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Tab.1 Experimental diet composition and nutrient level
AR (B 7K F-) diet group ( carbohydrate)
JEURL RN 3R K
material content ! 2 3 4 3 6 7 8
(10%)  (15%)  (20%)  (25%) (30%) (35%) (40%)  (45%)
X %y/ % ingredients
ff§} fish meal 49.4 49.4 49.4 49.4 49.4 49.4 49.4 49.4
E K JEHK corn starch 10 15 20 25 30 35 40 45
T 27 4 2% microcrystalline cellulose 35 30 25 20 15 10 5 0
il soybean oil 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
£k NaCl 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
B — 545 Ca(H,PO,), H,0 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8
A4 & vitamins premix 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
TEHLEL ¥ i mineral premix 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
i % 7] antiseptic 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
P41k # antioxidants 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
SALHAHE choline chloride(50% ) 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
24 T enzyme premix 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
411 total 100 100 100 100 100 100 100 100
B4 4 #7 ( % dry weight) proximate analysis
L4 1 crude protein 36.65 36.01 37.80 37.74 36.24 35.66 36.53 36.50
FLHE W crude fat 7.63 7.87 7.75 7.72 7.51 7.65 7.46 7.61
LK 4y ash 10.34 11.37 9.98 9.18 8.33 8.97 8.04 7.67
JK 43 moisture 7.85 7.79 7.08 6.82 7.12 7.76 7.15 7.17
B BE (MJ/kg) gross energy 18.38 18.22 18.42 18.29 18.26 18.35 18.28 18.36

W) BAY4d % (mg g 1U/g) ik % A 2500 1U; 442 2 Dy 1200 TU; 44 % K, 60 TU; 442 2 E S50 TU; 442 % B, 10 4i4E % B, 104k
A B 20544 K B, 0. 15 0L 405 MR 5572 FRES 205 ILEE 1505 W% 0.2 4E/E 3 C 150, 2) THLERIR 57 (/100 g) B AR EE3. 0 4
LEN 0.7 s (AL 0. 015 BRAREF 0. 14 G AR SR 0. 03 ;50 AL 4 0.05 ;5 AL 5k 0. 005 ; B FR L2k 0. 155 B AR — %041 45.0,; 501k %5 28.0,

Notes: 1) vitamin premix (mg or IU/g) : Vitamin A 2 500 IU; Vitamin D, 1 200 IU; Vitamin K; 60 IU; Vitamin E 50 IU; Thiamin 10 ; Riboflavin
10 ; Pyridoxine 20 ; Vitamin B, 0. 15; Nicotinic acids 40 ; Folic acids 5 ; Ca-Pantothenate 20 ; Inositol 150 ; Biotin 0. 2 ; Ascorbic acids 150. 2)
mineral premix(g/100 g) :MgSO, - 7H,0 3.0;KC1 0.7;KI 0.015;ZnSO, - 7H,0 0. 14;MnSO, - 4H,0 0. 03; CuCl, 0. 05;CoCl - 6H,0

0.005;FeSO, - 7H,0 0. 15;KH,PO, - H,0 45.0;CaCl, 28.0.
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1.2 XWHE

5%k it S5 56 4 BB K OF L 8 A
2, 4 B BE K43 Bk 10% (15% (20% (25% |
30% 35% 40% F145% , 5 530E 1.2.3.4.5.6.
TR UL, A3 AEE, LR EE YR
F AT IE PR OISR 1 AR S BE AL A B B 24 A4
1.6 mx1 mx0.9 m 17K Je it ifE 47 47 35 55 55,
B R 50 . SLg IR AR 9:00 F117:00 %
B — G BEAE L h NIZ5E e, SEE KN
R 25 S5 1 A kK, SER AT 49 d,F BK R
(26.8+ 2.3) C,pH 6.9 £0.1,D0 6.0 ~8.0
mg/L ,NH, -N(0.03 +0.01) mg/L,

A KGR R B AR E ISR 0 S 4
HJG 0B A E AT AR R, Y R IR RN
Tkl R g B BE LI 10 B, F MS-222 ik
i J 70 2 WA A RRR 4% J5 ek, 4K JE UL PR R T O
FREE ML T )5 R F 2% ER B2 v D0 7 g s 2 5 £ 4
B P o L PG 3 U 5 T R L
AU b 2 7 0 R

oo A A I AR I IE 4B X B 6 )
AEATAL AL PR E 10 J& fa, Fl MS-222 Rk )5,
HEAT R e kA I, A 2 A B HLES L 5
min(4 000 r/min) , B¢ 35 % F H 57 7600-120 %
4 H dh A Ao BT A0 A2 1 T A O A A S B 5 R
S Hh — 3P R B B I A A DN S A
ST 5 06 A it T8 23 7% 0 5 R AT R 5 L4 R i T
SR AR DU A 1 O v AR ORI S , 7RI
T A R K I U R AR T BR L A 9 i A
PRI A B R 7K, 513K, 78 40 50 W AR TR B8 0
2 000 r/min, B0 10 min, 48 B35 WA 005 H
JUEAFL il ¥, JH B it ( HIL ) 01 i 28 11 PR (LPL ) 34
A T A 7 A 3 R ) 5 Ml R SRR L I
DK 2 A 0 3 7 03K

