k v 5
IR AR I3 H e = P A R e = v I A A R — 2
3.5 T EHEER A FE 634 & FTHE (¢ 161 56 H2RESE 1 AV B0

LN TR T I R VA T 2 W Tt 2 v P S B g, 1 0P T o U B P 5
FIRRAC 10 524, WAy, CREBEE AR FR & 1w 2 BE Q0 i e
SR ARG FORIE AN R P OO S AR R, R SO A
W2 IA AR B EZE R, X157 650%% FA g ta (Myxocyprinus asiaticus)™
WAL as AL, £ 4B YO TREMI L — 2, Ka R, SWAm R ES /T,
TEMRPTEERAL, Fb SRRt m, MRS EA R AT, (BEEEP 4E
2 B s 21 61 (Erythroculter ilishaeformis Bleeker)™®! [ 9t mh s BRAS [E 4RIl £
T COPE B 5 R, IR 22 59 T A DR A B (0 Rl AN TR Ao 22 3 4 74T T I U
S S T OO R BB AL, 3 AT R T PR AT % B 4T R R PR R 2 R A 2
ix b5 3 41 0481 F71K 3% £ (Larmichthys crocea Richardson)!™ (i 55 45 5 — 5. BERR
s T 2K AT P P A 3 S A e R P R DGR, A T S S S R SR MR R, 5 R
2 Tl TR s 1 X T T PR AT 1k B mRINA Rt [ 1) — AMRAR A K, FF88000 1 1t
R 5 2P ARG Hh LA I rF R S B R R AR . RS A a-TE AL
St 7 i P s e R T P A i A T A A 4, IXPT B2 H T LA AR 0 s 2 R )
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WEAE A HEAT T SUR BRI, %45 AR AE AR A £ R 2T T4 . R
1t X A R PR R P A AR S 257 A O i R o P R R 2 PR I L IR (Y BRI g, 72 =%
OB PRI [l 4 S B A LR IO o SO R YRR TR . BRI oS R 4L 4t R
PR 7 &5 B T o fth J L2 vl B2 — SR IRIA A R S (b SR, (B Eg AN ]
BRRIFONT I8 PR3 41y i B0t 8 A 5 2 PR T PR R AL B R M AN 2.3, A3 SRR IR ) 1 3 AT B IR PR
MBI O AT 08, T} A BRI R SR AN [0 Ho 5 BB e A fr it — b
W

4 INeE

AU L5 T, T [R6T 40 108 2 K FLFT 00 T XU AREAL, M0t
B, HRERE, FRREIRR, SRR, SO R AART
R 5 K 641 624 582 (G HOPRIO SN, SCRERS 15 TR 9 ) e R o ke
B R
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#=5 TRBELIHARSMEEK, FRAREDRE
{LIEAT IR

L S 75
1.1 38 1A Al

PLEKY. BRERA. IR ANEAIE, flANRIIE, a-dek (LT KERm) A
FEIR, FCHIBERS LL 2 SR 0.29. 0.87. 1.77. 2.93. 5.82. 12.09 [f] 6 Fhasm Zhme Mk
alith ikl . B ERERE S 60 H 20w, 1EIREC R HERRERE], HS WL
BN 2 mm B READIRGE R, B XERT OKDZ108 10%) , 5/ H LT
NFRLERRL, AR U -20 CUKAE A A - R 3-1 iR IG TR 4 Bl I 8 77K T

1.2 i858 & R IFFETE

G pH A K =R B K VLK =B 5 BT 3R A Hh A 63 5 b SR A 11
YA B IA KT 7 ARG . IR AR [REF S # N B B 42 1.05 m, & 0.5 m
WA TR TR 2 . 5 mYIbai s, 1R, EYUER 24 h EHhE g —
. AR R ANMA (WIEATRE N 71.50 g20.88 @) , BRIt F IR ISR N 6
M, HHINEE, BNEL 24 BAREFREMA, HKFRME, #KEE 2 LUmin,
FHCR A M, RN 3 ¥k (8:00 14:00 20:00) . %M1 h Jaikis, YRERE
FdR R, JRaE. WA 8, &2 AFRE 1k, RIELhrikE KiGE
150U B R R . RS /KO 78 2 BRSO DUE L B B M TR K, R B U 1R K R
(18.042.0) C, % N(7.640.6 mg/L), = E/NT 0.05mg/L, H N 7.440.2,

