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E: AT B IR T R R 6 BEX) 50 G R BE AR (Procambarus clarkin) £ . AL . YAl . %8 K miF
JEARRRMm . H14 5 W R ENRAEL, 4 B8 78 SERIARE R BRI 0% (CON). 0.10% (P1). 0.19% (P2). 0.38% (P3)
1 0.76% (PA)MIAEY) S BE, XA E H9(9.3740.02) g By v [RIRELURIEAT 6 A FRIESLH . 458 BoR, P1 A P2 411
WER | FEERKREREST CON 4(P<0.05), H P2 MU IR KEREftE. P3 4L S0 R 18 28 11 W % 7k
FET CON 4, BENiEHEE B EMLT CON 41(P<0.05). P1 4T IR Mg i FR P W 52 ot R0 1 ol 2 il 058 ek A v, P2 4
L 940 EC% o P e R A 1 e R S 1 e 5, (HS CON 2 R HR I 3 (P>0.05), Rl ML 55 B TR K S i, A
B 0 0L 98 £ R SR A A S AL Bl 3 1 5 0 AL S T S BT, N T S R R R, %S CON 41, P1 4]
i T 45 W IR B SE K, A £ WK R B 0.19% K DL R, T G JEUES U A I R 5 1 18 418U 25 B2 30 AS
Wil 5 A 0 655 BE O3 8, FIBRAR 1 NF-xB AHXT 335K F- i85 o PL 4 Hsp70 ABR 323K K7 Wb 2 & T Ath 41.(P<0.05).
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Bl DIFEAS . BRSSO e A e T
KA AEY . R AFNF b, W LR RE ) S B
A, TR S m MY s e R
ZMOL A BRIIRE, B o v R AR ) 1
FIE 805 AR I ¥ v AT 285 82 i 2 1 JOEL [ e 71T A 5 e JHC

i BHE: 2023-03-01; f&iTHHA: 2023-03-28.

TEHE: 1005-8737—(2023)05-0655—13

R 2 F1AKFDS Beah, I S B RE A% M0 i
ERRm LA, BAPUE . WRT . WA ™
AT PV L B A, 2 A R R AN,
] B b Al e/ AR S e Rk b s i O,
HRiTE R & LA R FRGE . Vs ge & 3
TR AN 100, 200 mg/kg MY S BE AERS B 2R
1o R TR <K R < K L = TG 4% 38 K (Sus

EE&TH: BERARFAIE T H (32273154); 11548 HAR ¥4I S H IS T H (BK20210943); il AR B2 IL &0 H
(22ZR1427300); VLI /K 7= )78 7 B o5 50 50 25 FF A0 B (KJS2228); b3 T 2% B i 2 IR A A BHiE s sh 5 B
(xjr2021022); iR A 0 2 2T 58 BRI H (ShsgeG202215).

EEB N BENQ973-), B, Wt #&82, U507 m K shi ikl 55 F2. E-mail: zgyang@shou.edu.cn

BAEMESE: (EPEA, YR, BESEJ7 7K 7= 3h Wy inlkl 5 8 #2400, E-mail: 601897646@qq.com; F& R, #¥, BT 0] Rk

SR kL5 & F2R, E-mail: blueseawam@ycit.edu.cn



656 Hh [ K R A

%30 %

scrofa) AR PERE, 385 9% M B AT I Bt A Ak
PERE, SEHEET KWURTIE Wael BRIk e ]
W KRR REEA 200 mg AOFEY) HS 0] A 542
= E AT IH 4R (Bos  taurus)r= Wi, 42 5 1LIBOH
AALY BRI SE A R TE T, 9
Sk . Ding SRS &I, FARIERIN 40,
80 mg/kg HEH Y B AT DL 2k 35 1 3P A XY (Gallus
domesticus) ) KAERE . MG RG FAKFE. fE R 40
JL A KRGS o DL EWESR R AR ) 55 B
FE RS S ) 0 A KPR e A A= BRI 7 TR B 6% i 3
Btk e #efE . RTMAHLE T & &, Y S mefe
KPS YRS TR B = . 22k eI
FERB, RIS N 20 mg/kg A S BT DAAE 3E
% ® % Ak 1 (Oreochromis mossambicus) 1+, [
Rt 37 R o 7, ) B i A A TR BT
SALfE S W B Y & AR B IR IR I
(Macrobrachium rosenbergii){fl B I3 40 mg/kg
(AR ) S T R 8 3 B e AR MR RE, S ILY
BREBAT AR R SIS e gl
& (Eriocheir sinensis) AR PRI 50 mg/kg 1RG4
Py ¥ e 2 B v AR PR, BRI Ak S A
P i, HEhNRT B R RN LA B g, SR AT N
b A 1L BE

