HFEDK =R 2019 £ 5 B, 26(3): 473-483 ‘ )
Journal of Fishery Sciences of China R iﬁ X

DOI: 10.3724/SP.J.1118.2019.18264

Bk FIRE R B Ak B R AN R AR AR B

X, XA, TR, B, XM, EHIE, A

AN AN TR L) Z FEPE DR S A E ST e B0 =, R RS B e e (K VLA =B S BT, 1L i
430223

FEE: R S KT MR R X S R AR AN AR iR OB B 52w, AR5 LA 3 & 2 A i (Oreochromis niluticus) b BF 52 Xif
%, BT 2 AR, FESCER T, W AN e 1 E A R A 1 B S EKE, E da a i e R R I R
WA AR TR (15.28+0.23) g MY SLE0 i 40 d, FES7 i MAREEAY, RS BB % 500 mg/kg. 1000 mg/kg. 2000 mg/kg HHFR
HIRRE. A5 Z BRI 500~2000 mg/kg MUNHRR, 5 B 0K S 0 £ 1 33t JIE 81 B A0 H v = BR KPR A, (HLEL 1000~
2000 mg/kg MR R B2 . TESLE 119, SR 2x2 A R, AT T 2 Fhiabil S A0 Gl HE 41 R 4 v G 1)
EHA 2 AN EER K (100 me/kg F1 1000 mg/kg) %] IA TR B (24.45+0.07) g SZ8efa 2R K RRERI . LG 7K S R AR
STEIE . FEAE 8 . BRI, TRIERISURIR K AR Lt A AR | M E R fREE KR IR BE
WL FARE L, DL Ao i . M L KA Ay & i S5 A KM B e A 7 A 10 25 52 ) (P>0.05); X DR 2 1
FURLAR 17 1) 2 W A 238 | Tt R 80 L P81 SR A5 DL R FH A BR B oK ™ £F W 3552 R (P>0.05) o 5 WG] B2 FDRH 4 AH L,
PR e W g B ERDARk 114 S92 60 e X GRDRL T B SR 1 2 TR A %, R i v IR e I R R R D R K, B
WE . PIRE . IE WURAR A 17 & 2t 583 T (P<0.05); T 480 MR w3 7K S 0 12 2 36 %) X V5 1K 2% B e Z 1 L[ e i 2 Mg
IR K, JHF AR B 107 5 2 D) 48 B IR (P<<0.05) o ) Ak 28 J0 A1 0R R 7K ST A3 e 52 56 B it ¥ 1940 55 %% B 28, 11 R JE s ok
SAETE B AZ AR FH(P<0.05) . 459, MR 1000 mg/kg MBS 5207 & % A1 4 09 A Kk BE AN k)
FIF, I B BEAK i B 7K SR Bs 107 & = 09 VE o

X AR, g, IRIUHES ARIRTIR

FE > AS: S963 XEkFRERS: A XERS: 1005-8737-(2019)03-0473-11

IR T e — i 5 ) A R B . AR o e A 1Y
BB 4EA: 25 B AR A MR I B B 2 RS — A% T R (NAD)
TR Tt M Ji MR e — A% 1Y R W R (NADP) 1Y) i g,
Z5EYRN 300 2R EIRIE N, X 3hY g
X OBRKIEEY . AT HE mEE,
XNZEME, MR EA M, S5 AKKE
(mg BOBTAE I AEAE R, A RK (g 20
B, HA RS E R, BeA R & I 2R
AR H (HDLY/K V-, Jf-ReA S A% s A s A
2 IR [E EE(CHOL) . Hl =R (TG) . %
i 4 [ (LDL) A AR 25 B i 46 11 (VLDL)/KFP, 4

Weks B HA: 2018-08-03; &7 HEA: 2018-10-18.

2 I 25 AR RS 1 B 107 JF (NAFLD) A A 75 51,
e R, AV IR s A 2 R B

A IR X A 52 5, FEEE PR
VERNSEA R E T ER I, D RAERK A
Wit die, AN 0 SRR O 5 52 B 1~200 mg/kg!',
FE X BE A 5T AT DU IR, AN R KT 8 00 R 23 XA
(7] el SRR AR ST 560 00 1 RS A A L A 7 A 5
i (8191 %if %5 £ (Ctenopharyngodon idellus) i ifF 5%
KB, FEAi bR RN 10 me/kg MR, BIAT
KN AR & i W0 20 me/kg MHPR, AL
A 55 B 481 7 HDL A LDL f KM, X 2 4k

