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, 60 d,
: 24 h,
(Xu et al, 2017),
) 1.2
1.2.1
, 373~800 mg/kg ( , 1999;
, , 2012; , 2020), 5
, ( ,
), ( ,2017) D),
(FeSO47H,0) , 0
75 150 225 300 mg/kg,
(Gatlin et al, 1986; .
Andersen et al, 1996; , 1999; Shiau et al, s 1
2003; Ling et al, 2010; , 2012; Luo et al, 2017, 1 SREMENESREREAN
» 2019; » 2020; Zafar et al, 2020), Tab.1 The‘basic f\ee-é formula and nutrit:nal—components in
the experiment
/(mg/kg) A B C D E
;SOD GSH ) , 480 480 480 480 480
100 100 100 100 100
’ (Singh 170 170 170 170 170
40 40 40 40 40
et al, 2017) ’ 30 30 30 30 30
’ 10 10 10 10 10
> 50 50 50 50 50
10 10 10 10 10
, *( ) 10 10 10 10 10
100 100 100 100 100
0 75 150 225 300
1 463 538 613 688 763
11 *( : mg/kg): 0.8,
50, 10, 50, 1200, 3000,
100, 5100
, ( 2 m, 1.5 m)
10d, (14.0+0.5) °C, , DO= 1.2.2 5
(8.0+0.5) mg/L, 30, 60 d
3d,
(20.0+£5.0) g ) )
600 15 ( 1 m, Im) , , DOI1=(4.0£0.5) mg/L. DO2=(2.0+0.5) mg/L
40 15 A B C D E , : Burleson
3 , [ (14.0+0.5) °C, (2011)
30, DO=(8.0£0.5) mg/L] 5 ( x x =90x60x40 cm) ,

B >

lh
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4h ( AZ8403) 1 ,
, 1.3.4
, (Tfa)
, 2 [14 °C, 30, ,
DO1=(4.0+0.5) mg/L, DO2=(2.0+0.5) mg/L] -
[14 °C, 30, DO=(8.0+0.5) mg/L], 0 .3 .37°C 30 min, 5
30 » 12h , HRP, 37 °C 30 min,
’ ; 5, A B,37°C 10 min,
1 [DO=(2.0+0.5) mg/L], 10 , 3 ’ 15-10 min
’ (0'h) ’ 2h 450 nm (OD )
’ ’ 1.4
’ : Excel 2010  SPSS 18.0
1.3 ’ .
131 ’ ELISAcalc , logistic (
), + ,
24 h,
’ (WGR), (One-Way ANOVA), P<0.05 ,
_xmpEopew o 0 P00
Pt 2
1.3.2 4
MS-222 (100 mg/L) , 2.1
,4°C 6h 3500 r/min 15 min .
, -80°C 2, ;
1.3.3 (P<0.05), ;
(SOD), ,
, C D (P<0.05), C D
(P>0.05)

x2 BEFHTIARERKFNXEFEKIEROFMEFEEARER)

Tab.2 Effects of different feed levels on growth indexes of S. maximus (mean+SE) under normoxic conditions

A B C D E
/g 22.42+0.76 21.97:0.09 22.24+4.37 23.02+0.23 21.35+0.07
/g 45.56+1.56" 45.93+1.51° 51.47+0.81° 52.65+0.63° 42.04+0.93°
(WGR)/% 103.22+0.07° 109+0.06° 132.44+0.49° 128.88+0.05" 96.88+0.05"
+ , (P<0.05),
2.2 A B C D
(P<0.05), E ,
2.2.1
2.2.2
Tfa 1, , (GLU)
DO=(8.0+0.5) mg/L , (TO) (TG) 2,
, C D E (1) DO=(8.0+0.5) mg/L ,

GLU
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Fig.1 Changes of serum transferrin Tfa in S. maximus fed with different iron levels under normoxic and hypoxic conditions (mean+SE)
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B E  (P<0.05); ,A B
(P<0.05),C D ,
E ;
2.2.4
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Tfa ( + )
(P<0.05), (P>0.05)
3, )
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D<C<B<E<A, C D
, (P<0.05)
3
3.1
(Haase, 2010),
( , 1998; Ye et
al, 2007)
C D A B E (P>0.05)
(Shiau et al, 2003); (1999)
323 mg/kg
0~50 mg/kg , ,
80~140 mg/kg ;
( , 2019) (Heteropneustes

fossilis) (Zafar et al, 2020)

(Ling et al, 2010)

(Gatlin et al, 1986)
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Fig.3 Changes of serum SOD and GSH-PX contents in S. maximus fed at different iron levels under normoxic and hypoxic conditions
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R3 FRBKKFAFAEFRNEERE : ,
[DO=(2.0+0.5) mg/L| & BT = 15 GLU
Tab.3 Tolerance to severe hypoxic [DO=(2.0+0.5) mg/L] ’

conditions in S. maximus reared at different iron levels .

