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7 5 fik B ek FR R S I K F 23 50 D 0 (RS RRAL)
0.2.0.4.,0.8 mg/kg (LA Cr* " ¥R BETH58) , AL il 4
Tl ik o
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Table 1 Composition and nutrient levels of

the basal diet ( air-dry basis) %
i H Items 47 & Content
J5B} Ingredients
%.f Soybean meal 30. 00
f4 ¥ Fish meal 16.00
/NZZ ¥y Wheat flour 50. 00
E K Corn oil 2.00
iR 244 CaHPO, 1.50
4 4LJIHAF Choline chloride 0.20
iRkl Premix" 0.30
411 Total 100. 00
H 3% 7K F Nutrient levels
HLEE H it CP 30. 74
HLUIR T EE 3.53
7K 43 Moisture 12.82

TR RN 55T 72w kL2 4t The premix provided the fol-
lowing per kg of the diet: VA 12 000 TU, VD, 3 000 IU, VE
80 mg,VK 7 mg, VB, 20 mg, VB, 40 mg, VB, 20 mg, JZ i}
4% calcium pantothenate 60 mg, 2E 4 2% biotin 3. 0 mg, I iz
folic acid 10 mg,VB,, 0.8 mg,VC 1 000 mg,Fe 20 mg,Cu
5 mg,Mn 20 mg,10.4 mg,Mg0.9 g,

1.2 {AFEE

) FRA I LU AR A0l R 27 Bl W) Rk 4 2 B K
FRHH L B 8 R OK FR A R g b kAT, i o
50 d, RN THME 3 %K (08:00,12:00,17:00),
F MR e ) X, R, BB B E 5
1, YR o A B B K SR 2 T8 B I, A0 ok 0
AR . AKIEFERIE(27.0 £1.0) C,pH fREf
TE7.0 245 s 3 4801 24 h {40 (BR80T R) ), i
& AE 5.0 mg/L L |,

1.3 HmxX&

BRI ZE R, 45540 24 b, THEUS FR & AR AR A
SEL RS SCR B ALK E R
AR DL KR R G N AR TP LR IR 5
1, 57 BRI MS =222 ({244 hy ] 22 38 28 W R £ T
FRE R & ) BRI , R A7 3] — 20 C ks, H Tk
F IR T 0T s WA FEBE ML LR B 5 2, R
J&  FHEBEST 1 5 s AR i DK R 1L 28 5 mL g5 004

MmAEFE4C T HE 2 h K5 MM HE L
3000 /minE .0 15 min, B b E MW, F & T
—20 CykFH, FHF M0 AE AL T8 bR 50 2 5 4 2R 1
Jei 5 % A £ T i B A oK 4 b, BOES R 2 LA
P BAWRE T, B F] -80 C kA 17,
FHF R AR A 56 32 R 325354517
1.4 $EHRNE
1.4.1 AKERE

JEi A 4k Re e AR R A AT

B K% (%/d) =100 x [ InG, —InG, ]/1;
HER(%) =100 x (G, - G,)/G, ;

e #RE = (R -R,)/ (G, -G, -G,),

KR, (R, 43 5 A& AR E; G, .G,
G, RN FE T f AR T W IR T AR B ;1
ik KE
1.4.2 "SI

o) o} R 4 0 R R SR A T Dy vk
T 2105 CHET 2 48 5 I K 43 B it B IR AUE
T AR P B o R IR R e RELAR T %
1.4.3 M Efbsars

K FH H Sz 7020 T A= Ak 43 B A A2 I 3 R A
IR H R =R PR 2R A B L

J A T P o T 1
1.5 2 RNA fiREU K LB & £ E £ PCR
(qRT-PCR)

BRAF I I B LA 2H 21 4% 50 mg, 55 74 5
AJ%A 1 mL Trizol( Invitrogen Reagent) [y 5.0 %
4 B Trizol 170 & U6 B B 2 HUE RNA, B 42
I S RNA JTTE F R BRI — £ i ( DEPC) ¥ IR
fif J , 7E 58 40 43 6 OO0 BE 1 TR W g FLAE 9 260 AN
280 nm T [ G EE (OD) A, ODyy y/ ODsg o fRIH
TE1.8 ~2.0 Z ], PE U] SR BCAY B RNA J & 408 .
FHRBUY B RNA JEA —80 C kA PR % H

& RNA Fi DNase I &[k3E[H 41 DNA J5, Bt
1 pg & RNA fii f] PrimeScript™ RT Reagent Kit
( Perfect Real Time) i 57 & ( TaKaRa) 2 % 5 K
cDNA,cDNA {1 F —20 CTukFaH & H

AR SLEEFHIR T RS B AR IR M GLUT Jk
BT th & B, GLUT 3L 76 2 fa A [ 41 4
TR H R [F], Horh GLUT2 3 P 7E AT
I #I T GLUTA ZE AR LA AP s 3k o S G il
AN RIS oK B e B8 % Je % & R #a IR i GLUT
EEFREEm, e P M B - IlshE B
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(B-actin) Jj 75 2 K, F| AT qRT-PCR 43 5] 6 I JH:
JiErp IR #1 GLUT2 L) K JLA H IR 1 GLUTA J: ]
)ik, i) NCBI I GenBank %{4fi % i € fit
B e B B JE i GLUT2 ( GenBank % 5% 5.
XM003442884 ) 1 B-actin ( GenBank % 3% = .

