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FEEE: PN B Y 8 R L EEAR TR 2R A (CAP)TE /K =Dk} Fh B IR P AT 1%, S & L H AR B EF (Macrobrachium
nipponense) N FE3T %, R 1T T CAPBER Mk 53 HA K. RtEm . I8 iH64H % & % M B a+EDI1
VIR, 525% f8)). D2 (CAPEAL10% k). D3 (CAPEAL20% fiky). D4 (CAPEAL30% %), D5
(CAP#E1R40% k) FID6 (CAPEARS50% k), 12002 4] 46 14 55 £90.1g ) H A3 UF SR Bé HL2 B £1)244 B 72
WRLFRTEAT, VL6 LB, BEHANTAT, 1AFR8 A« 45 R EoR, CAPAFZN H AR B IR AA15 2(P>0.05). 5 X}
HARLL, FECAPEEAR20% b INF, H AV SR 18 B 5 (WGR) 45 5 £ K (SGR). 1k R BU(FCR)MIEE [ R 2%
(PER)FFEA K AR HR 1 22 7 AN 2.3 (P>0.05); 1H 4 0k B UK I 30% LA S, H ATEEIFWGR. SGRAIPER 2 3
F#A%, FCRY 2 TH 1 (P<0.05). CAPEACARY X H AVHER K 4r« KA A LG 0 ALK 23 B R (2 2 (P>0.05)
TECAPE R b J5, W m T HARFIFNIA PRI EL TR ER M2 ER & &, e HEARN & &
(P<0.05). TECAPEAR10% by, HASTEUR i jbk B 85 (3 5 5 ok R 21 22 7 AN I8 25 (P>0..05), JIT e I i s il
5 T 2 T R 4. (P<0.05); 1B CAPEAR T T-10% ki, bk B S IE [ B . H-il = W f2. 25 BRI (P<0.05),
R B3 THE(P<0.05). fECAPEAR20% U, torMsr-b [ L PRAE % 2654 B 40t 18 41 B2 TF =1 (P<0.05)
5D22H LG, D36kl atf4 accw fasHlhslHERAHRT 0k & 2 2 T 5 (P<0.05). BRD3%Hior. sr-b I £
D62 fus K K 4N P<0.05), oAl #5840 H AV UF T RIR 56kl atfd accHNhsIEE R AT 0k & 5 0 HR 4 7%
FARRFHP>0.05). B2, 1EHABERAE R CAPE AR 20% o wk HeAE Ko 2 (5 R JoR A i 35 5
M), CAPRI LAE N — P B8R (YR N T H ASVE R EC A ik b, BRI AR 7R 7K R P 1) S FH B 25080 S 4
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o &, AR AR . [, CAPZ 1%
TV AR A = AR B &L 5, P2 E EOR, PR RERRE,
DK R C AP AR 77 AN 2 W AR A M R H A B8, & — Fb
AR AR R AR, SR, CAPTIE R
il (Cyprinus carpiovar Jian) L& vk R BACHE )
& A, 75 K O B (Micropterus salmoides) il Bk
Bt & 5 B e (Oreochromis niloticus)iL
SRR BTN, AN, 75 KT, CAP
0] DL A 08 H T RN XTI (Litopenaeus vann-
amei)[5]7FD 70 IR ZE R (Procambarus clarkii)[6] I &
(L

H A& VA3 UF (Macrobrachium nipponense){% i
Wh . R, 23R E E AT AR AR R K AR S
Fho BIFEAERKDR. @B, PURMER. 250 E
AR THAR R . 20234F, AR 4 48
FAE L E22.6 /7, T E S XA TILIR A . 20235
LI HARTB IR TR0 77 i 4 10 T, $2ix 4
[ P — 2 B 7R ) AR AR S A e
TEL25% k™ 7R R A .
BRI, & 6ef0 HCAPE AR &k, W REw 154
B2 B RA, ik H VAR R FR 5 B A S R 25 Ak
aio ARES LCAPEAR H A VA AR AL & 17 K AN [R]
(R 7K, PEA CAPE A Uk X H ATE IR AR 4
R BUNUIR AR R 2, DAER I AE H ASVR IR RS &
TapRE CAPE AR ARUK (1) PT AT P DL S ol BV N
SR TR R B R CAPTE ZK P2 DR A i N FH i
BB ST .

