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7R [50 B V35 B 2 R 26 6 M B 0 SR AL A 0 T AL P S R 4L G
SR

AN, N, e, W, AR, 2, FEa

(1. B R AOWARFRIRACOK = T Tt IR i 5280 %, B 2013065 2. B iHETE KA O™ B B TR
LG, B 2013065 3. BHERTERCE ARORA A ICE TR SISV PG, Bl 2013065 4. LR K
BORHET Bk, ZRAE 230000)

& E: R T EIE R RIS R G 5 IR 5 B SRS ( Procambarus clarkii) A= K P B8 BT R AL RE 1 R R AL
RN R ZE ) s e, SR PSSR L fe vl R0 2 3/ S g U, LA T) %) LU ABLTRC ) © b 25 28055 e A il it . Bk
252 BUIGARFT M (5.26 £0.10) g (AR IELT 120 d (3358, BEMLAY J 6 A (A3 ANEKE, BIEL 14 )8
UR) SRR AE R R « BERRE P AR TS INAKCT- R0, SR 47 E 242 KR (specific growth rates, SGR) F AL IE
2 (survival rate, SR) 52 BEAGESH, F3 1 F4 H40HF SCR 3% & FH AL, F4 F5 I Fo 41 % 3 i 3
w T FLFNF3 41 ,F4 \F5 f Fo 4 RIANAEE 225 . B —MRIR 4L (FL F5 F1 F6 41) e h S
1L HE T (total antioxidant capacity, T-AOC) i 25 & TR G IR IR AL A (F2 F3 F1 ¥4 24H) o &4 ehe b, k4 20 IF
JE R i R A S ( catalase, CAT) 36 M 851K, 5 41 % (malondialdehyde, MDA ) & i R o 45 TRUBHAL 4R
WUPI X SFA AT i 35 M 22 5, A LWL IR R 3K 18 FRAR TR, X PUFA > 3 SFA > 3 MUFA, n-3/n-6 %
S PUFA(H N 1.44 ~1.84, WF5E 300 AL ISRl Byl A0 =2 3l £ Sk ADpet g i s, o) e EG SR R 1) A K P
TS RR )7 A S R e, LIRS 16 BT FD S VR R IR s, ) 5 QR B MR A 19 SR F1 SGR R et o
SRR puICJREAR BRWIIR; AR MERE; DLAILRETT; LR NG I RR 4 g

HESES: S963.2 XERFRED: A

50 [ B ( Procambarus clarkii) J& W52 49 RHRIRALAIRITECA LA SR LR B Ao 24

( Crustacea ) + J&£ H ( Decapoda ) #& #f F}
(Cambaridae) , ZIR KA B VERRZE , A A 6w )
SR EHEAR P EEIR SE VB IR R W SR AL LA
W IR IR LA Z AR AR TR O &, IR K h 8
TR e w5 IR 1 2 T P A R 5 R
5B R A BT 5T AR R e A A R
T B AT A SR FE P S5 A A 1 5 B R
TG HG X0 BT | R 1) B ER i 2 AR AR Y
SKH#R8 Y], H AT 5 R 20 i 518 5% 5 1
(RIFSE 22 S 68 B 107 5 SR B AR 507 T X o G Ji
FCURGRDRLY 3E ERR D U5 ) 1 I T b

BRI EMMERE R DF N EFRY R Z —,
AR KAk 0 7 ) e 2o A R R A 3o A

s HER: 2020-04-22 f&[E HEF: 2020-08-19

B A3 B AL AT MG W R (essential fatty acids,
EFA) 05 M2k 0 BUFORE o K
I} 22 S0 S RF IR A AR il A5 R b A A
JIg 7 U5, N W7 R LA A% 4 R ( palmitic acid, PA,
C16:0) .JH 2 (oleic acid, OA,C18:1n9) V. AR
(linoleic acid, LA, C18: 2n6 ) F1 3V JFk fi# ( linolenic
acid ,LNA,C18:3n3) 2y &, FEADEFH 5 I3 B 1Y
LNA fE %% ¥ 3 H A B 4F ( Macrobrachium
nipponense ) 1) A [ 1 BE , 1§ 9 HT 4 A6 F0 5 25
B T M AR b £ B B AT ( Cherax
quadricarinatus ) ) % ) 7 R I, RE FATHLHF Y
TFRROR , BRI R A B B
7N, TE— LB KRS TS I Y R LM AT AR A