oL QR B MR (Procambarus clarkii)J& 17 K sh¥)
I"J(Arthropoda), H5¢4#(Crustacea), 1 /& H (Decapoda),
FAFEL(Astacidae), JREANE (Procambarus)o 2021
4, SLIRREAR G R 263.36 J7 t, ALK
10.02%, 2T [E 55 58 7 &t fe i 19 2 2R L 5 5
YU BT TR AN, HER A ML A R
Wry oK, SblmRley, 523 e R R ),
e, i 28 R ARDASHC O v ) A ) M 2 1 T Y L A9 S
TR, FEASER AN I R ] ) s A A PR R
J5 )Rk b i = B 72 Sy i i AR 2, A 23 %)
e TR SR A K A P e B B T S e, AL B AR
“hy S BESS AN 50 BB A% 03 PR DRk dske = JIEL [ e g
AR R, SR A X B TG 2 R AR s
) 55 BRI 9 0 R DL AR IE o A B 38 2o 7 5 G
U ES AR ARDRE AR I AS R K AR ) £ B, R ST A
SY/RE Y eSO W ANV 3 I NECE ISRTS KA AN 7i M=K Ay 11 K2R Lo £
SN, oAy o DG B MDA T R BRI 2 2%

1 HR5HE

1.1 LWz EFEEIE

e, PG TR R I 1 VT 90 2 0 b BB A BR A
(P, #3805 R/N—30, RS 300 HIY
HoH(9.37+0.02) g 19 50 [CJFEEMRREML A3 2 15 K
Peth i (KxSExi: 2 mx1.5 mx1 m), 3:541, 434
3AEE, HANEERL 20 BIF, SCEEREE 1
JE) A3 0 57 5 P45 R S B ek o T R D R] 4 R
R 1% X IR AL fRl ), K L5 S 56 B
AR S AT IR0, R o5 107 385 35 B 1) 552 56 MR 455
HIEARE I, A FER/NVELAS — B LI AR, B
FEGE WG B R RS R R, S AAE 7:00 A
18:00 % HRAF R AAIME SR I 40% 1 60%75 1M 1
W, SRR 3L 6 B (2022 4F 7 H 12 HE 8 H
24 H). FEFHIIE] T BLERE K i 5 I F AR SR,
3d e 1/3 BKIK, PREFKIK pH 7E 7.0~8.5,
7 4A>5 mg/L. A<l mg/L. WA#2#:<0.02 mg/L.
1.2 SEIEEM

A §55 B2 (1S5 2 2 Bkl 95%, Horp B-5 S I
50%, HHETEE Y 36%, SIS EE LT 7%, AT
o7 2%) B i AR A B A R . SERR IR
by, OO SERITFARUCA SR AR, DL ATE
WSS A B R, R R A TR AR AR, JLHI & S
HEERFNRCHLE 1 32%; MURHG: 6%)kl,
WS BTN AR KA 0%, 0.10% ., 0.19% . 0.38%
F10.76%, 43l 4 4 CON,P1.P2.P3 #il P4 (17
BT WL 1), il A2 A rp et U R i 5 3 80
H i ™, AR S He B Ry Kk IR S,
AR 15% 128 18 /K IR BHILOT Y HI25 AU
FEHL, J005 & LA A BR A AL, M) FE AR
SR TCGEYE HIIRAL(ZE Bk 230 AUURL IR,
T R R BB LR 1 A BR A R, 0 ) il Bk AR
2 mm MUK BB R, A SR BB XU JE A
LS B R AT AR 20 CUKFRTE -

