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e IR EAMAR L B 5 T mBR A E B LA

ré—l N\l = 1,2 7 3 2 ) M 2 ) 2
o#x HXE & MERE KEE Tai¥ X %
2 1* 1, 2%
% W OHI4e B 4
(1. KILRZEH K HE SR A6 2 5 SR6 =, FIH 434024; 2. H EK =R} 2200 78 B TR =1 FL AT,
U 430223; 3. B RFEBE KR AWt 5T T, BRI 430072)

WE: AR I IR IR ZR (Procambarus clarkiiy AR} TV JFR B2 5 Y9 B2 11 3& B LB (ALA/LA), 43 3 il % ALA/
LAJO0.14 (R)+ 038 (Ry). 0.74 (Rs). 1.28 (R,) 2.37 (Rs) F14.54 (Re) 6T S0 bkl 3 IUH 4 1 5 9(5.99+
0.12) g5 [QJE BN FEAT N HAS S R B AR K SEe . 45 R BN, RyAL e IR BRI | e AR KB ALY
HE IR 5 B B s v, ELUARE RS, Ry IR T B0 =15 RyZEVL P AR Wi FlZn-6PUFA & & 5 = RZH LR 2

B R e ML A B G N A8 T B TR 35 7E ALA/LA 0.38—0. 740 £ H At 41 2 3 BRI, 1k
ALA/LA W ZE 520 1 RN 738 78 A0 5 5 JHR I I 480 e Sl R S A 70 IS A R 1 0 Sl FE R AL RTR  ZH A 3
B RAE; Ry ATBRAR T 8 & 2 5% 18 9% E 96 FEIE R B3 T i W IR AR BN B $ B 7R R A e HoAth 41 B 3
F51; ALA/LAN0.38—0.740F B 2548 15 1 o0 IRIR 20 1 IR de 3. 2 mla o4, v QR 2R iRk o |

ALA/LAN0.45—0.46.

KRR WORER, MRS, AEKPERE WALPERE T IR
SCEHE: 1000-3207(2025)03-XXXXXX-13

FEDHEE:S963  XHEMFRIRAD: A

52 Sh WD AS e i B AN i 1 R &5 1 22 AN
FUHE Wi B2 (PUFA), 7% B2 KL 814N A 10 RE 7€ n-
3MIn-6 2 4|PUFA, A gl L AE K. g,
i E & 2 A AE IR, Hn-3/n-6 PUFAR L4
e, WK S 8 2 Bn-3 PUFA 2 N a- T
JRER(ALA), TS0 EoKM . SRS E SR %
[fJn-6 PUFA T ZUN W R (LA). A ih il g K
= BN PR i 0 R, (E B YR PR . IS
BUR ) Ak, DR 4R 040 i i R AR A v B
B amiost. B, M. R
e R AT RE S22 P R AT S )2 N BIK = 3
YR kLA o a0 SRR T BLOE AR K T T B (Salmo
salar) TR 50% ) 30, A g2 B KPR RE, (HafE
LB R 8 oK S 0 5TE ROFF 1 100% 25 £ 1.

Yrks HHA: 2024-06-03; 153T B EA: 2024-07-22

TH IR R X6 K ZZ 6T (Psetta maxima) W) 4 K il iR 2 5
U, {H 2> SO LA SR RS ™ A T 4R B
tt (Epinephelus coioides)(il ¥} 147 1% ™. ;L
YNV XT R (Litopenaeus vannamei) ik} b &4 22% 4
WIS, SRR It 5 5 238 1 o e B AR
IR R v AR v IR B AR (Procambarus clarkii)
TERL R R S, R I 7R T T R =, (H AR
RFR R, R B I R DA R 2 B A
BRI T, 2 o AR TG D TR B ZEL R, K
B 7= A AN [F) 52 e, (R B DR A0 9 2 2 S n-6
PUFA, 23 5 M JJL PR B i 177 1R () 4L RS, B0 UL o
A an T N R n-3 KAk 2 A AR 197 R (LC-
PUFA) & B8 /D, Wi % 7 s =B . R,
fEsE A B A, & e 2 3 B0 4 K

