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FAHLA Tyr K F, HLA Cl4:0.Cl6: 1n-7 . Cl8: 1n7 KX F 8B Z K T & 4 (P <0.05),
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AR R R R AR AR R R
HFE B & % 8 ¥ % 4 1 ( Oreochromis
niloticus )" . #& B N $r 8 14 ( Cirrhinus
mrigala) "' W& $i it ( Catla catla) ™" F§ W B
% ( Labeo rohita)'"” "' 4 #8 ( Cyprinus carpio
var. jian) ') ¥  ( Monopterus ablbus) "*" g
( Misgurnus anguillicaudatus) "' % K 7= zh ¥y &
N RN 2 Iy AT — R g (A % AE 8%
( Cyprinus carpio var. specularis, ) F & B fE
iR ), xof 7 g AR D ) 9 9 1 R LR T

HE % 5 @3 J& @2 J£ H ( Cypriniformes ) | il B}
(Cyprinidae) \# Jg ( Cyprinus) , iR K %% £ 1 fi
2,20 2 80 ARG E ., h TAEKMR Pk
A T S 1= o (AN SN -
HESSZ 50 ) R A e EH TR g &
FIAC & 51 3 Z W) B9 AR J6 H X3 5 B AR e 1y
WO BV S b, R HE S 6 BIF 5T AL T 2
RHER KRBV A HE 8 3R 5
BT ST A 2 0L

AR T2 SR FH 2 0 1 Sy E B8 O vp 0 AR
F, A DR T LA 2 R — R A

O3 VR FE TR KR W TR 4R 1L 3 AR AL 48 AR K iE 4
SAGE K A5 Ty TR AR I A 0 2 £ A X AE i A
AE AT I3 B At RRECER B0 B4 W), LA DA AE S 4 A A
T RRE A T A R DR B IR A A e = %

UMk

1.1 XA

R 2% (CP 55.35% ,EE 24.37% ) W [ bk
VOB Z RS —diez ], iy (CP 62. 36% ,
EE 7.92% ) J HoAth 4] 6 5k B B PG 4 30 H i
BBl & A BRA wl DR o BT TRk i i
60 H i , /NS PR LA 1 32 5, kLS KT, T
-20 CrkAEAEAF , R MEHT T Tl s B4R 2 mm, K
2.5 mm [P EUR

AR g6 3 B 2 414k, Bl 4H (FM, %
10% 0453 1) il H KR ) 2 0 21 ( SWP, i I 5 X
Rl HOHrh 50% my Ry A ) o I 4EDRHC J AN
—JBE SR ALK SRR A I B D R R 4y ) L 2R
1. %2 k3,

F1 KBAMEAR-—MREFRS (KTFEM)

Tab.1 Formulation and proximate composition of the experimental diets( air-dry basis) %

WiH R 4L A W 2 Wi H 8y 21 % 0 241

items FM SWP items FM SWP
/NF wheat 11 11.5 4§ K . full fat soybean 3 3
K] soybean meal 18 18 41 KM fine rice bran 4 4
ZK) rapeseed meal 22 22 PR Rl premix 1 1
HH cotton meal 22 22 =44k — %% chromic oxide 1 1
14y fish meal 10 5 411 total 100 100
I F3 silkworm pupae meal 0 5.5 E R4 proximate composition
=il soybean oil 2 1 JK 4y ash 12.08 11.94
iR — A48 Ca(H,PO, ), 2 2 7K 4% moisture 12.01 12. 12
fi# 1 + bentonite 2 2 #l# H crude protein 36.18 35.38
b A1 zeolite powder 2 2 FLE N crude lipid 5.18 5.06

HHIRRSE 0. 1% 44 AWM 0.9% LHLELIE &4 (mg/ke 7kl ) , VA 300 IU, VD, 100 IU, VE 2.50 mg, VK, 2.50 mg, VB, 0.30
mg, VB, 0.56 mg, VB, 0.50 mg, VC-BERME 12 mg, AR 1.00 mg,iZ iR45 1.50 mg, AR 0.05 mg, JJLE 6.00 mg, 44 iR & W H AN £
K HEEHH; Fe 270 mg,Cu 3. 15 mg,Zn 108 mg,Mn 27 mg,Mg 162 mg,Co 1.53 mg,10.585 mg,Se 0.45 mg, THLEL IR G W 84K 386 41 45
Notes ;: Premix contain 0. 1% vitamin premix and 0.9 % mineral premix ( mg/kg of diet) , VA 300 IU, VD, 100 IU, VE 2.50 mg, VK, 2.50 mg,

VB,0.30 mg,VB, 0.56 mg, VB, 0.50 mg,ascorbyl-2-monophosphate 12 mg, nicotinic acid 1. 00 mg, calcium pantothenate 1. 50 mg, folic acid

0.05 mg,Inositol 6.00 mg,corn gluten meal was used as a carrier; Fe 270 mg,Cu 3. 15 mg,Zn 108 mg,Mn 27 mg,Mg 162 mg,Co 1.53 mg,

10.585 mg,Se 0.45 mg and zeolite powder was used as a carrier.
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Tab.2 Amino acids composition of the experimental diets( air-dry basis) %

HHER i by 41 ER TR AHER 2 AU 21
amino acid FM SWP amino acid FM SWP
KA R Asp 3.29 3.19 SR AR e 1.44 0.96
&R Thr 1.38 1.30 255 Leu 2.86 2.47
25 5 R Ser 1.56 1.69 KR Tyr 1.23 1.35
A5 Glu 7.61 7.17 H N A% Phe 1.80 1.62
fifi 2 iR Pro 3.80 3.79 i % /R Lys 1.79 1.55
AE# Gly 1.71 1.58 %8 His 0.94 0.81
HEm Ala 1.74 1.65 K58 Arg 2.76 2.51
W& @ Cys 0.99 0.99 S EAA® 11.99 10.25
AR Val 1.85 1.39 S DAA® 14.35 13.59
EH R Met 0.87 0.97 S TAA® 37.62 34.98

T :a. BAA W7 Z LR B A 5b. DAA S TR 75 2 S IR AN, 40 45 ZRR I &M VR TT A B IR NN &R 5 0. TAA FIERR B A5 3R

Notes:a. EAA is total essential amino acids; b. DAA is total delicious amino acids, which include Glu, Gly, Asp, Ala;c. TAA is total amino

acids; And it is the same in the follows.