EETE: TN ITRI(2019YFD0900304 ) 5 Al ARAT A [ 5 & e 22 ™ Ml 5 B0 F (2 BUR 42 2019-245 ) 5 B3l T i KPR
SFIRBAFFI H (A1-2801-18-1003 ) 5 7K™ o 2 A ASFRFAMTIE 15 SCHEF- 15 RE U 4T H (A1-3201-19-3003)
EF R AT XN R(1991—) 3 W LAF T A BFE 05 16 S Se 38 575 %A . E-mail :1972391150@ qq. com
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TSR A B 5 5 BB AR A B 1 28R (HAT
B 3o B O T
(eicosa pentaenoic acid, EPA,C20: 5n-3) f1_—+
ik 75 % R ( docosa acid, DHA,
€22:6n-3) 1 F2 B s U505 J 85 FR i s
A BoR AR IR AT R Y
C18 AL i J TR 7 Ak by K i 22 AN AR 0 A D5 TR
(long-chain polyunsaturated fatty acid, LC-PUFA )
MIRES) o s IRFEE MR AR IR TE IR OK , JR T2 B 1k
TP, FZLORAEY) B  TCH HE S W) A g
R, REGE AR B b & I A P Ol U [ I A
P B AT DR I 00 S 1 78 7 ) S 4R 55 R Y 1Y
BRI R A A BRI R o R
R HE TR AT, IR K R 2 v i HT A U0 e g
/i SR - - N G LA N W1 = O
( monounsaturated fatty acid, MUFA ) & & 29 N
40% , Z A AIAE T R ( polyunsaturated fatty acid,
PUFA) 2570 10% , I & 4E4- R E FIE# bR
I VR 810 = 2 B e AW s R e

hexaenoic

FIF2 W5 5 85 ( Cynoglossus semilaevis ) 1) fg JE 4=
K B IR B E IR P, A e i A
[Fi) 5 22 L 451 Py ek 4 77 B FG B R A 44K, I %8
A RKAPERE BT A AL BE T S A A AT Ay
BT, R e RSB R ) g 77 7 5 o 3K g 10 5
TSN ], DUSA E— 25 R AR AR A, 42
FRAETERE

1 ARSI

1.1 SEIG{R#Y

DAFFAR R . b A0 Al VR S g s I, B A 6
T 85 A IR AN (] LUARLRE I 58 S 9 4R}, ) ek v
PR S B R i 6:0:0 4512 1
2:2:2.0:3:3.0:6:0 f10:0: 6, f&K¥kic K F1 ~F6
Ao RRHEURI 2N G0 (80 H ) SR B AT Kk
wm R A FEHES BURAR 1.2 mm K 10
mm TIVEIZAGTRDEL , Vo 20 T4 5 45 TDRH B 4
I ER/IVRAR (0.1 ~0.3 mm) , A B [ 348
HT 20 CUKFEHORAAF T BRDRIC I 2R 1,

&1 AMEFTREFKE(THRERM)

Tab.1 Formula and nutrient levels of control diets (DM basis) %

I H Items Fl1 F2 F3 F4 F5 Fo
J& #} Ingredients
%2 1 Casein 23 23 23 23 23 23
HH i Gelatin 5.75 5.75 5.75 5.75 5.75 5.75
214 % Cellulose 6 6 6 6 6 6
RPRLFYEE CMC 9.5 9.5 9.5 9.5 9.5 9.5
£ 4 Multi-vitamin 2 2 2 2 2 2
Ve0.9 0.5 0.5 0.5 0.5 0.5 0.5
Ve0.5 0.1 0.1 0.1 0.1 0.1 0.1
AH[& i Cholesterol 0.5 0.5 0.5 0.5 0.5 0.5
JILEE Inositol 0.6 0.6 0.6 0.6 0.6 0.6
1L JHBK Choline chloride 1 1 1 1 1
%" Multiple-mineral 3 3 3 3 3 3
BB HUY) Yeast extract 4
T2 H, Betaine 0.15 0.15 0.15 0.15 0.15 0.15
H&A R Glycine 0.5 0.5 0.5 0.5 0.5 0.5
1§ Phospholipid 1 1 1 1 1 1
14 Flour 36.4 36.4 36.4 36.4 36.4 36.4
F#HE T Palm oil 6 4 2 0 0 0
£.7l Fish oil 0 1 2 3 6 0
52l Soybean oil 0 1 2 3 0 6
# LA AR, Proximate composition
FE H Crude protein 35.89 +0.09¢ 35.76 +0.15" 35.42 +0.10" 34.40 £0.00* 33.62 +0.86* 33.92 +1.09*
FAE T Crude lipid 6.32 £0.61 6.69 £0.25 6.29 £0.16 6.42 £0.15 6.02 £0.21 6.66 £0.35
JK4y Ash 6.18 £0.09* 6.15+0.05*° 6.21 £0.05* 6.10 +0.05° 6.28 +0.07* 6.38 +0.05"
7K 43 Moisture 9.52+0.09¢ 9.15+0.02¢ 10.04 £0.05°  8.90 +0.09" 9.04 £0.04"™ 8.56 +0.06"

