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B, S 0 DA R I G 0RO PR R R R R, SRR S R AR R, DAL LA D R
WAL A T SEPIRURE R P AT, LA Ok B T T U A R
R B (Sargassum thunbergii ) JEFRE TR BT AR AR FHSEAEHESAKTE o

UL B AR BRI T M B, KRB T ) .

( Ochrophyta) . JG{fl T 44 ( Phaeophyceae ) |, & & I MRS A
Bl (Sargassaceae ) . & B % J@ ( Sargassum) , & 1.1 SEIgEe

BERTE, O E R, B Ay 00 ik DLEEORY B 2R O R U, ol 3%
TR S FAE ) 2 T U B REIE SR % BRM IR, ORI AR 1 & Bl 60. 3% , HLAR D7 75 &
JEREST, ChETG RS RE ) B IE B IR N 7.6% LRl RRE . 76 LAl b 43 51 m 0
RIS FITR M R R T GBS 2.5% .5.0% \7.5% (10. 0% () FUR R, B
Kb BT ORI R E A R S R REM LI Ak, i 44 24 STO ST2. 5
PR oK BT IR A ) — @ R IR SL . Rz2 STS.ST7.5 . ST10, falRHAC 7 S B FR L 3% 1,
SRR TR EE K AR FE AR AN B IR 2 DR B 80 H Ui, 4 LU I Bk B TR A1 JE
el )y 2 T R E A AR ST, b itk il &S E K SR A R kA2 3. 5 mm
AR S YU A I M IC A R R B2 ORI RL, B B T JG - 20 °C UKAR TR A7 75
FRT o ASCERTE RZSEm B s 2 B .

x1 TWAMWARSEFRHS

Tab.1 Ingredients and proximate composition of experimental diets
2 51| Groups

J5 B} Ingredients/ (g/kg)

STO ST2.5 ST5 ST7.5 ST10
[ 1% White fish meal 550.0 550.0 550.0 550.0 550.0
fi* % [ Casein 180.0 175.3 170.5 165.8 161.0
i f PN WA Squid visceral meal 10.0 10.0 10.0 10.0 10.0
2Bk Wheat gluten 50.0 50.0 50.0 50.0 50.0
a-JEH Alpha-starch 64.7 54.7 44.8 34.7 24.8
24k & Cellulose 64.7 54.7 44.7 34.7 24.7
£l Fish oil 40.0 39.7 39.5 39.2 38.9
FRUB T Sargassum thunbergii' 0.0 25.0 50.0 75.0 100.0
A TR Vitamin premix® 20.0 20.0 20.0 20.0 20.0
B4 R TR EL Mineral premix® 10.0 10.0 10.0 10.0 10.0
K457 Binder .0 5.0 5.0 5.0 5.0
PriAfL5 Antioxidant .6 0.6 0.6 0.6 0.6
AALJEGH Choline chloride .0 5.0 5.0 5.0 5.0

B Proximate composition/ ( % 1)

T4 Dry matter 93.5 91.8 92.2 93.4 91.5
M H Crude protein 60.3 61.2 61.0 60.6 60.6
HAE NG Crude lipid 7.6 7.5 7.7 7.9 7.6
K4y Crude ash 14.0 14.5 14.9 15.8 16.9
JLfiE Gross energy/ (kJ/g) 24.9 24.9 25.0 24.9 24.7

T BURSCR A TR R MR (A 16.08% (T8 RIS & 1.24% (T3) KN & i 14.14% (T]) . 0 Y B Bk K
(mg/kg Ak A5 :MgSO, + 7TH,0, 3 568.0; NaH,PO, - 2H,0, 25 568.0; KCI, 3 020.5; KAI(SO,),, 8.3; CoCl,, 28.0; ZnSO, -
7H,0, 353.0; Ca-lactate, 15 968.0; CuSO, - 5H,0, 9.0; KI, 7.0; MnSO, - 4H,0, 63.1; Na,SeO;, 1.5; C4H;0,Fe - 5H,0, 1 533.0;
NaCl, 100.0; NaF, 4.0,° 44 £ HRK (mg/kg Tk Gl 423 A 38,05 484 % Dy, 13. 24875 % K, ,10. 03 484 % E,210. 0 B
2,115, 054783 ,380. 05 EhARIL IS 152, 88. 05 72 R ,368. 05 MR, 1030. 05 4= 41 3K, 10. 05 1R ,20. 03 A 3 By, , 1.3 JJLAE, 4 000. 0; HrIf L
% ,500.0