®3 HRBRARBEHBEAR(SSERR)

Tab.3 Fatty acids composition of the experimental diets( in total fatty acids) %

fig 15 B2 B4R AU 2 fig 7 R ik g AU 20
fatty acids FM SWP fatty acids FM SWP
Cl14:0 1.22 0.80 C18:3n-3( ALA) 3.95 11.57
Cl16:0 17.44 18.62 C20:2n-6 0.12 0.09
C18:0 4.80 6.35 C20:3n-6 0.09 0.04
C20:0 0.19 0.19 C20:3n-3 0.35 0.16
> SFA® 23.66 25.96 C20:4n-6(AA) 0.13 0.05
C16: 1n-7 1.19 0.93 C20:5n-3(EPA) 0.14 0.08
C18:1n-9 31.23 28.40 C22:4n-3 0.09 0.07
C18:1n-7 1.93 1.65 C22:5n-6 0.01 0.15
C20: 1n-11 0.55 0.53 C22:5n-3 0.02 0.04
C20:1n-9 0.15 0.19 C22:6n-3( DHA) 0.18 0.11
C22:1n-11 0.05 n.d. DHA + EPA 0.32 0.19
C22:1n-9 0.34 0.27 DHA/EPA 1.50 1.42
Y MUFA® 35.45 31.97 > n-3 PUFA® 4.72 12.04
C18:2n-6(LA) 35.37 29.26 Y PUFA‘ 40.89 42.07
C18:3n-6 0.45 0.44 n-3/n-6 0.13 0.40

:a. X SFA Fon G IR B, 1 4% C14:0,C16:0,C18:0,C20:0;b. ¥ MUFA 7R BN 1R F A D 2 & F, A1 3% C16: 1n-7,C18: 109,
C18:1n-7,C20: 1n-11,C20: 17-9,C22: 1n-11,C22: 109 ;c. ¥ n-3PUFA 375 n-3 £ KU F0 IS I iz 4 F0 , 235 C18:3n-3,C20:3n-3,C20: 5n-
3,C22:4n-3,C22:5n-3,C22: 6n-3 ;d. X PUFA /R Z A0SR B f , 235 C18:2n-6(LA) ,C18:3n-3,C20: 2n-6,C20: 3n-6,C20: 3n-3,

C20: 4n-6,C20: 5n-3,C22: 4n-3,C22: 5n-6,C22: 5n-3,C22: 613 ; F %A,

Notes:a. Y, SFA is total saturated fatty acids; b. Y MUFA means total monounsaturated fatty acids; c. Y n-3PUFA means total n-3
polyunsaturated fatty acids included C18:3n-3,C20:3n-3,C20:5n-3,C22:4n-3,C22:5n-3,C22: 6n-3; d. ¥ PUFA means total polyunsaturated

fatty acids. And it is the same in the following tables.

1.2 AEBRAFRERE

TS0 AE B DY b AR AR R A 2 B K I
AT P B PR R IR A i (12.10 £0.89) g
i FE P 102 2, BEHL M FCAE 6 ANGL, A il 5 4l
3AEE HAERE 17T R, W SR T ALK AR
RA 22 R P G 78 o 5 N 4 IR PR K SR 5E &R

4, FRIELAR &A 300 L, X5 I 46 A FH B
P45 BE 7T & 4R B (CP 40.76% (EE 3.52% ) Yl 5%
10 d, 5 A if 45 e, H #5031k (8:30,12:
30,16:30), d:4A 32 61 d, HAEIAKIE K 27.5 ~
30.5 C, %A%~ 5.0 ~8.0 mg/L,pH } 7.8 ~
8.4, %A 0.10 ~0.20 mg/L, Wiz £h 0. 05 ~
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0.15 mg/L,Hifk#¥ 0.05 ~0.10 mg/L,
1.3 #FmXESKEN

RAEHT I 24 b, B BRI & A K 4
K BRELREVLI 6 F 1 1] MS-222 R )5 , 2 i ik
i, iR S 4 C Uk AR R, 4 C L3000 1/
min, 2.0 10 min ] % L3 ; 605 BEALER 2 R
K UG FEHLIEAT I3 A A kA oAl £
i) I G, PR s S I R IE B LM I
i, IO e 2H ZO0 3 E R A P R AR B S B R
-70 CYKFARE UL 2B T -20 CLRAF
157 FH 5 230 JBCHT g A v i T e B RO (A i D R
R il ) RIS I T V(A A B A ) TP R A
.