1.3 HmBRE S1EFRNE

FE B R AR S 48R E [F] 55 — & 1.3 TRl rh il VH AL BE & &R FH 3,5- 1N E KM
%o
LA TTE AR R BB IE

THE ARG AR 2 — % 1.4
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31 HEARNERREFRKTE (FYREMD

Tab. 3-1 Composition and nutrient levels of experimental diets %, DM

B gE| PEMRLL CHO: L

items 0.29 0.87 1.77 2.93 5.82 12.09
JE %} ingredients

fa k) fish meal 19 19 19 19 19 19
B casein 30 30 30 30 30 30
W gelatin 5 5 5 5 5 5
Fl fish oil 145 12 9.5 7 45 2
Emer4E & microcrystalline cellulose 19.15 15.65 12.15 8.65 5.15 1.65
SALAEE choline chloride 0.25 0.25 0.25 0.25 0.25 0.25
A TR Y vitamin premix® 1 1 1 1 1 1
R TR 2 cineral premix? 5 5 5 5 5 5
R I 4R HICMC-Na 2 2 2 2 2 2
- #a-starch 4 10 16 22 28 34
4t total 100.00 100.00 100.00 100.00 100.00 100.00
EFR/KF nutrient levels

TH)0% dry matter 89.50 89.21 90.58 90.38 89.61 90.19
A AR crude protein 38.06 37.53 37.37 38.16 37.55 37.76
FLARHE crude lipid 12.11 10.23 8.03 6.68 4.20 2.47
Tl ALHE digestible candy 3.48 8.92 14.25 19.58 24.46 29.87
K4y ash 8.30 8.28 8.38 8.36 8.29 8.34
e gross energy/(MJ/kg) 18.76 18.80 19.06 18.73 19.50 19.02

S 1) HEEFURERL (mg/kg diet or 1U/kg diet) 4 E E, 100; 44 E Ks, 40; %4

F A, 5000 I1U; #4E3%E D, 2000 1U; #4EE B, 50; H#EEB,, 200; 445 E B, 50; #EH
B, 05; #4% % C, 325; WAL, 175; MR, 5; ALEF, 1000; 449%K, 2.5; ZE4E, 50.

2) WHIRELFUR RN (mg/kg diet): NaCl, 5000; Ca(H,P0O,),, 15000; FeSO, 7H,0, 1000; ZnSO, 7H
»0, 350 ;MnSQO,4 4H,0, 40; CuSO, 5H,0, 12; CoCl, 6H,0, 80; KlO3, 5.

Note:1) Vitamin premix (mg/kg diet or IU/kg diet) : vitamin E, 100; vitamin Kj, 40; vitamin
A, 5000 IU;vitamin D, 2000 IU; vitamin B,, 50; vitamin B,, 200; vitamin Bg, 50; vitamin By,
0.5; vitamin C, 325; nicotinie acid, 175; folic acid, 5; inosito, 1 000;biotin, 2.5; Calcium Pantot
henat, 50.

2) Mineral premix (mg/kg diet): NaCl, 5000; Ca(H,PO,),, 15000; FeSO, 7H,0, 1000; ZnSO4 7¥H,0, 350;
MnSQ, 4H,0, 40; CuSO, 5H,0, 12; CoCl, 6H,0, 80; KIOs3, 5.