1 MR5ERE

1.1 R

H 2% VA iR %y 8 [F 32971 46 44 E2.(0.102+0.001) g,
WITEAR K 2715 mm]ok B iR KL 780 B % K
I IR LTS . IR AT, R
“RWA25 % 7 o (T e B 4 K P e A PR
O], H N EEBH )P M LR 2, DA N R B A R
AREr240 5, ¥ H ATB IR (n=1200)BE L5 Be 2244 55
FERR, BEAMHS0RHT .
1.2 fARElE

LR BB H(CAP) AL 1 BIAE R A TR
Al EET AR SR, TS E92.83%. fHEH
B N89.25% FHAR W A & N2.30%, HH b TR
TR M A IR & N 8.59% AR S B N3.54%.
FIFH CAPE AR AN [F] 7K F 1087y, i il 628 25 460 25 g CFHL
T 137.25%, FLIE 17 7.70%) B 56 4 BHGEE D). X
HE A D1 L 5 25% 88 8y, D240 1 kL Hh CAPE AR
10% 5 4 . D3ZAARICAPE R 20% B 8 . DAZH 1A

BICAPE AL 30% 18 . D5ZH 1 B CAPE; AR 40% o
Ky FIDOZH 1A B CAPE AR 50% ta Ky o 7E % 4L 1A )
ININL-E R AID . LR 2R DL AR IE %5 20 1 R o it
AR BRI P RIS FEC T 3R, BT A
SRR I 60 B i, Bifi 5 K B G0R G4 KIER B
HEENRE IS K XUEFFHF 2 HL(EF-26, | M 4E
HOE R A IR A R, M, o DB R A R,
il & B A28 1.0 mm(¥) H AR EER R, RHE = IR
M T, —20°C{R-7E& ] .
1.3 RFER

PVCFHBE (1500 mm, 151000 mm, H7KJ5E &
JK A 800 L)BE L 53 4 624, 45 20 1) fo} 4% M 44 3%
Mo KB K IR, A P B B RME 71 S i
VRIS T, FR 3G, BROR K . F7E B ) &
A 52 K R FR bR 20K, WA = 6 mg/L, WA =
<0.2 mg/L. pH 7.0—8.5. /K& 25—28C. &
I A E B 3%, B R #R R 34K (7:00. 12:0041
18:00), F P45 3 5 LhWR HH R A AN FEAE, BR R 7R AH
WIEAT K . 1R FRRIG R S8
14 HRRE

EFRER SN G, 258 24h. K> FRTE
FREE, XA & BRI IR HEAT T8, FRARAE DL A5
THEAFIE R (SR). A EFBW). 1 HE R (WGR).
K E K F(SGR) 1HE RE(FCR). & A i 0%
(PER)&AE K AH B b o

TETEZ(SR, %)=(n,/n,)x100

1 8 ZE(WGR, %)=(wy—w)/w;x100

52 A K # (SGR, %/d)=(Ln w,—Ln w;)/dx100

TR REL(FCR)= 1 /(wy—wy)

| H R BEE(PER)=(wy—w))/(f5<p)x 100

o, n RIS IR R AL, ny 9l 56 A HF 4L,
wNRIG VAR E, wy WIRES AR IR &, KA FRE K
K, TR, p iR R B RS

AR E AL 6 R U SR 1ML, R B T-oK b, 0.5 mLvE
S5t 2% RO Jlas DA 8 ) AR I 9K E 10 1) Bl AR SR o
BB AR =40 13.2 g/L. ¥R 4.8 g/L. i
% FE14.7 g/L), 4°C 3000 r/minZ -0 10minfl £ 175,
3R MM IR G Bk ELVR A R, —20°C LRAF, LA#% I ik
EAAFRARIE o Bl J5 SR 58 1% 6 1 JH IR IR, L
w2 R 1 BT R IR VR A R LSRR, B AR L R B3 I
JR R IR A FF, —20°C LRA7, FH T TR R v AL B o
U5 B2 B R i BF g IR B T TRIzol (TaKaRa, Ki%E, #
), —80°°C A7, H T8 H o A s A U AH DG i K]
Mg . BeAh, SAREEHLEG LR, TR & AN iR ke
i, 20 CLRAT, L& IR R E . BEALEL12)E
WAL A, 20 CLRAT, DL& L SRR 2 =)



N
=]

=]

