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fif (Sebastes

aeus vannamei)!'”
(Oreochromis niloticus)""
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>

«“ 3 ” (Carassius auratus gibelio)
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[14] ] ’
]
[15, 16]
113 3 29 @E
1
1.1
1960 m?, x 70 mx28 m, 1.7 m,
2 mx2 mx2 m,
(8:00) (12:00) (16: 00) ,
27.6—31.2°C, (2012 8
31 —2012 9 27 ), ,
5 mg/L, 0.5 mg/L, pH
7.1—7.3, 6—8 ug/L

, 1/4 ,
1.2
, =1:1
, ( 35.6%) (16.7 kl/g) 7
CuS0O,-5H,0 ,
7 , 0 5 50 100 500
1000 1500 mg/kg
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(SLR-150,
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[ (128.6£2.0) g]
[ (159.4+2.0) g]20 )
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-20C ,
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(3000 r/min, 15min)
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Tab. 1 Formulation and chemical composition of the basal diet
(% dry matter)

Ingredients Contents
(%)
Fish meal' 46.00
Corn starch 42.80
Fish oil 1.35
Soy oil 1.35
Vitamin premix’ 0.39
Mineral premix? 5.00
Sodium carboxymethylcellulose 3.00
Choline choride 0.11
Chemical composition(%)
Dry matter 92.24
Crude protein 35.36
Crude lipid 7.22
Crude ash 11.70
Gross energy (kJ/g) 16.72
: 1. ( R ); 2.
(mg/kg ): By, 20; B,, 20;
B¢, 20; Bi,, 0.020; .5 , 50 ; , 100;
, 100; , 0.11; , 3226; C, 100, A,
110; D, 20; E, 50; K, 10; , 550; 3.
(mg/kg ): , 500; , 4575;
, 12500; , 16000; , 6850; R
1250; , 1750; , 111; , 61.4; , 15.5;
,0.5; , 1.5; ,6385.1

Note: 1. Fish meal supplied by American Seafood, Alaska, USA; 2.

Vitamin premix(mg/kg diet): thiamin,20; riboflavin, 20; pyridoxine,
20; cyanocobalamine, 0.020; folic acid, 5; calcium patotheniate, 50;
inositol, 100; niacin, 100;biotin, 0 .11; Starch, 3226; ascorbic acid,
100; Vitamin A, 110; Vitamin D, 20; Vitamin E, 50; VitaminK, 10;
Choline chloride, 550; 3. Mineralpremix(mg/kg diet): NaCl, 500;
MgS047H,0, 4575; NaH,PO42H,0, 12500; KH,PO4 16000;
Ca(H,P04),'H,0, 6850; FeSO4, 1250; C¢H;CaO45H,0, 1750.0;
ZHSO4'7H20, 111, MHSO4'4H20, 614, CuSO4'5H20, 155, COSO4'6H20,
0.5; KI, 1.5; Cornstarch, 6385.1

6 0.5 mL , 80°C ,

105°C
FOSS

AOACMT ,
(2300 Kjeltec Analyzer Unit) ;
(Soxtec system HT6, Tecator, Hoganas,
; 550°C 3h,
R Phillipson

Sweden)

(Phillipson microbomb calorimeter, Gentry Instru-

ments Inc., Aiken, South Carolina, USA) ,

Handy, et al. !'"

-10C , (CHRIST.
RLPHR 1-4LD) 02 g 4 mL
HNO;3(65%) 2 mL H,0,(30%),
(WX-400, )

17min(250 W, Imin; 0 W, 1min; 250 W, 5min;
400 W, 5min; 650 W, 1min),

25 mL, (Atomic Absorption
spectrometer Annalyst 800, Perkin Elmer, USA)(
3 ) HNO3(65%) ,
5.2% (2 mL HNO; 25 mL
), 4C ,
Cu-Zn SOD Ozmen, et al. "),
s 550 nm
Gatlin and Wilson Y,
(5min, 12000 r/min),
Dezfuli, et al. ! ,  TecnaiG20TWIN
(FEI Company, Hillsboro, USA) 200 kV
, 2500 5000 (
)
1.5