ESB: B HE SRR (2023YFD2402000); H J 28 A 2 PERMIE Bt BT B AR L 25 2% 4 T 9% 42 (YF1202404); #1644 5 (3R K 7=
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= SN TE A AT S P I 5 AR ke

1E % 4 8. (Oreochromis niloticus)” W #2485
12 (Eriocheir sinensis)" S0 55 I\ HALAFILAZE
FIMFR R A ki & OB B R, AR
AR AR A A, DR 3 2 A4 75 AR 58 41
#l. WAWFITIN Nn-3M1n-6 PUFAZE K= 50 17
EAZ HAEH, Wita k& B I DHA/EPALL{E(2.2:1)
WERE T B (Seylla paramamosain)FEFA 4
TR, WM R SR, AR T e
TR ALA/LA G AE J91:3—6 7] 38 45 v B 15 %) dip
(Penaeus monodon)lJLPA f'n-3 LC-PUFA & &1, 2%
RTR, E E B A ALA/LART -5 2y 4 ek g ig A
fEHEK P2 S A K EEAER

3 GBI RN F, J& T AE e X R,
HAWmEEE, ExR‘EE, HaEn. |KEN, B8
SN R RSN R, W s EE,
20234F A [ B IS Ji 2R A 7= 5 3167 W, A T4
[l R 7K IR FE R S5 44, 2 o [ 3 B (1) iR K R 2R 97
Rz ) B EE AN . SRR
B A R B R RFASE, HERSHAAERNE
T HHGHE AT 3 B T v IG5 2SR AR R
5 5 >R R g 7 05 AH 5% 5 T A 9, LK i I 1 R
TN 6%—8%, 3T LI 7 Y D a5 v A e
SO o T B B 0 TR T I 14 A S T 4 G
AR IE o HF 2 ) 0 75 I8 W5 B2 9n-3F1n-6 PUFA"",
FEA = v, o I i 8 0 ) ek DA S 9l R i el o
B % n-6 PUFATM Bt = n-3 PUFA. [, ASHF 58 Fd
#1 7 ALA/LANO.14—4. 541640 4A K, 385 8 JE 755
SEOG, SRR HTIN E T AR R, RN, PLA
TRRE S THALRE 1 LU &S 2548 bR, AL TR
ALA/LASS 57 R ZR AR AE KR RE . IR S LA
ai TR A, DLIASRAIE BRI ALA/LA, N R 2L
TR AR S

1 MR5ERE

1.1 SEIEARECH

SIS TARL LS TRy . SR R AR AT i N
B, TR 9 BEUR, SRR S 9 YRR R U5, K 9
DR s BRI B IR A YR
BRA R (i, Hh ), Sl B i 5 B a0 R
B AR AR COREE, ). S inE 2l
N50. 40, 30, 20. 10A10 g/kg, MW JBRAS I s 0 &
Y 5IPN0. 104 204 30, 40A150 g/kg, WV FREZ 5 ¥
TH R 1) 52 EE (B (ALA/LA) > 51 0.14 (R))~ 0.38
(Ry). 0.74 (R3). 1.28 (Ry). 2.37 (R5)F14.54 (Re)-
TRPRHEC 7 AR IR 7 R ZEL R n 26 1 R0 2 T

B2 R i 80 H i, A FR & J5 SR B g K2R
5], FHF-26XUEJig s 26010 M A T HL i RH A R
], HRE TSR E AR N2 mm R R, 7R 4
355 A ) H P HE A (DHG-9140A, 350 1A 7 AL 2% %
#ARAR, B EEN)F90°C # ik 20min)G, & JE
5 AR LR N 95 IE T4 5 & BR A &) T4
(60°C, 2h), FHREIEN LA TRDEHI B 83 —4 mm ) (5 #%
TERRL, ¥ H B T-20CHIKFESH . KHiRifE2h,
TR ¥ 2R 2 0910.57%
1.2 TINS5 FEEIE