/h /h /h 1% (Sun et al, 2020); ,C D
A 30 15.0 41.0 260 70.67£3.06" GLU ’
B 30 17.5 40.0 22.5 49.33+1.63°
C 30 24.0 35.0 21.0 35.00+2.18° (, 4), GLU
D 30 20.0 37.5 17.5 31.67+2.00°
E 30 13.5 40.5 27.0 61.33+0.89%° ’
D A B E s

, , (TG, TC)
(Li et al, 2018) : : TG TC
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, (
, 2011) Heinecke (1984) , , ,
LDL 5 R S
> 3.4
, C D TG TC )
, , (Perccottus glenii) (Lushchak et al,
( , 2017; , 2020),  2007) f#f (Fundulus heteroclitus) (Du et al, 2016)
, , (T-AOC)
, TG TC (SOD) (GPx)
, (A B) TG TC (Shah et al, 2009; Wang et al, 2010; Lushchak,
, (E) , , 2011) , DO=(8.0+0.5)
, mg/L C SOD , D
, ( ) GPx , SOD GPx
, A C E ; C D
33 ,A B E SOD
GPx ,
( , ROS,
2020) , [DO=(8.0+0.5) , Behera (2014)
mg/L] [DO=(4.0£0.5) (2.0+£0.5) mg/L] , (Labeo rohita) SOD
) ) , C D
, , , C D
, E )
R R Fenton R
, DNA,
(Yoshiga et al, 1997) ,
1 000 mg 3 mg ( SOD GSH ) ,
, ) ) (AB )
1 800 mg , (CD )
(Hentze et al, 2004), (2021)
, IRP  HIF
(Gassmann et al, 2015) ,
3.5
(Roy et al, 2000) C D E Tfa

) ( , 2008),
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EFFECT OF DIFFERENT IRON LEVELS IN FEED ON GROWTH AND HYPOXIA
TOLERANCE OF TURBOT SCOPHTHALMUS MAXIMUS

WANG Qing-Min" %7, HUANG Zhi-Hui"?, MA Ai-Jun"?, SUN Zhi-Bin" >,
WANG Xin-An"?, LIU Zhi-Feng"?, XU Rong-Jing"

(1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Key Laboratory of Sustainable Development of
Marine Fisheries, Ministry of Agriculture and Rural Affairs, Shandong Key Laboratory of Marine Fisheries Biotechnology and Genetic
Breeding, Qingdao Key Laboratory for Marine Fish Breeding and Biotechnology, Qingdao 266071, China; 2. Graduate School of
Chinese Academy of Agricultural Sciences, Beijing 100081, China; 3. Laboratory for Marine Biology and Biotechnology, Pilot National
Laboratory for Marine Science and Technology (Qingdao), Qingdao 266071, China; 4. Yantai Tianyuan Aquatic Co. Ltd., Yantai 264003,
China)

Abstract The juvenile turbot Scophthalmus maximus was used as the research object, and the effect of different iron
levels in feed on the growth and hypoxia tolerance of S. maximus was studied. Using ferrous sulfate as the iron source, 0
(Group A), 75 (Group B), 150 (Group C), 225 (Group D) and 300 (Group E) mg/kg iron ions were added to the basal diet
containing 463 mg/kg iron to investigate the effects of iron levels in feed on S. maximus growth under normoxia (WGR), in
terms of serum physiological and biochemical indices (GLU, TC, TG, SOD, GSH-PX) and resistance to hypoxic stress.
Results show that under normoxia, with the increase of iron content in feed, the above-mentioned indicators showed a trend
of significant increase and then decrease (P<0.05), and the peak of Groups C and D were significantly higher than those of
Groups A, B and E (P<0.05). The results of hypoxic stress and tolerance experiments showed that with the intensification
of hypoxic stress, the antioxidant enzyme activities (SOD, GSH-PX) / hypoxic [DO=(2.0+0.5) mg/L] mortality in Groups C
and D were significantly higher / lower than the other three groups (P<0.05). As an important oxygen carrier and electron
transporter, iron participates in redox energy supply processes and affects the material and energy metabolism of living
organisms. The feeding of dietary iron levels at 613~688 mg/kg promoted the growth performance, enhanced antioxidant
system, and improved hypoxic tolerance of S. maximus. This study provided a data support to the development of healthy
fish culture and functional baits, and a reference for future in-depth study on the regulation mechanism of fish iron
metabolism to hypoxic stress.

Key words turbot Scophthalmus maximus; iron content; hypoxic stress; growth; physiological and biochemical

indexes; antioxidant capacity