EEWA: HE AR ARG (31602178); B M H AR 2 B L T 58 551 H (CARS-46); H1 FE K7 B BF 58 e ik
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1 (Oreochromis niloticus) il f1(220~550 g)AIHF5T
KB, FEai b mB R Es N 40 mg/kg A ARTER AT LA
PR S E, YN E N 20~160 mg/kg B, B
IR B3N, 17 HDL A CHOL /K -3 47 715,
MIRIE A F] 320 mg/kg B, —F A FTHARN,
X TR 80~370 g ¥ % 4 ff(Oreochromis niloti-
cus) i AFF 53 T S & 3000 R A7 52 il 4 0 Jig 195 5 1 1
YR, HBEXEER A 0 & A 34, 17 HDL KP4
BT i R AR, KT MR R a2
AR )5 1] i A D 4

f A 7 5 DUV IR H A 7 rh 4% 8 31 Y
[, 6 A Y RE i i 22 B8 IR AN 11 2 3 st )
WU F R 2z U ERT, ok T KPR
PR S 75 2 X B m) R = A el s VR . IR, AHIF SR
VI & % 9F fi(genetically improved farmed tilapia,
GIFT, Oreochromis niluticus) W55 %1 42, i &
AREHER X A . APBERT L I A AR R A A
TR LA 52 e, LA Ay 00 R 7 £ 28 4Rk v Y 45 2
il HEEHESH AR .

1 MR5FE

1.1 &

S ook AL P AR AR R R S E
Baeta, B JEHFETHERKFH ARG T, EX
SIS AT R DR IR 2 A, [ S A N
B 22 45 FNSE R
1.2 SAFHEETIEEMFREREEMEH=
B EH MO FREER D
1.2.1 RIER DIREA . B, 8. K9
L BRI 4EAE R TR BN &R M Yy
JT AR AL S IRk, B H K 35%, B
Wi KSR 6%, #EZKF-h 35%0 FE At ERE, o3 FHAR
[F sk, Bedl 8 A KR 35%, BRIZK -
10%, BEKF-R 48% 1 bl = B ikt o fe]BHL Ty
UL 1 AR DA S i, B AR a2 KA K T
TR K- R 20~120 mg/kg!'>"> P, HEi, 78
FERBER AR 100 mg/kg MHER (43 M4k, [E 254
AT Ak 27 3500 A PR ) il ot BRALARDEL(C), bl

F1 W IEARER

Tab.1 Composition of the experimental diets of experiment I

%

Ukt ingredient X 2 bR 1 bR 2 AbFEA 3 ‘ e A e 2 _
control treatment 1 treatment 2 treatment 3 high carbohydrate and high fat

IEHE I casein 32.00 32.00 32.00 32.00 32.00

W gelatin 8.00 8.00 8.00 8.00 8.00

WiKE dextrin 32.00 32.00 32.00 32.00 42.00
ﬁﬁgg&? ) 14.74 14.70 14.65 14.55 0.74
microcrystalline cellulose

JHIZ niacin 0.01 0.05 0.10 0.20 0.01
KM soy oil 3.00 3.00 3.00 3.00 5.00

T KM corn oil 3.00 3.00 3.00 3.00 5.00

4k Rl vitamin premix 1.00 1.00 1.00 1.00 1.00

T Y HUR R mineral premix 2.00 2.00 2.00 2.00 2.00

M2 —%%5 monocalcium phosphate 2.00 2.00 2.00 2.00 2.00
FALNEHE choline chloride 0.25 0.25 0.25 0.25 0.25
WK zeolite 2.00 2.00 2.00 2.00 2.00

1RREE % 43 (%, T-#J57) proximate composition (%, dry matter)

MM crude protein 36.25 36.50 36.53 36.62 36.47
HABHT ether extract 6.69 6.35 6.42 6.43 10.01

K4y crude ash 5.64 5.68 5.51 5.70 5.73

52 7 B /(mg/kg) niacin content 103 517 1012 2061 109

TE: ARHE Shiau S5UORE K 4 A R BRI TCHLER TR AL, 4R R PR & R

Note: The vitamin premix and mineral premix were according to Shiau et al''®’; vitamin premix does not contain niacin.
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T B B R R B RN R 100 mg/kg . 5343 9 7 3
il fE kLR AR 500 mg/kg (C500). 1000 mg/kg
(C1000)F1 2000 mg/kg (C2000) A XH L il B 3 Fhab
PRAGAARL . T ECH] 5 Fhac skl A TR R
i 60 Hf, FREJFIRE], DEMNASTRHBEHEY
KRA, RS R AN 2 mm B0k, 76
T ERALDOW B, H M 95 IE TR & A FRA A
H, FHREIE 95~100°C, FHEFE] 10 min, K&
5 BT —20°C KA Y8 e £ F o

1.2.2 KT MFEEE SRR AET . )
& HESE 1 360 A A (15.2840.23) g Y L4 £,
AR — G R G 18 D FRFEAH (A AL AL 450 L)
H, REATCA 20 B BEMLAY O 2 41, Hi, 51
HBEE 3 IR, FEEX IR Gk C; 2R 2 ik
BOS A, B s e R R 3R, R
WL AR e . MR R4 0 8:30. 12:30 A
16:30,

