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Effects of dietary carbohydrate to lipid levels on growth performance and

carbohydrate metabolism of juvenile Chinese sucker, Myxocyprinus asiaticus

ZHANG Song', JIANG Ming'*, WEN Hua’, HUANG Feng’, WU Fan®, TIAN Juan®, LIU Wei’
(1 College of Fisheries, Huazhong Agricultural University, Wuhan 430070, China;
2 Yangize River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Wuhan 430223, China)

Abstract ; [ Objective ] This study investigated the influences of dietary carbohydrate-to-lipid m( CHO): m
(L) on growth performance, feed utilization and carbohydrate metabolism enzymes activities of juvenile
Chinese sucker, Myxocyprinus asiaticus to detect the suitable addition proportion of m( CHO): m(L) to
the diet of juvenile Chinese sucker. [ Method ] Six isonitrogenous ( crude protein 41% ) and isoenergetic
(16 kJ/g) diets were formulated to contain with graded levels of m( CHO): m(L) (0.29,0.81,1.58,
2.88,5.46 and 13.22). Each diet was randomly fed to one treatment of Chinese sucker with an average
initial body mass of (4.01 £0.02) ¢ for 8 weeks. Mass gain rate( MGR) , specific growth rate (SGR) ,
body composition and carbohydrate metabolism enzymes activities of juvenile Chinese sucker were detec-

ted and analyzed. [ Result and conclusion] The mass gain rate and specific growth rate increased initially
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but then decreased with the increasing dietary m( CHO): m( L) , thus reaching the highest in fish fed di-
ets with m(CHO):m(L) of 5. 46, which was significantly higher than those of fish fed other diets (P <
0.05) , whereas feed coefficient rates( FCR) showed a converse trend ; the crude lipid content in whole-
body of fish decreased with the increasing dietary m( CHO): m(L) significantly (P <0.05), while he-
patic crude lipid decreased initially and then increased, reaching the lowest level in fish fed diets with m
(CHO):m(L) of 2. 88; Hepatic triglycercide concentrations increased significantly with the increasing
dietary m( CHO): m(L) (P <0.05), while activities of aspartate aminotransferase ( AST) and alanine

aminotransferase ( ALT ) increased initially and then decreased, reaching the peak with dietary

m(CHO):m(L) of 2. 88; lipid content of muscle was lowest in fish fed diet with m(CHO): m(L) of
13. 22, which was significantly lower than in fish fed diet with m( CHO): m(L) of 0. 29 (P <0.05). He-
patic pyruvate kinase(PK) activities increased significantly with the increasing dietary m (CHO): m (L)
(P <0.05), while phosphoenolpyruvate carboxykinase (PEPCK) showed a converse trend. No signifi-
cant difference was observed in activities of hepatic hexokinase (HK) and glucose-6-phosphatase ( G-6-
pase) among dietary treatments (P >0.05). Based on broken-line regression analysis of SGR against di-
etary m( CHO):m(L), a m(CHO): m(L) of 4. 65 was proved to be optimal for the growth of juvenile

Chinese sucker.

Key words : Myxocyprinus asiaticus; carbohydrate to lipid level; growth performance; carbohydrate me-
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F1 REAMRMREREFEKR

Tab.1 Formulation and proximate analysis of experimental diets

(CHO)- m*%ﬂ%gu%%ﬂw S ﬁ?%éﬂﬁl‘a&tt%;%%k it
BT R R A /)
nl)  BEAOWE AR MR rw; il ;éﬁ% Q;;; KOS R B 0
0.29 34 8.5 10 14.5 5.0 1 4 0.5 1 21,5 8.65 41.21 15.12  4.38  4.42  16.46
0.81 34 8.5 10 12.0 11.6 1 4 0.5 1 17.4  8.52  40.79 12.48 10.11 4.72 16.40
1.58 34 8.5 10 9.5 18.2 1 4 0.5 1 13.3  8.67 40.88 10.03 15.85 4.4 16.42
2.88 34 8.5 10 7.0 24.8 1 4 0.5 1 9.2 859 41.07 7.49 21.59 4.55 16.39
5.46 34 8.5 10 4.5 31.4 1 4 0.5 0 6.1 8.62 41.18 5.01 27.38 4.45 16.41
13.22 34 8.5 10 2.0 38.0 1 4 0.5 0 2 8.64 40.79 2.50 33.05 4.25 16.38