Notes:S. thunbergii was collected from the coastal waters of Wenzhou city, Zhejiang Province, China, with crude protein content of 16.08% ( dry
matter) , crude lipid content of 1.24% (dry matter) and ash content of 14. 14% ( dry matter). Mineral premix (mg/kg diet) : MgSO, + 7H, 0,
3 568.0; NaH,PO, - 2H,0, 25 568.0; KCI, 3 020.5; KAI(SO,),, 8.3; CoCl,, 28.0; ZnSO, - 7H,0, 353.0; Ca-lactate, 15 968.0;
CuSO, - 5H,0, 9.0; KI, 7.0; MnSO, - 4H,0, 63.1; Na,SeO;, 1.5; C4H50,Fe - 5H,0, 1 533.0; NaCl, 100.0; NaF, 4.0. Vitamin
premix (mg/kg diet) : Retinol acetate, 38.0; cholecalciferol, 13.2; vitamin K5, 10; alpha-tocopherol, 210.0; thiamin, 115.0; riboflavin,
380.0; pyridoxine HCI, 88.0; pantothenic acid, 368.0; niacin acid, 1 030.0; biotin, 10.0; folic acid, 20.0; vitamin B;,, 1.3 inositol,
4 000.0; ascorbic acid, 500.0
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1.2 AFEERERRE

FREE S TE L1 AR A8 T T Y R B 5 9 B
RIS E AT RSB KIET RS, R
) B %R AR Y, Fh R AR [ RN
5] ARFREICHT , V- YR BT 5 29y (66. 38 + 0.71)
go IEZNSLIRHT, KEE6T4h e SR R G 9 5% 2
S, L] P s FRAH DR, SR IS BEAIL 2> 5 4, 4
M3 ANERE BN HEKE 25 B, R Taa R
HIE (E 42 80 em, 5 70 em, /KIEZ) 50 cm) FE5H
A, B AR R BE L R 3 Nl B R E R (8
00,15:30) 5 HEFME 2 W, B M iy £0 A 5T 5 1Y
1% ~2 %o ,KRYEHEE I 00 U7 5% 45 0 i, 5 R 45
/N ZE A HEBR A, BOBORE , TR AR I . SR A
AR K IR 7E (15.9 + 0.5) C,pH 7.8 ~
8.2,#h ¥ 28 ~30, fRIEH A >5 mg/L, A LK
R A <0.1 mg/L, FRFEFEIH 56 d,

FRAEL I 4SS, YUK 24 h, 0 SR AR fA
B I pR TG E A AR BEPLI 10 25
g e, AR AR, TR R . BE ML I
3 g ta i TR i w mat. #H 7 R
FEAT R RRKIBUNL, IMAETE 4 CUKAERRE 4 h, BL.O
A3 (4 000 t/min, 10 min) , B F &K, — 80 CA%
FE, 0 € v Az B AR AR AR 5 IS A 52 56
53BN AU, O3 5IFR 115504 e

HEAAS L o
1.3 WEIRIRITTE
Wer =(W,=W,)/W, (1)
Feg =F/(W, = W,) (2)
Seg = (InW, —InW,)) /d (3)
Hy=W,/W, (4)
Va=W,/W, (5)
Cp=W,/L, (6)
Dy =F/[ (W, +W,)/2 xd] (7)

:—th:':WcRﬁiE%;Fcn)ﬁffﬁjﬂ'%%&;scﬁﬁf%‘ﬁ
Dy H B A W, S B 25 RS R R i, g

Wo R I G IR T &, g5 F R4 & Tk
W ,gd NI REGW, IR & W, N E
JFiE s Lo SEIR 2 R AR K

TPl B ZH VR d b, K 32k T 105 C At e
HE(GB/T 6435—2006 ) Ml 1 5 K2 H 2R ELIG
FE R (GB/T 6432—2006 ) I 5 ; falAek HoAH Ag 1D
L MR 7, R &R Al 42 2 (GB/T
6433—2006 ) il 7 5 B K 532K H 55 55+ 550 C 4y
Bk (GB/T 6438—2007 ) il 7 ; g & >R HI#A be 1
(IKA, C6000 , FE[= ) 5 .