MR Z AR B A A OB H AT IR AR A R AR

=
2

i) 3

JE o
1.5 EFRSNERIAIEERNE
R4 AOAC! ™7 34 I 5 A I AN 4 R B s £ K
By MEE A HAEM Ao B . TRl e A i
TE105° CHEFR F Tt 2 8 5 5 A3 K & /& . 0.5
g/ A Bk Bl A R B A B R A, R 4 E Bl
IR B Re, D@ o B I e &0 e f
Ho 2R REEIOEF] A ks 52 H g 07, 900 e AH g
Jiis B 95550 CRIke6.5h, TERLK Y o
WL IR & AR DRk b 0 2 2 1
5E ) (GB/T 18246-2019)iF AT 5E « JLAIA T )%
J&, 16 mol/L: R /K fif 24h 5 , & 58 H 20 43 4%
(sykam S-433D, F&-R 48, 18 ) 4700 %€ S bt
1.6 [t A L 3E4R K AT BR AR TE AL BEIE MM E
I 9k B2 2L 2R A (Total protein, TP). & fAH [#] fZ
(Total cholesterol, TC) HH =H(Triglyceride, TG)+
JK % (Urea). %] ¥#(Glucose, GLU)YJ K 4= H 3

A BT A (BS-4002, 325 5, SR, o 1)) FH AR R
I 5 K QR N2 i 2 245 1R oA B 2 w0 ) 23 Al
HX0.1 gJFFIBRIIAE: i, INN0.9 mLJG B A= B 2R K,
VK5I 3K, 4°C 4000 r/mini2 0 10min, B F3EWR . R
W EEE(TRY) g 7 B (LPS)FIVE K7 B (AMY )35 %
TR B (R T A P AT 5 B ) B AL 1) 7 v gk AT
M7E -
1.7 Z|ERKREMEREEXERERE
HUTRIzol f& A7 1) BT i i #F 4, HIRNAiso plus
(TaKaRa, K%, o [E)FREUSRNA, B fEHE & HL K
FNanodrop 2000l 5& RNAK 5 F1 4 5, 1 T RNA
WP F500 ng/uL. %335 & PrimeScript ' RT
Master Kit (TaKaRa, K%, H [F K RNA K #% 3% 1%
cDNA, & M. A& £ 520 pL(5 x gDNA 2 puL, gDNA
Eraser 1 pL, RNase free H,O 5 uL, Total RNA 2 pL,
42°C % & 2min; M1 A5 x Primer buffer 4 pL, Prime-
ScriptTM RT Enzyme Mix 1 pL, Rt Primer Mix 1 pL,

Fz1 REENERAERRY
Tab. 1 Experimental diets formulation and proximate composition
. 8 % 7K ¥ Fishmeal replacement (%)
Ji Bl Ingredient
DI (0) D2 (10%) D3 (20%) D4 (30%) D5 (40%) D6 (50%)

4 ¥ Fish meal 25.00 22.50 20.00 17.50 15.00 12.50
ZFEHR R FICAP 0.00 1.86 3.70 5.57 7.42 9.30
 HiSoybean meal 20.00 20.00 20.00 20.00 20.00 20.00
3% #f1Canola meal 10.00 10.00 10.00 10.00 10.00 10.00
¥ Shrimp powder 5.00 5.00 5.00 5.00 5.00 5.00
1£ 4 FiPeanut meal 8.00 8.00 8.00 8.00 8.00 8.00
15165 Squid 2.00 2.00 2.00 2.00 2.00 2.00
o-JE M a-starch 17.16 17.66 18.15 18.63 19.12 19.59
JkHiRice bran 5.00 5.00 5.00 5.00 5.00 5.00
11 Fish ol 1.50 1.50 1.50 1.50 1.50 1.50
& JHSoybean oil 1.20 1.39 1.59 1.79 1.99 2.19
K& WG Soy lecithin 0.50 0.50 0.50 0.50 0.50 0.50
JiH[E BZCholesterol 0.50 0.50 0.50 0.50 0.50 0.50
iR — A 45Ca (H,PO,), 2.00 2.00 2.00 2.00 2.00 2.00
% W TR Vitamin & Mineral premix’ 1.00 1.00 1.00 1.00 1.00 1.00
%4 C Vitamin C 0.50 0.50 0.50 0.50 0.50 0.50
SALAEBL Chlorine chloride 0.25 0.25 0.25 0.25 0.25 0.25
HiZ BZ Lysine 0.26 0.23 0.21 0.18 0.15 0.12
EERMet 0.13 0.11 0.10 0.08 0.07 0.05
B IR (% T¥)5) Proximate Composition (% of dry matter)