SPSS 15.0 for Windows
t (Paired ¢ Test)
(Two-way ANOVA),
(P>0.05),
Duncan’s , (P<0.05),
fi ; ;
(P<0.05),
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Duncan’s R (P<0.05), (P>0.05)
2.2
fil
2
3 )
2.1 s ]
2 , (P<0.05), fill  (P<0.05),
(P>0.05)
fifn fifl  (P<0.05)
(P<0.05)
) (P>0.05),
(P<0.05), (P>0.05),
3.1 mg/kg (P<0.05) , =100 mg/kg
(P>0.05) (P<0.05)
, fi]
, , 1491.9 mg/kg
7.5 mg/kg (P<0.05) (P<0.05)
F 2 EARPREREKTE R RENFIHE S X E WA m
Tab. 2 Effect of dietary copper levels on morphological parameters of gibel carp and channel catfish
Copper levels (mg/kg) Fish species HSI (%) VSI (%) CF (g/cm®)
D1 (3.1) i 2.16+0.09* 11.37+0.54 1.57+0.03"
D2 (7.5) i 2.30£0.19° 11.76+0.75 1.61+0.03¢
D3 (49.8) i 1.89+0.11% 11.21+0.48 1.56+0.06"
D4 (100.5) i 1.98+0.08*° 10.30+0.67 1.54+0.05"
D5 (506.9) i 2.04+0.09* 10.49+0.46 1.53+0.02%
D6 (965.1) i 1.68+0.11° 10.00+0.51 1.48+0.02%
D7 (1491.1) i 1.70£0.14* 10.64+0.36 1.41£0.01°
D8 (3.1) 5.80+0.20¢ 12.424+0.29¢ 3.21+0.08
D9 (7.5) 5.36+0.395¢ 11.29+0.37° 3.13+0.03
D10 (49.8) 4.69+£0.21*" 11.26+0.60" 3.16+0.05
D11 (100.5) 4.88+0.37"8 10.97+0.3248 3.08+0.06
D12 (506.9) 4.61+0.28"" 10.89+0.12"8 3.09+0.01
D13 (965.1) 4.09+0.08" 10.07+0.05* 3.13+0.03
D14 (1491.1) 4.24+0.23* 10.53+0.15"8 2.88+0.13
Analysis of variance
Diet P<0.001 P<0.05 P<0.05
Species P<0.001 P<0.001 P<0.001
> Diet>Species P>0.05 P>0.05 P>0.05
t Paired ¢ Test P<0.001 P<0.001 P<0.001
£ (P<0.05), = 100x I )

=100x / ; =100x% /
Note: Data presented are Means + SE, means with different superscripts in the same column are significantly different (P<0.05). CF
(condition factor) = 100xlive weight / (body length)’; HSI (hepatosomatic index) = liver weight x 100/ body weight; VSI(Viscera-somatic
index) =100xviscera wet weigh/body weight
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Tab. 3 Effect of dietary copper levels on growth and feed utilization of gibel carp and channel catfish