SRR SEAS 4R B DL R D vk s BILIG
SEEIE(GBIT 5009.5—2016) <& §7] 1L 2R 11 5
H RICHIEE(GB/T 5009.6—2016) & Tk #
T EE TR EL(GB/T 5009.3—2016)
TR IK 43 B KR (GB/T 5009.4—

=
& F
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Tab.1 Composition and proximate analysis

of the experimental diets

3 group

1AL AR 43 diet composition
CON P1 P2 P3 P4

TAEC 7 diet formulation
fai#) fish meal

A soybean meal

8 8 8 8 8

263 263 263 263 263

%K1 rapeseed meal 14 14 14 14 14
Hi#1 cottonseed meal 8 8 8 8 8
il soybean oil 3.76 3.66 3.57 3.38 3.00
T4 wheat flour 27 27 27 27 27
KA rice bran 6 6 6 6 6

Wia R Lys 0.15 0.15 0.15 0.15 0.15
HEA R Met
AR Arg 02 02 02 02 02
Al Ay PR K vitamin premix * 1 1 1 1 1

YRR £ mineral premix ® 1 1 1 1 1

0.05 0.05 0.05 0.05 0.05

Wik — A4S Ca(HyPO,), 2 2 2 2 2
Y % phytosterols © 0 0.10 0.19 038 0.76

COULEE S
microcrystalline cellulose

E IR chemical composition

2.54 2.54 254 254 254

HEH crud protein
HMUIEM crud lipid

7K 4> moisture

K4y ash

YIS B phytosterols

32.06 32.02 32.12 32.01 32.06
6.25 6.33 634 632 6.45
13.62 13.41 13.64 13.63 13.52
7.27 7.09 7.02 7.05 7.06
0.03 0.13 0.21 0.40 0.79

H:oa i RBOR BN T s FRHE AL LUT B4 (mg/kg diet):
YEE R A BEFRRBR, 12500 1U; 4k D, 2800 1U; 4E/EEK K, 5.5;
AR By, 3.5, AR By, 21; 4E4E B, 0.4; EH B AR,
65; {ZFRAS, 48; WUEE, 870; MHMZ, 200; AWK, 1.8; MR, 3.4.
b. FYBHRAE N T SRR AL LT i (mg/kg diet): HiiR
Bk, 80; BRFRHA, 10; BRMRSE, 45; BLHD, 60; BRFREE, 1200; B
BREE, 50, SALEL, 50; WRNEREN, 20. c. HIH)EH BE(HE B 1D
95%, Forn -7 M A ik o 50%, IR A 36%, SEIM
BT 7%, SRR ISR 2%) i B R A AR Y R F AR
Note: a. Vitamin premix supplied the diet with the following
ingredients (mg/kg diet): retinyl acetate, 12500 IU; vitamin Dsj,
2800 IU; vitamin K, 5.5; vitamin By, 3.5; vitamin B,, 21; vitamin
B2, 0.4; DL-o-tocopherol acetate, 65; calcium pantothenate, 48;
inositol, 870; nicotinic acid, 200; biotin, 1.8; folic acid, 3.4.
b. Mineral premix supplied the diet with (mg/kg diet) the following
ingredients: FeSO4-H,0, 80; CuSO4-5H,0, 10; MnSO4-H,0, 45; KI,
60; MgSO4-7H,0, 1200; ZnSO4 -H,0, 50; CoCl,-6H,0, 50; Na,SeOs,
20. c. Phytosterols (sterol content was 95%, of which B-sitosterol
content accounted for 50%, stigmasterol content accounted for 36%,
rapeseed sterol content accounted for 7%, rapeseed sterol content
accounted for 2%) were provided by Nanjing Nuoqi Biological
Technology Company Limited.