12 H Crude protein 37.38 37.22 37.27 37.28 37.21 37.25
FH T Wi Crude lipid 7.65 771 7.82 7.72 7.75 7.65
HK 53 Ash 10.54 10.76 10.76 10.59 10.42 10.01
Hi2 BR Lysine 271 271 271 2.71 271 271
FE & FiMethionine 0.95 0.95 0.95 0.95 0.95 0.95

T S U S TR A TC S RS P (e o PR A R SR G WK R 2 4 2 T BUR R

Note: ' Vitamin and mineral premix are provided by Wuxi Hanove Animal Health Products Co., Ltd.
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RNase free H,0 4 pL). ¥ FFEFH: 37°C 15min,
85°C 5s. & B ] cDNAML b , % Fl TB Green'™
Premix Ex Tag'" Kit(TaKaRa, K%, H [E)7E & &
PCR1X (Bio-Rad, USA)HE AT %%t HPCRR WV« J=
M AR %20 WL(SYBR Premix Ex Tag 10 pL, Primer
%0.8 uL, dd H,0 6.4 pL, cDNA 2 uL), 2 N5 N:
95°C FHAE:30s; 95°C 5s, 60°C 30s, 72°C 30s (¥
30iK); ¥ i ith 2 i FE V6 Bl 9 50—95°C « AR5
R F f 815 W 2 i s mEE L
TEEG AW TREA R AR A . Lhp-actiny N 25
B, AR R I IR AR R A
1.8 HEHKITS A

2t B E Y5 F 1 Y5 48 45 1 R (mean+SE)& 7~ .
FI F SPSS 20.0% A4 o £ 45 i3k 4T 5K 3= 07 2 v iy

*x2 HEESIHMF
Tab.2 RT-PCR primer sequence

- W& 55 s
I 31495751 FATRE sy
Target gene Primer sequence (5'—3") accession No Reference
tor AACAAGTCTCGTCCG — Zhou %
TGTCC
TTGAGCAGCTTCACG
GCTTA
atf4 GGCGGTGCAGTTAAA — Zhou%™
CACTC
GTCAGTTTCACCCAT
GTCGC
s6k GGTCTTTGAGGGCTTT ON693253  %54-fili%%"
ACG
GTCCAGCAGAGTTTG
GTGTAT

acc  CAAGGTCCACTACAT KP690138 1 iz
GGTCT
ACTCTTCCCAAACTCT
CTCC
fas CGGTCAGACAAACTA MK307767.1 Wang%[
CGGCT
CACTGAATAGCCACC
CCAGG
elovie  TGGTGCACAGTATCA KU953779
TGTAC
TCATAGGAAACGTGA
CACTC
hsl GAAGGCCAGCGCTAA MK633965.1 Wang"%‘%[
TTTCG
TCGAACCACCCATGA
GAAGC
sr-b I TTATCCCTGGTGTGA  KP658863 1 &
ATGTG
GAACTCTTCCCATTCC
AACT
p-actin - GTGCCCATCTACGAG FL589653.1 LUO%[
GGTTA
CGTCAGGGAGCTCGT
AAGAC
VE: tor, target of rapamycin 75 115 Z ¥ & [7; atf4, activating
transcription factor 4%% 3% ¥ % [X -T-4; s6k, ribosomal protein S6
kinasetZ M 7k S6¥ B ; acc, acetyl-CoA carboxylase Z. Bt i Big AR
{8, fas, fatty acid synthaseflg I & i 8§; hsl, hormone-sensitive
lipasel#l 25 /8 g i B ; sr-b I, scavenger receptor class B type
[, B 1 AE I8 K %2k elovi6, elongase of very-long-chain
fatty acidstHE MG T BR KB, B-actin, B-NLBNE H

1]

Luo%m]

11

12]

(One-way ANOVA), i F Turkey#f 1T £ H LU #, 4
P<0.05%/"Z 5 R3] GraphPad Prism8.032£17
TEE