FEHH 40 d B, BB M yE, 7RI E CHOL
TG &, Rk S5 MR ot o Mg ek 5 45 £ 1Y
% CHOL F1 TG & &t & 35 5 TXF i 41(P<0.05)
Ja, 1 HARSAR IR C, B 2 41 15 A3
PEARBENL R S 4, AELLEE 3 FRAEM, 0l
BLAERE C. €500, C1000, C2000 174 = g ie
Ko WFEIEI TR . FREHIRCR A RO,
JK¥E 2 L/min, /K& 28~29°C, & f#%E>5 mg/L, &
A E<0.5 mg/L, pH K 6.8~7.3,

1.3 S/KPEEEY Z et 4K ERF B ISR
FRE R N #F 3% (SE5E 1)

1.3.1 WK IREB RIS 1 s
W, SR 2x2 R ZE ST, 3 IR Ak
i R ARE 2 FhRAL R TARL, KRR A S K
430k 100 mg/kg A1 1000 mg/kg, H:ifmEiqdl 4
TR 2),

1.3.2 FEEHE I 276 BIAFME: . Ak
F P G R T (24.4540.07) g HIS2Ebfa, A 1B
PRI RGEHY 12 DFRFEA (AR 450 Ly, &
Wit 23 8, BEPLTN 4 b BR, BEAAbEE 3 A
FRAEAR, BRAACFREEE 1 DR, FREE TR RIS
fHan 1.2, FRFEF 8 S .

x2 ERNMEARNESSERES
Tab.2 Composition of the experimental diets of experiment I1
%

JR ingredient C100 C1000 HCL100 HCL1000

f& 2 casein 32.00 32.00 32.00  32.00
Wil gelatin 8.00 8.00  8.00 8.00
WikE dextrin 32.00 32.00 42.00  42.00
ﬁ'ﬁ'g%% 14.64 1455  0.64 0.55
microcrystalline cellulose

JAMZ niacin 0.01 0.10 0.01 0.10
K& soy oil 3.00 3.00 5.00 5.00
T3 corn oil 3.00 3.00 5.00 5.00
iﬁii%ffni 100 1.00 1.00  1.00

W) s B

mineral premix
TR — AU
monocalcium phosphate
SAALHAE choline chloride  0.25  0.25  0.25 0.25
WA zeolite 2.00 2.00 2.00 2.00
“4AbEL titanium dioxide  0.10  0.10  0.10 0.10
Tl RbE 3R 5 (%, T J5) proximate composition (%, dry matter)
M crude protein 3625 3699 36.47  36.60

2.00 2.00 2.00 2.00

2.00 2.00 2.00 2.00

MG crude lipid 6.69 624 10.01 10.06
K43 crude ash 564 596 5.73 5.76
SR & 2 /(mg/kg)

o 103 1123 109 1077
niacin content

TE: AR Shiau 55T 4 AR R BORRHATEHLEL BOR R, A%
TIRBLAS G ER.

Note: The vitamin premix and mineral premix were according to
Shiau et al "%, vitamin premix does not include niacin.

1.4 HREE

1.41 W 1 WHERRE WMIE 40 d 5, YUk
15 ho FEMEXTIRLARRL A5 1| 24, REAMBEALET L 3
4 POWREbE s BR DRSS 2 4, AR BEDLET H 1
%, FEBEJS (MS-222, 100 mg/kg), JH 1 mL 545
TFRBKBUNL 0.3 mL, FrA B m f, F5H
FE YRR, 25 45 K. 50 K. 60 KAl 80 K
A3 ERR UL, BURERTIILER 15 ho BESHTE 4°CUK
FENFRE 2 h, L3000 r/min A543 ES.C 15 min,
MRS EME. SR 1 AR, HTFE
CHOL 1 TG &&=,

142 EIWNMERRE WAHFE40E, TEK
HEAH =5 05 11 (20:00), FHH; WSROI Pk T 4R 50 4
MM EE 3 d, BURT RIS ILA-20CYkEE, LA
M T, FE . AR FLERE Y 2R LT
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L%,

FA LIS WG, 256 15 h, BEMF(MS-222,
100 mg/L)J5, W44 S5 50t gF 17 0 B PR R 5,
FFIFR RS B E R MR A KR, FERE
TR IR B T AR R B R . A A BEALEL
a3, MaEAERKAEE, HPrEIEwE, TR
PRI, 4 CUKFENHRE 2 h, LA 3000 r/min [¥)
B 15 min, SR E I, RAFEF-20CK
Farh, FHF 0 i AR AR bRy BE S BN ERR R,
oy B RFIE A A BE AR, IR AR . DR
LA IR EE o

FRIET AR, AR A 3 B, &
BIIERR AN R, WALESEE T, LD L
AL EALANZ LT EAD) . BB Z )R, B
& 2 Wi AL), FHTI e KRN & . B, EA
BEALECE 3 8, FT 5 4 BUE IR
1.5 H@ENMERGITERE

K B TR € 7K 43 5 (GB/T 5009.3-
2003); BILECE AR e R 1 T 7 5 (GB/T5009.5-
2003); 2% FCAhH 00 2 45 195 7 1 (GB/T 5009.6-
2003); PIBEARETEINE K 73-E 7(GB/T 5009.4-2003);
ol A W ) g Ak R R B 5 (GB 5009.89-2016)
fdi = Y (SDACM 4000, H1HF = fRHE & A
B2 0 )00 5 e A R 26 48 L B IS Y FFA A —
YA 17 CHOL . TG, HDL 1 LDL %48
bk 142 B s AE AL 7T (SY SMIX-800) & .

