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O MR TR R 1 YRR SR 4 5 T X Bt AR K DR AR EA R A B, AT UE A 8 (5.360.18) g it
(Ctenopharyngodon idella) A5 %F 5, K F AR 25 1E 22 S8, AF Fe ikl RS ER(O . CREREE N 3
By KRR 4 R RN ER ) IR AE SR T B FE(0.11. 0.16 F10.21 kg/m’; %8 K20. 301402/ W 4) J HAg
HAEFRT AR KRR AR A IS R A SR RR R . FRFERIS ZE MR A (1.0 mx 1.0 mx 1.5 m)H kAT,
TR A N60d. 45 AW B FRTE % 3G N, %8 (IR AL R DR RO B K B, Fre A KR, 1
HARRIER R RO R A L35 2 BRI 3 . EARRIFRIEZ BT, SO0 ALkl R0 2 3 o T b R R4
(P<0.05), Fre A KR W ME (SR R E T HAh 2 A YE(P<0.05). 7R E N0.11F10.16 kg/
B, R A A KM R, Ho AR KR R T0.21 kg/m’ B EAHL(P<0.05) . FRDRHE V5 R 355 55
g i K ) FHLER 135 BT 5 5 5 (P>0.05) . AN FEARRLER (U, 0.21 ke/m™a B 41 S5 e M R i 75 B 15 3%
T HoAth 25 B2 2H.(P<0.05), M35 P4 BEAG R . 23 TA e G S 8 B /KT 18 2 v T At 35 12 4.(P<0.05), F74E
BN IS PR R . AR A I S R AL R AT R R 23 (P>0.05) . A EIFRIE T, NER
EHAAEAKTFEZES T OEREEAE. F00 R AT 4E 5 E 4(P<0.05), T8 d 2 6l i FR B /K~
BE T LR W E A 4(P<0.05), R E (VRN MG P A HE AR . BN EM. Him =R, SHEEERM
HE KPS0 B35 (P>0.05) . (DR (R AR % BEXHR S0 st i s 28 | JTFARLL . R il Bk
FREE . M = A U ]R3 7 11 2 ELAE S35 (P<0.05) . LLER 15 28R AN B 5 R VA 5 v, £ 06)
SRR (1R 1R 8 08 AR TR B 1 =/INERE= R KPR 48 B (=" K> 3800 e
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K= FEEE N R E fE AR TR B
H, W2 T BEMZ e RIE SR SR =
FEEE KN, B ERR A HFAOTHE H, 17%5)
YR & Ak H K= IR, Wivh 220255 75 ZHE
IKFEREEE3. 7% 10 kg, F20304F 7K = F2 5 72 B ik 1 %
10°kg™ ™o BEEE F R VTR E A
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— PRI AN R R HOR B —
PRl R E AV, B & &Ea RANE MR, £3hY)
sk e g 8P G s A8 AL IR T A 1 B
Ry, HAKEER., EAREES, £ MHE
BT EA T2 IR . R E A2 S
KR T RIS EWR, KPR A B AR S
ok, SHIIAE A, CEMREY, ZERE
EEL OB MR R A AR S TE RN
AKPEERRNE AU, IR R R T,
FRGH B B A S A TR AR R
W E BN R FE% K, 2 FBUEEF
FRFNAL P2 20 o PR AR 70 % B 0 vy, F 2R SE il
AT, p= AR NP AE T T aa, S B SR AR K SR
Bzt AR, R AR R
JF K x 1 2K A K R B — e e
R R AR, e RIFMEaRE RS
TR A . Rk, A6 DLE f R N &
AT CEEREES. 3ok, MRk
ARy B — R AR L, A
FAE0.11. 0.16H10.21 kg/m’ = Fp 554 25 & R 4 24
AEKMERE . R FIITE A A Fe bR 2, B 1E
NEM. CEREEA. SRl BHRgEES
A NBREEAE K P A ) v i S 2 S SR A PR

1 MR5RE

1.1 RIEER eI SECH

Sl LG CEERWE A L AR
WG ARV NEREE N B — R AR, FoKTERMm AR E
VERD HEYR, Fa i RN S A R TR, BC ) SRR A RS
RetaRl . IR TRDR) B BC 5 AN R ACE R A Mol T
SRR WAL 1. vk E R 2k s it 60 H Bl 58
i, ¥%% 1RG5, S EE R ZEHRY K
EIRAE, It . SIBAUK SRS, F AL AR
EAZ21.0 mm A AL BRI AR . 58 1R} i AR
bR 2 B pEE I ST AT DR B T BA I AE o 558 1]
By ME A HIED . Ko M & R 55
1% GB/T 6435-2006. GB/T 6435-2006. GB/T
6435-2006. GB/T 6435-2006 /% GB/T 18246-2019ff]
THENIRE o
1.2 REES5EFER

TR0 FH £ ) S b T — R A AR IR
TG SRR VLK =0 T BT 1L 3 7 B S 6 5 b (ieC

DL E X 3% 2 fEis) . R faizmE s, gk
JRON b3 O A o 74 ] A5 2 K AR T
BEFRTHIAES . SR O 2 S8 Wi, 24N R R 4l
N R YRR IR R, e R R RN
. CEERBEED. R MRS E A RN
BRI, WIAGFRHE B B 0.11. 0.16F01 0.21 kg/m’ (4
Ri20. 30F140/MF), 15N R50 2, B2 1
3NEE . BRI AT, F A LHk24h, EE
1350 2 [W)HA 745 B (5.36+0.18) gtk —. {4k
A B A R, BE ML AT TR 245 N5 M (1.0 mx
1.0 mx1.5 m). BAMFH & — LB FAE, T
[ T2 AL, A k4% 22 i HE N, 5K (8: 00F117: 00)#%
MR UK, 50 MR R A AR T R 3%, FE4E60d. 0
SEARRRARLG R BB T 0L, 20 R FRAA T B —
IR, AR A T AL A I

FrHE 1R, REAN WA LA I Sk AT 0 g
Ko KN30 em (I3 N25—30°C, pH 6.5—7.2, ¥
ANT3 mg/L, AAKRE/NT0.05 mg/L. %K
T I AL 29597000 m®, ZKIR3 m, Y3 e ] #¢3 kwit
BAMEN — &, WG WIE, BRPF1ARR R
455, FHH2h. BIF RS, R RTINAA, SiEAkT
3 mg/LI, TG 4.
1.3 MHmX&E

TEFRE RIS &5 AT, BT e Lk 24h. 28
S R A XA R R 6 P A A T 2 R U
TS AN FRIEAE T, BEALPEIE 3 R ]
HHARK AR &, 2R 5 B T-20CUKFEHORAE, T
EA A IR . BEANAR T 5 E
75 mg/L MS 222k, B # KK MAE4 mL, IR~
{#772h 5 B L2 10min(960 g, eppendorf 5417R)7) &5
M35 o Bl 5 K 3 ik A7 A, oK 9 BE (B 4
k)55 I HEAT 2> B AR, TF 5 A& L (Hepatoso-
matic index, HSI)5 i 44 Lt (Viscerosomatic index,
VSI). Ffa i gE . b3 A1 EURE 4% 18 b [ K
B} BT K =B 53 B AR 1) 25 R = HE 0 3
YR FRRTE AT o
14 IWIERNESHE