" ecl:?fg/kg) Fish species  IBW (g) FBW (g) f;revéov/a)l (@i SFhI day)  SGR(%/d) FE (%) PER (%)
DI(3.1) fifl  158.6+0.6 254.0+19.80  96.7+3.3  7.46+0.22 1.73+0.31 50.3+9.4° 1.5240.29°
D2 (7.5) il 159.1+1.6 242.0+16.90  96.7+1.6  7.29+0.19 1.54+0.30 43.249.9% 1.31+0.3%
D3 (49.8) fill  159.5+1.0 223.448.5 95.0£2.9  7.36%0.10 1.24+0.12 34.4+3.9% 1.04+0.12%¢
D4 (100.5) ] 159.6+1.1 227.244.9 96.7£3.3  7.44+0.21 1.30+0.05 34.1+1.8% 1.03£0.05"°
D5 (506.9) fill  159.5+1.6 222.6+8.5 96.7£1.6  7.19+0.07 1.2340.12 32.6+3.9% 0.99+0.12%
D6 (965.1) fim  159.8+1.1 212.6+2.9 98.3+1.6  7.43%0.14 1.06+0.06 26.2+1.9" 0.79+0.06"
D7 (1491.1) fim  158.3+0.4 200.7+3.4 98.3+1.6  7.40£0.06 0.88+0.06 20.9+1.5° 0.63+0.05°
D8 (3.1) 127.0+0.5 216.0£4.30°  100.0+£0.0  5.76+0.07 1.90+0.08" 56.6+2.9° 1.7140.09°
D9 (7.5) 127.1£0.6 214.0£4.70°  100.0£0.0  5.74+0.03 1.90+0.09" 56.2+3.28 1.70+0.10P
D10 (49.8) 127.0+0.0 207.0£3.20°  100.0+£0.0  5.95+0.10 1.80+0.06" 51.242.08 1.50+0.06°¢
D11 (100.5) 127.3+0.1 195.0+4.70*  100.0£0.0  4.91+0.92 1.50+0.08*  43.4+2.8* 1.3440.09""
D12 (506.9) 127.3+0.8 195.0£1.00*  100.0£0.0  5.78+0.04 1.50£0.03%  43.4x1.2% 1.2940.03%8
D13 (965.1) 127.6+1.5 194.0+£3.70*  98.30+1.60  6.11+0.05 1.50+0.03*  41.6+0.8" 1.2240.02*
D14 (1491.1) 127.5+1.04 188.0+£0.80*  100.0£0.0  5.92+0.07 1.40+0.04* 38.1+1.2% 1.17+0.04*

Analysis of variance
Diet P<0.001 P>0.05 P>0.05 P<0.001 P<0.001 P<0.001
Species P<0.001 P<0.001 P<0.001 P<0.001 P<0.001 P<0.001
< Diet x Species P>0.05 P>0.05 P>0.05 P>0.05 P>0.05 P>0.05
t Paired ¢ Test P<0.001 P<0.001 P<0.001 P<0.001 P<0.001 P<0.001
+ (P<0.05) (SGR, %/d)=100x[(Ln
)-(Ln )1/ (FE, %)=100x%( - ) , (PER, %)=( -

)/
Note: Data presented are Means = SE, means with different superscripts in the same column are significantly different (P< 0.05). IBW
(g/fish), initial mean body weight; FBW (g/fish), final mean body weight; SGR (specific growth rate, %/ d) = 100x (Ln (FBW) Ln (IBW)) /

days; FE (Feed efficiency, %) = (FBW IBW) /feed intake; protein efficiency ratio(PER, %)= (FBW IBW)/ protein intake

, fil ,
(P>0.05), (P>0.05),
(P>0.05), (P<0.05)
, (P>0.05), , fifn
, 1491.1 mg/kg (P>0.05)
(P<0.05),
, 1491.1 mg/kg , 7.5 mg/kg
(P<0.05) (P<0.05)
2.3 2.4
4 , 5 ,
(P>0.05) (P>0.05)
fiiil(P<0.05),
fiffl(P<0.05), fiil(P<0.05),

(P>0.05) fiFl(P<0.05)
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Tab.4 Effect of dietary copper levels on body composition of gibel carp and channel catfish (in wet weight)

c levels (mg/kg) Fish species Moisture (%) Crude protein (%)  Crude lipid (%) Ash (%)
opper levels (mg/kg
DI1(3.1) i 70.30+0.71 14.96+0.27 10.86+0.55 3.47+0.02%
D2(7.5) fifi 69.88+0.59 15.06+0.26 11.77+0.60 3.37+0.05°
D3(49.8) fifi 71.28+0.58 15.12+0.42 10.11£0.60 3.45+0.08
D4(100.5) fifi 70.87+0.36 15.0120.02 10.35+0.41 3.67+0.07°
D5(506.9) fifi 71.29+0.51 14.92+0.16 9.28+0.35 3.69+0.14°
D6(965.1) i 71.49+0.74 14.74+0.31 9.77+0.62 3.67+0.01°
D7(1491.1) fifi 71.25+1.27 14.00+0.42 10.49+0.95 3.70+0.12°
D8(3.1) 71.18+0.474B¢ 16.77+0.33 7.61+1.54 4.66+0.38
D9(7.5) 70.49+0.4548 16.81+0.86 6.44+0.61 4.4340.23
D10(49.8) 70.00+£0.52* 16.62+0.25 7.58+0.87 4.33+0.21
D11(100.5) 70.22+0.08*8 17.15+0.43 5.81+0.35 4.66+0.26
D12(506.9) 71.47+0.245¢ 17.27+0.36 5.48+0.53 4.75+0.35
D13(965.1) 70.03+0.48" 16.73+0.27 7.22+0.25 4.50+0.09
D14(1491.1) 71.88+0.44¢ 16.90+0.49 5.48+0.82 4.79+0.49
Analysis of variance
Diet P>0.05 P>0.05 P>0.05 P<0.05
Species P>0.05 P<0.001 P<0.001 P<0.001
= Diet><Species P>0.05 P>0.05 P>0.05 P>0.05
t Paired t Test P>0.05 P<0.001 P<0.001 P<0.001
+ (P<0.05)

