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FEE: HEIT EBNG AR 5K X Tl Ak 37 58 K PG b (Salmo - salar) J £ g 15 A G AR 1 il R A 4 A S 36 R 3%
IRFENE, ARSCER ] 3x2 WEZE AL ST, WE 3 A BENIKF: 18%. 21%. 24% (43 Lh F18. F21. F24 &
7R, 2 MK 38%. 48% (43 LA P38, P48 FR). AN 6 ILHAL B, M 3ANER, HHE 40 B,
ST TE 5 B PG R K SR8 R G HEAT, S2E6 A W) UG TR HE(650.0£45.50) g, SEEH 56 do Z5EREM: () Tl fb3Rs
S0 £ 14 B 5 5 SR TR SR I A 75 S P SRR AIG, AR I BRR R A . PASF21 414 H e i 5 i, S A5 4 v
22.23%~125.86% (P<0.05); P48F24 £ 1Ak} R W & eIk, B 4T 16.24%~30.00% (P<0.05), (2)HEE
Jig 10 . 2 2 iR AR BL (P<0.05), 5 2K 1B S 2 B I AT W BB (P<0.01); P48F24 41 JIF 1A bb 5 oAt 4% 41 b & 48 =
10.92%~28.16% (P<0.05), PA8F18 ZH ALl i 45 HoAth A 20 1 AR 10.24%~12.31% (P<0.05); FEEIFHE T 600~900 g K
VEVESEIE B SRR 5. Q)N E R . P g W HE S IR i /i B (HL . LPL AUSEREIE 1, MBI
% $2 = LPL MG BRGNS 77; PASF21 F PASF24 £H fal ML & 25 44 /&y I MG 5 40 Ak g% 77, b LPL 7% J7 Lt P38F18 2H 43 %l
P 46.51% ., 48.84% (P<0.05). S50 4b B 5= B Xf FNR 105 23k e = AEAE T, 30 17 200 R AmDRR S A K MERE RO IR
U7 A AR LR . (4) 2 DR 2% v B I S 08 UL PA) FRT TG -1 5 P 36 1K 4 (P<0.01); o 2K MR S 35 3 LI GHL,
IGF-1 M JiF IGF-1 A H(P<0.01); GHR KNk, Fllg s FACE T &3 B3 T BERHIE(P<0.05),
P48F21 il PA8F24 ik LA GH. IGF-T JJIF IGF-T 3 [F ik 7 i 2 55 (P<0.05), LA A GHR %[ &k & i
FH IR (P<0.05). WIARH &P, GH I IGF-1 5 GHR {778 Ml HI 20 (0 S SC N FE I G &R, LA A B4l e 282k
ARG B AL T A XS Fo 8 T AT RSN o ARV 200 22, PASF21 i PA8F24 ZH J2& Tl Ak 37 il K Vh v il £ 1) 2
BB R R LA AR, o DL 2 ARG 7 K S AR R A Y PASF21 415 TR B A

K RN, EEB DA RIREF KRG, KPGVEeE; R, KM R RS
FES>AS: S917 XEkFRERS: A XERES: 1005-8737-(2017)04-0669—12

%15 A A 35 1 T 1) M 2 (R (lipoprotein DT 52 0 A 0 RIS I R OOt 28 py A K 32

lipase, LPL), BN5IR & Hifiti(fatty acid syntheses, FAS),
] B M (glucokinase, GK)ZELERG W & 1Y . 43t
FUTRR A i A bl 5 A Y, #F sk
W, 35 7% 2R 5% e £ 2 g I A DG A 8 1 7K

ks BHA: 2016-11-03; {&iT HHEA: 2016-12-14.