1) %A FFRRATLRA 1000 g 44 P4 AlcF R 3% 15 mg; #5420 mg; 360 "% B 10 mg; 4 4 % B,,0. 02 mg;
»HR 10 mg; 484 % K, 10 mg; JUBE 400 mg; 32 85 45 400 mg; ALK 120 me; £ 4% 1 mg; 484 & A 2000 1U; 44 2 D, 2000 1U;
Yk & E250 mg; A& C 400 mg. 2) & R FRALR A 1000 g 44+ 4 47 : Ca(H,PO, ), - H,0 16 g;KH,PO, 12 g;
NaCl 4 g;KIO, 4. 8 mg;CoCl, - 6H,0 40 mg;CuSO, - 5SH,0 10 mg;FeSO, - H,0 80 mg;ZnSO, - H,0 120 mg; MnSO, - H,0 80

mg;MgSO, 2.4 g.

1.3 B

FRHRIR L, oG K R YL 24 h, DI A FLf
PRt fa B i . A AL 8 e, Hop 3 B
T R E TRy, 534 5 R e ikl K
PERE JHIENR STHE bn AOME AR BEE 1. AR T
S A A T i, P, 40 B TP o BB
PIMIILEA. B BT RS AECE —80 CrkAR# H.
1.4 S#AE

Sl AR K 3 B R 105 °C fE IR TR
LI, LR 7 R R IR $2 7% (GB/T5009. 6) .
FHAE PR LG 8 A1 (GB/T5009. 3) . LK 43R H
AR KA (GB/T5009. 4 ) . i JERE 5T 4 b <
FESRAE 4 CTRARR, BTRE, F AR FRLL 1:9 A A
HERK, KOKTB S 3, 213846 3 000 ¢+ min ™' B0
10 min, BB 35 CRE 0. 8 BH [ 2 (TC) . = Bt H il
(TG) Wy & 1 A4 N 5% & B (ALT) | 7% B 5% S i
(AST) By % ¥ & Hl Sysmex 42 B 3l 2E 1k 43 #r (X
( Chemix-800) M5 . A A 158 Al 1% 1 48 b « BT A5 Tl
A3 P 28R FH Pl ot g AR ) BRI T A 7 1R
BME. A4 CHEMET ,FREL0.5 g AFAEZL, A —
FE I 22 M FE 4 A1 0K, A1 R4 2 000 ~ 3000
r - min " B0 10 min BCEERAF. R (HK)
A B R i ( PKO) ) FH 58 0 43 D6 56 B2 T B £ v
JE , HEHE -6 — BERREE (G - 6 — pase ) FIRER I =X
PN AR G ( PEPCK ) 1) FH 6 A5 4SO 2. O W it 1
JIHALE SR 78 37 °C pHT. 6 5544, B 514

B ETEA SN AR ZR R 438 £ A 1 mmol ) NADPH
U AN 3 B (U ) 5 P R R B 7 B
M AE 37 C pH 7.6 SET R d 2V 1 B A
1 wmol 1) PEP §%75 BN ERER Ky 1 Al 1 B Ar
(U) s Hrp I H A E A & R HE S5 iE G -
250 il e (50 &, m ot AR ) AR A AR B 4
fit) . H% s - 6 — BEIRNE (G - 6 — pase ) FIM IR I I
P FRE  ( PEPCK) 3% 1 B SR - 7E 37 C 4%
R B AR E AR PP K i 1 wmol JIEY A 1 4
it 1% 71 AL (U).