S5 B FH v O S5 2R I T b A T, AR
[ 7K 7= R 220 78 B K T K F= 1 78 BT == ARt K 97
VR ek o U N B D0 B R Rip A S e VA
OB . 78 IR SUFRE SE A0 AT, o oo [Q R B IR A
24hJi5, BEHLEL 20 5F F DL 2 S50 0 1 W) 46
By R AMERGIAE S B R SR T W)
UEPRH R (5.99+0.12) gt v [ BE UR324 2, B AL 4)
Pl FRIEA T, FAH18E . FAFREA (110 cmx
80 cm*45 cm) N B E 1 i B A i X LRI 1k A A4
HAE AT, SR SLIOFREE8 A, fE R M2 IR
(8:0071118:00), 2 485 T Pt 45k £ 175 0 A 7K et &5 24 155 [
BT PR PR B, B AR 2%—4%, THIRIENE2h G
WAERR T, BT -20°CUKFH R A7, RIS 45 W )5,
WREHT . REH B LN T E., R
7K 1/3, 383 W I HE A, FRFE IO K TE AR
FFN100 L/he B RICSEFREKIR . TR 1
FFET H e . (EFRFEMAA], KR N24—28°C, EA
/NF0.05 mg/L, ¥ i E K T5 mg/L, pHH8.1—8.3.
13 #mRE&E

TEFRFA SLI0 45 5, B oo IR 2R 25 5 24, i
SR RACS R R, PR BGER . MEER, KT
A KRR TDRL R B R A B AL R B2 R R A T e
UNE TR Sy ARG L R UF, 1 mLyE: 5
25 M S 8 B Ak ) N L J, MM L T 1.5 mL
BT, 4°C R E4h, B0(4°C, 14400xg, 20min)
B R, T—80°C AR A7 LI A5 I o B HS IR IR
G0 LR B A B O AR o F CATE S AA B . BT
AR AN IR TR R K AR EJE LA BT B R AN
BT aEed, BT-40C, HTE4H
T AE BRI E o e, B 43 30 HL L RS 0 1) JFF Jik Ji
(0.5 cmx0.5 cmx0.5 cm)FH [%(0.5 cm) & T4% % R
FRE R, BT 441205,
1.4 1EFRNE

E KM EEIRIRAONE
A KA BEFR AR

1735 % (Survival rate, SR, %)=N,/Nyx100

RIEU T A, 5
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Y E 2R (Weight gain rate, WGR, %)=(W W)/ Wx WoNy+Wy)

100 JiF 4 bb (Hepatosomatic index, HSI, %)=W,/W,x
' 58 18 K % (Specific growth rate, SGR, %/d)= 100

(LnW~LnW,)/tx100 &R R % (Muscle rate, MR, %)=W,,/W,x100
B (Feeding rate, FR, %)=W/[tx(Wy+W,)/2]x P45 4(Gonadosomatic index, GI, %o)=W/W,x

100% 100

ARl Z$(Feed conversion ratio, FCR)=W/(W,N~ o, NNER B NovIaa AL W% R

x1 AREHREFKF(FIR, gke)
Tab. 1 Feed formulation and nutrient level (dry matter, g/kg)

J5 BHngredient (g/kglik} LB/ LR (ALALA)
0.14 (R)) 0.38 (Ry) 0.74 (R3) 1.28 (Ry) 2.37 (Rs) 4.54 (Rg)

