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X i I EAR

W OE. KRB B AR HET A PR E R E AR K E LT 0 E BRI, H #8 5 E
BE A48 F o 4R KT A AR T R 65 b 2 A BRI L R I A B K AR BR 4R A 4R R | SRR 5 st 4 BB
8% XA A A AR F 53 K A2 0.10.0.36.8.135.7.500.0 mg/kg #4948, 52 Wl 43 448 K F 25 5] A
14.21.23.95.37.01 ,135.63.499.63 mg/kg, A 49 IR A KA T IR F 4 (62.09£1.07) g &
660 d M A KGR HBEAK KRS ALAERS ik AIEHF, FAAHER LA
I (EL) , BARABRA30 BFeE, ERET . MERAAAKFOI G, RGBT R
AR A KR A F e AR, A R BN R I A R EARE T & £ AR 4 37.01 mg/kg
B, TR R ARERFM Z R RINRE, FRAKF AT LA S TR MiE AR R
MRANE REA L EH 0 (P<0.05), Ml FIEARILARERELEEH R (P>0.05), L& 456
MHAAERBHEBLEBERKTE, EERARNALAERERNANFESHAESIHEIESS &> K
Bk, 2 F 499.63 mg/kg AALAATIEAR S AR AL B R oe P 4L AR S AR (50 mg/kg) . 44
AR KT 3 65 E A H R B (GOT) A b B 82 B ( AKP) ZUE B 85 (LZM) 7E B £ 2 % % v
(P>0.05) , M FAFARKTF I3, & b5 i 5 7 5 28 (GPT) 4R 4548 AL 4 B AL B ( Cu-Zn
SOD) &M Afe %A EALRE /1 (T-AOC) It & B A T-F 44, L F i GPT F A I A 135.63,
499.63 mg/kg 4R 2 % & T 14.21.23.95.37.01 mg/kg 4748 ( P<0.05) , f2 7 Cu-Zn SOD 7% Mt Fe
T-AOC £ #L % 37.01.135.63.499.63 mg/kg 4A4L % % 3 T 14.21.23.95 mg/kg 4720 ( P<0.05) .
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IR, BE 5 SR ) | A A B B B A
A K LR G 5 LA K ST 3k g e b A B A
FIEE A0 00 B 48 T N AR A R R R IG,
b W58 3R WY ) ek A file = 2 o AT 10 28 4 B R A4
W1 AL i ( Cu-Zn SOD) i 14 H i il bt S Ak fig
F1(T-AOC) TR0 i f b 4 st ek 00 3 o 25
FWIE BUR R A 5EA Y R F i E Ak,
S0 KIS TG R B SRR

i ( Monopterus albus) J& S8 H |, & 60F}
HEAEFRFE MBS TCLRE S R 2
SRR 52 0H 2 B WG, I AR R BB SR A
BETRKEM LR, B Y TR E K S
B R — 1 RS A A SR AL 2, AT
WG IR TR AT T2, BN R 2
B2 P TE B I A 1 SN U SR T e
Py SR A RIS U A A, PR, AR e 4L 58
T WIS A ) ] KT Rk o B A AR S I v AR Ak R
B A 2L 35 R %) 52 ) | PR 9% B B 1 D S oK
T, B E DR R AR KT R DR R B A R
&%,

1 #MRlEFR*E
1.1 iRiE i R w

LTGRO K A7 7K 7 37 58 5 L Pk 3 600 2 3
TR (62.09+1.07) g BYJCHE Totn A5 fl R 96 1
BAER W BV NI s . K s pEPL N 5
W, ANEL, BINER 30 B, UEE YA
TEIA% 5 88 cmx66 cmXx64 cm [ W & 3 RHAE AT
WK I3 B8, 16 5% G A N ICE K 7 1a 5 TT Bh i
7 RIHTE, R K B SE HRK