BT - AR A K ED GH/IGF Bl ¥ o 1%
RN EEN PO KERGH)., ERE
KZMK(GHR) ., RS EHEAKHEFAGF), S &R
FEA R R T SZ R IGFR) S LB B F AR AR K 145
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A EF(IGFBP) ™, 785 37 20 N A 1 I8 35 2
L BRI, B4 KB T kK
o GH/IGF By 5L ik B A — AR, 32
KA R B, Hrh sy E TR,
W Tk BN, BIRKEXT3IY) GH-IGF #iTigE
A O R e g SR K P B ek s sk
PR S AR T B,

KPGvEfE(Salmo salar)siJ& TEF}H Salmonoidea)
i J& (Salmon) ¥ /K ME a2, S 577 b S R
O I ARG, HAEH A, LE . mER,
B BORCH | B s A E A 51 Y, 2010
A i LR 2R D7 g TR R I3 A PR ) A v R i
R IR VG FEbE, JEIE T Tk ik 355 . Haixt
R PG P e % RDRH G A 5 A v 7 0 A
Fit R v B P R A U2 T AR AR FR K 5
B ST BB SR REDR I 9T D, BRI TR A
ZFRIH A B RV R R R T SR RR S S R
Be AR RHT & o

ARG LA 900 Ja8 1) it 75 R 7 e i O 1F 9
X4, WA RE D A FKCF LA 6 Ak
Be Akt 78 Tl AR R K 75 A 3R R R R
JI I VR 1 57K ST e R G 9 f A A I AR e
JHEFWL A AR SC B AR 8T . GHY/IGF Al G4
KILH LB RZm, 878N BN TG HR K 37
Bl RV T e 5 7 e KRR R S RIE & ) R
BRI YA HUBT B AR

1 RS

11 EWEIH5H4A

T AR KRB ST, 54T 3x2 WA
KBS S, B 3 ANEEMIKF: 18%. 21%.,
24%, Sl F18, F21., F24 £R; 2 MEE K
F: 38%. 48%, Sl P38, P48 Fi, AN 6
AKbEE, BRALER 3 ANEAR

S0 FH 0 LU AR AR 5 AR 5 T R X A
PRMt . FE T AR AR 77 4 1) 33 5 i (W) I Rl 4t 7
W Rt b, PR RS R 5 | IRAs a1k
T TE(650.0+45.50) g R PUHAEE 720 B, BEHL
Jic 2] 5 PR G IR /K FR2 58 52 56 ZE (R A 18 AN FRFE AR (GE
Byh, BEKE 40 B, KLmA MRk ES

75 E M 2SN BE(P>0.05), A5 [FFREK,
12 LIwfAs

R VG i S 6 ) e SR 2L ok B 5 A L3R
1o RIGLE BT ER A F L ik, et s
3RS 2 NEA KT 6 Bt g ink,
H%'5 k: P38F18. P38F21. P38F24. P48F18.
P48F21., P48F24 . F MRS IR EMEC /7 2 nk, K AH
KRB R LIRS, 2K R B SR AT
B R AHL Gl AR 1 A "DH R EAR 7 mm T
AR BC & kL, AT R o [ SR AR 45 b #E
2 SIS AR S ARE I 2 43T o
13 AFEE

SIYISEE T 2012 4F 6—8 H (T, SEERH] 56 d.
SEEG AN SR AE AR 2 m L 1 m RRRZ) 2.7 m?
FIAf Y, WEFTA . HAIEHRKIRE R G A —
3 FEAHEE 9.38~9.73 kg/m’, R 16.8~18°C .
ERBE 23 pH 7.2~7.5  iA i SA 5 i 11.4~12.7 mg/L |
WY 3 mi/h, JEIRE 24 W/d. BEREINFIKE
27 10%.,

S TF AT RIS RO, SCR AR 24 h s
1778 S v £ R AR IR by W W e I | [ET Bl
Skretting F1SZ 40 1R TR A8, 185 T 4h ik 4%
RESCEGREL, R 2 R IR AR (1Y 0.5%, &
MELRSHTE] 3 ¥R/d, BsPIE] A5 A 8:00, 14:00, 20:00, #ME
B 5% DI i R B A, AR L 1 Ol S
SRS aUe S S 2 € d iy S R VN1 R %5 AL EL)
HASIEE, THRFRIE, JOoRE PR &, FRAH K
Wi R b R PR, RS R E D R
14 HmAESTLE