4Bk Wheat gluten 70 70 70 70 70 70
I }1Soybean meal 170 170 170 170 170 170
fi% 5 [ Casein 140 140 140 140 140 140
B i Gelatin 35 35 35 35 35 35
T4 Wheat flour 300 300 300 300 300 300
Z.itiSoybean oil 50 40 30 20 10 0
3V JER ¥ i Flaxseed oil 0 10 20 30 40 50
K5 5P iF Soybean lecithin 10 10 10 10 10 10
HE[E ¥ Cholesterol 5 5 5 5 5 5
87 3% Fish dissolved pulp 50 50 50 50 50 50
R — A 5 Ca(H,PO,), 23 23 23 23 23 23
Y PR A Vitamin premixl 10 10 10 10 10 10
)% TRk Mineral premix” 10 10 10 10 10 10
S ALEBHCholine chloride 2 2 2 2 2 2
#1422 C Vitamin C 3 3 3 3 3 3
1R 2 Astaxanthin 0.4 0.4 0.4 0.4 0.4 0.4
Ki# & Allicin 1 1 1 1 1 1
£F 4 FMicrofiber 80.1 80.1 80.1 80.1 80.1 80.1
1 75 2 Chitosan 1.5 1.5 1.5 1.5 1.5 1.5
R B Trisiodophenylamine 3 3 3 3 3 3
18 ¥R #Sodium alginate 10 10 10 10 10 10
i1 £ Bentonite 20 20 20 20 20 20
752 BRL-Thr 4 4 4 4 4
ERIBL-Met
" 7% 4 Nutritional level
T4 )5i Dry matter 961.0 958.9 957.6 960.8 950.2 957.9
1% F Crude protein 391.1 387.9 395.9 390.8 385.2 371.2
FLHg I Crude lipid 63.6 62.7 63.8 65.4 65.2 65.3
K4y Ash 65.7 65.7 65.5 65.5 64.9 63.4
it E Gross energy (kJ/g) 19.4 19.3 19.1 19.2 19.1 19.3

e MG T A R TUREMERE: g RA 4 g HEED0.02g EEE10g FERK, 10 g, 4iE%B, 10 g, 4i4E%B, 10 g, 4i4E
3By 20 g, WAR40 g, 2E50.2 g, IEAE20 g, 1HR0.5 g, 47 5B12 0.01 g, 44 5C 20 g, WUBI400 g, i FH B S 4 B RN A 1 kg 45
T ouh R RS BUEREH0.6 g, IWATIEREN0.08 g, TR — 41320 g, BREREE200 g, — /KERERE20 g, /K EALH2 g, L/KBRERER60 g,
LKBRER M 2R50 g, SALEN100 g, 7S/KEAER2 g, TR AT 4E RN 1 ke

Note: Per kg of vitamin premix contains vitamin A 4 g, vitamin D 0.02 g, vitamin E 10 g, vitamin K5 10 g, vitamin B; 10 g, vitamin B,
10 g, vitamin B¢ 20 g, nicotinic acid 40 g, biotin 0.2 g, calcium pantothenate 20 g, folic acid 0.5 g, vitamin B, 0.01 g, vitamin C 20 g, inosi-
tol 400 g, all ingredients are diluted with micro-cellulose to 1 kg. *Per kg of mineral premix contains KIO; 0.6 g, Na,SeO5-5H,0 0.08 g,
KH,PO, 320 g, MgSO, 200 g, MnSO,-H,0 20 g, CuCl,-2H,0 2 g, ZnSO,4 7H,0 60 g, FeSO,-7H,0 50 g, NaCl 100 g, CoCl,-6H,0 2 g, and
all ingredients are diluted with micro-cellulose to 1 kg
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(g); Wo NPIEIR & (g); tNSELS RE(d); Wl
BN B & (g); WoNFE T INA R & (g); £ FRFE I
6] (d); Wyl T JBR R 5 2 (g); W MR R S UL 1A J
(2); Wg?ﬂ‘fi%fﬁ%(g)o

BEARMOSHNE  WRK S & ERH105C
1 5 T )58 2% B2 (GB/T 5009.3-2016) 7€ ; 4= 1K 1
WL 17K 43 25 8RB ¥4 U5 T 8 1 (CHRIS TAL ¥ R
TEEAL, 7200 ; 18 E & R LIRS &
12:(GB/T 5009.5-2016)M 5& ; i 1 & >k H & K
2 2:(GB/T 5009.6-2016)Ml 7€ ; Kor S EXRA Y
I 471550 °C KI5E32:(GB/T 5009.4-2016) 5E o

