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BRFREERRRLRNEE Sl =& 5 KM RN AL M BRI S2

FWR FRT F o4

W wER x| P

(PR MBHE R BB 2B, K S8 7 5 R R 2 5K 06 %, # 712100)

FE: I B LIRS AR 46 25 1 (Cottonseed protein concentrate)7EUEN AN I BHifi (Yeast selenium, YS)X &

i (Ctenopharyngodon idella) ¥ 14 GE R 5 5

RN BeUh T ARPSE RS IR SRIR T RE, 20 A AR S AR AT IR

45 8 AR N0 (YS0)s 0.3 (YS3). 0.6 (YS6)10.9 mg/kg (YSO)FEBFfl; S 46 2% BUW] 46 44 5 M (309.74=
0.36) gl EL1240)2, BENL 7 iidh, 7 BT MRAFp S IR 1Rk}, 7t I% X F8 s o e A HAS4d I FRiE Se 50 . 45 R BoR:
(DTEA K AE T, 5 YSOZ AL, YS3ATY S64H B 1 71 A= 4 1 B I TG I 38 14 25 7 (P>0.05), YSOZH % fa [ 44K
PREE . 1 E RS E AR KRB E BRK(P<0.05). ()FENLIALG R J7 TH, YS3ZH B i LA R (1 & & fili &
2. BIERS s M6 E EE S T YS04L(P<0.05), ULNAF4E B2 B # KT YS04(P<0.05). W3R, £

AT IR A 5 B R rh S0 3 R A (BRDRHA 25 0 0.6 mg/kg), o B2 ) A K fE

S, Hon @ b v

AU A I PR R R SR BT A0 JULPA o, (E I B A e RS 2 B A £ ) A TR R

XRIE: MRRPRLE R 1, EERRAN, AR WUASRG,
XEHS: 1000-3207(2023)09-1408-08

PESIES: S965.1 SCERFRIRAS: A

i (Ctenopharyngodon idella) & 5 /=&
foe i A g £ 1, 202 14F 3R B B 40 7 B ik 57675
I, o 9 K il B 19 18.08% 7 BT ST At & B,
FrkF & 46 & [ (Cottonseed protein concentrate)5& 4%
B A A AR SR HVLA it i A — 8 AR A
A, (R H A K R R A e ™ AT o 3 T
TE LS K SR 8 B DR B B R 1R B A
ROR, IR FT B B ORI Sk 4 22 )
TRPRHEC 77 B0 # B R O, PLIE O AE 3 iRk 4 R 1 1)
TRPRL AR I BEA, DAY MR IR 46 B 1 A AR
AT B B R S

WEAF R 4 T 1 2 e VR vk L i AR I v
AW R B MR- - T = AR ZEBUE S A W E A
W T R AR R 3 — 2 L S AU SR R
PAREAGTEE S, PUE RS EEKK—
BRE AW BT R B, R R B —
T, (HRRAF IR 4 iR AR B & Mt E F7 1 (1
Wy G IENIER . MR, $T5%). B, mEk
O R AR £ T S S A PUE 7R R AT e 20

ks B H#A: 2022-08-30; 1&1T HHEA: 2022-11-11

FRFA BN = A RS2 . AR IR 4 B T B b
My AR TFEESSEEAM. HRELS
&)@ E T, DIERA 5 TR E R =6
Y, B AR R AR E S e 2R Y. mm
XFILAR, AR DOE S R R I & s R R
R BRAXFPAST G o

e b TR E FR R, LEK 7 S I e A=
Kt RIEEEREEERT Y, BRIk
= & SEHUAEACE IR R4, T8 TR E e i,
RPN I3 B A0 ] i 2k K AR B A R AR G, 3 R
PUNRE 1. PUEACRE TR % BE 70, GE LA
JE" S TCHUARRE B, A LA R R . A
e A e b SR A A, AT IE I MR A& AR,
TENLR 2R DU LA 1 2COTAR, AT 32 7 £ 28
MR KRS BrALRE AL SR R
(Yeast selenium, YS) 3% tH— PP & 7 8B 3 A0E
il 2 0N ) 355 7 22k v 35 77 I T BE U AR M) R e 5 B 49
BNy FERF TR R b, O b A AR 7 5 B
IR R, 2o i AR A OB fe DA LA 71 207
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FET I BRI b o R e R0 il 55 7R 15 21 1 1
B, AT g5 K PR R b 25 B R A T JE LA, Pl
W AN I S A 0 A AL B R T T
Ay L S

