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(1. VIR R Rl 42208 IR 402460; 2. FEFENAAY)AERESETHRE  EK  400716)

= AFF RN T T 3t i M &5 (Micropterus salmonides)4 £ K | A RA| JH R AR R -0 F A,
6 F WG R E H(3.13£0.04) gty m N #5540, BNl KON L84, BHAINEEL, BNEL30R LR
#, 2R ULENBEROGT ), 10%. 20%. 30%. 40%F150% i f 9% i+ 67 48 &, 45 f6 th 45 R 7
HREFEA LR, B TERAAAETR, FEAMEHITELE, KARANE H45d, £RETF,
o i 45 B E R (WGR), 5% & K F(SGR) K E & A E(PER) A ERHR A TN ATELR EAE TR
RS, HEWGR, SGRFIPERY 7 & M 4 K KT N 30% 0t 3£ 2| & K (25 4227.87%. 1.98%/d 70
164.55%)(P<0.05); 8B Z B (FCR)M M B M AR AT AT E LR AN T ESE, EEERERAKT
H30% 3k | R ( A 1.43)(P<0.05); B E(CF). AR t(HSD. JEfR H (VS R 2 0 8RR P 1 7 7
2% A JE T W3 # T e i # #.(P<0.05); 5256 11 8] & 41 L 30 & 1Y )R 7E £ (SR) = 7 £ £ #(P>0.05).
It =R B AR 4, e 45 4h 8 WGR . SGR. FCR & PER 5 1t Bt 48] 1 By % 24X b 19] 40 51 47 19.90%
22.00%. 18.11%7H117.90%; #fnil# 2 & Mgk 2 EMERNER K IR AT EARREABTHN T HAS
(P<0.05), #& A& EMENERKTNAET LA L EP>0.05), KR EHRHR AT H10%F140% 4
£ % B EINP<0.05), HAE LM LT LE(P>0.05), BHERKTEAT0%H, 4#K55EHRK
(P<0.05), TEARZHAUHT, 4L REH&NE KR, ARAARERS, AEFRRETHHR
AT H17.90%~22.00%.
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AR WRRERIN 1 gke BaZpy, W21 d
JE RSB AR AN 11.12%, AR R B RS
(EEAP4+ 55, 2002), RUFKZ BRI T BEE
B, HEFRA RS Ao AT, FRR LB R
Begum Z5(1994) & B, A= Wi ks A PR K B TR & W0
R 50%04 fi853 77 5 e BT B2 (Labeo  rohita) 1) 3%
F I . Rangacharyulu 2£(2003)438 , i % M 4 i A
KR A U 58 B fa by M TR 35 22 B NPT 8% (Cirrhinus
mrigala). VEHIH0(Catla catla). FEWHEFEE, K A
2SI A A AR K AT FCR 2 A0 T iy 4l AR SR
AR L, TR SR A I 2Ry ) 25 SR I
XIFHF(2009) &% BH, # i (Monopterus ablbus)%} 75 i fH
B B R TR AR T MRS (2015) K
B 15%M0 IR R AR EE SE G iR R 15% 00 f08
N AR | DRVRI T, HOW R EE BT R R S e s
HARIEN ., RPHRSEQOINRE, HEH(Cyprinus
carpio var. Jian) % # AR AR UL 7 0 20007 1k 232
IR 78.76%F1 88.04% ; LM Ak AT AR MR £k
i = e ske e i N ISR/ (1R7) 1) S SR e Bavh e o N
R, LR 8 0 o A B T 2 4045 0 0 s (A o+ Il 4,
2009).

