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2 BEAR H A XS W (Penaeus japonicus)F) i 2 1 H
M 4 B4 8% (Eriocheir sinensis)(f1 &K ggl ',
AR R) D 8 D FE 4R AR 3 A DL 2 B (e e A
KW, ZI AR, Wk 4 RATRKERS
3 IR B B B . AN, FLARTE R IR
(Litopenaeus vannamei) 1R Mr B3Rk A5 i FE A K1 e
(1) 4k A R ABR IE S N & 9 60000—75000 TU/Kg, fE
198366.67 TU/kg {2 25 $1& /=) V4 T I 1 9 44 Tl i
P BE A SR (Penaeus monodon) LA R b 4 A
FAT KT 8400 TU/KglH, 14 iR 48 2 (GSDH AN 5p
R T R GRRRE B 2 2E R A (8000 TU/
keg) AT LD ALME R s AR, T S o sy e
AR R R R IR A0 4E A R A 5 SR U 5 54
PRERE 2577 AR Ik, HEFE B 969740—70770 1U/
kg'™o XL Y TR VR E AR R
AEFRTRIBEM

i, [ R M (Procambarus clarkii) )& 5 [ 214
I, RN AR AR SR A R, K
TR SZIH P Wl . 20245 3% [ v, [C 5 2L AR
SRR AL 345 7T, LB v R K SRR R
YA 5k A S NS B W= Gk NI 0k B S )
Ylo AER—Fh Rl 2 e A, oo G iR 2 0 Ay 5 20
BiGIE SRR, SRR, HAhi R B BoAr
FE B SR 5EAT y, I SRR (1) A ) 2 e M T e
XTAEA FAG U R AR KBRS R R
BAR AT R HAT, v RFE ARV FR R K
B EEaEEEY. Eai. U gl
EERR S, AR, AR L RAG SRR
RINTERSEW 477 E, JCHB Z 0 Hggmm A4
KPERE . fo g% il FE DA K OB A RO R (it 776 I &
GEVPAL o DRI, ASAE FTIE I PR AN R 4E A 2R ATKF
X IR IR AE KRR ez . DL LR
J M5 ) 50, B AR R E TR 4R AR SR AR E
TR E, PASEE o QR B IR OB S 2 R IR 7 oK
B, FONMEARSAE . bR IR E IR R
LA o

1 MRE5RE

1.1 SCIR AR S

ARSI LRy . TR EARH . SERIRRR R
TR 1R AV, AR K A IS O Y #1)  d
B, ARG T R AE R WA 1. B RULGNE
SR B Rt o e g g U A v
RN o A B3 RV BB, AN S G
TE HE R G Ak b VR 0 2 2 2 AT U S0 (R B 2 ).
6000. 12000, 24000. 42000F166000 1U/kg, DL

TR AR . 4E2E RAT B _EERN AR
HARAF, W =10" 1U/g, 64 5256 1Rkl o 4 4=
KA ELIE 5 BN 11573 (Al 20042 (A2).
26274 (A3). 37818 (A4). 55159 (A5). 79200 (A6)
TU/kg, H il k) 4k 4 & AR 19 I 52 2 18 GB/T
17817-2024, H b 5L 45 W 52 AR 2 A1 A PR 2 =] 3
ATI5E o kAL 2k 8 J5 1k 80 H i, 44 L 77 LL. 3
/N BRAR I AER AR &, B G NI 4R 2R R A
RN T K A5 v R R, B S A AR S
25% NN [E 2 LB K, e BRI G35 KR
ARG R B R 2 mm) 20K, F90°C 4% T 2tk
20min, F B T XML H60°C T 4§20, [ 5 K
DR R 9K B 3—4 mm [ (R A T ks, T—20°C
ZA FHEEHREAE G . L2025, ST RE
KR R 2 99.21%.
1.2 LRSS FEERE

ARS8 BT A I e B iR B AR I ST b K1)
WIS . LA EN L) hFRHEARR T
BEAT, Sk v IR B U A B B SR E A (1.2 mx
0.8 mx0.26 m, /KK N250 Ly& 751, F#FFE N
JECA FH LB 1B AT S| R0 A s 3% 2 ) (10 20 g 5 Fn 22
TCW . AT A Sh 3 B S A8 B L 7 35 & K VLK = 1t
AT B AS BEZE 2> HEHE (K H5 201847 H 20 H /i
i Y FI 2018-405 30 1F)

TEFF 46 SEUSHT, K SLU IR 25 £ 24h, BE 5 Hhidk
kAR 4. R ETEER . IS I [WIAG PR E N
(3.40+0.01) g)IMAIL334)E . BENLIEELI0EAE A
WIEREAR, T20 CH IR, FIT 5 82 A iR FE AR B
ST . FIAR324FBAFBEHL AL 218 FRIE A,
FETUFR18)RE, BENL A 6™ S2mt 4l Xt B o Fp ikl
RRHW3NEE . BRI AR R 20 B
P15 J HAB TR B W, T 8:00F0 18:005E A $4& M2 5 V¢,
AR S bR 1 DU R R R R 2h R R
VAR, M T R RRE, DLMERR SR R 8. R
SR aE 2w B, AR5 AR T AR I e Ak
R HIE RS FRE A N AR N A, Bk ik K
HUMR 5 45 2 S5 15 DR W AF TG R it AN IR SE
o N BASJE, M ) RF 882 70 4, 4 RO M /K s B A
30 L/h, 7K pH 8.00+0.20, 7Kil#23—27°C, #Hif K
FERFFLE(6.5+£0.2) mg/L.
1.3 #H&ERE

