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SFRPR A AT . AR ST AT 45 SRR W1, 1 1A
PEFRARTRIE A& PF T, KP4 B X i I3 19 >R e Y
R LA AR AR 8 1 Bl R e o AR
FERY H AR AR ISR AR AR 2T SR I W A2 1 o
IR R6F R P T A Pl S 8 A A P S e IR BEK
PRI AE IR, g T A T8 7K 57 B DR V4 e i 1) A 2
B AEAR BESR I RN S %

LB Tk

ZWiE 55 E
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XA 2 BB 20955 %0, B0 3 A5 5 K £ 18% |

1.1

21% 24% , 5y % LL F18 F21 F24 #7572 M&EH
Jii K :38% 48% , 43 3Lk P38 (P48 I, HLTE A
6 ML, AR 3 AT

S0 FH A H LR AR O R A B T R X 532 )
PO SR FH R [R) St 00 A% B 5 R A (ot P
TG R (650. 0 +£45.50) g Kk PG 2 fif: 4 1 720
B2, B e 2 5 G 26 K 55 58 0 56 42 TR0 Y 18 A4S
FREEME (), B 3 DR N — ETE &R
G5, B — RGN 3 ARG BRAS [ A AR, B 4L
FiAE 40 B, 45 5000 41 090 UR 1R 0T 4807 25 40 Mt
ZFARE(P>0.05) ik 5 6 i 2K .
1.2 EIgEH

R VG A B 51 0 ) e D 2 S IR I L
1, ARG B BRI 1 & 3 IR IK 5 2
ANE A TKER) 6 Fhesgi kL, Hogq*5 . P3SFIS
P38F21 .P38F24 P48F18 P48F21 P48F24 i E 5L

F1 AAFSEIBRESANENERRIEZEERRAIESE
Tab.1 Main ingredients and chemical composition of trial diets for S. salar

il Jeb JE ek S5 40 B trial group

ingredient P38F18 P38F21 P38F24 P48F18 P48F21 P48F24
Fih 171} Peruvian fish meal® 33.00 33.00 33.00 45.00 45.00 45.00
It J Fa 3l refined fish oil® 10.70 13.80 16.90 9.70 12.80 15.90
K E M soybean meal 11.00 11.90 12.90 8.30 9.40 10. 60
K H comn gluten meal 5.00 5.00 5.00 10.00 10.00 10. 00
A4 ¥ meat and bone meal® 10.00 10.00 10.00 10.00 10.00 10.00
Th 43 flour 24.50 20.30 16.10 8.80 4.40 0.00
W Jig Ky lecithin powder 4.00 4.00 4.00 4.00 4.00 4.00
il 3% % 11 corpuscle protein® 0.00 0.00 0.00 2.00 2.00 2.00
K4 7 binder® 0.90 1.00 1.10 1.30 1.40 1.50
5 4 4k % compound vitamin” 0.50 0.50 0.50 0.50 0.50 0.50
HAWYItE compound mineral® 0.50 0.50 0.50 0.50 0.50 0.50
411/ % total 100. 00 100. 00 100. 00 100. 00 100.00 100. 00
E FE 4 nutrition levels
FTYF&HE/% DM 91.65 91.32 91.63 91.43 91.75 92.10
HEH/% CP 38.31 38.39 38.27 48.10 47.91 48.32
$5/% Ca 1.84 1.85 1.85 2.21 2.22 2.21
B/ % TP 1.42 1.41 1.41 1.73 1.72 1.71
ML L4t/ % CF 0.80 0.85 0.90 0.80 0.85 0.90
MG/ % EE 18.20 21.20 24.10 17.70 21.30 23.80
HL K53/ % Ash 8.31 8.29 8.22 9.75 9.67 9.71

TE 32 PR B oML 2T 28 50 25 S SCE s 2 DR BTRR & (608 CHLAR 11 65% ) 5 b [ 7 A BT f il 56 s o« SE W 9 VAR BT B by CHLER 11 50% ) 5 d: [E
TEOLT NI AR R R 1 72% ) se: M BERREN s . mg 8¢ TU/ (kg filk}) R, 44K A9 500 TU 44 % D, 1 800 TU Zi A= K E 200 44 &R