BFRE4R 40 | RIAE S o9 A7 BEASF-17 41k
BLik 5 R, I MS-222 JRRIF 5 , fif 1 B JDE 20 41
[ 22 F Bouin [, A WM, Y] A JEE N 5 wm,
H.E Juf8,10 x 10 £ 5625 1 Sl W 42 BeAH . iF
21 it i 3% 5 96 4R T B A8 & 3T 55 38 4 Photoshop

CS5.5 & i B4 % € ) D) Fy TR B Ak 1% B
K14 , % %€ [ {8 ( Threshold Level-128) , X &% &
TR AT I T 23 TR TR AR RR A4
1.3 MHEXERTESSHITSH

1775 % (survival rate, SR, % ) =100 x /7% f4
B/ W) bt R A

1 8 R (weight gain rate, WGR,% ) =100 x
[ KE (g) - AEYIGE(g) |/ Ak ihE
()

174} & %4 (feed conversion rato, FCR) = &
TRLE R (g)/ [k RE (g) - ARk IhE
(2)]1s

AT & I ( hepatopancreas somatic indices,
HSI, % ) =100 x faJlf & (g) /A& (g) o

JIF HEE JI 17 25 v obR g AR 3R (liver cell lipid drops
cavity area ratio, % ) =100 x JIig Vi% 25 y{u R 1 R/ [
RV AR

SEYGHCHR B AL SPSS 19. 0 FE i AT B diE
34T, 2 T HECR /D W E 22 1 (LSD) i
170 LB EE R + brifE 2% (mean + SD)
N,P<0.05 HEREFH,

2 4

2.1 ARBEAKENSEFTEEEKERNZME

SIG A [R] 25 20 50 50 0 1 16 B BB R HESE Y
EH . MR2 AT, B AMERE, 51238
HESWE (P <0.05); JIGHEE 2 4>
100% , 55 %mF 134841 (P<0.05) /455,
6.7 H 2R ALE(P>0.05) ; faleh R HE b K
R TR B A S T AR TR R R B
%56 7 A 55 8 AR FR L (HSI) 22 % A B 3%
(P>0.05) , HESHESEAERREE (P <
0.05) . HEl 1 A1, % = 18 T 5 Bl 1) b 7K -
M BT BT E TR S, B E R T
TWRHBERMA,Y = - 3.403 8X° +220. 06X +
9 785. 1(R* =0.803 8) , 4 {a kB /K ¥ 32.33%
I, 38 T 30 3K 0 e W (L, WA W K SF- 90% 8 {5 3
4 29.10% ~35.56% .
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Tab.2 The effect of dietary carbohydrate levels on growth performance of tilapia
R P bR TR (K F) diet group( carbohydrate )
growth index 1(10% ) 2(15% ) 3(20% ) 4(25%) 5(30% ) 6(35% ) 7(40% ) 8(45% )
WHE/ g 0.36 + 0.36 + 0.36 + 0.37 + 0.36 = 0.37 + 0.36 + 0.36 +
IBW 0.01 0.01 0.00 0.01 0.00 0.01 0.01 0.00
KT/ g 42.57 + 44.53 = 44.41 = 48.75 47.82 50. 65 + 48.02 = 45.04 +
FBW 0.30" 0.13*° 0.37% 0.24% 0.41°4 0.369 0.26"4 0.51%°
TG/ % 94.00 = 100.00 = 92.00 = 91.33 = 94.67 = 97.33 = 97.33 = 92.00 =
SR 5.29* 0.00° 3.46° 3.06° 1.16% 2.31% 4,62 0.00*
1452/ % 11826.04 = 12367.11= 12338.36 13175.40+ 13284.08= 13683.41+ 13339.23+ 12511.01
WGR 132.62° 36.98°¢ 102.93* 64.76¢ 113.51°¢ 93.15¢ 744 140. 83
GRS 1.32 1.18 + 1.17 + 1.12 1.08 = 1.14 + 1.07 + 1.11 =
FCR 0.03° 0.01° 0. 04" 0.03% 0.06™ 0.02° 0.11° 0.03%*
A e 1.30 = 1.45 + 1.30 + 1.42 1.38 = 1.56 + 1.99 + 1.86 +
HSI 0.26" 0.26" 0.25° 0.10* 0.14* 0.13% 0.34¢ 0.13%