TEFRFEAR TG 45 R T, 4% B PR ERE 7 AL B RE &,
W5 T I JE B R A% £ 04, 422 IR 2 AR Yl B 3R
AN R, St BN R E S E. BT
A A6 BB A3 B4R, —20°C UK A6 4547, T I0 58 4>
WA R AR 5y o AR A BE HLEL 8 R HF, S FH — Ik ik
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R 1 WARES(FIRERM, gke)
Tab. 1 Composition of the experimental diets (dry matter basis, g/kg)

2H 5 Grouj
JFngredient Al A2 A3 : Ad A5 A6

fiK}(ft g) Fish meal 50.00 50.00 50.00 50.00 50.00 50.00
5 HfiSoybean meal' 150.00 150.00 150.00 150.00 150.00 150.00
144E HPeanut meal' 150.00 150.00 150.00 150.00 150.00 150.00
T k) Wheat flour” 250.00 250.00 250.00 250.00 250.00 250.00
% HiRapeseed meal 150.00 150.00 150.00 150.00 150.00 150.00
Hi¥F 2 M Cottonseed meal' 40.00 40.00 40.00 40.00 40.00 40.00
MRS odium alginate 20.00 20.00 20.00 20.00 20.00 20.00
R — S5 Ca(H,PO,), 23.00 23.00 23.00 23.00 23.00 23.00
F#BEE Yeast 20.00 20.00 20.00 20.00 20.00 20.00
£ Fish oil’ 30.00 30.00 30.00 30.00 30.00 30.00
F ki Corn oil* 30.00 30.00 30.00 30.00 30.00 30.00
K5 U fiE Soybean lecithin 10.00 10.00 10.00 10.00 10.00 10.00
Yk Z TR K Vitamin premix’ 10.00 10.00 10.00 10.00 10.00 10.00
JIEL & B Cholesterol 5.00 5.00 5.00 5.00 5.00 5.00
WL TR Mineral premix® 10.00 10.00 10.00 10.00 10.00 10.00
442 % C Vitamin C 3.00 3.00 3.00 3.00 3.00 3.00
S 4L EFE Choline chloride 2.00 2.00 2.00 2.00 2.00 2.00
5t HEChitosan 1.00 1.00 1.00 1.00 1.00 1.00
1R & Astaxanthin 0.40 0.40 0.40 0.40 0.40 0.40
&2 + Bentonite 38.00 37.94 37.88 37.76 37.58 37.34
4k ZA Vitamin A 0 0.06 0.12 0.24 0.42 0.66
L-77 & BRL-Thr 3.60 3.60 3.60 3.60 3.60 3.60
L-#fi 2 BRL-Lys 3.00 3.00 3.00 3.00 3.00 3.00
HEER KMet-Met 1.00 1.00 1.00 1.00 1.00 1.00
i M4 i Proximate composition

F4))5i Dry matter 94.06 93.63 94.04 94.14 93.77 94.19
#H 2§ H Crude protein 32.71 31.97 32.37 32.18 32.15 31.68
#H g i Crude lipid 7.73 7.73 7.69 777 7.76 7.63
K4y Ash 10.41 10.09 10.16 10.09 10.03 10.09
A Gross energy (ki/g)’ 18.10 18.18 18.17 18.17 18.16 18.24
4 2 A Vitamin A (IU/kg)’ 11573 20041 26274 37817 55158 79200

Ve RIE). :*a(‘z;%wz)\ TEAERABE-R %) SRR B AFF B (R B 2 5 8 E R4, DL B sk

WA A IR 7SR TR (LR LR /N R, AT AR AEGB/T 1355-2021); > 3 (7] 25 L ial el B 25 fa3y, 44T 47 v Q/DMS 2-
2019), KGRI T TR K, ST RRHEGBI/T 19111-2017); ° T S0 46/ £ HR BV EAIE: 42 EB, 10 g, 44 %B, 10 g, 4E/EEB
20 g, i KB, 0.01 g, 4EE D 0.02 g, 442 KE 10 g, 44 KK, 10 g, MHER40 g, £ 0.2 g, 2 HR4E520 g, M120.5 g, 46/E 5K C 20 g, ML
FE400 g, BT EF4E R A1 ke “8T 500 45 BURKMHE: K IEREER70.08 g, UERHT0.6 g, —/KEALHI2 g, ANAKEALE2 g —K
20 g, LKBIIR T kS50 g, LKBREREECO g, FALHNI00 g, BlREE200 g, BHIR — 2051320 g, MM AF4E RN 1 kg WAL i
%L?%fﬁaifmi(SDC3llaifo IR = R A IR A T E ; AR 4L R A S B SEE