1.3 HRXE&E

6 JEIFRIHLE RIS, 256 24 h, PUsif SCgiir,
VKIS 5 min, 43391 6 4 3t S 56 R S50 FR A
0, R REALE 3 Hn QRS UF, 2 5 i HUA R
K, 2.0 mL JCER VRS & L AR il ik £,
4 CHE 2 h, B0 20 min (4 C, 8000 r/min), H{
L, RAFAE-80 CUKAH, M TIRLLaHr. il
I bk B )5 A S g A, RO AR . AL AR 90
S, B FIERE . WA 2038 )5 20 CHRAFE, TR
ST . FRRAMLIR 3 3 5 [ S AR 1 T A
M, H 4% RPERA, 4 CRIE, H
TFTHRIVEVI R, SEiT44 HE et Wigd, fm i 3
Hyg [ AR P20 RNA il I 3% Ab B %) e i) o
PR HS JHF TR A, 7 B% L i ¥2 PBS (NaCl 8.0 g,
Na,HPO,-12H,0 2.9 g, KH,PO,4 0.2 g, KC1 0.2 g /il
AWACERE 1 LI —RYEB i 3R A TG
F B, WA TR, RAEFE-80 CYKFH T
FE R R
1.4 i5tRi
1.4.1 SKMEESHERHENE RIHERAERC
SRS IC R R REE | KK PR . IEERL
W, DL S T iR BN 45l my il sk, 1540
IR IR R E | RRHEFE & . SEPRTRiE KA, 1T
BAATEAR WER AR e R, T
TR IR R R AR e 4. DI FE
FE AR RN DR R A AR KR REVE AR AE, L
PEH R R TR SRR R MR 48 B M T A F8 8K
FEAE . AT

TEIE R (survival, %)=100xN,/Ny

R (WG, %)=100%[(W~Wo)/W]

LEAKFER (SGR, g/d)=100x(InW~InWy)/t

a2 (FCR)=W/(W,N—~WoNotWy)

RES# BE (CF, %)=100xW,/L,

& & A (FC, %)=100x W/ W,

FFIERRFE R (HSI, %)=100x W,/ W,
K, ¢ HFRFERE(); N NG REG No ARG
R E W, WERIKHE(g); Wo IWIIHIKRTE (g);
W RIEEHHFE R (g); Wa NFRFEIFET-UF S (g);
L, NEAREK (cm); Wy HEFETBHLN E (2); Wy N
JH IR (g)
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142 MKBALSHELEFEQN LA
A TR 5 R G S o i 2 A i
ELAE Ak o o PG i B 1 94 4 JIE i % T-CHO, No.
A111-1-1)fdi Bk 5] GPO-PAP ¥, Hih =ER(TG,
No. A110-1-1){ FH 857 GPO-PAP ¥, =% & g
FHH(HDL, No. A112-1-1)f FBGAF E 2k, K
W NS A (LDL, No. A113-1-1)fli XG5 4%
P RE, A E A (ALT, No. C009-3-1)F143 %
B M (AST, No. CO10-3-1)ffi FHLeAh L (s, R
P 700 5 Ul B AE 4 B 3l ik 2% 4 B A (Hitachi
7170, DAICHL, H A DL F4edr. tesbh, M
A R A AE ) T AR AT BT R 8 I e EG R B
WaiB TE ARG . TR A AT AR AN S BE G o 5
[R5 2 W 19 7 18 2 i (PES, No.A080-2-2)fi ]
O YL, TERBF(0-AMS, No. CO016-1-1){#
TENT-BL L 7k, R IEE(LPS, No. A054-1-1)f#H
ot vk, T 1B R SR A1k 9 15 Ak i (T-SOD, No.
A001-1-2)fff FH %8 e i, 3 4 1k & i (CAT, No.
A007-1-1) ffi Fil %1 W& % 7%, ™ — % (MDA, No.
A003-1-2)ff ] TBA ik, fidi 14 % 2 il (AKP, No.
A059-1-1)FIFR M B BR A (ACP, No. A060-1-1)fd F
Gyt EE L, AR R Ul B Al A AR A (iMark;
BIO-RID, &)l U436 6 FE11(2100; UNIC,
Hh DI E DL 5 A o

1.43 HALARSUER YL 3 BIEF, RE
AR AN i, AT SRS H A I .
(TP I R A R i S5 AE 0.65% 2 FRER /K vk, e
FRPE R AMTG | FEE LG B A 4% 2 P
VW[ 2 I A S U0 R T #ET HE AL 6,
TEAG F AR . ImiE A 8UE S8k .