KA A58 24 h 5, FRALEE
AFEHLE 3 A, 75 50x10 ° MS-222 R Ab
BE, TEVKEE L), BUB &AL, MBI
15, 43 K FE R SR A7 BORE, FH T009% B 25 7K PR
HRPE, BRSNS, KRR SA
F IR 1 B 48 S 40 C UKAR DR AF o

S0 T AR T A FH I 52 56 FH e B AL R 6
FE2% 50x10°° (i) MS-222 JFREFALEE, K1 GB/T5009.5-
2003 Fl GB/T5009.6-2003 il 5 AL P K 2 1 FUHL
Jig 0 U Ty e A R AR E R, A
KIS AT, SCH LA FE 24 h, BRAAFREL 9
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Tab.1 Main ingredientsand chemical composition of trial dietsfor Atlantic salmon (Salmo salar)

LB A trial group

FRHERL ingredients

P38F18 P38F21 P38F24 P48F18 P48F21 P48F24
FhE £}y Peruvian fish meal 33.00 33.00 33.00 45.00 45.00 45.00
P i il refined fish oil 10.70 13.80 16.90 9.70 12.80 15.90
KEH soybean meal 11.00 11.90 12.90 8.30 9.40 10.60
FEKHEH corn gluten meal 5.00 5.00 5.00 10.00 10.00 10.00
ZE A meat and bone meal 10.00 10.00 10.00 10.00 10.00 10.00
i flour 24.50 20.30 16.10 8.80 4.40 0.00
A4S lecithin powder 4.00 4.00 4.00 4.00 4.00 4.00
13K FE M corpuscle protein 0.00 0.00 0.00 2.00 2.00 2.00
A7 binder 0.90 1.00 1.10 1.30 1.40 1.50
£ 4% dompound vitamin 0.50 0.50 0.50 0.50 0.50 0.50
%21 % compound mineral 0.50 0.50 0.50 0.50 0.50 0.50
&3 total 100.00 100.00 100.00 100.00 100.00 100.00
B JF 41 1% nutrition level

TH & DM 91.65 91.32 91.63 91.43 91.75 92.10
M CP 38.31 38.39 38.27 48.10 47.91 48.32
5 Ca 1.84 1.85 1.85 2.21 222 2.21
M TP 1.42 1.41 1.41 1.73 1.72 1.71
Her4E CF 0.80 0.85 0.90 0.80 0.85 0.90
HAENT EE 18.20 21.20 24.10 17.70 21.30 23.80
HMLJKSY ash 8.31 8.29 8.22 9.75 9.67 9.71

TE: R EUEBMLLF A5 g S0 EBEOR D HE O R AL foly . B O A 5 24 £ R

442 AL 4E4E R D3,

4EER K3, 44K Bl AR B2, 44K Be, 4iERK B2, 4R E, 4iER C. WK, ZRE5. HIR. EWR. B, &t

MEB; 2 EEMs N WL B BR. B B BN B BE

Note: Values in the table in addition to the crude fiber were measured; fish meal for imported high quality Peruvian fish meal, fish oil for
domestic high quality fish oil; multi-dimensional main ingredients: vitamin A, vitamin D3, vitamin K3, vitamin B1, vitamin B2, vitamin B6,
vitamin B12, vitamin E, vitamin C, niacin, calcium, folic acid, pantothenic acid, biotin, inositol, choline chloride; multi-minerals main ingre-
dients: copper, zinc, manganese, iron, iodine, selenium, cobalt, magnesium.

REER 3 )R Eil A, & Fuka b,
F B Foi e BT BRAH [ EBAL 09 WL IR 445 LA o
B T80 C B AR I vk A vh & d AU 3Ry
SNSRI 421 2 T A R 5 7 2 1%
T VKAR—80C LRAFE F T 2 R e 3k i 43 # o
15 SEIHEFRRIIIE
151 HERKMPEIER SSEIKTIAKITHE:

(1) HYJRArH (average daily feed intake, ADFI)=
(AR M — SR T )/ S 5 R AU R K

(2) H4HEE &K (weigh gain rate, WGR)=(FB K
RE-REIHWIARE) R IPIR IR Ex100%

(3) Tkl R B (feed coefficient ration, FCR)=
R s/ (BRI E-E WA E)

