PR PRI B A DU A T LA R R KR . AU BB A AR i R
FEE X ZR AEL B RS HA R E SRIREH MR
HIGH DIETARY DOSES OF ORGANIC AND INORGANIC SELENIUM ON GROWTH PERFORMANCE, TISSUE

SELENIUM ACCUMULATION AND BLOOD BIOCHEMICAL PARAMETERS OF GIBEL CARP (CARASSIUS
AURATUS GIBELIO VAR. CAS V)

LI Yuan-Ze, LIU Hao—Kun, GONG Yu-Long, GAO Wei-Ye, ZHU Xiao—Ming, HAN Dong, YANG Yun—-Xia, JIN Jun-Yan, ZHANG Zhi-Min, XIE
Shou-Qi

TELR %15 View online: https://doi.org/10.7541/2023.2022.0208

BT R R  HAB S EE

Articles you may be interested in

TN AP FE AR A FRBH SR IS A AR PR35 AR AR QI 5 i
A LONG-TERM CULTURE OF GIBEL CARP (CARASSIUS AURATUS GIBELIO) IN NET CAGES FOR 340 DAYS: EFFECTS OF
DIETARY STARCH ON GROWTH AND GLUCOSE METABOLISM

IKA A H2AAR. 2021, 45(3): 557-565  hitps://doi.org/10.7541/2021.2020.051

Bz o) S 7 AR M A AR AL bR MNP SR R
EFFECTS OF SIMULATIVE TRANSPORTATION ON THE PLASMA BIOCHEMICAL INDICES, BODY COLOR AND FILLET
QUALITY OF GIBEL CARP

IKAEAE2AR. 2019, 43(1): 86-93  https://doi.org/10.7541/2019.011

FF AP A A T A | TR SR A YL HE RO A

BIOENERGETICS-BASED MODEL TO DETERMINE GROWTH, FEED REQUIREMENT AND WASTE OUTPUT OF GIBEL
CARP (CARASSIUS AURATUS GIBELIO)

KA A HI2FAR. 2018, 42(2): 221-231 hitps://doi.org/10.7541/2018.028

Tl rRosE IR R A O S B PR RE L R E B L LIRS et e A R i

EFFECTS OF DIETARY FISHMEAL REPLACEMENT WITH MEAT AND BONE MEAL ON THE GROWTH PERFORMANCE,
BLOOD PHYSIOLOGICAL AND BIOCHEMICAL INDICES, MUSCLE CHEMICAL COMPOSITION AND TEXTURE
CHARACTERISTICS IN JUVENILE FURONG CRUCIAN CARP (FURONG CARP ¢ x RED CRUCIAN CARP &)

IKAEAH2A4R. 2020, 44(1): 85-94  hitps://doi.org/10.7541/2020.011
TRBE R P AN o R 8 — R R B A KM L AR FIIALTE A A8 s A 5 )

EFFECTS OF a -KETOGLUTARATE SUPPLEMENTATION IN LOW-PHOSPHOROUS DIETS ON GROWTH PERFORMANCE,
BODY COMPOSITION AND SERUM BIOCHEMICAL INDEXES OF SONGPU MIRROR CARP

IKAEAE W) 2AR. 2018, 42(3): 525-532  https://doi.org/10.7541/2018.066
AT 2 %o i A 1 R MEEAR D ZH 2 P R S A R R mi RN A s 3R 3R /K- 1 2

EFFECTS OF DIETARY SELENIUM ON LIPID METABOLISM AND MIRNAS EXPRESSION IN MESENTERIC ADIPOSE
TISSUE OF YELLOW CATFISH PELTEOBAGRUS FULVIDRACO

IKAEAEW2EAR. 2020, 44(4): 685692 https://doi.org/10.7541/2020.083


http://ssswxb.ihb.ac.cn/article/doi/10.7541/2023.2022.0208
http://ssswxb.ihb.ac.cn/article/doi/10.7541/2023.2022.0208
http://ssswxb.ihb.ac.cn/article/doi/10.7541/2021.2020.051
http://ssswxb.ihb.ac.cn/article/doi/10.7541/2019.011
http://ssswxb.ihb.ac.cn/article/doi/10.7541/2018.028
http://ssswxb.ihb.ac.cn/article/doi/10.7541/2020.011
http://ssswxb.ihb.ac.cn/article/doi/10.7541/2018.066
http://ssswxb.ihb.ac.cn/article/doi/10.7541/2020.083