1.4.4 BFEBRERZERN FHKET 5
50 mg FFBRARLZUREAR, A 1000 pL 21 224 it
(TRIzol), f# F Ultrapure RNA Kit (DNase I, FEH
e, 185 CW05979)#EfT . RNA 2. f#H]

Transgen %% 51 250 & 047 B3 s A (02 5
AE-311), 20 pL SRR RAHI T 10 puL
2xRT Buffer, 1 uL RT/RI, 1 uL gDNA Remove, 1 puL
Random Primer (10 umol/L), 1~3 pL (%) 900 ng)

RNA (7 #J5), RNase free dH,O H1F] 20 pL., ¥4
MRS ET 42 COKIBHRPIFE 1 h, 5215
—fi cDNA, ¥ % 5% 51 cDNA H H,O0 5 f5#
FeJm, H1T/E4 QPCR ., L5 RH SYBR
Green 1 7%SCHFZEGE 7 PCR (AR & 1) 34T
mRNA FiA 8081, & & PCRIAF| & K: TransStart
Green qPCR SuperMix (5% 5: AQ131-01), Kil{%
#% M LightCycler96 (Roche, Swiss), & &
20 uL, H:H 10 pL #) 2xTop Green EX-Taq Mix,
£ 0.5 uL - FUFS14#7(10 pmol/L), 2 uL ) Template
cDNA, 7 pL [ RNase Free dH,0 . J )i 514 H: 94 °C
30s; #3594 °C 55,60 °C 35s, ¥ 42 IR, it
IE R M kA 2 PCR P=¥IrSE. RA
2 AR AT A Ik R AR ST i AR R Al
) NF-xB. Hsp70 K597 5 W3 2,
1.5 HESH

K] SPSS 26.0 BTSRRI, 280N
# /% (one-way ANOVA)IMHTIR, FEREER,
347 Duncan’s £ 58 AR B & EE R,
Gt B KRR 0.05, B0dE LIS {E bR i 22
(X£SD)# /R . fli il GraphPad 6.0.1 £ HilFEAR &

2 HRESH

2.1 HEYEEXEREEREKNIN

FAMAAE R EWE . B SRR TR
JRH8 B0 T0 2 M 22 5 (P>0.05) . P2 2SI IR A=
KrEfefmd:, H P1FI P2 4N H R g K
REFEEHT CON, P3. P4 4(P<0.05), SLERZHAY
R RBET CON 4, {H2E 57 A 3 (P>0.05,
7% 3), P2 Ak R BRI

®2 RREEZNFRERERBEXNRESIMFIIR

Tab.2 QPCR primers for hepatopancreas gene of Procambarus clarkii

[ gene FUE514(5'-3") forward (5'-3") T 9(5'-3") revised (5'-3") FLH B SR RS accession number
NF-kB TAGTGCGTGATGATGGGTCTT GCTGATTATGGAGGCAGAAAA KF662471.1
Hsp70 GGTGTTGGTGGGAGGGTCTA GGCTCGCTCTCCCTCATACAC MG910466.1
f-actin GCACCATCCACCATGAAGATTA GGTAGAAAGGGAAGCCAAGATG KR135165.1
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Tab.3 Effect of phytosterol levels on growth performance of Procambarus clarkii

n=3; X £SD
F8 ¥R index AL group

CON P1 P2 P3 P4 P-value

w4 E/g IBW 9.36+0.03 9.33+0.01 9.34£0.01 9.42+0.07 9.40+0.02 0.309
K E/g FBW 26.23+0.70° 30.1940.18° 30.30+0.78 ° 25.9240.87° 26.67+0.90° 0.003
HIE R /% WG 180.19+8.26° 223.48+1.97° 224.56+8.52° 175.00+10.05°  183.77+9.78" 0.003
AE15 %)% survival 70.00+2.88 70.00+5.00 71.67+3.33 78.33+1.67 76.67+3.33 0.331
5 K #/(%/d) SGR 2.10+0.06° 2.39+0.01°% 2.40£0.05 2.06+0.07° 2.13+0.07° 0.003
TRk R ¥ FCR 1.70+0.24 1.2840.15 1.2140.10 1.3840.12 1.36+0.14 0.304
JIE# B CF 6.77+0.04 8.09+0.40 8.36+0.36 7.68+0.20 8.13+0.40 0.097
JEHB B R #/% FC 7.40+0.40 7.63+0.96 7.19+0.29 7.48+0.16 7.60+0.40 0.988
JHF I M 48 %0/ % HST 4.62+0.17 5.22+0.34 4.3440.81 4.31+0.36 6.14+0.29 0.181

T RN NE 5 B3R B (8] 22 5 1235 (P<0.05).