TN & (Micropterus salmonides), JE#IEH . K
PHa R, Boi)E . ™ RES LT, 20 e
80 FEMTIAFKE, E—FhABTESE . B ok, 4
KR 4 AP, ERE R, Lo, #iL
DU A b A K AR A SRR (B K 4, 2017), H
HOR I M 7 WL IR 38 TN (B VA (MR SE, 2007). A
TEH (Mm%, 20005 H#A —& Mo, |
A A AE SR v ) I A G AS BSR4
38 2ok FH A by AR [ B A9 £ fy ot o bl i A A PR i L L
A8 5 Lo R LR AR A T8 BR 5552 W 1 BIF9E, B AEER T
Ay 78 N0 M ARk b AR — 2 LA e (9 R AT 1 AT
T EL LA, Sy R DR AR 1 JEORE AL M g N T
TpRHAC 7 P LS JE ARl A TS S HE

1 #REFE
1.1 S

SIS FH N 5 oy T DG 5 B AR ) T e 3 1 [e] — it
. FWIRE K 3.06£0.25) g, KK K (6.44+
0.81) cm. FEFAMATHL Y P 600 B, FH 3% &
KR EFREH.

1.2 SCIgm

SRR LB Al o TR, RSO
i AEAE=1 : DIVARITIR, o 6 FRAEEGEEHAK

VR 42.48%) . SERE(RE RN 20.17 kI/g) L5 1Ak
DL 26 5 IR O BB ZH) . 10% . 20% . 30%.
40%F1 S0% ok B, BERRARE 3 AT, A
Bhazid 60 B, 4 EESIRA5T, KA,
FH QRLS-150 7, B 28 AL i A% 2 mm J0RL DR,
25CI TR B T-20°C kA N A7 45 o S iRt
KB IR WA 1, SRR I F Ak R A SR Ak
Yy R R St g E ARt HOE SR A SO LR 2.

R 1 ZEIEBEAMREFKEOUTIERM, %)

Tab.l Composition and nutrient levels of
experimental diets (Air-dry basis, %)
TR AR Ak 1 o)
Replacement ratio of fish meal by
silkworm powder

JK

Ingredients

BRKF

Replacement level

£ 4 Fish meal 40.00 36.00 32.00 28.0024.00 20.00

#ZH) Silkworm powder 0.00 4.00 8.00 12.00 16.00 20.00

20.00 20.00 20.00 20.0020.00 20.00
10.00 10.00 10.00 10.00 10.00 10.00
8.00 7.20 6.30 5.50 4.70 3.90
12.00 12.00 12.00 12.00 12.00 12.00

0.00 10.00 20.00 30.00 40.00 50.00

M1 Soybean meal
3ZH1 Rapeseed meal
R4 Mixed oils'
YK Wheat middling
T e
Microcrystalline
cellulose

S AL NB B
Choline chloride
MR 445 CaH,PO;  1.50
iR B Premix? 1.00
327K Nutrient levels®
7K43 Moisture 10.29 10.32 10.46 10.21 10.18 10.34
HMIZE 19 Crude protein  42.85 42.41 42.18 42.4342.42 42.58

FLAs i Lipid 12.47 12.58 12.46 12.5212.40 12.32
SAE GE(kI/g) 20.32 20.25 19.86 20.19 19.97 20.41
LORAM R 1 1 AF I 2. BURE N A ke
EHE AL TR YR K 81 28.0 mg, 45 282.0 mg,
££ 9.0 mg, £ 3.5 mg, ¥ 24.0 mg, 4 1.8 mg, il 0.25 mg,
fifi 0.02 mg, 4EEE A 80001U, 4iA4EK C 200 mg, itk &
D900 1U, #4i4%E E60mg, 4iEE KSmg, Ji4E B, 15
mg, JETEER 100 mg, JZMR45 40 mg, Z4EiEE Bs20 mg, 4
42K B 5 mg, JUEE 100 mg; 3. B3R RSl (e
Note: 1. 1 : 1 mixture of fish oil and soybean oil; 2. The

premix provides mineral and vitamin for a kilogram of diets:
K 28.0 mg, Ca 282.0 mg, Mg 9.0 mg, Zn 3.5 mg, Fe 24.0 mg,
Cu 1.8 mg, I 0.25 mg, Se 0.02 mg, V, 8 000 IU, V¢ 200 mg,
Vp 900 IU, Vg 60 mg, Vi S5mg, Vg, 15 mg, nicotinic acid 100
mg, Pantothenate acid 40mg, Vg 20 mg, Vg, 5 mg, inositol
100 mg; 3. The feed nutrient content were measured