Bhn BT A T

14 . (weight gain, WG, %)=(W,—Wp)x 100/
Wo

e 4 K K (specific growth rate, SGR, %/d)=
(InW,—InWp)x 100/t

17 Bl & % (feed conversion ratio, FCR)=W,/
(Wr-W))

JE 3 J (condition factor, CF, g/cm’)=Wx100/L’

JFAK e (hepatosomatic index, HSI, %)=Wi;x100/
W

4K L (viscerosomatic index, VSI, %)=Whx
100/W

7 B Lt (mesenteric fat index, MFI, %)=Wgx
100/W

A K [feed intake, FI, (%BW/d)]=W,x100/

[tx(We-W,)/2]
P, t I KA, Wo FI W, 23531 SRy S5 £ 3]
RIGERHE (), Wio W35l Ry SEER (I H] . R S
H(g), W R K (), L A ALK (cm), Wa AR
/Eﬁj*/}:l:%ﬁi(g), Wi Wy BT We 3 3R R .
JIE A7 AR H (g)
TP 40 I3 2RO A 4 (DT,
ADC=100%(1-My/My) (1)
X, ADC £ BIHLH(%); Mg Zom R PRl
Y 5 (%); Me R FEME TP ARIC Y & & (%)
TR rRORL AR L R AR D AR R Y R ULTH AR
#%:0(2) 5,
ADC¢=100%(1-N¢ /Ng xMg/My) )
K, ADCy RN E T2 IR TH 2 (%); My
TR R AR IC Y & i (%); Me RoRZEE AR
W1 (%); Ng R Rk 35 o & &
(%X MJ/kg); Np 7R 2508 s 55 B 19 3 it (% k
MJ/kg)
1.6 HHES
JIT A U R TP S AFR HER (XESE) KRR o R
FH SPSS 22.0 BRAFXS B KR HATHE I o3 b, X
TP RL S TR R K -7 7 U 28 7 2253 T (two-way
ANOVA), 5 2 A~ 78] A BAE H . FH Levene
D7 AT 45 A A 18] 1) 7 25 SR ORI, Y 2%
ANFEEF, #EAT OB R BN A (1) e . LR =07
22501 (one-way ANOV A 55 5256 4k A 520
KM Turkey ZoE Hb 3 A K 56 5 56 A B YA 6] 19
R WEM. AP P<0.05 hEREBE,

2 EREHSW

2.1 ImERREEMEBZERGEER D

TESZI Trf, 280 40 d FRFE, $ M m b e IR 1)
SISt (HCC 41) Yl CHOL #l TG /K- 1 3
BT REZH(CC ) (P<0.05, B 1 A), JfHixfha
SRS SEE I [R] Y A A (P<0.05, 181 1 B, K&l 1
C). SHPLLf M m bl IR IRRH(H 2H0) A S5 55 fa A
b, 78T AL mk S, HC 21 585 A i I
CHOL /K FAEREA Lo 0 o B e 3 22 5%
(P>0.05); {HJE, TEH#RIARL 5 d (GRAESEHAY 45 d)
i, HC1000 ZH5C56fa ) CHOL 7Kl 2 FEAIK
(P<0.05); fETEHLGARL 10 d GRFHSCZERAY 50 d)i,
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61 A
72.CC, n=9 b
SYHCC, n=12

o0
™

7. CC
N\WHC

I

& /(mmol/L) content
-
fiH [E B%/(mmol/L) cholesterol

a
2 * : = z
CHOL TG 45 50
FEFF index

N

1

[e)}
3
w
>
H
2]
[es]

fif[A]/d time
SR K% 25 8 B AR M CHOL 1 TG & & 7284k ib 52 i)

b . CC BEHCS00 [MMHC2000 .
= HC1000 NWHC EHC100

mm HC2000

fik/(mmol/L) triglyceride
H N o]

N

Hih

45 50 60 80
ifE]l/d time

60 80

A. 40 d 255 M CHOL A TG & i; B. B4l 5 S 46 €4 19 IV CHOL /K75 C. FEuhi A )5 S 46 4 1 LV TG /KT
A A, CC AR IRALRE HOC RERR MR S & gk, K B, C h, CC AR FFFLLALMEX] RALIR R
HC. HC500. HC1000 1 HC2000 43 HIt 2 5 e 48 % BRZL 4R KL, €500, C1000 F1 C2000 Fkk; H AR FFL 4% i

R R R, ) — B[R AT B O SRR TR 3R 25 57 Bk 25 (P<0.05).