L5 #HEAXRHESIT

IR f0. 40 fa 38 o i R R AR R DR R B
SRR ARG 2 AR GE DA A5

WFRER = (m, —m,)/m, x100% ;

BEARKER=[ (Inm, - Inm,)/t] x100% ;

TR R =my/ (m, —my) ;

BEHRAFE = (m,
100% ;

G R = K REV VI RE x 100% .

K, m, ARRAKMAKTT R (g) , me RV G 1A T &=
(g) .t NEFRIE (56 d) , my 8 AR L5
(g) wy, AR T4 5T 1 ot 2 53 5K (% ), wp 2 1)
B ER R ES (% ).

AR LS IE + drifE 228K, R H SPSS 18.0
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B2 2 "1, AR fo 4 £ 0y A K BE 1 Ok
m(CHO):m (L) By 25 L A5 T a3,
m(CHO) : m(L) 5. 46 4] 1 5 6 28 K ¥ 4K i
MG TR MR AR K R e, H R T A
HZH(P <0.05);m(CHO):m (L)} 1.58.2.88,

13. 22 {ApE E KRBT R EZEF(P>0.05) ; [k
FEBETEL m(CHO ) m (L) (35 I £ 55 B s
IRy, m(CHO ) m (L) 5. 46 4R K R %L
AR, R 10355 38 B AR 1Y AR Ak S RDRE R R
(1) 1E S5 AH B2 5 AR 4k 1 kAl L B BG4 5 46 TR A £ Ry
EAERK RN R, SAr AR (1] )5 43 47 45 [1] )5 Ty 72
H:y=0.087(x—-4.65) +1.92,R*=0.864 (& 1),
MW B 01 240 23S A5 I A K B R Bl il LR L
| h 4. 65.

T2 (RARIRR.BS bL B X AR £ 4h £ 4 KB FNIRRL R R RS0
Tab.2 Growth performances and feed utilization efficiency of Chinese sucker fed diets with varying carbohydrate to lipid
ratios
I D T T
it/ g JRft/g /% /% R/ %o
0.29 3.93£0.15a  9.09£0.59a 1.32£0.11a 1.50£0.09a 2.08 +0.27¢  1.17+0.11a  75.00 £0.05a
0.81 3.94£0.04a  9.76 £0.35b  1.47 £0.11ab 1.62 £0.08ab 2.05+0.25¢  1.22 +0.15ab 75.00 £0.00a
1.58 4.01£0.13a  10.14 £0.31bec  1.53£0.12b  1.66 £0.10bc  1.92 £0.24bc  1.30 £0.17ab 78.30 £0.03ab
2.88 4.01 £0.04a 10.97 £0.16d  1.74 £0.06c 1.80£0.04c  1.51£0.09a 1.62£0.09¢ 80.00 £0.05ab
5.46 4.01 £0.04a 12.12£0.12¢ 2.03£0.01d 2.00£0.01d 1.35£0.05a 1.78 +0.06c  83.30 £0.03b
13.22 4.03£0.15a 10.43 £1.02¢d 1.61 £0.13bec  1.71 £0.09bc  1.76 £0.02bc  1.39 £0.04b  76.70 £0.03ab
1) AP HIBA TR £ A £, R ARG LA — AR B 58 4 AR £ R 2% (P >0.05, Duncan’s ) ;2) #5477
IR EE R AR AR R
;g 3=0.087 (+-4.63) + 1.92 2.88 Fi15.46 & (LT 0.29.0. 81 FI13.22
_aaf 0864 (P < 0.05); [IL g KL NG Wi & & BE G R
g.{i;?;,:/’ﬁé T m(CHO): m(L) M MTTT T K, m(CHO): m(L)
R A * 13.22 440 4 I 7 45 Bk % 06 0.29 41 (P <
20 ; 0.05) JiF HEHLAG 17 B 57 kk m ( CHO) = m( L) f 33
83 I x=4.65 B TRE TR EE AEm(CHO ) m(L) 2y 2. 88
A I U1 5 BRI

