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FEE: W IR A SCIG R T DR b & I U % 1) (Saccharomyces  cerevisiae) i il 7K - %k 1 2 i (Micropterus sal-
moides)A: & . FRLKHFI SR AR BRI o LAERY & 50 40% B9 1k A T 50 (RF), F IR AR R 48 8 A 2R R RF
tF 60%AY 7K (CHO); 7E4RK CHO (RERR ., 73532 1% (CH1)F 2% (CH2) 7B 70 & B MU0 B R B ) i ik &
H(21.7£0.2) g BISLERMTEZRFUN 4000 L B ESNR KN FR5E 8 8, BN 30 Bk, ScaeibifE, AR N
(22.5+5.2) C, #fFE>6.0 mg/L, pH 7y 6.8+0.1, SCIGAER R, FERRLEIN 1%38 2% 14 2 T N5 e B X608 17
BORKE | AR RRHZCRERE RS, M AMSTSCR) . B AT R AR EAE . AR EEE . T
WEIGEOMAIRLOK S . HEE . MR . Koy, SRABES &), k. FMBEE Y AR DL TR KR N K BT (=R
SV R i A R R R 50 TC 1 2 L AN (P>0.05) o it FR A 0 B & TR LY e 5 R /KT 38 T ) % (P<0.05) o B ARDEL
RF &5 EMA CHO. CHI Al CH2 Mtz IR E . MER ., A R AR, afloka.
BRI & 8 . B R 7 T TG B3 25 $(P>0.05), {HRTH B0 f7 (P S AR IS FE . SR R ROR fa AR R 43
TR TS (P<0.05), SR B AL RF (9 B B8R U] & T & nbkE CHI R CH2 A f.(P<0.05), 11 &0 F
B YRR R TS 5 (P<0.05) . 5 R FTITE 24 07 A S M SR K AR AL . B R R ELAE LL, SR S FR 2 0 Al B Y
A BB RAR(P<0.05), Mg REHK R (P<0.01), ANFFELE RGN, W B IR 46 3 OB DR b faofs & s
K5 16% A X R OB E . AR, FRFHER . AR S5 R Y HE R = B E N RE R, 7Rk
HSTIN 1%38 2% 19 e R NI 1 ) A 2 BH S 085 5% A1 B b A ek 1) B 0 2 K R RV RDRL R R k3, sl S R IR 5%
B2 Wy HE R -

KGR RO RS RBEMUNEERE; Rk A ARG B, KB
hE 55 ES: S963 CERARAERD: A XEHS: 1005-8737—(2022)02—0274—10

K I B fifi (Micropterus salmoides) J& i £ H
(Perciformes), K [H %l (Centrarchidae), H&&5J&,
a2 M b, SRk PR S, T T bR,
20 2 80 FAUEH I AT ERRi TR, KA
fpi R R, PSR SE, TEIRVE T, 2IROK
W AR L R Fh . EAbEE AR O
PGt L R R R N 40%~44%! 2, (H IR 3

Kt BE: 2021-07-26; f&ITHHR: 2021-09-15.
BEELWB: Wil ESuk & kI3 H(2018C02033).

S BT I ARDREE f0 A  Z2 12, ] Pyt o 7
FE e — 3 D v ARE £ O TR R T AR R R
F RS B R F B & i 46%~49%, Huang
S — A3 O B R R KO 48%~
52%, W5 AR A T G ARk AT A R T RR p
HAEKNT R, BlG BRI s TR H
B FRTE P ) R, 2017 AF [ N K B IR

EE®B N EIE1978-), B, W-EwrsE, WF5E07 I R a2 A A F1 #5548, E-mail: cuizhenghe@163.com
BEEE: TA, &8, Uorm kiS85 a3CEFRATRRE0K ™ R, E-mail: ywang@zju.edu.cn