Fig. 1

Effects of niacin levels on serum CHOL and TG levels of GIFT

A. The serum cholesterol and triglyceride levels of fish at 40 d; B. Serum cholesterol levels of fish after diets replacement;
C. Serum triglyceride levels of fish after diets replacement. In Fig. 1 A, CC represents fish fed control diet and HCC represents
fish fed diet containing high carbohydrate and high fat. In Fig.1 B, C, CC represents fish fed control diet continually, HC,
HC500, HC1000 and HC2000 represent fish fed control diet, and diet with niacin of 500 mg/kg, 1000 mg/kg and 2000 mg/kg;
H represents fish fed diet with high carbohydrate and high fat continually. Different letters on the column indicate
significant difference at the same sampling time (P<0.05).

HC2000 2H 5256 f 1%) CHOL i 3% [ 1% (P<0.05); 1E
H AR 20 d (FRAASEEE 60 d)F, HCS500 4 5C
B0 %) CHOL ) B i 3% %I (P<0.05, &1 1B).

S HARSLR A, 7EEHmER 10 d (R
S 50 d)EF, HC2000 ZH AY 1L 3 TG /K H BT
FREAR(P<0.05); HEHAREL 20 d (FRFE 25019 60 d)
i, 0 HC1000 2H A Il 3 H B0 8 35 R AR (P<0.05),
17 SE A 40 d GRAE LSRR 80 d)I, MR HC I
HC500 41 1) 135 75 & 30 i 2 B I (P<0.05, &1 1C).
2.2 ERKMERF AR 1)

TESCHS 11 B FRFE ], 25 TR 08 A 55 9 0 i 3R
WA, FRETRER, WG E 100%, 1AL 45 R

Ja B, TRRE2ERL R ER KT K A S HAE
XPELE A ARARE  FRE KR WER . R
RBOR B R T B350 (P>0.05), HA&A P4
() RA o R 3 25 5 (P>0.05, 3 3).

& 4 Al UL, GRDRIER . IR K X
A& HLAE G S 56 £ i RE AR 1 RO AR 7 ) 2 BT Ak
R TG b 3 R M (P>0.05), {H ] Ak S A b 3 5 ) i
5101 ) 4 S5 RN A B R T AL R (P<0.05) . B M 1y
Y8 15 T e Ak 4 S G e X A Ak 0 S AR 114 6 R
TH b 3 2 T 45 M ) B 4 4R Y (P<0.05), T
HEA M HCL1000 fale} it 52 56 £ 4 e Wi 1k
R FE TR C100 F1 C1000 7K1 (P<0.05) .

&3 ARRBMERRKENEET IS S KAERF BRI
Tab.3 Effects of dietary types and niacin levels on growth and feed utilization in GIFT
n=3; x+SE
4151 PR E /g Kk H /g BEAR/% FREERR/(%/d) R RE  EER/
group initial body weight, W, final body weight, W, weight gain rate, WG SGR FCR [(%BW/d)] FI
C100 24.32+0.41 126.72+4.80 421.24+19.50 2.75+0.06 1.33+0.04  3.20+0.13
C1000 24.43+0.18 124.18+3.79 408.42+18.56 2.71+0.06 1.28+0.04  3.06+0.11
HCL100 24.42+0.19 129.11+1.84 428.69+6.24 2.78+0.02 1.32+0.01  3.19+0.03
HCL1000 24.64+0.15 130.58+2.52 430.17+13.50 2.78+0.04 1.29+0.02  3.13+0.03
W T7 208 two-way ANOVA
Akl dietary 0.236 0.370 0.353 0.992 0.692
JHM2 niacin 0.880 0.722 0.712 0.215 0.299
L HAEH interaction 0.574 0.654 0.657 0.736 0.642
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x4 FARRBNERBRKENEETEERIBEULERNZI
Tab. 4 Effects of dietary types and niacin levels on apparent digestibility in GIFT
n=3; x+SE
25 group T#)Hi/% dry matter HLHE /% crude protein ML W5 /% crude lipid HHE energy
C100 70.74+1.89* 93.33£1.59 96.73+0.80 80.39+1.40°
C1000 70.26+2.02° 90.72+0.87 97.84+0.76 79.94+1.74°
HCL100 77.35¢1.27* 92.46+0.44 98.10+1.00 86.15+0.85°
HCL1000 79.92+1.38° 93.74+0.57 97.22+1.22 87.84+0.78°
IR ZE T Z0H two-way ANOVA
Tk} dietary 0.001 0.303 0.707 0.001
JHER niacin 0.548 0.515 0.910 0.634
AZHAEH interaction 0.388 0.081 0.333 0.418

T FBVEEE_EARAR R 2R 4118077 46 5. 35 22 5 (P<0.05).