0 2 4 6 I8 lIO ll2 1I4
m(CHO) : m(L)
B Rk IR [ m (CHO) = m (L) |45 B IR fh 4)) £ K5 5 2R
A [l 5 53
Fig.1 Regression analysis between dietary[ m( CHO): m(L) ]

levels and specific growth rate of juvenile Chinese sucker
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BimmE R ENTEBESE, m(CHO):m (L) H
0.29.0. 81 F1 1. 58 ZbBEATHL G i & & 8 3 5 T H:
RIH(P <0.05),3X 3 41 EARRFFEAHZE F A
B (P>0.05);fim(CHO): m(L) A5 i, 4>
MK 2 TG LA, m(CHO): m(L) X
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TG TR SR R, 2 TR il AR TR [m] 05 43 A 45 [
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Tab.3 Effects of dietary carbohydrate to lipid ratios on body composition of Chinese sucker ( fresh mass percentage) %

m(CHO):m (L) #f WA JiFE
wOks)  wCHENBED)  wCHER)  oCERDY) w0k wCHBEN)  oCHER) w0k wCEEEN)
0.29 71.22+0.68a 8.04+0.09¢ 16.88+1.30a 2.71+0.08c 73.9+0.4la 3.25+0.21b 17.920.30a 67.79+2.69a 9.140.22¢
0.81 71,04 £0. 132 8.03£0.15¢ 16.71 £0.44a 2.58 +0.10be 74.04 £0.71a 3.13 0. 13ab 17.50£0.50a 69.28 +1.21a 9.07 £0.41he
1.58 71.43£0.80a 7.95+0.10¢ 17.20 £0.51a 2.51+0.06ab 74.09 £0.43a 3.16 £0. 1ab 17.63£0.33a 67.37£1.42a 8.65+0.21ab
2.88 71.53£0.31a 7.59£0.13b 16.44£0.60a 2.38+0.06a 73.19£0.66a 3.09 £0. 16ab 17.32£0.81a 67.83£2.59a 8.56+0.22a
5.46 71.35+0.53a 7.50£0.05b 16.78 £0.42a 2.41+0.07a 73.54£0.48a 3.14 £0.22ab 17.37 £0.47a 67.550.9a 8.99 +0.46abc
13.22 71.76+0.82a 7.28£0.18a 16.47£0.70a 2.70£0.06c 74.421.20a 2.96+0.33a 17.56£0.27a 68.29 +1.47a 9.120.33¢

1) RP 28 AP £ AFEZ (AR EH) , R 885 LA — MR B FH4 R w23 R 25 (P >0.05, Duncan’s ).
R4 (R AE EL B X1 IR S £ 4h £ AT AR A L R ARAO R I

Tab.4 Effects of dietary carbohydrate to lipid ratios on liver biochemical parameters of Chinese sucker

R, ey P Y R Ve AT
m(CHO):m(L)

(mmol - L™") (mmol - L") (U-L™ (U-L™Y
0.29 2.56 £0. 18a 1.35£0.10a 427.45 +6.08b 90.67 £6.03a
0.81 3.03 £0.43a 1.50 £0.07a 474.74 £10.29¢ 92.00 +3.00ab
1.58 3.17 £0.82a 2.29 £0.22b 485.67 £8.53¢ 96.33 +5.03ab
2.88 2.75£0.39a 2.37 £0.56b 517.32 £7.37d 110.67 +2.08c
5.46 2.87 £0.36a 2.97 +0.32¢ 465.09 £11.36¢ 101.33 +6.51b
13.22 3.04 £0.90a 3.71 £0.41d 350.52 £13.46a 99.67 +6.03ab

1) APRBEAHFHME £ Wk 2, AP REE LA ARG FEH R FEZFREE(P>0.05, Duncan’s % ).