KEMIEANT, PATHE LT



F4THEFESH
2023 4 5 A

KE A& Y R
ACTA HYDROBIOLOGICA SINICA

Vol. 47, No. 5
May, 2023

doi: 10.7541/2023.2022.0208

TR RIS T E B/ AR TGS 5 B sREDE Kt RE . HARER

AN & AL FEFRRY R

g L2 2 L2 2,3 02,4 2,3,4
EAET A2R OAEL wHEE fmett # £
R} 02 2 2,34
M= E AR KIH MEE
(1. KIEWGFE R, KIE 116023; 2. W EH BB KA AV 58 TR KRS S AR B K E S 5236 =, 5, 430072;
3. REEREERE KA, JEET 100049; 4. WAL E 7K = shWE 7= 5k TSR A+ O, X 430072)

FE: AR AR S FIE B YU AT 57 & R8I Carassius auratus gibelio var. CAS V)FIAEK M RE
05 5 FRARA L 2R AR A R b S5 7 THI R s, DARR RS S R O LA ) 0 ST 478 5% B (TG AL ) 1 D AN [ 2 28 i U, W04k
TR E N (62.95+0.23) g 57 B MR N 700 B, HEAT T ONIA90d R SR . S A5 R I, BIRbR AR N0 100
20 mg/kg 1A AU AN TCA LA X 57 & AR S0 1 A AARL R 40 I3 () 2R W 9 A0 2 0 (8. 38 52 M, A A LATG Ak 8 2 A 1 5%
UL A 2 o PRDARL AT LG (100 % o0 2 184 00 17 S 3 T /31 (P<<0.05); ARDAk Hh s in G AL X A 7 A4, 26710 2 5 0 (P>0..05)
FELARE R R A AU T DA i S B AR A K (P<0.05), 420 mg/kg AbFHZH ik B 45 75 (P<0.05); Tl R 7
110 mg/kg JEHURE AL 0 A 5 35 o 53 1 AR P A2 26 KR (P>0.05), {HL s 9k J3E A TE LT U 6235 AR 17 Lok
TE A K FE(P<0.05) 0 TRRLH IR AT LA 5 25 B T 57 B AR A& L, TR 10 mg/kg TEHLAR 2 25 FAK 57 B 4R
P9 JFFA5 L (P<0.05); sk o 8 A LA R G ATLAT X S5 5 AR B0 7 4k LU T SR 38 s o DAk s i LA AN TG
WURRES 35 $ v 7 Aty BFAR. BFHE. LA, B BRPEAR O & &, b g MU A B 8% . LA, PEARAD
S T 5 B 2 2 T LA AR B 4 (P<0.05) . BDRE AN NG HUATE AN JCATLAT S5 32 B2 i 17 L5 v 4 4 B )
&, PRAC T MR S 203 B 5 DL T G B RN 75 4 S B 1) 35 4 (P<0.05), 20 mg/kg A ALATIZH A1 10 mg/kg
TEA UG 2FL ML 5 25— 1) e AH . 3 PRI (P<0.05) . &5 L3R W S5 & ARG AADA) o i 7T (0 LT R TEH LR 2407
BRI 32 68 11 o R RIS KA WU R 5 B AR E90d, KR MEMEEM . R AP