T AT R A AR & A A BOR 2  R B35 (P >0.05) R [l PRk 22 57 35 (P <0.05) o

Notes: In the same line, values with the same letter superscripts mean no significant difference (P >0.05) , while with different letter superscripts

mean significant differences( P <0.05).

http: //www. shhydxxb. com



4 1 RN A AT i D50 8 PR B SR AR A PR RE TS AL RE 1 B UL A i 5 R AL S 32 ) 615

1.2 ZEANKIHER

S BT v IR A MR A ROk BRI R
FEAUIAE ML, O Y AR R R AU, SEEG TT LR T,
FEN 12 MEFFKIFEEL(1.0mx1.0 m x0.4
m) PSR 1A B SR ) R AR AT AR
SR TT R Pk B R i e 8, M4 5T R SR (5.26 £0.10)
g FILIEE, BEPL T O E) 6 Dacidirh, A2 42 2
YR, TR T/ N FR KRR (30 em x 24 cm x
11 em) o FHIGHER I E PVC & (HAE 3 om, K 10
em) FIBOK AR Ry BEiic . IR Fe A A] , 4 R 45
SEEGARRE2 YR (72 00 F119: 00) , A KK & 24
1/3, Ry W 5 €050 A 5k 1 52 26 300 1) K 7 B0 A
] T EA T 48 4R, IR B0 RV S s T S mg/ L, UK
H21.5~24.0 C, B A mEWE/NT 0.01 mg/
L,pH S}y 7.2 ~8.5, 3758 A #AH 120 d,
1.3 #mX&EENE

FH2E 120 d fAFREHUS  REARILIR 24 h,
B N B R T 7K 43 I T, K B 4R 5
i, R 2R 0. 01 g, X 4 AR A3 3 2R A A4 1
i, RIE AL, A B B IE -40 C Ik
FEORAE, HT T LA g 15 1R 20 A B L o3 3
Br, BB HF IR T 1.5 mL (B0 45, 3Rk
A =40 CokFTHORAF , T PR R T S AL B
Kl o GEi 2% 20 R SEAH G HE bR , 1150 B0 &6
(survival rate, SR) 45 E 4 K (specific growth
rates , SGR) 1 I Jigi i 75 24 ( hepatopancreas index
HD) HEAXT

Rey = N/N, x 100 (1)
Ry, = (InW = 1InW,)/t x 100 (2)
I, =W,/W x 100 (3)

K Ry A ILE % 5 Ry WFFEERK R, % /d;
1 R IRARAG 2L, % 5 N 2K b [ i B R A3t
F 5Ny ARG e IR IR B IR, e s WM AR5
i, W AP IR L, g5 W,y 2R T I8 it ot
L5l IR REN, d.
1.4 A{CERRIERHRRIE

TRVRLHIRAA 900 1 20 B 2 R AOACH™
(59 o AELER [ I 5 SR B EG S R s HLAR
Yl 53R ) Foleh G005 -F B hil 3R 9% 5 Kk 2 5
SE SR 105 °CHETE Tk KA IR 2 96
550 C R iRIIBEE o