Mg A (GLU)  =BEH I (TG) &%
R IR B (HDL-C ) AR5 B2 i 2 1 JIH [ P
(LDL-C) F7 JIH [# i ( CHO ) 5% 14> A 3l A4 16 73 B
(7020, H Az, HA) JEATI05E o I3 B P e 1R
fitt (ACP) | Sl B ALY AL (T-SOD) it L=
it} (CAT) FN 8% (MDA ) 2% FH g % 2 19
FI G
1.4 BIEFEITHH

SRHI SPSS 11,5 B B kA 7 B K 28 U7 22
5387 (One-Way ANOVA) , 4 4b 3 2 i) 22 57 12 3%
(P <0.05) I}, ] Duncan’ s ¥ 50 #4722 8 UL,
T AE RS- BIE + FRifE2E (Means = SD) JE A H
No

2 AR50
2.1 ARHRFMRESEHN K ETERKERN

A1)

N 2 piros, B SRR U I 1 T
SRR (W) FRFE R R (Sep ) RELH B W T
Rr e, ST2. 5 4 55 % B4 AH L G 18 3 25 5+
(P>0.05), KR & 1 B F R T X AL (P <
0.05). HETER(Dy) RILH BT T FEREE,
Horp ST10 4 B E R T XL (P <0.05) o falk
FECCFop) BE R (Se) EREE (V) AR
(Hgp) MAETH B (Cy) #5412 18] 33 J0 35 1k 2 7
(P>0.05),

http: //www. shhydxxb. com



112

oo FE K ¥

¥k

28 &

®2 LW FARREHHENERRASHEIEH

Tab. 2 Growth performance and somatic parameters of juvenile turbot fed experimental diets for 8 weeks

A RFRIEIBIRIEE B4 Diets
Growth performance and STO ST2.5 STS ST7.5 ST10
somatic parameters

W4 E Initial mass/g 66.71 £0.30 66.51 £0.12 66.63 +0.18 66.69 +0.10 66.39 £0.05
K4 E Final mass/g 127.08 +2.44*° 126.13 £2.69*  119.07 £2.45°¢ 120.08 £6.02>  117.07 +2.62°¢
W E R Weight gain rate /% 90.50 +3.86" 89.65 +4.30™ 78.72 +4.08° 80.05 +8.94" 76.35 +3.98¢
FFEAERKR Specific growth rate/ (%/d) 1.15 £0.04° 1.14 £0.04% 1.04 £0.04° 1.05 +0.09" 1.01 £0.04°
H &% Daily feed intake/(%/d) 2.52+0.08" 2.46 £0.24% 2.27 £0.16% 2.32 £0.15" 2.14 £0.22"
1AL 2% Feed conversion rate 0.66 £0.02 0.67 +£0.07 0.73 £0.05 0.71 £0.05 0.78 £0.08
715 Survival rate/ % 100.00 +0 98.67 £2.31 100.00 =0 100.00 0 98.67 +2.31
A& L Viscerosomatic index/ % 0.73 £0.01 0.72 +0.03 0.73 +£0.03 0.72 £0.02 0.75 £0.03
A& 1 Hepatosomatic index/ % 5.27 +0.17 5.36 +0.36 5.34+0.32 5.45+0.14 5.19 +0.15
N EE Condition factor/ (g/cm®) 3.23£0.14 3.24 £0.20 3.25+0.19 3.12£0.38 3.24 £0.35

R4 8 A R EAR TR ROR 257 B3 (P <0.05)

Notes: Values within the same row with different letters are significantly different (P <0.05)

2.2
g

TR RN R E R M X K E SRR 5 %

e 3 R, B R BERY IS N A 4
SRR B & A AT S LR DT

BB NS B A2 LR EZER (P>
0.05) . HLIIK4y & A B W T E kS, 50 4
PR E m T 4L (P <0.05),8T5 ST7. 5 Fl
STI10 2H i 225 F ST2.5 4 (P <0.05) ,