Note: 'Fishmeal (wet- processed), soybean meal (solvent-extracted), peanut meal (pre-pressed and solvent-extracted), rapeseed meal
(pre-pressed and solvent-extracted), and cottonseed proteln (with gossypol detoxification and protein concentration) were supplied by
Wuhan thua Agriculture & Animal Husbandry Co., Ltd,; *Wheat flour (Wudeli Five-Star Wheat Flour, compllant with standard GB/T
1355-2021); *Fish oil (Tongmei brand Feed Grade No. 2 Fish Oil, compliant with standard Q/DMS 2-2019); “Corn oil (Fortune brand pressed
corn oil, compliant with standard GB/T 19111-2017); per kg of vitamin premix contains vitamin B; 10 g, vitamin B, 10 g, vitamin B, 20 g,
vitamin By, 0.01 g, vitamin D 0.02 g, vitamin E 10 g, vitamin K3 10 g, nicotinic acid 40 g, biotin 0.2 g, ca1c1um pantothenate 20 g, folic acid
0.5 g, vitamin C 20 g, inositol 400 g, all ingredients were diluted with micro-cellulose to 1 kg; per kg of mineral premix contains
Na,SeO5-5H,0 0.08 g, KIO; 0.6 g, CuCl,-2H,0 2 g, CoCl, 6H,0 2 g, MnSO,-H,0 20 g, FeSO4 7H,0 50 g, ZnSO,-7H,0 60 g, NaCl 100 g,
MgSO, 200 g, KH,PO, 320 g, all ingredients were diluted with micro-cellulose to 1 kg; "The gross energy of feed was determined using
oxygen bomb calorimetry (SDC311 calorimeter, Sunde Science and Technology Co., Ltd., Hunan); *The measured value of vitamin A
content in feed
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FR] VA 5 2018 I V30N Lo i il S, i A7 1.5 mL i) 25
O, 4°C TR #R B 4hJE 550 (14400%g, 4°C, 30min),
W B b3 T—-80°C O A7, FH T I3 AE A Fig A Al
P IX 8 R M 422 WP A 4 ok i Jip 1 AL A
SEH G, Ayl AbER R SIS R, 2 2 R IR
ML E TS AL, BEfS 70 E T
—20°C F1-80°C fr £, H TVH LB IE 1 . i Ak g
W E R B DR E BT I E AN, BT
=20°C LR AE, T TH A5 PRI o ; BT FR I . s
18 [# 5 fE4% % R W e, T & TR R K- 2L
HE)J ] 5 o BN R e i AR B T 1t
& AR, M5 E T -20CokFERA7, H T
I AE TR D 5E o o Rl e B DL b 7 72X
HAF BRI . Wi DL RIFSEZH 2, B T-80°C ik
FERERH -
14 FEFRUE

& KMEgEITEN BT EAR

A H R Weight gain rate, WGR, %o )=(W W)/ Wyx
100

171% % (Survival rate, SR, %)=N,/N,x100

¥ 7€ A2 K # (Specific growth rate, SGR, %/d)=
(InW~InW)/tx100

& 2 (Food intake, FI, g/shrimp)=W/N,

7 Bl % % (Feed conversion ratio, FCR)=Wy/(W,
N—W,y Ng+Wy)

JiF 44 Lt (Hepatosomatic index, HSI)=W;/W,x100

JIEH 5 A % (Abdomen content, AC, %)=W,,/Wx
100
A, W& RAR R & (g); Wy N W) a6 K i & (g);
NAERBE NoWIIG R 5 o S5 R 20(d);
WA RRHRN & (g); W BT B (g); Wi N Ik
BREE (g); W NUFEFVLA E ().

E R 5T BN E TaRbK 73 & 8 R FH 105°C
H 5 T 45 2% FE 2 (GB/T 5009.3-2016)ill 5, ¥ 1% T
P E (L 22V ¥ T 1§ ML Christ Beta 2-4 LD plus LT,
Marin Christ Corporation, Osterode, Germany)ill] &
VLA AN AR K 4, A8 B 3hEL K E B (Kjelflex K-
360; BUCHI Labortechnik AG, Flawil, Switzerland)
WE R A A&, R IR IR E R T, 54
FGERR EF(550°C ) E 2K 55 o

&4 I FRaYN E I35 A A FE A s
G H Sysmex A wl (H A, A fFREEEH
g 4 4k 43 BT 4L (BX-3010, Sysmex Corporation, [
A E o SR X4 IR e 2B J(TP) & &, &
BRI v B IR R W S L3 A A BE (GLU) & =,
CHOD-PAPEN € 2 HE EE(T-CHO) &% &, GK-GPO-

PODZ: M & H i =& (TG) & &, LDH-UVZEIl 2 &
LS B (AST)IE 1, MDH-U VI 52 45 74 #4 & B
(ALT)iEE, LS NPP-AMPYZIN & Bl 12 i & Filg (ALP)
TG

