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24% 9 H, W ARKSF O BE ) S5 RAFAE (35 &
AEfa M EE 35% A RE 13. 8 KI; UL BRES M
F42% B fHE 16.0 KI; i fa . fEH 45% &
fig 16.9 KI, I3 1) . G OB 22 4 1 i 60 H
i, FH F-26 XUIRATBF B L (461 B R, M)
TR, 3 S0 S 3 ~ 4 mm REAR o ARDRHBE T S A E
HAS Iy 207 F - 20 CUkAEHR I AfF /e . A4t
PHWE 3 ANEE BN EE IR0 20 B, LK
1E 2 HMK I WA HEAT , RAR KR K IR 5. B R
43 IAE 09:00 F116:00 %46 £ 42 ME . 77 58 P AR
K/ H1.2mx1.4 mx2.5m,58HEER—K,
FRoH IR RrE 8 i . LI ) K IRLAE 26 ~33 C,
hEEAE 21 ~23 , pH fH g 7.6 ~ 8.2, ¥ fift % i T
6.0 mg/L,
1.2 HEEMEXR

WIRSER A WG, 70 H W 3 Fhfa Cy 4l k4T
A SC R SRS WA AR IETE R AR
8 B PR AR MY T TS L M A A 500 L 3 5 2F 2 A9 A b
WKFRIE, B AR 1 W B R kS C,, 4R EHE
M2 ko KR T 28 ~31 T, #hfF 26 ~ 28,
pH 7.8 ~ 8.2, Fiifif % % 5 = 6.5 mg/L, 1IEA L
AT IUER 24 h, SRS o3 ) AT A 2 W It i SE R
BRALBRALBLE 3 AN EE IR 14 B, 52
J& A Sy — A~ I [R) 5 S50 A, DA 3 58 4 A v 18
SRS AR, AR5 T A I R I, T R
T, I AR 5 R T A A 4 8 (30 mg/100 g
PR, AR BRER K BC ) , 35 36 TR HE 28 4 1Y 23 Al
H o TSRS I T S g G A W VT, N0 T
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BT S U fa AR 52 45 R RHE A AR N (Gl
G Ml Y E & ) L AR5 G 18 TR K B A B 1
AEIE M . SLIBAE 120 min N TS 585, VRS
DA S 5 £ v B AL 45 X 2 R A A0 R 3 S A iz A4
(g A B AR AKAE A O B 2 b 3
1.3 tHFEmXRE&E

SR INF DA A 38 8 9 A 02 2 55 TS I L R
g it 7% B R B WO 8 1 2 mL {3 55 45
A Vi e Bk Al ot R A AT (O h) LR TSR 1
3.6.12 .24 F1 48 h 79 5l {5 4 Ik 2 s A v Bl B 1
2 J A IR U R UL PR B AT IR A IS
IR —DREAL AR EESE 15 min N &
4 000 r/ming 0> 10 min, SK J5 AR I 3% o o 1l 45
R S 3 1 TS T v ) G A P AR L EORE
IR FIAIL 1A 256 3 R A7 45 T A7 T IR, 8 - 80 Tl
AR PR A7 7 0
1.4 $EHFEME

10070011 B T =7 R S R ) R B o o TG
(7020 #4, Hitachi, H A) #EAT I 5E o i 9 ke & R
TG AR B2 e B H R FH U S 9 16 U 5E (Tl o
FaEFARAL SN - 684, I3 4% Fir H B HL AL AT
FRATED) R &b RS E =AY TRA R
oAV AR o BRI UURE R P B 1 2k 0 | 3K
gk o A Y TR AR A (R
A043) , i A 552 50 12500 B 7GR AT AL 3R DL K T
I e ROER] & B AR UL B T
1.5 #HXEHRITE

BGE #E (SR) VM HE R (WGR) RfE A4 K&
(SGR) Je s 22 8 (FCR) 5 A0 F

JI 35 % (survival rate SR) = SZ 56 & /58
B RED x100% ;

1 F 2% ( weight gain rate WGR) = [ (&
R - PR R ) /) H ] x100% ;

8 42 K R (specific growth rate SGR) =
[ (In PR R~ In P20 14 5T & ) /0] 3% i)
[ ] x100% ;

1A Bl 22 % (feed conversion rate FCR) = 4 A
TRk (LR AR BT i - ) b AR BT B+ BT A
) ;
1.6 HEEZHitHH