®3 LRSFRREHYENEEENT (% TE)
Tab.3 Whole body composition ( % dry matter) of juvenile turbot fed the experimental diets for 8 weeks

N % Tak4H Diets
Body composition STO ST2.5 STS ST7.5 ST10
L H Crude protein 67.69 £0.33 67.72 £0.42 69.01 £0.32 68.64 +0.06 69.00 £0. 66
NG Crude lipid 12.61 £1.11 13.09 £0.65 12.18 £0.50 11.68 £1.33 11.50 £1.46
HLK 4y Crude ash 15.00 +0. 39" 15.81 +0. 64" 16.89 +0.84° 16.53 +0.41"™ 17.04 £0.75°

T Al — A7 8 AR R B AR 7 RE R 22 5 B35 (P <0.05)

Notes: Values within the same row with different letters are significantly different (P <0.05)

2.3 REHFMFBENIER

Wk 4 Fron, £ 4 Z 18] /Y I 4 OB
(GLU) Hl =M (TG) JH[E BE (CHO) ¥ | i
PR 1 IR [ A (HDL-C) Jo Wk 3% 22 5% (P >

0.05) ;1L 7 fI% % B2 5 2K 11 JH [ i ( LDL-C) ¢ &
FI ST 5 MRS, STS Hfm, 3%
1 TXIRZL (P <0.05)

F4 XK FEAEFHENMFENAN

Tab.4 Contents of serum constituents of juvenile turbot fed Experimental diets for 8 weeks mmol/L
L3745 A A 2H Falfl2H Diets
Contents of serum constituents STO ST2.5 STS ST7.5 ST10
HEpE GLU 11.92 £0.24 11.58 £0.22 11.71 £0.40 11.73 £0.33 11.77 £0.01
=B H TG 2.79 +0.61 2.83+0.52 2.79 +0.44 2.83 +0.40 2.76 +0.46
fH[# P CHO 4.31 +0.21 5.18 £0.23 5.23 £0.09 5.20£0.16 5.14 £0.25
5 R R 4 1 B [ A HDL-C 0.98 £0.23 1.16 £0. 15 1.23 +0. 15 1.21 £0.20 1.25 +0.12
R 3 g2 11 I [F Ay LDL-C 0.87 +0.21° 1.19 £0.23% 1.30 £0.09" 1.12+0.16® 1.21 £0.25%

T - Al — A7 oA A B AR BE R 22 5 .35 (P <0.05)

Notes: Values within the same row with different letters are significantly different (P <0.05)
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2.4 EARHRFMBREREHNXEZTRRENLTIE
BEARTREI ST

WS JroR  RZ2 BFRRAVEWE R i (ACP) 5k
W B A N I 4R s R B e T R R T
RS, Horp STS 4 f iy s Bl A ML) B AL I

(T-SOD) {E M4 Z B i & 22 5 (P >0.05) 5
1 A AL S (CAT) 36 7 2 BB e T 5 TR
s, Hih STS 41 85475 ; ST10 4H (197 & (MDA )
W T HALA 4 (P <0.05) , Hfli 4 4z
[T % 25 (P >0.05),

*5 IWSFRAFHHAENMDFRELNIERREREREERE
Tab.5 Activities of serum antioxidation and nonspecific immune enzymes
of juvenile turbot fed experimental diets for 8 weeks

i H 1Akl 4H Diets
ltem STO ST2.5 ST5 ST7.5 ST10
LSRR PEREIRES/ (U/L) ACP 14.60 £2.22% 12.23 +4.99% 19.15 +0.73" 13.77 +1.64* 9.73 £2.37°
MABE LY LS/ (U/mL) T-SOD  112.83 +12.05 99.89 +6.89 106.70 £2.10  105.59 +12.11  101.52 £6.26
AL A/ (U/mL) CAT 2.26 +0.33° 3.59+0.11% 4.07 =1.40" 2.02 0. 84" 2.57 £0.79%
P/ (pmol/L) MDA 14.38 £0.62° 13.68 +1.92° 14.70 +1.98" 13.23 +2.05° 19.21 +0. 15"

