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1 ﬁ*‘"—tj jj' }i‘ (P>0.05),
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1.1 RE&it554 12 REP
, 3x2
, 3 L18%  21% !
24%, FIS F21 F24 ;2 >3 2
38% 48%, P38 P48 ’ 6 6 R : P38F18 P38F21
, 3 P38F24 P48F18 P48F21 P48F24
, (
(650.0+45.50)g BCTGD62 ) 7 mm
720, )
18 ( ) 40 ,
#1 REBUBRESARERREIEEFRHS S
Tab.1 Ingredients and chemical composition of trial pellet diets for Atlantic salmon (Salmon Salar L.)
P38F18 P38F21 P38F24 P48F18 P48F21 P48F24
33.12 33.13 33.23 45.15 45.24 45.23
10.66 13.74 15.88 9.61 12.31 15.43
10.96 11.92 12.81 8.24 9.41 10.57
5.11 5.09 5.12 10.21 10.23 10.13
10.07 10.11 10.13 10.13 10.03 10.14
24.18 20.01 16.73 8.36 4.38 0.00
4.00 4.00 4.00 6.00 6.00 6.00
0.90 1.00 1.10 1.30 1.40 1.50
0.50 0.50 0.50 0.50 0.50 0.50
0.50 0.50 0.50 0.50 0.50 0.50
100.00 100.00 100.00 100.00 100.00 100.00
(%) 91.10 91.31 91.61 91.42 91.75 92.10
(%) 38.30 38.25 38.21 48.01 48.06 48.10
(%) 1.84 1.85 1.85 2.20 2.21 2.21
(%) 1.42 1.41 1.41 1.73 1.72 1.71
(%) 0.82 0.85 0.91 0.83 0.85 0.91
(%) 18.20 21.21 24.17 17.79 21.33 23.88
(%) 8.31 8.33 8.35 9.75 9.79 9.77
A Ds
K3 B B, Bs B E C
1.3 HHAER 16.8~18.0°C 23 pH
2012 6 ~8 R 56d 7.2~7.5 11.4~12.7 mg/L 3 m’/h,
2m 1'm 2.7 m’ 24 /d 10%
) 1 ’
9.38~9.73 kg/m’, 50% Skretting +50%
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x100;
= (Ln -Ln )/
x100;
= - );
= x100;
= - )
1.4.2
GB/T 14924.9-2001
105°C ;
; ; 550°C
1.4.3
6
50 ppm MS-222 ) )
-40C

GB/T5009.6-2003

6 mol/L
, 110°C

GB/T5009.5-2003

24 h ,

B

GB/T 18654.11-2008

B

L-8800
, 0.4 mol/L - 30 min,
) ) GB9695.2-
2008 -
1.5 4itatf
SPSS16 0
(Multivariate), LSD  Duncan
+ (Mean+S.E.)

2 RBEER

A KM 6

2.1
2.1.1

1
(P38F24)

2
(F21)
2.1.2

2
(P<0.01),

E

(P48F21 P48F24)

(P48F21)

>

(P<0.01),
( : 28.7%)
(19.99%) 46.72%(P<0.01)
44.99% 40.82%(P<0.01)
(P<0.05),

(F18)

(P48F21) ,
(P38F18) 65.14%(P<0.01)