SR R ] SPSS 17. 0 Ge it B4 X H 4l ik
FTHLR R J5 22 43 it (One-Way ANOVA) A &k
FPEZE 5 (P <0.05), U717 Duncan [K £ & ¥
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Zead 8 JA Y AR SE B, AR RE R AS [ K X
W e B AR R A R FE R (P >0.05) (%
2) 5 FERE AR RO RO K B T R B TR B
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41(P<0.05) . BPIEBR6ES AN B f4 C, 41771 %
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8 Jil B 7 B S 0 s , ARRE HR A [ UK P X
TR B £ OB ACI A 5 AR AL 18 Ao A TR 7 BEE )
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1N 1 O T I LR B 2 =
fla A 20 (P <0.05) , {4 C H1 Cy ZH JJUHEJE AN H ith
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FIZEH 0 Cy ZH MW 1B 5 2/ WURE I H il =
RE o fim  (HORE B85 C il Cy, 4 LA A1 R 5
KB W EZST(P>0.05),C, Ml Cy L HLHE R
AH I =W B 25 257 (P >0.05) ; ¥ 4 C,
FCy HIE LIRS RS REAREESR (P>
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TETE 0 40 08 )5, 3 i o0 i B 7 S i ) o 9
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CES 40 1 h s i K CF R K I (P <0..05)
I HLIGAE 12 h PRSI  AiT A 5 0 % i 2 D)
£ 3 bk OB S B2 24 h A KA B0 S T K
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Tab.1 Formulation and proximate composition of Tilapia,Derbio and Cobia’s experimental diets ( dry matter) %

HEFFE IHESEMEEGXRAMEAR(TE)

JEUR B AL 0. niloticus JRIE B8 6% T. ovatus ZE# 48 R. canadum
ingredients C. Cu Cy C. Cu Cy C,. Cy Cy
1 f
EI # 21 21 21 32 32 32 22 22 22
fish meal (CP:65% )
%E H 17 17 17 20 20 20 20 20 20
casein
SN A
JA A ek 4 4 4 3 3 3 15 15 15
vital wheat gluten
Wi 20 30 40 13 26 39 12 24 36
dextrin
£ 31
§ . 8.76 4.41 0. 06 11.9 6.34 0. 69 13. 80 8. 19 2.48
fish oil
GRS
X %HE{E_ . 2 2 2 1.50 1.50 1.50 1.50 1.50 1.50
soybean lecithin
4 R B
. o 0.1 0.1 0.1 0.30 0.30 0.30 0. 60 0. 60 0. 60
vitamin
W0 BUR kL
Sk 0.5 0.5 0.5 0.70 0.70 0.70 0. 60 0. 60 0. 60
minerals”
2i = C o Tigs i
ﬁi? PR 4 4 4 0. 05 0. 05 0. 05 0.10 0. 10 0.10
vitamin C
SRR
?ﬂﬂ:ﬂ o . 1.5 1.5 1.5 0.50 0.50 0.50 0.50 0.50 0.50
choline chloride
LR k
ﬁ%@m 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
ethoxyquin
i B
ikt 0.1 0.1 0.1 0.10 0.10 0.10 0.10 0.10 0.10
attractant
o] 1 1 1 1 1 1 1 1
CaH, PO,

EDETREERBURE S A AR A0 g, AR D; S50 ¢, fEERE ¢ iR KS. 0, 44K B, 25.50 g, 44 K B, 25 g, 4k /k
K Be50 g A B, 0.1 g, IZMH, 61 g, MR 101 g, =M% 25 g, LI 153.06 g, Mz 6.25 g, 2F 43R 389.09 g.2) 4T 6 4 i il ikt
BHOTAT B 0.03 g, ALK 4.07 o, BRBRH 19.84 o FF IR Bk 13.71 g, BUFRFF 28.28 o, BMRBE 0. 12 g, WEMR — %045 80 ¢, B BE
12.43 g, SALH 15.33 g, WAGERAN 2 g, Bh A k) 824.19 ¢
Notes: 1) Vitamin premix ( g/kg) : Vitamin A 10 g, Vitamin D, 50 g, Vitamin E 99 g, Vitamin K 5. 0 g, Vitamin B, 25. 50 g, Vitamin B, 25 g,

Vitamin B, 50 g, Vitamin B, 0. 1 g, Ca-Pantothenate 61 g, Nicotinic acids 101 g, biotin 25 g, inositol 153. 06 g, folic acid 6. 25 g, cellulose
389.09 g.2) Vitamin premix( g/kg) :KIO, 0.03 g,CoCl,. 6H,0 4. 07 g,CuSO,.5H,0 19. 84 g, ferric citrate 13.71 g,ZnSO,.7H,0 28. 28
g,MgS0O,.7H,0 0. 12 g,Ca(H,PO, ), 80 g,MgSO,. H,0 12.43 g,KCl 15. 33 g,Na,SeO; 2 g,zeolite powder 824. 19 g

k2

FAREKEN =M AR | & R EKRERF AR

Tab.2 Effects of different dietary carbohydrate levels on growth performance in fishes of different feeding habits