2 RS 534
2.1 REHEBRLL R A FE 6340 8 4 M B AL R PSR 0T
9 3-2 A, IR EC B0 20 3 (G40t o o 2 7 8 T 5,35
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= AFRENR OO A IREFL A R R SR PR AR bR 5

ZE5 (P>0.05) o TRl AR IS LS ik [RA3 4l 2 0 A< o i 2% (P<0.05) , FEH
R B R T v g RS BT R BRI, PR ECR . R B RRCR S 1Y S A [F) HL S pE
JEECREm 22 7 3% (P<0.05)
% 3-2 A EHERREEXITIA R BG4 & 4 KM REFITRRLF A R A2
Tab.3-2 Effects of different CHO:L on growth performance and feed efficiency of juvenil Acipenser

dabryanus(n = 3)

i L JiG 2 g Rk (T)ERVES EHS)ipVES
CHO:L SR/% WGR/% SGR/%/d FE/% PER/%
0.29 93.944.52 75.73:44.45° 1.010.04¢ 57.6544.23°  151.4611.11°
0.87 93.9343.03 119.29+17.38° 1.3930.14° 61.5240.62"  163.93+1.65™
1.77 95.4540.00 142.14410.22" 1.5840.08" 66.2640.12°  177.3020.32°
2.93 93.9443.03 148.466.80™ 1.6240.05" 68.3044.08°  179.00+10.68"
5.82 98.4841.52 192.87417.29° 1.9140.11° 87.0940.67°  231.9341.79%
12.09 10026.00 173.2742.86% 1.8020.02% 81.2840.98°  215.2642.59%

x: EIAEIERE LA RIR B IR /N EF RN AR ER £ (P<0.05), BiIrLFEI/NEFE
HRERREFAEE(P>0.05).
Note: Different small letter superscripts in the same column of different CHO:L group indicate
significant effect(P<0.05), while with no or the same small letter superscripts mean no significant
difference(P>0.05).

el 3-1 o, &elmlHa i, FREREIREE OO AReEERE (y) KRN
y=—0.0147x°+0.2355x+1.0906 (R?=0.9016) , 4iaklrFhifstt y 8.01 I, 4 K&
i, KRGS AR R,

2.3 ¥ =-0.0147x

=
R®

[=l=1
MO b
(=3
=

2.1+
1.9+
1.7+
1.5+
1.3 1
1.1+
0.9
0.7
0.3

X max=28.01

HELKE SGR

0 é —I1 tli g IID III 1I—1
RS CHOL
31 TARMERELL SIA RN BT EE KRN E VIS
Fig.3.1 Regression analysis between dietary CHO:L levels and specific growth rate of juvenile

Acipenser dabryanus
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2.2 T EIHERE ELXTIX R340 & 2 S 4R AR RS2 i
H1%% 3-3 WIAN, ANRIHE I HE X Ik PR 41 e LS K A L s 22 St 32 2% (P<0.05)),
XFAEAR LRz 2= 5 A g (P>0.05) o LA JIETss B2 M FHAA LU S BE R A LU T iy B2 56 T
Ja AR
% 3-3 T EMERREL XA R34 & 7S F e bra 20
Tab.3-3 Effects of different CHO:L on morphological indices of juvenil Acipenser dabryanu(n=9)

PERE L R i RN NEAAR L

CHO:L CF HSI/% VSI/%
0.29 0.6340.02° 1.6040.12° 8.0940.41
0.87 0.6840.02" 1.8440.16" 8.9840.36
1.77 0.6840.02° 1.8840.15" 8.4040.72
2.93 0.7040.01% 1.9140.05° 8.3840.18
5.82 0.740.04% 3.0740.23 8.5640.40
12.09 0.7020.01% 3.0440.23? 8.5340.40

x: EFAEERELABEB IR RN EFERRABEREE (P<0.05), BHREFEHNEF
BHERRTERNIEZ (P>0.05).