& BA BR B0 E AR T 1R I WL RS &
(0.4 g)FH -1 B (1) DR 6 (0.5 @), I 4 mL5F
FhE, e 2)30s, B T25CRIKPEH T RIR

B BRI NS mL 2% A AN B EE VA W, I
h40min/&, N7 mL 15% = S84k B 9 S Va0,
#20min. ANA20 mLIEBHGE, 54 Imin. A
AN, BB 2 . WL E 2 IE P42 iR
5 mL, IS5 go/KER RN, #R4% 1min, #f & Smin,
W B b 2 v B 3R, AU B (Agilent
T890A, IR JE M, 3 E) Wl N i iR i . g i
T (1) AR AR 91 AN () 19 i s 1R Ui T AR 5 P 2 s A
(C11:0)E AR I LL 3R 5

&4 s pRA9N E IfL375 %] %5 B (GLU)
S FE(T-CHO) H i =B8(TG). &85 [ (TP)AI
H & H(ALB) 7 &40 5K H S g . CHOD-
PAP %. GK-GPO-POD . —EMRIEFBCG 1M
5E . 47 K HLDH-UV % . MDH-UViZ il NPP-

2 XINTARAREAELLE A (g/ke TR
Tab.2 Fatty acids composition of the experimental diet (g/kg dry diet)

i . MV FRER/ V3 B (ALA/LA)

i keFatty acid 0.14 (R,) 0.38 (R,) 0.74 (Ry) 1.28 (R,) 237 (Rs) 4.54 (Ry)
a0 g I ERSFA
C14:0 0.62 0.62 0.62 0.67 0.68 0.69
C16:0 9.80 9.84 9.92 10.18 9.51 9.86
C18:0 2.89 2.90 2.82 2.83 2.84 273
C20:0 031 0.31 031 031 0.30 0.32
C22:0 0.30 0.33 0.34 0.35 0.34 0.31
C24:0 0.84 0.89 0.82 0.85 0.90 0.94
TSFA 14.77 14.90 14.82 15.20 14.57 14.85
FA AN B ERMUFA
Cl4:1 0.05 0.04 0.05 0.06 0.05 0.05
Cl6:1 0.72 0.74 0.72 0.75 0.78 0.79
C18:1 13.80 14.25 14.68 15.40 16.12 16.32
C20:1 0.50 0.52 0.51 0.55 0.56 0.58
C22:1 0.13 0.17 0.20 0.16 021 0.16
IMUFA 15.20 15.73 16.16 16.91 17.72 17.90
n-6 fatty acids
EHHERC18:2 27.25 22.97 18.89 14.27 10.35 6.35
C20:2 0.15 0.16 0.16 0.15 0.14 0.16
C20:4 0.16 0.18 0.17 0.15 0.13 0.16
$n-6 PUFA 27.56 23.31 19.22 14.57 10.63 6.67
n-3 fatty acids
TMRC18:3 3.75 8.78 14.04 18.29 24.53 28.82
C20:3 0.10 0.10 0.12 0.13 0.12 0.08
C22:6 1.09 1.10 1.03 0.98 1.13 1.08
¥n-3 PUFA 4.94 9.98 15.19 19.40 25.78 29.99
TFA 62.47 63.92 65.39 66.08 68.70 69.41
¥n-3/En-6 PUFA 0.18 0.43 0.79 133 2.43 4.50
ALA/LA 0.14 0.38 0.74 1.28 2.37 4.54

VE: SSFA. WG IR S & SMUFA. BRI RIS I 2 M & En-6 PUFA. n-6% NS IR S0 & =n-3 PUFA. n-3% ARG Y

RS E; SFA. IRNFR B &

Note: ESFA. total saturated fatty acids; EMUFA. total monounsaturated fatty acids; £n-6 PUFA. total n-6 polyunsaturated fatty acids;

2n-3 PUFA. total n-3 polyunsaturated fatty acids; XFA. total fatty acids



3 1

Ty e 4 7 PR B AU R SV JRR IR 5 I Yo R ) 3 L B 5

AMPYENE R T4 R R 2 BE(AST). NRARL A
B (ALT)FUBE M B B2 B (ALP)IE M . VS AE Ak Fabr
K H H 3 42 4k 2 #T A (BX-3010, Sysmex Corpora-
tion, H A)FEATIE «  PA_E AT 55351 H Sysmex
N o FE R R 1 IHE B (HDL-C) AIMIG 25 5 i B
1 BH i B (LDL-C) R XU BBV A I 2 o i AR
FILINE i 5 A TR I TR il o