552 4

BEIEBAE DRk v 25 e MY e B SR X DR T PR A 4 L AR 28R K 4 5 275

FEa M 2016 41 347300 t BRI 456900 t,

/Dt S DR R B fk IR 40 AERK™
FRFEMT T A BB O 5 4t 2R R
PRt 2 Al b B R A A T, il
R T BB R A b ol A R 45% 0, BF ST R
B, Sl RIS R R SRR A . KOS &
1 (SPC) 3k I8 2P B b v] 4 e} ok & B AIK =
16%, 1% K 1 2 iy A= 4 Rl 1] FHCR IC A S 17
RO M R S AR, AR
Ak e A K [ A R A RR H
1%38 I & T MG %1 (Saccharomyces cerevisiae)f
0 WA . ol 3 o g A K R e v RET ), H W
UL BRI 0.5% 0 2 B MG -1 K 8 25 18
IR DR e 4 2 1 R AR 1 R o AR £ 1 K
Vo B R S T MU IR AR TAICR AT RE 5 AR
TR TS IR A O, A BRI N e T AL
T RS I KT 2 75 B T e % £ I e )
R H RS A, teAh, BB R IR
SPC i BB ACIRDBHE M AN 2 T 80Al . BRI P HEL
Y, EZE S e i R MK R R £ A DL
UE o AR FE I8 3 75 58 SN T DRk & I
PR BRI K SE 6 R 1 SR i | AR FH 8RN
FEF K B2 R, H B0 78 K R I £ Ry
ok SN e e[| A ] e B P AT N [
W 1) P AR R 1 45 75 1 (CPC) R AR A el £ 83 % K 11
FRAT B 7K BT ()5 ]

1 M#EFE

1.1 g, Emafnfas

KR R SR w T, RN (RF) R
A 40%, FI MR A5 1 (CPC) U B RF
R 60% (CHO), 7EMLIERE . 294 1%
(CH1)HI 2% (CH2)I) 50 s A8 I A P v e B, 5
I GDRLA 1 BRIBR 0 2542 43 3R 50%A1 1%,

JIT AR 11 2ty 4 0 ) 1 58 T W2 T BRLRE R K
F AN, BT, KA s BTk
SR X YR LR P O)E, BES
2000 L EIMNR OGRS R 3% 4 J, 25710100
P ORAR I W VTR 22 KA S R G 5K TR S
R IN TR IR AR B R & i 50%,

FHRE 7 524 9%) o Fir FARFF I 45 22 1 (CPC) FH W
B S A R B B GRS, W e ) Bt O
fl iR R ER, EAEZEIR TR AR (HTE %) . BN
RMCEERE) . LM, KOWAEEASPC).
3 R0 A A 1 T8 BB A A BR A H (4
M, W), DL-Met W A WL L i 254 BR S R (7
o, Wity EHR A YR L A L
200710001775.0)EC i, BLorELHEXS RH . TR &
R B IR AT . B PR R A E R R WL 1,

x1 ARERBEFRAR
Tab.1 Proximate composition of the feed ingredients
%

Jart T HEA MR Ry
ingredient dry matter crude protein crude lipid ash
B} fish meal 91.6 69.5 9.0 134
KTk 45 & 91.8 63.0 0.7 7.3
cottonseed-protein meal
EHIREY 90.7 49.7 1.3 6.4
soybean meal
T 4 wheat flour 88.0 17.6 2.2 1.0

FE: ML MAB IR 4 2R JERHE AR A 26 T 0 & i,
AR Ay T I £ 45 2R T (A
Note: Crude protein, crude lipid and ash reflect the situation of the

feed ingredients stored in air, and the data are means of two mea-
surements.

BemRER G R, i 80 HIE, SRJFHRIEHE T
MU R T 45 SRR (B e I i I F TR 20,
T HFEEHE A 2 A EHEFEAL, ITAZ 20%
(VW) K JE 1R A 10 mino I H E K =Bl 058 B
WOl U 58 BT 45 77 i SLP-450 1 U 4R] 4} g
AL TIRDEHBRL (B4R R 3 mm, KN 5 mm)AY
Wk, FEAARE IR T A SRR 5 K o e e
BHEN, [T AELEVKAR (20 C)r, SEE0Fa At
Bic 7 AV SR AL L2 2.