K HILAR 2 T 5 AR KA RE A1 A= 9 27 1 AR

1% # (survival ratio, SR, % ) = 2K £ %k
/WG AR x 100

i fr % (feed intake, FI,% /d) = % ] i1t/
[ ) 5 KB x (W) b R 0T i+ ZOR B R 0T & +
etk ) /2],

1 5 2% (weight gaining rate, WGR , % ) = (&
R AR + E T R TR - ) dh R )/
AW E x 100

g 4 K 3 (specific growth rate ,SGR,% /d) =
(Ln ZR VB K BT i - Lo ) 4 P Y 4R B &2 ) x
100/ 17 77 K 5

2 %5 41 | 3R (absolute growth rate ,AGR,g/d) =
(R Wik BT & - 9] IR 5 1K Bt &) /) 57
PN

A8} & %4 (feed conversion ratio, FCR,g/g) =
Pt it/ (AR AR + JE T R T i - 4
EREREN ST

T H i %% % ( protein efficiency, PER, g/g) =
(AR R &+ BE T fa 0K i & - W0 4R A ik
i) /8 BRI

I3 BE ( condition factor, CF, g/cm’) = 44
F/(PRKY) x100;

JIT JiE 48 %4 ( hepatosomatic index ,HSI,% ) =
JHF I e o/ 44K 5 4 > 1005

WEAA bt ( viscerosomatic index, VSI, % ) = N
JIE S E /4 E x 100

738 %1 (intestine index,% ) = /4 H X
100 ;

JELIE 4R %X (spleen index, % ) = 4 JJF &/ 4

HH x 100,

Bl JbK 585 1 A8 Ak i BOR (e 358 I g KO8 i P e
JUL PR R 017 TR 2 A P A X AT 2% 25 £ B AR 10
WRERS WIS bR AR

(1) 3h Bk ok ¥ & fb 45 % ( index of
atherogenicity ,JA) =[ (12:0) + (4 x14:0) + (16
:0) ]/[ (PUFA n-6 and n-3) + MUFA) ] ™'

(2) & BE 1l 45 %X (index of thrombogenicity,
IT) =[(14:0) + (16:0) + (18:0)]/[ (0.5 x
MUFA) + (0.5 xn-6) + (3 xn-3) + (n-3 x n-
6]

H rp PUFA f0 %5 C18: 2n-6, C18: 3n-3,
C20:4n-6 fll C22: 6n-3; MUFA fL$E T4 & 5 1Y
Cl4:1 . Cl16:1 C18:1 1 C20:1,

T4 B s R PR R TR L (105 C) s & E
Jo i 5 >R P AL IR g 803 D 5 5 i I 7 SR &R TG
FHHRTE W 5E 5 K 53 0 5E SR Ih AR B 0 B vk (550
C) 5 I 1K A AL 46 AR R 5 i TLab 600 4 F 3 2E
A3 BT AN 5 5 22 R ) 7 R FH R 7K Stk ik , JBUARE: o
0.5 g, 6 mol/L fEhEZ T 110 C F /K% 22 h i
JEEZY 2 50 mL, M 0.5 mL 325 0 il AF U
i, B ) %055 R 1 3 43 T {X ( BECKMAN®, 121
MB, USA) I 5 #: i 28 B R 4H Bt S Eb B3] 5 I 5 TR
72 R 8 48 GC-7820 A M £ 335 S & , AR B
I AR A R AL R, s TR,
TR D R —7 i (1 1 R E) $2 R
J&, H10.4 mol/L S A AL B — WY B 5 1k 30 min,
IR G BRI AR K 53 2, b2 W Y AORE 0 %
PRI 43 A, I e T AR — Ak ik T H AR DT R A% A
e E R MAEE 430 m x0.320 mm x 0. 25
wm Agilent 19091J-413 GC Columns, i 5 {5 &
210 C K0 2% B (FID ) 300 C , i 4% s 1L 250
C,HA &4 N, , B% 30 mL/min, &5, 40 mL/
min , %55, 450 mL/min,

AV LAY Fr R RE i 0 B B 23 )
ZWE F 70% 80% 90% .95% F1 100% 1y 2, [iF
B BEI K, I8 T W oR T E B d a0 TR E
A5 A PR RM-2250 R3] H AL 1) 7% 22 10 A
JEREN 6 pm T f5 JE R TIE s s R
H.E Jefa PR e 55 Fr o D658 WL 4ORG I8 #8 4% =
FERGERE RGN 2R VR R T, DL AR )2
FIAR IR A0 55 5 39 4 s B2 ( SEMD) il A S WL 5%« I
Hi ke 1 0.1 mol/L(pH =7.3) K 8 B2 % v il
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21, 5 - J R A B o HE 0 A 0 £ A P RE M T A BREIR B B 5

ME3 ~4 R 4 T 2.5% I BT R
W E 48 b, iR 22 IR e, T 1% KRR 8]
1.5 b, B B2 TRORS MK, 6 PR S G I e 38 ek 5t
M T B, W4, ISM-6360LV 1 fi H B3 WL %¢
.
1.4 #HiELsE

IR H + AR 122 (mean + SD) %
715 {f ] SPSS 18. 0 B/ rp i) A SE AR AS T 4G 36 X
B AT I3 HT 5P <0.05 S5 22 7k B 3%, P <0.01

1603
NS R,
2 4k
2.1 EFEREaMITIEELEKERNZI

HIZE 4 Al G SRR 0 46 RS, A U 4L A £k
B UG R R A0 AR R E A R
PG AR R R R ROCR B R T WG R
FPEZS(P>0.05),

x4 FEBKRENTEEEKEENZIT

Tab.4 Effect of silkworm pupae replacement of fish meal on growth performance of C. carpio var. specularis

. . U VA Y Y L EAFECR, B/
A RIEE/%  WE/e KWE/e WER/% R R - ~
(g/d) (%/d) (¢/2) (% /d)
group SR IBW FIW WGR FCR
AGR SGR PER FI
1493 4H 96.07 = 12.19 60.27 = 0.84 = 2.73 = 375.06 = 1.99 = 1.39 = 4.58
FM 3.39 0.07 12.02 0.06 0.12 31.36 0.12 0.09 0.19
v Wi 2H 96.07 = 12.17 = 63.74 £ 0.91 = 2.84 + 403.39 = 1.91 = 1.48 + 4.50 =
SWP 3.39 0.24 19.46 0.04 0.01 3.67 0.03 0.02 0.09

T 2R A% TP T 2 B P R R 3 A (B3 AR ) R bR . R R

Notes: Values are means and standard deviation of three( or more than three ) replicates. The same as below.