K50 4K B 10 44 K B, 15 JE/E R Bo16 4k H B ,0.5 4E4: % C700 JHER ML 150 JZ R %5 90 iR 10 A4 R 2 JJLEE 500 544k I
% 1005 : L mg/ (kg fakh) R, AL 50 AR BE 260 A AL 4R 30 (B R W8k 350 \BfL L 0.25 AFR 4 0. 35 (S fb Al 2 A iR B 800

Notes ; values in the table in addition to the crude fiber were measured ; a;imported Peruvian fish meal( crude protein 650 g/kg) ;b:domestic high
quality fish oil;c:imported America meat and bone meal( crude protein 500 g/kg) ;d:domestic corpuscle protein( crude protein 720 g/kg) ;e:
sodium alginate ; f; additional[ mg or IU if mentioned/ (kg diet) ], vitamin A 9 500 IU, vitamin D, 1 800 IU, vitamin E 200, vitamin K, 50,
vitamin B, 10, vitamin B, 15, vitamin B,16, vitamin B, 0.5, vitamin C 700, niacin 150, calcium folic acid 90, pantothenic acid 10, biotin 2,
inositol 500, choline chloride 100 ;g :additional[ mg/kg diet] ,copper oxide 50 ;zinc sulfate 260 , manganese oxide 30, ferrous sulfate 350, iodine

chloride 0.25,sodium selenate 0. 35, cobalt chloride 2, magnesium sulfate 800
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55 nDREC T 4 R, o A O R O B IR G, &
K= R FOBUEAT 55 I AR AL R B A% 7 mm
G LR ORLBC A RDRE, IT RS T8 o [ B oR 4 4%
A 32 S 6 AR R R I E S AT

1.3 HFEE

WL T 2012 42 6 H -8 H kAT, S5
8 . FAMW M EA2 m H 1 m AHL2.7m’
[ A, W AE e o B PR PR K 358 R G 41— 3L
FeF B 9.38 ~9.73 kg/m’ , JREF 16.8 ~ 18 C |
HhEE23 pH 7.2 ~7.5 VAR S 11.4 ~12.7
mg/L K2y 3 m'/h, GRS 24 Y /d, BRI
BRI R 10%

SR TEIG A R4S AR, S ] A E A 24 ho
AR E, B AR O 1A, B SR R IR R
Skretting i ity il R} R 46 1R TR A kL, 1 R S T
U A AR P ME ST IR R R, H 4] 5 24 0 H ) s ER T
I 0.5% , 57 3 AW, 19 sl 8:00,14:00.,20:;
00, Mm% PIME i 32 sl A, il A g
WWSUNNEE S S R i U JERA R SV IR 2
S EZE SR € T S A R R i RS oS O
B 2B ok R P R PR, SR O AR L SR
1.4 NSRRI EFH &

WPHRREL AR ST 24 h
o, B PR BE AL 3 2 £, ffi ] 50 mg/L MS-
222 R AL FE B g L L R AL AR A
AR E 48P E T - 40 CTUKFIRAT -

MLV i A« A AL B2 B AL 3 4555 50 ] fa
50 mg/L MS-222 B JG , hEL 5 mL [ % & 50
Erp,4.3% fFRPUEE, brid 4 TR 12 h,3 000
r/min B0 15 min, Bl E3WE W T 2.5 mL .04
H, BT -40 CHRAARRI

E A AL B 2 of 2 2R A T UK AR AR R R
AR B B 20T 10 mL 5] 48 b, i o &
(g): R (mL) =1:9 m AA#ER K ,2 500 1/min
KK AL A) 3K, A K R L, R E
e,

TH AT G 30 22 J7 2% < IR 10T B 25 B il L OE B
ity Rk W R I 0% ) R F M o AR ) TR E R
S A 7 R I 7 % T AR B AR A g = 5
L, AT 73 (U/mg prot B¢ U/g prot) K7, #:4F
AR AR & UL AT

G P48 B I A Ty v LT R AR A W B A
W AME C3 RN B EERHME A ®

BCAE W) T AR 5 BT A 7 R0 B D s, AE % P 2R
AL E0 = 58 B, DA LGS 7 (U/mg prot) 5 i
J¥ (nmol/mL ) 7R, # 1 & R 4 i 7 & - Ul B
HEAT o