R BAEA R NG FRFRRZ R R % (P <0.05) FEMEA,

Notes ; Different lower-case alphabets in the same row represent significant different level (P <0.05). As following is the same.
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2.2 ARBEAKFENEEFTFEENEERRSH
A

3 o T RVE KT X w2 AR iAo R
H K K 43 B 52 AN S 2 (P > 0.05) 5 fiff
HLAG I 2 i DASE 8 4l i W de i, 3 T4
L (P<0.05), HEHEAHAERANLE (P>
0.05), f{RAFHER & B s 6 dl, BE s
TEHTM24(P<0.05) HESHE{HER
AHFE(P>0.05) ;5 7 AR & Eim, B
HERTHIAP<0.05), M5 HESHERA
BECP>0.05), J T FHIEHLIEE %5
BT, OB AL AR 5 F7 8040 o 0 B s D & = 5 A
%5,

£33 ANBEAENEEFTFENECEFRHNSHZMN

Tab.3 The effect of dietary carbohydrate levels on fish nutrition composition of tilapia

EERTR TR BL4H (7K F) diet group ( carbohydrate)

index 1(10% ) 2(15% ) 3(20% ) 4(25% ) 5(30% ) 6(35%)  1(40%) 8(45% )

HE /% 18.31 = 18.89 = 16.80 = 19.87 = 19.47 + 18.5 + 18.64 = 19.14

crude protein( dry weight) 0.98 1.14 0.98 1.60 1.20 1.25 1.00 0.25
HLNG 5/ % 6.62 = 8.14 = 9.50 + 9.49 + 11.14 = 10.01 = 10.50 = 11.77 =

crude lipid ( dry weight) 0.75% 0.76% 1.10% 1.19% 0.52° 0.82* 1.13% 0.80°
K4/ % 68.90 + 67.72 = 68.98 =+ 64.69 + 64.35 = 65.48 = 65.44 + 64.28 +
moisture 0.25 1.10 0.53 0.67 0.88 0.76 0.54 0.25

MK A/ % 5.95 + 5.88 5.67 = 6.42 + 6.42 + 6.71 + 6.13 + 6.67 +

ash( dry weight) 0.34 0.32 0.47 0.34 0.24 0.50 0.32 0.34
FEWE 5/ % 3.08 = 3.24 = 4.29 + 5.91 + 5.42 + 8.17 + 7.23 % 6.21 =

liver glycogen(dry weight) 0.17° 0.32% 0.36%* 0.53° 0.79° 1.21° 0.77%° 0.68™°
ALK IR/ % 2.38 + 2.73 3.05 + 2.76 = 3.52 ¢ 2.96 = 4.03 = 3.85 ¢

muscle glycogen(dry weight) 0.28° 0.88* 0.58* 0.30* 0.68% 0.34% 1.23° 0.45°
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f2e 4 mJ L85 5.7 .8 A TR B A T A
X, BEE T 134 (P <0.05), M5 HEA
HEFAEEZF(P>0.05) ;% 7 fl 8 AR
famiEmTHESA(P<0.05),%5 6 411K
ZREHT124H(P<0.05);% 4 F18 4&
JEVTIR & B W3 AR 1 4 (P <0.05) (HEH
ERHEFARFZF(P>0.05); M SEENE
HRENE S H, BES TH3H(P<0.05),1M

HHESHEFARFE(P>0.05), 55 4R
BT P f s, S E A4 27 B (P <0.05) 5
1.8 HIIHM, 523,45 HEREF(P<
0.05) ;575 3 41 3 13 T Bl 0 P00 M de s, 3
THERH(P<0.05),4 6.5 4% i AR, 5
234 HEREHE(P<0.05) ;5 8 A WM R B
RGP, 9 1.2 34 HEREE(P<0.05),
FHIM2AFRILEM, 55678 HEREH
(P<0.05),

x4 AREAFEREEFTEEFRFHZ M

Tab.4 The effect of dietary carbohydrate levels on liver metabolism function of tilapia