12 FEXW

SEHTHkEE 500 AR/ NI, K
TEEHNR LKA (EAS R 140 cm, =4 140 cm,
SR 2000 L) 92w A ISR AR OR R i
Iy B R RL RF. SCE T R I e (52 g
24 h, SRJEHG ISR L TP AE— A KA T BRI bl
PLIH5 30 BB fa, FEARFR 5 BE ML 5256 0
FEHNR AR (B AR 160 cm, 54 200 cm, %
BUR 4000 Ly, AApmpkEHE 3 ANER, LA 12
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KA, LI MAPIIGIRE R(21.7£0.2) g (X£SD,
N=12), 45 A5 AT AR i 9 55 fa B ATLER 3 26
(s B/4l), sl AR . (RKAFE, %
JIT B AR AETE VKAR (—20 “C)H R 434 52 56 FF
LR s AR 2 R IR AE s o

®2 LWAMBHERAR
Tab. 2 Formulation and proximate composition
of thetest diets
%

Tkl diet
RF CHO CHI1 CH2
£4) fish meal 40.0 16.0 16.0 16.0
FAF e 4 25 11
cottonseed-protein meal
EHIRAY protein premix 300 300 30.0 30.0

JERE ingredient

0.0 265 26.5 26.5

% wheat flour 129 129 129 129
R — 255 Ca(H,PO.), 1.5 1.5 1.5 1.5
SALMERE choline chloride 0.2 0.2 0.2 0.2
Y Z YY) R 1.5 L5 1.5 L5
vitamin and mineral premix®

R T ML % 1.0 2.0
Saccharomyces cerevisiae

W A7# bentonite 6.5 2.0 1.0 0.0
a3y fish oil 7.4 9.4 9.4 9.4
FHJi dry matter 928 924 916 932
HE A ° crude protein® 50.3  50.1 504 503
HLE R ° crude lipid® 11.0 112 11.1 111
K4y © ash® 15.2 9.6 8.7 8.0
s ® phosphorus® 1.6 1.6 1.6 1.6

TE: 4 AR BT R TR Y (5 kg WEL: 4iA4E 3 A, 8000 TU; 4
2 Ds, 2000 TU; 4% E, 100 mg; 4E4E &K K, 7.5 mg; 44
# By, 15mg; A% B,, 15 mg; 4i4: % Be, 12.5 mg; 4i/E#E By,
0.05 mg; B, 025 mg; IZHAS, 40 mg; ML, 5 mg; MBI, 50 mg;
i % C, 140 mg; JLEE, 120 mg; FeSO,, 40 mg; CuS0,4.5H,0, 25 mg;
MnS04.4H,0, 10 mg; ZnSO,, 100 mg; MgSO,.7H,0, 200 mg; CoCOs;,
0.35 mg; K1, 0.05 mg; Na,SeO;, 0.3 mg; C,HoNO, 5 mg. "Ml
ORI . KA Rk S B RN AR AR R I & i, Bl
PRI 2 5 2R 1 P 2 1.

Note: * Rovimix provides per kg of feed: vitamin A, 8000 IU; vita-
min D3, 2000 IU; vitamin E, 100 mg; vitamin Kj, 7.5 mg; vitamin
By, 15 mg; vitamin B,, 15 mg; vitamin Bs, 12.5 mg; vitamin By,
0.05 mg; D-biotin, 0.25 mg; D-calcium pantothenate, 40 mg; folic
acid, 5 mg; niacinamide, 50 mg; vitamin C, 140 mg; inositol, 120
mg; FeSO4, 40 mg; CuS0O4.5H,0, 25 mg; MnS0,4.4H,0, 10 mg;
ZnSOy4, 100 mg; MgS04.7H,0, 200 mg; CoCOs;, 0.35 mg; KI, 0.05
mg; Na,SeOs, 0.3 mg; C4HyNO, 5 mg. ® Crude protein, crude lipid,
ash and phosphorus are expressed as the situation stored in air, and
the data are means of two measurements.