FH B 25 VR T ST 4 0 R R AT VA VR T
(Christ Beta 2-4 LD plus LT; Marin Christ Corpora-
tion, ), M E K> LYKER AP
(Kjelflex K-360; BUCHI Labortechnik AG, Ffi )l
SEHE F(GB/T 5009.5-2016); % & K42 HU %
(GB/T 5009.6-2016)3 & ¥ i 7; K F550°C L g4
FIeidill & K4y (GB/T 5009.4-2016). i 41k
2B VL EIREF(ALP). B EHERFAST). &
N2 BHALT) I35 E 8 H(ALB). Hili =HR(TG).
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MR E(TP). 2 JH [l B (T-CHO) A % 4% (GLU) H (Protein efficiency rate, PER). J{i#i % (Survival rate,
4 HEN AL BT X(BX-3010, SYSMEX, HA)ill5E . SR). AEi# ¥ (Condition factor, CF). FF44 Lt (Hep-
M4 LR A, THE Y H % (Weight gain rate, atosomatic index, HSI)MIJF 44 Lt (Viscerosomatic in-
WGR). €4 K # (Specific growth rate, SGR) dex, VSI).
ik} Z ¥ (Feed conversion ratio, FCR). 5 A Jii 8% 1 B 2R (WGR, %) = (W~Wp)/ Wyx 100
F1 AWEAREARRERRS

Tab. 1 Composition and nutritional composition of experimental feed (%)

& #Hngredient THISM  ZEREEEACAP  BHHTM  MFIRGEERECPC  /NEREECH
THISM 65.10 0 0 0 0
LTER T HCPA 0 35.70 0 0 0
H HTM 0 0 46.20 0 0
FEFFH 4 B I CPC 0 48.80 0
/NERFECH 0 0 0 0 52.20
AR Z ¢ W Cassava starch 7.40 21.80 17.50 15.80 16.30
T KiEH Corn starch 7.40 21.80 17.50 15.80 16.20
1 Fish oil 220 2.40 1.90 1.90 0.20
&M Soybean oil 3.20 3.60 2.40 3.00 0.40
TR R} Premix 1.00 1.00 1.00 1.00 1.00
%A 2 C Vitamin C 0.20 0.20 0.20 0.20 0.20
A4k fBECholine chloride 0.50 0.50 0.50 0.50 0.50
BERR — 255 Ca(H,PO,), HyO 3.00 3.00 3.00 3.00 3.00
T &R 41 4E = Microcrystalline cellulose 8.00 8.00 8.00 8.00 8.00
FRELAT YL 3 M Sodium carboxycellulose 2.00 2.00 2.00 2.00 2.00
B 7% 4 Nutrient
¥ 2 A Crude protein 29.37 30.34 30.89 29.96 29.55
HLAE Wi Crude lipid 5.59 5.72 5.69 5.51 5.45
/K43 Moisture 6.61 6.62 7.52 6.90 6.32
K5y Ash 9.40 425 5.75 6.45 5.45
WA IR Essential amino acid
K= R Arg 1.64 0.91 1.29 3.61 1.26
2 RHis 0.59 0.36 0.24 0.61 0.41
e Rlle 1.00 1.55 0.90 0.65 0.83
A Leu 1.69 1.87 1.74 1.19 2.06
A Lys 245 3.41 2.81 1.48 1.86
EERMet 0.19 0.49 0.33 0.17 0.42
KN E H2Phe 1.25 1.01 1.14 1.34 1.22
752 Thr 1.06 2.03 1.02 0.81 1.35
HiE B Val 1.45 237 2.31 1.32 2.02
AR FE R BB Total essential amino acids 11.32 14.00 11.78 11.18 11.43

T FUREL: 1 R T I R RN RS A 150 g4E4E R TR KL VCBERRERGO g; VE 30 g; EE15 g; R LS ¢; 254 g; VA 2 g; VK,
2g; VB, 1.5¢; VB¢ 1.5 g; VD; 1 g; VB, 1g; TR g; VB, 0.8 g; ZEMF0.2 g XHKi22 go 2. FT IR KNP & A R:100 i Y IR
WA836.2 g; FeSO,-H,0 30 g; ZeSO,-H,0 20 g; NaCl 10 g; MnSO,-H,0 2.5 g; CoCl,-6H,0(10%C0)0.5 g; Na,Se05(10%Se)0.5 g; fill iz
#1(2.9%)0.3 g; 3. T T 7 TR K S B TREREE90 g; B A TLAMFIS g; BiEEH120 g; AACHEIH400 g; A K1235 g SM. FHf; CAP. ZE%
MG E ) TML 308 Bt CPC. RS B 1 ; CH. /MR

Note: Premix (g/kg): 1. Each kilogram of premix contains 150 g vitamin premix: VC phosphate 60 g; VE 30 g; Inositol 15 g;
Ammonium nicotinate 8 g; Calcium pantothenate 4 g; VA 2 g; Vk; 2 g; VB, 1.5 g; VB4 1.5 g; VD; 1 g; VB, 1 g; Folic acid 1 g; VB, 0.8 g;
Biotin 0.2 g; Wheat flour 22 g; Wheat flour 22 g. 2. Each kilogram of premix contains 100 g mineral premix: Zeolite powder 36.2 g;
FeSO,-H,0 30 g; ZeSO,-H,0 20 g; NaCl 10 g; MnSO,-H,0 2.5 g; CoCl,-6H,0 (10%Co) 0.5 g; Na,SeO; (10%Se) 0.5 g; Potassium iodate (2.9%)
0.3 g; 3. Each kilogram of premix contains Magnesium sulfate 90 g; Compound antioxidant 5 g; Fungicide 20 g; Choline oxide 400 g;
Zeolite powder 235 g. SM. Soybean meal; CAP. Clostridium autoethanogenum protein; TM. Tenebrio molito; CPC. Cottonseed protein
concentrated; CH. Chlorella
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552 4E K 3R (SGR, %/d)=[In(W,/N,)-In(Wy/Ny)]
100/

TR R BUFCR)=F/(W~Wy)*x100

| 1R 2R (PER, %)=(W~W,)/FxP

5 ZE (SR, %)=N,/Nyx100

HE# B (CF, g/em’)= WL’ <100

JHA L (HST=m,/Wx100

AR L (VSD=W,/Wx100
W, Npo WG 5, N R a5 Wy NIehE
PRI R (g), WA R AP T & (g); WH
B AL AMAR T (g); £9FRFEI [](d); FTRRHEA
I (); PATARRL L R A (%), Wy 9 RTEIE
R (g), W, R & (g), LA (cm).
1.5 HIESH

K FHSPSS 19.08:1T 4t 1t 4 #T(SPSS, Chicago
IL USA). ##E A3 UK E B 1~ 3l 475 #E 2 (meant
SD, n=3)&7~. KHMHZE I %5 (Two-way
ANOVA), 42 7 B E K (P<0.05)% A Tukeyhi 4
BEAT 2 B LR, AN R R A S BAE RIS, [ 2
— MR, KB — AR R AT Tukey 2 HE LL# .