2 4

21 ZEREERBREMITHABITEK. 18
BRI R 2520

TECAPE R ok 1Al M H AR RS F J& , A K
AR 2403 3FTR . CAPEARAS A KT Fpf}
X H AR R %A B & . S5XTRAML,
D2AID34 H A& VB UF ) FBW. WGRHIISGRZE 5 A
3 (P>0.05), 1MliD4. D5SFID6ZH H A AEFIFBW .
WGRFI SGRIU & & F% Ik (P<0.05). k4, DS H
D6ZIFCR & % & T X FE 2 (P<0.05), T HAh 5% 41 5
X BB 20 22 5 AN B 35 (P>0.05), 1 HAth 3L FCR I & 3%
= T D141, PERYA 4T #H x , DSFID64H PER & 3 fi%
T-Xt H2H.(P<0.05) .
22 ZEREEBRBREMITHABIMER SR
=AU

T KL CAPE AR A [A] 7K 0k X H AT EF 1
LN L0 7 M = = N 2 [ D e
FRFRI A 7= A B2 BRI (P>0.05) .
23 ZEREREREBEREMIHABITINASTR
i opAl

CAPE AN [F) 7K - £ 4 %5 H AR V3 R WL A
TR IR R AN 2 (P>0.05), 1B 2 3 520 H A
R LA HE 06 5 B RE IR A S S B R 5 B (P<0.05) . [
HRER . R ENZAR LN, D24 FID34 H
ABIFIIN AR 25 RAE R AR E P>
0.05). D64 HABIFLA MM R &R 2 EKT
XTHEZH (P<0.05), T HAH AL . 752 2 TR A 2 IR
FLTEER. UARELAR. HEAR. 5&R%
SR TR R IR IS W3 T 2 (P<0.05)
24 ZEREERBRE&HITHABIMAEE
a0l

H1Z% 67 %0, D241 FID32H H Ay 8iF 1 ik B2 25

FE 55X RAEZE R AR (P>0.05), HE D4,

DSAID6ZH H Ay i if ok B2 e 8 1 3 2 2 35K T X
& 2 FID241 (P<0.05). D6ZH H A 73 HF ifiL itk B2 fR
BE B HAK, HEF(KT 5 A A D24 (P<0.05).
CAPE AR & T 10% FR I, H A<V 0 i vk B2 JIH ]
I =R R K T X B (P<0.05), F % A 2
Z TR 41(P<0.05).
25 ZEBREEABKEHMI BABIARERE
1L BEE M RS20

CAPE AR Ky 2 35 52 10 H AR 773 00 JHF i JUg 7 A



o R PR G SRR T AR AR FO X AR VR IR AR A R A A 52 ) 5

BEVE T . FECAPEAR 10% o I, A 3 JHF fige flig CAPE AR T-10% 0 I, 1] AR VR U JH JBR i 9 71 4k
JIg: 0 il i 1 5 0 B ZEL AR L, 5 3 T v (P<0.05) . 7E PG 1 5 0] FRUAH 22 S5 AR 11 35 (P>0.05) . Bk4h, D4

®3 CZEREEEERENRFEIEKFERFRZE
Tab. 3 Effects of CAP replacing fishmeal on growth performance and feed utilization
8 B 407K Fishmeal replacement (%)

#rindex D1 (0) D2 (10%) D3 (20%) D4 (30%) D5 (40%) D6 (50%)
TEIG % SR (%) 74.67£1.33 88.50:£2.99 86.00+8.52 85.33+3.53 80.50+4.57 90.50+2.50
K EFBW (g) 0.76+0.01° 0.56+0.01° 0.57+0.02" 0.46+0.02" 0.37+0.02° 0.39+0.06°
1 8 K WGR (%) 461.01+14.90°  392.07+18.74°  380.87+36.65"°  288.17+10.19  199.56+10.89"  253.54+58.93"
FiE 4 KK SGR (% /d) 2.45+0.05° 2.27+0.06™ 2.22+0.12" 1.92+0.06" 1.54+0.06" 1.73+022°
TR R BFCR 1.66+0.04" 1.91+0.08® 2.01+0.23% 2.2940.15% 3.63+0.18° 3.0240.53"
R MEEPER 145.03£3.69°  12627+5.81™  122.92+11.75°  106.57£7.54™  66.71£3.25" 89.66+19.81°

W n=4, F—47H A S A R AR B TE AR RIRZE RARFH (P = 0.05); T
Note: n=4. Means in each line sharing the same letter or absence of superscripts are not significantly different determined by Tukey’s
test (P = 0.05); The same applies below

