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AP EHHETEEN R REZEREREE, MELEAEE
EHEXERERERZIE

1 2 sy 1, 2 vy 2 1 L2 3
Bl—J, FE, Xl AsE., 284, ik, TZR
L RGO A, B 201306;
2. LK PR TR B A LIS U Ml A R VK Sl R R 7 SR FH T 50005, Y00 ) 214081,
3. ERIR T AEBEIEPE SR T AAEE, VTR 4RI 224051

FE: R AR 2SR S ER T ) 5 K5 ES R (Procambarus clarkii)AE K PERE . $0 8 AL RE J7 K G i AH G R R 3
RIFEM, Bt T 6 R RETRL, 405N AR (CT) .50 mg/kg IR 75 R 41(AS50).50 mg/kg IR 75 % 5 50 mg/kg
ZM ML (ASS0+ASTS0), 50 mg/kg HFE X5 100 mg/kg 23HIHZH(AS50+AST100). 50 mg/kg #FF &£ 5 200 mg/kg
2RI ZE(AS50+AST200) . 50 mg/kg HF 7 £ 5 400 mg/kg 25 HIZH(AS50+AST400), #EAT 1 8 EIANFRF S50, wim
THFE RS, AS50 415 CT 4UAH I, MR R BUE ZHER(P<0.05), KWE , WER el KkREAESHERRD
% (P>0.05), Itk K fiz 3 Hh S bTEUGRE 1 (T-AOC) B 3 42 51 (P<0.05), 518 N 8 (MDA) & 1 il 3% PR (P<0.05),
Crustin, Astacidin, CuZnSOD L) F HSP70 :[F 335 i 2 F 5 (P<0.05). N T URE R 52 H)5, AS50+AST100
AR E, WER, FE AR, SPUAILRE T (T-AOC)H ik & & T AS50 Fil CT 41(P<0.05), il Py & it i 3
f&F AS50 41F0 CT 41 (P<0.05). i 4141 Crustin 5 Astacidin FE R BRI E4E 5, HE KRR EHBEY, AS50+
ASTS0 2 8 K F H A& 4 (P<0.05), CuZnSOD &1k it [ A 1 ok B 4 15 22 S0 T IS B (I Ha 3, AS50+ASTS0 LI K
AS50+ASTI100 {2 5 T HAK 41(P<0.05), HSP70 FikEPEATH M R AV & 53T IR CT 412257 3% (P<0.05).
s R won, R EE 50 me/kg BFF EAMET, B0 100 me/kg FA i AT LI & v [ R IR Ht Btk g S5 6
JERES, fRiEEK,

KEER: AW, IME R, SOCRENR; AARKMRE b bR
FEDES: S941 XHEkFRAERD: A XEHE: 1005-8737—(2022)08—1147—-13

73 [CJFE L R (Procambarus clarkii), YRR 7K
ANTRAR, SRR E KEETR, 54 H ARG AR
EU HEREE, W2 REEE, SREER
iRk e pr i HATEIR EA 20 240405
B 50 FRJFUBCUF, /N R I K IR 260 4R 0k,
T PR B HRBR T o T4, 38 AT B PN R
ek G R%, Xhif—29 KT 5 Rz
R TR AE R B R PR Y, B &

s BHER: 2021-10-05; 1&iTHE: 2021-11-16.

AR EC T B R B R ST
PR 21, e 2isk i, LIRS EiTE
YeloT R, Gl L v PR R 7 ol Ak (A fi
Hefl, SFHRGUERBAW T HAAE AT

IR RIS PR, BARITR
oo P PuE . Mty & OSSR
PEEL, WRSE RALUPE RN Z A e, B T4y E
LRI, (AEAAREA SR, Ritdd ey

E£mB: BRI AR H (CAS-48); TLIME AR M B AR R H JFRS-03); LA R RHE A 0085 H
(CX(22)3077); HE K = B2 0 5% Bt e AR 55 28— R SR IROK FR 38 3 W08 7725 1RDEHEN BT AT BA(No. 2020TDS59).
EE® N A —FL(1998-), B, @i+, /K/=F%FH. E-mail: m190100145@163.com