Note: Values in each column with different superscripts are significantly different (P<0.05).

2.3 BEIERR(ER I

e Ak A T8 e 5 MR K S 3 1 A8 ELAE X 52
o (AR R . PR L . IR EE R A G G B
M (P>0.05, % 5), (RIS M= /K- ARR o 2 %
I T S5 0 i A L (P<0.05) o
24 MFELIERGEER I

o] Aok 2I T R AR R 7 S Xof S 56 0 1 i 7K S B S
i) WL 2% 6, SR 7 25 BT d SR A B, 1800 = b s
BT SL 86 fa 9 1LY CHOL . TG i FFA /K-
i 2 TR (P<0.05), 1T 5 M55 7K ST 8 18 e et )
FRRAR T S2E A 1% LDL . CHOL F1 FFA 7KF
(P<0.05), falfe} 2 RUFNAH R /K ~F-%of He il 35 ) HDL
1 CHOL f#7E 1. 3 1) 32 H.AE FH (P<0.05).

FEA AL BRALIA], DR s s KT 19 R R A
F&A M LDL. CHOL. TG F1 FFA K1y ja#,
Horp, $20E HCL1000 (5255 i s LDL /KF i

FETHME C100 BY(P<0.05); #%ME HCL100 f¥)52
i fa i) CHOL Ml TG 7K 43 s T4 C100 Al
C1000 fRB}HE (P<0.05), £ C1000 (152 55 £ 1 1
FFA & W Z K T30 HCL 8 19 (P<0.05), %
I C1000 A 52567 1134 HDL & i, BEm T
WL C100 4 149(P<0.05), 1 5HAhH 2% %A 3
(P>0.05).

2.5 {KBELST(SELE 1D)

o] Al I RN AR R 7K S o £ 4 B 14 5 ) DL 5
7RI 8, MK 7 WIIL, FRDRIZEAL | JHER KT K
A EAE I S0 A0 i A foRLIR I . RLEE 1
IR FIK 438 B0 8 3 52 i (P>0.05, 3% 7).

FEA AL PR B, 58S 100 mg/kg HHER TR
B S2E A e, $EMESE 1000 mg/kg AR 14 1]
R FRAR S 56 f0 T UERLAS G & &, iR
Wi, AL, MEAUFTS DL D7 & = i 4Gk 8).

F5 ANARABRATNESSEEMAEIRHE N
Tab. 5 Effects of dietary types and niacin levels on morphology indexes in GIFT
n=3; x+SE
415 group JIE# B /% CF KA LE/% HSI HIEAAR /% VST J i b/ % MFI

C100 3.38+0.11 1.7440.08 10.84+0.38 2.40+0.28

C1000 3.35+0.04 1.45+0.04 9.91+0.28 2.54+0.10

HCL100 3.354+0.07 1.69+0.06 11.04+0.51 3.13+0.28

HCL1000 3.4440.04 1.64+0.10 10.32+0.45 2.55+0.19
XUHE T 225387 two-way ANOVA

Tk dietary 0.780 0.396 0.478 0.148

JHPR niacin 0.688 0.047 0.084 0.366

AL HAEF interaction 0.433 0.137 0.806 0.149
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Fo ARRBMMEIKTNEE TS MBS LIEFHF MR

Tab. 6 Effects of dietary types and niacin levels on serum biochemical indexes in GIFT

n=3; X+SE

4% group HDL/(mmol/L) LDL/(mmol/L) CHOL/(mmol/L) TG/(mmol/L) FFA/(LEq/L)
C100 1.99+0.10° 8.16+0.58° 5.0440.30" 4.07+0.18° 187.01+49.93%
C1000 2.67+0.19° 6.29+0.74" 4.96+0.34° 3.87+0.38° 90.40+22.00°
HCL100 2.38+0.13% 7.12£0.52% 6.60+0.24° 7.18+0.65° 288.70+22.36"
HCL1000 2.07£0.11% 4.37+0.46* 5.01£0.05° 6.09+0.32° 218.08+12.73"

IR ZE T Z0H two-way ANOVA

Tk} dietary 0.486 0.035 0.014 <0.001 0.005
M niacin 0.228 0.004 0.012 0.163 0.023
ZHAEH interaction 0.007 0.470 0.019 0.317 0.674

T FBVEEE_EARAR R 2R 4118077 46 5. 35 22 5 (P<0.05).