LA i 2 — A B IS, FRIE LA E 77
FR A UG F A v s LR 3R R ) A LR
Wi MEE. fERAT YT RS R
ELFEEEE . PHMEIE . RENVE. RFE. . [
SRR BRIk A, RKTT. pHAE th
T FRBE S LD R A B AR AR

fegifn! WT % (Oncorhynchus mykiss)m]\ Bl
W iH(Megalobrama amblycephala)[m\ TH it (Pelteo-
bagrus fulvidraco)[l”*l]):b%' %kt (Oreochromis
niloticus)" 257K 7= 34 b fRIF 5 2 W 8% BEAI F
— MR E S I B RN ROR . BRibZ
A1, A BT TR BIARDRE o FRI AR 1 B S AR5 ) AR
WA 3 B SR SO R DR O K (ERESR =
5% ST M SR TR FR AN TR B AR I AAE B
FF U A7 B 3 URDARH S N T8 BRI 75 7T LA AR A FF
95 R B U R R o B AR ) ST SR, AT
& T PR AR MR RE AL BT 2 DR, AR S S
FESRH BRPEE bR AT v 4 2 5 A0 1 BR 08 45 o P X
e AR A BEANILIAL it ) S, DR R i B
A B AR e R N SR AR DR

1 #R5RE

1.1 KRR

DA IR N = B B 7R, Mk . %
FAFIRTAG S5 4 v = BLR 8 U, L T 4% &
BT 73 7 R 29% A1 5% 1) &5 280 55 i S 3 v, HAy'So
R SRR | A R R R R, YS3. YS6F1YS9
73 ) Fe AL LA EDRL A 00,31 0.6 A10.9 mg/kg
Pt BEAR (% 1). B RRAT HH I8 b 22 B BRI 0 5 PR
Al GALE B)Fett. BT ERLE R R 60 H i,
SR i 4% FR AR 7 RS B FR B - PR ERDR B R, 78 40 TR
A1 5 F R AL ) R B AR A4 mm DR BURE, 60°C
T Z K N10%EF, B B T4°C KA IR
12 e REFER

S F A bR PG A6 AR AR RERK & 2 BEK P i R
IRVOE R AL . BT S S 1 2 B K PR IR I R T
SRR (1.5 mx 1.5 mx1.8 m) B 5208, L&
FREHINEE . SRS TF A AT, R . RIS — I
1240 [V E: (309.74+0.36) g], BEHL > B 124 M
o, TAMFE20 2 f, R E R AL B3I WA
£K9:00. 13:00F117:00HE47 #5 M, $L4H &8 Nk &
(2%, SEI6 B 54d. A IS TR I8 240 TR B ELAR

=1 SRIAREC TS RAEINLARL
Tab. 1 Formulation and approximate chemical composition of the
experimental diets

1Ak Diet
YSO0 YS3

T H Item YS6 YS9

J Kl Ingredient (g/kg, dry
matter basis)

ﬁiﬂfﬁ%ﬁgﬁ"nmd 17633 17633 1763317634
SHRapeseed meal 163.58  163.58 163.58163.58
i #f Cottonseed meal 117.82  117.82 117.82117.82
T ¥ Flour 208.88  208.88 208.88208.88

F AT Distillers dried

arains with soluble 50.63 50.63  50.63 50.63
K HiRice bran 101.85  101.85 101.85101.85
=l Soybean oil 37.98 37.98 37.98 37.98
[l - Bentonite 18.09 18.09 18.09 18.09
SALAERR Choline chloride 4.52 452 452 452
IR — & 45 Ca(H,PO,), 18.09 18.09 18.09 18.09
TR Premix’ 9.04 904 9.04 9.04
TE5E ki Rice husk powder 92.29 92.20  92.10 92.00
% BEAT Y east selenium 0.00 0.09 0.18 0.27
LAk 77 Antioxidant 0.90 090  0.90 0.90

I AL 4H i Approximate chemical composition
HLZE HCrude protein (g/kg)  288.13  281.84 285.11282.26