2.2 EWEREHMIESEYF R0
H12E 5wl R, 2 i 4 55 f00) 20 ) i i 50 R
JRE VAR5 5 BT IR R i S50 M I i R T 22 SR AN

B3 (P>0.05), H b d i 21 59 0C 6 B2 L e 4
B0 IR A5 50 I 4 B T B 2

x5 FWFHKREHNEEEYZER MW

Tab.5 Effects of silkworm pupae replacement of fish meal on biological parameters of C. carpio var. specularis

45 i 46 %/ % JEIE/ (g/em®) A HE 48 K/ % T BB 45 5/ % LI 48 %/ %
group I CF VSI HSI SI
£k 4 FM 2.79£0.71 3.26 +0.30 13.94. +1.76 2.26 £0.42 0.28 £0.08
A HH4 SWP 2.79 £0.69 3.15+0.34 13.59+1.73 2.15+0.33 0.27 £0.10

2.3 HWFBEREMITIEEEK SN

SRl & S A HI 2% 6 R, %
U RS R Ol ] e o (W A i R e = I D= A
Koy 2% 5 AN (P >0.05) , M rp 7 0 41 4= £ 1)
LB K> RGO 0 T foky 2 5 i 41
L5k 4L 2 8] LA IR K 23 CRLER ORI I LK

FESEARBE (P >0.05), Hod 7 i 4 WLIA 19 7k
ST OB AL R ORI U LR 4 Tk
A5 A U A5 e Ry 4 22 T R IR DE K 4y R 1
RLIG 07 K 53 25 5% A 2 3% (P >0.05) , H o 7 i
M JFF BRI (7K 3 HELIR IR T 0k 2 ML AR 1
K45y Tl

x6 TFBEKREMNEE:E NAMFRE-—REFESOZm(LUREET)

Tab.6 Effects of silkworm pupae replacement of fish meal on proximate composition of whole body,

muscle and hepatopancrease of C. carpio var. specularis ( wet weight basis) %

20 5 4> 41 whole body LA muscle JF eI hepatopancrease
group 4 FM Al SWP i34 FM ZUF4 SWP i i 4 FM 75U 4] SWP
JK 43 moisture 75.02 £1.48 75.25 £0.55 76.69 +1.64 76.25 £2.99 69.38 +3.68 68.70 £0.68
MR WG crude lipid 6.43 +9.5 7.05+7.0 3.72 £1.48 4.31 +£2.39 4.90 +0.57 3.97£0.76
H#L2E 1 crude protein 13.53 £1.47 15.00 £0.92 17.90 £0.60 18.43 £0.55 15.10 £0.91 15.11 £1.47
JK 4y crude ash 2.64 +0.37 2.73 +0.15 1.33 +0.05 1.37 £0.10 1.95 +0.30 2.27 +0.48
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x4 & Fo U B R BR 4R 09 % R 7
0 20 4 f0 2 R K COF IR T ok 4l
(P<0.05), KRAZHAMR . HEAR . 22AR.AAR.
WER MAR HER . FRAR AR AN
IR AR HEZARR T A, AR H &
TR TR R = T OBy 4, T B SRR | R (I
R S M B B R KRR T ok 21 (AR 1B 3
255 (P>0.05) s (3R 7 M, 7 i 20 09 LN 2 R

M, A RK - B E R T ahH (P <0.05),
RERAMR HAR LDAR AAR AR HA
2 Wz AR R IR e E R RN J R
R AR NSRRI T ok 4, AR 5+
SERIRT R T kA, 0T A SR R LR
MESLRAIL T Akl Bk a B EEES (P>
0.05) .

®7 REEREaRNEELETIASERARNEM(LUEET)

Tab.7 Effects of silkworm pupae replacement of fish meal on amino acid composition of

whole body and muscle of C. carpio var. specularis( wet weight basis)

%

LR 4> 1 whole body LA muscle

amino acid fo ¥y 2 FM A lifiZH SWP k4 FM w4 SWP
KRR Asp 1.29 +0.23 1.26 £0.15 1.68 £0.02 1.27 £0.52
R Thr 0.58 +0.08 0.56 £0.06 0.73 +0.01 0.57 +0.19
22 Z R Ser 0.61 £0.08 0.57 £0.12 0.67 +£0.05 0.55+0.14
A AR Glu 2.29 +0.20 2.20 +0.16 2.99 +£0.08 2.62 +0.60
fifi iz Pro 1.47 £0.06 1.47 £0.25 1.37 £0.07 1.34 +0.03
H & Gly 0.95+0.08 1.02 £0.32 0.76 +0.01 0.72 +0.09
R Ala 0.94 +0.03 0.93 +0.13 1.06 £0.06 1.06 +0.11
& B2 Cys 0.32+0.08 0.31 £0.07 0.27 +0.06 0.23 +0.00
%% R Val 0.72 +0.02 0.69 +£0.10 0.87 +0.09 0.86 +0.10
EHE R Met 0.28 +0.17 0.35+0.18 0.67 +0.60 0.13 +0.01
FRERR le 0.55+0.04 0.53 +0.10 0.75 +0.13 0.80 +0.10
AR Leu 1.26 +0.01 1.17 £0.05 1.62 +£0.12 1.69 +0.15
255 BR Tyr 0.33+0.29 0.36 £0.15 0.44 +0.17 0.07 £0.12~
KN R Phe 0.63 +0.03 0.60 +£0.02 0.79 £0.06 0.76 £0.12
ffi & B2 Lys 1.23 £0.02 1.14£0.06 " 1.61 +£0.14 1.58 £0.30
HZ fR His 0.39 +0.12 0.38 £0.09 0.55+0.03 0.31 £0.22
& iR Arg 0.87 £0.05 0.87 £0.11 1.02 £0.02 0.90 +0.18
> EAA 5.24 +0.21 5.03 +£0.27 7.04 £0.65 6.38 £0.95
> DAA 5.46 +0.42 5.41 +£0.74 6.5+0.16 5.67 +1.31
> TAA 14.69 £1.16 14.41 £1.51 17.86 £0.61 15.45 £2.87