7.00 7.80 8.70 9.5010.30 11.10

0.50 0.50 0.50 0.50 0.50 0.50

1.50 1.50 1.50 1.50 1.50
1.00 1.00 1.00 1.00 1.00
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x2 ZTREFWIEMREFKECUTEER, %)
Tab.2 Composition and nutrient levels of
silkworm powder (Air-dry basis, %)

TiH Items £ & Content

H HLLA Routine ingredient

JK4 Moisture 8.80

# [ Crude protein 64.10
HLK 4 Ash 9.98
FLAB WS Crude lipid 11.01
ML 4E Crude fiber 9.23
LR Digestibility 86.68

FAHR AA

REZ B Asp 4.06
IR Thr 2.11
2R Ser 2.64
BEMR Glu 6.82
&R Pro 2.23
HER Gly 4.64
WA Ala 4.02
PR Cys 0.65
HEMR Val 2.73

E R R Met 0.94
FSLEMR 1le 2.17
ZEM Leu 3.12
BEE R Tyr 2.69
HKNZB Phe 2.06
MR His 1.36

H R Lys 3.12
R Arg 2.42
O R Trp 0.46
HEMR B E TAA 48.24

1.3 SEE&

SCRG R FET dJE, R TG A5
540 B BEML B A 181 KT AH (A% 1.0 mx1.0 mx
1.0 m), e NSLERd, MARINTER, BMEKL
30RCE A, A nlF M AR R0 10%. 20%. 30% .
40%F50% FK; I SE I ARRE, A KA 3%~5% I B R
FEML NIV (08:00, 12:30F117:00), FRF T i)k
45 d. FEFEMPAFFIRIE K, AR SLE K AR 1Y 38
it 30%. B HWIKE, BA, Baiiets
RFGET B SE . SCI A RIZK IR 25~30°C, JKikpH
H7.0~7.5, B EE K50 ecml) b LA NS5 mg/LLL F

14 HRFE

SCERTT AR, D E S i A A PR R R, S
W EEHUR XL YLK 24 h, SRIEXHEEANEE AT

T, R, e SEIR Al P REMLEL 12 Bt fa
FH MS-222 FWURREE, Horp 7 B 5256 £ 43 1) i R
AR, 3 BT ARE AR, Ik
Je B PR A R BRI S Fr i, o 2 BRIP4 A
BRI S I E

L5 ERNESAHE

T et JEORE B 52 86 0 AR FE AR I AE 105 °C LT Z 1H
5, R T AR, 4 pRLER (5T ad il e SR
FLICE AT, AR 7 I e SR PR 0L, B 7
AN 5E SR 550 CRIBEIE (BUEEAE, 2005).

% 5 R (Weight gain rate, WGR, %)=(W~W,)x
100/W,

¥ 7€ 4 K R (Specific growth rate, SGR, %/d)=
(InW~InW,)x100/z

HH H i &K (Protein efficiency ratio, PER, %)=
(W—W,)100/FxP

A8} Z2 80 (Feed conversion ratio, FCR)=F/(W~W,)

A% 2K (Survival rate, SR, %)=100x(N,~N,)/N,

JF4& L (Hepatopancreas somatic index, HSI, %)=
100x W,/ W

JIFEAA L (Viscera somatic index, VSI, %)=100x Wv/W

JIE3% & (Condition factor, CF)=100xW,/L}

K, w, MR TR AR (g); W, MRS
WK (g); N, ASEIITIAA i RBEG N, A5
ISR R R FONTRRHEA R (g); P R iaEH
BATTE (%) ¢ NI TR RE(d); Lo SR E5 o)
WA Cm)s W R KT (e)s W R EDE
FiH(g); Wy RN E ().