2 R

21 AREREMNFEZEENESE KA

WIZR 2PN, B RIS % N 85.00%—92.50%,
B TR EZEF(P>0.05). 3 F50H % 5 1
I, AR R B(FCR) 238 &34, K e A K% (SGR).
1 FH R (WGR) M A LR (PER) 2 FE ki34 . 18
SRR R, ok R FCRY B & T HAh &
FIJ5 41(P<0.05), FBW. SGR. WGRFIPERY &3
T HAE AL P<0.05). 4FHH%EE 0.1 kg/m’
i, 2R B R 1 4LSGR AW GR ft i, MiFFik 4 i
FIZHPER B ;249706 % B H0.16 kg/m’ I, 2.5
P R 2L SGRAMWGR i =y, S AHZHPERA =1, 477
BB P H0.21 kg/m’, #8112 SGRAIPER Y A,
WGR & # K T HAB R 4(P<0.05) . ANHLEFEFH
R, WO MAIFCR & 51, SGR. WGRAIPERAHK
B REAR, 10 At DU 2 85 95 2 ) 22 RN B 3 (P>
0.05). ANEEEAVE, 0.21 kg/m’ %5 & HFCRI &,
SGR. WGRHIPER¥ N HAK; 0.11 kg/m % 41
WGRE # & T HAth 25 & 20 (P<0.05) . Tk & HE
RSB 2 B ok £ WGR 32 HAE FH 23 (P<0.05) .

T RE B YO A () B R L (HEST) A 44k EE
(VSDTE 3 52 (P>0.05), Ry dt 20 5 f R AR i
(FBW)fI& T HAth 25 (1 20 by He 20 5 FA B 3 1
(CF) 5 Hbf ik 4 85 A 2 T 2. 35 22 57(P>0.05), $ &
FRTEMA. ABERE &AM /NEREH(P<

0.05), FRHAZE EENT Lt AVSTRICETE . 25 520 (P>0.05),
0.21 kg/m’ 20 5 i FBW AIHS L. 356 T~ HoAth 2% B 4,
0.11 kg/m’ B8 HSLIE 3 w5 T HAth % i 41(P<0.05) -
TR 2 1 I5URN % 5 2 o) A HST 22 LA A I 3
(P<0.05). FEHHEEFE}90.21 kg/m I, Bk du 20 B f
FBW HIHSIHRA; 7758 % 5 50.16 kg/m’ I, HikFIK
YRR (A H A CF K
22 ANERIREMNFEEENESA KRS

W 3FTR, TR A PR A A K gy A
T IR AR 54 2T B34 5 (P>0.05). 5%
BB FE X At Ky HEAMKS SELE
I (P>0.05), T70.21 ke/m’ 2K I 7 & & L 1%
T0.1110.16 kg/m 41(P<0.05). 258 % i 50.16 kg/m’
I, AR B B VA K o B v, Bk A K Oy
FERAK, LB EE AR & 25, 75
B REN0.11 kg/m’, HOM IR AUHLER (S BARG; 3R
TE 90,21 kg/m’ I, My SUALHLIE T B A, SOk
T A SRR . TR IR R 77 5 % R
4K ar . L A ARLIR V& 28 HAE A B
#(P>0.05), % K53 A8 HAE FH .3 (P<0.05).
23 ARNEREMFERE N E S MEE VIR
oA

WK 4FR, it 88 A KRR, Tk & A E
X B LG R AR A (AST) BN A
(ALT). SEHA(TP). HH=E8(TG)~ b JH [ EE(T-
CHO)F% %] §% (GLU) 17K F JC i 3 52 (P>0.05),
ANERFEA I3 R (ALB) /K P B 5 T 2R
PR AL B0k AL RN R R IR 4 B 11 41.(P<0.05);
ok BB BE BRI (ALP) /K 52 3 3 T 2 kR
B AR AZH(P<0.05), 5T, LR HE & A 4R/
BRI TC IR 25 25 F(P>0.05) . F75H 25 N it 1
EHTP. ALB. ALP. TG. T-CHOFGLU/KF
TC 5L I (P>0.05), 0.21 kg/m #HAST. ALTHI
GLUZKF &% & T H A Fi 4 (P<0.05), 0.11 kg/m’
HALTHIZK BB T HE WA (P<0.05). BEETF
A FE RGN, T R IS AST. ALTAI
TGHIZKF 238 %, TP ALPAIT-CHORI/KF
BEREREY; SMATP. ALB. AST. ALTH
ALPIIKFH I8 mia%y; R EEH . M
WG R AN ER IR A A ST I /KT 2 S 3 ka5
TRDRH A IR RN IR 5 B X A s FALT ALP,
TG. T-CHOMGLUK A B AFH &3 (P<0.05).

3 g
31 ARNEOEMIASENE S KRR
FEAE 1 S 8 AR KR R F R R VAN AR
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KPR B IAR " AT g, KR
ARAE— R BB, 247758 % R A i, 2R
R PERETTUG NI, 713k i (Megalobrama
W B Ak 1 (Oreochromis mos-
sambicusxO. niloticus)”" . FHEAIL) i (Acipenser
sinensis)”. E#E(Monopterus albus)” S {IHF 58
RIS A K e B o R G B FE G i R . AR
KBRS, N ekl & (R, m3EE2(0.21 kg/m)
R PR E AR B E R AL B TR
B (0.11 kg/m’) I35 2H(0.16 kg/m), 761 55

w2

ambylcephala)

BE 5B S AE R, B () A K 3 T I, T R A
B A 5VE 2R A2 B T PR, B i AR A
Bl 7 kAR FEAR L. s EE R
IS T LA 2 B i SR A e o S S 0 R 1 R TR
&, BHREMEEBNR B 2 @ﬁ@%ﬁ%
B b, FR4 55 B S A T AR L 5 A e,
%SRBI, R DT A WﬁﬁUf%,
SEUIFE G 7 & AR R, A LE PRI

Tk r 0 5 S R T (10 2L ST e AR AT, 1 2Kk
R R IR R e ™. AT, SRR R

FRE AR ERE N E &S KRR

Tab. 2 Effects of different dietary protein source and stocking density on growth performance of grass carp (mean+SD, n=3)