T RN BAFTE 225 % (P <0.

05) , wx FoRLMAFTEMN 22 57 3 (P <0.01) 5 N,

Notes: * means in the same row are significant difference at P <0.05 #* ,means in the same row are significant difference at P <0.01; The

same as below.

XL P Fe JF M R A 5 8% 48 PR, 89 % o %
8 4N, WIHAH NN C14:0,C16: 1n-7 .C18: 1n-7
HIRT M4 (P<0.05), X n-3PUFA & & T
a4 (P <0.05),C22: 6n-3( DHA) ,C20: 51-3
(EPA) }7 DHA 5 EPA [ % DHA 5 EPA 2 fi .
Y SFA FHAIL T fa ¥y 41, ¥ MUFA | 3 PUFA | ¥ n-
3PUFA 5 ¥ n-6PUFA [t 3 (n-3/n-6 ) # & T 4}
HEBA WE 225 (P >0.05) 5 4 i 21 AT e i
1 C18:3n-3( ALA) #1 C22:51-3(DPA) B ¥ & T
a4 (P <0.05), DHA _EPA DHA 5 EPA >

.Y n-3PUFA . ¥ PUFA .n-3/n-6 .Y MUFA .DHA
5 EPA LR FAMA HEAFREEER
(P>0.05), Zwhfdl et L+ 1A F1 1T 2
SARE, HY/NF1,
2.4 FFBFREWITIES MFENIEROZMRE
% 9 n] J1, i W 21 RN fA 8 41 3 56 fa 0l v 1Y
ALT  AST i& 14 J2 TP, ALB,GLO ,CHOL TG /I
GLU LW FMEZE R (P >0.05), H i, 4 i
i) ALT  AST 7§ s F fa#y4l, TP, ALB  GLO
CHOL \TG 1 GLU F§ik Tk 4 .
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Tab.8 Effects of silkworm pupae replacement of fish meal on fat acids composition of

muscle and hepatopancreas of C. carpio var. specularis ( in total fatty acids) %
e iR LA muscle BB hepatopancreas

fatty acids fo B4l FM T4 SWP a4l FM T IF4L SWP
Cl14:0 0.89 +0.15 0.62+£0.16" 0.83 +0.13 0.76 +0.15
C16:0 19.60 £2.22 19.47 £2.85 17.80 £2.27 18.75 £1.64
C18:0 7.64 £1.57 7.35+2.24 10.46 £2.14 10.64 £3.03
C20:0 0.40 £0.15 0.46 £0.16 0.46 +0.12 0.36 +0.07
> SFA 28.62 £3.71 27.87 £4.92 29.55 +3.96 30.51 £4.31
C16:1n-7 1.70 +0.26 1.17 £0.29 " 1.86 +0.54 1.61 +0.52
C18:1n-9 34.97 £3.73 36.07 £9.11 42.31 £7.69 40.03 +£3.88
C18:1n-7 1.85+0.13 1.52£0.20° 1.68 +0.29 1.53 £0.17
C20:1n-11 1.43 £0.21 1.34 £0.48 2.20 +0.32 2.37 +0.59
C20:1n-9 0.11 +0.05 0.10 £0.08 0.11 +0.04 0.08 +0.02
C22:1n-11 0.14 £0.07 0.10 £0.07 0.24 +£0.10 0.25 +0.07
C22:1n-9 0.12 +0.04 0.07 £0.06 0.10+0.03 0.09 £0.01
> MUFA 40.32 +£3.72 40.37 £8.44 48.51 £8.02 45.97 +4.76
C18:2n-6(LA) 22.56 £4.88 20.07 £5.72 14.63 +7.24 14.23 +5.32
C18:3n-6 0.26 +0.06 0.29 +0.06 0.33 £0.08 0.29 +0.03
C18:3n-3( ALA) 2.64 +0.42 5.36 £2.75 1.67 +0.76 2.82£0.66"
C20:2n-6 0.06 +0.08 0.12 +0.10 0.07 +0.05 0.05 +0.05
C20:3n-6 0.01 £0.02 0.02 £0.02 0.04 £0.02 0.04 £0.03
C20:3n-3 0.17 £0.10 0.53 £0.54 0.19 £0.05 0.19 £0.05
C20:4n-6(AA) 0.23 +0.05 0.15+0.08 0.28 +0.02 0.26 +0.05
C20:5n-3( EPA) 0.84 +£0.15 0.75+0.17 0.73 £0.21 0.88 +0.16
C22:4n-3 1.83 £0.74 1.88 £0.76 1.41 £0.75 1.61 £0.67
C22:5n-6 0.10 +0.06 0.26 £0.06 0.04 +0.03 0.03 £0.02
C22:5n-3(DPA) 0.24 +0.06 0.32 +0.13 0.11 +0.05 0.25+0.07*
C22:6n-3( DHA) 2.22+1.15 2.01 +1.18 2.44 +1.82 2.88 +1.39
DHA + EPA 3.06 £1.22 2.76 +1.34 3.17 £1.96 3.76 £1.53
DHA/EPA 2.62+1.20 2.53 +£0.91 3.20£1.52 3.13£1.10
> n-3PUFA 7.94 +£1.53 10.86 +1.34 ™ 5.52+1.75 7.36 £1.25
> n-6PUFA 23.22 £4.96 20.90 £5.95 15.40 £7.30 14.9 £5.29
> PUFA 31.15 +4.09 31.76 £6.86 21.95 £8.40 23.53 £4.41
n-3/n-6 0.36 +0.14 0.56 +0.17 0.48 +0.21 0.64 +0.22
IA® 0.86 +0.18 0.88 +0.36 — —
IT° 0.50 +0.05 0.43 +0.09 — —