AT HURR ELITCHUAR X S 1 AR L AT B4 (e it A A & AR A

X AU, LA, AERMERE EERL AkiEbR; AR
X EHE: 1000-3207(2023)05-0702-11

FESAS: S942.1 SCHERARIRES: A

2 3 B A B o mR e e &, B AFIE)
VIR FE IR G R, AR A AR B D RR AN Bt
YERT . HEE R RN TE LA A 0 2 Al R 5 0 T
WER £ . TEAIMAR N, A5 S 24 IR a0 B AH 45
G AR R, AR A
PR FOAI AR DR 20 B 55, FF6 Al £ 1 R 45 AR B ) RE
il P B 12 e S AT TR, A T8 1 74F Al i By S 4L,
2% Berzelius ™ R BLLLR IO — A2 2, i —E

k= HER: 2021-11-30; 11T HEA: 2021-11-30

B NR—MEEKTEY . EEI19504, HEFR
5% Schwarz 4 R I GEB5 1F H—Fh R T, A
HRHIEE FREIAER EE AT IR . 19574F,
SchwarzFll Foltz " iF 52 T Ay 52 T LA BT A 30
VIR IR GE, MBI A2, A0 30 P (A A F 8 T
TRV 19534F, fEFRE B RITA wih BRI,
SR R X PR N TR ER T A 5 S50 T o JULE B
PR L, 197943 B R 3R 1l T LA 20 His v
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S5H ARBEAE TR N R A HUR AL TC LA G 5 AR A RE L 2 BRI I A A FR B R 703

"™, B TR S A 75 R TC 2 B R
H AT AR 0 F5 I e &= CAR 2 2 A, Bt 2
FEATUEB TRREBUEAL . W L [ AR KA
P B RE S T R Z M AR T RE, SR E R
(il A7 Bl T sh P et R A .

A Z W CERIE 7K AES X&) il
(MR E. EKENYE IR D7, S5 2 LG
LA A T8 26 Bk v 5 7 2R, TER LA e 3 AL
1) 2 A R £ (Na, Se O ) i iR £ (Na,SeO,), Tl
il 2 A — LR R, W I E R, TR,
PR FEAR fEEMIERN BRI ES .
WG BT 9 v 5 22 S A HURR T JR 9™, o1l A%
TG RN BE BERN, A LA R 2B PR BE s, 2t
BLAARE AR, I HA HLAR Y 22 4 77 B i Y SO,
e Ao Rk b f od Al R 7S 0 7K P DL ) 2
B AR R E W B A BT . 7E R
5 B HRI(Carassius auratus gibelio) %)) X G 1]
WA, DLRRE AR K TIRIRCE . AR
2 A0 AN YL A ARG 25 B D Al 75 SR B ) 4R %, K
I CARE BEG AP RIS, S 7 AR TRDARL A 1) B 7R
RN0.6 mg/kg, LAVAR BB ARSI, TP Al

BOE TR N1.2 me/kg' . 7E R E R h R3S

(Carassius auratus gibelio var. CAS II1)%/J #. I 5%
o, USRI A MUIR, DU EIE 2 b
H IR EAE YIBE(GPx)T I ALV E B TEN 4R R,
T 2 (5] 945 31 7 B AR R 35 4y ) fR T
TR 118 me/kg™ . [FIRE AR AR B SR 1 A IR,
Fr R ) S B AR AR R TN G, R SIS £ 1 AR
Ko HESODMIT-AOCHH P i 45 Rt AT Lk Ml A
0T, RIEET AR ) A B, R R E
S 1) B0 B RLAN 7 R 0,73 mg/kg; S5 I IIE R
HBALBEE(SOD)IE 71 FUE JUA LB (T-AOC)iH
71, F& R 5 E AR AN 1) 7 Sk &= 11280
1.19 mg/kg” . 1ERLEE(Oncorhynchus mykiss){HF 5T
DA AR R BRI B, ST B4 £81 FROADG 75 SR 7R
0.38 mg/kg, Fr A AT SE505 i () 75 5K £:°90.45 mg/kg.
1t Je &' B . (Oreochromis niloticus) % il 75 3K & 1
W Fe R, DA AR B R A, Al ) e v D 2
1.06—2.06 mg/kg "#13.00 mg/kg" ", LA W4 A
A A S v 91,50, 3.00" 416,00 mg/kg!.