FRIHEE

LS PR ARG B2 R R A R KR R R BACR IHAL IR R
Densi
(ke /mty Protein source  IBW (g) FBW (g) SR(%) FCR  SGR(%/d) WGR (%) PER(%) HSI  VSI CF (g/em’)
0.11  EHISM 532+ 1844x 86.67+ 1.09+ 2224 246.60+ 3.06: 9.66= 2.05+  2.05%
0.13 0.83 577  0.06" 0.05™ 9.56" 0.17 0.10°"  0.16 0.04
ZEEMRBEEECAP 519+ 18. 57+ 85.00+ 111+ 228+ 257.63+ 3.01+ 9.20+ 200+ 202+
0.09 026 500  0.09" 0.06" 11.04% 0.24 0.49°*"  0.09  0.04°
EHHTM 521+ 1527+ 91.67+ 148+ 196 20847+ 2274 9.73+ 2.08+ 199
\ 0.24 0.86° 577  0.13° 0.21" 6.32"% 0.19° 049" 0.10  0.03"
MFHRAEERACPC 531 19.02+ 86.67+ 1.05+ 228k 273.54x 3.8+ 9.65+ 201+ 2,03+
0.07 132 289  0.08 0.13° 2.03¢ 0.23 0.06" 0.08  0.02°
/NERFECH 531 19.59+ 8833+ 1.04+ 233+ 28480+  3.04+ 929+ 206+  2.05%
0.14 1.07 577 0.11° 0.14 17.24 0.18 031" 0.12 0.02
0.16 EHHISM 539+ 1849+ 90.00+ 1.10= 2206 229.16% 3.05% 831+ 203+ 203
0.20 0.79° 577  0.09" 0.14™ 12.17% 0.25 0.54™* 0.10  0.05"
LERMEACAP 556+ 1873+ 90.00+ 1.10+ 233+ 239.55&  3.03+ 854+ 1.94= 198+
0.19 0.12° 6.67  0.07° 0.27 17.97° 0.19 026" 0.14  0.04°
P HTM 5315 14.42& 9222+ 141+ 1792 17220+ 236+ 8.53f 199+ 192+
0.25 0.52° 3.85  0.07° 0.10" 15.64 0.12"°  0.04°° 0.11 0.02°
WFHRAIERAICPC 530+ 1540+ 9333+ 115+ 1.89+ 22586+ 291 874+ 209+ 192+
0.31 2427 333 0.09° 0.38" 10.80° 0.22° 0.47°"*  0.14 0.01°
/NERBECH 558+  17.83+ 86.68+ 1.15& 207+ 219.50+ 291+ 8.28+ 2.09+ 205+
0.12 026" 333 0.05° 0.04™ 6.62° 0.11° 0.17°° 0.04  0.08"
021 EHISM 5.49+ 16,11+ 9250+ 1.27+ 192+ 193.63+ 2.64+ 7.60+ 1.95+  2.03+
0.10 040" 6.61 0.08" 0.07" 1221 015, 0.03" 0.13 0.06"
CRPRAEACAP 548+ 1517+ 89.17+ 126+ 1824 192784 2,66+ 774+ 198+ 204+
0.12 1.22° 144 0.14™ 0.18"™ 10.67" 0.30™ 0.16™ 0.16  0.04"
HHHTM 527+ 1199+ 8750+ 172+ 1.47+ 127.60+ 1.95+ 707+ 193+ 196+
0.08 0.56" 250  0.15 0.08" 9.92° 0.17° 0.25"  0.05 0.05"
MFHRAEERFACPC 533+ 1543+ 9333+ 1.0+ 1.83+ 18911+ 279+ 7.63% 200+ 202
0.07 .03 289  0.01™ 0.10™ 16.18™ 0.03™ 0.06™ 026  0.03"
/NEREECH 535+ 1644 9250+ 113+ 200=  207.30+ 2,944 7945 209+ 206+
0.11 0.15°°  0.00  0.03" 0.03™ 450 0.08° 0.40™°  0.18 0.02
0.11 527+ 1818+ 87.67+ .13 220+ 25386 295+ 9.51= 204+  2.03+
0.13 175" 4.95 0.17* 0.18 26.59" 0.35 0.37°  0.10 0.04
0.16 543+ 1685t 9044+ 119+ 2.06+ 213.69+  2.83 848+ 203+ 199+
0.23 207 469  0.14° 0.28° 27.87 031" 0.34" 0.1 0.06
0.21 538+ 1503+ 91.00+ 133+ 1.82+ 181.32+ 2.58+ 7.60+ 199+  2.02+
0.12 .77 376 024 0.21° 31.32° 0.40° 035" 0.16 0.05
FHISM 5404 17.68+ 89.72+ 115+ 2.11F 22238+ 2.92+ 852+ 201+  2.04+
0.15 1.32° 583 0.1 0.17° 26.62° 027° 095 012  0.05
LIEERBEEEACAP 541 17 33+ 88.06= 1.15+ 2.14+ 233.934 291 849+ 197+ 201
0.21 1.91° 482 o011 0.30° 31.13 027° 069 0.12  0.04
O HRTM 526+ 1390+ 9046+ 154+ 1.72+ 164.54+ 2.18+ 8.44+ 2.00+  1.98+
0.18 158" 431 018 0.23° 35.57° 0.24" 1.19  0.10 0.03"
TFARAEEACPC 531 1662+ 9111+ 112+ 2.024 22373+ 2.994 8.67+ 2.03+  1.99+
0.16 233" 425  0.09° 0.28" 39.18" 0.24 091  0.16 0.05°
/NERBECH 541 1795+ 8917+ L1l 2.14+ 231.25+ 2.96% 850+ 208+  2.05%
o i 0.17 1.48 423 0.08° 0.17 34.42 0.11 0.66 0.11 0.04°
R T 2 5 W PIE
FRHH %5 FF Density 0.000  0.106  0.031 0.000 0.000 0.033 0.000 0.567  0.091
& 1 K Protein source 0.000  0.693  0.000 0.002 0.001 0.000 0.987 0.469  0.008
X HAEH Interaction 0.067 0.388  0.257 0.157 0.042 0.462 0.022 0925 0252
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Tab. 3 Effects of different dietary protein source and stocking
density on basic nutrients of grass carp (%, mean+SD, n=3)

TR mam ,, MEA

Protein

AR Ko
Crude Crude Crude

]8(2}5:1%] source Moisture protein lipid ash
0.11 EFSM 7797+ 1539+  3.54+ 339+

0.65 0.85 0.15 0.13*

ZEMRBEE 7721+ 1521+ 345+ 345+

1CAP 0.94 0.56 0.42 0.16"

FEMILTM  78.62+ 1438+ 336+  3.33+

0.69 0.29 0.05 0.16°

AR 76.05+ 1536+  3.63= 331+

HCPC 1.84 0.87 0.30 0.09°

/NEREECH  77.53+  15.67+ 327+  3.50+

0.94 0.15 0.17 0.07"

0.16 SHISM 76.49+ 1598+  3.50+  3.48+

337 1.94 0.33 0.39"

LEMRBEE 7439+ 1636+  3.72+  4.06+

FCAP 1.64 1.64 0.36 0.32"

HOBIMTM  77.80+ 1622+ 335+ 3.26+
0.90 1.59 0.19 0.12"

MFRAEEE 7571 1594 342+ 343+
HCPC 1.31 133 0.27 0.20"

ANEREECH 7650+ 1602+ 322+ 3.29%
3.20 1.30 0.18 0.21

021 EHSM 7473+  16.79+  3.11% 3.49+
1.99 1.77 0.16 0.17"

ZEEMEE 7599+ 1617+ 317+  3.28+

HCAP 0.81 1.38 0.32 0.28

B HETM  76.06  15.07+  3.04+ 347+

226 0.57 0.50 0.18"

MR 7578+ 16.16x 322+  3.53+

HCPC 1.26 1.19 0.27 0.43"

/NERPECH  77.87+ 1522+ 3.6+ 3.39+

0.93 0.31 0.10 0.26"

0.11 7747+ 1520+ 345+  3.40+
1.28 0.90 0.25" 0.13

0.16 76.18+ 16.10+  3.44+  3.50+
2.27 1.34 0.29° 0.38

0.21 76.09+ 1588+ 314 343+
1.68 1.19 0.26 0.25

ZHISM 7640+ 16.05+  3.38+ 3.46+

243 1.51 0.29 0.23
LI 7586+ 1591+ 345+  3.60+
HCAP 1.60 1.23 0.39 0.42

R HETM 7749+ 1522+ 325+ 335+

1.70 1.18 0.31 0.16
Rk YE S 7585+ 15.82+ 343+ 342+
HCPC 1.30 1.05 0.30 0.26

/INERFECH 7730+ 1563+ 321+  3.40+
) i 1.84 1.08 0.14 0.19
MR 7 Z A M PlE
FEHA %% ¥ Density 0.072 0.098 0.004 0.557
2 Y Protein source 0.176 0.648 0.354 0.380
X HAEH Interaction 0482 0873 0.834  0.030

T [RATEEE_EARAS R R 2 (8 A7 AR 5 22 57:(P<0.05); R [
Note: Values in each column with different superscripts are
significantly different (P<0.05); the same applies below