EER TR (WK SE ) diet group( carbohydrate )
index 1(10% ) 2(15% ) 3(20% ) 4(25% ) 5(30% ) 6(35% ) 7(40% ) 8(45% )
LT 78 75 4 4 i/ (U/L) 26.67 = 37.33 + 31.40 + 37.67 + 41.67 + 41.00 + 43.67 + 44.67 +
ALT 6.66° 5.57° 0.53* 6.66 5.86° 4.58" 4.16¢ 3.06¢
1L T 74 B4 51 i/ (U/L) 101.00 =+  107.67 = 112.67+ 108.67 =  119.00+  121.33+  136.33 +  144.89 x
AST 6.10° 1.15% 7.77°¢ 10. 09 8.54¢ 5.86¢ 5.02° 2.71°¢
1LY 2 I YR/ ( wmol/L) 21.77 + 22.77 + 22.90 + 24.20 = 23.13 23.57 + 23.63 24.13 =
TBA 0.64*" 0.68* 0.44® 0.92° 0.92% 0.29% 0.62% 1.20°
M B EH/(g/L) 29.13 30.23 28.90 29.77 + 30.47 30.63 30.93 31.83 %
TP 1.26* 0.58* 0.89° 0.53™ 0.25" 0.55%® 1.34% 1.03°
IR EG/ (U/L) 101.51 =  307.28 = 349.49+  434.16+ 683.15+ 244.90 214.78 +  166.79
HL 6.07° 33.08 59.64% 20.97°¢ 14.70" 2,130 10.91" 33.44%°
1L 75 AE 7 (A g A/ (U/L) 262.01 =  473.68 +  481.81+  476.67+  240.12+  147.60 =  121.37 95.13
LPL 8.56°¢ 2.95¢ 15.30¢ 15.57¢ 5.24°¢ 26.70° 26.70% 6.35"
I 75 ol TR SR 4t/ (U/mL) 1.15 = 1.15 + 1.16 = 1.16 = 1.16 = 1.16 = 1.16 = 1.17 =
PFK 0.02° 0.12 0.13° 0.05% 0.13% 0.01°% 0.01°% 0.01°¢
2.4 HAREXKENTEFTEERBEALAESE KV B HHEIALRFELESIN BERTHEL
oA (P<0.05),% 8 AAFFNERE T & i, B & = T

F AL IFHEAE 100 24 8 6dcse T vl
W s, 1412 4L 0 VR IF 20 i o B Ji £% 7
JEi 2 AR A PEBL R 5 5 3 .4 70 S AL 40 Mg HiE 57
PSRRI AL T A0 R 5 58 6 AL A H B
— 7 RO R B RN A5 Y A PR B G 5 2 T AL BLER
20 T 440 I 0 2 RS A0 T 2R A A
¥ H WA B ., 8 2 0 O ™ 5, IR M 2 A K
(ERO

HIZE S AT, 55 4.5 20 I M R U7 & dk Ak Fee IR

HE4L(P<0.05) . %54 F15 4160 T AR i =5 10
AR BUAR A T fe IR, R AR T HEH (P <
0.05) , 5% 8 AL Mk i i 25 W IR Tl AR R K, %
T HABZL (P <0.05) o IR == iR 1 AR R 5
HEH LG G & A B A B FRIEML, Y =
-13.3539 +2.211 1X(R*=0.982 3,P <0.01),
MBEJF IR (L 55 4.5 AU HEGE 20, 55 7 Fi 8 41
HH BT B B8 % 1 B4 5 O i s R DR T AR R A
UGG & RO TR (i, & .
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Tab.5 Pathological changes in liver cells of juvenile tilapia

F8 bR a4 (BEK ) diet group( carbohydrate )
index 1(10%) 2(15%) 3(20%) 4(25%) 5(30%) 6(35%) 7(40%) 8(45%)
T 400 N 3 2 3 4R T B % 13.57+ 11.03+  8.51= 6.16 + 575+  14.61 = 18.26+  27.69 =
liver cell lipid drops cavity area ratio 1.54 ¢ 1.29° 0.65° 0.21°% 0.67°% 1.25°¢ 1.26° 1.69°¢
I g 05 5 4/ % 12,25+ 11.26+  9.65 = 8.63 + 8.38+  13.23+ 14.81x 17.85=
liver fat content( wet weight) 1.12% 0.62° 0.48% 0.69* 0.45° 0.73¢ 1.01° 1.21¢

i JFF Ik 25 € ; ; ; . ,

ke wa ka LT LT ke EANS R AN S R )