B R LK B B2 4 ( CuSO, - 5H,0, 71 #r
afi, VU Bl b2 B A A7 B2 w5 77 ) A A ) e U
HARPRHEURHA I T VL8 KAG R AE YR A PR
Al AR 0 TRk A KT T T R 2 v R R
W 7K S0 BE TR T Sl 25 X RR ] BB (1og10) |, 7E FE il 17
P23 ERA1 0.10.0 ,36.8 ,135.7 .500.0 mg/kg 7
A A, SRR K CF 43 5 R 14.21,23.95
37.01.135.63.499.63 mg/kg, A 5B 85 i
80 H , MKz Iy 26 K o 7K B R el I A\ i VR B 56 43 TR
5Y RGOS T AT JRORE R ST R, 156 R R A
BB TR W 1,
1.2 FEER

TR TR TAEAE VL VG A0l R 2% K 7 57 il 2k Hh

AT RS EHR] 2019 4F 4 H 6 H £ 2019 4F 6 A
5 H, 360 d, FR5E W] DR 35 57 58 AR N K BT R 47
HARIKIR (21~ 30 T) , /K& 55 1 A 7K T Y
2/3, R HBWE 1 KRBT E D 1800, fR1EHEE K
P T T A7 ', 8 MR ST AR MR 43 A R, AR 4R
fie vz B IR ST B A RE 1 2 5 1 1 e 42 0z 52 il
B IRIR
1.3 HRXERSTHZE
1.3.1 ARKMERESEASEE

FRFH R B0 45 S BURE  BURE AT/ 1 d, AR
BN % BE A BB DR RSB F BB R
(WGR) FiE A KA (SGR) ikt R £ (FCR) ; A
BEAFRIEA P REVLAMER 4 R E g (B4 16 B) , K
AR S SR, R I 5E B K B TG
TAEG b A7 A 5, AR O BP9 Ik AL A E
TGN 2 SURR E, TF AR AR L (VST R L
(HSI) ML (CI) MEA EE (ST) A& (CP) Al
N BE (CF) o MCHER IR AT .

HAH R (%)= 100x(W,-W,) /W, ;

L EAEKE(%/d)=100%x(InW,~InW, ) /1;
TR R =F/(W,~-W)) ;
HEAR L (% ) = 100X W,/ W
HFAR L (% )= 100xW,/ W
Wi (%)= 100xW,/W;
AR (% )= 100xWo/W;

HARZ (%) = 100xWo/W;
AEH R (g/cm®)= W/L?
Kb w, W, 43 5IARFR L B E ) 1 ERTR
B (g) s RERFRI R B (d) s F R E (2);
Wy Wy W, Wy W K W 53 B 3 BURE 3 i Py I
JERE BE RGE R AR R 4 FE (g) s L AREREL
FEE AR (em)
1.3.2 BRI EHE
B 6l R B K 2 & U E 2% GB/T 6435—
2014, MK 53 & 8 2 2% GB/T 6438—2007 , #l
JIE W & & 2 2 % GB/T 6433—2006, #l4E A Ji
FHES % GB/T 6432—1994
1.3.3  TalRLA 7K 1 e B 4% 20 2V & AR e
T LR 7K S B B B 4% 2H 240 5 R I g T Tk
Z 18 GB 5009.13—2017 H14f 2 325 (KA R 7
DI ) |, SR TR T M A7 RE T AR B I
WS RIS TAS—990A (bt 53 4 38 FH AL #% A R
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Table 1 Composition and nutrient levels of experimental diets (DM basis) %
i H #i 7K Copper level/ ( mg/kg)
Items 14.21 23.95 37.01 135.63 499.63
JEB} Ingredients
a4 Fish meal 45.00 45.00 45.00 45.00 45.00
M1 Soybean meal 16.00 16.00 16.00 16.00 16.00
/N# Wheat 20.00 20.00 20.00 20.00 20.00
Tk Cormn 10.00 10.00 10.00 10.00 10.00
4% H Compound protein"’ 3.00 3.00 3.00 3.00 3.00
YU #ENE Lecithin 1.00 1.00 1.00 1.00 1.00
£f1 yH+ =y Fish oil+soybean oil (1:4) 1.50 1.50 1.50 1.50 1.50
iRkl Premix” 1.50 1.50 1.50 1.50 1.50
Wiz — %5 Ca(H,PO,), 2.00 2.00 2.00 2.00 2.00
411 Total 100.00 100.00 100.00 100.00 100.00
BANE I KBRS Adding extra CuSO, - 5H,0 10.0 36.8 135.7 500.0
35K Nutrient levels”
HLEE M i Crude protein 45.39 45.45 45.50 45.46 45.11
HLIEW Crude lipid 8.59 8.55 8.72 8.84 8.72
MK 4> Ash 11.24 11.17 11.23 11.22 11.44
#i Copper/(mg/kg) 14.21 23.95 37.01 135.63 499.63