Note: Different small letter superscripts in the same column of different CHO:L group indicate
significant effect(P<0.05), while with no or the same small letter superscripts mean no significant

difference(P>0.05).
2.3 FEMEASLLIHA R BB L E RS LS. FFRSHNENE

36 3-4 AI &0, AS[EIRE NG bL ik B fig 4l 84 £8 7K 2 FUHE TG 7 s i 22 S 5
(P<0.05) , Xtaffl&E[MKTmE R ALE (P>0.05) , 2f/Ka kAR &
S FEAE T LL T R RS . AS[ERE R EL e LR 5 1 . G 0 R0 LR SR s i
ZRMEE (P<0.05) , XMARSMKSEETTEEERZM (P>0.05) , NIRRT &
= A B EL T e S R A . ANEE S B AR R B . R IR AT R & B 5 R

@

B3 (P<0.05) , X/AKSEELEFMPM (P>0.05) , FFofH s & 25
BEAR LT PRGOS, BT S Bl 5 M.
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*®3-4 TREELEERESE2E/MT ARD FFTRIFM

Tab.3-4 Effects of different CHO:L on compositions of whole body,muscle and hepar in juvenil

Acipenser dabryanus(n=9)

BH WL CHO:L

items 0.29 0.87 1.77 2.93 5.82 12.09
4=f4 whole body (%)

7K 43 moisture 85.3440.12°  84.7020.26®  83.9240.87®  83.1140.64™ 81.8140.45° 81.8140.30°
¥ 1 crude protein 9.6340.07 10.0749.12 10.6940.02 11.3040.08 11.3240.10 11.6640.31
FHLIE Wi crude lipid 2.5740.05° 2.9440.01° 2.3640.07° 1.9540.04° 1.99+40.02¢ 1.8640.06"
K4y ash 2.3540.01 1.8640.02 2.0840.03 1.8440.02 1.9540.02 1.9840.05
JJLIAl muscle (%)

7K 4% moisture 81.7940.70 81.74+1.21 81.731.00 81.6740.33 80.7540.30 80.5540.42
¥ A crude protein 13.6140.07° 14.640.08° 14.3340.06° 14.3040.05° 14.2440.01° 14.2640.07°
FIEN; crude lipid 3.7640.02° 3.4540.02° 2.9940.07° 2.6440.08¢ 2.6140.02¢ 2.63+0.08¢
R4y ash 0.9540.00 0.9840.01 1.0340.01 1.0040.04 1.0540.01 0.9940.05
HLpE R 1.3240.05¢ 1.7840.06° 1.6940.07% 2.5740.16° 2.9540.06° 3.4640.242
muscle glycogen/(mg.g™)

Ji hepar (%)

7K 4% moisture 68.6040.81 68.6841.20 68.7240.02 69.6340.45 70.3440.31 70.8440.02
¥ A crude protein 11.4740.27°  11.4530.32° 11.4240.23 10.8540.20° 8.9140.30° 8.69+40.14°
¥ Ag 5 crude lipid 15.1620.29°  14.3520.00% 14.1340.25° 10.8440.16° 10.1140.22° 8.9540.41¢
J I 13.7540.58¢  18.57+1.30¢ 30.31+1.56° 27.5441 55° 54.0343.98° 82.3344.81°
hepatic glycogen/(mg.g™)

S BT AR LA AR N SRR RTANEREE (P005) , BHRATERNG
SRR RERRRE (P>005).

Note: Different small letter superscripts in the same line of different CHO:L group indicate significant

effect(P<0.05), while with no or the same small

difference(P>0.05).

2.4 T EIHERE bE XA F 834 €2 AT 4RO B2
H5 3-5 IR, ik REF L) JH rb 25 DA e B A0 A T e S s 12 320 B TR} ook i Bl

THm SRR T ma s B 2R iRt

=/,
i

letter superscripts mean no significant

53 R % (P<0.05) . FFepH il =HsF1 s iH

29



1% A3 H) A R} b BRI ATRE i LA T

i S B2 L E R AR E (P>0.05) , (HERILH FFIGEH.
#< 3-5 A EHEREELXNIA R ES4) & BT HaFRASFZ T
Tab.3-5 Effects of different CHO:L on hepatic indexes of juvenil Acipenser dabryanus(n=9)