FHfig 7 Crude lipid (g/kg) 53.38 53.51  54.25 53.59
¥R 7Y Ash (g/kg) 94.35 93.90  95.39 95.28
7K 43 Moisture (g/kg) 96.71 92.12  90.32 82.13
filiSelenium (mg/kg) 0.41 0.60 0.89 1.20

TR R G SRR A AR A PR

Note: 'Premix: Beijing Enhalor International Tech Co., Ltd.,
Beijing, China
N1 miEHG, T RELR AR HEL. Lk
IR, KR 19—28.6°C, R4 98—11 mg/L, &
ZALT0.5 mg/L, WAY R 1K T0.05 mg/L, pHA
7.8—8.2,
1.3 SKIOEUEE

RIS S A, T S A Lk24n )5,

MS-222 JFR IR 751 (A P 250 mg/LyH S 56 fa RR IR, 4
SR PRI TR AR ARG . A A B L
Ve H 6 e L HEAT R, JFAR B IL NI . R
P e JWRUE B R R, A P B R A ) T Y
AR S L A O R UL R e L PR A D T
I3 N3ER Sy, SR SR AR B 23 T I g FepHA i A4
R, A )R 2 5 U0 0.5 mmx0.5 mm*0.5 mm ¥
JUL PR B FH T UL PR 20 23 2 W 4%, 5 30 R 3 1) 1 UL AL
RIORAF- T—80°CUKAE S, Fl Al FRffa e . /K/Eh
WiEEA. =WRMEL=A S8l E. A0
FEIL SR WURT T 00 52 Fem K12k, SEiE R i
B L, SRR AEAE-20CoKFE T, H T % s 77
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B3 5E
1.4 FEHREEN
EFRTBNE SR LA E R4

BRI € TR R /K3 3 2R A 105 °C -
5, M A A sl L IR e, RS E
i RS R E, MK A A S 3R
(TMF-3100, H A% 5t EYELA/A &) 7E550°C & 11K
el e o TR B S IENYT 1945-20100 52, WL
Wl & &2 B GB 5009.93-201 75

BN FHRHEERNE HEEIAW
HH 2R YT R 38 T 4% /R Sy PRI o [ B 1
FE AT B SR K, B JE B N 2R, R
i A S VA (R BES um), PLIR AR - 40 ety
(Hematoxylin-eosin staining, HE4 th) 4e 4, Jf: F 5]
B 2 4% (OPTEC, China)ff & .

AR EANE WK BRMNES
TR 17100 77 7%, HERRFREN10.00 g (W) LA
FE b, FH A28 B 7E SRLRE P, 7E4°C VKA A7 TR
24hJ5, B AREE T WL BRI K 73 - FR (), 1
F100x(Wo—W))/ W fAE BRI A3 7K 4658 2% ; pHER FH pH
TH(pHS828+, ZR 58 13 81 FiL il it A7 FR A RDREAT I SE

RSB SENNE AHEARSEXH
T A A TR A T P D I R kR S U

KAEAMERSENMNE  AK/ERBEEER
(B H 2 HESCHR 18110 77 ¥, K/ R 1 2 1 5 = U
SE 4 FH e R BRAE ) AR A AT I 2 B s iRV
EHERERAE.

—HESSU=FERIENNE =Pk
A = H & & = F H 2 DhRe b (SynergyH1,
% [HBioTek A 7)) &, HIS I L& 1ok, 1
g R = SR

LA RMAEFERNE LA A RE MR H
> BT A (TMS-pllot, FTC, USA)H Texture
Profile Analysis# Uil & (FRk B4 5 p/5), H iy
FRME R bR ELREAERE . grbE . BRI, RN
WEPEL RREABTY) ). FULAPMEBTE cmx1 emx
1 em )7, B R f AN 77 Ut ATl 58, B
B . WS H T R S R S R 430 3
1AL mm/s, # i 46 20 55 2 50%, P I 4] [a] [1]
b M 5s
1.5 HURLIE

KH CAF AR SR K M GE R AR $R A

1 5 % (Weight gain rate, WGR, %) =100x(& K
5 M1 AG 5 B ) 4 35

4 8 A4 K K (Specific growth rate, SGR, %/d)=
100x(InZ% A 34 FE—In )] 463 34 58 )/ F7FE R KL

A4} Z2 % (Feed conversion ratio, FCR) =5 & 77
R H /(AR E -] H)