A A gk REE SR I I
Ty 1 s KA A2 M 3% GB/'T 6345 2006 7E 105 C
HPEAE P FE T, R B 25 AT LR
W72 A5 GB/T 6432 - 94 fifri L IG E AL MR
J5 I 7€ #% GB/T 6433 —2006 2 KAl £ i s MK 41
% & GBT 6438 — 2006 7 550 C Dy gy fy b, &
22N ML HE IR 35 GB/T 6434 — 94 2
AT E 5 85k H GB/T 6436 - 2002 H = 4 2
A EDTA 2545 & 15 ; BB R Hl GB/T 6437 -
2002 B 5H W 4306 6 BE A HEA T A

KM T KT bR B E A SR A IR
B E IR IR 05 21 K 28 KiELE 24 h ik {7, R
FH 3% B2 JORE 0, B0 2 24 R0 2 W, L 1 8000
5 W) A A7 B — IR OK A, 2 5 BRI BE 2 h JROK
BE— K RS E 2000 F WA AT I i — K
B o T EFE G b s AL T R R R R A
i, 2 M E AR K W #LYE GB 173784 -2007 it
1, B I 2R A 40 B0 5 3l R 7S 0K
IR L A 60 BE R W R R F AR IR 4 SOt B
W TR R I A SR FH R Ah o e e BT o
1.5 SitaHm

K SPSS 16. 0 Si i1 43 B 8K 44, %t B4 45 1
HEAT B R J5 2243 7 (One-Way ANOVA) FIRLA
EI7 2 4 ¥ ( Multivariate ) , 22 5 [ % % B LSD
2,458 (mean + SE) IR,

2 4k

2.1 lLEs

JIg I 7K -6 P 0 B U7 6 e B R 1 L R
FIFIE ¥ B &M m (P >0.05) (£2),
W I RE G 0 B A KO 4R 5 e T e
REAR, 72 F21 3K 3 g5 K fE, Horb 08 1 w05 J) 78
F21 H FI18 #2755 11.52% (P >0.05) , 1% T 18 i
FiF G 1 A6 F21 43 ) e F24 I 35 41 5 24.33% |
11.57% (P < 0.01 8% 0.05) ; 4& [ i 15 71 Bt g i
KOS BAR S FH L 7E F21 S/, 9 R A i 7E
F21 43 51 L & K g B @ 35 B AIK 7. 09% (P >
0.05) .17.00% (P <0.05)

B KT X 45 428 B 0 7 190 . 3
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Wi (P >0.05) , H1 05 5 i ) 764 8 4L
THEH.

1 DR 2208 T 0 7 e g L R A
A E AR (P <0.05) .

F2 AREHMEQRKENKEFEHLEENNZMNE

Tab.2 Effects of dietary fat and protein levels on digestive enzymes activity of S. salar U/mg prot
EE o HEKP Ji W5 /K- fat level (FL) ¥ {E
index protein level ( PL) F18 21 F4 means
P38 22.51 £2.11° 25.07 £0.60™ 26.94 £2.70% 24.84%
ER b ) b .
LPS P48 27.32 £3.08° 30.51 +1.98% 25.72 £3.23" 27.85
- E 24.92° 27.79° 26.33"
P38 19.99 +1.29%¢ 23.41 +£2.04° 18.48 £0.64% 20.63°
S
%%Pﬁz% P48 18.70 +0.91" 20.94 +1.20%¢ 17.20 +1.83°¢ 18.95°
S 19. 35" 22.18° 17.84°¢
P38 20.45 +0.88% 21.35. +0.88" 17.12 £1.31°¢ 19. 64°
.
Hﬂi;ﬁ?siﬁﬁ P48 17.68 +0.59°¢ 18.36 +0.97" 18.48 +1.17" 18.16°
S H{E 19.04 19.86° 17.80°
P38 3.14 £0.15% 2.68 £0.0.05" 3.01 £0.18%° 2.94°
[=5]
E’ﬁt.'% P48 3.16 £0.24a° 2.86 £0.10%° 2.66 0. 16° 2.90°
pepsin
A 3.15° 2.77° 2.84"%
P38 115.63 +7.72°¢ 113.22 +5.57°¢ 160.35 +8.82° 129.73®
Wﬁﬁmﬁ P48 130.00 +2.09" 114.98 +6.48°¢ 114.59 +4.80° 119.86°
trypsin
- {E 122.81% 114.10° 137.47°
P38 109.70 +3.71°¢ 107.15 £2.39°¢ 123.14 +3.78° 113.33®
}H‘Hé%ir%@@ P48 104.41 +1.92°¢ 106.41 +1.92°¢ 104.53 +2.38°¢ 104.98°¢
trypsin
- 106. 85° 106.78"° 113.83®
P38 0.89 +0.08® 0.82 £0.05° 0.95 £0.04% 0.89°
EE S S ik
P U ) il P48 0.88 +0.05% 0.93 £0.04% 0.99 +0.05° 0.93°
AMS
T {E 0.89° 0.88° 0.97°
P38 0.78 £0.05° 0.84 £0.11° 0.79 +0.007* 0.80°
S
%jifjs% P48 0.86 +0.005* 0.69 +0.002° 0.75 £0.003* 0.76°
FHE 0.82° 0.77° 0.77°
RN 25 5531143 #7 (P {H) results of two-way analysis of variance( P value)
545 index H LPS % LPS AF LPS H pepsin I trypsin JIF trypsin H AMS % AMS
%I PL 0.143 0.154 0.059 0.653 0.172 0.001 0.276 0.459
B& /5 FL 0.511 0.010 0.047 0.010 0.036 0.027 0.177 0.630
H I+ W PL = FL 0.338 0.889 0.041 0.122 0.004 0.011 0.479 0.208
2.2 WIEREER A AKP [ 77 .