T o IA FORBIKMAEBEAL TR K b. Fom fE B i 48

Notes:a. IA means index of atherogenicity; b. IT means index of thrombogenicity.

xY9 FWFHBKEWNIEEMEENLIBRAZME

Tab.9 Effects of silkworm pupae replacement of fish meal on serum biochemical indices of C. carpio var. specularis

BNEN  AREAm BEA/ HEH/ RER/ I [ e/ Hi =48/ A/

il
= (U/L) (U/L) (g/L) (g/L) (g/L) (mmol/L) (mmol/L) (mmol/L)
o
group ALT AST/ TP ALB GLO CHOL TG GLU
k24 9.07 + 129.40 + 27.08 + 9.18 = 17.90 + 2.94 + 2.89 + 13.22 +
FM 2.35 48.17 2.18 0.52 1.81 048 0.68 6.34
7 Wf 41 10.27 = 170.27 26.13 8.85 17.28 = 2.88 + 2.58 + 10.63 =
SWP 3.67 69.98 4.17 1.09 3.16 0.68 0.55 4.19
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2.5 EWFEREHNEEGERAREHLEN
A1

HE S fi 3 S Gl 235 4 DL Tl i T Fn 3 10 AE
i 38 45 P T 1) S 8 A R, A A LI R AT 1) S
5 72 TR 5 A g AR #0R 2 1 T R R I i G R

W LV TE ERE KRR R R B B 2 5
i U 2 T U2 2 3 B A 4 (P < 0..05) , v
Jo LA . 2 22 s HE B R R A I TR R T
i U 2EL 0 0 Ry 2L I RS S R AR S VT T B OR
1 R 240 i 5 BRI 2

X1 BEEREMNTEEBEHARAFSHEID
Tab.10 Effects of silkworm pupae replacement of fish meal on

intestinal histological structure of C. carpio var. specularis

i H fij s foregut H i midgut

items 452 FM R4 SWP i By 24 FM ZE U4 SWP
R IERE 45 % 5 /1~ amount of mucosa 31.40 £3.58 29.67 £0.47 29.67 £0.58 29.50 £1.29
i B HE 4% 5/ wm height of mucosa 237.16 +£24.87 257.68 +£37.04 135.40 £26.52 154.06 £29.13
i B 4% 96 B/ wm width of mucosa 45.20 £9.80 40.55 £7.42 36.17 £7.90 35.06 +6.63
iR )2 B/ wm thickness of submucosa 6.92 £1.62 7.27 £1.19 7.09 +1.48 6.60 £2.42
AIL)Z B/ um thickness of muscular coat 14.68 +1.88 13.39 +1.03 " 9.83 +0.41 10.10 £0.52

3 3t
3.1 BIFBREMITIERE KIS

o MV O 0k B A U A 4 koK i R
GRS TP R BIE SRR GT PR B R X AR LR L SR
S RN SR S Y B IR, BEFSE AN 58
TR HH GBI 5 3 4R v 7 0 28 ORI RF R0
1 A4 i . Rangacharyulu %' 43 51 ] % i 4 05
FIR SR 2 0 56 2 B A AR (4. 5% ) it I TR 77 2% B
LI AR NS VA o N = T A LS
( Hypophthalmichthys molitrix) , 45 % 3¢ B % % &
WFR 20 1 TR AR R B R E A KR A T
K53 2HL R0 R 8K 2o Wil 2, IR 8K e i 4 R £ K 2 2 ) 2
SN s Begum 455k B4 A 0 A
TR AW AR R W B 85 A 0 HOAR T 50% ok 2
i}, G 4} 4k % e 4. Nandeesha 25" ff 5 3 W %
Wi AT 58 A AR, 7R AR AT IR I 2 50 % i A
S A R B A BT, FLAE — Y L
T Rk A 1 JB 0 FR 3 B S Rk v I 1 1G0T 4
o KPR PR M Al R BE BT ST, 7 0
A D58 4 B B 0 B AR SR DR P i by o AR
I EIRRINEE 5. 5% , FCHESE A b 50%
00k B, I B A R H A R R A Py 2 PR AR S d)
B R R F B I, X 45 Rangacharyulu 25070
Begum %'’ Nandeesha 25" By 45 5 — 3,
EERTE N I TR CIR SR SO | R R i)
1) 3 R R A SRt A A 2 R R Y
AR ENEA B EEER XS