R4 CERESAZKEMEIMERS I
Tab. 4 Effects of CAP replacing fishmeal on shrimp composition
1843 % 18K F Fishmeal replacement (%)

TE¥FrIndex

D1 (0) D2 (10%) D3 (20%) D4 (30%) D5 (40%) D6 (50%)
7K Moisture (%) 76.97+0.07 77.11£0.39 76.89+0.38 76.91+0.73 76.967+0.31 76.76+0.49
12 F Protein (%) 14.9940.15 15.8240.30 15.2620.27 15.7040.38 15.8620.27 15.9140.28
FH AR Wi Lipid (%) 3.04+0.24 2.85+0.32 3.38+0.21 3.63+0.29 2.98+0.32 3.32+0.22
R4y Ash (%) 5.13+0.43 5.8240.16 5.33+0.40 6.22+0.20 5.85+0.52 6.17+£0.26
%5 ZEHNEEREREMYBRBITINREERS SN
Tab.5 Effect of CAP replacing FM on the amino acid profile of M. nipponense’s muscle
HILm o .8 & ALK ¥ Fishmeal replacement (%)

Amino acid (%) D1 (0) D2 (10%) D3 (20%) D4 (30%) D5 (40%) D6 (50%)
St R Leu 1.52+0.01% 1.48+0.00° 1.54+0.01% 1.58+0.01" 1.58+0.05" 1.62+0.01°
H & R His 0.51+0.01" 0.50+0.00" 0.53+0.00" 0.53+0.01° 0.50+0.01" 0.61+0.03"
SR Rlle 0.90+0.01° 0.88+0.01° 0.94+0.01° 0.95+0.00" 0.92+0.04" 1.00+£0.01°
H & R Arg 1.67+0.03° 1.15+0.02" 1.58+0.04° 1.51+0.06™ 1.40+0.12" 1.27+0.01"
= FLys 1.57+0.02° 1.56+0.00° 1.59+0.01° 1.67+0.00" 1.61:0.02" 1.73+0.01°¢
HE B Met 0.59+0.01 0.59+0.01 0.61+0.01 0.59+0.00 0.61+0.00 0.62+0.01
F A MPhe 0.83+0.01° 0.76+0.00" 0.80+0.00" 0.85+0.01" 0.76+0.00" 0.86=0.01°
R Thr 0.72+0.01 0.70+0.00 0.71£0.01 0.74+0.00 0.71+0.00 0.75+0.00
AR Val 0.88+0.01 0.9340.03 0.94+0.00 0.90+0.02 0.91+0.01 0.95+0.02
WA EEREAA 9.16+0.11 8.52+0.01 9.23+0.08 9.30+0.01 8.97+0.25 9.39+0.04
REZ B Asp 2.04+0.03" 1.960.02° 2.06£0.02° 2.02+0.02" 1.96£0.04° 2.15+0.00°
2255 IR Ser 0.73+0.01 0.70:£0.00 0.71+0.01 0.73+0.01 0.68+0.02 0.71+0.01
HEBGly 1.30+0.00° 1.43£0.01° 1.54+0.03° 1.500.00™ 1.63+0.02° 1.60+0.00%
M RAla 1.32+0.01 1.34+0.02 1.310.00 1.39£0.03 1.36+0.02 1.32+0.02
Pt 2B Cys 0.27+0.00 0.30+0.29 0.32+0.01 0.27+0.01 0.30+0.02 0.29+0.01
i BL Tyr 0.70£0.01" 0.63+0.00° 0.65+0.01" 0.710.02" 0.68+0.00" 0.73+0.00"
BEAMGlu 2.9940.05" 2.86+0.01° 2.97+0.01" 3.14+£0.01° 3.00+0.01" 3.27+0.04°
& B2 Pro 0.91+0.04° 0.90+0.01° 0.88+0.00" 0.91+0.02° 0.72+0.08" 1.01+0.03°
JELFHHIENEAA 10.23+0.14" 10.09:£0.02° 10.43+0.08™ 10.66+£0.04° 10.45+0.07™ 11.06+0.01°