W KF XS 1 B e T 1 ( AKP) 3% 1 37 45
PR PRI (P <0.01) , ELAEE 3 Rl 5 7K -3 i

2.3 BREBIER

Jig 15 K P 1L 7 SOD { J3 & MDA 54 A

MFFR (R 3) o Hof il AKP B35 7€ FI8 L F21,
F24 43 B $2 % 13.47% (P <0.01) .31.70% (P <
0.01) , Bi BAIRAR I (L k8 77 ) S o O IR i o
EH KX AKP A % 35 PR (P <
0.01) ,P48 |t P38 % 13.69% (P <0.01) ,
2R X i AKP BTG 7 A5 B AR AR
(P<0.05). fikAs Wik & 1 (FI8P38) HI A fit K

S (P <0.05) (% 4) . [ SOD i /1 bl
Wik S B4 B0 T TF 5, F24 W FI8 MR B E 4
11.93% (P <0.01) ; MDA 7 4 B I 105 /K - 1 71 2
7 6 W ARG I B0 AR AT, 7 F24 A7 e K AL, [ FIS,
F21 435 16.59% (P <0.05) ,11.36(P >0.05) ,

L C3 7 BT SOD i 347 . B 1k
¥ (P<0.05), C3 &7 P48 |t P38 B &5
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5.93% (P <0.05) ; /F [l SOD % /17 P38 [t P48
25 4.36% (P <0.05) .

Tab.3 Effects of fat and protein levels on related synthetic metabolism enzyme activity of S. salar U/g prot

(P <0.05),

£33 EHMEERAFNREFEREALAEEHBREEIZMW

PP R I3 MDA (LZM FiI C3 HAE RN i

fi 5 1 FOKT Rl FL T
index PL F18 F21 4 means
P38 49.12 £1.72° 42.07 £1.08°¢ 38.03 +0.96¢ 43.07°
5 el 2 5 R T
H ﬁfK;Miﬁ P48 40.38 +1.40° 37.58 +1.46¢ 37.43 +0.86¢ 38.47°¢
SF- 441 means 44.75* 39.83° 37.73°
P38 27.69 £2.55° 22.40 +1.51¢ 16.53 +0.99° 22.21¢
%@afﬁﬁﬁi% P48 26.23 +1.48% 25.12 +1.66% 24.41 +0.64% 25.25°
SEF{H means 26.96° 23.76° 20.47°¢
P38 9.76 +0.35 9.41 £0.40™ 9.50 +1.06" 9.56%
L G
I B B PR P48 7.65 £0.39°¢ 9.45 £0.66% 10.07 £2.09* 9.06°
AKP
S 4411 means 8.71°% 9.43* 9.79*

KR 2 )5 553 4387 (P {H) results of two-way analysis of variance( P value)