1) B AHEA B KSR E A S5SH% 1:3 B9 HeFIBC Sl The compound protein was prepared by soybean protein concen-

trate and earthworm meal at 1:3,

2) F iR B N 8 T 52 1 Bl $2 it The premix provided the following per of diets; VA 6 000.0 1U, VD 2 000.0 IU, VE
100.0 mg, VK 5.0 mg, VB, 15.0 mg, VB, 15.0 mg, #H& niacin 30.0 mg, VB, 10.0 mg,{Z i pantothenate acid 25.0 mg, g
folic acid 0.2 mg, VB, 0.03 mg, 4= #) % biotin 0.2 mg, VC 100.0 mg, JLEE inositol 100 mg,Zn 40.0 mg,Fe 150.0 mg, Mn

20.0 mg,1 0.4 mg,Co 0.1 mg,Se 0.1 mg,Mg 50.0 mg,
3) SL{H Measured values,

1.3.4 M35 A e g dnill

KA 5E WU B M T 4 CHEE P E R,
BT 4 CE&MFLL3 500 r/min .0 15 min, B |
THIR T =80 TR /A7 £ I MV vh 48 T4 % 2 i
(GPT) A5 HikE 5 B (GOT) | Bl M W R s ( AKP) |
W (LZM) .Cu-Zn SOD 5 & T-AOC, ik
FE AR T ) 6 40 T e o R A ) TR
FEIT, D 20 PR 2 G S E Ul B 5
1.4 HIELNESSW

IR 45 R TV 2 {H £ 47 £ 1% (mean+SE ) &
7, JH SPSS 22.0 3 AF#E 47 5L 2 7 22 53 BT (one-
way ANOVA) , #5741 [i] 22 5 . % , -k H Duncan
RIEHAT 2 E I, B KN P<0.05,

2 ZEREHMH
2.1 (AR KT X B 6 A K M RE R R
13 2 Al 1, G GRDRHER K7 59 T, B Y

R FeE B R BERgE LTS TR S R
E A UERS N STl oo i) Sy - R S X1
V2R 37.01 mg/kg WA fe A 4 AR 3R I A ) L A%
o DVEREFR HOR 3 R AR N IR R A T
2 8105 43 BT A 1 B 6 Xof Rk v 0] ) 5 SR B 43 0l
44.29 45.84 mg/kg(E 1),

2.2 fRARBEKENEEESSERER SN

HI 2% 3 T Al Al K - Xof o 1) JUEAAS e L JH
(NN 7 N LR N AN RN T R R o o T 2
0 (P>0.05)

12 4 R AR AR K P o g 4 £8 K o3 R
BB SO 7 3 5 6 W 3 52 e ( P>0.05) , &1
FER G5 2 DI 26 30 iy e ]k 40 7K P 16 I v 1T 3
JnfY i #, 135,63 ,499.63 mg/kg Hi 4 % = T
14.21 .23.95 37.01 mg/kg 4l ( P<0.05)
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Table 2 Effects of dietary copper level on growth performance of rice field eel ( Monopterus albus)

Hil 7K W E R E R FREAERKR G
Copper level/( mg/kg) IBW/g FBW/g WGR/ % SGR/(%/d) FCR
14.21 62.54+0.97 85.12+2.64" 36.11+3.71° 0.51+0.04° 1.27+0.22°
23.95 61.31x0.39 84.19+1.56° 37.34£2.58° 0.53+0.03° 1.22+0.10™
37.01 62.41+0.43 94.23+2.60" 50.85+4.28° 0.68+0.04" 0.98+0.79*
135.63 61.80£0.43 91.43+1.29° 47.93%1.56° 0.65+0.03" 1.17+0.08*
499.63 62.39+0.08 81.48+1.38° 30.60+2.12° 0.44+0.02° 1.74+0.16°

() 51 K4l JA G 7 B O ) 7 B R R 22 5 38 (P>0.05) AR R/ING PR 257 B3 (P<0.05) , TR,
In the same column, values with no letter or the same letter superscripts mean no significant difference ( P>0.05), while

with different small letter superscripts mean significant difference ( P<0.05). The same as below.