1.6 #HIFAIE

K HI SPSS 17.0 B X B STt o Je X i
PEAT BN R 7 2293 T (One-way ANOVA), 754 [] 2 57
2%, FM Duncan’s [REHITLZELK, BEKF
Ph P<0.05 1. IZ IR Z I k145 WGR . SGR, PER
il FCR 5y ARtk L Bl lm] O AH G 56 B o SEHR K
P LIS {E 65 E 22 (Mean£SD) £ 7R o

2 ZER55H

2.1 EHEREHX MG E KR ARF AR

FH2E 3 AT, SCE N9 ) WGR . SGR M PER
IRt A iR T e B e LT E T R AR L
v, HIH WGR. SGR Fl PER $7E & B 2K FH
30% ) 35 B & K (43 0 227.87% . 1.98%/d FiI
164.55%), WGR. SGR &M EIAKF-H 30% . 50%
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S B 2 2% F 1 (P<0.05); PER NI 5 H A& 50640
255 1 35 (P<0.05) 5 I 71 FCR W B % 49 1 B2 ALK
SR T R SRR IS TR AR B, AR AR AR KT
1 30%K BHRARCH 1.43), bR 5 A B KF R 10% .,
20% M S 6 20 22 SR W AN (P>0.05), S5HAA TR
2 2% 5% . 3 (P<0.05); LR Ry CF. HST A1 VST T Ff
ARy 1 OK T T i 2 58 BT R R TR
FE B REH, SO R 45 SE G A N B Y SR 22 5K
F(P>0.05),

DIk A k4 WGR. SGR. PER. FCR
5GBSR E 1~E 4, Ly

e [l m A, fnM %% WGR, SGR. PER (¥ [al )9 )7 2
SR Y=—0.0599X%+2.3835X+192.84(R*=0.7152) ;
¥=-0.0003X*+0.0132X+1.7906(R*=0.7383); Y=—0.0441.X*+
1.5972X+135.72(R*=0.5647) ., WI7E )2k 1 fix ve 55,53
BIARALMIN G5 WGR . SGR Hl PER WY& KfH, Mt
XF R A A R AR L B 4 S 19.90% . 22.00% F
18.11%, FCR {115 & 7 # 4 : ¥=0.0005X°-0.0179.X+
1.7276 (R*=0.6084), M| PCR f5r/ Nk 2 k54X HL 51 1y
H17.90%. HI, WEMmIMETE) WGR. SGR. PER
i K, PCR /ARG A A &5 AR LL B R 17.90%~
22.00%.

®3 EHEREH I MM ST E MR RIAR T AXR M0

Tab.3

Effects of replacement of fish meal with silkworm powder meal on growth

performance and feed utilization of M. salmonides

ZE MR AR ARy B L8] Replacement ratio of fish meal by silkworm powder (%)

i H Items
0 10 20 30 40 50

WIGRATE Initial weight (g) 3.16+0.04 3.15+0.03 3.14+0.04 3.17+0.05 3.20+0.03 3.17+0.04
ZKARTE Final weight (g) 9.48+0.31% 9.31+0.41b° 10.01x0.34¢ 10.40+0.76¢ 8.91+0.39% 8.40+0.34°
WH R WGR(%) 199.57+8.76™  195.51£11.01°°  218.68+9.65°  227.87+12.17°  178.20+9.55®  165.33+8.31°
A K % SGR(%/d) 1.83+0.05" 1.81£0.06* 1.93+0.05% 1.98+0.11¢ 1.70+0.06™ 1.63+0.06°
E A% PER(%) 140.21+8.74™  135.84+2.94 151.03+10.14°  164.55+8.73¢ 107.9243.97" 111.58+5.54°
TRk 2% FCR 1.68+0.11% 1.73£0.03° 1.56£0.11% 1.4340.08° 2.18+0.08¢ 2.11£0.11¢
AL CF 2.62+0.10% 2.58+0.04% 2.44+0.21° 2.51£0.03™ 2.67+0.05° 2.59+0.04*
JFAR . HSI(%) 1.22+0.08% 1.29+0.04% 1.31£0.04° 1.1940.07° 1.26+0.04% 1.25+0.07*
AR VSI(%) 6.54+0.14" 6.44+0.11° 6.67+0.12° 6.29+0.09* 6.36=0.11% 6.38+0.16™
i % SR(%) 98.38+0.58 99.02+1.52 98.61+1.21 98.29+1.67 98.33+1.19 98.45+1.05