1795 # (Survival rate, SR, %)=100x fz 2 1 £/
WG AL

85 1 Jii RCE (Protein efficiency ratio, PER)=100x
(R E WG )/ B RN E

EAA $6 %1 (Viscerosomatic index, VSI)=100x 4
JUE B/ A R AR

JIEL3 P2 (Condition factor, CF, g/em’)=100x{A i/
K

JF A $5 % (Hepatosomatic index, HSI)=100x
U H /AR AR

A 45 #(Intestine somatic index, ISI)=100x %
EVZS NG

A $8 % (Spleen somatic index, SSI)=100x fi&
I E /A R AR

B {445 £ (Kidney somatic index, KSI)=100x'§
JUE H/ A R AR

{5 F ImageJ BG4 X L4t g T AR 32 47 I
B, JTA S FHSPSS 19.0 for windows(SPSS,
IL, USA)Z: IE A5 45 56:(Shapiro-Wilk normality test) &
77 2255 KL 56 (Levene homogeneity of viarance test)
Ji, BEAT B IR R 7 2243 M1 (One-way ANOVA), P<0.05
R 2T RE, 2570 N X% A B S 31T
Duncan’s % 5 [l 4 (Duncan’s multiply range tests).
HE 5 AR R (n=3) R T

2 4
2.1 AR P ER AT E A K BRI A AR Y
220

Wi 207K, AT 9256 41 5 f A7 3G RN
100%, BT S 56 40 B fa (1) fapkL 3R BRI 1 i B4R
YT EER (P>0.05). R, YS9 & 4K
PAREE ., HYE AR E AR KR B KT YS0ZH(P<0.05);
S dH (A IR R . EARFR A, IR AR TR BRI
BT .35 22 5(P>0.05). 5YSOA L, YS3HI
Y S64H B (1) A 45 £ I 3 B K(P<0.05), YS3ZH Y
WA 4E 50U 2 R R(P<0.05) .

2.2 ARPEEEIR E A A AR S EN RN

W 1HTR, &% 4 UL 4 45 1E 5, HE1 3
B WA B 5, R WLALZUREAE

FIT A 20 5 A0 (1 JUL PR £ 4k B4R I 45 SR 3R 3T
TNo FERHAIN INZEL A LR £ 4 A2 2 K T Y S04
(P<0.05), HYS34 H /o
23 AR TESIENEENRENERK S

W AR, YSSHMRHER S ERE ST
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YSOZH(P<0.05). WL 7 f2 i A Ak I Bl 5 &
(s 2 b T3 (P<0.05). EEANLAKIK S H
JE W AR o B AR 45 4L R T 2 35 22 57 (P>0.05)
24 AR PEEEE S REASE RN

B IR R AR 5. YSOA LA
pHE 2 5 T YS34L(P<0.05). F#BEAM S INZH 14 ¥4 i
HIR B 53 m T YS04H(P<0.05).

2 AREERRX R & 4 KRR (R ARRY R
Tab. 2 Effects of dietary YS on growth performance and physical
indicators of grass carp

5 H Item YSO YS3  YS6e YS9 PlH
YA EIBM (o) 310.93+ 309.90+ 309.63+ 308.48+

036 081 069 033

+ + -+ +
T S
19 EWGR (%) 000 O3B Oo8L 035 07

P 0 0.87+ 0.85t 0.85+ 0.81%
K £ K #SGR (%/d) 001" 003® 001® o000 0073

0.099

P 203+ 223+ 236+ 220+
AR ABEFCR 006 018 002 022 0900
o — 1495 1486 1355 Lddi (o

0.04 0.12 0.01 0.15
9.31+ 999+ 9.53+ 10.08+

WEVRSEELVST 040 014 005 036 024
w5 R A0 A
A SR BHSI s A 318 3315 0.0
i A HaIST saly 0k 309 32 g3
T
Ip— 051+ 048+ 049+ 0505 o