0.9 0561
2.0 UL 0.8 A
1.8 .
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1.6 e
o 14 z 0.6
2 12 g 05
= 1.0 o 0.4
¥ 0.8 m 0.3
?\-
Z 0.6 & 0.2
E 04 ' -
0.2 0.1
. 0 { X=1.661 2 (45.84)
0 :
1.0 1.5 2.0 2.5 3.0 1.0 1.5 2.0 2.5 3.0
1A KM K F Dietary copper level (log10) AR K F Dietary copper level (log10)

E1 KRR REEERATMERETT& DRI TEEN AR PENERE
Fig.1 Analysis of dietary copper requirement of rice field eel ( Monopterus albus) by broken line

regression with FCR and WGR as evaluation indexes

R3 ERSAKENERERSSHHIM

Table 3 Effects of dietary copper level on morphological parameters of rice field eel ( Monopterus albus)

i 7K JIEAR L JIFA L 71Nz LA L i 5 JIEL 6 32
Copper level/(mg/kg) HSI/ % VSI/% Cl/'% S/ % CP/ % CF/(g/cm?)
14.21 5.06%0.35 3.44+0.45 1.70+0.08 0.30+0.10 79.19+1.74 0.26+0.01
23.95 5.27+0.37 3.41+0.50 1.98+0.21 0.33+0.09 78.68+1.77 0.27+0.01
37.01 5.24%0.29 3.12+0.40 1.83+0.16 0.31+£0.07 78.64%2.00 0.27+0.01
135.63 5.79+0.38 4.09+0.65 1.75+0.18 0.31+0.06 78.88+1.70 0.27+0.01
499.63 5.10+0.20 3.05+0.41 1.80+0.22 0.33+0.05 78.69+1.81 0.27+0.01

R4 ARHEKF T & SRR AL S B RN

Table 4 Effects of dietary copper level on body composition of rice field eel ( Monopterus albus) %
FKF Ky ML IR HLIRIT; WLy
Copper level/( mg/kg) Moisture Crude protein Crude lipid Ash
14.21 70.70+0.84 17.57+0.28 8.20+0.58 2.49+0.11°
23.95 71.73+0.62 17.69+0.72 7.98+0.49 2.52+0.10*
37.01 70.95+0.86 17.89+0.65 8.15+0.59 2.57+0.06"
135.63 70.20+0.39 16.84+0.28 8.44+0.92 2.69+0.06"

499.63 70.94+0.73 16.95%0.57 8.56+0.47 2.97+0.12°
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2.3 {ERHE KT XY E A D E E R A0

i3 5 A %01,499.63 mg/kg fi 2H 4> i JT I
Wil JEAE R E RS e, R E AT
HAh A5 24 (P<0.05) , B WE K UL P A4 35 R 1 4% 41
J) DU G 8. 3 25 5 (P>0.05) , WLEE B 6 4% 2H 2 4]
B E AT DL B, 4 2 E R T
H, H % B 52 kL oK ST By 52 e 5 K SE R

R5 AREKEEEEHALARFSRI

499.63 mg/ kg WL F1 iz 38 H R 5 R 4 i) 2 i
KN 14.21 mg/kg WHG 59.28 F19.07 15, BEE
TR 7K - 68 TR M v AR i T B I R AR
Ak, LA B AR 7 4 7K OF A 499.63 mg/kg i
e TEAK R 37.01 meg/kg Wk Z I B &
FHK 9 14.21 ,23.95 ,135.63 mg/kg i} (P<
0.05) .