TE M P Bl D P 80 3 AN AL AR E2E o AT Al ) /NS 7 B SO 7R R 22 578 8.3 (P>0.05), AT

INE R IR 22 7 B 3 (P<0.05), TF

Note: Values are means and standard deviation of three replicates. In the same row, values with same small letter
superscripts or no letter superscripts mean no significant differences (P>0.05), different small letter superscripts mean significant

differences (P<0.05), the same as below

R=0.7152

240  ¥=-0.0599x*+2.3835x+192.84 {

220 1

—_ N
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WAE 2 Weight gain rate/%
=
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140 1
120 - KXnax=19.90
e
100 : : : -
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4L L] Replacement ratio/%
K1 T WGR 5 &y AR L0 5C &

Fig.1 The relationship between weight growth rate and
silkworm powder replacement ratio of M. salmonides

20r

191

4
18]
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L7r y=0.0003x+
0.0132x+1.7906
1.6} R=0.7383

Xonax=22.00

58 4 K2 Specific growth rate/(%/d)

I

0 10 20 30 40 50
X LBl Replacement ratio/%

K2 M SGR 557k X HL il 56 &
Fig.2 The relationship between specific growth rate and
silkworm powder replacement ratio of M. salmonides
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Fig.3 The relationship between protein efficiency ratio and
silkworm powder replacement ratio of M. salmonides

2.2 EHER GBI &R E BB R0

2 4 AT, T 4 fe oML RS D 2 R B A A AR
KV T T SRR T B AR R B, TR R
RIS 20%0F e fik, BRYE 10%2 5% A8 8 4N P>
0.05), BEMLTHRK LA (P<0.05); LHfasfa

22| Y=0.0005x>-0.0179x+1.7276 {
R>=0.6084

—
oo
L &1
T T

—
[=))

t

1A} Z %X Feed conversion ratio

14}
D Xp=17.90
12} |
:
1.0 R ' : : ;
0 10 20 30 40 50 60

B LB Replacement ratio/%

B4 N S PR R 80 ok AR Bl o6 &R
Fig.4 The relationship between feed conversion ratio and
silkworm powder replacement ratio of M. salmonides

FH AR B 1 Bl oy R ARKOT 1 v T W A2 f (P>
0.05); 5L I 2K BR A KT 10%F
40%2H 2 5 L FAIN(P<0.05), HAAK S 2 2 A W
FH(P>0.05), mMEIKEHN 0~10%0F, 4 fi K525
AR E(P>0.05), A EUKFRT 20%K0F, 452
U921 K o3 i 25 R 3 (P>0.05)

F 4 BWRBEMIT M ESORE D B RZIBIRETT, %)
Tab.4 Effects of replacement of fish meal with silkworm powder meal on body
composition of M. salmoides (Wet weight, %)

15 H Items

AR AR £ M3 1Y E 5] Replacement ratio of fish meal with silkworm powder meal (%)

0 10 20 30 40 50
7K43 Moisture 75.35£0.43%  75.2240.17°  75.63+0.41®°  75.41+£0.34%®  75.83+0.03°  75.36+0.20%°
MBI Crude lipid 5.44+0.04° 5.38+0.08" 5.28+0.10° 5.56+0.05¢ 5.66:0.04°¢  5.73+0.04
KL Crude protein  16.53+0.42 16.46+0.80 17.10+0.62 16.62+0.61 16.61+0.89 17.260.30
K5y Ash 2.73£0.02° 2.63+0.03%°  2.47+0.08" 2.46+0.14° 2.37+0.06° 2.51+0.06™
3 it AN 532 M) JE A K B S AL ASCR . HL AR AR R TR