0.00  0.04 0.03 0.02

2.5 AR ER A B A AL R A I RO SN
W2 6T, T BERG A I £E f) JUL PR 50 3
FYS04H(P<0.05). YS3ZLHIALIA N R B E KT
HABLH(P<0.05). &AL B FRE M FIIH
WP TC W 3 22 R(P>0.05).
3 it
3.1 ESRFREERARNAMESENESEK
M BERY SN
S R 2 P I R £ R A M B 5 B,
T EAR, DRe S T Ju % S BRI 25 1) 5 B 1 L
AT H XA 0 I R 22 A R R s R 1 i, B
FRPRLA 5 R B 40.502—0.633 mg/kg. FifeiaE !
L VS 00 ST 76 2 4 ) PR ) M B A B, i T
R E A KRN R RCR S R by, AR A £ 1T
TR N0.614—0.631 mg/kg. AWFFRI, 5

=3 ANPERSENES AT EERAN
Tab. 3 Effects of dietary YS on muscle fiber diameter of grass
carp

T H Item YSO  YS3  YS6 YS9 PE
H Y ER 0384+ 62.94+ 64.64+ 6835+

Fiber diameter (um)  8.42° 146"  1.18° 184" 0.004

R4 ARHBEEMNE&NRAEHAEFRES(EE)NFIE
Tab. 4 Effects of dietary YS on muscle basic nutritional composition
(wet weight) of grass carp

T H Item YSO YS3 YS6 YS9 PlE

T R PR RN T EHE AR AR o [FAT EUE AR AN A

RonE R BEP<0.05); TIF

Note: Data are shown as mean+SE. Different superscripts of
peer values indicate significant differences (P<0.05). The same
applies below

1 GADR} p B 0T B LA LU S R
Fig. 1 Effects of dietary YS on the histology of grass carp muscle
a. WA NI 8 b A4S AR Z L. L)
JR=100 um
a. The muscle fibers are separated from the intima; b. The shape of
the muscle fibers is irregular polygon. Scale bar=100 um

JH2 1 Crude protein (%) 18.69bzt 20.32+ 19.533: 18.42+ 0.008

— o .
HH B Crude lipid (%) 01 0a1 6ia 63 0998
, . 1355 132+ 134+ 120+

K53 Ash (%) 005 005 008 002 0866
HiSelenium (mg/ke) 019+ 020+ 040+ 058

0.00' _0.00° 0.01° 0.3

RS AR R RN S AP IR A MR RM
Tab. 5 Effects of dietary YS on muscle physicochemical properties
of grass carp

T H Ttem YSO YS3 YS6 YS9 PlH
WARR 288+ 3.01+ 2.56+ 291+ o
Drip loss (%) 037 0.16 022 0.16 =
IR 0.29+ 0.55+ 048+ 0.53% 4
Hydroxyproline (ug/mg) 0.03° 0.06° 0.04° 0.08"
KisHEA 0.55% 0.56+ 0.54& 0.55% ¢
Water soluble protein (%) 0.03 0.01 0.01 o001
HEmEa 0.71£ 0.60+ 0.57+ 071+ 400
Salt soluble protein (%) 0.05 0.01 0.08 009 ™
=F% 10474 11.08% 11.49% 11.74% o |
Trimethylamine (ug/g) 1.03 0.16 051 1.12
A= % 2746+ 35.49+ 30.05+ 29.77+ 1.0
Trimethylamine oxide (ug/g) 1.56 3.67 3.69 243 ™
- 6.54% 6.49% 6.56 6.56= (40
P 0.01" 0.03" 0.01° 002"
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76 (AR PR AR R & B A R AR R 220
Tab. 6 Effects of dietary YS on muscle texture properties of grass

carp
i H Item YSO  YS3 YS6 YS9 P
i 1551 18.86+ 17.65% 17.97+ o)
Hardness (N) 076 0.56" 0.61" 0.60"°
b 0.09+ 013+ 0.3+ 0.09% s
Adhesiveness (N. mm)  0.00® 0.02° 0.01° 0.00°
WM 0.16+ 013+ 0.15% 0.15& /.0
Cohesiveness (Ratio) 0.00° 0.0 0.00° 0.01° *
HPE 226+ 216+ 2.17% 223+ oog
Springiness (N) 0.07 0.08 0.12 0.03 ’
i i 1 2.53  2.49% 260+ 272+ (..
Gumminess (N) 0.08 0.18 0.12 0.21 ’
NEL Mg 5756 546+ 576+ 613+ o
Chewiness (mj) 0.34 047 0.51 0.44 :
5417 747+ 886+ 849+ 690+ .0
Shear force (N) 0.89 1.11 1.23 0.20 :