550

3 y=-1.712 55" + 14.054x + 461.7

S00F R*=0.893 1

Q
jn)
I 45018
#H
24001
E
.&Z 350" ;
i :
& 300F ; / x=4.10
250 1 I: 1 1 1 1 J
0 2 4 6 8 10 12 14

m(CHO) : m(L)
K2 bk g [ m (CHO) = m(L) |5 g f4) f TF AT
L W A
Fig.2 Regression analysis between dietary[ m( CHO): m(L) ]
levels and liver aspartate aminotransferase activities of ju-

venile Chinese sucker

2.4 Ak BE EL 5 X3 AR AE £ 4h £ BT B FE B AR K AR

REME NN

H1Z% 5 ]I Bk Hm (CHO): m( L) XJ ARG fh i
JIFE AT IR R S5 G 0 52 0] (2 3, B AR BEm (CHO ) = m (L)
B, N R TS ) 2 E T, m(CHO) s m (L)
k5,46 F113. 22 4IRS ) W3 T HAS
YL(P < 0.05) 5 FT M 1 47 1 =X PN T 18 35 G 7
m(CHO): m(L) Fhm 2 FRE#H ,m(CHO): m(L)
2.88.5.46 Fl 13. 22 2 il i 4 1t =X AT I 2 3k - 0%
BEMTFHR3 AP <0.05) ,{HiX 3 4122 [T
BEZF(P>0.05) ;fmkH m (CHO) : m (L) X iF
I W S R 25 0 — 6 — BRI G J) TG B 5 )
(P>0.05).

®5 AR AL GIxTARAS & 4 & AT AE PR X 81 BEiE 1 Ao R2 IR

Tab.5 Effects of dietary carbohydrate to lipid ratios on liver activities of carbohydrate metabolism enzymes of Chinese sucker

m(CHO): m(L) OO A 5 1/ INHRR IS B G, WANE - 6 - BRIRE TS BEERRIATEE N ENIR
(U-g™) (U-g™) (U-g™" WEEETE/ (U - g7h)
0.29 3.95 +0.80a 29.64 +4.96a 11.09 = 1. 02a 19.27 £1.41¢
0.81 3.12+1.10a 34.53 +0.26ab 10.87 0. 60a 18.04 0. 61be
1.58 3.53+1.24a 38.51 +4.82h 11.64 +1.16a 17.05 +1.57b
2.88 2.97 +0.26a 45.50 +2.39h 11.19 +0. 15a 14.73 +0.75a
5.46 2.58+0.92a 61.42 +6.55¢ 11.07 0. 11a 13.98 +1.11a
13.22 3.18 £0.94a 72.38 £6.09¢ 10.59 £0.76a 12.86 £0.74a

1) AP HIBEHTFHME 475 E, RFIRBE A - MR DB FHHERTEZFREH(P>0.05,Duncan’s i%).
http://xuebao.scau.edu.cn
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3 it E54%ie

R A3k | B EE 51 %oF BB B £ 4 £ A K 1 BE RO S 11
AR IRt gl AE AR 56 d ), A
ALK T A J5 2 1 5T o 30 AR A A= K 30 B ) B
m(CHO):m(L) B I & % b IVE T RER &, H1E
m(CHO):m (L) 5.46 B ik 2EK(E, H i & & F
HoAt i 50 4, W) ), A g p o B R A
m(CHO): m (L) i ey 2 A% i 3 3 T R, i 32 B
Tkt bl B B IR HE B, R LA s £ 2] i 1D AN
WEIS IS 118 P[] 8500, S T 2 0 0 28 A 4 v T L )
FH%. [FAE, 1E2565 Anabas testudineus' ™' 2238 F-
@;’jm e B % JE . Oreochromis niloticus x 0. au-
reus ' SERFFE LA JARL A K BR. 7R I U AT BR K Ak
Bk T BOR I A KR TR CR IR,
FIRESE R AR 7 & i S B2 0 R A A, i
PR 1) TR L 2 IR 1 28 AR R AN R
T 8 S AT IR DT IR Bk =2 7T BE 2 R K AL & )
RRRE s fr Ak Ak B 2H £ A R DR R T B i R 2
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