Z Ak, wEky & PR ZE R R EUE K EIE R JE R 2
—.o WFFURY, Bk dUEAR HoR EE B I 60% 2 3
S 4 £ (Acanthopagrus schlegelii) TR 3 T 5,
R Bby dU 2 A, Hodth 2 R AL AR KR R RO FRIE,
VAN -2 v B e SR S e o i S I B RS TN
25 5 2 E P B R A g, /INERER 2 AR I S A
o XKUY LR R 4E & 3 /N ER
BEAE B — R R AR B DR b S TR R A A
HAEHME

FEABIFT b, A} 2 Y5R35 56 85 R0 LA T
W RAAAE R E L HAEH . BR/NREESN, & HEH
VRLH 3 B 0.1 kg/m’ [ Bt A KAk RE SO0 T 56 B
021 kg/m’ 1, i A FRAR A 3 1, 7 — 2% b
REfE IR M A EH . AR A . O dUR
W48 B A 2% o Timalsina s HF 78 &
TR TR % B AN R} R A O L85 ( Oncorhynchus
mykiss) )3 B 2R AR KR TE R E ), X5 A
WFFE I 25 AR, PR BT 0 70 Hh i 9l 2
FoARk F0 1 2R A A AE AT R
3.2 [ARERIFEMIFARENES KRR

B IR R VP IR E R IL A o ) AR
b, HEAE 52 BRI BE AR R A R K ™.
1 08 TR o R SOR] P BE I AN, ek 4H oy 1) 22
ST RE £ B R R AR T R A A
WFFER W, AR S F AR 1 2 B AR R R
RRAF 2 3 B AR Ry, o B fl A fOR K4 R R
RURLAG G & B R mt . A5 U Egs
RAML, LG, CREREEA . B, MRk
AR HE B AVNER BN R B, A A K gy R R
SRR G 0 2 B oK 7= AR R 24 57 B 5 T v 3
0.21 kg/m'if, B ta KGR & BB E . BEL
— M E R T, SRR U ke
LR B e, T Eae B FER N, AR TE R
SRR R, B SR A B, SR KA
()55 AR, 5 31 SEUR B, S BUSSREREs .
JIg Wi A R 2B A Ak P fids R R AJE RE 1 B8 B2 R, TE S 97
GHE R, et Hh = MR A AR LI L RE™,
AT R R A IR & N R IR

AHIFFE R I, AR R R AN IR 5 N B
At A AR DT S EAAE R ZE A BN,
AL &5 SR AE 3 4 (Notemigonus crysoleucas)Dﬂ
T TV i R AU 2B R KCT IE FPR
WA KI
33 ARERRMFEEZEENESMBFELIER
B i)

5 PR TR A P B 36 B A B 18 25 5 kS AR A
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F0 7 38905 7, S SIS 2R AR b R AR AR B, p
A W AN TR I S I A S W T 2 e ) B A 3
R, = 5PRE R RA AR A, 327
TET HFAR R P, 22 JH 240 52 4 i), 2 S A5 2 R i
B M R, A 03 H R B T . A R L
PRAE I B I £ B AR ORYR, £ —E Ta A, ifpE
T v e SRR BT B 0, 3R s Y. A
B FE Bl 5 77 58 2% B R, 3 b 4 H A
SN A TN A AR KR, X 5
LAY ¥5 4 W (Paralichthys olivaceus)™ 1K [

WS (Micropterus salmoides)[4o]%?§§ﬁ%7ﬁE@Eﬂﬁr‘ﬁ
LRl WETEE IRR A, FRAE M, v Re
SR AN BB E, B ITE b
il A1 A5 TN B R 7P T o [RTISE, REECHR S T (1)
NUABEFESG I, (R 1 b R 40 i A 2 e B 1 75 5K,
S A SR T

Mg B & A F 2 &R, RA YRR
JR A 532 R AR i A P2 0 B D) R B Bl I 1l
— i I AR e M S B, AL AR T 52 245 A )
HR T FEARRT S, ANER L I3 A 8 A

F4 ANERRMFERENESMEE HERHRE

Tab. 4 Effects of different dietary protein source and stocking density on serum biochemical indexes of grass carp (mean+SD, n=3)

FRIHE E BEA AEA AEHANE SWEEREEE wiEeimls  Hwm = SJHEEE wEER
Density Protein source TP ALB AST ALT ALP TG T-CHO GLU
(kg/m’) (g/L) (g/L) (U/L) (U/L) (U/L) (mmol/L) (mmol/L) (mmol/L)

0.11  EXSM 28.70+  9.14+ 34.00+ 14.50+ 65.50+ 2.66& 5.06: 5.70+
1.04 0.33° 2.00° 1.50°" 450" 0.21" 0.33" 0.54"
ZFERBEEECAP  27.60£  9.09+ 29.00+ 16.50- 66.00 2.864 4.67 5.874

1.39 0.78" 2.00° 1.50° 4.00" 0.02 0.15" 0.49"
HOHIRTM 3030 9.26% 31.50+ 16,50 70.50+ 2.48+ 591+ 5.73%

1.15 0.48" 0.50° 0.50" 2.50" 0.02" 0.41° 0.11°
MAFIRGEERACPC  29.99+  9.27+ 39.33+ 15.33+ 68.50+ 3.1+ 5.27+ 6.42+
219 055 2.08" 3.21° 450" 0.11°% 0.44"™ 0.09"
/NERFECH 3041+ 10.17+ 40.00+ 16.50+ 62.50+ 3.29+ 4.73% 6.09

1.60 0.80° 2.00° 1.50° 1.50° 0.00° 0.26" 0.30"
0.16  SHISM 27.66x  9.91+ 38.50+ 17.50< 66.67+ 3.46+ 5.60 5.38%
1.70 0.26" 1.50° 0.50™ 2.52° 0.20 0.45™ 0.09"
LEMRIEEACAP  29.60&  8.90 35.67+ 15.504 65.50+ 3.34 4.72% 533+

1.99 0.23" 9.07" 1.50° 1.50° 0.04° 0.43" 0.32°"
BB HTM 25.50+  8.55+ 43.00+ 23.504 77.00+ 257+ 4.70+ 6.67

2.11 0.73" 0.00" 1.50™ 1.00° 0.06™ 0.20° 0.03"
FAFRA B ACPC 2616 8.84+ 43.50+ 25.50+ 75.00+ 3.22+ 4 A4+ 5.97+
1.98 0.51° 1.50" 3.50™ 0.00° 0.03*" 0.25" 0.33"
/NEREECH 28.53+  9.99+ 42.00+ 21.50+ 71.50+ 245+ 453+ 5.26+

231 059" 5.00° 1.50™ 3.50° 0.13" 0.33" 0.30°
021  E¥ISM 29.69+  10.16+ 76.00= 29.50+ 69.50 241+ 4.95+ 6.40+
0.05 0.01° 3.00”° 0.50 3.50" 0.13" 0.12" 0.25°
ZEEWRBEEECAP 27.63+  9.16+ 66.50+ 30.00+ 54.00+ 2.72+ 4.78+ 7.00+

0.95 0.41° 1.50" 1.00° 3.00° 0.01™* 0.38"™ 0.05°
HH HTM 2642+ 845+ 61.00+ 26.00+ 73.50+ 331+ 430+ 6.13+
2.83 0.93° 6.00" 1.00™ 3.50° 0.08°" 0.56" 0.24%
MR IACPC 2921+ 9.28+ 74.00+ 26.50+ 69.50+ 221+ 4.74% 6.56%
2.65 0.62" 3.00% 1.50 5.50° 0.11° 0.07° 0.12°
/NERFECH 30.64+  11.50& 78.68+ 25.50+ 75.00+ 322+ 527+ 7.13+