Note: Values in each column with different superscripts are significantly different (P<0.05).

x7 ARLBNBEKENEETEEE AT
Tab. 7 Effects of dietary types and niacin levels on whole body composition in GIFT
n=3; X+SE; %

205 group HIAERG crude fat MHEH crude protein JK4 moisture JK4y ash
C100 11.27+0.75 17.46£1.23 67.77+£2.69 4.55+0.49
C1000 11.22+0.39 16.57+£0.67 68.11+0.83 4.15+0.07
HCL100 12.94+0.50 16.78+0.12 66.99+1.37 4.68+0.19
HCL1000 12.63+0.45 15.95+2.08 68.86+2.89 4.32+0.55

W T 208 two-way ANOVA

Tkt dietary 0.124 0.618 0.995 0.705
JHER niacin 0.547 0.513 0.618 0.346
ZHAEM interaction 0.371 0.981 0.730 0.959

*8 ANXBMMEIK TN EE TS REEBAAELER TR
Tab. 8 Effects of dietary types and niacin levels on lipid deposition in different tissues in GIFT
n=3; X+SE; %

H%| group JFIE liver WE viscera  FEWL tail muscle JE AL abdominal muscle Tl dorsal muscle
C100 6.56£0.50" 24.63+1.27° 3.06+0.12° 9.32+0.70° 2.99+0.22
C1000 4.89+0.22° 29.03+1.78" 4.42+0.26™ 11.40+0.63% 3.61+0.24
HCL100 7.65+0.65" 31.34+3.10% 3.44£0.25° 12.26+0.83% 3.05+0.29
HCL1000 6.61£0.35™ 35.52+1.06° 5.04+0.48" 12.50£0.36° 3.20+0.33
MR E T %5587 two-way ANOVA
Akl dietary 0.015 0.010 0.141 0.015 0.544
M niacin 0.018 0.061 0.001 0.113 0.195
ZHAEH interaction 0.510 0.957 0.711 0.196 0.417

He: [RGB bR AN (R 2 R 21 (R A7 7 35 24 5+ (P<0.05).

Note: Values in each column with different superscripts are significantly different (P<0.05).

WL 5 22 0T 25 R B, KRR S (P<0.05), $275 T RNLIHE I & 5 (P<0.05).
PR K P 10 5 T AR e [ 3 o e LB i 5 4 A S
F 52 (P>0.05), 1B £ W = 0 e i 1)kt I 25 42 v
T RFIE . PR LI LIS 15 5 B (P<0.05); 4% RN, KB ] 1 7 D 5 R A T S8 sh
U 725 /AP K PR B A 0 S WA T FREMELA D 5 i WIS CHOL Al TG & B Th "™, ZEA L8 ol

3 g
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KT RIFERZE TR (E 1A) . FEARSZE & B
HIER TN 500~2000 me/kg HRIR, 7T A5 5k M A S 6 11
I CHOL Ml TG /K-, JLHAETR MK K
1000~2000 mg/kg B, AT LLAE B &G 9 B i) P R AIK
XHW AR, RV TR NS AR, 1H
ARk R TSI v AT AR R B s e il A A A
M, X5 R AR HER s, AU Y
H PR R — 5, X T RE AR T R K R
PAT IR AR FHAEAS [FI P Fh [6) )2 A2 A o

W5 R, PRFES R 28 i KA K U i 1]
BHIEER K- 20~120 mg/kgt> " L PR, MR R
AW AR 1, BEE B P AR A g K P
s BB R K B R TR E T 5 AU
o T A Sk 65 (Salmo  gairdneri)®! . 4 3k 4
(Sparus aurata L.)P145 a8 iffos b & B, 425
HAPE I 4 R C KPR 4E R AR K 5 4%
Ph b, kit — 20 3R BH fa 20 A 38 3% AR AR A0 4
AR ROV o

TEASZ S, AR RN 1000 mg/kg AR A
e S A SRR AR, RIS
X AR IR A R AT 32 1 . X5 S5 R
DT TR S R —5, A R (1 kg (R &
RKIPBEAT N 450 mg), RMERKMBEEWRE
B AR AR ARSI v St i B R A
3%, HULTFE IS, &K HH R 1 3 A i 2
30 mg/(kg-d), AT BAHA RS SR, &
JK V- 45 R Xt Sl 4 T R 7 AR T R v POV i AR
FH, 3% 2 A5 X s ™ A e Rh o e, ) TR B —
ARG

TEASZ S, el v 4 B R RE A 20T A
A7 B EDRLE A A sE ), X 0] g 5 4Dk} oML 4T 4
T AR (R 2)A K R e % B HE £ (Oreochromis
niloti cus) % AL 2T 4 1438 A6 A H AR, 9F Hdk
R SN RO S R Rl g R S e K]
(Oreochromis niloticusxO. aureus)* & 759 i () F]
FABS, A sz i ol BEZH A b b BRI AT 4 R i R
AR R4 10%, M5 T GIFT X HiHik
FIH B BEAR