Note: Data presented are Means + SE, means with different superscripts in the same column are significantly different (P< 0.05)

x5

TR R 4 R B R 5 B SR AN BE 2 R SR A A 2R 4 AR Y S0

Tab. 5 Effect of dietary copper levels on hematic physiological parameters of gibel carp and channel catfish

evels (mg/lfgo)pper Fish species HB (g/L) Het (%) GPT (U/L) GOT (U/L)  Cu-Zn SOD (U/mL)
DI(3.1) il 78.4+1.2 37.0+0.6° 15.0£1.8 11.7+2.1 57.9+7.3
D2(7.5) i) 62.5+2.1 42.240.5% 13.3+1.8 19.7+4.9 65.9+8.4
D3(49.8) fifn 72.3£11.6 45.7+2.6" 13.8+5.1 16.0+4.4 66.5+4.4
D4(100.5) il 66.1+15.3 57.0+2.9° 15.0+3.8 15.043.3 67.5+7.1
D5(506.9) fifi 78.4+15.9 49.3+2.7%¢ 16.1£5.1 12.8+1.7 67.5+5.2
D6(965.1) il 60.1£3.2 54.3+3.20 17.546.1 14.8+2.6 65.6+10.5
D7(1491.1) fifi 71.1£6.8 44.7+0.3% 16.241.2 14.443.1 65.3+£3.7
D8(3.1) 81.8+5.7 39.142.1 6.8+0.3 131.1£9.3 202.9+12.4
D9(7.5) 82.1+3.2 36.4+2.8 6.140.5 65.1+7.4° 186.5+19.6
D10(49.8) 86.8+4.5 48.4+4.7 5.9+0.4 75.5£16.8" 187.1421.9
D11(100.5) 90.2+4.3 51.9+6.7 6.0+0.1 96.4+9.5% 195.5+8.9
D12(506.9) 88.4+6.7 44.2+3 .4 5.840.3 99.2+13.5™  243.7+34.6
D13(965.1) 82.9+4.6 42.842.6 6.4=0.1 107.3+12.8% 211.4+23.9
D14(1491.1) 84.0+1.4 37.442.3 7.240.5 93.0£11.3"  204.6+58.0

Analysis of variance
Diet P>0.05 P<0.001 P>0.05 P>0.05 P>0.05
Species P<0.05 P<0.05 P<0.001 P<0.001 P<0.001
> Diet><Species P>0.05 P>0.05 P>0.05 P>0.05 P>0.05
t Paired ¢ Test P<0.05 P<0.05 P<0.001 P<0.001 P<0.001
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1500 mg/kg
(P>0.05) fi] 2
, 7.5 mg/kg , =500 mg/kg fifn
(P<0.05)
, fil >1000 mg/kg fil
(P>0.05)
100.5 mg/kg (P<0.05) 3 3.1 mg/kg
2.5 7.5 49.8 100.5 506.9
1 1000 mg/kg
, =500 mg/kg 1500 mg/kg