Notes: Values in the same row with different superscripts are significantly different (P<0.05).

2.2 HEYESEEXT 5 KR B Rk B AL IR
=AU

A 21 S 56 0 LI B A H Il =R (TG) . I [
% (T-CHO) . =1 % & 5 25 1 (HDL) FAIR % 2 AR A
(LDL)¥ 5 JC i 35 22 5 (P>0.05) . P1 445 T4 5% & ity
(ALT) Fl 4 55 5 5 W3 (AST) T Pk 1 35K T =i 4i
(P<0.05), P4 AN =M (ALT) M4 FL 5L 2 i
(AST)¥ M d5e = (3R 4)5
2.3 HEYSEEXEREZERGEELEEEN
A

P T8 T AR 1 I R DE A I T 1 B A (S
i /KF B e R TR, IR
TG PR ) R A5 TR I A TE R i AH 2 . P3 Al A
JERER U . R W T e, R 1 1

& T CON Hl P1 41(P<0.05), {H P3 ZHIE ¥y il 15 M
5 CON 417G . 3 25 5% (P>0.05) . P3 £ IR iy % 14
=A%, BFLT CON.P1 #l P4 41(P<0.05, Kl 1),
24 HEYEBENRREZEREEMRAKNKEE
EpA]

FERF AR, P1ZH ACP G P, W& T P2
Z(P<0.05), HAS4 W) 1.3 2% 5+ (P>0.05); CON
FIP12H AKP 15 E i % 5 T P2 Al P4 4H(P<0.05), H.
P1 5 . ZEIMK L, P1 AT P2 4H ACP 31 s,
FE]) ACP 1T .35 25 5 (P>0.05); P1 Fl P2 41
AKP JEPER T CON 4, AR 3 (P>0.05), P1 il P2
2 AKP {8 3 = T P4 41(P<0.05, & 2).

TEAT IR, P3 1 P4 () T-SOD Fi1 CAT 1%
35 T CON4L(P<0.05), H. P31 T-SOD fl CAT

FT 4 FARMEY S BRI oK T34 58 SR 2R Ik B A B9S2 I
Tab. 4 Effect of phytosterol levels on hemolymph biochemistry of Procambarus clarkii
n=3; x +SD
Hh index H5 group

CON Pl P2 P3 P4 P
H il =H8/(mmol/L) TG 0.11£0.01 0.09+0.01 0.11x0.01 0.12£0.01 0.11£0.01 0.253
S JiH [# B/(mmol/L) T-CHO 0.15+0.01 0.13+0.01 0.15+0.00 0.14+0.00 0.14£0.01 0.495
1 % B 5 25 (1/(mmol/L) HDL 0.00+0.00 0.000.00 0.00+0.00 0.00+0.00 0.00+0.00 *
{8 %% 1% 5 25 4 /(mmol/L) LDL 0.07+0.01 0.06+0.01 0.07+0.00 0.060.00 0.07+0.01 0.388
AN A Wi/(U/L) ALT 33.67+2.34° 14.07+£0.59¢ 25.90+2.26° 47.00+£3.06° 47.93£2.58"  0.000
A B S BE/(U/L) AST 109.23+3.73*®  60.13+2.97°¢ 115.80+2.25 121.13+4.50 % 191.37+4.95*  0.000

T *Rn SR PR AEAS I L % IR 3R B HDL; [AAT A )/ 5 B3R m $die 18] 22 57 0. 35 (P<0.05).