WRFF IR 451 5 1 TR A I T BRI 5, 5 (1 2R A
O RORRE A K R AR A N 0.6—
0.89 mg/kghf o & 3 A4k, (HAEM & & 1.2 mg/kg
A 4 25 PR AR, 3R BH HOAR R 2 8 0.6—0.89 mg/kg
I o £ R AR KM AR T RSN, 1H1.2 mg/kg PR U 2>
PO A . AR LRI, R EAT 2 3] K
PRI A, BN TH KPR S AE T R
(Rt A 2 = AR B, AN S K= Bh 4 1)
AR L 2800 P FE A 5 b AR 3
T SRR RBIILE R, R SR IS ERR
710.4—0.6 mg/kg ) VAR R AT, i (1) A8 K g 2
FTFE, TRINEN0.8—1.0 mg/kgitf & 3 #| 1
B AR BRIEZ A, Lins g s i v (b e
& E>1.12 mg/kg) & BRR 7 H A E =R, H
JiR IR T 6 A2 EH A i = 5k R SR AR T S 2
T 69 R 2% WA 78 R HA5 3 T AR 4 51, BRI
o R B AT 2 B A R R B B O 3R
SASIIAE KRR T B . SR, 76 Sk B 1
HIF 70 H R BTN 0 e P R A6 ) S5 3 384 1 e AR Y
G VLS o i SN o N il 017 S s i e
il ot 7 5 s 0 ) AR 1 R P 2 T AN [RD R BEE PR B2
HIFHN TR SRR 26, A KB, FRER
B WA E AR RS R R A K. AT A,
Y SOZH i g Az K 57 B AT g BT AR S
EE e A AE

MR VE N — Bl LS 77 R 7™ B 29 7 ARk
4 B A E KPR g RS YRR R
A H R ERK TR 30%I5, B Rt AR KPR RE A
T LTS 52 B 8 Y, 2 da i — P S
R IR B3 o 571 T 5 M 4D JER DAL e AT I 4 R
KRR FTEL . 7EKF=FR5E T, O KE 71K 11
BRI K= st a e 11 miEE s

T VRN G 28 T 8 KV R DR R - A USRI B
TSR B A 2, AT PR B T AR I AR K P R ATATL
T f BEY . 18 A ar e AR 3] T 5 UL _ERTF ST AR )
(15, Tk mE S R e MR IR 4 B B AR
B 5 RS Ry 0 AR Ak w5 B8 0 T R R T T A
TR DB AR A By 55 25 P 075 77 [R5 1) 47 THD 52
M AE f AR AR K TR 2] 1 5 0 R 2H T8 22 S 1 45
o FEAHE T KB, B BEAR T A i AR H AR
e By BTy Sk (1) 87 THD 520 A, DR T R g 32 o £,
JULPA) R R A (R . PR, A 5 Hh 2 L R
HIH2 T 1] fe 5 BEREAN PRI T H R AR S s 77
SRR A RN

FEFRE R K =3 W) s v AR 28 B . 1B
FF R AT 200 €0 I A SR 2T 8, B R G I 48 i 5 2 ¢
AR, 7 I L B AR AL 5 R, g
Ji 76 E FR AR R 2 S BURIE S s p 38 n, BAkk
BONFHRFR B K . 2 AT T FC R B, & ARkl
KA & B N0.3—0.6 mg/kgh il il i AMPK &2
R T A I AT AR DG 2 IR 1 3R I RV b R IR T
A, EARBEAT T, GRS B R0.6710.89 mg/kg
B2 2 BRI T Bt AR TR 2L, TTRES H R A ra Al
PERE T B A0 ] A i O 2o R A K
3.2 ESRAFIKYE & B RN 0 B BT 3 B £ LY
ar R AR

WU S RN E X T F P 5 R B R L T
FMESEAR. B [ERMT YT RED
R EEAT AP RBETR I, TN S A
0.6 mg/kg TR RHE 2 38 0 1 F A LA R 2R .
5 5 SRRALL, 7 [ Sk f RV S PR R 9 b B R R,
e R S I BRI T 5 2 v A Sk i UL A R
™. Hunt W7 ds , FOR b s in G pLm
CIRTESINIE AR - VINALRE iR Y S icas S SR T
I, TLPA 223 rP PR I P 5 e v £ 2 S SR
PEIEAREEY I e 45 e A 0 R A8 3 T 5
UE, A 7 R IR PR £ 50 0.6 mg/kg H TR RHE 3
BN T B UL AR & IF H LR A RS R
IAKSER T 2 BT A R, WL & &b E
R ARG 5 52 389 o if 369 0 78 21 3k 55 it oA K
L, TR, 7E R AR AR R 0 1 B4 T
T IR T UL PR B A R IR T A
B IRNE, T 5 LA 5T .