B gt B A WL A i =g e JER ]
CHO: L ALT/(U g AST/(U g?) TG/(mmol g) T-CHO(mmol g™)
0.29 143.0943.60° 74.45:4.38 0.390.06 0.130.02
0.87 110.4529 56" 66.8645.91% 0.3940.05 0.1020.02
1.77 99.2042.43" 65.5842.22% 0.3840.08 0.0940.03
2.93 92.2348.56" 54.9745.73 0.370.05 0.0826.01
5.82 103.6147.48° 59.9244.06" 0.3620.06 0.0726.02
12.09 104.90+13.30° 66.2343.50® 0.3640.02 0.0740.04

x: EAEERELLAREB IR RN EFERRABEREE (P<0.05), BHREFEHNEF
BHERRTERNIEZ (P>0.05).

Note: Different small letter superscripts in the same column of different CHO:L group indicatea
significant effect(P<0.05), while with no or the same small letter superscripts mean no significant

difference(P>0.05).

2.5 NEIHERS EE XA R EG 4 & M B HEFRRISZ AR

H12% 3-6 AT, AS[EVRE AR Ltk B A 40t 135 o 2 0 A0 e I [ - B B 22 S
W (P<0.05) , XIMLiEHHM=F& &L AEE (P>0.05) . I EEES &

WG L T a1 T LG R R PR
2.6 INEIHEBRLL IR RS 4h & B A A71E H (L BB 7 14 AU 20

HI3% 3-7 AT KN, ANIRDRE AR B XHIA IR 40t B o i i Mg 00 TR o e A Mt 2 )
AREMRm (P<0.05) . 58 AN PEREHE NG LT e 20T e R R ss: aliE
U g 1 B i LU 2 AR S, e b B 1k U 5 2 A
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*3-6 ANEWERRLLXTIARES A& MIBHEARAIS I

Tab.3-6 Effects of different CHO:L on serum indexes of juvenil Acipenser dabryanus(n=9);mmol/L

PENE L ] 2 p Hil =g S [

CHO:L glucose TG T-CHO
0.29 1.4840.18¢ 4.68+41.04% 1.3940.12
0.87 2.0940.11° 4.3040.52% 1.3840.28
1.77 2.4340.21% 2.8740.29™ 1.2840.11
2.93 2.59:40.11%¢ 2.8740.24" 0.9840.12
5.82 2.7340.17% 2.4340.09° 0.9340.19
12.09 3.0640.30° 2.3240.08° 0.8940.06

E: EFAEERELLAREB IR AR /N EFERRABEREE (P<0.05), BHREFEHNEF
BHERRTERNEZ (P>0.05).
Note: Different small letter superscripts in the same column of different CHO:L group indicate
significant effect(P<0.05), while with no or the same small letter superscripts mean no significant
difference(P>0.05).
& 3-7 A EHERRLLXHIARE L& B MG EH LB RIS 0
Tab.3-7 Effects of different CHO:L on digestive enzyme activities in stomach and intestinal of juvenil

Acipenser dabryanus(n=9)

W EL B & A ¥ g P Tl [ K i
CHO: L pepsin/(U mg™?) intestinal amylase/(U g™) intestinal lipase/(U g
0.29 1.2340.16% 19.6640.92° 151.23430.52°
0.87 1.900.33° 12.994.14° 184.6445.48"
1.77 1.9020.45° 11.49-41.46" 187.84+12.18"
2.93 0.8840.10° 10.2543.85" 219.52445.36%°
5.82 0.6140.10° 8.36+.45" 318.36433.10°
12.09 0.5540.04° 7.234.13° 270.19449.66%

E: FESAEEREILLARREB AR NS FERRABEREE (P<0.05), BRAFHI/NEF
BHERRTEFAEZE (P>0.05).