BE XTI AR R 1R AR B A Dy R, BIE S e R A
(5] ) A= B4R A ok ) BT ) b i ) o B A N &
LinAlShiau' LA K AT 85 BUE IR 18R, &
R A BT . (Epinephelus malabaricus) Wk
AR R B KT 420.77 mg/kg. LAAK AL
B8 1 RN ARE, RS 15 IE B (Lateolabrax

Japonicus) R KL A AR AN R I B VS I &8 0.63—
0.75 mg/kg. TEFWE 8 (Labeo rohita) MIH 7T,
TR RE A G oK Al B B 1A 310,30 mg/kg B BEAE 3 S AL
TR R AR A DR KRS, BLEL
RE 7 AT AEAE 7 1 S 9% BE 7 R VEAN AR i, DR PE b
t.(Argyrosomus regius) AR} EEREAR 138 B A N &
43.98 mg/kg' . #ELeFIFotedar' HIWF I, LAY
HAR R A A Ak B4 B 35 2%l (Seriola lalandi) )
AR} R BT B BRI S N M 5.56 mg/kg o

H10AN [F SR B Al AR R 2 B 2 R 1)
Jor PR 1 A g s A s, A B SO WU AT i
F Bl 7 2o Y B LA IR, T TG A LA )
SIBUR &b DN U 70k 1y RN G =
HUAE R4 4 AH T B, St} rp e 22 48 FH 1R ) 2R
FRAMARAT S 12245 A% CHRHR IR 22 248 M
) FE, VT T rRDR AR 7S 0 7 S P R ARG A I Ay
FRAN,  Fr il 72 TRDRE R I e e PR 90,5 mg/kg, HHE
FEVRINE0.1—0.3 mg/kg. PRI & 8884 1 Al i e
3, EE % 5 R 6T 7, 3l USRS
TN FF A 70 (V5 <2 mg/kg) . SRR 75 EE A7
B 1A FEA TS, 514038 A7 7E B RE S 11 2B
Je VT A8 S Lyt DXORTAE Sy e th A AR i A6 48 Uit
X o ALt AT 00 LI FEAS [R] R AL AL S P E L
TR L IS X SR B B ) R 5

Tt B AR M FH AR Ry 1) SRS MEAZ A2 5 T 5
I B RIS B AR DR, o s 5 A eh R}
557 (Carassius auratus gibelio var. CAS V)& H H1k
i b R L OFCHERZ AR FE Y E S & tH B . 5
AR AP AL, S5 A e LS S B AR K
JEPR, Bumae JIo, JEARAN M, HIREE E AR 2R
AR T A ST T S5 A ) £ 5 i AN A,
re B AN (R TR AP0 7 B AR 52 e A DG ) SRR 1E
8D o ARSONRFTEER R 7 A AL A TC AL
X5 BRI A MERE A B AR I 2R A= AL FE AR )
S, SR A AL R LA A A B LA A G AL 1Y)
IR, TEGRI IR A 10120 mg/kg AR, HEAT N
JHO0A ) FRAE S, Wt FT 4 Rk A B TR AN B AEAN R
KA TR E BRI, IF BT B il X S
shE] G T R W EAA —E 48 T =

1 MR57EE

1.1 SEIgER

PLNZ WS A MBS R A E 2 E AR, DR
KUER N B KA G PR, LA A 3 2
JIE 107 YR T R S5 A 4 R A e aliAk DR . SIS R T
FESAN AL HAE, KA HLA (AR B =R A LA
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47 %

T B B0 ) 2 o 06 9050 k) Ak, Pl 0t e AR [0 )
T B B T34 b 3 2H (1 7K P23 51 9 104120 mg/kg),
LA B AL (Wl KT N0) . FORFZRRE fa IR 5 5T
BEO, FBR BB 70 AR R R A
PR BN 5 At DR ORI 23, i SRR 1 ks L
(SLP-45, /1 [E /K= R} 20 78 B b i it AU 72
FnfilkL. SRJGTET0C FIET, A2 EEE1E4°C I
A SEIGRHEL 7 WL 1.
1.2 RS HFEERE

S H R RIE T A T E KK A A R A
], SIS R B K AR AT T BT E N )
(53] FF2 77 BEL 6T A P A s A 1 5 B i e el B A0 3 R
YAk 3 17) 45 K 9:00 4111 8:0045% M 28 L MM AL