FEHE S A 2017 4FE 8 H 26 HIFHAZE 10 A

20 HEZ5H, pint 8 Jal, SEgedbifml, &K 8:00 il
16:00 415 1 £ 2k 1) S0 /A e pAy 438 M A e O
R IRKAE N A BN BIE; IR E . KA 24 h
LA, IR FCRA A 5IE 9 H 4 HL 9
H 13 H.9H 26 HA1 10 A 8 H i& sk (4 ke
7KK 2000 L) o ic s FER R E(E 13 d)oBK 7:30
F115:30 M KIR[(22.545.2) C; BFR 405
FH YSI-58 ¥ AL (YSI Incorporated, 32 [E)HIHE:
PHB-4 pH it ( EiR R AAS A ], ) E
JK A8 N 7 48(>6.0 mg/L) Al pH(6.8+0.1) W 5L
KK ATE B LI KN KIH T 0.5 m ALRAE,
SIFTEE(TN) . SBE(TP) . Z A (TAN) IS R Eh
FEEL(CODMy) o SEIRLEHET, SEfFME 24 h, SR)5 53
SV RS ACORE PN 1) f A ERA HR OFRE AR RR . B
DIKFENBEVLI 5 R, oy iRE | Ak
T B S5 R AEAE VKA (20 CHH, AE K43 M7 9256
e SRR NAE D) =T
1.3 HEZH

W BT BRS80S E SR N AR . PR,
TE s KB #1(120 C)NZEA 20 min J5 57 ABEFT
(105 CHYMET . TapkHUR} | S5 fe) A S g £
SyBTRTSER I 40 HIF, # AOAC (1995)]
JEa K. MEE . HARDI K &, H
, M S EH Foss-8400 4 H shdl IR E &AL
(FOSS, i)l sE; MR & 1] SZF-06A gl
A (B A BR A R, DI E . L
PHRR I E W% i JH EA3000 CHNS JTR T
B (Euro Vector, Ayl 2 ik & & o

JRBUKFER TN, TP Ml TAN ¥ Skalar
San""E FR Eh W BN TE S BT (Skalar Analytical BV,
fap ) o R S PR 125 I % CODwno
14 HETESST

$EE K (feed intake, FI), A4 (weight gain,
WG) . 1} &% (feed conversion ratio, FCR) . fi&fifi
HZF (carbon retention efficiency, CRE), A fitif
K (nitrogen retention efficiency, NRE) B fifi FRAL
K (phosphorus retention efficiency, PRE)., Al &
(condition factor, CF). JIf T 4§ % (hepatosomatic
index, HSI). k& YHE & (carbon waste, CW),
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FIR P HECE (nitrogen waste, NW) 1§ E ) HE L
i (phosphorus waste, PW) . FAA 1 ;= i 4 14 #E
(ratio of fish meal consumption to fish production,
RCP)73 4% T 51 A A5
FI (%/d)=100x1/[(Wo+W,)/2xt]
WG (g)=W/Ni—Wo/No
FCR=I/(W—Wy+Wy)
CRE (%)=100% (W Ce~Wox CeotWa Cea) (1% Cy)
NRE (%)=100>(W;x Cni—Wo* CrnotWax Cya)/(1%Cxi)
PRE (%)=100x(W;xCp—WxCpg+WyxCpq)/(IxCps)
CF (g/cm’)=100xW,/L;’
HST (%)=100xW,/W;
CW [g C/(kg fish gain)]=1000x (I xCcg)*

(1-CRE)/(W—Wy+W,)
NW [g N/(kg fish gain)]=1000x(1xCyg)*

(1-NRE)/(W—Wp+Wy)
PW [g P/(kg fish gain)]=1000x(1xCpg)*

(1-PRE)/(W—Wy+W,)
RCP (g/g)=WGxFCRxFL/(W/NxDMF, —

W()/NOXDMF())
Ao, 1(g) > S50 10 18] A ZKORE PN 450 M 174 T e
Wo(g)Fl W(g) 73 31 o 552 56 FF ffy 143 o £ 1 A
No A Ny A S 56 FF Uiy 1285 SR s A 7K P 1) 8
B, t(d) SR IE] ;. Wa(g) R KR A BE £ Y Jit
it Coo(%) I Cel(Y) 530k S5 T 4 A 45 RIS #41
Mgﬂgﬁz}%/é\%, CCd(%)ﬁ%@E"Jﬁi}%/E\ﬁ, CNO(%)%D
Cni(%) 53 311 Ry S 36 FF s 1 235 o B £ 44 1 280 1% 25
Cna(%) WIEA I A & i Cpo(%) T Cp(%) 531 H
S0 T A6 AR LR G P Cou(%) B £
B A Bk Co%) . Ca %) Fl o %) R A 9
k. EAIBE S 2 Wi(g). Lo(em)FT Wi(g) 5351 R 52
S5 AR TR R i A A | A AT L FL(%)
AR RN & B, DMF(%) 1 DMF(%) 354
AR GR AT N R RN 7/ Jriiers - o8