MR IERTAA 19.39+£0.25" 18.61+0.01° 19.65+0.16™ 19.95+0.05™ 19.43+0.31" 20.45+0.03°
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DSZH RS ARG i 17 i 7% 14 22 D64 e A i Pk
KT D241(P<0.05).
26 ZEREAEEEXREMIT BARBIAFRRE
ESE YA
CAPEARAS R K P fo Sl 3 52 ) H A VA R A
JER R A B TR A A A OQ TR R . AE
CAPEAR10% H87 5], 25 11 R I 07 A 6 22 DR AH R
I8 B K, (HE XTI 2 22 R AN .35 (P>0.05). ECAP
B AN T B 20%0 , tory s6k1F arf435E IR X 3%
ki BT D3 or kR AR 1A & 53 v TR R
HFID24L(P<0.05). FRD241Al, H A% skl FHE A
FEXT Rk B 5 0 ZH 72 e AN I8 35 (P>0.05), H 2 3%
T D241 (P<0.05). DAFRIDSZH arf43 [K A1 Xt % 15
B T D241 (P<0.05). TE AR A A 9% 5 [
1, D3, D4FIDSHace PR AH* 338 & [F R 5 X R
7 5 AN B35 (P>0.05), 1B 5535 1 T D241 (P<0.05).
D3. DS5SHID64 fasH K AR ik & 2 3% & T D24
D62 fasH PR 7 38 o) JE 20 i 3 1 i (P<0.05). D3
YH FNDSH eloviedk PR AH X 1 1 2 3% 5 T D2FI D4
#H(P<0.05). SxTHEZAAH EL, S50 20 H A8 iF A
figi Bif hsIF se-b [ 35 R AH G R IA & 2 B A T 25 (P>
0.05), BRD3%H.sr-b [ FPRIAHX ik & 52 v T4
H 2 HNP<0.05). D24 hsiFiE & R Z(LTD3. DS,
D641 (P<0.05); D54H.sr-b [ FE KA £ ik B B E K
FD3FID64H(P<0.05).

3 itig
3.1 ZEREREEBEKEHI BABINE KM
2. W AR Wi (Clostridium autoethanogenum)se —
PR SR AR SO0 1 Rk, 2 — P 22 IR i
FRAR RETE AT A ™ R IR - CAPSE HT 7
PR TR AR B S () — A A O B R R B AR
Tl 2B, ZANEES . BB TR E AR R
AW FL 25 R B oRTE H AT R A R A fd H CAPIE
BB, 0T HASVEER A7 20 B 3 2, H.CAP
BAS50%1 foAn sy, HATEIMEE R i . RikiE
CAPE N HAH M 85 1, 7E 8 (Acanthopagrus schl-
egelii)!" N K 171 2B fy's CYRDI] b 1 18% 17 AN 50 L
e AR R IR R R I R RT 7820%, 7K 1 B
Tk AT LA B AR 15% 0 ke tE Ak, CAPYE 75
F e n] DU AR, AT Bk 2 20% 00 7 5
Rm AR, PRI, CAPR & Al B AR
JL YR S MR TR RE R 30% f80R T AN 2 XHliF i AR K 3R
B AR F ", T R BT (0 7T 45 SRR,
CAPER25% ) oy A KRR B i, B AU iRty
I AN B 7 R R i AR K AR ST R B A
AR TR R CAPE AR 20% B 8 5 H A K TE s .
A, HASBAR 0t 50 R IR ARG IR . XS &
¥ 3 M8 £ ok S K R Bk S5 sh i vE B A eT DA
B AR RE H 20% 1 £0Ky 1 6E H A TR EE 5 2R KA

*6 CZENEEAENEMEXMKEELEFN
Tab. 6 Effects of CAP replacing FM on hemolymph biochemical indexes

8 #% AR /KF Fishmeal replacement (%)