BSIEE: XV, 5O, K38 5%, E-mail: liub@ffre.cn
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T, REAFFE R, fRDEH s N iR R % H
st HABGEORIE, B, g%
ROt AE S 1012 g O g e i, ko
7SHn 400 mg/kg MR 2= A LIA AR FHER A Cyprinus
carpio): K fig, #H AR LT ERE ). Li
U451 S 7 1ML %5 3% (Amphilophus citrinellusx Cich-
lasoma synspilum) sl Ak Ho b 78 8F 5 2 AT LR 5 L
W8 ke 41 119 A KPR RE LU B AR AE ST . Cheng 251
W78 F B AEDRL R AR I 400 mg/kg HF 75 0] LR &
P v o0 ER R MR A K M R SRR S e . H R
TS R 32 B3 i 1 4= 21 Bk 3% (Haematococcus plu-
vialis) %5 i 2 2 s A T A i ok, E A 4% B
B, BUARE R, BREILAEA IR R A . B,
CL IR SE T AE P IR SR B &) 35 58 sh P B A e A
BORUO B 2K T BRAR AR AR, RE T B
PR 2 A RTEE T, 380 2 735 A A4 T 2 R R £
UEEHE 5 7 G B R A A PR e

2, B A BEA IR A AT )2 8 (Melaleueal)
H.H 4T )2 (Melaleuca ahemifolia)f i & i FIAR,
WHREM AT 2, E—f Bk sy
PRI A S H S 15 2 TR R A 181 0 4 e 2SR 3
LA T R P 6 2, FF HAE b RARFEEY), 1K
TR TR, M b AE Z A, 2R
TR 2 20, B R A I AL A T
VU, BB UE L, UM, SR B
EGihe, HE) M H TR, B, DBy,
HALSE45I 2122 ST 250 il ) 2 bl 5, oA
Y LR AR AL TE . WFE R, AN UTE
FP AP SY) b, R R R LA
BE 71, TEK A Y ¥ K3 I (Macrobrachium
rosenbergii)>, TCAKTE K fifi(Rhamdia quelen)!' !
AT R B A A B e A K AR, TR,
Uik, e B ) S RURAE T o R, AR
A LAAE R K5 sl inpRRAS i 5

R T A R S A K R R, K 2 R
ARSI 4 A FH B2 L B — i 1 LA S i sk
o FEEX P RAFHEY E R 20, F AT I
S LR AT LU AN HAE Ty o i )
PBIFFE 2R B, ARDRE R B IORS T 5 A HLRR T D42 =
JFL4N B KR (Litopenaeus vannamei)A: K % 5 5 E

T30 ABJEARPRE R B INAI -5 HR T R A G R
JLARAE, HE A3 5 PR 2 A R 0 1 AN TS 2E
BT, AR RN R 52BN S B A
i, PRI 5 R B UR AR K MR RE, P LE

AR AR 2 R 1 BA A AIOCR, fe it e ik
JEBIR AR S R PR RE, O HAEIC A 1RDRE AP B 1
MRS K

1 #MEEFE

11 SEIZh4)

S0 FH v [ R BRI [ V19548 IR K A 92 A
kb, B3 185G, SEEIAS AT, (@RS ER,
SRR M (9.19+0.14) g By g [ SR ES MR IR P A 5
K
1.2 sSLIgER

DLE TR . SRR, SR IR AN R A,
T3 R M 0 R oA S A R R, S8 43 A A A A
(CT), FERBARRE T INAS [F ) 2 MRS R 5 AR,
4390 50 mg/kg HFE E41(AS50). 50 mg/kg KR
£ 5 50 mg/kg AHHAL(AS50+ASTS0), 50 mg/kg
IFEEE 100 mgkg AMHHAL(AS50+AST100),
50 mg/kg WFH X5 200 mg/kg 254 (AS50+
AST200), 50 mg/kg TFH E 5 400 mg/kg 2514 121
(AS50+AST400)%: 52565 4H

SO AR H R A AR A IR Fl R AL,
APHM SRR 10%; LI IR &R i) MLk R
YR A FRA R AL, IR R SR 10%.