(P48F21)
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Fig.1 Variation of average daily feed intake for the Atlantic salmon during the part experiment period
Fz2 ANAREBEHEASEN AT FHEEKEER T
Tab.2 The effects of different feed fat and protein contents on growth performance of Atlantic salmon(Salmon salar L.)
P )
F18 F21 F24 *
P38 644.74+5.94°  648.65£4.22°  650.29+3.41° 647.89°
P48 653.11£3.50°  654.09+1.16*°  649.19+2.08" 652.13*  0.187 0918 0.399
@) 648.93° 651.37° 649.74°
P38 752.01£19.90°  785.45+4.38%  816.01+13.39%Y  784.49°
P48 806.89+£12.03°  903.87+6.33°  848.70+18.91®°  853.16°  0.000  0.001 0.023
(®) 779.45¢ 844.66° 832.36°
P38 3.50+0.31° 3.98+0.33% 4.70+0.38%° 4.06°
(2/( P48 4.05+0.49% 5.78+0.24% 4.68+0.44% 4.84° 0.061  0.032 0.066
-d)) 3.77° 4.88° 4.69°
P38 2.75+0.44° 2.75+0.44° 4.254+0.26% 3.50°
P48 3.92+0.28% 6.29+0.20" 5.11+0.48" 5.11° 0.000  0.001 0.027
(g/d) 3.33b 4.90° 4.68°
P38 16.63+2.63¢ 21.10£1.15% 25.47+1.45° 21.07°
\ P48 23.36+1.62¢ 37.56+1.04% 30.73+2.86" 30.55° 0.000  0.001 0.026
(%) 19.99° 29.33% 28.10°
P38 0.39+0.06° 0.49+0.02% 0.58+0.03¢ 0.49°
o P48 0.54+0.03¢ 0.83+0.01% 0.69+0.06° 0.69* 0.000  0.001 0.023
(%) 0.47¢ 0.66" 0.63
P38 1.40+0.09* 1.17+0.10% 1.21£0.02% 1.26°
P48 1.04+0.01°% 0.99+0.10¢ 0.98+0.04¢ 1.00¢ 0.000  0.068 0.352
1.22° 1.08* 1.10°
P38 95.00+2.89° 93.33+2.20° 91.67+2.20° 93.33%
(%) P43 92.50+3.82° 92.50+2.50" 93.33+2.20% 92.78*  0.805  0.896 0.745
93.75° 92.92° 92.50°
+ (P>0.05), (P<0.05),
(P<0.01)( 4, 5, 6 )
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2.1.3
(P>0.05),
(F21  F24) , (F18)
10.70% 10.91%
16.3%(P 0.01)
(P>0.05)
(P48F21)
22 LA RASER
2.2.1
6
( 3), 4.27%
22.09%
Z3 AR AENAMFETERMEARESE

(HEFEFES L)
Tab.3 The body chemical composition of 6 randomly
selected fish at the start of experiment(% of wet weigh)

()
(%) 6 42683 0.61211 0.24989
(%) 6 22.0941 3.19262 1.30338
(%) 6 3.1999  0.38549 0.19274
4 R 56d

x4

(P>0.05),

>

18.14%(P<0.01);
5.83%(P<0.01)

(P>0.05)
2.2.2

(Glu) (Gly)
(Asp) 4

13 (
0.01),
Asp Glu

3.6%~17%(P<0.05

6.03%(P<0.05) 8.62%(P<0.01)

(P>0.05)

REERFRABALLARINAMFREFEHNEEREE(HEEE D)

(P>0.05),
(Ala)

Gly
4.65%(P<0.05)

Tab.4 The body chemical composition of different treatments of fish at the end of experiment(% of wet weigh)

> )
F18 F21 F24 *
P38 20.93£0.47"  20.46+0.25°  20.97+0.29°°  20.77°
%) P48 22.14+0.22°  22.04+0.13®  21.77+0.27®  21.98°  0.000  0.809 0.472
21.48° 21.29° 21.37°
P38 7.07+0.66% 7.68+0.53° 7.14+0.20% 7.36°
) P48 5.84+0.33° 6.56£0.38"  6.29+0.15" 6.23° 0.002 0.104 0.776
6.39° 7.28° 6.72°
P38 3.08+0.33° 2.60+0.24° 2.61£0.29° 2.75°
) P48 2.54+0.37° 2.63+0.25" 2.44+0.22° 2.54° 0378  0.771 0.918
2.72° 2.70° 2.52°
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x5 ABRARERMESAENATFENAIERIEF M(AEREFT D)
Tab.5 The effects of different feed fat and protein contents on amino acid in muscle of Atlantic salmon(Salmon salar
L.)(% of wet weigh)

@® )