UL PRV A f S P R B e e s —,
HAZVF 2 N TERHE B B2, G UL 1 3 30 4
RIEE AP WA LR g kN R gl 207, fapE
JEULA I pH i EE A TS5, B,
P T R A e AR R A R B R A &
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WF R I, 5YSOZHAR B, 781kl v s o e 5 il i
B JYL PR R R SR, L ARRHA A 0.6 mg/kg
It A P g k. 7 ML (Y B T B AR B T 5 AR AT
FEABAIK 45 5, Wangs U™ 9 B LR o 10 15 Rt 55 5%
SRTE T LA AT DT R T A 60 A 5T R, R
PRI AT e 5 R 552 R T VLR o o - Y
PRAH S HE R 1 e kA 56 . Tl AR L B IR RE B 5
oF ot AR R AR, SeFde i R, A
WEFCHR, BT PR AR S I I B 2 5 PR T
WLEF4E B A%, FF H R & 5 50.6 mg/kgh LA 4E
BAARR/N, WTTHESE T AT ARIBI R4S . Btz Ah,
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YEAST SELENIUM ADDED TO COTTONSEED PROTEIN CONCENTRATE
DIET ON GROWTH PERFORMANCE AND FLESH QUALITY OF
GRASS CARP (CTENOPHARYNGODON IDELLA)

LI Han-Dong, LI Xu-Qiao, JI Hong, SUN Jian, HU Ze-Chao and LIU Sha

(Laboratory of Aquatic Animal Nutrition and Feed Science, Northwest Agriculture and
Forestry University, Yangling 712100, China)

Abstract: In aquaculture, selenium has been shown to improve the immune and antioxidant capacity of aquatic ani-
mals. As a kind of new style protein resource, cottonseed protein concentrate plays a crucial role in aquaculture in-
dustry, however, the antinutritional factors (such as gossypol) seriously hindered the application of cottonseed protein
concentrate in aquatic feed. Therefore, the purpose of this study was to investigate the effects of adding yeast selenium
(YS) to the diet that containing cottonseed protein concentrate on the growth performance and muscle quality of grass
carp (Ctenopharyngodon idella). Four isonitrogenous and isolipidic diets were designed: 0, 0.3, 0.6 and 0.9 mg/kg YS
were added to the diet containing cottonseed protein concentrate, and corresponding named Y SO0, YS3, YS6 and YS9,
respectively. A total of 240 healthy grass carp with similar size (initial weight: 309.74+0.36 g) were randomly distribu-
ted into 12 net cages in the pond. Each of the experimental diets was randomly fed triplicate cages for 56-day three
times per day (9:00, 13:00 and 17:00). The results showed that: (1) In terms of growth performance, compared with
Y S0 group, there was no significant difference in growth performance between YS3 and YS6 groups (P>0.05), but the
final body weight (FBW), weight gain rate (WGR) and specific growth rate (SGR) of YS9 group were significantly re-
duced (P<0.05); (2) In terms of muscle quality, compared with YSO group, the crude protein content, selenium content,
hydroxyproline content and hardness of grass carp muscle in YS3 group were significantly increased (P<0.05), and the
fiber diameter and cohesiveness of muscle were significantly decreased (P<0.05). The study indicated that the addition
of YS to the diet containing cottonseed protein concentrate (the selenium content of the diet was 0.6 mg/kg) had no sig-
nificant effect on the growth performance of grass carp, and flesh quality were significantly improved. However, ex-
ceeded dietary YS had negative influence on the growth performance of grass carp. This study provides a theoretical
basis for further application of cottonseed protein concentrate in aquatic feed.

Key words: Cottonseed protein concentrate; Yeast selenium; Growth performance; Flesh quality; Ctenopharyngodon
idella
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