Notes: * indicates high density lipoprotein (HDL) was not detected in the experiment. Values in the same row with different superscripts are

significantly different (P<0.05).
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250 2 ‘E 801 n=3; X+SD
= 2 g
£ 2 200 E 2 2
oS %) L
£7% 150 5 2 70 ab [
Sz 2 g
g 100 & & ab b
i s ol
S 5 S 5
g0 & 50
CON Pl P2 P3 P4 & CON Pl P2 P3 P4 T CON Pl P2 P3 P4

20 5 diets 51 diets 203 diets

P GRDRIE ) S A S 0K P % o D58 0 i 3 30 A B 1 ) 5
FEIE Pl B 77 AN [ 7B 32 7 41 1) 22 57 . 35 (P<0.05).
Fig. 1 Effects of phytosterols levels on intestinal digestive enzyme activities of Procambarus clarkii
Different letters on the column indicate significant differences between groups (P<0.05).

> a b
3 4r p=3;x+SD = 3 1 n=3;%+SD
< ab 8
= < 2r
o ~
& S
20 2
2 g
& ® 1F
& T
g 0
CON P1 P2 P3 P4 CON P1 P2 P3 P4
. 2157 diets d 2151 diets
£ 15 “n=3; 75D o 25 [ n=3;¥SD a
= 2 a
g z
N g 20
E % 15
g, g
L 2
= & 10
% % 0.5
& 0
CON P1 P2 P3 P4 CON P1 P2 P3 P4
2157 diets 205 diets

B2 D RHAE ) 5 I T X v DI E MR AT JBR R (a, ©) F1ILIHK L2 (b, d) e 58 5 18 F) 52 1)
FETE P b 5 S [R) 521 3R 41 ) 2% 5 . 3 (P<<0.05).
Fig. 2 Effects of phytosterols levels on immune enzyme activities in hepatopancreas (a, ¢c) and hemolymph
(b, d) of Procambarus clarkii
Different letters on the column indicate significant differences between groups (P<0.05).
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Fig. 3 Effects of phytosterols levels on antioxidant capacity in hepatopancreas (a, c, ¢) and hemolymph
(b, d, f) of Procambarus clarkia
Different letters on the column indicate significant differences (P<0.05).
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Fig. 4 Effects of phytosterols levels on intestinal morphology of Procambarus clarkia
a—e represent CON, P1, P2, P3, and P4 treatment groups, respectively. EL: epithelial layer; CT: connective tissue; ML: muscle
layer; TE: tunica externa; M: muscle; MF: muscle folds; icl: connective tissue atrophy; id1: epithelial layer shrinkage;
iel: epithelial layer injury; ie2: the gap between epithelial layer and connective tissue.
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Effects of phytosterols on growth performance and digestion, immune
and antioxidant responses, and digestive organ morphology in
Procambarus clarkia
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Abstract: This study aimed to investigate the effects of dietary phytosterols on growth performance, digestion,
antioxidant and immune responses, and hepatopancreas and intestinal morphology in Procambarus clarkii. Five
diets were prepared by adding 0%, 0.10%, 0.19%, 0.38%, and 0.76% phytosterols to the basal diet, which were
named CON, P1, P2, P3, and P4, respectively. The crayfish were cultured for six weeks, and their average body
weight was (9.37£0.02) g. The results showed that the weight gain rate and specific growth rate in P1 and P2 were
significantly higher than those in CON (P<0.05), and the growth performance in P2 was the best. The protease
activity in the gut in P3 was significantly higher than that in CON, while the lipase activity was significantly lower
(P<0.05). The acid phosphatase and alkaline phosphatase activities in P1 were the highest in the hepatopancreas,
and the acid phosphatase and alkaline phosphatase activities in P2 were the highest in the hemolymph; however,
there were no significant differences compared to those in CON (P>0.05). As the phytosterol level increased, the
total superoxide dismutase and catalase activity in the hepatopancreas and hemolymph increased, and the
malondialdehyde content decreased. Compared with CON, the intestinal structure in P1 was improved. However,
when the phytosterol level exceeded 0.10%, hepatopancreas and intestinal damage increased with the increase in
the dietary phytosterol level. The expression of NF-xB in the hepatopancreas increased as the phytosterol level
increased. The expression of Hsp70 in P1 was significantly higher than that in other groups (P<0.05). In
conclusion, 0.10%—-0.19% dietary phytosterol could promote the growth and digestion of P. clarkii, improve the
morphology of the intestinal and liver tissues, and enhance the antioxidant and immune responses of P. clarkii.
Key words: phytosterols; Procambarus clarkii; growth performance; immune; antioxidation; organizational
morphology
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