IS0 (B EEA)

Table 5 Effects of dietary copper level on copper accumulation in tissues of rice field eel

(Monopterus albus) (fresh weight basis) mg/kg

K il JHF 731 IO e JILA Bk

Copper level/(mg/kg) Whole body Liver Intestine Kidney Spleen Muscle Skin

14.21 1.92+0.38" 3.50+0.63" 3.15+0.80" 1.89+0.37 0.61+0.30°  0.15+0.09 1.02+0.23"
23.95 1.73+£0.41° 3.98+1.12° 4.31+0.09* 2.51%0.25 0.23£0.14° 0.13+0.05 0.98+0.31°
37.01 1.99+0.41° 6.24+1.79" 4.12+1.07" 2.12+0.40 1.57+0.12°  0.28+0.05 1.29+0.37°
135.63 2.59+0.49°  41.46+9.79° 9.87+0.18" 2.27+0.19 0.87£0.19°  0.48+0.09 1.44+0.49°
499.63 5.12+0.34" 207.48+3.30" 28.11£9.10° 2.15%£1.41 3.65+0.23°  0.43+0.07 2.35+0.46"

2.4 AR K T x B I 5 A L B AR B2 IR

H 2% 6 AT, R} 4 AP XoF 2 6 il v GOT
AKP LZM G PETC 5 00 ( P>0.05) . Fifi % 4k
K- T, B EEINL TS GPT ,Cu-Zn SOD i Pl
T-AOC St Jata TP A, i il GPT 1 #E 3R

PN 135.63.499.63 mg/kg 4 B E & T 14.21
23.95.37.01 mg/kg #1141 ( P<0.05), Il ¥ Cu-Zn
SOD % ¥ 1 T-AOC % # & 37. 01, 135. 63,
499.63 mg/kgfil 41 W % & T 14.21,23.95 mg/kg
B4 (P<0.05) .

R 6 fARHEK TR B8 M E &L IR R R

Table 6 Effects of dietary copper level on serum biochemical indexes of rice field eel ( Monopterus albus)

Ak PN P . S RYTEALRE S 1 A Ik AL
P REREN R VAS RT ty N

Copper level/ T-AOC/ Cu-Zn SOD/
GPT/(U/L) GOT/(U/L) AKP/(U/L) LZM/(U/mL)

(mg/kg) (mmol/L) (U/mL)

14.21 5.97+0.63" 31.88+2.31 11.12+3.25 262.69+25.19 0.52+0.03" 121.47+0.26"

23.95 5.99+1.06" 33.12+3.63 13.12+2.53 256.99+22.11 0.51+0.05" 122.57+2.12°

37.01 6.38+0.59° 34.32+5.67 14.00+2.36 244.40+9.62 0.75+0.05° 128.09+0.45°

135.63 8.03+0.36" 38.61+4.10 12.21+3.06 230.45+29.37 0.75+0.03" 125.20+0.19°

499.63 8.42+0.38° 38.53+4.32 14.66+3.66 247.39+17.54 0.69+0.05° 125.39+1.35"

TR PR PR bR, 8 Pk [ H A 2 B 9 B )
3 i BHR KDL 44.29 ~ 45.84 mg/kg N'H, EA W5

3.1 AR K 3T 8 A K AR R BN

Fr 58 sl A A B R K e Ak 2R 1 e AR A
AR E R RS AW EEE AR, ARG,
14.21 .23.95 } 499.63 mg/kg i 41 & fif i) 1% & %
S FR B 22, U B RDRER Bl = B0 8 S
il 0 11 A K, BRI S5 . DA R R B B 3

T, X OR TR R R AR AN 2~
3 mg/kg' HEH N 3.1 ~4.2 mg/kg' ™ I T
7% 7~8 mg/kg"™ KK 4 10 ~ 13 mg/kg'™ |
BE S X i Ay 20.2 mg/kgt | A Sk 5 4 0
25.17~25.65 mg/kg! ' PR T AR 075 1 1Y) 2 i
XP AL R AR 1Y) T SR A 3 T AR S R R S M
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Ko ASRFM KR Y B 4 Jm 3 H AE K IR T
R Bt A 7 RO o A TG A TR B 2 K )
AR S TE K IR BRI O LA A= W o £, 3 {1 15
BETE 5w TR X e AE — e R LoRAk T
M XoF Al 1) ) FH R 7, BRL T X ) Ak v A 1 7 R R
B o
3.2 (AREKE T EERE S R RS BT