/100! *
(&/100g) F18 F21 F24 F18 F21 F24

Asp  2.18+0.08™  2.18+0.04™ 2.10+0.06° 2.28+0.05*  2.16+£0.04®®  2.31+0.04*  0.044 0.536 0.154
Thr  0.9240.02°  0.91£0.02°  0.87+0.03° 1.01£0.04*  0.97+0.03° 1.03£0.03*  0.001 0.542 0.203
Ser  0.90+0.03*  (0.89+0.02"° 0.86+0.02°  0.94+0.02%°  0.90+0.01*  0.96+0.01*  0.014 0.465 0.132
Glu  2.89+0.09% 2.85+0.06"° 2.72+0.07° 3.03+0.07*® 2.87+0.07*> 3.07+0.07*  0.013 0.426 0.098
Gly  1.17+0.03°  1.18+0.02°  1.14+0.04° 1.28+0.03*  1.23+0.03*®  1.28+0.03°  0.002 0.733 0.389
Ala  1.21£0.04®®  1.21£0.02* 1.1620.03° 1.24+0.02*°  1.1840.02®®  1.25+0.02° 0.114 0.486 0.102
Cys  0.24+0.02*  0.204£0.03" 0.19+0.02*° 0.21+0.01*®  0.18+0.02*®  0.16+0.00°  0.147 0.088 0.983
Val  0.56+0.02°¢  0.54+0.01°Y  0.52+0.01¢  0.62+0.03"®  0.60+0.03*>  0.64+0.02*°  0.001 0.733 0.340
Met  0.52+0.02°®  0.52+0.01*° 0.51+0.01°  0.54+0.01®® 0.52+0.01° 0.55£0.01*  0.044 0.365 0.194
Ile  0.47+0.01°  0.45£0.01"° 0.43+0.02° 0.56+£0.05*  0.54+0.03*®  0.58+0.03*  0.001 0.771 0.506
Leu  1.45+0.04%  1.44+0.03% 1.37+0.03° 1.55+0.04*® 1.46+0.04* 1.57+£0.03*  0.003 0.406 0.095
Tyr  0.68+0.02°  0.67+0.01°  0.64+0.02°  0.73+0.02°®  0.69+0.02%°°  0.74+0.02°  0.002 0.537 0.129
Phe  0.62+0.01%¢ 0.61£0.01° 0.59+0.02¢ 0.68+0.02*  0.65+£0.02°>™  0.69+0.02°  0.001 0.497 0.206
Lys  1.7240.04%  1.70+0.03% 1.62+0.04° 1.84+0.06™ 1.75+£0.05" 1.87+0.04*  0.003 0.498 0.112
His  0.53£0.02°  0.52+0.01°  0.51+0.01° 0.56+0.01°® 0.54+0.01** 0.57+£0.01*  0.002 0.498 0.204
Arg  1.21£0.03%  1.20+0.02°% 1.14+0.03°  1.29+0.04®  1.21£0.04*° 1.30+0.03*  0.011 0.513 0.136
Pro  0.74£0.05*  0.76£0.02*  0.74+0.02* 0.78+£0.04>  0.74+0.02*°  0.74+0.01*  0.718 0.853 0.615

17.99+0.49°%° 17.83+0.32 16.87+0.47° 19.14+0.52* 18.18+0.44**° 19.31+£0.39* 0.004 0.421 0.098

2.2.3 (P48F24)
6 , Yo-3PUFA (P38F21) (P48F24) DHA
Y©-6PUFA DHA , (P 0.01)
( 2, (F24) (F18) 3 WH
13.98% 26.6% 15.41%(P<0.01

0.05); EPA , 3.1 HAREFERARB AP E KL

EPA 7.67% ,
Yo-3PUFA  Yo-6PUFA ,

YHUFA EPA DHA (P<0.01

0.05), , (12-16] - goberg!'?! 38%  47%

2.05 kg ,
-3 (P 0.05), 31

DHA EPA 11.91% 10.02%(P 0.01  0.05)
22: 60-3(DHA)
> w-6PUFA (P<0.05),
(P38F21  P38F24) [18, 19]

[13, 17]
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Tab.6 Effects of different feed fat and protein contents on fatty acid in muscle of Atlantic salmon (Salmon salar L.)