& 4R index

O 1 W Bl AKCP i oV W L Bl AKCP JI B W 1 Tl AKP

I PL 0.000 0.005 0.322
Mg i FL 0.000 0.000 0.210
1 = J8f PL = FL 0.012 0.003 0.080
4 BEHMEARKENKAFEHREXERERNZI
Tab.4 Effects of fat and protein levels on immunological activity of S. salar
b5 LSRR B k¥ FL T
index PL F18 F21 4 means
585 48 A A 1 AL P38 105.36 +4.03% 115.04 £2.06° 116.84 +5.72* 112.41°
(U/mgprot) P48 101.12 +4.67° 112.73 £2. 62 114.27 +0.51* 109.38°
SOD - #J{H means 103.24¢ 113.89° 115.56°
LT T P38 32.38 £4.25%¢ 25.90 £2.23¢ 38.01 £2.62° 32.10°
(nmol/mL) P48 30.84 +1.34% 34.47 £1.60% 32.38 £2.33%¢ 32.56*
MDA -4 means 31.61% 30.19° 35.20°
L7 7 P38 17.27 +1.74¢ 24.00 £2.47* 18.79 +2.72% 20.02°
(U/mg prot) P48 24.55 +1.74* 20.00 +1.05%¢ 21.21 £1.97%¢ 21.92°
LZM SEHI{H means 20.91° 22.00° 22.00*
Y P38 587.07 £12.17"¢ 502.76 +18.48° 549.33 £15.52% 546.39°
(ng/L) P48 574.61 £16.41**  617.07. +14.15° 544.66 +13.86° 578.78*
c3 S 24{4 means 588.74° 559.93" 546.99"
A8 AL W A T/ P38 343.39 +9.67™ 342.85 +10.80™ 360.23 +9.96" 348.82°
(U/mg prot) P48 337.43 +8.27* 335.03 +9. 56" 330.31 9. 48* 334.26°
Sop SE¥E means 340.41° 338.94° 345.27°
i v T P38 1.50 £0.11° 1.51 £0.18* 1.67 £0. 12° 1.56°
(U/mg prot) P48 1.50 £0. 14 1.58 £0.10° 1.68 £0.20" 1.59°
LZM 418 means 1.50° 1.55° 1.68*
MR ZEF Z 5314387 (P {H) results of two-way analysis of variance( P value)
$8¥5 index 1.3 SOD 1L 7E MDA 1.7 LZM 1fiL 3% C3 Jif SOD F LZM
HH i PL 0.225 0.813 0.192 0.013 0.027 0.185
B FL 0.001 0.012 0.524 0.091 0.691 0.703
[+ R PL * FL 0.941 0.016 0.011 0.000 0.236 0.859
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2.4 KEERERSSW
12711/ N PO IR NI = 2 N o A AL ]
(P>0.05) (£ 5) , H A 5 W B BE NG 5 7K F- 38 i
A K AIG # #, F24  F21 3 5] o FI8 7y Sl [ I
10.00% .8.20% (P >0.05),

W E BUKF X 2R BERER i IR R A
PR R (P <0.01 8 0.05) iR A ol 3% &
KR P ZUR A IR B &, U A R R ok R

x5 EHMEAKFEINFEKRER

16 P38 [t P48 4y % & % 61.70% (P <0.05) .
28.36% (P <0.01) ; B iR £h & W 75 P38 [ P48
W& { 57.61% (P <0.05) .

XU 2R 21 A X6 7K 5T 4% 48 s TG 8. 2 BAE RN
(P >0.05) ,PASFI8 4 fiz K & AU HE 0. 39 mg/L,
f5 T P48F21 F1 PASF24 4145, 13 W 4] e g iy %o 2
HEEA —E TAER, BIRE D BEARIEY
JoT A A o