20 51 WK WE/ g KiE/g HWEE/ % JRIER/ % FEERRE/ (%/d) FERE
group carbohydrate IBW FBW WGR SR SGR FCR

CL(20% ) 31.52 +0.29 90.71 +4.01° 195.16 +7.71° 95.00 +4.08 1.79 £0.04*  1.54 £0.02°

0.%13l;lj%‘us Cu (30%) 31.31 £0. 17 100.98 +6.82*  235.32 +2.12° 98.33 +2.36 2.02£0.01°  1.47 +0.04"
C,, (40% ) 31.55 +0.29 102.23 £5.23°  236.63 +6. 14° 96. 67 +2. 36 2.03+0.06° 1.51 +0.02%

o C, (13%) 86.17 £1.89 179.15 £7.07*  106.43 £2.25*  93.33 +2.36" 1.22 £0.14*  1.68 +0.03"
T%ﬁ%ﬁf Cy (26% ) 87.33 £1.04 214.25 £2.47°  144.91 £+6.79°  95.00 4. 08" 1.49 £0.05°  1.61 £0.02"
Cy(39% ) 86.83 £2.08 194.52 £1.41°  127.59 £5.88°  91.67 +4.71° 1.37 £0.04°  1.65 +0.02%
C, (12%) 24.05 0. 51 203.51 £5.66*  806.5 +3.54" 90. 00 = 4. 08" 3.68 £0.01°  1.53 £0.02*
R_iﬁiim Cn(24%) 23.83 0. 58 221.67 +2.83°  842.5+12.02°  93.33 +2.36" 3.74 £0.02" 1.49£0.04 a
Cy(36%) 23.33 £0.29 212.25 £2.47°  775.0 +£11.31°  80.00 =4. 08" 3.62+0.02°  1.57 £0.05°

TE R P BUE AP 28 = AR MEE (n =3) 5 Al — S0 BB b 7 BEAS T 3270 22 5 3 (P <0..05) , T[4

Notes: Values in the table are mean + SD (n =3) ; Values in the same row with different superscripts indicate significant difference (P <0.05),

the same below
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Tab.3 Effects of different dietary carbohydrate levels on glucose metabolism
indicators in fishes of different feeding habits
215 WK A%/ (mmol/L) &%/ (ulU/mL)  HFHEIE/(mg/g) WbEE/ (mg/g)  H il =R/ (mmol/L)
group carbohydrate plasma glucose plasma insulin hepatic glycogen muscle glycogen triglyceride
CL(20% ) 3.32 +0. 09" 4.69 £0.26° 13.48 £0. 46" 2.58 +0. 12° 1.12 £0. 08"
L ik . N . )
o Cy (30%) 4.60 +0.57 6.53 £0.51 16.58 +0.35 2.45 +0. 18° 1.21 £0. 03"
0. niloticus
Cyy (40% ) 7.74 £0.36° 9.58 0. 28¢ 22.43 +1.13° 3.45 £0.46" 1.56 0. 11°
CL(13%) 3.36 £0. 14 4.43 £0. 197 12.79 £0. 85*° 2.42 +0.43* 1.08 £0.09*
G IE 8 %
T ovatus Cn(26%) 3.83 £0.06° 5.13 +0.10° 13.66 £0. 10" 3.27 £0.33" 1.29 +0.06°
Cu(39%) 4.83 +0.21° 7.69 £0.34° 16. 04 +0.95° 3.85+0.42° 1.34+0.13°
C (12%) 2.04 £0. 14° 5.09 +0. 28 15.37 £1.25° 2.93 £0.27° 0.87 £0. 04*
ol
Cy (24%) 3.84 £0.24° 5.27 £0. 11 17.85 £0.05*° 3.08 £0.08*" 0.90 0. 04
R. canadum
Cu(36% ) 4.49 +0.31° 5.36 +0.39 18.59 £0.79" 3.68 £0.36" 1.22 +0.07"
16 - —~ ZEH M R canadum 14 ~Z 1 R canadum
@ 4 = JAFEEREE T ovatus =2 = GUTEEEES T ovatus
—_ '% I -+ FEf O. niloticus E % 127 ~ZA-E O, niloticus
2512t 280t
S o 2§
g 210} =S
é 8 i o 87
Q Q
—~ 9 8T g
i) S =S 6r
{HIE 6 =g L
B4l & 4
= g & E 2 F
8 2t g =
| = 0 . , . . ,
O0 1 3 6 12 24 48 o 1 3 6 12 24 48
AfE] / h fFTE] / h
time time
Bl =ZMARRHEXTHEEHES 48 h B2 =Z=#HAEARMEAEXTIHEERFISh