W98 2 B, T i T Rk A 7K T 2 I 25 AR 2 550
PR o A HE R 4 a0k 10 2 000 R i A
BECHIZKSE 2 400 mg/kg) 5 2l 0 T4 L A e
T S AR AR UK F 5 900 mg/kg it
3| RV T e A G S S BRI 5 AR K P
Fh 2 B3 AR S5 4 000 R0 BT R e Y A
Fet {EAA W 5T S AN [ 4 K SF Rk X R
1 R T B A S B AR LAY T Y
M, bR 56 45 R B AN TR AT g 5 X 4 K
JELIBT i 30 )k A KO B 5B R 25 A K
TEACT S ]k A K - 19 22 S A8 2 DA 3 A 20
Vi) 3 B AR S 85 0 4 K 4y RELER 15 KL 0 2
I 5 2 5 A A0ORE K A3 o U i A ek AR 7K
S T T RN 35 7 A R R 8 1
FRF 5 235 SR AR ARL, 000 3 ok ot 3 60 45 SR 1) 3 22
PR ) 70 2 TR AH FAEH
3.3 {EARMEKE T E i A LR E RN

S I E 2 A Y 32 AR AN, TR A 48 At
A 2 22 (R AT R SRR IR T 2 A v R R
BRI, 4 AN AL B JHF I v A A7 1) i S mT
BUARFIH Y S FEA IR I v, 28 66 JIT O 4 25 00 o I
5, SRR A R ) | B A B ke
AR AR 4 AR ], 4 f0 40 B TR S A
A E KT R A AR AR P, 7
14.21 .23.95 .37.01 mg/kg fil 20 22 8] 4 10 4 25 FH
ZRANWER RS REN BT BEES,
ZEAIX 3 A e AR K R, S N IR AR B
PR RE A% 00 U1) S 1) S5 L B S A 5 7 R0

Wil 2 2 WO B B R R Y R AR E
FEA 56 o, B 38 R R IR (K T R
14.21.23.95 .37.01 mg/kg) 2H 5 /& 4 (46 K7 K
135.63 .499.63 mg/kg) 41| L i &% R (H4
B # AR AR 14,21 ,23.95 .37.01 J 135.63 mg/kg
i 2 1) 2 S A 3, 3R WARDRHA KO T 75 oK B
P B 5 fizp 1 XoF ) ek A LA R %) W ST RE T R
i 7K O e TR R e I S A — e AR L RR S

Yok /Ll 118 W2 WAL R 52 2 R AL AR B KO 1 R R R
7E . Clearwater 252 75 by 2 £ Wz Ut 5 49 A3 1) BF
FEH R B G 2 E b B BT (Cutt) R E
26 mg/kgfe T+ & 192 mg/kg B}, 77 38 X 1 52 i W
WA Fr) R i B 0k A P T R v R TR
Thin . USRI A v 4 40 P i A AL O < 2
R 3 A RN, P A KR R A kS | s
MAIET- TS, 1 W 1 E AL B, D I 5] & B
Ty Re BE i, A K 8 b, WOk K O 35 F)
499.63 mg/ kgl #5 fif 4> f0 4 & A B E LT, X
3¢ U B 05 fi T X 2o 1 K i 4R 1 5 32 KB B
RE 7 B, 2 2 0 4 T i i g v 06 P 3 5 45 , 0
e TR B T % A0 1) e A

IR 2 £ 24 B A A R S B R L R
B A TRk v R TR i G O A B R 1
(1) TR B T T B A 1 e e v ML TRDRHE KO T
o | B T 6 £ A T ) 25 R % B R TR R L T
HE P IR P ARG 37.01 mg/kg 41
fie i A K B A 0 T) o 3 S AR T T A
FRE, 00 B TT BB R R 4 A B ) RE G B
wE.