A4 FOLCH 27 577 12, SR R B Bl
14% 1) = S5 A - Y T 375 900 0T A0 0 A7 P T Ak Ak

Hi, 3R FH Agilent 7890B-5977A <, 4 {0 ii%- it ¥ Bk
L (GC-MS) #E 47 g i BR 43 Mo €8 3% A
Omegawax 320 L (30 m x0.25 mm x 0. 25
wm ; Supelco, Billefonte , PA, USA ) , #4111 75 & Sk
240 C BN INARAR IRy 245 Co THRFER :
40 C L 10 °C/min $EETFFE 170 C, L, 2 C/
min HEF}F 220 C, 4%+ 1 min, F/5LL 2 C/
min AT 2 230 C, HHI A NG IR 458 i
SR PG TG AR — A s X IR I R R4 T 7 1 o
1.5 HmEALENNE

PRER 0.2 g AT BRAREERE , F TIOB BUfAI ST
ar (T8 IKA A ) 219 30 s, 78 4 °C .10 000
v/ min Z5PF NG 20 min, FEBCH 2 RGO
J& B RITE O TR 2203 0 SRR N RS A=
Y2 w0 & € N % ( malondialdehyde,
MDA ) | # & Ak ¥ 1k 1k B ( superoxide dismutase,
SOD) id A AL F B ( catalase, CAT) | ST A AL RE
77 (total antioxidant capacity, T-AOC) , #H W EE/EHY
Z UL BT,
1.6 HEHWELEIT

JIT AT B R 1P S48 + At (Mean + SE)
Fe7R R H] SPSS 22. 0 B4R S 56 B kAT G it
O3HT o SR TE DR B T3 28 00 B vk 0 S B a1 Ay
J5 2253 15 R Duncan [G 347 2 8 AL, HR
P<0.05hEREFH,

2 4k
2.1 AEBEHEX#ETREZERERKMERE
£ ER ) R

TRk BRI R 2 LR 20 & AL R AR U7
Fi2 ( saturated fatty acid, SFA) F1 MUFA [ 4 X} &
AR ETEZE S (P <0.05) , BEES IFE A K
IR BT PUFA BYARR & & B 7S i
RSP B 3 5 b T e B AE F6 4 K f
(P<0.05), 7£ F1 1 F6 41 rp A K6 2| 16 4= DU s
fi$t ( arachidonic acid, ARA, C20: 4n6) . EPA £l
DHA,

ANTE] i 7 58 ) A 0T B FRG it 2 W 1 2 R A Jo
i SGR M1 SR S5 AE K AR FR Y2 Wi 46 3 fir 7o
5 20 S50 )y WF 1 ) 46 S 2R BRE O (4.35 +
0.22) g, ZR IR RAE F4 415 F1 AL AF7E 35
PEZES (P <0.05) o fEfPBHH P2l iR SR BERS
iR RN 1 N U ) 11 B T N v 1 e R DO
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B SR AR T HABFRI 4L (P <0.05) . 7 SGR
Jri, BB S SR AL AE A S, 18 F3 41
P4 b 2w T HABA (P <0.05) o A [A 4k
X 407 B FD I MR R A5 AN A7 A S 3 2 5 (P >

0.05).

JEERLIA R FL 41 AP ok

G

5 F3 ~F6

HAE R ENEZES (P <0.05) MUK 7> & B A%
HMEFARE(P>0.05), F1 ~F3 40HEH
5 et PR T S N KT 0 38 T = AE F3
A eI FLAR I & e FL dldne i, 76 Fo6 A%,
fEFlL ~ F5 B E25(P>0.05),