Fig. 1 TEM image of hepatopancreas of gibel carp fed with different copper concentration diet
a. 0 mg/kg; b. 5 mg/kg; c. 50 mg/kg; d. 100 mg/kg; e. 500 mg/kg; f. 1000 mg/kg; g. 1500 mg/kg. m
, ER , ,Ld s » N 5
a. 0 mg/kg; b. 5 mg/kg; ¢. 50 mg/kg; d. 100 mg/kg; e. 500 mg/kg; f. 1000 mg/kg; g. 1500 mg/kg. m, normal mitochondrion; large arrowhead,

swell mitochondrion; ER, normol endoplasmic reticulum; asterisk, expansion endoplasmic reticulum; Ld, lipid droplet; small arrowhead cell
space; N, nucleus; the same applies bellow
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—2 um—
—2 ;11:1.1%
2 fifn
Fig. 2 TEM image of hepatopancreas of channel catfish fed with different copper concentration diet
fife] fil(P<0.05), =965.1 mg/kg
4 3.1 mg/kg , fi]
7.5 49.8 100.5 mg/kg (P<0.05) =506.9 mg/kg
, 506.9 mg/kg (P>0.05),
, =965.1 mg/kg fipl
1000 mg/kg 1500 mg/kg (P<0.05)
' 3
2.6
5 b b
(P>0.05), ] ;
(P<0.05) , ,
fif ,
(P>0.05), , Hoyle, et al. ™
fi (P<0.05) (Clarias gariepinus) , 1500 mg/kg

<506.9 mg/kg

30d,

>
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3
Fig. 3 TEM image of midgut microvillus of gibel carp fed with different copper concentration diet
Mv s s
My, mirovillus; small arrowhead, mitochondrion; large arrowhead, denuded mirovillus

@EE[IZ] [11]

B

De Boeck, et al. ¥ , ,

[4]

Lundebye, et al. 1*¥ , ) ) >



760

38
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P N

—1 1m —

4 fi

— 1 pum—

Fig. 4 TEM image of midgut microvillus of channel catfish fed with different copper concentration diet

Mv ; ;

My, mirovillus; small arrowhead, mitochondrion; large arrowhead, denuded mirovillus; asterisk; tight junction

[28]
g fi
re ) , Kim Kang
, Samanta, et al. ** ,
) Kim Kang!? |
fiy 500 250
125 mg/kg 51 18 11 [13]
(MT) )
[27]

fig

De Boeck, et al. %!

40d

28d,
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24
b
[12]
> b b
06g (128.6 ¢

fifl (159.4 g)



762 38
, fif] 2006, 76(2): 111—121

[12] Kim S G, Kang J C. Effect of dietary copper exposure on

’ accumulation, growth and hematological parameters of the

juvenile rockfish, Sebastes schlegeli [J]. Marine

s Environmental Research, 2004, 58(1): 65—82

i [13] Kamunde C N, Grosell M, Lott J N A, et al. Copper

metabolism and gut morphology in rainbow trout

(Oncorhynchus mykiss) during chronic sublethal dietary

copper exposure [J]. Canadian Journal of Fisheries and

[11 Sun S, Qin J, Yu N, et al. Effect of dietary copper on the Aquatic Sciences, 2001, 58(2): 293—305
growth performance, non-specific immunity and resistance [14] Gui J F, Zhou L. Genetic basis and breeding application of
to aeromonas hydrophila of juvenile Chinese mitten crab, clonal diversity and dual reproduction modes in polyploid
Eriocheir sinensis [J]. Fish and Shellfish Immunology, 2013, Carassius auratus gibelio [J]. Science China Life Sciences,
34(5): 1195—1201 2010, 53(4): 409—415

[2] Jenkins N K, Morris T R, Valamotis D. The effect of diet [15] Duan Y H, Zhu X M, Han D, et al. Dietary vitamin K
and copper supplementation on chick growth [J]. British requirement of juvenile gibel carp, Carassius auratus gibelio
Poultry Science, 1970, 11(2): 241—248 [J]. Acta Hydrobiologica Sinica, 2013, 37(1): 8—15 [ ,

[3] Berntssen M H G, Lundebye A K, Maage A. Effects of , R K
elevated dietary copper concentrations on growth, feed . ,2013,37(1): 8—15]
utilisation and nutritional status of Atlantic salmon (Salmo [16] Wang K Y, Huang J L, Xiao D, et al. The immunoprotection
salar) fry [J]. Aquaculture, 1999, 174(1—2): 167—181 effect of stenotrophomonas maltophilia lipopolysaccharide in