3.1 EHEREM TN & EK R AT A R0

IR —FE RN EE SRS EAE, BA
BRI E . XIPHH20090)BFFE A, &
PR A RS I Ry by, BRI . S R
B BT A T R S Dk b R AR AR AR 30% L
TRy, R A IO 25 S, I A B 6 1
Jeb b g i ] LA SE el B AU . T A05E(2012)
NN, HEBEBHE(Cyprinus carpio var. specularis)%) i
kb A AR S0%LL T iy ol B A, WGR
SGR. FCR %I #1255 ; Nandeesha %(2000)#
18, T8 (Cyprinus carpio) R 2 B AN N i 15 5] 50%

RRAE — 2 70 Pl A B 2 0 AN o P B R T A v 5 BR D E
F(1992)HkiE, R Aclfiky 555 E = faky . HAM
K143 ) 3258 H fA.(Trionyx sinensis)108 d, At Wiy H i
TAPRLF R B BT o dl . AR5, K
SEAE 0~30% s F: A X i P o7 £y A 4 ] Aol A1) % 7=
AEAFIRENE , 5 E IR —E % WGR (SGR |
PER F FCR 10550 SR RCR RO PEN 545, @it
TR Z I AU M2 R A3 A AT R0, i Rk A
BB 17.90%~22.00%, {H Boscolo %
(2001) 238 , 4% 08 & 56 41 ok e B W Ak
(Oreochromis niloticus)f{ £ (1) 34 25 F1 1A B} e Ak R 4
flpp el 2=, (R . ORIV E M IE RGO i 2
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o HKRERRSF(2013) A i WGR . SGR #l PER ¥
B ek v 58 i 2 i 2 A KT B9 T 38T R R, Tl FCR
N S AH B AR A i S, (BRSNS A iR ), S
50 B S TR PR IAA T AR b iy CF.
HSI F1 VST B # A i 2 A O s i 2 5e BT
Bt TARE sy, 575 2055 (2012) % HE i 4
KA AE(2013) X A A R I AA — 2 R 25 . X AT
fig SRk Lys Fil Met & it 975 SREAUA G, &8
& Lys, 6= Met, &S5 b B8ROk,
H Lys B3y, 76— AL B X 5 i) 24E KA
—E BRI . X5 KRR AR (201 3) 7 LN A i 2 AR £
W IBIEFE R, WS A 2 I o e A A A e
—&, 1M Nordrum %5(2000) % i el ) v 2 35 i 4 ] S
Met X £ 2555 329 0T (R TH Ak 5 WO (R 7R, JHLAE
YR PG EE (Salmo salar) FWFFE R, Met GBS =
/N 5 AR DTG . ARG YE . AW RS Ak TR
JZKSF B F i, Met B aEREAR, AR 2SN Met
M R EAE], YUK IR B —E (HR, Met & &
T 5 ) 75 5K 1, R BOH AR B X DR 4 f
Ko ABFFEBEIT, Pk Ak AR L /N T 30% 0]
ANCERE I N i g A A e A A A 23 A T e ) S