R BR BR & B8 il 1L BRSE M A9 E MEA
(TP) 7 &K FI BCAVL I 72 (A045-4), i85 (I By v P
K A AR B 3R R D 52, A 17 B (LPS)¥% MK F H
J AR 1 R R IR 5E (A054-2-1), VEFr B (AMS) 1%
SR AL €2 5 (CO116-1-1) . FT AR T &
A B EY) LA AT

BT RRBRFNBAELH LR EC kB R o i
MR, F 2 5 B [ 0 TR 2405, A7
F70% T . &L ERK. AFEE. U
J (Longer Pump YZ 1125, 5 um). 75 Ak — 7+ 21 4%
o, R E A S, R 6 S B UL (OLYM-
PUSDP73, H AW 82 20 41245 E i . iz K
1% 43§ & 4t (Image Pro Plus 6.0)J & Jig & 2% £ K
JEE R GE B, IF 48 v SR 1R R BN A AN R4 i Kk

RIS B EMHRNNE  RAEAE
B W T2 AIE 5 B R A B AT LA AL 8 b i DU
SE . MV A (TP)E &K H BCATE N 52 (A045-4), 5
T EE(MDA) S & R HTBAEN E (A003-1), B4
16 J1(T-AOC)K H bt 35l 52 (A015-2-1), i S Ak
S (CAT)E MR R B v 52 (A 007-1-1), 4R
1AL EE(SOD) T 14 K FHWST- 174101 5 (A001-3).

EEFRIEKFEME  F-80CIRATF 1T IR
BE SR E #8204 1 mL RNAREBUK TRIzolik 71
(Life Technologies, Carlsbad, CA, USA)F 2502
1R JE HEATRNARISEEL . $EEUIRNAZ 1 %50 i b
Yt J P 36 U L e B 1, R aE o 72 26041280 nm
KBTS FEE (A e/ Aago) AR 20 5 IR BT, Ao/ Argo AR
T 18200 FE S A R A B A4, T T e 48
¥ 5% . {f FI PrimeScript” RTi #1 &4 404 I RNA
R NeDNA. S, 3ESYBR” Premix Ex T ag™
A1 B 45, 7ELight Cycler 480 1T SZI 75 6 72 &
PCRAX 4T H R H 4% . PCRY 14 2614 95°C
AR P Smin; B f5 3EAT 40 MG R, BEIE IR ELHE95°C
AEPE10s. 60°CIE Kk 30s; T/ EF ¥ N1.67C/
so AN SZIG % 18S IRNAYE NN S EE I, B 514
(F )i A TAEY TR AN A BRA = (i, P E)E
Mo KM2YNEHEBRERJLT REEE Chiti-
nase. Wi EZK EcR. W IRXZ4K RXR. 1}
FeAMEE R MIERA G R IE &, DU IR 415 B b
TR RIE AT N FAEBENT), THEH &S AR
FXT RIS & .
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1.5 HIELLIE

SI 56 45 3% >R H GraphPad Prism 8 (GraphPad
software, Inc., La Jolla, CA, USA)# 4 34T 4t it &
Mo g RV E 5 HE 2 (meantSD) £ 7R . £
P4 K HShapiro-Wilk fllLevene’s equal variance tests
AT IEAS AR 58 A0 5 22 5544 3 A, B S R FH S A

R2 WAEESIMFFIRET BEMG
Tab. 2 Nucleotide sequences of primers and cycling condit ions
used for PCR amplification

Bmar sl \
Primer Primer sequence  Length  Ii/&
name (5—3") ®p)  Tw(C)
U5 57 4% K -FMolting regulatory factor

EcR GCTCGGACGCAG 165
AGATTCAA
GAAAGTTTTCGC
CGCCGATG
CTCCCAAGATCA
CAGCGTCA
CAGTTCAAGGTC
GAGTCCCA
CACAAGTTTCCA
GCCCAAGC
GCTTGGCCCATTC
TACCAGT
TTTGACTCGGTG
GGTGCT
TGTATGGTCCAG
GCTTTCC

N Z: 3L [k Reference gene

18S rRNA TCCGCATCACAC
TCACGT
TGGAACCCTCTC
CACAGG

W R A IR W BB AR (EeR) W B2 AR
(MIH). 4EFBXZRRXR). JUT Fil§(Chitinase)

Note: Molting regulatory factor: ecdysone receptor (EcR),
molt-inhibiting hormone (MIH), retinoid X receptor (RXR), and
Chitinase (Chitinase)

KE R e

Accession
No.

57.8 KX673814.1

MIH 214 MK820025.1

118 I1X003647.1

Chitinase 385 JQ964138.1

165 KR135172

% )7 Z 9 M1 (One-way ANOVA), Tukey (K {H £ &
PO AT 22 e BB AT 0 . AR IR 22 22 Tl
T RO B 73270 A B8l fR AR Ak 3, v SR04
BIGIR", UL E LI 48 R B ARV — i 2
WA E S . P<O.0SHFRRZREE. HARE
{ | GraphPad Prism 8 (GraphPad Software, Inc., La
Jolla, CA, USA)%z: i, [5] 9 73 #f7 &>k FH Origin 2019
(OriginLab Company, Massachusetts, USA)Zx il .