B AR BR F0 B7 & T E AL B JE M A9 E HERAFR
U JEE IR (0.5 @) F B IE (0.2 g), 1% 18 i & (g) 1A
(mL)=1:911X0.85%[ 4= BE 25K, UK/K IS 4 1E T 2)
H#30s, il 8 10% K 2 HM, £5:0:(3000%g, 10min, 4°C)
JE B EIE AR . DARK B MR, SR AR AR Y
DU 52 JFF P AR A0 i 18 8 (1 i i, PR 3l i R Rk
D52 R 7 S P, S A T £ 2 S S K R 1
W WA E FIEWEA R EE. B
G A e A T RERIE LR RR

FrERBR S HERNNE ATk
T 5E W AL BTG 1 B S AT AR ) o SR B Gyl
SE I P A S (T-AOC), B A B L 2 R (TBA) A M
E N 1 (MDA) & &, i S L A B (CAT) A 4 ik
VB (SOD)TE 4 43 77 2K F BH B e 12 FH 7K ¥ 14 DY
MR L(WST-1)750 58 340K F /et g i A= 4 T 7%
AFF 2 BT B 5

AARMENE IRV RN
(1.00 cmx1.00 cmx1.00 cm), {5 F i #4)43 #7{X (Stable
Micro systems, Ltd., UK) #ll 2 ULRVAE . 58bE . 1H
. mE RN R . B S kT AR AR
PREF (B 4250 mm), MK 5T A0 5 036 B2 23 ) 12
SEN2.5815 mm/s, BT BN LA EE150%. A
FE SR B 20K, BR30s.

BT RRBRFNBAELH LAY A HF i Ao A i
%3

VR, 22 58 W ] 5 VR IR0 240 )5, 14T
T10%LEE . & OB EEK . A, 1)
J (Longer Pump YZ 1125, 5 um). 75 AR — 7 21 4%
. YER IS B S, 7RG BB (OLYMPUS
DP73, HA)MEH L 2R ik I 40 . iz F R 55
T % 4t (Image Pro Plus 6.0)il & 7 18 2% & K FE 1 52
FZ, Geit it S TR R4 i A A= 2 (B4R L AR 20 ) LA
S MAEAZ
1.5 BuESH

SIS EHE Gt 143 TR I SPSS 26.0 (IBM, USA)
BAFHEAT o 25 T35 DP9 {E b5 1 22 (X=SD) R I .
B A 24 & e K H Shapiro-Wilk Al Levene’s equal
variance tests FFAT 1E 2 73 A7 #5361 7 22 55 14 73 At
b8 5 K F B[R 2 75 %2 43 #7 (One-way ANOVA), Tu-
key RIYMH £ H L BUEIAT Z R EZERK . P<
0.05h FnZF W3 . 1A 734 B R H Origin 2019
(OriginLab Company, Massachusetts, USA)Zz i .

2 R

2.1 ARIALA/LAXT 52 FC R 25T A K1 BE RS20

TAEFALA/LAXT 58 IR iR 200 s 28 . S LA
JIE 30 & P 3R G B 25 B A (P>0.05) . BE TR ALA/LA
Thim, R . B E R AR E A KR 2RI
¥ J5 B ) , TE R4 B e K AE, R 4 2 3% T
151 (P<0.05); Tk R E 5 2 M R, FERSALA & /)
18, BR 2H 5 2% PRI (P<0.05) . RyFIR,ZH T iR 45 %
I, BRI 3 120% (P<0.05; 35 3).