SR KA MR E(NA) . B (PA) AT AR
Frep T AN 28 0 B U s IR s O gt
A, KA
NA (g)=NWx(W—-W)
PA (g)=PWx(W~Wp)
PR 22 O g Ay, KAl
NA (g)=[(TN~TNp)*xV+ X vxTN, 5§ TP.]/1000
PA (g)=[(TP~TPy)xV+ > vxTN, 5 TP.]/1000

1, NW[g N/(kg fish gain)]Fll PW[g P/(kg fish

gain) |50 B0 H 28 35 58 1) FORN B IR 0 HE BCE: ;. Wo(g)
T Wig) 43 il A 52 56 TF 4R 1 25 3R £ 1k R
TN(mg/L)AI TP (mg/L)J3 51 A S 56 45 T 7K 44 B
RSB E; TNo(mg/L)FI TPo(mg/L)43 5y 52
6 T 4 e 7K M A RURILE B VR B, V(L) R SR B K A
FH (L) A BRI Bk AR FH; TN (mg/L)FI TP.(mg/L)
43 SR HEK H R R VR

KA R 7 2253 5T (ANOVA) K 56 17 Rl %
T MRS B 8 I 7K S X AR | B T6 %6 L FT, WG,
FCR., CRE. NRE., PRE. RCP., CF. HSI. faffk
PR OKST . AT B/ k. KRk, CW.,
NW. PW. TN. TP. TAN Fl CODw, (50, #
AL BN 22, Wit — 2B 54T Duncan’s K% kb
¢ CHO. CHI1 fl CH2 Z[i]2: % . R H Dunnett test
ikl RF 55k CHO . CH1 FI CH2 Z[i] [-i&
FEPRI 255 o 7 220 H il S vt L E 0 3R i 5k
P( FI. NRE. PRE. HSI FlfA A2 i 2517 )
IEBEHE o RO B ¢ K50 ik RS
FREFT A A RO E R A R
ZI 25, Frgeit st A SPSS 20.0 k{4
SR, HUP<0.05 Ry 2557 B MEAKF .

2 HRE5HMH

21 EHEEE. B/, £K. @ARNAARERM
TR & MR

FER 3 AT, TR MG I N 0 7K S X S 56
R . &4KH . WG, FI, FCR, CRE., NRE
HI RCP JC & 52M(P>0.05), Fifi e I WL e B 25
KF-FHm, PRE B R F%(P<0.05), $RE1A%E CHO
£ PRE B0 & T4 ik CH2 B £1(P<0.05).
B RF 24K HE . WG, FI. FCR., CRE,
NRE DI RiE R 58K CHO. CH1 Fl CH2
(1 f1 22 [8] G i 3 22 5 (P>0.05), {HH: PRE W& 5
TR CHI F1 CH2 By (P<0.05), ik}
RF /£t RCP B i /& T4 & 1al %} CHO .CH1 1 CH2
f 11(P<0.05),
22 XLWaEHE. FEEHMNaEER

R 4 AT UL, e R MG T N 0 K S o S 56
fi CF, HSI FfaiRgl oK 5. HEH . HAEHG .
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AT Bk W) TC L E A (P>0.05) . $R &1k RF
KA . AR L ORLIR b A i S B e R
CHO., CH1 I CH2 1 fa 2 [h] JC i 3 2% 5+ (P>0.05),
{3 HSI Ffafd ik o &8 & F )5 # (P<0.05).
AR RF i CF B 355 THE R CHO 1)
fa, B E RS THEEME CH2 (14(P<0.05),
2.3 FEEMHEMEMAKRETWL

MR 5 AT UL, TR A R MG T T 0K SF R
CW. NW F1 PW JGC g 5  (P>0.05). &1k
RF ffa CW SRk CHO, CH1 f1 CH2 iy fa

Z 81 JC B 2 22 5(P>0.05), {HFH: NW 1 PW 435l it
FAR TR CHI F CH2 Y £11(P<0.05).