1EFRIE LB R H K 7 AT . FRERR

R OIEHL(160 LYZHRR, H IR KA I NBRACHR B4

LA, SRR e . B RS TR
DL K T o SEBSHFUR T 5258 Lk 24h, S250JF
UE I BE MLk IE V- 24K F M (62.95+0.23) g FfEERR A,
WT KD FRE G NN R ZIGE R, FEL15E .
B2 UGB AL 23 74, B3NP AT, (A — 4L 4% e
LR GEDRE . SEOG A IA) 4 K 8:30 14:00F118:0045 M
PRMME, BRI G ER S, FRE
8] B K IR AR A TE Y (24.21+1.77) °C, 435<0.1 mg/L,
WHEA>5 mg/L, Z&<0.5 mg/kg, KM &
<0.001 mg/L. F#5E & 31H°890d.
1.3 SCIGEUH

FEHE LI BURE AT 1R YUk Rl 1 24h o X R GET
R, SRR TR HRRE . RRHLREHL Pk IE8 5%
i, JE R, A2 23 N IS RN -20"C UK
FE R ERAF, 93 A f0 A 35 A 1y N A F0 0

F1 IREHRENER

Tab. 1 Experimental formulation and biochemical composition

J7 £Hngredient (g/kg) Dietl Diet2 Diet3 Diet5 Diet6
TASAf #} Fishmeal 30 30 30 30 30
/N W4 B 1 Wheat protein concentrate 200 200 200 200 200
Ji% 25 [ Casein 200 200 200 200 200
T KEH Corn starch 260 260 260 260 260
4 i Fish oil 40 40 40 40 40
il Soybean oil 40 40 40 40 40
Tifi X 25 & iR Selenomethionine (mg/kg) 24.84 49.67 — —
WA R #4Sodium selenite (mg/kg) — — 21.90 43.80
WL TR (A & i) Mineral premix 50 50 50 50 50
4 R TR Vitamin premix 3.90 3.90 3.90 3.90 3.90
SALIEFL Choline chloride 1.10 1.10 1.10 1.10 1.10
=54k 42 Yttrium trioxide 10 10 10 10 10
4% 2 Cellulose 165 164.98 164.96 164.98 164.96
b5 4 B (g/kg T4 5T )Proximate composition (g/kg on a dry matter basis)
filiSe (mg/kg) 0.04 10.03 18.32 10.55 21.06
7K 4rMoisture 99.79 107.71 124.76 122.06 107.78
K4y Ash 48.38 56.14 56.02 57.26 60
}2 [4 Crude protein 410.47 391.69 393.04 412.02 393

7E: TASAf): Fh¥ Tecnologica de Alimentos Somos/y &]; B H 1 1l H HN A B R AR B RR A8 Nk E A IWHE LR
RRE B BR A B MACERRR: 412 =98.0%, W 5 ALt A R BURHCA IR A 55 SATEREN: 205 =97.0%, M B b E 254 41 2
WAEBRA 7] 2 TR (mg/kg 1kh: 44E K By, 20; f4E K B,, 20; 42E K B, 20; 44E K B),, 0.020; MR, 5; 12 B4, 50; LB,
100; 4R, 100; ZEME, 0.1; £F4E %K, 3522; 445K C, 100; 4i2E & A, 11; 4i2E R D, 2; 462E R E, 100; 4i4: K K, 10; 27 TR (mg/ke
L EALEN, 500.0; BREREE, 8155.6; BElE —SUHN, 12500.0; MR —&U4W, 16000.0; BEEREAS, 7650.6; B ER W 2%, 2286.2; FLERES, 1750.0;
BREREE, 178.0; BRERML, 61.4; BRIRHA 15.5; BRFR%S, 0.91; BULAER, 1.5; J& k), 899.7