447 0.77 1.53° 2.50" 2.00° 0.18" 0.20" 0.23°
0.11 2940+ 9.48+ 35.18+ 15.82+ 66.60+ 2.88+ 5.13+ 5.96+
1.71 0.67 4.72° 1.79" 4.15 0.33 0.54 0.41°
0.16 2756+ 926+ 40.09+ 20.70+ 71.13+ 3.00+ 4.80+ 5.72+
232 0.75 5.06" 418 4.98 0.44 0.52 0.58"
0.21 28.73+  9.59+ 7191+ 27.50+ 68.30+ 2.77+ 4.76+ 6.64=
2.75 1.21 7.35 2.30 8.34 0.46 0.42 0.42
ZHISM 2879+ 9.74% 49.50+ 20.50+ 67.224 2.84+ 5.20+ 5.83+

1.24 0.51° 20.07 6.92 3.59" 0.50 0.42 0.54
LR FEEECAP 2836+  9.06+ 42.57+ 20.67+ 61.83+ 2.97+ 4.72+ 6.07+

1.64 047" 17.95 7.11 6.43 0.30 0.30 0.79
FORY HLTM 2741+  8.75% 4517+ 22.00+ 73.67+ 2.79+ 497+ 6.17+

2.88 0.74° 13.22 437 3.58" 0.40 0.81 0.43
MRk 485 FICPC 2845+ 9.8+ 50.43+ 21.43+ 71.00+ 2.84+ 4.83+ 6.31+

2.65 0.62° 16.51 5.90 4.67" 0.49 0.44 0.32
/NERECH 29.86+ 1044+ 57.14+ 21.17+ 69.67+ 2.99+ 4.84+ 6.18+

2.82 0.95 19.06 424 5.98" 0.42 0.40 0.82

R T 2 5 W PIE

FE B4 % ¥ Density 0.107  0.652 0.000 0.000 0.665 0.480 0.130 0.001
& A E Protein source 0.326  0.000 0.623 0.993 0.025 0.915 0.319 0.776
%% H.1F FInteraction 0221  0.133 0.199 0.016 0.005 0.000 0.001 0.017
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7K fp i, O TEAR B A ) 2Ll e o T e 1) 7K T B
%, T Bk B2 AR I IE B KT S T
TR K ey o A W FLR B, Bl AE TR B0k
s LB A3 N, B IRV EN (Macrobrachium rosenber-
i) LI BB WML I 1 7K P i ™. i T g2 Rl
TRy HRUZH B A AT S B0 0, 8 1580 3 R Il 7K T
FrE, [FE IR DR = S E B A R RE T T FE,
PRI I L 375 1 K R AR o I AR I T A2 e AL
e E AT I EER R AT R, S
(0.16 kg/m ) Lb, B35 FE(0.21 kg/m’) F 0K Ha 4 A0
/INER 8 2H FE A I H O = B KPR AR
P 2H /)N 3K 2L 10375 6 280 R KPR R B R
FE i v] fe T 2 1 SR I A A BEAR S i, DA
WAENERT BEE TR K.

4 ZEip

ZF LRTR, FEARRIG AT N, FREE 1 41 #0.(5.36+
0.18) gl B FE L F0.21 kg/m’ I, Fl Kl 5 25 1%
%, MyEATebr &K £, EKZ 2. L
MWW EA . MFFRYE A A/NEREEIE N — A
VR AR LA AR 5 SR B A AR R R A .
DLER 00 R RN B8 51RO PEAN Fe s, 5 X SRR
IR IR B8 718 AR B B 1 =/NBR =R b A
Y5 H= 0> T00 .

S ik

[11 LiAJ. Aquatic Animal Nutrition and Feed Science [M].
Beijing: China Agricultural Press, 1996: 1-2. [Z%& 4. /K
FESIYNE 3R SR M), dbat o E AR H R AL,
1996: 1-2.]

[2]1 HuaK, Cobcroft J] M, Cole A, et al. The future of aquatic
protein: implications for protein sources in aquaculture-
diets [J]. One Earth, 2019, 1(3): 316-329.

[31 Boyd C E, McNevin A A, Davis R P. The contribution of
fisheries and aquaculture to the global protein supply [J].
Food Security, 2022, 14(3): 805-827.

[4] Bondad-Reantaso M G, Subasinghe R P, Josupeit H, et al.
The role of crustacean fisheries and aquaculture in global
food security: Past, present and future [J]. Journal of In-
vertebrate Pathology, 2012, 110(2): 158-165.

[51 Mai K S, Zhang W B. Development Status and Efficient
Utilization Strategy of Feed Resources in Non-Grain Pro-
tein [M]. Beijing: China Agricultural Press, 2019: 1-8. [
REAR, TRCEe. AR BT IR SR TT A BIR 5 e k
A SN [M]. et F EAO R, 2019: 1-8.]

[6] National Technology System Conventional Freshwater
Fish Industry. Development report of grass carp industry
[1]. China Fisheries, 2021(2): 26-37. [[E 5 KK 7
AR R, B R RS [J]. F EK=, 2021(2):
26-37.]

[71 Zhu S, Gao W, Wen Z, et al. Partial substitution of fish

[8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

meal by Clostridium autoethanogenum protein in the
diets of juvenile largemouth bass (Micropterus salmoides)
[J]. Aquaculture Reports, 2022(22): 100938.

Ren S, Yu H, Chu Y X, et al. Effect of Tenebrio molitor
replacing fish meal on blood and liver biochemical in-
dexes of koi carp [J]. Feed Research, 2021, 44(18): 53-
57. (MR, T2, W155F, &5, 20k A ol o) i S i
W NE AR SR AR pIs2 A [J]. AR AT, 2021, 44(18):
53-57.]

Xu W, Gao Z, Qi Z, et al. Effect of dietary Chlorella on
the growth performance and physiological parameters of
gibel carp, Carassius auratus gibelio [J]. Turkish Journal
of Fisheries and Aquatic Sciences, 2014, 14(1): 53-57.
Xue M. Processing of cottonseed protein concentrated
and its nutrient values in aquatic feed [J]. Feed Industry,
2021, 42(12): 1-5. [BEEL ARG EA I T T RH
FEAR AR R FRAE (7). 4R lk, 2021, 42(12): 1-
5.]

Maulu S, Hualiang L, Ke J, et al. Dietary Clostridium au-
toethanogenum protein modulates intestinal absorption,
antioxidant status, and immune response in GIFT (Oreo-
chromis niloticus) juveniles [J]. Aquaculture Research,
2021, 52(11): 5787-5799.

Gu J, Liang H, Ge X, et al. A study of the potential effect
of yellow mealworm (Tenebrio molitor) substitution for
fish meal on growth, immune and antioxidant capacity in
juvenile largemouth bass (Micropterus salmoides) [J].
Fish & Shellfish Immunology, 2022(120): 214-221.
El-Habashi N, Fadl S E, Farag H F, et al. Effect of using
Spirulina and Chlorella as feed additives for elevating
immunity status of Nile tilapia experimentally infected
with Aeromonas hydrophila [J]. Aquaculture Research,
2019, 50(10): 2769-2781.