P
(ge) P38F18 P38F21 P38F24 P48F18 P48F21 P48F24 ® ) -
mg/g
12:00  0.91£0.003*  0.95+0.007° 0.94+0.009° 0.81+0.002* 0.09+0.007*  0.09+0.009* 0.406 0.471 0.778
14:00  9.09+0.23%¢  10.30+0.72° 10.01£0.30°® 8.17+0.22¢  8.78+0.38*  9.17+0.58%* 0.011 0.094 0.714
16:00  39.64+0.91° 46.15+2.68" 45.57+0.33* 36.57+0.339 36.99+0.61¢  43.56+0.93*® 0.001 0.001 0.037
18: 00  10.80+0.23% 11.58+0.84* 12.17+0.38° 9.62+0.21® 11.35+0.71%® 11.25+0.85®® 0.138 0.059 0.723
20:00  1.03+0.03*  1.13+0.09°  1.17+0.11*  0.9440.03* 1.06+£0.07 1.11£0.13*  0.319 0.199 0.989
YSFA  60.65+1.39% 69.26+4.23* 69.02+1.38* 55.73 £0.73¢ 58.27+0.65°  65.19+1.10® 0.001 0.002 0.207
14: 01  0.43£0.01°  0.47£0.05°  0.45£0.04®  0.39+0.01* 0.42+0.03°  0.46£0.05°  0.358 0.499 0.693
16: 1o-7 11.04+0.25% 12.41£1.07*° 11.27£0.91*® 9.66£0.26° 10.73+£0.92*® 11.12+0.67*® 0.106 0.287 0.573
16: 1o-5 0.37£0.01*°  0.41£0.04*  0.37+0.03*  0.33£0.01* 0.36+£0.03*  0.39+0.04*  0.344 0.595 0.520
18: 10-9  35.51£0.59®° 37.59+4.09%° 39.89+£1.29° 30.46+£0.71° 35.21£2.47* 38.30+0.95 0.104 0.039 0.695
18: lo-7  6.54+0.16>¢  7.27+0.51** 7.36+0.17*® 5.78+0.13¢ 6.12£0.21°¢  7.64+0.33*  0.038 0.002 0.068
20: 1o-9  4.82+£0.35%®  4.73+0.49% 5.07+0.18"  3.99+0.09° 4.57+0.30°°  4.71+0.38%° 0.111 0.361 0.582
20: lo-7  0.61£0.05®  0.63+0.08%°  0.62+0.05*®  0.50+£0.03°  0.66+0.03" 0.69+0.03*  0.955 0.119 0.174
22: 1w-11 3.91£0.13*  4.20+0.41*°  4.13+£0.42*°  3.52+0.11°  3.64+0.25% 3.96+0.40°  0.169 0.592 0.828
22: 1w-9  0.63+0.02°° 0.70+0.06*® 0.72+0.03*  0.58+0.02° 0.60+0.04*  0.69+0.05®® 0.066 0.037 0.629
YMUFA  63.88+1.35" 68.4046.74° 69.87+2.76° 55.21+1.33% 62.30+4.23®® 67.95+2.46° 0.088 0.071 0.659
18: 3w-3  3.09£0.14°%°  3.5320.17°  4.36£0.03%  2.65+£0.08°  2.77+0.26° 3.0240.19%  0.000 0.001 0.048
18: 40-3  2.5240.10°®  2.83+0.26%  2.55+0.15°® 2.20£0.09® 2.44+021*  2.59+0.28® 0.184 0.378 0.511
20: 4w-3  2.07£0.11°°  2.33+0.19*  2.07+0.20°®  1.69+£0.03° 1.91+0.19®®  2.05+0.22* 0.067 0.366 0.438
20: 50-3  10.51£0.62°° 10.11+0.46°® 10.66+0.77* 9.05+0.10°  9.00+0.22° 10.39+0.48%" 0.038 0.167 0.496
22: 60-3  30.51£1.00% 33.03£1.47° 32.73£0.26°° 26.97+£0.81¢ 27.55+£0.52%  33.60+0.29*° 0.002 0.001 0.008
- T1+1. .84+2. 38+1. 56+1.08° 43.67+1.29° .65+1.15* 0. . .
3PUFA 48.71£1.91°® 51.84+2.38% 52.38+1.32% 42.56+1.08° 43.67+1.29° 51.65+1.15%° 0.002 0.005 0.093
18: 2w-6  15.97+0.39° 17.71+1.13° 23.27+0.76* 13.51+0.29° 14.98+1.17% 14.89+0.56% 0.000 0.000 0.004
20: 20-6  1.62+£0.09°  1.68+0.09°  2.25+0.11°  1.41£0.03° 1.57+0.12° 1.43+0.12°  0.001 0.019 0.008
20: 3w-6  0.54+£0.03%  0.61£0.07°  0.60+0.04°  0.46£0.02° 0.59+0.04°  0.59+0.01* 0247 0.033 0.580
20: 4-6  1.77£0.07%  1.93+0.16°  1.76+0.13%°  1.55£0.04° 1.74+0.12°®  1.85+0.12*®® 0270 0.285 0.359
S®-6PUFA 19.90+0.50° 21.94+1.44° 27.88+0.85" 16.94+0.28° 18.88+1.44% 18.76£0.72% 0.000 0.001 0.012
SHUFA  50.39+2.09" 53.09+2.79* 53.26+1.14° 43.84+0.94% 45.39+1.49° 53.27+1.07° 0.005 0.012 0.092
So-3/Yw-6 2.45£0.06°%  2.37+0.05°% 1.88+0.04"  2.51+0.05*° 2.33+0.10° 2.76+0.06*  0.000 0.054 0.000
sor OFI8
—_ | a £
5 701 abg bab-' @F21
§60'C b a a o F24
S ¢ be cbe
IE';F 50
| o be
=l
E aab a
= 10 - aabb
YSFA  YMUFA  Yo- Yo-  YHUFA Yo-3/3 EPA DHA
3PUFA 6PUFA ®-6
He iR
2