TRl SRy e A T 2 B e R O A
— BB, AR T 5 E IR LR 1,

1.3 ZWiFIHE5ERE

S 3 TUL I3 48 TR K K 77 B 52 i Ak 11 5 b i
174 720 B IRIREE AR GIUF, 730 6 N4, B4
3AEAT, AT 40 IR, BEHLBLCT 18 4K
T, FAKEMEK 3 m, 52 m, KIE1m B
A 24 h A L) Bk s i HE K R 58, B H 5T
7:00., 19:00 HEME, 5 M5k o [C )5 2 IR K 5 Y
3%~5%, W 7 S 3 h R TS . SEER ]
SRR (24+5) C, A RICERME R, FRH
BE L FCERECH M &, MK . R .
HRMBHIEARRZITIF 1 h, FEKE %A >
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Tab.1 Formulation and nutritional components of the experimental diet (air dry basis)

205 diet group

JERL ingredients

CT AS50 AS50+AST50  AS50+AST100  ASS50+AST200  AS50+AST400
[E 7= a4} fish meal 3.00 3.00 3.00 3.00 3.00 3.00
M1 soybean meal 23.00 23.00 23.00 23.00 23.00 23.00
M rapeseed meal 14.00 14.00 14.00 14.00 14.00 14.00
IF¥ shrimp powder 5.00 5.00 5.00 5.00 5.00 5.00
P} meat meal 5.00 5.00 5.00 5.00 5.00 5.00
M4 blood meal 2.00 2.00 2.00 2.00 2.00 2.00
F KK DDGS 5.00 5.00 5.00 5.00 5.00 5.00
4} wheat flour 27.00 27.00 27.00 27.00 27.00 27.00
KA rice bran 6.00 6.00 6.00 6.00 6.00 6.00
©il soya-bean oil 2.50 2.50 2.50 2.50 2.50 2.50
Wik — 45 Ca(H,PO,), 2.00 2.00 2.00 2.00 2.00 2.00
FIEA} premix 2.00 2.00 2.00 2.00 2.00 2.00
FA7 cement 0.50 0.50 0.50 0.50 0.50 0.50
ik NaCl 0.20 0.20 0.20 0.20 0.20 0.20
I8 squid paste 2.00 2.00 2.00 2.00 2.00 2.00
Wi Lys 0.18 0.18 0.18 0.18 0.18 0.18
i+ bentonite 0.58 0.53 0.48 0.43 0.33 0.13
HER Met 0.04 0.04 0.04 0.04 0.04 0.04
#FF5 % astaxanthin (10%) 0.00 0.05 0.05 0.05 0.05 0.05
ZEMHIN tea tree oil (10%) 0.00 0.00 0.05 0.10 0.20 0.40
M4 total 100 100 100 100 100 100
EFEMN4Y nutrient levels
M crude protein 32.69 32.69 32.69 32.69 32.69 32.69
HMUIENF EE 6.79 6.79 6.79 6.79 6.79 6.79
FLIK 5T ash 8.98 8.98 8.98 8.98 8.98 8.98
A Lys 1.77 1.77 1.77 1.77 1.77 1.77
EHM Met 0.68 0.68 0.68 0.68 0.68 0.68

W BT RBURRHE T W RoCE: 2k 6 4,03 g 4, 1.5 g B, 4 T, 0.02 g; B, 0.07 g; %, 0.007 g; $Rfb4iE 2. 4i4: %K A,
375000 1U; 4E4E 2 D3, 150000 1U; 44 & E, 4000 mg; ZE4E#E K3, 400 mg; 4E4: % BI, 600 mg; 4E4E#E B2, 1000 mg; 4i4: 2% B6,
850 mg; 4E=E BI12, 2 mg; AR 10000, mg; MR, 200 mg; HLEEL, 12000 mg; D-EH %, 8 mg; D-iZ R4S, 2200 mg; 44 % C,

14000 mg.

Note: Contained the following per kg of the diet: Fe, 6 g; Cu, 0.3 g; Mn, 1.5 g; Zn, 4 g; Se, 0.02 g; I, 0.07 g; Co, 0.007 g; Provide vitamins:
VA, 375000 1U; VD3, 150000 IU; VE, 4000 mg; VK3, 400 mg; VB1, 600 mg; VB2, 1000 mg; VB6, 850 mg; VB12, 2 mg; niacin acid, 10000
mg; folic acid, 200 mg; inositol, 12000 mg; D-biotin,8 mg; D-calcium pantothenate, 2200 mg; VC, 14000 mg.