VT BOR TR E 7 s 2257 . (P <0.05)

Notes: Values within the same row with different letters are significantly different (P <0.05)

3 e

AHFFEAE AR AN 2. 5% ) BB B X K
FRBE Y AR T BT B2 A, SR TS N 2. 5% DL FoK
V1 R B AR T R 22 BT 4 £ 1 1 SRR R
EAERKR(FR2), HETFEHIE T 3 50 HAE
BHp A OL: (1) &8, PEIXOTO 46" 7E {5
BRI 7. 5% B4 25X B i €81 ( Dicentrarchus
labrax) 1 A= & JC 7 1 5 Wi, MARINHO 25121
SILVA 4/ FI VALENTE 45 23 5 75 Jg % % 3F
ff1 ( Oreochromis niloticus ) " 75 1l 10% B 4 2k
(Ulva sp.) X} H A K JC 41 M 5 W, VALENTE
4 IS 2 WA IO 55 0 4 R T 26 S i 2
10% it A K G 97 T § 00, LINARES 25127 401, % Bt
TEZE N IR g RS i 109% 1A 20 A K
TEHE 5 (2) L0 %, SILVA 26 % BL7E (i b
RSN 10% BT E; ( Gracilaria vermiculophylla ) X5}
Je % B AR AT SR, 1 VALENTE 45 RS
THMILE (G. bursa-pastoris Fll G. cornea ) i KK
P £ g2 e, 25 SRR 10% 6. bursa-
pastoris X £ A& T AT 52 WR, TS 0 10% G,
cornea it 2 FEAR T A2 K (3) 45 B, QUEIROZ
A 0 S AR 42 3 88 ( Sparus aurata) B KL 0
7.5% 1) He B0 H A K T B 3 5% i, PEIXOTO
SV FEAR R RN 7. 5% 1Y B AR B ( Fucus spp. )
X TCUN 5 0 1) 2B K G S i, LINARES 25127 4 %
PRAE ZE N 0 JR S5 1) kL vh s T 10% 19 48 i SR
(Undaria pinnatifida) %f H AL TCR 00, 3 26 B
FEAH] DRk v o A 1Y) SR v A S PR A A AR

(i) AN ], AN [7) T8 38 493 7 [] — e Ao 11 e d i
I A AR ] o A E S BT 3R A5 B e a8 0
(2.5% ) /T FRBESE, 2R A <R T 0B
ML s 5 FIRPT TS A R ERiF R RZE 2
WE T 3 N R, AT R BCE 1 5
B, DR LG A SEORS ) Sz Il Y i V8 o o ) e
TSI 22 10 i OB i R SR AR KR
Wi, 30K 5 1 R 1) KUK R 23 A B0 FR Y A K
TR BN A R IR R TR A5 v IR ) o, BRI
TSR, SEHRE RN TR IS T
PR B AR A Wi 0T AR S B A R
FEBE I R, H 4% B A B I B R R
s, ] R B S N 3 T D XUBR Y
PNIEIGEE 3 SR UI N S W L SE7
A 2N ORENE Sle A SRR L) S HUE IR
T X EEHUE IR T RRAR TS R BT, T H
TIER () T & &M NTRE RS X G o S SN
W™ ,PERNADO 45" {4 4iLili Je % Bt %) 6.
vermiculophylla, Porphyra dioica #1 Ulva spp. 51k
MR T Sargassum muticum (5 R EEFE) ,
XA ] RE S A I 5T Bl v il S I A T At
AR

S0 HR A A L, Bl A BLRE BER S A 42
1R, SEHRZH A R K 2y B TR (3R 3)
XS LK o B R A a2, TR
Wy SR ) BT, AN Y R OK 2K
B o s i 2. 29% (2. 39% , W b ROk = i
0.29% |3 447 - B OB | I8 e o
RHIR 435 it e 0T BRA . 85 Wl 46 0 1) Jo k£ 4
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WS A I T 4R s R R A S D A R T
W T REE L4 LK 7 5 &