MR 6 AT, #eE SR O A R SR K A
R B AR T 4% WH 2% J7 153 58 1 . (P<0.05),
{E4% 78 F5 25 T B R K AR A 3R B o T
WA 7 5 A 1 (E (P<0.01)

A1 AT, SE6 A ] KA KR G 2 b
B RS, AR B S0 s R] E K R R A
KA 32,5 C, oKl 152 °C, Kild
f&F 20 CHyRFEIFA 14 d.

*3 XOBHESE. BR. £K. AN AR ER & BRSE
Tab. 3 Survival, feed intake, growth, feed utilization efficiency and ratio of fish meal consumption to
fish production in Micropterus salmoides cultivation
n=3; X+SD; WW

BREERRAR /% B R THAE SR/ %

Tk LR /g R BEERI(%/d) FRREC BAERAR%  RAERER%

diet  final body weight WG FI FCR CRE NRE PRE /(g/g) RCP survival
RF 76.1+2.4 542+2.6 1.77£0.03  0.90£0.03 36.86+2.47 38.38+1.49  43.10+2.62 1.27+0.07 99:+2
CHO 77.4+7.2° 55.7+7.4° 1.86£0.08" 0.95+0.02° 34.49+1.27° 36.26£0.57°  40.44+3.51° 0.55+0.02"" 96:+4°
CHI 69.3£6.1° 47.9+6.2° 1.87£0.04" 1.02+£0.09" 31.11+3.08" 34.34+2.88" 34.87+3.70™" 0.56=0.06" 98+2°
CH2 73.3+3.1° 51.6£2.9" 1.85+0.08" 0.99+0.08" 31.49+2.17° 34.45+3.32° 31.62+2.41" 0.56£0.05"" 96:+2°

TE: RF 0By & 5 40% K975 kL 76 CHO CHI FIl CH2 A AR FF e 4 85 FO AU L RF AP B8N 60%, oAt CHI I CH2 H)
B 1% 2% A0 570 58 7R 0 % T Ml J ). b AR BN AL 523 51 # /R Duncan’s #5565 (CHO .CHI A1 CH2 2 [8])Fl Dunnett £ % (RF 5 CHO .,
CHI il CH2 Z[RD)ZSIR. FIFVEE T EART-REAN [R5 Fom A B R 24 57 1 2 (P<0.05), [RIZIEHE T s 255 Fon 5 RF 2557 13 (P<0.05).
Note: RF was the reference diet containing 40% fish meal; in diets CHO, CH1 and CH2, 60% of the fish meal in diet RF was replaced with
cottonseed protein concentrate, and fermented brewer’s yeast was added at 1% and 2% in diets CH1 and CH2. The superscripts (letter or
asterisk) represent the results of Duncan’s test (between CHO, CH1 and CH2) or Dunnett test (between RF and CHO, CH1 or CH2), respec-
tively. The data in the same column with different letter are significantly different in Duncan’s test (P<0.05), while the data in the same col-
umn with asterisk are significant from RF (P<0.05).

F4 KOBHREHE. FERBMAMEFAER
Tab. 4 Condition factor, hepatosomatic index and body composition of Micropterus salmoides
n=3; X+SD; WW

Wk R (g/em®)  FEFEEU% IK531% /% HLIR /% TR531% /% /%
diet CF HSI moisture crude protein crude lipid ash carbon phosphorus
initial  1.91+0.17 2.41+0.58 73.6+0.3 16.240.1 5.4+0.3 4.3+0.0 12.6+0.6 1.04+0.01
RF 2.17+0.19 2.64+0.45 72.0+0.6 17.1£0.1 6.6+0.6 3.640.1 13.6+0.3 0.75+0.01
CHO 2.01£0.07*" 2.00+0.32°  72.6+0.2° 16.9+0.2° 6.6+0.4° 3.4+0.1" 13.5+0.2° 0.72+0.04°
CHI 2.11£0.11° 2.04+0.24" 71.9£0.5° 17.1£0.1° 6.90.7° 3.420.0" 13.5+0.1° 0.72+0.02°
CH2 2.06£0.11° 2.08+0.44" 72.5+£0.2° 16.8+0.3° 7.0£0.1° 3.3+0.1" 13.3£0.1° 0.68+0.01*"