MIiE S ERMEL

Fig. 1

The changes of plasma glucose content in three

fishes of different food habits after injection within 48 h

By ZKFg1e EJF, 2 3 h ikl

K (P <0.05)

(B 2) 5 i B9 68 065 2 A T3 55 480 46 0 i i 3K R 15
FARP2R TR, 7E L h FIT IR ZE EJF, B =

6 hikfx K (P<0.05),

2.5
E; I]Fl]

EHAAREMAERME X/ IERSE

WP R 6520 55 %7 At 4 A U S A 2 W T AR

JR

A HAE 3.6 h IRIE(H (P <0.05) ([E 3),

1]

EE A ARG 1 h N2 TFREES G
Ze L AR ER A KT, HE 48 hikE 3
FHR LR &2 (P>0.05),
I ) 057,25 2E [ UM iR 2 i e B, 25 a4 5 DR
BEZHFE 0 ~48 h N IUKE B 7K - g 2

PO B St A A TR

[ R | B

MIRERLERSENTL

Fig.2 The changes of plasma insulin content in three

fishes of different food habits after injection within 48 h

- 7 R, canadum
= GUJEEERE T ovatus

2
S 26}
S E ol -+ ZEfa O. niloticus
ED% 22
E 2y
mjm S 20f
=]
41 & 18
i 3
ﬁéb 16
=ty
212t
Q
= 10 L 1 L L L L )
0 1 3 6 12 24 48
INFTA] / h
time
B3 =MAAREaTHEEHEF8h

METERS BTN

(P <0.05) , 8K 100 45 20 JULBE TR 7K S 76 33 53 4 4 8 5
FFEAZ RN B ERFM (P <0.05) (K 4),
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Fig.3 The changes of hepatic glycogen content in three
fishes of different food habits after injection within 48 h
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— B R canadum
-=- GUFEHRES T ovatus
Or -+ i O. niloticus

4
35¢

3.0 W
25¢

ol W
1.5}

1.0 L L L L L L d
0 1 3 6 12 24 48

S TE] / h

time

h
n

ISR & & / (mg/g)

muscle glycogen concentrations

4 ZHARRMETHAEES8h
MIEREENEL
Fig.4 The changes of muscle glycogen content in three

fishes of different food habits after injection within 48 h

2.6 ESEAEBEMARREAENRHH =K
SENEM

% A £ 21 5 BP T 05 65 40 A 1 5 A RS
—PRK P8 BT, A BIAE 3.6 hoik fe s K P
(P<0.05) (&5), 28 f 20 7 T 594 4 0 e
1h JR NS MG L2 3 h ik fm K
(P <0.05) b 5 I A ) sf ) 45 4 1) it 3%
Hih =B R, B AR a4l S5O0 RS 417 0 ~24 h
WHMM =B K FREER TEEH ML (P <0.05),
HILE 48 h [l B 4 5 i K- o

©
n
1

~—ZH 8 R canadum
= UTEERE2 T ovatus

28 21f
3 g -+« P 4Ef O. niloticus
£ E 18}
=g
- REL

[}
g § 12}
ngj S09f
= .o
1o ﬁ 0.6
% £
= 203}

a

0 )
0 1 3 6 12 24 48
RTE] / h
time

5 ZHARRMETHEEESF I8 h
MmREHH=FEEENTK
Fig.5 The changes of plasma triglyceride content in three

fishes of different food habits after injection within 48 h
3 dhg

BRI R AE A ARIET P 2 KM AL T A
A, 828 7E 28 3k 4y 47 101 Je DA 3F 855 e 5 BB

FEEY KRR 2o N BT A B R B T
5L Sh WA LA, £ 28 T R Y B SR X b
R R DREE e S = U I = 8 G D& [ =
81 0 Y W T A R A, AT LA e e A
e K- AR W 5T 5 T P 2Rk A e o S
Yy 15 1) ) FH BB 7 AR, 48 £ 5 AR T RE 0 s o
ARG TR BETEEE R, 2 B &P AE
1 R B K T 1 2 R 1 R R A AR R R
B GRS R R R W Rt E A BF T 2
AL, F W 2 M55 2 3R A R R R
B TR B8 6% R0 DX PR £ A AT AT O 8 )
FRARDRHRE Y 0T o [R) s ) T 8 65 0 25 T fo 5 R
I LA R B E AT HAL & 4 (P <0.05) ;
MEHER G EAERKFNY R Cy, HEFRE
(P <0.05) , 46 7R 1) BHBE 7K S 0T P& M 1 v A2
A AN R B A S A 2 o X AR K W B
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Effects of different dietary carbohydrate levels on growth and glucose