Li W, Wu H, Zhang L, et al. Effects of replacing soybean
meal protein with cottonseed protein concentrate on the
growth condition and intestinal health of Nile tilapia
(Oreochromis niloticus) [J]. Aquaculture Nutrition, 2021,
27(6): 2436-2447.

James T, Alisdair B, Colin A, et al. Stocking density and
welfare of cage farmed Atlantic salmon: application of a
multivariate analysis [J]. Aquaculture, 2004, 243(1): 121-
132.

Zhang X, Liang M Q, Wei Y L, ef al. Effects of dietary
protein content and stocking density on growth perfor-
mance, nitrogen excretion, and relevant biochemical para-
meters of juvenile Takifugu rubripes [J]. Progress in
Fishery Sciences, 2021, 42(1): 74-83. [7KIbs, B, T
B R, 5. AR A5 TR R 414 7R 5 i
A RTERE . RUHEME S SRR A TR AR RO FE A [T]. i
A RF2ERERE, 2021, 42(1): 74-83.]

Timalsina P, Yadav C N R, Lamsal G P, et al. Effect of
stocking density and source of animal protein on growth
and survival of rainbow trout fingerlings in flow-through
system at Nuwakot, Nepal [J]. Aquaculture Reports,
2017(8): 58-64.

Chen J. Effect of stocking density on lipid accumulation
and the expression level of genes related to lipid metabo-
lism in grass carp (Ctenopharyngodon idella) [D].


https://doi.org/10.13557/j.cnki.issn1002-2813.2021.18.013
https://doi.org/10.13302/j.cnki.fi.2021.12.001
https://doi.org/10.19663/j.issn2095-9869.20191028001
https://doi.org/10.19663/j.issn2095-9869.20191028001
https://doi.org/10.13557/j.cnki.issn1002-2813.2021.18.013
https://doi.org/10.13302/j.cnki.fi.2021.12.001
https://doi.org/10.19663/j.issn2095-9869.20191028001
https://doi.org/10.19663/j.issn2095-9869.20191028001

2 1 A==

S5 PARLER IR SR R FEX B AR AR RE L AR R ML TS A AR bR S

225

[19]

[20]

(21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

Wuhan: Huazhong Agricultural University, 2017: 1-6. [
VE . FRVHE LN AR R A R A B DR A
FIEMEZ [D]. 305 Rl R, 2017: 1-6.]
Yadata G W, Ji K, Liang H, et al. Effects of dietary pro-
tein levels with various stocking density on growth per-
formance, whole body composit-ion, plasma parameters,
nitrogen emission and gene expression related to TOR
signaling of juvenile blunt snout bream (Megalobrama
ambylcephala) [J]. Aquaculture, 2020(519): 734730-
734730.

Daudpota A M, Kalhoro I B, Shah S A, et al. Effect of
stocking densities on growth, production and survival rate
of red tilapia in hapa at fish hatchery Chilya Thatta,
Sindh, Pakistan [J]. Journal of Fisheries, 2014, 2(3): 180-
186.

Long L, Zhang H, Ni Q, et al. Effects of stocking density
on growth, stress, and immune responses of juvenile
Chinese sturgeon (Acipenser sinensis) in a recirculating
aquaculture system [J]. Comparative Biochemistry and
Physiology Part C: Toxicology & Pharmacology,
2019(219): 25-34.

Yuan H, Chen F, Xu Q, et al. Effects of different stock-
ing densities on growth, serum steroid hormone concen-
trations, gonadosomatic index and sex reversal in the rice
field eel, Monopterus albus (Zuiew) [J]. Applied Mecha-
nics and Materials, 2011(142): 233-237.

Li D P, Zhuang P, Yan A S, ef al. The influences of illu-
mination, water current and stocking density on feeding,
behavior and growth in juveniles Acipenser schrenckii [J].
Journal of Fisheries of China, 2004, 28(1): 54-61. [ZZK
M8, FESF, il S SRHR L KRR IR A B T s KA
MEf SR AT AFIAERKIIE R [J]. K754, 2004,
28(1): 54-61.]

Aliyu-Paiko M, Hashim R. Effects of substituting dietary
fish oil with crude palm oil and palm fatty acid distillate
on growth, muscle fatty acid composition and the activi-
ties of hepatic lipogenic enzymes in snakehead (Channa
striatus, Bloch 1793) fingerling [J]. Aquaculture Re-
search, 2012, 43(5): 767-776.

Prabu E, Felix N, Uma A. Optimizing amino acid ba-
lance in fish meal-free diets for GIFT strain of Nile tilapia
(Oreochromis niloticus) by deletion method [J]. Aquacul-
ture Nutrition, 2021, 27(4): 1031-1041.

Jeong S M, Khosravi S, Kim K W, et al. Potential of
mealworm, Tenebrio molitor, meal as a sustainable die-
tary protein source for juvenile black porgy, Acanthopa-
grus schlegelii [J]. Aquaculture Reports, 2022(22):
100956.

Shi X, Luo Z, Huang C, et al. Effect of substituting
Chlorella sp. for regular fishmeal on growth, body com-
position, hepatic lipid metabolism and histology in cru-
cian carp Carassius auratus [J). Acta Hydrobiologica Si-
nica, 2015, 39(3): 498-506. [£1 74, &' %, ##, 4. /K
?;‘.’E*é?ﬁﬁ%‘xﬁﬁﬂiﬁ\ PR I i I A B HL 2
LI IREM [J]. KA AR, 2015, 39(3): 498-506.]
Zhao H H. The effects of stocking density and feeding
models on muscle quality and metabolic regulations of
grass carp, Ctenopharyngodon idellus [D]. Wuhan:

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

Huazhong Agricultural University, 2019: 1-5. [ 5.
T T R AR 5 MRS 0o e £ LAY ot SRR I R 4% 1
M [D]. BB H R K, 2019: 1-5.]

Pohlenz C, Buentello A, Criscitiello M F, et al. Synergies
between vaccination and dietary arginine and glutamine
supplementation improve the immune response of chan-
nel catfish against Edwardsiella ictaluri [J]. Fish and
Shellfish Immunology, 2012, 33(3): 543-551.

Wei H C, Yu H H, Chen X M, et al. Effects of soybean
meal replaced by Clostridium autoethanogenum protein
on growth performanc, plasma biochemical indexes and
hepatopancreas and intestinal histopathology of grass carp
(Ctenopharyngodon idllus) [J]. Chinese Journal of Animal
Nutrition, 2018, 30(10): 4190-4201. [FEILIEE, ASXKIK, [
WERA, 55, ORI B A B ARSI A AR R PERE . I
HAA T bR BT FB AN 18 0 0 B e [T]. 304
EIRAR, 2018, 30(10): 4190-4201.]

Liu H, Yan Q, Han D, et al. Effect of dietary inclusion of
cottonseed meal on growth performance and physiologi-
cal and immune responses in juvenile grass carp, Cteno-
pharyngodon idellus [J]. Aquaculture Nutrition, 2018:
anu.12867.

Jia R, Liu B, Han C, et al. Influence of stocking density
on growth performance, antioxidant status, and physiolo-
gical response of juvenile turbot, Scophthalmus maximu,
reared in land-based recirculating aquaculture system [J].
Journal of the World Aquaculture Society, 2016, 47(4):
587-599.