ZR
2.1 fERHEE RAKFX R RREIRE KRR

A

53t (ADM EL, A4FTASZH [ 78 1S R 2R
FBW. WGRHISGR¥J & % Tt & (P<0.05), H I3 7F
A4 3% B f K AH ; T FCRATHSIN & & F& K (P<
0.05), JFTEAMH E Z AR TR 4EA4 2 AKFXT
ACTE R 52 (P>0.05; % 3). 437 LAWGR. SGR
FIFCR M A A5 &, %o 1l i 4 A 3 AK P AT Hr 2k ]
P934, 45 H o PGB B o 4 A2 R AR s 75 5K
4339288 379764143443 TU/g (K 1),
2.2 AR RAKF X 5 KRBT 2T AR BRAL
RIEARRK 7 HIF 00

i TR 2 AR R AR T i, e TR i B 4 R )
HEA&E LSRR EAFEEN S ER
B3 T 2 00 E H(P<0.05), AR AR AL
WAL A B TR AL A f K AH, BEEBILA R A

T AR AR /MBS TRHEA R AKE R B IR

i 88 A A WS R0 S UL DAY P 7K o R AR 4 e A 1 R
W& BTG i 3 S (P>0.05; 3 4).

2

]

A

F3 AREERAKTEX IR EEIFE KN
Tab. 3 Effect of dietary vitamin A levels on growth performance of Procambarus clarkii
B 41| Group ANOVA L Q
Parameter Al A2 A3 A4 AS A6 Pvalue Adi.R Pvalue Adi.R’ P value
WILEREIBW (g) 340+ 340+ 340+ 340+ 340+ 339+ 0.573 0.040 0209  0.124  0.145
0.00 0.01 0.00 0.01 0.01 0.00
LR FEFBW (g) 1406+ 15.08+ 1545% 1676+ 1641+ 1573+ 0.004 0.199  0.036  0.640 <0.001
0.24" 0.61" 0.28" 0.57 1.28 0.45"
THHFSR (%) 97.67+ 98.00+ 9833+ 98.67+ 100.00+ 100.00+  0.454 0222  0.028  0.183  0.086
2.08 2.00 2.08 231 0.00 0.00
4 E R WGR (%) 313.83+ 34344+ 354.00+ 392.93+ 382.86+ 363.62+ <0.001 0299 0.011  0.886 <0.001
6.97" 7.32 8.17° 638 428 5.98°
e A K FESGR (%/d)  2.54+ 266+ 270+ 284k 282+ 2.74% <0.001 0.305 0.010  0.852 <0.001
0.03" 0.07 0.03 0.05° 0.03° 0.01"
Tk RFFCR 138 135% 125 110+ 1l4& 120+ <0.001 0383 0.004 0842 <0.001
0.03 0.04 0.02° 0.01" 0.02° 0.01"
JHF 44 ELHST 896+ 804k 860+ 793k  8l4x 829+ <0.001  0.088 0.124 0382 0.011
0.14° 0.20" 0.12*  o0.11" 0.19" 0.19"
JIEER & R ZEAC (%) 1446+ 1417+ 1539+ 1482+ 14.05+ 14.12+ 0.819  —0.035 0.522 —0.088 0.734
0.37 1.95 1.28 0.25 1.25 0.86

Vi FAT RO P R AR B R [ R 2 5 5 5 (P<0.05); L (R B % Adj. RREFFIEF RS Q RE R Z W%, T
Notes: Values with different superscripts in the same row indicate significant differences (P<0.05); Data are expressed as mean+SD
(n=3). L. linear trend; Adj. R. adjusted R square; Q. second order polynomial trend; the same applies below
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EI’J -?/ﬂr] AL ur]

B 1R LR AR R ARSI, IS TP & ALP B e R} 2 A 2R AZK P T, R B T-AOC
iﬁ'réE&GLU SRR T AR R &S, TP SODFICATIEVE XMDA & &34 2 2 2% — ) £ Tzt
B R A4 I IR B B K AE, T ALPWE % . GLU A5 Ak i % (P<0.05), T-AOC. SODFI CATIE M 7
B 1 W AE ASYL I A & KA, I iE ASTATALTI 14 AAZH I ik B KA, MDA & 5 N AE A3ZH N A e/
B TR R4 A 2R AVKSF B2 BRI T i A, 7 HE 7).