Note: TASA fishmeal: Peru Tecnologica de Alimentos Somos Company, Peru; Casein: purchased from Gansu Hualing Casein Stock
Co., Ltd, Gansu, China; Wheat protein concentrate: purchased from Shandong Qufeng Food Technology Co., Ltd, Weifang, Shandong,
China; Selenomethionine: Purity =98.0%, purchased from Beijing Bailingwei Technology Co., Ltd, Beijing, China; Sodium selenite: Purity
=97.0%, purchased from Shanghai Sinopharm Chemical Reagent Co., Ltd, Shanghai, China; Vitamin premix (mg/kg diet): Vitamin B, 20;
Vitamin B,, 20; Vitamin Bg, 20; Vitamin Bj,, 0.02; folic acid, 5; calcium pantothenate, 50; inositol, 100; niacin, 100; biotin, 0.1; cellulose,
3522; Vitamin A, 11; Vitamin D, 2; Vitamin E, 100; Vitamin K, 10; Mineral premixes (mg/kg diet): NaCl, 500.0; MgSO,4-7H,0, 8155.6;
NaH,P0O,:2H,0, 12500.0; KH,PO,, 16000.0; Ca(H,P0,4)-2H,0, 7650.6; FeSO,-7H,0, 2286.2; CcH,,CaO45H,0, 1750.0; ZnSO,-7H,0,
178.0; MnSO4-H,0, 61.4; CuSO,4-5H,0, 15.5; CoSO,4:7H,0, 0.91; K1, 1.5; Corn starch, 8§99.7
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35k B AR MR E, R IF R0, RAWKEA
0.2%JH R AN PTRE T B 75 5082 mLIE S 4%,
SLI6 (1) R i kA i, SR TN IR FE 4 °C 1) O
#1(5417¢c; Eppendorf AG, Hamburg, Germany) 4 &
L2 10minf% #3000 r/min, B2 1128 5325 200 pl
B0 R EARAT T -80°C UK A, T 5 afn 3% A=
A8 R . ARJEHCH R AT AR E S BT
—20°CUKFELRAT LA VS JFE A B I P0G 5
HTERE ) 2 FE TN B B 48 b IR ORAF- T —20°C UK AR FH
T HrE RS R N 3R K AR E S
TN H R HRAF T—20°CUkAH, F T M LA
GRHTIR 8
1.4t

SEIGRPRL AN 4 B AR L 7K AR 7y
EZMAOACY 7. AN B e TR 76
7R K 48(ES-315, Tomy Kogyo Co, Japan)41120°C
AL EE20min, 557 51 J5 TN T5 CHEIR A H 1 2
TEEE, 2R 5By WO 25 5 B8 A7 T 20 CUR A Hh R A7
PAZ3 B A AL B o 0 5 BT AE 105 °CE il AR
M fEE, H R BRI E K B AR ELIRE &
{X(KD310-B-1116 KjelROC Analyzer, Furulund,
Sweden) 7€ F & H ; W8I 7E S Ak AL LBk
JIRpPlIE ), WA L) L 550°C 7823 K el iE
FEGh KT o

B R B IE L MR AR I BT R TR
5T EENL(D-37520 Osterode am Harz, An der Un-
teren Sose 50, Germany) 7% T, 28 J5 {8 FHH LA
TAE o R B R it 2 ok £ DY) J TR 75 "C LR AR T,
BER. FRTIALFSE S, SR F A 7 71 2 B
Z4t(Microwave digestion System, MARS6, CEM,
USA) i, K FH e RO 0% - FBR 5 45 2 1
PR 5 U iE v (High performance liquid chromato-
graphy-Inductively coupled plasma mass spectro-
metry, ICP-MS, NexION300X, PekinElmer Co.,
USA)ME kL, 4t BV FIE. B, MR
A B OB S
15 HEHERGIHAE

K552 2E K (SGR, %)=100%(InZ& K 4K B —In4]
A )R B

TR B (FE, %)=100x 5 {4 5 18 i &/ 2 bk
THAEE

JFFAA LU (HIST)=100x JFF AT 5 /44 5

B A L (NST)=100x 5 i 5 /44

FORE I (ADChry matter» %0)=100%(1—
TR bR G & B/ AR ICY) B )

1§ 22 3 AL R (ADC., %)=100%[ 1—(tal ¥} by

A& B P AR IC ) B ) < (S Al 7 /A
BErh il & )]