6.0 mg/L, pH {#+F7E 7.8~8.0, A <0.2 mg/L, I
fil§ R +<0.005 mg/L .
14 HmXE

FIH LI AE R G, ba KR AFAE & 24 h BUHE,
PIZK U3t Jy B FREE C 8L, TR K AR, Al
B9 2 7 FRJE AR (B K Vet 3 BB), A T 7
PP IRE KRSy, BRI, FEEE 4 °C.
3000 r/min B5.0> 10 min, B, 20 CIRAFTE

W SRk EL S, B8 SRR . 55 B 6 F2 4= iR
T A-20 "CUKA R
15 WEHRRITEAR
151 Kk

14T % (weight gain rate, WGR, %)=100x(W
Wo)/Wo

1 AE K K (specific growth rate, SGR, %)=
100%(In W—In W)/t
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TH R} 2 % (feed conversion ratio, FCR)=FI/(W—
Wo)
Arf, Wo R o QRS R W 4R 3 E, Wy o o (R i
R AR, t MR KRRk, FI Fm g H o [ B
RS OE IR SN
1.5.2 MEAIER  HKAEHEEEKERmE, 1§
e TRy, SRIGHRE, IR ALK bk
KB, FHBEOHLEE 4 'C . 2500 t/min &0
10 min, B35 W AFI o 35 FH R o A Al ) e D
Préafudebr, JFHRULEH B T E . BT E L EE
I e 57 (A015-1-2); U4 BT & 1 A b 5k
AE 1 fd ] FE 0 15 (A052-1-1); T % & & i
TBA #:(A003-1),
1.5.3 EHEFRIE WKRJFEEIF Astacidin £ H
(astacidin)®" . W58 ik (crustin)P®'! . #K T
70(HSP70)%, SEHEHE A A (Cypa)™ . 4i s

R AE AL W AL (CuZnSOD)PY | Toll K 32 {4
3(Tol13)P™) DI K 2L 18S rRNAPYH L it
TS, BITHIILE 2.5 %5 R Song 4P
A9E, i Trizol (RNAiso Plus, TaKaRa)ik#H
TG R EE MR i 18 RNA, ] RNase-Free Dnase
(TaKaRa)Zlifb DLkt o 3L 41 DNA §74%, SR H
NanoDrop2000 Jlj & & RNA ¥k J#, /1] Rnase free
JKUE A W B 500 ng/ul . AR 6B B d
PrimeScript TMRT & 7] & (TaKaRa) & #4 5 ¢cDNA.
&M TaKaRa W5 35K &, AX#F
CFX96 Real-Time PCR Detection System,
qRT-PCR K F K 20 pL, 76 wiE £ %k
oo VTN 95 CHiAEM: 60s,95 C 15 s,

56 C 15s, 72 C 4s, 3 40 NG, L 18S
rRNA VE NS R, ] 27T 3L Crustin,
Astacidin, HSP70 % F X E 5

*®2 HREEMNEZHEXER RT-PCR 3[¥F5|

Tab. 2 primer sequence of immunerelated genesin Procambarus clarkii used in the study

‘7'”7/.}@% J¥31(5'-3") sequence (5'-3") %éﬁ%éﬁ% JH# usage %
primer GenBank accession no. references
Crustin-F CCATGCCTAAGTTTGAACCC GQ301201 Crustin B2 & PCR A3l [31]
Crustin-R TGTCACATAGCACCTCCCTC expression of Crustin
Astacidin-F GACGGCTTCCCTTCCCTCTT GQ301199 Astacidin )52 5E £ PCR A5l [31]
Astacidin-R CCATACGCCTGACCACCTTG expression of Astacidin
HSP70-F GGTGTTGGTGGGAGGGTCTA DQ301506 HSP70 (756 5E ft PCR Al [32]
HSP70-R GGCTCGCTCTCCCTCATACAC expression of HSP70
Cypa-F AGGGCAACAGTGGTATCAAC JX878886 Cypa MY%¢)65E it PCR Kl [33]
Cypa-R GAAAGTGGACCCTTTGTAGC expression of Cypa
CuZnSOD-F CAAATCAGTGGCAGGCTGGAAA KC333177 CuZnSOD %G 7E it PCR Al [34]
CuZnSOD-R  TCGCCCAGGTCACCCTTCTCG expression of CuZnSOD
Toll3-F GACTTGTCCAAAAACGATATACG KP259728 Toll3 [5G £ PCR Al [35]
Toll3-R TGCGTTACAGTAGTGAGCGAAT expression of Toll3
18S rRNA-F CTGTGATGCCCTTAGATGTT AF436001 188 NZEEH 519 [36]
18StIRNA-R  GCGAGGGGTAGAACATCCAA expression of 185 rRNA
1.6 HESH > BN