3.2 EHENR &M XTI &4 2 ALY =20

PRI 7 B 32 RRE 3R Y B A LR 3R
FEIK IR BE SE AN LA S i (22 = 7S, 1996), ik Hi At
FQ013) LB, FEATIN M RRE, FEE Ak
AR R TR, B A E A RS R R
25, et AR & W, ek
i ERERE % Nandeesha 45(2000)iE5%, P& 7 Ui
PR HL ] pY 3, i 4 fa R B RO K 0 3 i
75, TRELAR U K 50 D052 ST A AR 5 Bt el e i
R R, HEBS i . LA . JIFBRAE A AL 2R
F . ORLE i SR 43 K 3 & 18 TG BH S A8 Ak (41 4%,
2012); AWFFErh, Bl fRDRE R A b B AR L A 3 O
S e o A H A RO AR, IR & E R
FEATCIE TH s AR A R 5 i 4 1 7K 43 R 43 DU A 2
M —E R AR N AR E, 5 EINES
(2015)%) 7 & % E fh Ak 58 4518 A dif A T A7 2800 H IR
W5, Fae KRR B sl A P g 7 38 RRL S R A 453 1 A — B
AR TARME S o- WKL , — & ¥ [ N Ak L)
RN, fERE T En-3/50-6 B LI TOE R, M
P TR IR W R, BRAR T 2 fs i
i, HARERIN L FE G BEEE, o WRIR B i —
NG TR Zn-3/Zn-6 AT, 02

PR AR, (S ARDRLIE 5 78 fh A i OB A S 1S, b Ay
AR A AR BRI, TR SR PR R A
gy, FESRA UK AR , SEURNIRITTTRE

4 NG5

FEARTFFE T, AR — il o B A
A Sk ) G2 2 o s 2 A P R L B L IRDRHG AL R A
o it = e 2 I m = 43 B al A, i gH s fep o
B A1y (A8 BT LB R 17.90%~22.00% 0 75
IR, ARSI 45d, BORFFIBEH G,
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Effects of Replacement of Fish Meal with Silkworm Powder on
Growth Performance, Feed Intake, and Body Composition of Juvenile
Black Bass (Micropterus salmonides)

RAO Yuan', XIANG Xiao', HUANG Xianzhi®, DUAN Biao'"

(1. College of Animal Sciences, Southwest University, Chongqing 402460,
2. State Key Laboratory Silkworm Genome Biology, Chongqing 400716)

Abstract This experiment evaluated the effects of fish meal (FM) replacement by silkworm powder
(SP) on the growth performance and body composition of juvenile black bass (Micropterus salmonides).
Six isonitrogenous and isoenergic diets were formulated by the replacement of 0 (control), 10%, 20%,
30%, 40%, and 50% FM with SP. Each diet was fed to three replicate groups of 30 juvenile black bass
(total, 540 fish) with an initial body weight of (3.13+£0.04) g. Owing to the decline in the temperature, the
breeding cycle was 45 days. The results show that weight growth rate (WGR), special growth rate (SGR),
and the protein efficiency ratio (PER) of black bass increased first and then decreased as along with the
replacement rate increased, and reached maximum when replacement level was 30%, with increases of
227.87%, 1.98%/day, and 164.55%, respectively (P<0.05). The feed conversion rate (FCR) decreased first,
then increased as along with the replacement rate increased, and reached a minimum when replacement
level was 30%, with a decrease of 1.43 (P<0.05). The condition factor (CF), hepatopancreas somatic
index (HSI), and viscera somatic index (VSI) increased first, then decreased as the replacement rate
increased, and finally tended towards stability (P<0.05). The survival rate (SR) of the six groups of black
bass was not significantly different (P>0.05). Through quadric regression analysis, when WGR, SGR,
FCR, and PER reached the optimum values, the replacement rates were 19.90%, 22.00%, 18.11%, and
17.90%, respectively. The content of crude lipid decreased first and then increased as the replacement rate
increased (P<0.05); whole body crude protein did not change significantly as the replacement rate
increased (P>0.05); moisture content in the whole body was not significantly different in any group
(P>0.05) except the 10% and 40% groups (P<0.05); and the ash content of the whole fish decreased
significantly when the replacement rates were above 20% (P<0.05). Therefore, under the experimental
conditions, the measurement of the growth performance and body composition of black bass indicated
that the optimum substitution rate of SP with FM was between 17.90% and 22.00%.

Key words Black bass (Micropterus salmonides); Silkworm powder; Growth performance; Body
composition
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