AB037865) ) cDNA J¥ 51|, LA J Hi 4 52 5 = e P
ok W e B ¥ 4k #1 IR ( GenBank % 5f 5
IN967750 ) 1 GLUTA ( GenBank & 3 5.
JN900493 ) 1] cDNA J@ I Bit5 19, 519 i F ik
WIBRARAF AT, WP I 2 s,

%2 qRT-PCR @s|#5 7%l
Table 2 Primer sequences for qRT-PCR

H:[H Genes

#5149 Forward primer

514 Reverse primer

Jo 5 2k IR
R B E R 2 GLUT2
iR W GLUTA
B - WLsh#E H B-actin

5'-TCAAGACGGTCAACGAAT-3’
5'-GGCATGGTATCCTCCTTCTTG-3'

5'-CATCATCATCGCCATCCT-3’
5'-GGTGGGTATGGGTCAGAAAG-3'

5'-TCATCAGCTCCATCACTAC-3’
5'-CCCAAAGATAACACCAGACTGC-3'
5'-ATTCCACCAAGTCCTAACAT-3’
5'-CTCCTCAGGGGCAACTCTC-3'

gRT-PCR X f| SYBR Green % & 3%, 1%
SYBR® PrimeScript™ RT-PCR Kit izt 7] £ ( TaKa-
Ra) 7t ABI 7500 Real-time System ( Bio-Rad) & 4
T k47, PCR Jz i & & Jy: SYBR Premix Ex
Tag™ (2 x ) 10. 0 uL, PCR | ¥% 51 ¥
(10 wmol/L ) 0. 4 L, PCR F ¥ 51 W
(10 pmol/’L) 0. 4 pL, ROX Reference Dye Il
(50 x )0.4 pL,DNA Fit (cDNA)2.0 uL,dH,0
6.8 pL, ¥ H:95 THAS 10 5,40 4
PCR f§¥ (95 C 55,60 T 34 s) , IREREE S,
AMEMESL 3 K, B0y 8 M X RS E L
27 AR AT AT
1.6 HWHITHH

IR R ] SPSS 13. 0 R4 iy B IR 2 Uy 22
3 #r (one-way ANOVA) F1 Duncan [K £ 5 [
HATGET o, BE K- P <0.05, 45 53R -
PIE £ bR 2E TR .

2 FERELSW
2.1 BBEXMEZTFTIEaEKEENZME
o2 3 AT A, AR b I AS [ KT 1 T RE
X B HEta AR E M ER e KR K
TR R B TC B E (P >0.05),1H 0.2 Al
0.4 mg/kg2H A Y 14 5 3 Lo BRA i v T
5.4% F16.6% ,
2.2 EBEXET T miKENIERIEMm
12 4 AT A R b I AS [R] KT 1 T RE
DO | e O 1R s N o N 2 -
P | IR 2% R0 50 B B DA R A T T R 38
B (P >0.05) , H i b (i i #2460 W
BETERE R AR/ TH s (0. 2 mg/kg T i 2
0.8 mg/kg) i T~ F% .,

®3 BOEMNEFFIEEERKMERNZT

Table 3 Effects of chromium yeast on growth performance of Nile tilapia

i H i £ 45 75 K SE Chromium yeast supplemental level/ ( mg/kg)

Items 0 0.2 0.4 0.8
VItE Y E IMW/g 15.79 £0.09 15.76 £0. 04 15.80 £0. 04 15.76 £0.01
AR F FMW/g 88.37 +£4.48 92.19 £2.23 93.28 £1.31 86.73 £3.67
1 X WGR/ % 459.99 +28. 96 484.94 +0.13 490.37 £0.07 450.34 +0.23
g 4 K% SGR/ (% /d) 3.44 +0.01 3.53 0. 04 3.55+0.02 3.40 £0.08
1A &% FCR 1.09 £0.01 1.10 £0.01 1.14 £0.01 1.14 £0.01

A7 Bl R AR AN R T R 22 57 35 (P <0.05) MR s E 7R R ZF A RE (P >0.05) . F&[F,

In the same row, values with different letter superscripts mean significant difference ( P <0.05) , while with the same or no

letter superscripts mean no significant difference (P >0.05). The same as below.
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Table 4 Effects of chromium yeast on blood biochemical indices of Nile tilapia