KB ASPSS 22.0(SPSS Ink., Chicago, IL,
USA)EAT G i3, s S kar il He IR 2543 41 (Sha-
piro-Wilk), £83d 77 2 55 PEKE 55 (Levene homogeneity
of viarance test)ffii i€ 77 % 5%, b J5 AT IR 2 7 %
7M1 53 BT (One-way ANOVA), & MK Fid A P<
0.05, & Ja xf % ZHEHR AT Ducan’s 2 L. #4045
o3 H a5 R B EAR R HE R RN o

2 %

2.1 FEMEAIFEBIFIKF X F B REDE KRR
=AU

o S ARk r ) SR A Ak S A AT S (R 1),
I LI 5 Tl A il ) i, o B ) R
0.40 mg/kg, S FRAMN VAR AR 1 S BR & 2 4 i N
10.03 F118.32 mg/kg, A HUATaL R} Al () S B 5 5
N10.555121.06 mg/kg.

WE VR, fERR R A HUR BT DL & 5
H AR 1 4 4 (P<0.05), B TR R HLAR A &
()T F v S AR R e A K R e BT I R R, TR
20 mg/kg AbFRZH HIA B B =1 (P<0.05) . FETARL
ITCH VAT 5 B BRI A KR R R E A, 10 mgy/
kg TEHUAR AL BE AL 5 % A (s e AE K R & &
F(P>0.05), Akl s oAU s I i — 20 T,
5B AR e A KR L T R 3 R B (P<0.05) .
BT A HLAR b 21 2H s 5 AR KR 3 = T LA
A FELH (P<0.05). FalARLHH N INAS [R] K P (A B LA Al
oML S T AR ) 7 7% 20 0 X 25
2.2 AEffEZEBIFIK T XS 57 B REDFT AR L Fn 'S
LNEd: b

W 2R, EEER R IE VUK T R E
R D A B, AEAS ] 7K ST (19 A B 2H ) 6 5 35 22
(P>0.05); 7ELARL IR N TCHUAR BEAR T 7 & AR A
RFAAR L, 10 mg/kg A0 20 7 BF 44 B K (P<0.05) .
A ML Ak 3 2155 TE LT A B2 20 1) A4 BL G S8 3 22
F(P>0.05). FELRE I HUAR AL IS HLAR 35 B A
T 5 R A L, H S AR B R T B 2 (P>
0.05). AT A LA AL S 44 b 5 e R LA b 21
H A B 2 22 5(P>0.05; 1] 2).
23 AEMmAYEBFKFEXFE RETHIRIE L
ZEFNRRE L RIS

Wil 3FTN, TAPRL A S NG LA AT TG HLAR X
B AR TR 0T 2R T AL 2R T B
(P>0.05); 20 mg/kg 3 HUAT A P 20 Al 2 00 4 11 56 5
F T 10 mg/kg A HU AL 2 2H (P<0.05); TCHLAR &b
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T ZH () PR WV A3 TG 2 35 22 7 (P>0.05) . AL
i Ak T 2L 1) 2 00 9 Ak R 2 /= T R LA Ak R 4
(P<0.05; ¥ 3).
24 A[EARHYSEBIFNK X 5
il ZE TR A S0

W 4ff7s, B DR A WA AL G AL S N
BT S, FERM AN EYEETS
(P<0.05), AT A5 A LA A 21 40 4 o (P & 30 12 3%
T oAU b B 4H (P<0.05)

B 5 Lk A AL R LA AN N () T v,
BRI AR e B T R (P<0.05). 20 mg/kg
AL Ak 2 ZEL U b A R T 20 mg/kg
TEHUARG A FEZH (P<0.05). BEE TR A5 HLAG AN TG AL
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Fig. 1 The effects of dietary organic selenium levels and inorganic selenium levels on specific growth rate (A), feeding efficiency (B) and
survival rate (C) of gibel carp
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supplementation (P<0.05). Bars with different lowercase letters mean significant changes among groups with inorganic selenium
supplementation (P<0.05). Bars with different * mean significant changes with organic selenium and inorganic selenium supplementation in
the same group (P<0.05). The same applies below
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Fig. 4 The effects of dietary organic selenium levels and inorganic selenium levels on whole fish (A), liver (B), kidney (C), muscles (D),

bones (E) and gonads (F) Se contenes of gibel carp
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Fig. 5 The effects of dietary organic selenium levels and Inorganic selenium levels on plasma ALT (A), AST (B), T-Bil-V (C), Glu (D),