FH SPSS20.0 AR A4 T o3 Ar, 1 FH R
HLRE 224531 (one-way ANOVA)LL X Duncan’s
ZH LB T Z R, P<0.05 oy ER T
Fo AR LA A EAPRE R (XESE) R IR o 20T
58045 % H GraphPad 8.0.2 24,

21 (EARRRMZER R SRS EX T KRR
AR MR

TP R R SR -5 R 2R B0 e [ R B
IR A K APERERY AN 3 B . RN T A5kl S
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RS, ASS0 15X HR CT 4iAH L, MR REL
B EEN(P<0.05), RIgE | WER Rl
BAREMHEZERSARZFP>0.05), B0 T AH 0
Ja, RIGHE, WER, FFEERKRRERASFRE
fR#aHY, T AS50+AST100 413k 5 {H . 5 AS50
ZH . WFHE CT ZHAH L, AS50+AST100 40K ¥, 1
HR, FrE A KR E R (P<0.05), R R R
T #a %, AS50+AST50, AS50+AST100 ZH1H Kl £
5 AS50 7AW (P>0.05), HiE EMLT
CT 4H(P<0.05).

TRl o A () AR S o e FG B I 3
KRR B 1 s, K ola, K 1b %
B, 7650 QR EE AR AR A2 FE 50 mg/kg R &R
ZAEF, 2 Em 50 mg/kg ZASHE I 4H (AS50+
AST50), 100 mg/kg Z% #4 i 41 (AS50+AST100),
200 mg/kg ZRHMZH (AS50+AST200), 400 mg/kg
2SI 4 (AS50+AST400) 25 52 86 20, LAY Hi RNy
T bR, I i S AR AR R A 2K A S B 2 A
71.40 mg/kg, VIHEIRBOHTER, AH IS BT
Jini Sk 71.25 mg/kg.

®3 AMPIEFENESHERSEN R RRERERMERK I

Tab. 3 Effect of dietary teatree oil and astaxanthin on growth performance of Procambarus clarkii

n=3; Xx+SE
sob index 215 group

CT AS50 AS50+AST50  AS50+AST100  AS50+AST200  AS50+AST400
WX H /g IBW 9.20+0.01 9.20+0.01 9.20+0.00 9.21+0.01 9.20+0.01 9.19+0.01
K H/g FBW 24.46£0.34° 25.78+0.69™ 27.01+0.85% 28.70+0.79° 25.39+1.15%® 26.28+0.29%
1 FE /% WGR 165.76+3.76" 180.16+7.40% 193.66+9.27" 211.7148.42° 175.97£12.29"  186.09+3.39"°
FEE K #/% SGR 1.55+0.02° 1.63+0.04™ 1.71£0.05% 1.80+0.04° 1.61£0.07° 1.67+0.02%
VAL Z%0/% FCR 2.38+0.20° 1.83+0.04% 1.69+0.14% 1.71+0.04* 2.22+0.08" 1.82+0.12%

T FATAFRNG TR R 22 5 35 (P<0.05), W7 T-BE/R 22 7 A 3 (P>0.05).
Note: Values in the same row with different superscripts are significantly different (P<0.05). Values in the same row without letter

superscripts mean no significant differences (P>0.05).

YL A B feed conversion ratio

L85 5=0.0017x + 1.6305
R2=0.9949

1.80 F /
1.75 F /
170 F

1.65
x=71.25 y=-0.0003x + 1.773
160t |/ R =0275
1.55 I T N P T P B R R |
0 100 200 300 400 500

ZEHB AR IR/ (mg/kg) tea tree oil content

1 AP AN [ 28 3l 5 6 e G i 28 O 8 % () S DR R K (b) B 52 )

250 ¢ y=03155x + 179.41

R ; R*=0.9931

B 20[ &7

g o

g c

o0 - —

s o 3 =-0.066x + 206.65

=) 150 ¢ R*=0.2994

S X

s 100 F

Jﬂﬁ L

o 50 x= 71.40

0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 J
0 200 400 600
ZEAH IR/ (mg/kg) tea tree oil content
Fig. 1