AL e /IMA; TR A 25 AZKSE X e G iR B 0 2 6 AL RAKF X 5e KR B AT AT BRAR AN A% 1E

M TGHIT-CHO & &G . 3 521 (P>0.05; 3£ 5). RLAR SRS
24 TARESE RAKERT 5 KR AT AT AR AR FnAAE TRDRLAE AR 2R ATKSP- 520 1 b [ 5L 2 Jik i 2
THALERIE RO RZ N PR 2). ATRE A R AK TR (A241) Bk

W T e 24 AR R AZKSE T v, e D i e i I E (ALY, JHF/NMAHEZI A XS B ba HA — 2 F2 5
I T8 JR G A B AN g O 1 35 2 R HIZE4; 55 IR AA L, £ ASFIASALI, 73 QR 2
T 2 TR AR H (P<0.05), T i 5 2 1 g AN U R R AL 2R3 00 B b /I e B X B TR A s
JIE 077 Tk 3t 1 A AQZH A S RAHL, VE K Bl R AE A3 Mk . TR R AE R AZKT B 3N T e ISR AT
N B KA Wi e 2 1 B s PR 7E A2 A B KA, I Jit - B2 L AR 24 i 11 B0 (P<0.05), 43 7l AE A3 A
JIE: 177 Wil 9 12 7E ASZH NS A B KA, 7R A6ZH A e /IMH, ASZI A B KA (P<0.05), HI7E A6 A /M

TR B R AE A2 1A B RAB (P<0.05; 3% 6). (141 3). FEA3FIA4Z I 5o (KR 2T i 18 95 BT AR
400 - A ¥=—0.000713946x+420.78133 30 B 1.45¢ c
1=0.00278x+283.51203 Y _R*=0.85005 ~ = 0.00000880867x+1.49592
380 R*=0.83635 ] = =0.0000114386x+2.41137 =0.00000245418x+2.93896 1.40 RL0.71937
& 380r ! s 2
S ; S R=0.70438 R=0.63962 6 1351
& 360 ! §2.8- 1 £ 1301
? 340 : M i [ 125+ J=000000231443x+1.0127
¥ | K ' 1201 R=0.89895
& 320 ' 267 '
it | P : E st
. |
300 39287, 7566 i | x=37975. 8407 110+ = 434289251
: v 24— L 1.05 —
0 20000 40000 60000 80000 0 20000 40000 60000 80000 0 20000 40000 60000 80000
TaEHEA: B A TaEHEA B A TRk R SR AT
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1 WRFEEIFE EARA), FFELEKE®B). AR RO SRR RAKT R LA 5
Fig. 1 Broken-line model analysis of weight gain rate (A), specific growth rate (B), feed conversion ratio (C), and dietary vitamin A levels

in Procambarus clarkii

R4 AR RAKFEI R RREIR SRR AR AR R SRR 00 (g/ke, IRE)

Tab. 4 Effect of dietary vitamin A levels on whole crayfish and abdominal muscle composition of Procambarus clarkii (g/kg, wet mass)

N ZH 5 Groups ANOVA L
Z ¥ Parameter P T . zQ
Al A2 A3 A4 A5 A6 Pvalue Adj.R" Pvalue Adj.R" Pvalue
4= Whole body
7K 43 Moisture 720.68+ 734.85+ 733.67+ 722.68+ 737.42+ 73421+  0.161 0.043 0203  -0.002 0.397

7.65 8.30 3.40 6.12 15.56 6.50

MERFICrudeprotein 134336 1170+ 132765 147055 128035 123905 <0001 0125 0083 0274 0036
3.59* 3.24° 2.26" 5.43° 7.11° 2.36"

MRS WiCrude lipid 3115+ 31.61%  31.93+ 32.16x 3075+ 29.06+ 0514  0.114 009  0.158  0.107
1.94 1.66 2.50 2.51 1.27 2.22

K3 Ash 4720+ 47.16 46.84+ 47.12+ 45.00+ 4341+ 0.085 0.430 0.002 0.422 0.006
1.42 2.53 0.99 1.39 2.01 1.45

LA Abdominal muscle

7K 4 Moisture 788.77+ 791.60+ 787.55+ 788.90+ 785.81+ 787.98+  0.368 0.025 0249  —0.006 0.408
4.74 222 2.48 241 2.32 321

FIZ (ACrude protein~ 172.23+  184.99+ 191.30+ 199.17+ 19235+ 188.81+  0.178 0.124 0083  0.624 <0.001
397 835"  4.02° 228" 6.05° 465

815107 Crude lipid 443+ 408+ 3555 339+ 347+ 344+ <0.001 0401 0.003 0679 <0.001
0.32° 0.07 024"  025° 021"  0.16"

K4y Ash 1375+ 13.56x 14.05+ 14.04+ 13.59+ 13.55% 0.784  -0.037 0543 —0.068 0.641
0.13 0.12 0.27 0.90 0.95 0.47
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SR, 98 T HE51) RN 45 4 40 2 B0 A (K 4).
Xof o B R BT i T 2K B K FE AT 98 B Ak A Al R B,
TRLEAE R AKX I T 28 B K B AN 5 B B 5
Wi, B AR 2 ATKSE T, BB SR B AN 9
EIE T E AR S, A AR i KE
(P<0.05; & 5).