(4) JIFA He(hepatosomatic index, HSI) = (JT 5/

PAE)*x100%

(5) JE3#5 ) (condition factor, CF)=({A&H/{44)x

100%
152 BERAHEXAEEE SRMETErE=15E D5
it 3% 14+ T TR T M SRS I . i 2 R N 7 - i
TRt ) 2 SR P LU 7 o 4 g 2 B B A S R
Girp /N AR 1 pmol BYTEES IR R FFA
FE SR 1 AT PR B [FFA pmol/(mgprot-h)].

R IDTAR & BB 2 - K f A b 3 A
JEFNLA LU 5EA R 1| ARG, R0 3
HIRGHE, MI3AEE, BERHAL(H0.1g), &
FHEEEL R, 2 mL FERIER A1 . 213K)R
SR 5 mL B0, BTV PR ESC 30 min
(13000 r/min, 0~4°C), HH LiFMAEA FAS #l2
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W o R W H et d AR W) TR WESE T RD Fish
acid synthase (FAS) Elisa Il % {7 & . FAS I 3=
B LUR AR 1) SeRnlR s TEIRY
40 min, AR &RITHRZES; 2) FrER K
8 bR R BRSO BRI 0.5, 1, 2, 4,
8 nmol/L Al il W IV, 3) =S L. FrillFe
i AL FRUESL . FRIUAE S FLRUCIA 40 L FEA
—10 pL Pi-FAS $iik—50 pL 4G5 A1 XK -HRP,
FRUEFLINA LS R EE B 50 L AR dh—50 pL HE %
JEMZE-HRP, K55 FERES, BT 37C
KEEHHIRE 60 min; 4) I SERC E 4P TR
Ve AEEAL, B 5, KRR KA TS 5)
BALAARBMNA 50 uL A5 A—50 uL 2 5] B
J&, AR ET 37CRE % R 15 min; 6) 7ERAL
HOI 50 pL 240k 5012808 ) 7) H DG5033A #5
BEEPRAYL, 78 450 nm ALilE OD; 8) KiillE ) OD
EARASRAE 2 P REA FAS (8 & .
153 mMRNAEEFiE a1 EET 3 5K0am
JFFNLR L 0 5NEA R 1 IRAFE, R 3
HIRAHE, B 3 DEE, WA, BEEEHR
(£9 0.1 g) T 2% RNA BRI BS.LAS R, Trizol VAR K
LS RNA 2 IUZH 215 RNA J5 % ] TaKaRa
/N E] ) Recombinant DNase I, RNase-free 181k £
DNA Z4J5i, #i[a){# F Invitrogen /A 7] AY Ribonuclease
Inhibitor 1] RNase %4, #XJ5H Promega 23 A
A M-MLV Reverse Transcriptase . RNase H #ll
TaKaRa 2\ H] [ Oligo d(T)s Primers .dNTP Mixture
HEAT I sk, WA Invitrogen 2 A /Y
Ribonuclease Inhibitor 1] RNase {f ¥ o 1 5 % 5%
1) cDNA f#i ] SYBR® Green 1 i 396k, *
JH TaKaRa 23 ] 1Y SYBR® Premix Ex Taq ™ (Perfect
Real Time)id#|7E Effendof ¢ Y i f PCR (X H it
1o BB DB /E NS, SR 244
B #r, H AC=Cy1ys—Ci(p-acting; AAC= ACum)—
ACyzmo

RT-PCR #7540

R4 NCBI GenBank H KP4V GH . IGF-1.
GHR 5791 S48 8 3 B-actin [ 41, i i
Primer 3 Online #1711, 51955 L% 2,

%= 2 RT-PCR 3|¥15%

Tab.2 Primersof real-time PCR
514 primers

JF51(5'—3") sequence (5'—3")