Fig.2 The effects of fatty acid on muscle of Salmon salar L.under different fat levels

Marine Sciences / Vol. 37, No. 6 /2013

53



R RE REPORTS

, Karalazos Sveier ['" '] ’
(
38%~40%
26%~28% ), 21%~24%
()
; (2)
( 20
[20]
[21] ’
[22-24]
’ (Salmo trutta)

(45%  37%)> (Oncorhynchus mykiss)(42.9%
36.8%)2! (Gadus morhua)(25% 45%
65%)" Karalazos'**!
(32.8%  34.5%) Ulla 21
(Parr) (Smolt)

Bendiksen**2¥ S

(P 0.05),
, (P48F21)

34%~50%, 20%~47%,

(22, 29-30]
b

/ [21]

>

[12,29,30]

32 SRR G R AR B AT LR B R AR
3.21

54 /2013

[15,31-33]
[12].
20 Karalazos 1"
> b
Ulla 21
; Harald*¥
45%) 330g s
(
[12, 24, 31]
3.2.2

BY Espeal™ | 15%  30%

[36-42] [40]

Ogata ,
anguilla)
Marin!**! /

37/40 ,

27.93% 39.12% 15.63%

37 /6

[15]

35%

(Anguilla

45/28

[39]



( Glu

(
0.01  0.05),

3.2.3

R RE REPORTS

Gly Asp) 5

[13, 43-45]

26.3%
14.1%
19.56%

[46-47]

Tocher*® ,
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Abstract: In order to investigate effects of dietary fat and protein on the growth, FCR, content of muscle fat, pro-

tein, amino acid and fatty acid of Atlantic salmon (Sal/mon salar L.), a random 3x2 two-factor animal experiment

58 /2013 /37 / 6



R RE REPORTS

was conducted for 56 days in a recirculating aquaculture system (650.0+45.50 g). The experimental diets include
three fat levels (18%, 21%, 24%; F18, F21, F24) and two protein levels (38%, 48%; P38, P48). The results show
that: 1) Medium fat level(F21)and high protein level (P48) exhibited better growth performance. Weigh gain ra-
tion(WGR)at high and medium fat levels(F21, F24)is 43.5% higher than low fat level (F18)(P<0.01). Growth per-
formance shows a positive correlation with dietary protein level and high protein (P48) leads to a 44.99% more
WGR than low protein (P38)(P<0.01). The medium fat/high protein combination results in a maximum WGR. 2)
Dietary fat level doesn’t show significant effect on the content of amino acid (AA) in the muscle of Atlantic salmon,
but dietary protein level has a significant positive effect on 9 kinds of essential AA (EAA) and 4 kinds of flavor AA,
high protein is beneficial for depositing about 3.60%~17.00% AA in muscle (P<0.01 or 0.05). 3) High fat (P24) and
low protein (P38) can improve the content of unsaturated fat acid (UFA) in muscle and dietary fat has a significantly
positive correlation with UFA content. The > ®-3PUFA YHUFA DHA EPA at high fat (F24) level is 15.74%
(P<0.01), 26.60% (P<0.01), 15.41% (P<0.05) and 7.67% (P >0.05) higher than that low fat (F18) level respectively.
Dietary protein and muscle UFA have a significant negative correlation and low protein levels can significantly
increase contents of DHA and EPA by 11.91% (P<0.01) and 10.02% (P< 0.05), respectively. Low protein /medium
or high fat combinations (P38F21, P38F24) have a higher muscle UFA. 4) This study demonstrates that in industrial
recirculating aquaculture system Atlantic salmon’s appropriate fat content is about 21~24% lower than that reported
previously in net cage, and dietary protein can significantly promote the efficiency of growth/feed conversion. In
summary, dietary fat and protein have a certain correlation with AA and UFA in muscle, namely high protein facili-

tates the AA content while high fat/low protein enhance the UFA content.
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