[4] Clearwater S J, Farag A M, Meyer J S. Bioavailability and channel catfish, Ictalurus punctatus [J]. Acta Hydrobiologica
toxicity of dietborne copper and zinc to fish [J]. Comparative Sinica, 2012, 36(3): 433—440 [ , , S
Biochemistry and Physiology Part C: Toxicology and ]

Pharmacology, 2002, 132(3): 269—313 , 2012, 36(3): 433—440]

[5] Dethloff G M, Bailey H C, Maier K J. Effects of dissolved [17] AOAC. Official Methods of Analysis [A]. 14th edn.
copper on select hematological, biochemical, and Washington D C: Association of Official Analytical
Immunological parameters of wild rainbow trout Chemists. 1984, 152—163
(Oncorhynchus mykiss) [J]. Archives of Environmental [18] Handy R D, Sims D W, Giles A, et al. Metabolic trade-off
Contamination and Toxicology, 2001, 40(3): 371—380 between locomotion and detoxification for maintenance of

[6] Dautremepuits C, Marcogliese D J, Gendron A D, et al. Gill blood chemistry and growth parameters by rainbow trout
and head kidney antioxidant processes and innate immune (Oncorhynchus mykiss) during chronic dietary exposure to
system responses of yellow perch (Perca flavescens) copper [J]. Aquatic Toxicology, 1999, 47(1): 23—41
exposed to different contaminants in the St. Lawrence River, [19] Ozmen B, Ozmen D, Erkin E, et al. Lens superoxide
Canada [J]. Science of The Total Environment, 2009, 407(3): dismutase and catalase activities in diabetic cataract [J].
10551064 Clinical Biochemistry, 2002, 35(1): 69—72

[7] Carvalho C S, Fernandes M N. Effect of temperature on [20] Gatlin D M, Wilson R P. Dietary copper requirement of
copper toxicity and hematological responses in the fingerling channel catfish [J]. Aquaculture, 1986, 54(4):
neotropical fish Prochilodus scrofa at low and high Ph [J]. 277—285
Agquaculture, 2006, 251(1): 109—117 [21] Dezfuli B, Giari L, Simoni E, et al. Histopathology,

[8] Jarup L. Hazards of heavy metal contamination [J]. British immunohistochemistry and ultrastructure of the intestine of
Medical Bulletin, 2003, 68(1): 167—182 leuciscus cephalus naturally infected with pomphorhynchus

[9] Apel K, Hirt H. Reactive oxygen species: metabolism, laevis (Acanthocephala) [J]. Journal of Fish Diseases, 2002,
oxidative stress, and signal transduction [J]. Annual Review 25(1): 7—14
of Plant Biology, 2004, 55(1): 373—399 [22] Hoyle I, Shaw B J, Handy R D. Dietary copper exposure in

[10] Guo T F, Huang X S, Su M, et al. Effects of dietary copper the African walking catfish (Clarias gariepinus): transient
levels on the immunity, vibrio-resistant ability, lysozyme osmoregulatory disturbances and oxidative stress [J]. Aquatic
mRNA and Toll receptor mRNA expressions in the white Toxicology, 2007, 83(1): 62—72
shrimp, Litopenaeus vannamei [J]. Acta Hydrobiologica [23] De Boeck G, Vlaeminck A, Blust R. Effects of sublethal
Sinica, 2012, 36(5): 809—816 [ , s ) copper exposure on copper accumulation, food consumption,

growth, energy stores, and nucleic acid content in common
. , 2012, 36(5): 809—816] carp [J]. Archives Environmental Contamination and

[11] Shaw B J, Handy R D. Dietary copper exposure and recovery Toxicology, 1997, 33(4): 415—422

in Nile tilapia, Oreochromis niloticus [J]. Aquatic Toxicology, [24] Lundebye A K, Berntssen M H G, Bonga S E W, et al.