GH-for tgtttctgetgatgecagte
GH-rev ttcagetgtctgegttcate
IGF-I-for cgtggtattgtggacgagtg
IGF-I-rev ctgtgetgtectacgetetg
GHR-for agctgetgtgaccctgatct
GHR-rev ttcctetgetectcaggtgt
B-actin for ggactttgagcaggagatgg
B-actin rev agcactgtgttggcgtacag

1.6 Zitsoh

SCEEHEFH SPSS 19.0 Seit o AT A4 R 17 3L
E &5 (multivariate), 228 AR H Duncan £
5, 45 R EPRER (mean=SE) £ IR o

2 #RE5HH

21 HEKFMEAEIER

A2 3 0 I, A X H 4w iR
M (P<0.05), XHabEHRECTC R E 5 m(P>0.05).
T Aok 2R P 6T 14 R A R R RO R TR
(P<0.01), X} H ¥4 &5 T 8 &5 W (P>0.05), M
R R BAERON 4 B, B 1 RR I 7K ST X 3 %
FiEEL R B 2 B ARV (P<0.05), X HE R
SR 22 (P>0.05),  H 2485 £ B I B R 1 I
KAEASHBUAE PASF21 4, ik 5.78 g Ml 37.56%,
P48F24 41 1Akl R BUR AR, S 0.98,

JE 17 0T VG 3 e 1) AR LU A e 25 e, A
FU AT B R 7 7K S 1 B i B R B, 5 R K
K LLARIE M H2 5 10.81%(P<0.05), JIE M A ik J
TC R E R (P>0.05), AR AR R IR A e KMH.
OO NE WG BE A B i 5 1 5 e (P<0.01), IRER
TP B B 9.40%(P<0.01), i i A8 11 XA
F XTI An A B 35 M B VE RN (P<0.05), P48F24
HA IR, P38F21 414 e KB
2.2 FERAtEX g ER

R 4 AT 0L, RRWIXTIFEREG(HL) . BR 2 1B
filtf (LPL)FI S8 6 i 036 1A 0k 25 52 ) (P<0.05); —48
o Wit A J 7K P 185 T 140, v i B RS O B
FE PR A B P, Al LR AR D 2K T B
PLE 28.57%. 18.87%. 16.19%(P<0.05), HIRIE
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Tab. 3 Effectsof fat and protein levels on growth and body shape indicator s of Atlantic salmon (Salmo salar)

n=40; X+SE

Mgk FL

45 FF index HHAKTE PL SF-¥{EH mean
F18 F21 F24

H ¥4/ P38 3.50+0.31° 3.98+0.33° 4.70+0.38" 4.06+0.49°

(g-ind™"-d”") DAFI P48 4.05+0.49° 5.78+0.24° 4.68+0.44° 4.84+0.71°
-4 mean 3.77+0.39" 4.88+1.27° 4.69+0.01°

HEH /% P38 16.63+2.63° 21.10£1.15% 25.47+1.45° 21.07+3.61°¢

WGR P48 23.36+1.62¢ 37.5621.04° 30.73+2.86™ 30.5545.80°
SEHJ{H mean 19.99+4.76° 29.33+11.64° 28.10+3.72°

PR P38 1.40+0.09° 1.170.10% 1.2120.02° 1.26+0.10°

FCR P48 1.04+0.01° 0.99+0.10° 0.98+0.04¢ 1.00£0.03¢
-2 mean 1.22+0.25° 1.08+0.13° 1.10+0.16

iiNEA P38 1.03+0.03¢ 1.19+0.06° 1.14£0.07% 1.12+0.07*

HSI P43 1.18%0.05" 1.18+0.06° 1.3240.15° 1.23%0.07*
SE-44{8H mean 1.11£0.11° 1.19£0.01° 1.23£0.13°

HEL 5 P38 1.27£0.03® 1.300.05" 1.27+0.04% 1.28+0.01°

CF P48 1.140.01° 1.20+0.02" 1.17+0.03¢ 1.17+0.02¢
-2 mean 1.20+0.09° 1.25+0.07 1.22+0.07*

WR T 2 50 M 45 (P {H) results of two—way analysis of variance (P value)