TE: RF W AR5 50 40% 03 S Am AL, 75 CHO L CHL Al CH2 A AR FF e 4 8 (AU R RE AR 60%, JLrp CHI Fl CH2 gy
B 1% 2% A0 570 5 VR 0 % T Ml ). b bR B AN AL 523 501 F67R Duncan’s #2356 (CHO .CHI A1 CH2 2 [8])Fl Dunnett £ % (RF &5 CHO .,
CHI 1 CH2 Z[RD)ZEIR. FFVEEE th EAR TR R 5 Fom A B R 24 57 W 3 (P<0.05), [RIZEHE 1 s 255 Fon 5 RF 2557 13 (P<0.05).
Note: RF was the reference diet containing 40% fish meal; in diets CHO, CH1 and CH2, 60% of the fish meal in diet RF was replaced with
cottonseed protein concentrate, and fermented brewer’s yeast was added at 1% and 2% in diets CH1 and CH2. The superscripts (letter or
asterisk) represent the results of Duncan’s test (between CHO, CH1 and CH2) or Dunnett test (between RF and CHO, CH1 or CH2), respec-
tively. The data in the same column with different letter are significantly different in Duncan’s test (P<0.05), while the data in the same col-
umn with asterisk are significant from RF (P<0.05).
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Tab.5 Wastes of carbon, nitrogen and phosphorus of Micropterus salmoides

n=3; X+SD
WH item RF CHO CHI CH2
W IR W HETCE: /[g C/(kg fish gain)] CW 240.5+17.0 262.7£9.6* 312.1+41.1° 299.6+33.6"
BIE YRR /[g N/(kg fish gain)] NW 44.842.5 48.4+1.3° 53.9+7.0" 52.3+6.9°
BEE W HE R /[g P/(kg fish gain)] PW 8.4+0.7 8.8+0.6 10.7+1.5° 11.1£1.3%

TE: RF 08 & il 40%00 75 S0kl 76 CHOL CHI Rl CH2 R AR AR 4 2 1 ARk RE P 0K 19 60%, Horh CH1 il
CH2 "3 Jil3% 1% 2% 1Y 70 1t B8 0 & e U B, B AR BEFILARL 5 2300l 378 Duncan’s K45 (CHO .CH1 F1 CH2 Z [8])Fl Dunnett
Kr8:(RF 5 CHO. CHI Fl CH2 Z[EDZEA. AT 8l o EAR TR AR # s A Bl R] 22 573 0.3 (P<0.05), AT 8 AR 5 ¥
Fn Y RF 22 5% 1235 (P<0.05).

Note: RF was the reference diet containing 40% fish meal; in diets CHO, CH1 and CH2, 60% of the fish meal in diet RF was replaced
with cottonseed protein concentrate, and fermented brewer’s yeast was added at 1% and 2% in diets CH1 and CH2. The superscripts
(letter or asterisk) represent the results of Duncan’s test (between CHO, CH1 and CH2) or Dunnett test (between RF and CHO, CH1 or
CH2), respectively. The data in the same row with different letter are significantly different in Duncan’s test (P<0.05), while the data
in the same row with asterisk are significant from RF (P<0.05).
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Tab. 6 Accumulation of nitrogen and phosphorusin the experimental tanks

n=3; X +SD

_ B F72FJ7 ¥ nutritional method WAYA £ )7 limnological method

e A N N

dict AR R g B Rk /g U R/ BB /g

nitrogen accumulation phosphorus accumulation nitrogen accumulation phosphorus accumulation