ML H s 25 B R AR 1 B0 TR I ) I [
Pt 2 1 30 JHE I T AV % T g 1 £ 9 g L 3 I A
=EEH s B i, SRR T i
CHO #1 TG fy & &2, Ht, LDL-C/HDL-C #
YR SE BB PR B RAE S FEAR 28
EjX B4 AH L, SE 36 4 9 LDL-C Al HDL-C ¥4
FrtE  H A R I T R, B 5%
WRAH B W23 , 3 H. CHO Hi1 TG 5 %t BEZH A1 H 34
To 784k, X 3 WIS n BRURE SE H % K 22 6 1 o
JIg B B G 70 1T 5 1)

0 20T A 0 R AL Ak T | R M R
Pt B Tl T ot AR Ak S A PR IR R e
o VE T 2R AR, 7045 i AR e ) DL &
PUREM T o % TR . SR R H,
VN BRURE BER i IR M 1l R il A 5 b S S R
A ETHE T R &R, 7R STS ik B 5w, £
e 25 7 RS £ £ AR R A 4 T TR
By 1R M Wl 1R il N o A RS . R
RS e B A 2R A 5 — A ORI BB, 7E A
K RPERGEHTERE ZRHEEWNIEN, SN 5%
8BRSy T WD S ey K22 O 1) R e P A g

eSS
4 &g

TEASZRR AR T SN 2. 5% 11 B Bk 4F
R & B 4Jy £ 14 A TG S 35 R, AN 5% 1 SR
Bb R T ORZEEEL A AR R R S RE T

S 3Lk
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Effects of dietary Sargassum thunbergii powder on growth performance,
body composition, antioxidation and non-specific immune parameters of
juvenile turbot

QIAO Hongjin'*, HU Dongxue'*, HU Wenjing’, ZHANG Yan'®, WANG Xiaoyan', HUANG Bingshan',
WANG Jiying', LI Baoshan'

(1. Shandong Provincial Key Laboratory of Restoration for Marine Ecology, Shandong Marine Resource and Environment Research
Institute, Yantai 264006, Shandong, China; 2. College of Life Sciences, Ludong University, Yantai 264025, Shandong,
China; 3. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China)

Abstract; This work aimed to appraise the role of dietary seaweed Sargassum thunbergii supplementation in
the growth performance, body composition, and immune responsiveness of turbot ( Scophthalmus maximus) .
A basal diet ( without supplementation) was supplemented with increasing seaweed powder content to
formulate five groups of experimental diets containing 0, 2.5% , 5% , 7.5% and 10% of seaweed powder
(denoted as STO, ST2.5, STS , ST7.5, ST10 groups). Turbot juveniles (initial weight 66.45 + 0.52 g)
were fed experimental diets for 8 weeks. Results showed that weight gain rate (W) and specific growth rate
(Sgr) tended to decrease with the increasing dietary content of seaweed powder, however, there was no
significant differences between ST2.5 and control group (P > 0.05), and the other groups were significantly
lower than the control group (P <0.05). The daily feed intake (D) showed a gradually decreasing trend ,
among which ST10 group was significantly lower than control group (P < 0. 05). Dietary seaweed
supplementation had no effect on feed conversion ratio ( Fy ), survival ratio (S ), viscerosomatic index
(V) and hepatosomatic index (H ). Crude protein content of whole fish tended to increase gradually, and
crude fat content increased firstly and then decreased, however, both had no significant differences among
eroups (P> 0.05). Crude ash content increased gradually (P <0.05) , which was consistent with the trend
of crude ash content of feedstuff. The concentration of serum low density lipoprotein cholesterol ( LDL-C)
showed a trend of first increase and then decrease (P <0.05), and reached the highest value at ST5 group.
Serum acid phosphatase ( ACP) and catalase ( CAT) activity increased first and then decreased, and also
reached the highest value at ST5 group. Under the present experimental conditions, the addition of 2. 5% S.
thunbergii powder had no significant effect on juvenile turbot growth. Adding 5% S. thunbergii powder
significantly increased the non-specific immune capacity of juvenile turbot.

Key words: seaweed; Sargassum thunbergii; turbot; growth; immunity
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