S [ % factor H ¥4 £ DFI 34T WGR T F= H FCR A H HST JEWBE CF
E KT PL 0.061 0.000 0.000 0.090 0.000
Mgk FL 0.032 0.001 0.068 0.027 0.444
E 50 PLXFL 0.066 0.026 0.032 0.032 0.041

T RO A A B TR] B RR 28 52 AN 35 (P>0.05), AHAR 51 37R 22 5 1. 35 (P<0.05), A 1] 5 R} 27 2% 54 1 3 (P<0.01).
Note: In the same column, values with the same letter superscripts mean no significant difference (P>0.05), while with adjacent letter super-
scripts mean significant difference (P<0.05), and with interphase letter superscripts mean significant difference (P<0.01).

1 AKX ILEAL | R B R 5 BB (FAS) 34 TGtk 25
SEM, HBERR WK R AT ey s AR 4,
g 430 Ll s AR 4 5 3.03% . 10.00% (P>0.05),

O HL 3 PTG i 52w, %5 LPL ., SR
FEFNLIA . JH FAS ¥4 B350, m&E 4 LPL
AR T L AR 1 4 2 il s 8.92% . 4.35% (P<
0.05), REFHNA . JFH FAS IGPE LS E A
I3 12.90% . 21.05% (P<0.05).

JI 19 AN 2K 1 4) LPL LR B M A (2% AR
BN (P<0.05), it HABEEIC B 3 BAERUN(P>0.05)
Hop LPL. HL HURMER BTG P 04 5 R 3 H A
P48F24 4, f/MEHILTE P38F18 4. ALA. JiTF
FAS i PR KAE Y 4 BLAE P38F21 4, P4SF18 41 /lL
A FAS 5 MM, PA8F24 4H IF FAS T i ik .
23 EKHEXERFRIE

M S AT L, BRI ZKFXF GH S AN 3%, X

IGF-1. GHR 5200 i 2, H g 105 K7 B F 114 n
IGF-1 JEH By xRk, HA LA R IGF-1
mRNA FE L. Sl 4.59. 2.18 f%
1237, 1.05 £i%; GHR BRI K10 FF =5 1 B,
I o B R 140 GHR SE R (R A X e ik 2, FE L
RAFH GHR mRNA F & mE4m)
1.47. 1.58 {51 1.18, 2.2 f%.

e AR KT BE A5 B 2 R R DR P Ve AL PR
GH FI IGF-1 ZE PR X ik &, Hr & A dNLA
GH. WA IGF-1 M} IGF-ImRNA 435Il A%
U 5. 3.26 } 5.54 1%, BEE B KR FH
5, GHR JERARNT A B PR, IRE A4
WL FIFH ) GHR mRNA F B2 EE4m
1.58 F12.19 15,

N& W5 FI8E 1% GH. IGF-I F1 GHR J:H HAE
RN . P48F24 HANLN GH. WL IGF-I1 FlJiF
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Tab. 4 Effectsof fat and protein levelson related synthetic metabolism enzyme activity of Atlantic salomon (Salmo salar)

n=40; X+SE
L ik 7 FL T
fr?dti BT PL F18 HEHEszT F24 Janiian
JF B 2 1 R T/ P38 0.43+0.04° 0.62+0.02° 0.63+0.03" 0.56+0.10°
(U'mL™) LPL P48 0.55+0.03" 0.630.01° 0.6420.05° 0.61+0.05
F-H{H mean 0.49+0.07¢ 0.63%0.02° 0.63%0.08°
I it/ P38 0.5240.03° 0.63%0.02° 0.63%0.02° 0.60+0.05°
(U'mL™") HL P48 0.52+0.01° 0.63+0.03" 0.65+0.01° 0.61£0.06"
F-H{H mean 0.53+0.03¢ 0.63+0.02° 0.64+0.02°
JHF i g it % T/ P38 0.96+0.05° 1.2440.03° 1.26+0.04° 1.1540.15¢
(U'mL™) P48 1.07+0.02° 1.26£0.04° 1.2740.02° 1.200.10°
F-H{H mean 1.0520.01°¢ 1.2240.01° 1.2420.03°
JUL PR B i 7R 1 i/ P38 0.36+0.02° 0.36+0.01° 0.34+0.01° 0.35+0.01*
(mmol-gprot™") FAS P48 0.29+0.01° 0.33+0.01° 0.32+0.02° 0.31£0.02°
F-H{H mean 0.33+0.05° 0.34+0.02° 0.330.01°
JF i 7 12 o it/ P38 0.22+0.02° 0.24+0.01° 0.23+0.01* 0.23+0.01°
( mmol-gprot ) FAS P48 0.2120.02° 0.2020.01° 0.170.01° 0.19+0.02°
-1 mean 0.2120.01° 0.22+0.03° 0.2040.04°
MR ZE 7 250 M 45 3 (P {E) results of two-way analysis of variance (P value)
#5845 index i LPL JF HL JiT R il LA FAS T FAS
E[1 PL 0.001 0.920 0.009 0.000 0.002
Bl FL 0.000 0.000 0.000 0.255 0.280
E =B PLXFL 0.002 0.821 0.049 0.063 0.213