N T FRFE KPS B ) e 2 F A bl e 356 U %2
P PR N B A E LA TR i R
SIHE MRS R B TR A kLR
T STEK =S LA vk B B K = 77 Bl
W EAEEE L, EARKKE A, BR 499.63 mg/kg
Y] 21 A U ) S R B bR A, 4 R HoAth 4 41
& R4 TR E GB 18406.4—20017" & NY
5073—2006" FHILAE (4 4 B BUE < 50 mg/kg HY
FR, HLA [R] 4 7K S 4 e Xt 8 f L A ) 25 R o G
2 R FLL PR A B e B LR R 0.48 mg/kg,
XA BE A SR ) A K R
SR 2 | R AT S 45 R — B, AE LG
R 1 BB Rk B0 R kb SR A B R T T LA
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Effects of Dietary Copper Level on Growth, Tissue Copper
Accumulation and Serum Biochemical Indexes of
Rice Field Eel ( Monopterus albus )

LIU Yu WEI Lili ZHOU Qiubai® YANG Xin JIANG Wenhao HU Chonghua
ZHANG Wenping WANG Zirui
(College of Animal Science and Technology, Jiangxi Agricultural University, Nanchang 330045, China)

Abstract: The dietary copper requirement of rice field eel ( Monopterus albus) and the accumulation rule of
copper in rice field eel tissues were investigated in this experiment, which provided the basis for the dietary
copper level and the food safety of rice field eel. In the present experiment, chalcanthite was used as the copper
source, and 0, 10.0, 36.8, 135.7 and 500.0 mg/kg copper were added to basal diet in the form of equal loga-
rithmic interval, respectively. The measured values of copper level in the five diets were 14.21, 23.95, 37.01,
135.63 and 499.63 mg/kg, respectively. The growth indexes, morphological parameters, body composition,
tissue copper accumulation amount and serum biochemical indexes of rice field eel with the initial body weight
of (62.09+1.07) g were measured after feeding for 60 days under the same aquaculture conditions. Each diet
fed to 4 culture nets with 30 rice field eels in each culture net. The results showed as follows; with the dietary
copper level increasing, the weight gain rate ( WGR) and specific growth rate ( SGR) of rice field eel in-
creased firstly and then decreased, while the feed conversion rate (FCR) decreased firstly and then increased.
When the dietary copper level was 37.01 mg/kg, the WGR, SGR and FCR were the best. Dietary copper level
had significant effects on the copper accumulation amount in the whole fish, liver, intestine, spleen and skin
(P<0.05) , but had no significant difference effects on the copper accumulation amount in the muscle and kid-
ney (P>0.05), and the muscle copper accumulation amount in each group remained at a low level. The cop-
per accumulation amount in different tissues was in order as follows: liver>intestine>spleen>whole fish>skin,
among which the 499. 63 mg/kg copper group exceeded the national safety limit of copper in food
(50 mg/kg) . Dietary copper level had no significant effects on the serum glutamic oxaloacetic transaminase
(GOT) , alkaline phosphatase ( AKP) and lysozyme (LZM) activities ( P>0.05). With the dietary copper
level increasing, the activities of alanine aminotransferase ( GPT ), copper-zinc superoxide dismutase ( Cu-Zn
SOD) and total antioxidant capacity ( T-AOC) in serum of rice field eel increased firstly and then maintain sta-
ble. The serum GPT activity in 135.63 and 499.63 mg/kg copper groups was significantly higher than that in
14.21, 23.95 and 37.01 mg/kg copper groups ( P<0.05) , and the serum Cu-Zn SOD activity and T-AOC in
37.01, 135.63 and 499.63 mg/kg copper groups was significantly higher than that in 14.21 and 23.95 mg/kg
copper groups ( P<0.05). In conclusion, feeding appropriate copper level diet can improve the body antioxidant
ability of rice field eel, and insufficient or excessive copper will reduce the growth performance of rice field eel.
Copper is mainly accumulated in liver and intestine. Feeding high-copper diet will lead to copper accumulation ex-
ceed standard in liver, and there is a risk of liver injury of rice field eel, which has no obvious impact on food
safety of its muscle. Using FCR and WGR as evaluation indexes, the copper requirement of 60 to 95 g rice field eel
is 44.29 to 45.84 mg/kg.[ Chinese Journal of Animal Nutrition , 2020, 32(4) :1800-1808 ]

Key words: rice field eel ( Monopterus albus) ; copper level; growth performance; tissue copper accumulation;

serum biochemical indexes
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