Note: Different small letter superscripts in the same column of different CHO:L group indicate
significant effect(P<0.05), while with no or the same small letter superscripts mean no significant

difference(P>0.05) .
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2.7 T EHEAE L X IX FC 85 4h & FFAE X 1SS SR B E 14 Ry =2 i
H1 3-8 AT RN, AN[ARE i LT ik PR 4 f H o P ] e i it AR Tl i A 12X A T P 7
Bl s TR R 22 R 2 (P<0.05) 5 X CUBE N A 1 A 1 X PR ] PR A8 A B 1 52 i
ZRARZE (P>0.05) o PR EEEE L RERE T L s B g, BRI R 2 T
W PR S 1 S W I LE T e T B
% 3-8 T EMERSELXTIA R8540 & FHHE( I X B2 EE TR M AV F2 M
Tab.3-8 Effects of different CHO:L on hepatic carbohydrate metabolic key enzyme activities of juvenil

Acipenser dabryanus(n=9)

R i L CUb BRI BRI EE N IR R BRI DA R R A
CHO:L HK/(U g PK/(U g™ PEPCK/(U mg™) PEPC/(U mg™)

0.29 23374207  13.06H.77° 11.8441.53" 8.67+1.07

0.87 24.0840.62  16.6342.80% 10.8441.02° 8.3140.78

1.77 31.9045.46  19.1643.67% 10.66-+1.68" 8.9340.89

2.93 34944578  21.3742.70% 9.9440.63" 9.85+1.12

5.82 37.00#4.18  20.801.30% 10.1840.79" 9.361.31

12.09 33.074358  22.69#.91° 9.7540.53" 10.4540.93

x: EFAEERELLAREB IR/ EFERRABEREE (P<0.05), BHREFEHNEF
SHEREIRRERTEZE (P>0.05).

Note: Different small letter superscripts in the same column of different CHO:L group indicate
significant effect(P<0.05), while with no or the same small letter superscripts mean no significant

difference(P>0.05).
3R
3.1 N[EIHEBRELXT 1A FR 8540 & A K M B AR KL R A R BV S2 M

ARG ORIk IR BT 2 PN 6 FhAS [RIBE IR Lu k) 8 Ji Ja, ik IRt &) £ 3 = 22 A
Ll T i 5 2 B B AR a3 Rl 0 R B o R A M i L o v R ARG
BN By, = (ehEigtt )y 5.82 ik 25 K AH, BEAEEL Y 5.82 A1 12.09 HZH 1%
R AR 2 T AR Y 4 . e 2 S AR B O B B DR o A LU T DL G R
o R B (0 P R 2R, TR AR i 2 e . 3R el ) P e 90 o g
1% (Clarias macrocephalus X C. gariepinus)™% | Jg %' % 4 & (Oreochromis niloticus)
(81| K-wypfifi ( Leiocassis longirostris Gunther) ™2 | T, (X # %4 ( Pelteobagrus vachelli)
(1431 | gfil (Cyprinus carpiovar Jian) M3 | fifig £ 154 S5 57 57 vt A5 2540045 B .

32



B ANFEINEAR O Ik RIS R K R Ry A B AE AR BRI R

iR A4t R e A KR BERE AR BB T @ S T R a B, R R AR S 4
Hy, RS EA KTt A KO AR L 8.01. X —&5 R T4t Tl g®'®
At | Rt | R T | gl g £ 1M I 45 B R 3 b e
oo Bk, G5 REF AT RE LI Lt 28 B B i 52 )

3.2 NEIHEAEEL XA R EF 40 & 7S F IR FRRISZ MR

A kL bl i ELORTIA FR3 2 B I R N T A B A B35 e HL T e e
PR fEXHE D B ARl | gt | g e U (gt 7 SR e R E O AN B A
WERR LA TH ka3, 1X A BRIk It T W2 B B ar R A B s T AE 75 e g
Z A A TR0, Je B Rl o Rl | et gt ggiea 1O [k e b T A E
YA W DR OB I LE T i s S, IR RS T R ORI A A o AT
W S R b v S T 3R o AN D i L ik R B34 0 Ak LT 23 B,
24 RS RO R A 0 | g% | g 4 OO R SRR L