2.7 AR R AKX ve R BT R YR E T
B3 fun

EcR. RXR. MIHA Chitinase3& K A8 %F 38 3% 7K 7 %)
52 2 0 A 10 #(P<0.05), EcR. RXR
F Chitinased& IR A %t 615 /K V- HAE A42H 1 B K
{8, MIHFERFRN RE K FEAAHT A /ME. 5
xof HEZH AR Lh, i Rk 4 2R 2R AKCSE I T, Chiti-
naseM RXRIE R AH X 218 7K -3 8 2 F 1 (P<0.05);
EcRIERAHN FKIE K FAEAZ. AARIASH B 3Tt
H7E AT 5 /ME ; MIHE: RUF X ik K -FFR A6

W T R 24 A R AR 3G 00, e DR i 28 0 R e i b, HAth 41 5 ) 8 2 A bL ) 5635 AR (P<0.05; & 6).

RS ARMEE RAKT R 5 R BN IS & (LIRS0

Tab. 5 Effect of dietary vitamin A levels on serum biochemical indexes of Procambarus clarkii

B #4153 Group ANOVA L Q
Parameter Al A2 A3 A4 A5 A6 Pvalue  Adj.R Pvalue Adi. R Pvalue
BEATP (g/L) 49.84+ 49.62+ 69.18+ 70.73+ 6321+ 5531+ <0.001 -0.033 0.510 0534  0.001
3.84° 207" 1.78°  596° 1.86° 4.83
B HEAMAST (U/L) 11.67+ 733+ 733+ 6.67+ 733+ 1133+ <0.001 -0.034 0.514  0.808 <0.001
0.58° 058 058  0.58" 058 058
BNFREEALT (U/L) 37.33+ 23.67+ 22.33+ 1433+ 2033+ 4633+  <0.001 0.065 0.158  0.964 <0.001
1.15° 153 1.53 1.15° 153" 231
TR B ALP (U/L) 233+ 333 433 367 267 267 0.010  —0.016 0.406  0.144  0.122
0.58" 0.58° 0.58° 058" 0.8 058
Hih =BESTG (mmol/L) 0.63+ 0.56+ 0.62+ 0.60+ 0.62+ 0.64+ 0.116 0.055  0.177 0.026  0.320
0.05 003 006 0.0l 0.02  0.02
MJHEBIT-CHO (mmol/L) 1.08+ 1.09+ 1.11x 1.11x 110+ 1.08% 0.067  —0.054 0.727 0269  0.037
0.02 002 002 0.0l 0.02  0.02
% FEGLU (mmol/L) 1.84+ 171+ 221+ 190+ 1.53+ 221+ <0.001  —-0.009 0370  0.060  0.246

0.03°  0.06° 0.8 005" 002" 0.05

RO TARIMEE RAKT A e R EANAT AR AR B B H (LB E M RO R4

Tab. 6 Effects of dietary vitamin A levels on the activities of digestive enzymes in hepatopancreas and intestines of Procambarus clarkii

B 2H 5 Group ANOVA L Q
Parameter Al A2 A3 A4 A5 A6 Pvalue Adj.R’ Pvalue Adj. R Pvalue
BT i Hepatopancreas
Ji# 5 (4 B Trypsin (U/mg prot) 1854 29+ 1955.56+ 2327.32+ 2945.61% 2506.11+ 2460.52+ <0.001  0.251 0.020  0.672 <0.001
41 42.82°  81.16° 13557° 73.78°  87.70°
YENI T Amylase (U/mg prot) 1.42¢ 170 2.08% 199+  1.60&  1.62+ <0.001 -0.057 0.770 0283 0.032
0.10° 0.06 0.11° 0.07° 0.07" 0.05"
fIg Ui B Lipase (U/g prot) 143+ 147+ 1758 212+ 2.00+ 1.52+ <0.001 —0.010 0.374 0.796 <0.001
0.05" 0.10° 0.06 0.15° 0.04° 0.07"
W& Intestine
JiE A EE Trypsin (U/mg prot) 993.89:t 1418.17+ 1249.93+ 1634.94 1263.17+ 987.99+  <0.001 -0.011 0.381  0.635 <0.001
6" 2787° 2838 3568  14.64° 2637
VEN T Amylase (U/mg prot) 082i 1.06& 098+ 095+ 082  0.65% 0.004 0351 0.006 0.515 0.002
0.02°  0.09 0.17 0.12° 0.08" 0.04°
A B Lipase (U/g prot) 040 043+ 045 0455 048+ 037+ <0.001 —0.030 0489 0.871 <0.001

001>  0.01° 0.01 000"  0.00° 0.00°

R ARMEE RAKTE E REEBINE RS R E R

Tab. 7 Effect of dietary vitamin A levels on non-specific immunity of Procambarus clarkii