22 fARPRRMNE/MBSIFEEX = KFEER
mEEE R

T Ak o AN [ S0 3 5 08 7 28 7 1R % o [ SRS
IRPL AL RE F AN 2 iR . IniRE 5,
5 CT 41 kb, ASS50 4 itk 4 12 3l v b s Ak
A W E R (P<0.05), i N A E D ER
filK(P<0.05), HriB%E BB T H H LT S A 1 m

Effect of dietary tea tree oil on weight gain rate (a) and feed conversion ratio (b) in Procambarus clarkii

A TG i 2 22 5 (P>0.05) ., ZEUF 5 % ASS50 4131
N INZS BRI I, B 2SS I g 3 &, Il ik
L e Wi Al 20 B A Ak BE ) R BUB A T H
5L ) 2 e TR R R IRE S, T AS50+ST100
HikFEeE, 5 CT 4. AS50 AERBE
(P<0.05); MRE B EEFEEE, Wil
N e RS RUS FHE s, Hrh 5 CT 4.
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a n=9;%=SE b n=9;% +SE n=9;% +SE
~z15r 250 . 5% 8 ¢ b b De
E 3 EQ% b g () b
e & @m e g 200 b b % 2 6F
= 2 10 a b a H" %é ab a g %‘ a
82 - &S g 1507 Z
L= = ‘9 ] -
=g %éﬂ % 100 - Eﬂ‘g
KE SF e g B ol
B= W5 50 |1 E
> Hepo
m :‘!é 0 1 1 1 .g 0 1 1 1 ]E 0 1 1 1
C§ %50 &g? &\QQ WQQ &@Q C§’ %g)Q &‘)Q & Q &’» &@Q C§ %50 éﬁ% &\QQ &WQQ &@Q
RO T T
P &S P S KK P &S S
L S S S L A S = v
. TERLM4H diet group Fl4r4 diet group ] TR diet group
2 8rn=9x+SE ¢ gloo—n=9;fiSE g % 40 n=9x+SE
Z z E
E § | d E *é : 80 ab be 2 3 L d c [¢
28 6 £ a a 530
2E hck-Eal £ b b
%%'g 4+ 2 i a% 60 HITI{@TE 20 F
& ERE 40 F 2 a
BE By g 'g%
iSE 2r %mg‘zo— T E0F
m :‘!é 0 é 0 1 1 1 ].E 0 1 1 1
& ‘5" &6 &\ &W &btg & %"Q éﬂs &\QQ ,{»QQ &btb & %L’Q %&‘9 &\QQ ,{\»@ &D‘QQ
W v SO S v S B S
ST S 7 TS S ST ST
e ng; Ys;; S 5 ng; K S 45 Y‘::,‘) &
FaERl4r4E diet group 1ERI4r4H diet group T34 diet group

B2 et AN [ 2Bl 5 R 2R 5 0] g IR B AR ST AR RE T (LK L, a; B 24, d),
P A B H B RS (R, by I, o), N RS MK, c; BHIEAH L, DAY
FEIE B b7 AN R B3 7R 22 57 1 3 (P<0.05).
Fig. 2 Effect of dietary tea tree oil and astaxanthin on total antioxidant capacity (hemolymph, a; intestine, d), anti-superoxide

anion ability (hemolymph, b; intestine, ¢), malondialdehyde (hemolymph, c; intestine, f) in Procambarus clarkii
Different letters with the column indicate significant differences (P<0.05).

AS50 HHH ., AS50+AST50 4H . AS50+AST100 £H
WE PR T MR . BiE N R (P<0.05),
23 fARBRMEMBSHRESEXNTRKEER
REHEXEERENZME

TP R TR B 5 R 2 T FR R
W G 28 A G 3k PR Rk i s DL IEL 3. AR s i
IFERIE, ASS0 A FXA CT 4 Crustin,
Astacidin, CuZnSOD L/ K HSP70 3K ik g & T
1 (P<0.05), It AS50 FEath BaS N T 2RA IS, B
FHZMIR & = 3R 5, Crustin., Astacidin R & F
Fh#a#, AS50+ASTS0 ik, B HMTHAKH
(P<0.05), AS50+AST200 & AS50+AST400 415
AS50 #H#£ AR EE(P>0.05), BERETHAK
2l . CuZnSOD [ 1k i il A< Il A8 i 22 e T
J5 FEAR %, AS50+AST50 K2 AS50+AST100 4H ik
FETHAKHP>0.05) BINARHMIG, 2550
TSNl HSP70, KL ES ASS0 1R