33N EERRLE ARG BE =AM ALERST FTRTRIF N

KBTI 8 22 W ADR) I 7 A B S A I & R R 2, B G o g
SR T AR NG TR TS, A6 o 2 BTG L B T s R R b I A
5 K4 At . LRI SRR I & B B L 22 e S SR 485 SR L AR 258
Uil i NI UL E | S s BN S} e AN s O -k L BN ¢ [ IR T TSI
BRI A K 4 BEBE I EL T A, X 5 8 B 4 Y Rk w5 ht gt 45 R
MR, AE B G A M8 A eSS g o 2 SR 5 2 M

P 5 2 7R RSO T AR 5 50 W R B B AN T BT B £ AR
Thit AR v ik BT 4l PR JEU R LR IR 2 B 2 R G BT e T i, X
T R A PRk e 5 v M 7K S 345 R ) L SRS IR, T L S P T 2 D 32k ER A T LAty
RN BEVE TR A A AE LA

3.4 I[EHERR L3I R854 & BT & M B faFR RS20

TR T ThRE R LB br, AulIe P A [F)HE i RHIA TR 4t T 45 P % U AT
P TSV R 25 S R . BEAREL O 0.20 I R B RE M B s, AR iZ 4R T
i R A I EL AN [ R T X P ol = i R O ] P T R 2 RS, S Ik R
gt JiT hae 2 15 52 2R et — BRI

CUA R 73R W] B SR AU A S R TR RE 02, SR E S v B DD 52 1
WA B R 0 AR Hh L R R R R A LT T S S R
JEEE AR, DRI LY m A 6 ) T i T R AT R B AR R B R AL Ly R
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1% A3 H) A R} b BRI ATRE i LA T

T = P R L[ e SR B R T LU ) e B DT 7 B PRI 2 PRI 3, X mT e A FH T
Tl v g -2 8 R A AR 5 A PR AL 1 i 128 g 0 B ol 2>, 3 v AR 6 e % e 32 81 v
I = I A A L g/ T8 ] ik P Ak P IR B AR S R AR b g D
XA 5 AR ok R 4 LRI I & 45 R — 8 R g R I 2
sS40 150 R e (Sparus latus)t6Y A,

3.5 N EHERRLL XA R8540 & B A izEH L ER R RS20

TH AT P A 2 AR TH AU ML RE 1 B AR AR, TR E 75 B a3 I AN [R] 52 16 v A0 B
IO ) SR gl S 21 6 O o o A U0 of 5w AR FR T 7T A IIARDRRL B 7 7K
EIE E AR AR EER, AR KRR ST O B A A R R
A5G B R B MRS LU 2 e T S BRI 5, FERRE IR Lo 0.87 1 1.77
B ¥ P 53¢

AN [i) £, 255 4 G 7 Bl 355 2 AR b R I A S BT 22 . T IR TSI ok i i £
(I g b R B, o 3t T 85 R T B K O R R A DG . ) 3 g A O ik A 2R
fif B S TINO°) sof p SR 0 (RO RIT 9 05 SR 2 W UG I RS 12 e R TG 7 K P T v e T
JE AR A o sl I AR08 ok 2k w1 (R BIF 9T N g v B TRkt e B 7 B e
AR o ARG HR ok P 0 i 1 10 v 2 B e A b A L v T PR S S PRI
e, X AT e A R i L 0.29 B rRlksl Hh A 107 AT A Gk 240 e o BE PR 0 &

ARG A P T Az 3 ek B T BE A A be s 200 B R PR s, X R HIE
B AR S 5 mT DA T 1 0 e o ) R 0, FE R AR LU 5.82 IS iz 1 S 0y g i
P B v, X T e AR A R 17 T ey Bl A0S WV A B D FE DR R 7K 2 24,4691 12T
YA, X g R ) | s g R O S T o g5 AR AL
3.6 T EIWERS LR34 FE 6540 BFRE X 181 3 HERGSE M OB