TE: R BB 5B R 2253 8 B35 (P>0.05), BT EE/R 2253 3% (P<0.05), HHIA] 7 £F 7R 22 540 i 3 (P<0.01).
Note: In the same column, values with the same letter superscripts mean no significant difference (P>0.05), while with adjacent letter super-
scripts mean significant difference (P<0.05), and with interphase letter superscripts mean significant difference (P<0.01).

IGF-I mRNA FZH5, WA GHR A GHR mRNA
FREE A ERAE 5 U PRAE P38F18 40411 P38F21 4.,

3 it

31 EBMEAREFRXAAFEEKMELEM
A N R
311 XWHEKMRERNHW ALK ESHTRH,
SN PN b g (3 o) N S = T 7 W 6 R o
[N [ S i N 8 o O P £ SRS A ES P N
AR NI RE S C =Y o O i e SR N USR8 N
— S 5 AR S e v T 0 K %
KPP LR KR 45 AR 02 e & A
TRV Jp 2 B v ik £ E R RN DR R, 58 E
TR AR 1 IV e A K R v T R R 2 1
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Tab.5 Effectsof different feed fat and protein contents on gene expression of Atlantic salmon (Salmo salar)

n=40; X +SE

izt HEHKF

g WiZkF FL

V-H{H mean
index PL F18 F21 F24 T
WLA GH P38 1.00+0.08° 3.05+0.19° 3.10+0.50° 2.38+1.20¢
P48 11.87+1.19° 12.39+0.82° 11.84+0.59° 11.91£0.31°
SEH{H mean 6.44+7.69" 7.72+6.60" 7.29+6.60*
LA 1GF-1 P38 1.00+0.18" 7.91+1.03¢ 2.88+0.24¢" 3.93+£3.57°
P48 5.53+0.62 22.11+2.12° 10.85+0.49% 12.83+8.47°
SEH4{H mean 3.2743.20° 15.01+10.04° 6.87+10.04°
JF IGF-1 P38 1.00+0.20¢ 3.73+0.46" 6.24+0.99° 3.66+2.62°
P48 11.27+0.93¢ 26.47+2.99* 22.58+1.40° 20.26+7.90°
SE-H{H mean 6.36+7.26° 15.10+16.08* 14.41+16.08"
AL GHR P38 1.00£0.05° 0.89+0.10% 0.56+0.04 0.82+0.23°
P48 0.73+0.04%° 0.30+0.05¢ 0.54+0.05 0.52+0.22°
F-H{E mean 0.87+0.19° 0.59+0.42° 0.55+0.42%
AT GHR P38 1.00+0.03* 1.08+0.06° 0.360.06 0.81+0.39*
P48 0.54+0.04¢ 0.22+0.05¢ 0.34+0.03% 0.37+0.16°
SEH{H mean 0.77+0.33" 0.65+0.61% 0.35+0.61°
WR 7 22 50 M 45 (P {H) results of two-way analysis of variance (P value)
HIRFEZE factor WLA GH WL 1GF-1 T 1GF-1 LA GHR AT GHR
E 1K PL 0.000 0.000 0.000 0.003 0.000
g 5 7K - FL 0.191 0.000 0.000 0.012 0.004
EH gl PLXFL 0.021 0.001 0.000 0.038 0.006