I ARSI DA B i i A AR A8 1 K
FAl H MR BUA 6. DRI 6 TR IF &G
Fy BB 58 R 0 R WL B AR S AR A A A
B F 5 BR A i A 5 Aok 40 B e A IE
JE VN JIE S Hi L R i L U 5 05 A W IR
ZESA R E (P >0.05) , Ul B A& B 2 AR 50% a8
AN 23 0 HE B A ) 2 FEARRAE 77 A i 35 5 )
3.2 HBIFERKEMITIESR ALK SN

AR IS S F N HEBE 4 0 LA T B A i A 2R
E LI K 53 oK o3 & 5 AN A2 A R AR R 1Y
S, Rangacharyulu 581" 4% 38 22 5 i 37 6 |5 i
g1 g IV B A ) A v i) P i I O R R AR 2
e el XA 2 anH&E D IR K
oK ERSEHBHARAREEZ R, BEE
A2V Sk BBE 1| 8 ( Platichthys stellatus) 1 B 78
BE) T LA 45, {2 Nandeesha 25" Xf | &
o e 2 22 ok (54 - ( Siganus guttatus) | Schwarz
2 P BT 58 22 W A B4 32 AR B 1 TR Y
S, A W Rk W f R 4 f0  RE 2R 1 RML K
o3 W 3 T O AL AR D K AR T Ry 4 JF
LIt 25 70 0 % I Fy B X — 22 B ok T
R A R0k 23 52 Wi 4 fa R B B RIE D, BLTE
I 1o I AR KO- 2 0 4 e I IR 2 1 B I,
I s X — g 2l TR KR A 2 3
Pl s LR B gl e, T PR IE LA IE & i A4 28
i HURSHH TR E A . ABFT R4S
I 35 WY i M 0 A S8R 4 5 0 80 14) BT AR 5 R 8 A
LS T K o
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Merida %" 5% il 1 H %€ 4 85 A8 208 %) 2 v
8 ( Diplodus puntazzo) WIWF5E 8,8 Fh b7
TR P MEA S = R KT B AR T ok 4, A
JLFhE R A R E A B E T, X
SARBEESE R A, T Schwarz 45 BF 5t % B 1
Tk b T 2 R AR T SR IR B 1R B R
Ty B T S T R Y A R AL R
AN ARk ep 2R R RE R R S R R 5 R
FIAR K /IO AS 5% Wi 04 58 6 TR 4 A, 3 7T i 5k
B fh R 2 I o AR R R R A A G . K
TSP R B 8 R E LR & S
AHE , v 40 2 R €0 2 PR 1 3 e T A
SR FN AR R/ 1 AN 98 10 45 % 5 e A T, A1
OG0 80 A 30 TSI R 2 5 R R s B R 2
T, F 2 X HE AT R 2 3k TR L B A — R RS o

AH 5T A C ) A R AE fe 0 I 5 R, Ry
LRSI 2% 19K G, 10% 1 £a08 , T 4 1 21
TR AN 1% 1 K =00, 5% Bk 5.5% 1)
AT Ry, SC O £ oky A GE ORE B9 OHLBE T &R
5.18% A WAL EHHLIE DT & 5.06% , — ik
I TR0 Pl & 25% ~30% 0 fm g
G & 4R 3.5% ~10. 1% 0 A3 5 7% 056 3 i
S B STNAE g 24. 37% |, T ARy T I S B S2 I (l
HT.92% ., FHEEDC PG E W, Cl16:0,C18: 2,
C18:1 FIl C18: 0 J& K &2y Hp 11 Je 3 219 g 7 12 %
gy, Ho & i B & LA (50.62% ), K IR 2
C18:1(32.45% ),C16: 0 (11. 12% ) 1 C18: 0
(4.82% )., LA CI8:1 [ a5 &85 ik 83% , Ji W]
S A W R B S RN AR R A L sk R A
5 R WY, A2 0 vl b E A A D5 R & C18: 1
(38.3% ) .C18:2(30.2% ) .C16:0(22.5% ) .LA
(4.3% ) ,C18:0(2.3% ) . HAfth (2% ), — %A
Sy, E AT R T R 2H A T e T Rk Y B D R
AR AR RRE I i A L 7
AR ) ol (k) &8, A IS TR RS A
AR A, HE NS 7 R 20 22 5 5 | A ) ek b g D7 R
SH 2 S, T S 0 HE B UL P R R o g M7 R 4H
R, T HL IR 25 5 55 ARDRE R 7 R 2H B IR AR O, A
25 B 5 H A e s R —5 Y

NAREEA n-3 5 A F g D5 /R (n-3 HUFA)
FIE 7K 0 (& & n-3 HUFA) 4 F F A A fi
JRE 7T A P O | £ 3 A 9 ISR B AR 5% 1
FeFE a2 AR R EL n-3 HUFA 4 30 1%, 1

R AL £ 00 90 55 V8 7 DSO8Rk v 1 o T AR 3
KT FRIE A Rk K JE KA R AR AR, HLRE 1 B
iz & BR A =B & & g It A Ak R
ST N I R B 6 7 R
Z R FIS 2 (B n-3 HUFA 5b) & &R 4
X A g B 7 2 I T B 6 R T . Sl koo R
B Ak 48 B (TA) FE %6 il 45 %5 (1T ) J2 38 i A &
Wy v il i U R L B X A A e R B ok e
f 2R R CBIESE & B K OF 9 TACK T 1.0)
FIT(RTF 1.0) xF A A £ . AwFgeh
AL AR 4 TA FIT B F 1.0, LA B
E P3N E Y R AR N T SN EOREY
M E .
3.3 EWBERaNTESEERINZIE