tolerance ability in fishes of different feeding habits

LIU Hongyu', MAO Yibo', TAN Beiping'* , DONG Xiaohui', YANG Qihui',
CHI Shuyan', ZHANG Shuang' , CHEN Ligiao’

(1. Laboratory of Aquatic Animal Nutrition and Feed ,College of Fisheries,Guangdong Ocean University ,

Zhanjiang 524088, China; 2. Laboratory of Aquatic Animal Nutrition and Environmental Health ,

School of Life Science,East China Normal University ,Shanghai

200241, China)

Abstract; To study the effects of different dietary carbohydrate levels on growth, glucose metabolism

indicators and tolerance ability in fishes of different feeding habits after an 8-week feeding trial, this

experiment was conducted taking Tilapia ( GIFT, Oreochromis niloticus) ,Derbio ( Trachinotus ovatus) and

Cobia ( Rachycentron canadum) as the research objects, dextrin as the sugar source, three levels of dietary
carbohydrate for each fish at low ,medium and high levels (C, ,C,,,C,; Tilapia:20% ,30% ,40% ; Derbio:
13% ,26% ,39% ; Cobia:12% ,24% ,36% ) respectively. The results showed that ; the different carbohydrate

levels had no significant effect on survival rate of Tilapia (P >0.05) ; The feeding conversion rate (FCR)

showed an increasing trend after the first decline with elevated levels of dietary carbohydrate and the C,

group in Tilapia was the highest (P <0.05) ; The weight gain rate( WGR) and specific growth rate (SGR)

http : / www. scxuebao. cn
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were all the highest in C,; group and significantly higher than the C, group (P <0.05). The survival rate in
C,, groups of Derbio and Cobia were significantly lower than the other groups ( P <0.05). However, the
WGR and SGR in C,; were the highest significantly (P <0.05). The FCR first increased, then decreased
with dietary carbohydrate levels elevated and the C,, lowest groups were the lowest ( Tilapia:1. 47 ,Derbio;
1.61,Cobia: 1.49 ), Different dietary carbohydrate levels have different effects on glucose metabolism
indicators of fish. With rising levels of dietary carbohydrate in Tilapia,the plasma glucose,insulin, hepatic/
muscle glycogen and triglycerides of C, group were significantly higher than the other groups (P <0.05).
The plasma glucose,insulin, hepatic/muscle glycogen, triglycerides of C,; groups in Derbio and Cobia are the
highest, but there was no significant difference in plasma glucose and insulin between C, and C,, groups in
Derbio (P >0.05). There were also no significant differences in plasma glucose and insulin levels of C,, and
C, in Cobia (P >0.05). The glucose tolerance test ( GTT) results showed that: (1) After injection of
glucose, the plasma glucose levels of Derbio and Tilapia groups reached the peak at 1 h (P <0.05) and
returned to the initial level at 12 h while the Cobia until 24 h after a peak at 3 h. (2) The plasma insulin
levels in tilapia and cobia groups rose slowly after the injection of glucose and reached the highest level at
3 h (P <0.05),while the lever in Derbio group was significantly decreased within 1 h (P <0.05). (3)
The glycogen levels in Derbio and Tilapia increased slowly and reached the peak at 3 h and 6 h respectively
(P <0.05) while the Cobia declined within 1 h. (4) after the injection of glucose, The triglyceride levels in
Tilapia and Derbio reached the peak at 3 h and 6 h after injection of glucose respectively (P <0.05) while
the Cobia decreased significantly within 1 h (P < 0.05). The results of this study suggest that dietary
carbohydrate levels have varying degrees of effects on the growth, glucose metabolism indicators, glucose
utilization and tolerance of three feeding habits, fish. The omnivorous Tilapia can utilize the dietary
carbohydrate better than carnivorous fish. The glucose tolerance ability of omnivorous Tilapia is the
strongest, followed by Derbio the intermediate,and Cobia the lowest.
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