T RO b A B TR] B RR 28 52 AN 35 (P>0.05), AHAR 51 37R 25 5 1. 35 (P<0.05), A 1] 5 R 327 2% 54 1 3 (P<0.01).
Note: In the same column, values with the same letter superscripts mean no significant difference (P>0.05), while with adjacent letter super-
scripts mean significant difference (P<0.05), and with interphase letter superscripts mean significant difference (P<0.01).
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Effects of dietary fat and protein nutrition on fat metabolic enzymes
and growth-associated gene expression of Atlantic salmon (Salmo salar)
in the recirculating aquaculture system

MA Jun"??, LIU Yang"*?, LI Yong"**, ZHANG Jing"**, ZHAO Ningning" **
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2. University of Chinese Academy of Sciences, Beijing 100049, China;
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Abstract: Salmo salar is one of the most important aquaculture species in the world, cultured in a cage culture
system, which was introduced to China in 2010 and in recirculating aquaculture system (RAS). In order to inves-
tigate the effects of dietary fat and protein levels on fat metabolic enzymes and growth associated gene expression
of S. salar in RAS, a 3x2 (three fat levels: 18%, 21%, and 24%; two protein levels: 38% and 48%, represented by
F18, F21, F24, P38, and P48, respectively) random two-factor animal trial was conducted for 56 days. The trial
included six treatments with triplicate groups of 40 trial fishes (650.00+45.50) g. Results showed that: (1) The fat
requirement of S. salar was lower in RAS than in cage culture system, and the requirement of protein was equal
between the two systems. The weight gain rate (WGR) was significantly higher in P48F21, by 22.23%-125.86%,
than that in other groups (P<0.05), while the feed conversion rate (FCR) was significantly lower in P48F24, by
16.24%—-30.00% than that in other groups (P<0.05). (2) High fat level significantly increased hepatosomatic index
(HSI) (P<0.05), while high protein level decreased condition factor (CF) very significantly (P<0.01). The HSI was
significantly higher in P48F24 group than in other groups, by 10.92%-28.16% (P<0.05), while the CF was sig-
nificantly lower than that in other groups, by 10.24%-12.31%. The study proposed the primary nutrition project
that can control the shape of S. salar to 600-900 g by weight. (3) High and medium fat levels significantly
(P<0.05) increased the activity of lipoprotein lipase (LPL), hepatic lipase (HL), and total esterase, while high
protein level significantly (P<0.05) increased the activity of LPL and total esterase. The activities of LPL, HL, and
total esterase in P48F21 and P48F24 groups were significantly higher than those in other groups (P<0.05), and
especially the activity of LPL in the two groups was higher than that in the P38F18 group, in which the activity of
LPL was the lowest (P<0.05). We also found a significant negative correlation between protein level and the ac-
tivity of fatty acid synthase (FAS) (P<0.05). (4) Medium fat level increased the expression of IGF-I gene in mus-
cle and liver extremely significantly (P<0.01), while high protein level increased the expression of GH and IGF-I
genes in muscle and IGF-I gene in liver extremely significantly (P<0.01). The expression of GHR decreased sig-
nificantly with the increase in fat or protein level (P<0.05). The expressions of GH and IGF-I genes in muscle and
IGF-I gene in liver in P48F21 and P48F24 groups were significantly higher than those in other groups (P<0.05),
while the expression of GHR in muscle and liver was lower than that in other groups (P<0.05). We found negative
correlations among GH, IGF-I, and GHR, which could control the growth and reproductive activities in appropri-
ate ranges. In conclusion, P48F21 and P48F24 groups had obvious promoting effects on growth performance and
growth-associated gene expression in S. salar, while P48F21 group was better in the use of fat and saving of costs.
Key words:. fat; protein; recirculating aquaculture systems (RAS); Salmo salar; fat metabolic enzymes; growth
associated gene expression
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