AR T2 308 2ok 400 W T 4L 2K A, BEAIRIMYE FFA
AP FEAR LG A e R 0 S A T A R

R TS8R Mg FFA (K- (£ 6), 787k 5
(Megalobrama amblycephala) '3 % B T 25 Ll 1Y
PG PO SR, NI IR A TR A D P 4 AR AR I 3
FFA /K, {HKEGE&TERY, fem2sh R drfr
XIS, WITEEEHE— Do, FIRT, MO S
545 A FHLZEL ) 114 245 55 e IR, 4% M g bR v g e e
S AIMTE TG AV & X AL, Xl 6E
SRR E IR RS W A B N RN . S
Hb, FEARSIE Y, LA Ab R [R5 55 A 1 I B
KRR, FE R — et 2 R b iR s 7K O A R
PER T BT R 2 fA R 2 S £ ) HDL /K-, [
K7 B IR 40 A9 CHOL & & . HDL B9/ 7 T
CHOL i#if%iz, BVa] K = A FI2H 2L (46 B g4
I 0 BTy s AR B0 B ) P 3 380 T R 4 AT P49 A LA
IEL TR 19 6 2 I O, K S Rt 4 R R AR
CHOL #5532, iR T 1%+ CHOL /KF-.

FERFIE T, 1 7K OF R R 2= AT IOk v B B &
BV O B —— R I H v R S A RS B 2(DGAT2)
FR G, s S = R S B, BRI B 5 AR
AU AR AR S KT MR R A SRR AR TS
0 #01 JHJERJEEAELA I 25 5 (3R 8) W2 HE Lo
FEAE TG D7 9 2100 T WLPY 2tk i kL 41,
PR S A 25 T B A i DTRG0, AR s &
R KT KRR AT B2 = MR 5 LRI JURELRE it
R, JFH B R URRE I & i (R 8).
XN IZSTERR W IR B A W TG /il
PR 220 T ARS8 0 T RS AR B

g L Frak, Gk Es i 500~2000 mg/kg HAFR
HAME GIFT B et m e R s A S 200 i3
CHOL 1 TG /KF-F Tk, #hn 1000 mg/kg
MR AN 2352 GIFT BA K MERERVEDEIAIH, I
HAFARMAG . FRACE & 2 e IEAs 107 & 21
TEH .
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Effects of high levels of niacin on lipid metabolism and body fat depo-
sition in genetically improved farmed tilapia, Oreochromis niloticus

LIU Wei, WEN Hua, LU Xing, JIANG Ming, WU Fan, TIAN Juan, YU Lijuan

Key Laboratory of Freshwater Biodiversity Conservation, Ministry of Agriculture and Rural Affairs; Yangtze River
Fisheries Research Institute, Chinese Academy of Fishery Sciences, Wuhan 430223, China

Abstract: To investigate the effects of high niacin levels on lipid metabolism and body fat deposition in fish, two
experiments on genetically improved farmed tilapia (GIFT, Oreochromis niloticus) were designed. In experiment I,
to determine whether high niacin can decrease serum lipid content in fish and its appropriate level, a model of
hyperlipidemia was established by first feeding GIFT (initial body weight: 15.28+0.23 g) a high-carbohydrate and
high-fat diet for 40 d; subsequently, these fish were fed diets containing 500 mg/kg, 1000 mg/kg, and 2000 mg/kg
niacin. The results showed that the addition of 500-2000 mg/kg niacin in the diet could reduce fish serum choles-
terol and triglyceride levels, and that 1000-2000 mg/kg niacin had more highly significant effects. In experimental
I, a 2x2 factorial study was conducted to investigate the effects of two diet types (the control diet and
high-carbohydrate and high-fat diet) and two niacin levels (100 mg/kg and 1000 mg/kg) on the growth, feed utili-
zation, serum lipid level, and body composition of GIFT (initial body weight: 24.45+0.07 g). The experiment
lasted for 8 weeks. The results showed that neither of the diet types nor niacin levels had significant effects (P>
0.05) on the final mean weight, weight gain, specific growth rate, feed conversion ratio, feeding intake, condition
factor, viscerosomatic index, mesenteric fat index, or the apparent digestibility of crude protein and crude fat, or
crude fat, crude protein, moisture, and ash content of the whole fish. Apparent digestibility of dry matter and en-
ergy, and the levels of serum cholesterol, triglycerides and free fatty acid (FFA), and the crude fat contents of liver,
viscera, and abdominal muscle of fish fed the high-carbohydrate and high-fat diet were significantly higher
(P<0.05) than those of the control group. The serum low density lipoprotein, cholesterol and FFA, and liver crude
fat contents of fish fed the diets contain 1000 mg/kg niacin were significantly lower (P<0.05) than those fed the
diets containing 100 mg/kg niacin. There were significant interactions (P<0.05) between dietary types and niacin
levels on serum high density lipoprotein and cholesterol contents. These results indicated that the supplementation
of 1000 mg/kg niacin in the diet would not affect the growth performance and feed utilization of GIFT. However, it
could reduce the levels of serum lipids and liver fat content.

Key words: tilapia; niacin; lipid metabolism; body fat deposition
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