RF 71.7+£2.7 13.4+0.6 84.5+£5.7 2.5+0.3

CHO 76.9+7.5 13.9+1.5 84.5+14.1 1.7+0.5

CHI 74.242.2 14.7+0.1 99.6+6.7 1.8+0.1

CH2 75.4+4.0 16.0+0.6 93.1£31.2 1.3+0.1
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S 1% 2% 1 ) 12 VS i & T MO e B
Note: RF was the reference diet containing 40% fish meal; in diets CHO, CH1 and CH2, 60% of the fish meal in diet RF was replaced with
cottonseed protein concentrate, and fermented brewer’s yeast was added at 1% and 2% in diets CHI and CH2.
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Fig. 1 Variation in water temperature during the experiment
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Fig. 2 Variation in total nitrogen, total phosphorus, ammonia and chemical oxygen demand during the experiment
RF was the reference diet containing 40% fish meal; in diets CHO, CH1 and CH2, 60% of the fish meal in diet RF was
replaced with cottonseed protein concentrate, and fermented brewer’s yeast was added at 1% and 2% in diets CH1 and CH2.
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Effect of fermented brewer’s yeast (Saccharomyces cerevisiae) sup-
plementation on growth, feed utilization, and water quality in large-
mouth bass (Micropterus salmoides) far ming

CUI Zhenghe', YU Cong’, LI Yunmeng®, WANG Yan®

1. Jiaozuo Normal College, Jiaozuo 454001, China;
2. Ocean College, Zhejiang University, Zhoushan 316021, China

Abstract: An 8-week experiment was conducted to evaluate the effect of fermented brewer’s yeast (Saccharomyc-
es cerevisiae) supplementation on growth, feed utilization, and water quality in largemouth bass (Micropterus
salmoides) farming. A diet containing 40% fish meal served as the reference (RF). In three other diets, 60% of the
fish meal in the RF diet was replaced with cottonseed protein concentrate and supplemented with 0% (CHO), 1%
(CH1), and 2% (CH2) fermented brewer’s yeast. The experiment was conducted in outdoor tanks, each containing
4000 L of aerated tap water. The initial body weight of the fish was (21.7+0.2) g (mean£SD, n=12), and stocking
density was 30 fish per tank. During the experiment, water temperature was (22.5+5.2) “C, dissolved oxygen was
always more than 6.0 mg/L, and pH was (6.84£0.1). The fermented brewer’s yeast supplementation did not signifi-
cantly affect the survival, weight gain, feed intake, feed conversion ratio, retention efficiencies of carbon and ni-
trogen, condition factor, hepatosomatic index, and body composition (moisture, crude protein, crude lipid, ash,
carbon, and phosphorus content) of the fish as well as the levels of carbon, nitrogen, and phosphorus wastes; con-
centration of ammonia and total phosphorus; and chemical oxygen demand in the tanks (P>0.05). Phosphorus re-
tention efficiency declined with increasing fermented brewer’s yeast supplementation (P<0.05). No significant
differences were found in weight gain; feed intake; feed conversion ratio; retention efficiencies of carbon and ni-
trogen; contents of moisture, crude protein, and crude lipid in the whole body of the fish (P>0.05). Moreover,
carbon waste levels between fish fed the RF diet and those fed the CHO, CH1, and CH2 diets were not signifi-
cantly different (P>0.05). However, the ratio of fish meal consumption to fish production, hepatosomatic index,
and body ash content in fish fed the RF diet was higher than that in fish fed the CHO, CH1, and CH2 diets
(P<0.05). Phosphorus retention efficiency was higher (P<0.05), while the levels of carbon and nitrogen wastes
were lower (P<0.05) in fish fed the RF diet than in those fed the CH1 and CH2 diets (P<0.05). Nutritional nitrogen
accumulation was lower (P<0.05), while phosphorus accumulation was higher (P<0.01) than those calculated us-
ing the limnological method. This study reveals that dietary fish meal for largemouth bass can be reduced to 16%
using cottonseed protein concentrate as a substitute. Adding 1% and 2% fermented brewer’s yeast to the diet did
not significantly improve growth and feed utilization efficiency or reduce waste outputs in largemouth bass farming.
Key words: Micropterus salmoides; fermented brewer’s yeast; feed; growth; nitrogen waste; phosphorus waste;
water quality
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