4 : fifm 763

Biochemical and physiological responses in atlantic salmon Toxicology, 2003, 70(3): 619—627
(Salmo salar) following dietary exposure to copper and [28] De C C, Petit-Ramel M, Faure R, et al. Kinetics of cadmium
cadmium [J]. Marine Pollution Bulletin, 1999, 39(1—12): accumulation and elimination in carp (Cyprinus carpio)
137—144 tissues [J]. Comparative Biochemistry and Physiology Part C:
[25] Mustafa S A, Davies S J, Jha A N. Determination of hypoxia Pharmacology, Toxicology and Endocrinology, 1999, 122(3):
and dietary copper mediated sub-lethal toxicity in carp 345—352
(Cyprinus  carpio) at different levels of biological [29] Roche H, Bogé G. Fish blood parameters as a potential tool
organisation [J]. Chemosphere, 2012, 87(4): 413—422 for identification of stress caused by environmental factors
[26] Samanta B, Biswas A, Ghosh P R. Effects of dietary copper and chemical intoxication [J]. Marine Environmental
supplementation on production performance and plasma Research, 1996, 41(1): 27—43
biochemical parameters in broiler chickens [J]. British [30] Fang Y Z, Yang S, Wu G Y. Free radicals, antioxidants, and
Poultry Science, 2011, 52(5): 573—577 nutrition [J]. Nutrition, 2002, 18(10): 872—879
[27] Atli G, Canli M. Natural occurrence of metallothionein-like [31] Wang W F, Mai K S, Zhang W B, et al. Effects of dietary
proteins in the liver of fish oreochromis niloticus and effects copper on survival, growth and immune response of
of cadmium, lead, copper, zinc, and Iron exposures on their juvenile abalone, Haliotis discus hannai Ino [J].
profiles [J]. Bulletin of Environmental Contamination and Aquaculture, 2009, 297(1—4): 122—127

EFFECTS OF DIETARY COPPER AT DIFFERENT CONCENTRATIONS
ON GIBEL CARP AND CHANNEL CATFISH
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JIN Jun-Yan?, and XIE Shou-Qi’
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of Freshwater Ecology and Biotechnology, Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072, China;
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Abstract: Experiments were conducted for 4 weeks to investigate the effect of dietary copper at different levels on the growth,
feed utilization, hematological parameters and the copper accumulation in gibel carp (Carassius auratus gibelio) CAS 111 [ini-
tial body weight of (128.6+2.0) g] and channel catfish (Ictalurus punctatus)[initial body weight of (159.4+2.0) g]. Seven
semipurified diets were supplemented with dietary copper (CuSO,-5H,0) at graded levels (3.1, 7.5, 49.8, 100.5, 506.9, 965.1
and 1491.1 mg/kg diet). The results showed that feeding rate (FI) of gibel carp was not aftected by the increase in the dietary
copper concentration (P>0.05); in the contrast the specific growth rate (SGR) significantly decreased. The SGR reached the
lowest value when dietary copper concentration was 1491.1 mg/kg (P<0.05). The feed efficiency (FE) showed a similar trend
to the SGR. The viscerosomatic index (VSI) and the hepatosomatic index (HS/) also significantly decreased along with the
increase in the dietary copper level (P<0.05), but the condition factor (CF) was not affected (P>0.05). The activity of the
serum glutamie-oxalacetic transaminase (GOT) was the lowest when dietary copper concentration was 7.5 mg/kg (P<0.05).
However, the concentration of the dietary copper did not affect hematocrit (Hct), hemoglobin (Hb), and the activities of serum
glutamic-pyruvic transaminase (GPT) and copper-zinc superoxide dismutase (Cu-Zn SOD) (P>0.05). As the concentration of
the dietary copper increased, the copper accumulation in the liver and the fish body was significantly elevated accordingly
(P<0.05), but the accumulation in fish muscles was not affected (P>0.05). Similarly in channel catfish the F7 was not aftected by
the concentration of the dietary copper rose (P>0.05); the SGR showed an apparent but non-significant decrease (P>0.05); the FE
dropped along with the increase in the dietary copper level (P<0.05); the HSI and the CF significantly decreased as well (P<0.05);
but the VST was not affected by the concentration of the dietary copper (P>0.05). In channel catfish, except for Het (P<0.05) the
dietary copper level did not affect the activities of serum GPT, GOT, Cu-Zn SOD and Hb. The copper accumulation in channel
catfish showed a similar trend to gibel carp. In conclusion, dietary copper at high concentrations could decrease the growth and

feed utilization in gibel carp and channel catfish, and channel catfish could be more sensitive than gibel carp.
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