ZH #4173 Group ANOVA L Q
Parameter Al A2 A3 A4 A5 A6 Pvalue Adi.R’ Pvalue Adj. R Pvalue
BHUEILRESIT-AOC (Umg prot) 027+ 027+ 028+ 028+ 027+ 026+ 0036 0137 0072 0430 0.006
0.01° 0.00° 0.01° 0.01 0.01™  0.00°
A EALRESOD (U/mg prot) 7543+ 76.09+ 82.60+ 105.56+ 90.04+ 72.18+ <0.001  -0.062 0.997  0.645 <0.001
2677 236" 2.84° 4.01 2,08 447
it SH AL A BECAT (U/mg prot) 3715 408+ 443+ 448+  446x 337+ <0001 0012 0289 0767 <0.001
028" 042* 016 016 007 026"
N MDA (nmol/mg prot) 1.53£  1.33x 092+ 1.37+ 146+ 1 71i 0.004 0.147 0.065 0.295 0.028

0.16° 0.19° 0.18 0.04° 029" 0.15
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Fig. 2 Effect of dietary vitamin A levels on the histomorphology

of hepatopancreas of Procambarus clarkii

B. BAH (5 i4); R. RANL (T H); C. %A Jhe; TR A #0100
(200 pm)

B. B-cells (secreting); R. R-cells (absorbing); C. stellate lumen.
The magnification is 100%; Scale bar=200 um
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Fig. 3 B-cell (A) and R-cell (B) prevalence (number/tubule) from
the hepatopancreas of Procambarus clarkii

O F 9 T AR 2 (n=3); KL P07 R AN S 7B
FIAT BEFEF(P<0.05); A FoR IR T 20T P A1, LR
rtfass PAH, Q #m IS PE; TH

Data are expressed as mean+SD (n=3). Different lowercase letters
above the vertical bars represent significant differences (£<0.05);
A, P value of the variance analyzed by One-way ANOVA; L, P
value of linear trend analyzed by orthogonal polynomial contrasts;
Q, P value of quadratic trend analyzed by orthogonal polynomial
contrasts; The same applies below
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Fig. 5 Effects of dietary vitamin A levels on the length (A) and
width (B) of intestinal villi of Procambarus clarkii
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Fig. 6 Effect of dietary vitamin A levels on the regulatory factors of molting in hepatopancreas of red swamp crayfish
A JUT JREGHEE, Chitinase; B. Wi F 3R Z A FE N, EcR; C. 4 ZEXZ IR B, RXR; D. W B $hI 32 F 18], MIH
A. Chitinase, Chitinase; B. ecdysone receptor, EcR; C. retinoid x receptor, RXR; D. Molting inhibition hormone, MIH
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DIETARY VITAMIN A REQUIREMENT OF JUVENILE RED SWAMP
CRAYFISH (PROCAMBARUS CLARKII)

ZHENG Xing-Long"?, MA Shi-Hao"?, LIU Yang-Yang’, SONG Chang-Chun’, WANG Chen-Xi’,
LUO Kai', GAO Wei-Hua' and TIAN Juan"

(1. College of Animal Science and Technology, Yangtze University, Jingzhou 434024, China; 2. Yangtze River Fisheries Research
Institute, Chinese Academy of Fishery Sciences, Wuhan 430223, China)

Abstract: This study aimed to investigate the effects of dietary vitamin A and determine its requirement of juvenile red
swamp crayfish (Procambarus clarkii). Six isonitrogenous, isolipidic, and isoenergetic experimental diets were formu-
lated with analyzed vitamin A potencies of 11573 (A1), 20042 (A2), 26274 (A3), 37818 (A4), 55159 (AS), and 79200
(A6) IU/kg, respectively. These diets were fed to crayfish with an initial average body weight of (3.40+0.01) g for 8
weeks. The results revealed that weight gain rate and specific growth rate were significantly higher in groups A4 and
A5 compared to the control group (Al) (P<0.05), with the highest values observed in group A4. In contrast, feed
conversion ratio and hepatosomatic index were significantly decreased (P<0.05), reaching the lowest values in group
A4. Compared to the control group, the total antioxidant capacity, catalase, and superoxide dismutase activities in the
hepatopancreas were significantly enhanced (P<0.05) in group A4. Serum aspartate aminotransferase and alanine
aminotransferase activities decreased initially and then increased with rising vitamin A levels, both attaining their mini-
mum in group A4. Simultaneously, the incidence of B-cells and R-cells in the hepatopancreas, intestinal villi length and
width, and activities of hepatopancreatic trypsin, amylase, lipase, and intestinal trypsin were significantly elevated in
group A4 (P<0.05). Furthermore, group A4 significantly up-regulated the gene expression levels of Chitinase, EcR, and
RXR in the hepatopancreas, while significantly down-regulating the expression of MIH (P<0.05). In conclusion, opti-
mal vitamin A supplementation improve digestive function, enhance hepatopancreas antioxidant and immune capacity,
and regulate ecdysis-related gene expression, thereby promoting growth performance in P. clarkii. Based on broken-
line regression analysis of weight gain rate, specific growth rate, and feed conversion ratio, the recommended dietary
vitamin A requirement for juvenile Procambarus clarkii is 37976—43443 1U/kg.

Key words: Vitamin A; Growth performance; Non-specific immunity; Procambarus clarkii
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