R2 6 FHKIRABHIAERAERE M

Tab.2 Fatty acid composition of 6 experimental feeds ( n =3;Mean +SE) %
SHiER Fatty acid F1 F2 F3 F4 F5 F6
C14:0 0.94£0.00" 1.58£0.04° 2.07+0.09% 2.43£0.09° 4.63+0.05" 0.18 +0.00°
C16:0 31.40 £0.06° 26.11 £0.22¢ 20.30 £1.03° 16.89 £0.77" 18.40 +0.12" 13.84 +0.02°
C18:0 5.07 £0.03°  4.81 £0.02° 4.62+0.04> 4.54 +0.07® 4.44£0.00° 4.94 +0.02¢
Y SFA 38.15+0.13° 33.60 +0.14¢ 28.42£0.90° 25.52+0.63" 25.31+0.12" 20.04 +0.06*
C16: 1n7 0.24 £0.02°  0.84 £0.38"  2.09+0.14° 2.62+0.19° 5.39£0.03 0.19 20.00°
C18: 1n9 36.72£0.22° 31.12+0.319 24.22 £1.10° 20.75 £1.43> 16.00 20.07* 23.77 +0.06°
€20: 1n9 0.32£0.04*  0.76 £0.03> 1.25+0.14°  1.65+0.07"  3.03 £0.02°  0.47 +0.05°
€22:1n9 - - 1.48£0.10"  1.86+0.09°  3.84+0.05' 0.31 £0.00*
> MUFA 37.28 £0.28° 32.72%0.229 29.04 £0.72° 27.10 £0.85> 28.27 +0.10° 24.74 +0.02°
C20: 4n6 - 0.13£0.01*  0.26 £0.02>  0.34 £0.02°  0.69 +0.01¢ -
C18:2n6 22.33 £0.15" 24.80 +0.14° 28.43 +0.37% 30.09 £0.42° 13.37 +0.08" 47.68 +0.04'
S n-6PUFA 22.33£0.15" 24.93 £0.14° 28.69 £0.40% 30.44 £0.43° 14.05+0.08" 47.68 £0.04'
C18:3n3 1.74 £0.01*  2.70 £0.05° 3.86+0.16 4.50+0.13° 2.25+0.02"® 7.04+0.01'
C18:4n3 - 0.37 £0.02*  0.74 £0.06>  0.96 £0.05°  1.84 +0.01¢ -
€20:5n3 - 1.32£0.05* 2.67+0.25" 3.50+0.18°  6.45£0.02¢ -
(22:6n3 2.12£0.08"°  4.24+0.36" 5.49+0.30°  9.88 £0.04"
Y n-3PUFA 1.74 £0.01*  6.74 £0.20" 11.99 £0.88° 15.07 +0.69¢ 21.62 +0.02° 7.04 +0.01"
Y PUFA 24.06 £0.17* 31.67 £0.31" 40.68 £1.28° 45.50 £1.11° 35.95+0.06° 54.72 +0.04"
DHA/EPA - 1.60 £0.00"  1.59 £0.01> 1.57£0.01>  1.53 +0.01* -
LC-PUFA - 3.80 £0.14*  7.66 £0.65"  9.95+0.53° 18.22 £0.05" -
n-3/n-6 0.08+0.09°  0.27+1.90° 0.42+2.20° 0.49+1.60° 1.54+0.26" 0.15+0.13"

T R RS A MR PR IR ERARE (P >0.05) , ARTFHFIRZRBE (P <0.05) 5 - KK U H 2 AR T 1% Ml

Notes: In the same line, values with the same letter superscripts mean no significant difference( P >0.05) ,while with different letter superscripts

mean significant difference( P <0.05) ; —.

Not detected ; Only fatty acids with content greater than 1% were listed.

x3 AREAEHIER S REEIE KGR0
Tab.3 Effects of different lipid sources on the growth performance of P. clarkii( n =3;Mean +SE)

i R

JHF I A 2

L3 . %}]ﬁﬁﬁi}ﬁg . EORIR TRt Specific growth Hepatopancreas ﬁk(ﬂ:‘%;

Group Initial boby mass/g Final boby mass/g rate/ (% /d) index/% Survival rate/%
F1 4.20 +£0.07 10.33 £0. 36" 1.21 £0.03* 6.93 +0.01 66.67 +4.58"
F2 4.43 £0.09 12.29 +0.48" 1.37£0.11% 7.31 £0.16 73.81 £3.26°
F3 4.32 +0.09 16.74 0. 15°¢ 1.80 £0.06° 7.17 £0. 14 76.19 +4.30"
F4 4.44 £0.08 17.36 £0.17¢ 1.82 +£0.01° 6.99 +0.27 88.10 £4.76"
F5 4.45 +0.07 11.55 +0.32" 1.25 +0.00" 7.41£0.63 90.48 +2.38"
F6 4.30 +0.89 12.53 +0.47" 1.42 +0.03" 6.99 +0.19 89.72 +2.91°

T R B BRI R PR ROR 27 AR (P >0.05) AR FH#R 257 B (P <0.05) .