L 0P S P A o 5 8 L 1 P A - O Rt
2 B L P R O BRI A BRI 2 15 0 S AR o AT
L. A TSR I R P R S ST T B BTG S T 95,
3 LR B T 85 T LB A R (R AL 7
W85 B S PR P Ay 267 £ Ym0 gy g7 g s
K 1 459y ot 3 R o A 5 T B 0 R PR A 5 1
ELZE IR A 4490 RS 049 IR S0 O s OB R PR I
P BGA O5 BT R T B, 5T A DR 7 ) 6 K T G oo 55 O L G
1.
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B ANFEINEAR O Ik RIS R K R Ry A B AE AR BRI R

Tt T2 s T G AT T TR 552 et A R v 2 o A T 1 58 A S % 56 8 A TR T A ol Tl PR
JamE X DT BRBR ) PRk g . 76 R I £ 190 | g2 an s | s ooy RN o B e
LR Ry s 9 v 440 S T 6 e w5 98 v Tl R s 1 2, 4 T TR R BV 1k 2 BRI 2
AREGH TS IR 5 2 AL, IX AT BE A2 oA AR f AR e AR R e AR AR E . TR
s 1 DA T T R g A A A S A 7 A X e P A W I A R B I L R ) PR il AE —
FRERIE I 1A (8] 0 5 S rh A 2B FREOT A 6 v Tl 1 4 e X P R PR A S 1 2
NELEEZMIAN R 25, X SHEIERE0S H 45 SRAHAL, STl o i o o ik DRt gk 1 A e = A
] I AL il v 2 5 e i I A il — 2P 9T
4 NG

AIG )5 SRR, FETRLENE oy 5.82 1 12,09 1 MAER2H H A R 4) 3
TR E AT B2 = T oAl %41, WEAREE O 5.82 fikEe 21 ik IR 4 fh ) b R d v
PRS2 A2 R O PR 98 A2 81U 23 B 45 H Ik Q63 4 40 A2 K o3 B 0 AR LR A L Dy
8.01,
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OB RS

ENRERRE

EX L

1. DIAEKMRENIEM AR, TORIERM A a-JE R A FEF 4 fa (e A K AF B ds
Wk AN VER RIS 2, 02 BRI Ok IREF 4 AR K o RITRE R 26 i 26 4 fa
JWLPRI HR T 107 2 B2 v AR Tk DR e AR B AR B o TRE W R 7 260 0 2L 0 £ 52 31407
P8 T4 fa a2 e T FRAR

2., 56 B TR HR I R T LU AT AR A IR S 40 i AR, TRDRLIE I LA 5.82
IG AL [CEF L) 3G E % R KR TARIRCR R AR & T HAL S 4. i
LCT A R T8 IR 4 f 4 f B T S 3G 0. BB G Lok IRE3 4 (s ARG 2
SO,k PR A 4 f T e T 1 SO TR AR S Dk 55 R e A S W AR I Ak I SR I LT v
fREE

fi3 44 (Acipenseriformes) J& it Lk g A0, St JLAER, AR E A E .
2 NTEHH. g N TR SR E R AR ATHE T, o 63 S 7 ol R & .
PN 3 T RA0KR N TIRFE B R Ay i SR ORGP 5 R FH B 2077, 2w
A PEFRFEA R SRS . RIS AR PR R A E R TR BAIUNEE, AmIAA
el 10178 55 T SRAVA R FA R T 8B /0 S F0 i i fh, Bh= REHIE AR, X
— PRI A AR . RS-

T ARG IR ML, SR g | e | e agle | e agitsd
EARRENOITIIW S AR =i NG i A Sl 8 i S <N S8 N i N b e
T ELIA PBF AR A R i L B v T oAt 2

W DA b5 B DL R HAhE FED IR AE 4 I W3 #0870 TR AT B IR N R G AL
AT EE R SHAI AL TG, NG iR A N L T RN R, K
fi #6177 Ml B i B kb R PR SR AL ARALE
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