FaHrIndex

D1 (0) D2 (10%) D3 (20%) D4 (30%) D5 (40%) D6 (50%)
SMEHETP (g/L) 43.14+1.56" 45.92+2.61° 33.69+3.89™ 33.00+2.00° 31.99+2.09° 26.67+1.28"
K EEBETC (mmol/L) 0.78+0.12" 0.87+0.07" 0.32+0.03" 0.37+0.03" 0.26+0.02" 0.29+0.02"
Hil =H4TG (mmol/L) 18.90+1.25 16.98+1.21° 8.08+0.57" 9.57+0.42" 8.63+0.48" 9.41£0.47"
A EHEGLU (mmol/L) 4.1240.97" 5.16+0.88" 9.32+1.75™ 8.86:+0.81™ 9.82:+0.78° 11.18+0.97°
JR % % Urea (mmol/L) 1.66+0.06" 1.65+0.13" 1.41x0.15" 1.33+0.05" 1.24+0.12° 1.00£0.05"
4 ¢ 15 ¢ 20¢
~ > _ b
I = 15
£ o3 it L E 15t ab
= & 10 £ ab
2 a a 2 5 S ab ab
£2] B . 2 100
n a
i 2 05t b 2 a
ool or = a a &K 05¢
0 : 0 |—I—| S P L 0 : :
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CLOSTRIDIUM AUTOETHANOGENUM PROTEIN REPLACING FISHMEAL ON
GROWTH PERFORMANCE AND METABOLISM OF MARCOBRACHIUM
NIPPONENSE

GAO Guo-Dong', YANG Chang', Momodou Saidyleigh', LIU Bo"”, PAN Liang-Kun’, XIA Dong’, SUN Cun-Xin"?,
ZHENG Xiao-Chuan’ and ZHOU Qun-Lan"’

(1. Wuxi Fisheries College, Nanjing Agricultural University, Wuxi 214081, China; 2. Key Laboratory of Aquatic Animal Nutrition
and Health of CAFS, Freshwater Fisheries Research Center, Chinese Academy of Fishery Science, Wuxi 214081, China)

Abstract: The discovery and developing of new protein feedstuff have always been an important research focus in

aquatic feed industry. To evaluate the effects of new protein feedstuff Clostridium autoethanogenum protein (CAP) in

aquatic feed, oriental river prawn (Macrobrachium nipponense) was studied to detect the growth performance, protein
and lipid metabolism when it was fed diet with CAP replacing fishmeal (FM). Six isonitrogen and isolipids diets were
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formulated including D1 (control group with 25% FM), D2 (CAP replacing 2.5% FM), D3 (CAP replacing 5.0% FM),
D4 (CAP replacing 7.5% FM), D5 (CAP replacing 10.0% FM), and D6 (CAP replacing 12.5% FM). A total of 1200
oriental river prawns (average initial body weight 0.102+0.001 g) were randomly divided into six treatments with four
replicates. The feeding trail lasted for 8 weeks. Results showed no significant differences in survival rate of prawns in
each treatment (P>0.05). The weight gain rate (WGR), specific growth rate (WGR), feed coeftficient ratio (FCR), and
protein efficiency ratio (PER) of prawns fed diet with CAP replacing 5.0% FM were not significantly different from
those in the control group (P>0.05). However, when CAP replaced more than 5.0% FM, the WGR, SGR, and PER
significantly decreased, while FCR significantly increased compared to the control group (P<0.05). The whole body
composition of prawns, including moisture, crude protein, lipid, and ash, was not significantly affected by the diet with
CAP replacing FM (P>0.05). Notably, the non-essential amino acid content, total amino acid content, and especially
glycine content in the prawn muscle significantly increased when CAP partially replaced FM in the diet (P<0.05). The
total hemolymph protein of the prawn fed diet with CAP replacing 2.5% FM was not significantly different with that of
the control group (P>0.05). The hepatopancreatic lipase activities were significantly higher in the D2 group than those
in the control group (P<0.05). However, hemolymph total cholesterol and triglycerides were significantly lower, while
hemolymph glucose was significantly higher in the prawns fed diet with CAP replacing more than 2.5% FM compared
to that in the control group (P<0.05). Gene expression analysis revealed that the relative expression of tor and sr-b |
significantly up-regulated in the prawns fed diet with CAP replacing 5.0% FM than that in the control group (P<0.05).
Moreover, when CAP replaced more than 5.0% FM, the relative expressions of s6kl, atf4, acc, fas, and hsl were up-
regulated significantly compared to the D2 group (P<0.05). Except for the tor and sr-b I genes in D3 group and the fas
gene in D6 group, the relative expressions of genes related to protein and lipid metabolism in the hepatopancreas
showed no significantly difference from those of the control group (P>0.05). In conclusion, CAP can replace about
5.0% FM in the diet of M. nipponense without negative effect on growth performance. CAP holds potential as a novel
feed ingredient in the aquaculture industry.

Key words: Clostridium autoethanogenum protein; Fishmeal replacement; Growth performance; Nutrient metabolism;
Hepatopancreas; Gene expression; Oriental river prawn
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