HH B £ 4% 7 K SE Chromium yeast supplemental level/ ( mg/kg)
Items 0 0.2 0.4 0.8
BEH TP/(g/L) 35.20 £2.04 35.82 £0.62 36.32 £0.96 35.06 £0.71
S E . TC/ (mmol/L) 3.85+0.42 3.86+0.12 4.38 £0.10 4.04 £0.29
Hil =8 TG/ (mmol/L) 2.51 £0.07 2.58 £0.47 2.89 +£0.39 2.72+0.16
R Z % UN/(mmol/L) 0.26 +0.04 0.25+0.03 0.27 +0.04 0.25+0.04
KRN GPT/(U/L) 22.11 £6.79 15.50 +£3.33 16.33 +3.84 16.83 +4.70
%M GLU/ (mmol/L) 5.13 +£0.26 5.45+1.15 4.37+0.80 3.75+0.50

2.3 EBEEEMEFFTIFEG&EKEFEBFM
HiZe 5 al L, e B B ARt AR K o MLE A

Jo LA R i W5 5 2 A 4% 4 18] 2 0 W 2 25 5 (P >

0.05) ,(HA& B REER SN2 2 3 £ f0 R i RELAR I &

A4 H X B 2, T ELHL G 5 G 3 i B R
WK S W T (#1002 mg/kg FE R E]
0.8 mg/kg) &t FFH#aH,

x5 BESEMNEFFIFEAEEFRARNM

Table 5 Effects of chromium yeast on body nutrient composition of Nile tilapia %
0 H EEEREE TR /K SE Chromium yeast supplemental level/ ( mg/kg)
Items 0 0.2 0.4 0.8
7K 43 Moisture 68.10 +0.35 68.95 £0. 54 68.19 £0. 34 68.78 £0.52
HEHT CP 15.86 +£0.31 15.55 +0.17 15.83 £0.27 15.85 +0.20
AR EE 9.51 £0.29 8.91 £0.40 9.09 £0.26 9.23 £0.14
24 BEEBEWNEFTTIEBEAAF IR 3.2 mg/ke) ML IE# I3 2 045 8 — 2. 4R,

GLUT EREFREH M

B L AT RUE R KX e B
5T AL IR 6 R ) 50K J R I OR B
(P>0.05), %t e & B LML F GLUTA JE A K
RIXEZ WA R FE (P >0.05), H X E A
GLUT2 J:H )Rk A W E LM (P <0.05) , 1
H1 0.8 mg/kg 4LFAE A GLUT2 LR i ik &
e TR 0.2 me/kg 4 (P <0.05) .

3 3 it
BENHIERE L TNMETR, 25
BILAAS W 1 971 DL B R BT ) AR . 48 T
WA I 1) A FH R £ 258 1) 4 2 WS T 32 R BT, R
ST R B R T 2 R rh, DL e 2R R
BRI P R o 9 D42 R B, FE R e B R
1t ( Oreochromis niloticus x O. aureus) %)%} /1 43
BIASIN 2 mg/ kg LR % AT BE FR B2 5% , o E
KR T B4, X — 25 R 5 X ke 4 1
F ARSI Rl 7K P (0.2.,0.4.,0. 8.1, 6 F

A 12 50 TiE 55 A AL 5% O A R 52 e fa 2E Y AE KER
B, Pan 25205 U B At 4R I 2 mg/kg MEIE
B L AR A 3 BRI A R R FOT IR A B E
(ARG 5 53 A6, 78 4 3K B4 ( Sparus aurata L. )" %
T % ( Oncorhynchus mykiss) " F1BE 5, X il ( Ic-
talurus punctatus) ** BRI INA LA , t I %
Aftm ARy E K, ZEAC I b, 35 i 1 B 3%
WA B FRm P AEamE KR, H0.2 M
0.4 mg/kgH 1A i 38 R L X B4l 43 4 & T
5.4% F16.6% ,3X 15 W 1B 4% B A W 70 205 iR
A K EE

ML A= A8 B O 45 2R o] LA Y, 59K 19 B
TR S RS I S A R [ L =
SEFR bR B Tk T (EL I W ¥ 32 B ) ) v B % S
VR TR R MR, AR I 4k
R Je B HE B s i 0. 751, 50, 2. 25,
3.00 mg/kghyNHMR B , 76 5 B )5 1Y A 7] i [A] g 3
5 21 M I R AR T R AL i A R IR
T 53 AT 46 3 7R 25 2 ) 0 A8 SR A Y 22 S RO
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I G O (R A BN R4 DER A | e i
AT HLIG 7 7 122 25 b BRALAIG, 35X 5 Liu 55 72
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0.80
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GLUT?2 gene expression level in liver IR gene expression level in liver