Notes: In the same line, values with the same letter superscripts mean no significant difference( P >0.05) ,while with different letter superscripts

mean significant difference( P <0.05).
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x4 AEBEHEX R RREREDIAERELARKZ0NCERE)

Tab.4 Effects of different lipid sources on the biochemical composition

of the abdominal muscles of P. clarkii( wet mass,n =3 ;Mean = SE) %
2f 51| Group 7K43 Moisture L H Crude protein FLAENT Crude lipid K4y Ash
F1 77.39 +£0.23* 17.10 £0.39" 1.13 £0.01" 2.94 +0.01
F2 78.08 £0.09% 16.89 +0.29" 1.11 £0.01% 2.89+0.16
F3 79.73 £0.21° 15.90 +0. 10* 1.12+0.11% 2.98 +0.03
F4 78.90 +0. 13" 16.35 £0.23% 1.01 £0.07® 2.90 £0.20
F5 79.05 +0. 67" 16.53 £0.01* 0.94 +0.04% 3.16 £0.09
F6 79.39 £0.36° 16.49 £0.25% 0.91 £0.06" 3.13+0.08

T R B R AR & A MR P REFROR 2 A B3 (P >0.05) , AR FRERR 2257 235 (P <0.05) ¢

Notes: In the same line, values with the same letter superscripts mean no significant difference( P >0.05) ,while with different letter superscripts

mean significant difference( P <0.05).

2.2 AEEHENSERKREEZRFRERE
L BE T RIF N

2% 5 Jim , AN TR A I 5 % o FG i 28 0 I fik
fitf SOD 3% 14 . MDA % & . CAT I 14 F1 T-AOC
YA BEZW (P <0.05), MDA & # . SOD Fi

CAT 7£ F5 4 rp i 2 fe 5 (P <0.05) , T-AOC 7£
F1 41 F5 41H1 F6 445, Horf Fo 4] 2 & T H
420 (P <0.05) ,F1 ~ F3 21 Fifi ki iy 745 Jn 7k S
()T v S B T 48 T (a3

®S5  AREBEMRY 5 KR EIRATR RS IEIR R0

Tab.5 Effects of different lipid source on hepatopancreatic antioxidant indexes in P. clarkii( n =3 ;Mean +SE)

2053 i3 A A i ALl CAT/ RPTE L YIge ) T-A0C/
Group MDA/ (nmol/g) SOD/(U/g) [ nmol/ (min -« g) ] (U/mg)

Fl 9.86 +0.56 0.27 +0.02° 314.18 £27.75% 1.71 £0.04"

F2 11.15 +0.24° 0.30 £0.01" 293.86 + 14.85" 1.25 +0.00°

F3 10.38 +0.27" 0.27 +0.01° 350.53 £39.72° 1.19 +0.03®

F4 8.32 +0.83° 0.25 £0.01* 255.38 +5. 73" 1.14 +0.44°

F5 15.69 +0.92°¢ 0.31 £0.01°¢ 487.83 +16.90¢ 1.52 +0.00"

F6 8.13 +0.80° 0.30 £0.01" 261.14 £20.50" 1.94 £0.04°

T R B R AR & A MR P REFROR 2 A B3 (P >0.05) , AR TR 2257 2.3 (P <0.05) ¢

Notes: In the same line, values with the same letter superscripts mean no significant difference( P >0.05) ,while with different letter superscripts

mean significant difference( P <0.05).

2.3 A[EIBERATERT 4h 4 52 X IR 25 45 S AR AL P9 BE
P B 28 RS, Y 22 Ml

S 4 MR AR LA X SFA
25.51% ~26. 16% , % 41 18] T & & 2 7 (P >
0.05) ,C16: 0 7% S5t Fifi A A i1 78 Jin 7T £ 7 i i b
Th,FL 4 d5 s, Hok ol F2 4, F5 4 fcfilk . MUFA
HR) C18: 1n9 57 ik [ A A i 1) T8 I 7K ST 338 Jin i