9%

Tab.5 The effects of fat and protein levels on water quality index of S. salar

EE R HEKP Ji W5 7K - FL ¥ {E
index PL F18 F21 4 means
P38 0.25 £0.04° 0.24 £0.03° 0.22 +0.03° 0.24°¢
"R/ (mg/L) ,
. P48 0.39 £0.06° 0.38 £0.05" 0.38 +0.03° 0.38°
NH, -N
- 0.33° 0.31° 0.30°
P38 14.00 £1.77° 14.97 +£0.42° 15.04 £0.49* 14.67°
WA/ (ng/L)
. P48 14.49 £2.47° 14.36 +0.84° 11.52 £2.75° 13.46°
NO, -N
SEHE 14.25° 14.67° 13.28®
. P38 4.16 +1.24% 3.24 £0.46" 4.62£1.67" 4.01°
WEERER/ (ng/L) )
. P48 5.08 +1.22% 6.01 +1.22% 7.86 +1.23% 6.32°
PO}~ -P
S 4.62° 4.62° 6.24°
P38 0.62 +0.11°¢ 0.72 +0.03% 0.66 +0.05 0.67°¢
MR A/ (mg/L)
. P48 0.77 £0.05%° 0.84 +0.07% 0.94 +0.08" 0.86"
NO; -N
A 0.69* 0.78* 0.81°
MR T 2953 4387 (P {H) results of two-way analysis of variance( P value)
4R index A NH, -N WA NO, -N WemaEh PO, -P R4k NOy -N
E PL 0.001 0.591 0.043 0.007
SJili FL 0.277 0.870 0.360 0.303
o+ M PL % FL 0.451 0.750 0.632 0.519

3 iHe

3.1 BEMS5ZEBKEELENEIT

R hn e kAR 5 B o 4 a2 s U7 i TR
F R Z W BEAR™ o B 5% 2 W, 5 B 7 K T R
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Digestive enzyme activities, non-specific immunities and water quality in
recirculation aquaculture systems of Atlantic salmon( Salmo salar)
fed diets varying in fat and protein levels

LIU Yang'?, LI Yong'?’", ZHOU Bangwei'”*’, GAO Tingting'*,
WANG Xiaochen'** | WANG Shunkui*
(1. Institute of Oceanology ,Chinese Academy of Sciences,Qingdao 266071, China;
2. University of Chinese Academy of Sciences,Beijing 100049 , China
3. National & Local Joint Engineering Laboratory for Ecological Mariculture,Qingdao 266071, China;
4. Shandong Oriental Ocean Sci-Tech Co. ,Ltd,Yantai 264003 ,China)

Abstract; The 3 x2 two factors random animal experiment was conducted for 56 days to evaluate the effects
of dietary fat and protein on digestive enzymes activities in alimentary canal and liver,nonspecific immunity
of Atlantic salmon and the water environment reared at recirculation aquaculture systems( RAS). The trial
fish (initial weight 650 £45.5 g) were randomly allocated into 6 triplicated treatments and fed six kinds of
diets in a factorial design containing three fat levels (18% ,21% ,24% ,labeled as F18,F21,F24) and two
protein levels(38% ,48% ,labeled as P38 ,P48). Results show that: (1) the stomachal, intestinal and hepatic
lipase activities in medium fat level were significantly higher than that in low fat level by 11.52% (P >
0.05),14.63% (P <0.05),4.31% (P >0.05) respectively; trypsin showed much higher activity than
pepsin in gut and liver, and activities of trypsin in gut and liver were enhanced at high protein level by
8.23% (P >0.05)and 8.39% (P <0.05) ;(2)diet low fat and high protein levels could be good to promote
the intestinal canal AKP activity of Atlantic salmon, intestinal AKP activity was significantly improved at low
fat level by 18.61% ,31.70% ( P <0.05) than that at high and medium fat levels respectively ,and was also
enhanced by high protein level by 13. 69% (P <0.01). (3) Atlantic salmon had a highest serum SOD
activity at medium fat level and a lowest MDA activity at high fat level; high protein level was beneficial to
increase the serum LZM activity and C3 concentration by 9.49% (P >0.05)and 5.93% (P <0.05). (4)
diet low protein level can significantly reduce the content of ammonia nitrogen and nitrate in water by
61.70% (P <0.05) and 28.36% (P <0.01),diet high fat level could reduce water ammonia nitrogen
content by 10.00% (P >0.05)and 8.20% (P >0.05) than medium and high level. This research revealed
that appropriately increasing diet fat level could benefit the lipase activity,increasing diet protein level could
benefit immunity, and the combination of low protein and high fat could effectively reduce the ammonia
nitrogen excretion of Atlantic salmon.

Key words; Salmon salar; dietary fat and protein; digestive enzyme; non-specific immunities; water
quality ; recirculation aquaculture system
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