Z5(P>0.05), 5 CT 425 3% (P<0.05). 1t4h,
Cypa 5 Toll3 SEH Rk 45 LM o i 2 5

3 itig

31 fEMPRRMEMBESIFEERXE KEER
EKERERI I

WF5T F B, w25 FORE Il o sh i A K 2
PEVEF, AT AR R ik el B e d kg v ds

HEE, HILTF CT 41, AS50 4liHkE R ED
ERRAR, KE ., WER FRE A RRR G
X 5 A Rl U Bk (Paramisgurnus dabryanu)i®”’, ;L
g xR OE T 45 AR, e B R & AT
DR E SR S Ak ie )y, R HEAE K (R IR
F RN B AT BB RO IS i AR, e ER R
ERERL P AR R IE E AN 400 mg/kg, A
SEEALER AN 50 mg/kg R K, HF 5T KW
I 2R 38 A A 1 e (A I R a5 5 Sh xR R
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n=9,x +SE n=9,x +SE n=9,x+SE
i
Egﬁaz.o— ¢ . . ﬁggl;Z.O‘ c . . ]]]J‘gch.S—
®SE S| ®azg L R3e20
2515 = 6515 b AN
® 2 258 | b E&d
i 85 b b EZE e = s 1.5
¥ 1.0F K o<10f g
Bo3 # S a H 2210
23 | a TE3 sl M3
£ 8 90 cTegY = L2205
L g2~ % 2
2 82 Z g
] e~ jasiies 0
TR diet group TAR}434H diet group TAK434H diet group
d1_5_n=9;f:tSE e 15 n=9,x+SE mﬂ: f40- n=9x+SE
% 8 g 8 _H.%J S c
o~ a Ha 2030
®EE&ior REZ10fF zEa
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Fig. 3 Effect of dietary tea tree oil and astaxanthin on immune-related gene in Procambarus clarkii
Different letters with the column indicate significant differences (P<0.05).
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Effect of dietary tea tree oil and astaxanthin on growth perfor mance,
antioxidant capacity, and immune-related gene expression of the red
swamp crayfish, Procambarus clarkii
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Abstract: Six isonitrogenic and isoenergy diets were designed to investigate the effects of tea tree essential
oil and astaxanthin on growth performance, antioxidant capacity, and immune-related gene expression of
Proambarus clarkii: basal diet (CT), astaxanthin 50 mg/kg (AS50), 50 mg/kg astaxanthin and 50 mg/kg tea
tree oil (AS50+ASTS50), 50 mg/kg astaxanthin and 100 mg/kg tea tree oil (AS50+AST100), 50 mg/kg
astaxanthin and 200 mg/kg tea tree oil (AS50+AST200), and 50 mg/kg astaxanthin and 400 mg/kg tea tree oil
(AS50+AST400). An 8-week culture experiment was conducted. After astaxanthin was added, the feed
conversion ratio of AS50 was significantly decreased (P<0.05), the final average weight, weight gain rate,
and specific growth rate with the increased trend showed no significant differences with the CT group (P >
0.05), and the total antioxidant capacity (T-AOC) in hemolymph and intestinal tissue was significantly
increased compared with the CT group (P<0.05). The content of malondialdehyde (MDA) in hemolymph and
intestinal tissue was significantly decreased (P<0.05). The expression of the Crustin, Astacidin, CuZnSOD,
and HSP70 genes was significantly increased compared with the CT group (P<0.05). After tea tree
essential oil and astaxanthin were added, the final body weight, weight gain rate, specific growth rate, and
T-AOC in AS50+AST100 were significantly higher than in AS50 and CT groups (P<0.05), and the intestine
MDA content was significantly lower (P<0.05). The expression levels of the Crustin and Astacidin genes in
intestinal tissues increased with the increase of tea tree essential oil content and was significantly lower for
the combination group of AS50 and AST50 than in the other groups (P<0.05). The expression level of
CuZnSOD was first increased and then decreased with the increase of tea tree oil concentration and was
significantly higher in the AS50+AST50 and AS50+AST100 groups than in the other groups (P<0.05). The
expression of HSP70 were significantly higher than those in the CT group (P<0.05). The results showed that
adding a combination of 50 mg/kg astaxanthin and 100 mg/kg tea tree oil to the diet could improve
antioxidant and immune capacity and promote the growth of Procambarus clarkii.
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