W oL R i, S A S A e R EEE R
(P<0.05). Y n-6PUFA FZELJ C18:2n6 Jy i,
F6 4, FS 415k, EPA DHA F13Y n-3PUFA
TR FS AW E ST HMA (P <0.05),
Y PUFAYE F1 H @ F (R THMAH (P <0.05)
n-3/n-6 1& F6 415N 1. 18 ,F5 2wy 1. 84,
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Tab.6 Effects of different lipid sources on the fatty acid composition
of abdominal muscles of P. clarkii(n =3 ;Mean = SE) %
24 51| Group F1 F2 F3 F4 F5 F6
C14:0 0.56 +0.04% 0.58 +0.05" 0.47 +0.01° 0.52 +0.01% 0.59 +0.01° 0.53 +0.03™
C15:0 0.42 +0.02° 0.42 +0.02% 0.40 +0.01° 0.46 +0.01° 0.50 +0.01°¢ 0.42 +0.01%
C16:0 14.84 +0.35¢ 14.30 £+0.06>  13.99 £0.37*  13.59 0. 12 13.45 £0. 14° 13.59 +0. 17%
C17:0 0.57 +0.00° 0.59 +0.00" 0.64 +0.01° 0.73 +0.01¢ 0.77 +0.01° 0.62 +0.01°
C18:0 7.97 +0.15° 7.97 +0.09° 8.37 +0.13% 8.47 +0.05" 8.24 +0.08" 8.56 +0.19"
€20:0 0.83 +0.01° 0.87 +0.01% 0.88 +0.01" 0.87 +0.01% 0.92 +0.00° 0.94 +0.02¢
€22:0 0.65 £0.02 0.69 £0.01 0.68 £0.05 0.69 £0.01 0.62 £0.02 0.68 £0.04
3 SFA 26.16 +0.44 25.81 +0.10 25.77 £0. 44 25.74 £0.08 25.51+0.19 25.71 £0.27
C16: 1n7 2.38 +0.04° 2.32 +0.03" 1.97 +0.13° 2.14 +0.03" 2.47 +0.01° 1.99 +0.09*
C18:1n9 22.01 £0.17°¢ 20.32 £0.04¢ 19.07 £0.08¢ 17.84 £0.03" 17.70 £0.06* 18.28 £0.23"
€20: 1n9 0.88 £0.01" 0.89 +0.04" 0.98 +0.01° 0.96 +0.04" 1.30 +0.00° 0.73 +0.05°
Y MUFA 25.25 +0.10° 23.52 £0.02¢ 22.02 £0.12°  20.95 +0.10° 21.46 +0.07"  21.00 +0.26°
C18:2n6 9.56 +0.13" 9.57 +0.08" 9.73 +0.05" 10.27 +0.04° 8.41 £0.03" 13.74 £0.22¢
€20:2n6 1.66 £0.01° 1.78 +0.01" 1.79 £0.04" 1.78 +0.02" 1.80 +0.01" 1.97 +0.00"
(20:3n6 0.17 +0.00° 0.17 +0.00° 0.15 +0.00° 0.16 +0.00" 0.15 +0.00% 0.15 +0.00
€20: 4n6 5.77 £0.07 6.20 +0.08° 5.77 £0.09% 5.95 +0.08" 5.69 +0.04° 5.91 +0.08™
3 n-6PUFA 17.16 £0.07* 17.14 £0.63*  17.44 £0.11" 18.17 £0.13" 16.05 +£0.07*  21.11 £0.77¢
C18:3n3 1.66 +0.03° 1.64 +0.02" 1.53+0.01% 1.64 +0.03" 1.46 +0.01° 2.01 +0.07¢
(20:3n3 0.37 £0.01° 0.41 +0.00" 0.40 +0.01° 0.36 +0.00° 0.40 +0.00" 0.35 +0.00°
€20:5n3 16.11 0. 18* 16.81 £0.05" 18.10 =0.07¢ 17.91 0. 12¢ 18.81 =0.07¢ 16.02 £0.34°
(22: 603 5.96 £0.06" 6.70 £0.06" 7.22 £0.04° 7.43 £0.06" 8.25 £0.02° 6.00 0. 10°
3 n3PUFA 24.66 +0.27° 26.13 £0. 10" 27.76 £0.01¢  27.90 +0.18° 29.48 £0.10¢  24.79 +0.38°
3 LC-PUFA 28.87 £0.32° 30.76 £0. 16" 32.07 £0.04°  32.26 +0.26° 33.72+£0.139  28.84 +0.53°
DHA/EPA 0.37 £0.00° 0.40 +0.00" 0.40 +0.00" 0.41 +0.00° 0.44 +0.00¢ 0.37 +0.00"
> PUFA 41.82 £0.21° 43.27 +0.63" 45.20 £0.10°  46.07 +0.30° 45.53 0.16°  45.90 +0.58°
n-3/n-6 1.44 +0.02" 1.53 £0.06" 1.59 +0.01° 1.54 £0.01"% 1.84 +0.00¢ 1.18 £0.06"