Ni J J. Effects of stocking density on growth and
physiology of micropterus salmoides reared in in-pond
raceway culture systems [D]. Shanghai: Shanghai Ocean
University, 2020: 6-9. [{i4: 4. sk TAEALIEIA K25
BT IR 58 % B3 K 1 B A K 5 AR LR 1
[D]. bifg: bR, 2020: 6-9.]

Zhang HE, He Y Y, LiJ, et al. Effects of different stock-
ing densities on the growth and energy metabolism of
Fenneropenaeus chinensis [J]. Progress in Fishery Sci-
ences, 2021, 42(05): 70-76. [FKHFE, ] T3, Zsfg, &
A [ % B 5 o e 1] B S0 A R R A 1 5
[3]. ¥l L2430t 2, 2021, 42(05): 70-76.]

Lochmann R T, Phillips H, Weldon D, et al. Effects of di-
etary protein and fish density on performance and produc-
tion economics of Golden Shiners in pools [J]. North
American Journal of Aquaculture, 2014, 76(2): 130-137.
Refaey M M, Li D, Tian X, et al. High stocking density
alters growth performance, blood biochemistry, intestinal
histology, and muscle quality of channel catfish Ictalurus
punctatus [J]. Aquaculture, 2018(492): 73-81.

WeiY Q, XuY Q, Wei YV, et al. Effect of a- ketoglu-
tarate supplementation in different protein sources of di-
ets on muscle composition, serum amino acids and bioche-
mical indices of Songpu mirror carp [J]. Journal of Nor-
theast Agricultural University, 2015(1): 94-100. [%% E 5%,
wEK, ALEE, % AFE EI/)?’E?MEPVT&JJDCL i 1 —
TN FA T R ER AL By IS Z R MR AN AR AL FR FR W52
M [J]. ARl K254k, 2015(1): 94-100.]

Yanag Z F. Effect of high density stress on Nrf2 pathway
and the regulation mechanism of emodin in blunt snout


https://doi.org/10.7541/2015.66
https://doi.org/10.3969/j.issn.1006-267x.2018.10.045
https://doi.org/10.3969/j.issn.1006-267x.2018.10.045
https://doi.org/10.19663/j.issn2095-9869.20200326001
https://doi.org/10.3969/j.issn.1005-9369.2015.01.015
https://doi.org/10.7541/2015.66
https://doi.org/10.3969/j.issn.1006-267x.2018.10.045
https://doi.org/10.3969/j.issn.1006-267x.2018.10.045
https://doi.org/10.19663/j.issn2095-9869.20200326001
https://doi.org/10.3969/j.issn.1005-9369.2015.01.015

226 K& A& Y ¥ 47 &

bream (Megalobrama amblycephala) reared under in- K BAET AR A R hw DL R LA 5t 5T 5% 10 1) AF 7
pond raceway conditions [D]. Nanjing: Nanjing Agricul- [D]. B HH R K, 2020: 28-32.]
tural University, 2019: 14-20. [#%& &. i3 i X 754 [41]1 NiM, Wen H, Li J, et al. The physiological performance
R % SO B3k 5 AR K. N2 38 B 1 520 J oK and immune responses of juvenile Amur sturgeon
IR HET A [D]. B A FE AR KA, 2019: (Acipenser schrenckii) to stocking density and hypoxia
14-20.] stress [J]. Fish & Shellfish Immunology, 2014, 36(2): 325-
[39] Wang T T. Experiments of flatfish culture using two new- 335.
style net cages and effect of farming density on Paralich- [42] Molina R, Moreno I, Pichardo S, et al. Acid and alkaline
thys olivaceus [D]. Shanghai: Shanghai Ocean University, phosphatase activities and pathological changes induced
2016: 34-39. [T WG 5. 3 s 20 S8 245 o 4 77 1 e in tilapia fish (Oreochromis sp.) exposed subchronically
2 S R R FR A AR A B B2 [D]. B bR R to microcystins from toxic cyanobacterial blooms under
2%,2016: 34-39.] laboratory conditions [J]. Toxicon, 2005, 46(7): 725-735.
[40] Zhang Q. Study on the effects of stocking density on [43] Fang P F,HeJ Z, Lv M, et al. Effect of dietary Tenebrio
growth, physiological indexes and muscle quality of mic- molitor protein on growth performance and immunologi-
ropterus salmoides [D]. Wuhan: Huazhong Agricultural cal parameters in Macrobrachium rosenbergii [J]. Aqua-
University, 2020: 28-32. [k #F. FIFRB T 77508 5 B 5t culture, 2019(511): 734247.

DIETARY PROTEIN SOURCE AND STOCKING DENSITY ON GROWTH
PERFORMANCE, BODY COMPOSITION AND SERUM BIOCHEMICAL
PARAMETERS OF GRASS CARP (CTENOPHARYNGODON IDELLA)

DONG Li-Xue', XIE Shou-Qi’, ZHOU Liang’, LU Xing', TIAN Juan', YU Li-Juan', WEN Hua',
XIAOJ iang-Rong3 and JIANG Ming1

(1. Yangtze River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Wuhan 430073, China; 2. Institute of
Hydrobiology, Chinese Academy of Sciences, Wuhan 430064, China; 3. Wuchang Shouyi University, Wuhan 430064, China)

Abstract: The experiment was conducted to investigate the effects of dietary protein source and stocking density on
growth performance, body composition and serum biochemical parameters of grass carp (Ctenopharyngodon idellus). A
two-factor orthogonal experiment (3x5) was used to evaluate the effects of soybean meal (SM), Clostridium autoetha-
nogenum protein (CAP), Tenebrio molito (TM), cottonseed protein concentrate (CPC) and Chlorella (CH) for grass
carps with three stocking density. Five isonitrogenous and isoenergetic diets were prepared with the five protein sources
as a single protein source, respectively. Grass carps with an initial body weight of (5.36+0.18) g were fed with the five
test diets at three stocking density (0.11, 0.16 and 0.21 kg/mi) for 60 days in pond cages (1.0 mx1.0 mx1.5 m), respec-
tively. The results showed that the feed coefficient (FCR) increased, and the specific growth rate (SGR), weight gain
rate (WGR), protein efficiency (PER) and liver index (HSI) decreased with the increase of stocking density. Under the
three stocking densities, FCR in TM group was significantly higher than that of other protein source groups (P<0.05),
and FBW, SGR, WGR and PER were significantly lower than those in other protein source groups (P<0.05). The
growth performance of grass carp in the 0.11 and 0.16 kg/m3 stocking density groups were similar, and were signifi-
cantly better than that in the 0.21 kg/m3 stocking density group (P<0.05). Protein source and stocking density had no
significant effects on the moisture, crude protein and ash content of the whole grass carp (P>0.05). The crude fat con-
tent of grass carp in the 0.21 kg/m3 stocking density group was significantly lower than that in other stocking density
groups (P<0.05), and the serum biochemical indexes of aspartate aminotransferase (AST), alanine aminotransferase
(ALT) and glucose (GLU) were significantly higher than those in other stocking density groups (P<0.05). Regardless of
the stocking density, the serum albumin (ALB) content of the CH group was significantly higher than that in the CAP
group, the TM group and the CPC group (P<0.05). The alkaline phosphatase activity of TM group was significantly
higher than that in the CAP group (P<0.05). Based on the protein efficiency and weight gain rate, the ability of grass
carp to utilize the five protein sources was CAP=CH=CPC =SM>TM.

Key words: Protein source; Stocking density; Growth performance; Body composition; Serum biochemical parameters;
Ctenopharyngodon idella
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