GLUT23E RI7E BT o ) 2 34

3.2 mg/kg) BIREIE B AT L 25 5 i £ ORI Uiy
TREGSRIEA -2, FIAGUCR RV HA
V28R AL A 9 38 LA % i (ACREL S I 35 P

=N
S o

SR =N R Sl
B oo o i
S 3S3S S o

IR PRI 7E JJL PR H i ik

[
[S=Re=]

0 0.2 0.4 0.8

BE RS K
Chromium yeast supplemental level/(mg/kg)

level in muscle IR gene expression level in muscle

GLUTAZE R ZE LA R I8 &
ion
o
£

0 0.60

£0.40

[}

20.20

(5]

o0

Z 0 0.2 0.4 0.8

= BB VR N T

O Chromium yeast supplemental level/(mg/kg)

WA FEARTE AR P B 2R 22 5 3% (P <0.05) MR s 7R R 2 F AR E (P>0.05)

Data columns with different letters mean significant difference ( P <0.05) , while with the same or no letters mean no signifi-

cant difference (P >0.05).

B1 BERNETFIEEMEAAS IR F1 GLUT EERASEHNZ N

Fig. 1 Effects of chromium yeast on expression levels of /R and GLUT genes in liver and muscle of Nile tilapia

2 MV H ) A e W R RE T e I TR IS 43 A TR
5 2 A R AN AL PR 4L, B 40 A A0 AL PR 40 iR
JERH P IR 22055, Ll — RN ES
it 8, &5 A5 S EH T3k b i) GLUT, 42
A% T W GLUT Hy Jf 3% % 7% 20 240 M B |, 4 1l i
o ) 2 W e AR S R I, A T b [
PRI 382 P 0 280 0 e B L IR A TR R R
BH 4% AT DL S2 i s A 3 A G 38 R Y 3R k. Qiao
SEPU B AR T S R A S W B,
IR T GLUT H: R iy 3R 35 , A 1 J6R 5 3R o K 7% 2 b
R ThRE . R T i — 25 WF 5T 6 AE fa R N
IVE AL, AL 50 1 1] QRT-PCR R | 5E & 43Hr
T IR 1 GLUT PR AE I FTLPY a2k, X e
SEWIRAE 57 F KT 35 55 8% # f R o9 19 VB R AL
FERFRIR B 25 R WOR | BRI A W 25 e T R
FWLA IR LA KWL GLUTA S By 3Rk, 1
0.8 mg/kg 4N+ GLUT2 FEHI 3Rk i 3

TR 0. 2 mg/kg 41, Ui B v 7K 1 % B 4% i
PETAFAER GLUT2 RN, %X —Z5 R 5 Qiao
ST IS PR B A5 R B
WS ik oy N, JHF 4 B B B GLUT2 SEAE T, e
SR 2 B4 A 4 W E T 20 i, e e AR D
B A UG JBE ) A I o o v 3 B e
BRSNS 19 T i3 T e F i 4t R I R
HA AL AR MR A9 RE T

4 & it
Btk B LR e B B A ik GLUT2
LN IR TR AL RE

S 230k
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Effects of Chromium Yeast on Growth and Glucose Metabolism of
Nile Tilapia ( Oreochromis niloticus )

SUN Minmin' LIU Hanliang' WANG Hongwei' MENG Xiao' WANG Jiting'* WAN Wenju®*
(1. College of Animal Science and Technology, Shandong Agricultural University, Tai’ an 271000, China;
2. Department of Basic Medicine, Taishan Medical University, Tai’ an 271000, China)

Abstract; The aim of this study was to evaluate the effects of chromium yeast on growth performance, blood
biochemical indices, body nutrient composition and expression of insulin receptor (/R) and glucose transporter
(GLUT) genes which related to glucose metabolism of Nile tilapia. Four diets were supplemented with O ( con-
trol), 0.2, 0.4 and 0.8 mg/kg trivalent chromium ( Cr’*) in the form of chromium yeast, respectively. A
total of 300 Nile tilapia with an initial body weight of (15.80 =0.02) g were randomly distributed into 4
groups with 3 replicates per group and 25 fish per replicate. Each diet was randomly assigned to one group.
The experiment lasted for 50 days. The results showed that the chromium yeast supplementation did not signifi-
cantly affect the growth performance, blood biochemical indices and body nutrient composition ( P >0.05).
The IR gene expression in liver and muscle, and the GLUT4 gene expression in muscle were not significantly
affected by chromium yeast supplementation ( P >0.05). However, the GLUT2 gene expression level in liver
in the 0.8 mg/kg group was significantly higher than that in the control group and 0.2 mg/kg group (P <
0.05). In summary, these results suggest that chromium yeast supplementation has a potential ability to im-
prove the expression of GLUT2 gene in liver. [ Chinese Journal of Animal Nutrition, 2013, 25(9) .2143-
2149 ]
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