liver colour

3 ik

3.1 ARMEAEMNEETEaEKEENZT

Teshima 251" 5 t J& % % 4 o G4k o R o g
KN 30% ~40% . SEARSE HEIE T A I
WK (0.6% 12% 18% 24% H1 30% ) %f B Jg
9 A i AR 0 AR K A R4 Y A BT 7 9 S
K LR B A R B E K BN 9. 7% o ASSE
56 G Ak e R 0 B B K TE R (100 THI S
min ), F 25 A0 43 A 4F 4 25 b 2, BRI
SN FE SRR K S I 38 SR M 2T 4 2 b
TR 7 oK P i 2 o T Sene ]
AL B SRR AHER S R R . SR R,
S R T AR R 2R ORI AR L 5 I AR R
B AL B R K OE B T ik
JRHG AT 2 LA 2 41 (15% ) BT R
HERTFH 8 UL (45% ) (P <0.05) ; F WGk ik
T X £ AR R AT — S I, R R () 4
TR BB R K 9 TR G B THE T R
B, AR 0 T 3 5 AR BB KT 119 80 56 R, 2
TRUBE B K S O 32, 33% I, 4% T A< ik 5 i i
(90% BAZIEHE N 29.10% ~35.56% ) , & & & Ik
gt A KRR A RE A, 2 GRDR e R 2K
WA L B, EL R R W 5 N I B 1 R K
WA g RE it BRI BDRE AP I B K 7 RE A
HLMEA KM TaKER" " AR
Tl Ak 2R 5 I )R K P T T 2 B R G
P U0 I T AE % e GRDAR P R A BV B A B fiE
AR A B 2R K, T S — 2 R R e
LKA R, HST 2% R IE M 125 10 8 57 4R
Ao TEAR S, Bl G RORE KT 19 T HST i
FBUL a5 7 ALES 8 41 HSI (i B %
TR A, s R T A RN 5 1 3

AT FE ™ D1 bt 24 7 A e A 1A 5 1k
Ho NG A, 2 HEBUE T EAL | 5 UM AR V5 &
BURETHES " RER R HST iz s hn
3.2 AMEAKENEEFEENEEFTMTH
00

AL %5 B 5 B R 2K O X £ AR 2R
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Effects of dietary carbohydrate levels on growth performance and
liver metabolism functions of juvenile tilapia( Oreochromis niloticus )

JIANG Lihe', WU Hongyu', HUANG Kai'* , MA Yanqun'",
YANG Qiling', YU Deguang’, ZHONG Lingxiang'
(1. College of Animal Science and Technology ,Guangxi University , Nanning 530004 , China ;
2. Pearl River Fisheries Research Institute ,Chinese Academy of Fishery Sciences,Guangzhou 510380, China)

Abstract: This study was to investigate the effect of dietary carbohydrate levels on juvenile tilapia
( Oreochromis niloticus) growth performance and liver metabolism functions. Eight groups of 1 200 tilapias,
in triplicate , with initial body weight of (0.36 £0.01) g were fed eight experimental diets( similar protein and
lipid contents but carbohydrate levels were 10% ,15% ,20% ,25% ,30% ,35% ,40% ,45% , respectively ).
After 7 weeks feeding, the results showed that: (1) dietary carbohydrate level had significant effects on
weight gain rate, survival rate,feed conversion ratio and hepato-somatic index ( HSI) in tilapia juvenile ( P <
0.05). The growth rate of the fish fed the diet of 35% carbohydrate level was the highest among the
treatments, and the feed conversion ratio of the fish fed the diet of 40% carbohydrate level was the lowest.
(2) With increasing of dietary carbohydrate ,the muscle glycogen and crude fat content gradually increased.
However, the glycogen content rose initially and then declined. (3 ) The activities of serum alanine
aminotransferase, aspartate aminotransferase, phosphofructokinase, and the concentrations of serum total
protein and total bile acid were all significantly increased with the elevated levels of carbohydrate ( P <
0.05). However, the activities of liver esterase and lipoprotein lipase rose initially and then declined. (4)
Liver tissues displayed a few lipid vacuolations in hepatocyte cells at 35% . At the carbohydrate level over
40% ,liver histological sections showed a large number of hepatocyte lipid droplets vacuolar degeneration,
nuclear migrations and cytoplasm disappearances. The lipid vacuolation areas in liver histological sections
basically tallied with the lipid content of the liver, which were consistent with the severity of fatty liver. In
conclusion, according to the observation of growth and prevention of late fatty liver disease, the most
appropriate proportion of carbohydrate in the fish diet is around 29.10% -35.00% .
Key words: Oreochromis niloticus; dietary carbohydrate levels; growth performance; liver metabolism
functions
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Plate Histologically observed liver of Tilapia( H. E staining,10 x10)

LD. Liver cell lipid drops cavity; N. Nucleus; CM. Cell membrane.
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