Fe'* (E) and Mg2+ (F) of gibel carp
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HIGH DIETARY DOSES OF ORGANIC AND INORGANIC SELENIUM ON
GROWTH PERFORMANCE, TISSUE SELENIUM ACCUMULATION AND
BLOOD BIOCHEMICAL PARAMETERS OF GIBEL CARP (CARASSIUS
AURATUS GIBELIO VAR. CAS V)

LI Yuan-Ze"’, LIU Hao-Kun’, GONG Yu-Long’, GAO Wei-Ye”*, ZHU Xiao-Ming”‘, HAN Dong™ ™",
YANG Yun-Xia’, JIN Jun-Yan’, ZHANG Zhi-Min’ and XIE Shou-Qi~>"
(1. Dalian Ocean University, Dalian 116023, China; 2. State Key Laboratory of Freshwater Ecology and Biotechnology, Institute of
Hydrobiology, Chinese Academy of Sciences, Wuhan 430072, China; 3. University of Chinese Academy of Sciences,

Beijing 100049, China; 4. Hubei Engineering Research Center for Aquatic Animal
Nutrition and Feed, Wuhan 430072, China)

Abstract: To investigate the effects of high doses of organic and inorganic selenium in feed on the growth perfor-
mance, selenium accumulation and plasma biochemical parameters of gibel carp, organic selenium and inorganic sele-
nium were used as different types of selenium sources, and gibel carp with an initial body weight of (62.95+0.23) g was
used for a 90d feeding experiment. The results indicated that the addition of 0, 10 and 20 mg/kg organic and inorganic
selenium to the feed did not have a significant effect on the survival rate and the digestibility of the dry matter.
Moreover, the addition of organic selenium significantly increased the selenium digestibility of the organic selenium
treatment group (P<0.05), while the addition of inorganic selenium to the feed had no significant effect on the selenium
digestibility (P>0.05). The addition of organic selenium to the feed increased the growth of gibel carp (P<0.05), reach-
ing the highest level in the 20 mg/kg treatment group (P<0.05). The addition of inorganic selenium to the feed signifi-
cantly reduced the specific growth rate of the gibel carp (P<0.05), and there was no significant difference in the speci-
fic growth rate between the 10 mg/kg inorganic selenium treatment group and the control group (P>0.05). The addition
of organic selenium to the feed had no any significant effect on the hepatosomatic index of gibel carp, while the addi-
tion of 10 mg/kg inorganic selenium significantly reduced the hepatosomatic index (P<0.05). The addition of organic
and inorganic selenium to the feed had no any significant effect on the renosomatic index of gibel carp. The addition of
both organic and inorganic selenium significantly increased the selenium content of whole fish, liver, kidney, muscle,
bone and gonads, and the organic selenium addition group had significantly higher selenium content in bone, muscle,
gonads and whole fish than the inorganic selenium addition group (P<0.05). The addition of organic selenium and inor-
ganic selenium to the diet significantly increased the plasma glucose content, decreased the total plasma bilirubin con-
tent and reduced the activity of glutamate and ghrelin (P<0.05), and the addition of 20 mg/kg organic selenium and 10 mg/
kg inorganic selenium to the diet significantly reduced the plasma iron ion content (P<0.05). The results showed that
the high levels of organic and inorganic selenium in the feed were well tolerated by the gibel carp and the high levels of
organic selenium in the feed had no toxic effect on the gibel carp after 90d of the feeding. High levels of dietary orga-
nic selenium boosted growth performance and selenium bioaccumulation of gibel carp.

Key words: Organic selenium; Inorganic selenium; Growth performance; Selenic bioaccumulation; Biochemical
parameters; Carassius auratus gibelio
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