£ 25 IS HUAR 0T 78 FR R R R
HHYIMERT . AST #1 ALT £ %431 T HF 40
6 P 45 b A0 L o YT AN 32 ) R A A
Sesk ALT Jh & 5 X4 I 40 i 32 13K 58 7™ i, AST
AR AP AST Rl ALT % 3 1 i [H £ &
oo i e g P & 2w, KA RRES
I 200 i 37 450 R B2 R — 5™ . R E S 0 3 2R A
6 bR Y0 1B 1 T b v, BF 9T 45 96 K &2 2 MR 90 i 06 4
RESVEAT B AR . AR b, k4l
i W 2L 0 4% ol I 9 2B AL AR AR 38 TE B A M 2 e L
WA U 4 ALT Rl AST 4% 8 Fy 41 2 B 5 i
13.23% F1 31.58% ,ixX 3% B 7 Wi 5 4 £ 8 1T fig %)
JHF J 0E Ty BE A W A 5% ), 3X — 7 TR i T E— 25 1Y
i) 3 3 1) HE 5

LR 4y R DU 2 BRI 2 RGBT
IENINCIEEE 4 Y = By R W Sy ) ks
B H I RE A VF 2 ) N ISR 548, DB
W R AN S BRR T B 2 50 AR e
HIGS RS PR R84 B ke DR IR A
SCHEFR AR SRS A o 02K i TR E IR I R TR
WL ) 2 3 T, RS TR A5 1 v I RN B %% L R 4
T AIG VBUIR S5 1 K 15 R BE DA SRR IR 40 it 5 1
LSS AL I BE S A R KBk
o TE LA 2 P 9 LA, N )2 R 3R AL, A0 )2 0
Lo A LA 9 R 05 465 B 1 055 3l , DA 4 3 & A
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Effect of dietary replacement of fish meal protein with silkworm pupae
on the growth performance,body composition,and health status of
Cyprinus carpio var. specularis fingerlings

JI Hong'*?** | CHENG Xiao-fei', LI Jie'*, ZHANG Jian-lu' , LIU Chao’
(1. College of Animal Science and Technology ,Northwest A & F University, Yangling 712100, China;
2. Institute of Fisheries Science , Northwest A&F University , Yangling 712100, China
3. Ankang Fisheries Research Station of Northwest A&F University ,Ankang 725021, China
4. Tongwei Co. ,Ltd,Sichuan 610041, China)

Abstract: The experiment was conducted to evaluate the effects of partial replacement of fish meal ( FM )
with silkworm pupae( SWP)on juvenile Cyprinus carpio var. specularis[ (12.10 £0.89) g]. FM diet( fish
meal 10% , silkworm pupae 0% ,CP 36. 18% ,EE 5. 18% ) and SWP diet ( fish meal 5% , silkworm pupae
5.5% ,CP 35.38% ,EE 5.06% ) were formulated to feed the fish three times daily to visual satiety in indoor
circulating water system for 61 days. The results showed that final body weight(FBW ) , weight gain rate
(WGR) ,special growth rate (SGR) , protein efficiency ratio ( PER) , feed conversion ratio ( FCR) , survival
rate ( SR) of the SWP group and FM group were not significantly different( P >0.05) , while no difference
was found in condition factor ( CF) , viscerossomatic index ( VI) , hepatosomatic index ( HI) , spleen index
(SI) ,intestine index (II) ,as well as the content of moisture , crude lipid,crude protein,crude ash of the fish
tissue( P >0.05). The contents of Lys in whole body and Tyr in muscle of SWP group were significantly
lower than those in FM group( P < 0. 05). The contents of C14:0,C16: 1n-7 and C18: 1n-7 in muscle of
SWP group were significantly lower than those in FM group, and the contents of C18:3r-3 and Y n-3PUFA
in muscle of SWP group were significantly higher than those in FM group( P <0.05). On the other hand, the
contents of C18:3n-3 and C22:5n-3 in hepatopancreas of SWP group were significantly higher than those in
FM group ( P < 0.05). No significant difference was found in serum biochemical indices, index of
atherogenicity (IA ) and index of thrombogenicity ( IT ) between the two groups (P > 0. 05). There are no
significant differences in mucosa amount, mucosa height, mucosa width and submucosa thickness of foregut
and midgut( P > 0. 05) , however, the muscular coat thickness of foregut was significantly lower in SWP
group than FM group (P <0.05). It is concluded that silkworm pupae is an acceptable alternative animal
protein source,which can replace up to 50% of fish meal protein in C. carpio var. specularis diet without
significant adverse impact on the health status, althought it affects the tissue amino acid and fatty acids
profiles,and has a tendency to promote the growth performance and feed utilization.

Key words: Cyprinus carpio var. specularis; silkworm pupae; growth performance; body composition;
serum biochemical indices; intestinal histological structure
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Plate I The observation on histology appearance of intestine of

C. carpio var. specularis by paraffin section
1. Lengthwise section of whole foregut of FM group( x40) ;2. The foregut mucosa fold and muscular coats of FM group( x 100) ;3. The
foregut tunica mucosa, goblet cell and striated border of FM group ( x 400) ;4. The foregut submucosa, muscular coats and serosa of FM
group( x400) ;5. The foregut mucosa fold and muscular coats of SWP group ( x 100 ) ;6. The foregut tunica mucosa, goblet cell and

striated border of SWP group( x400) ;7. The foregut submucosa, muscular coats and serosa of SWP group( x400).
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Plate I Scanning electron microscope ( SEM ) observation on the

mucosa epithelium of the intestine of C. carpio var. specularis
1. The foregut mucosa fold of FM group,showing folds in V shape( x200) ; 2. The foregut mucosa epithelium of FM group( x 1 000) ; 3.
The foregut mucosa fold of SWP group, showing folds in V shape( x200) ; 4. The foregut mucosa epithelium of SWP group( x 1 000).
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