IE: R RS A MR T RN ERALE (P >0.05) , RRFELRZRBE (P <0.05); - K& (T A4 ERT 1% #lls

JUiTR o
Notes: In the same line, values with the same letter superscripts mean no significant difference( P >0.05) ,while with different letter superscripts
mean significant difference( P <0.05) ; —. Not detected ; Only fatty acids with content greater than 1% were listed.
) =N yE |ofy S
3 B XL P HLIR W &5 2 RIS A= A 48 AR 7 AR AN
T

3.1 AEREREXT 4T KIFEEMRE K R
1L A A B9 B

223 120 d (] IR 45 R LA S A B D U )
TR 2R A SGR 5 fa 3 F A 3 A PR BV .

GHEGE N HRE LS ER A Ry LT B R B
VB B KM RE , 78 X FLAA I 6 R 4 4 )
R e RS AR TR . — R
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Effects of different lipid sources on growth performance, antioxidant
capacity and muscle fatty acid composition of Procambarus clarkii

LIU Xiaofei'*?, LI Wei', LIU Mingming' , SUN Ying', CHENG Yongxu'*?, XI Yewen', LI Jiayao'*”

(1. Key Laboratory of Freshwater Aquatic Genetic Resources, Ministry of Agriculture and Rural Affairs , Shanghai Ocean
University , Shanghai 201306, China; 2. National Demonsiration Center for Experimental Fisheries Science Education ,Shanghai
Ocean University , Shanghai 201306, China; 3. Center for Research on Environmental Ecology and Fish Nutrient of the Ministry
of Agriculture and Rural Affairs, Shanghai Ocean University, Shanghai 201306, China; 4. Aquatic Technology Promotion
Station of Anhui Province, Hefei 230000, Anhui, China)

Abstract; In order to study the effects of dietary lipid sources on growth performance, antioxidant capacity
and fatty acid composition of abdominal muscles of juvenile red swamp crayfish Procambarus clarkii. Six
isonitrogenous and isoenergetic experimental diets were formulated with palm oil, fish oil and soybean oil as
lipid sources. 252 juvenile P. clarkii with initial weight of (5.26 +0. 10) g were selected and cultured for 120
days. They were randomly assigned to 6 groups(3 replicates in each group, 14 individuals in each replicate) .
The results showed that the specific growth rate(SGR) and survival rate (SR) of juvenile shrimps decreased
with the increase of palm oil addition level in the feed. SGR of juvenile P. clarkii in F3 and F4 groups was
significantly higher than that of other groups. Survival rate of juvenile P. clarkii in ¥4, F5 and F6 was
significantly higher than that in F1 and F3. There was no significant difference between F4 | F5 and F6. The
total antioxidant capacity ( T-AOC) in hepatopancreas of single lipid source groups (F1, F5 and F6) was
significantly higher than that of mixed lipid source groups(F2, F3 and F4). Among all feed treatments, the
activity of CAT in hepatopancreas in F4 was the lowest, and the content of malondialdehyde (MDA) in F5
was the highest. There was no significant difference of Y, SFA in juvenile P. clarkii muscles of each feed
group. 18 kinds of fatty acids were detected in the muscles of each group, > PUFA > Y SFA > Y MUFA,
n-3/n-6 Y PUFA values ranged from 1.44 to 1. 84. Results indicated only palm oil, fish oil and soybean oil as
feed lipid sources have negative effects on the growth performance and antioxidant capacity of P. clarkii,and
the mixture of fish oil and soybean oil as lipid source was beneficial to SR and SGR of P. clarkii.

Key words: Procambarus clarkii; lipid source; growth performance; antioxidant capacity ; muscle fatty acid

composition
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