439 PA 5 I JiR 2 0 114 3 = R AL L R BN
A (Y), TR ALA/LAK H A8 & (X), 383k =19 43 #r
3 H & ALA/LA S 51 0.46F10.45 (B 1), X
¥ 38 V. Y IR AN JBR R 7K - 43 il 09119.58—20.97F1

AR ALA/LAR 52 KRB AT A KM RERI S NE
Tab.3 Effects of dietary ALA/LA on growth performance of P. clarkii

T BRIR/IE MR (ALA/LA)

A ltem 0.14 (R,) 0.38 (R,) 0.74 (R;) 1.28 (R,) 2.37 (Rs) 4.54 (Ry)
WILRIA T EZIBW (g) 5.99+0.05 5.99+0.03 5.99+0.02 5.98+0.04 5.98+0.02 5.99+0.02
KA RFBW (g) 24474047 26.03+1.31% 27.36+0.93° 25.89+0.61" 25.3840.63"  25.46+0.59"
HEHWGR (%) 308304833 3344542027  356.51+15.58° 332781095  324.11£9.59"  324.79+9.05"
FiE £ K SGR (%/d) 1.43+0.02° 1.5040.05" 1.55+0.04° 1.49+0.02° 1.47+0.02" 1.4840.02°
BEZESR (%) 87.04+3.21 88.89+5.56 87.03+6.41 92.59+8.49 87.04+8.48 79.63+3.20
T ZHEFR (%) 1.89+0.04 1.95+0.15 1.90+0.11 1.97+0.13 1.92+0.06 1.93+0.12
%} ZHFCR 0.97+0.02° 0.92+0.02" 0.83+0.03" 0.92+0.02° 0.97+0.03" 1.010.08"
JiF44 LLHST 7.10+0.08 7.29+0.16 7.49+0.15 7.43+0.18 7.34£0.23 7.20+0.23
JEER B A ZEMR (%) 13.90+0.30 14.15+0.62 14.49+0.42 14.82+0.90 13.89+0.72 13.65+0.37
PRI BGI 0.30+0.02° 0.3620.02 0.3620.01 0.3240.02" 0.3120.01° 0.3120.02°

e FAT EAR T REAN AR R 35 22 5 (P<0.05), LU TR &R [H]

Note: Different superscript letters in the same row indicate significant difference (P<0.05). The same applies below
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11.00—12.39 g/kg.
22 AR IERRER/ L S ER T 5E B /R B B AR 0 B9
A

BT R ALA/LAT &, IR E A& &2 BT
B, Ry R AT E R N3.73% (P<0.05); WL
JE T £ & RIS J5 PR a5, 7ER 2k B i KM
(P<0.05); 4K 73 5 & R UG PR 5 1 1 %, 18
R4 1% 2 £t /IME (P<0.05) . 1A B ALA/LAXT 77 I &

360 T .
350 | 1=78.0256x+298.8737
20 R=0.9722
S y =-3.8903x+336.3272
2 330 f ; . R=0.6220
Z 30| i
]
310 f :
" | 04572
300 L— : : : : :
0 1 2 3 4 5
Dietary ALA/LA
1.05
100 3=-0.2365x+1.0065
: R=0.9771
n
o 0950 7=0.0302x+0.8866
O R*=0.9223
0.90 |
085 [ i
080 L $3=0.4496 , ,
0 1 2 3 4 5

Dietary ALA/LA

1 TELALA/LAS 52 [K J5 #50R 38 R (AR DL R 50(B) I
w4 734

Fig. 1
feed conversion ratio (B) of red swamp crayfish

Broken-line model analysis of weight gain rate (A) and

AR AR K MEA. MRS VR K S
AR5y & BT R E R M(P>0.05; K 4).
23 ERALA/LAXS 52 KR ZE HR AN A S AR BR 4B A
Eap=A

ASZIG BT T B R AR LA 1SR AR T R
(I B, CLFE VR 17 R (SFA) SFH, B AN 1 g i
% (MUFA) 4%, n-6 3 5 PUFAMI n-3 3% 5] PUFA %
3Fh(F 5). fESFAT &7 M, bl R ALA/LAR T+
i1, C16:05 BB W T I%, Ry4HC18:0F1C24:04 B fx
ik, H.XSFA% & B R 5 2 F# K (P<0.05); &% 4
C20:0F1C22:0% & i 3 P 2 7 (P>0.05). T &}
ALA/LAXS 58 [C R 22U LA MUF A & 526 i 2 52
(P>0.05). fEn-6 PUFA % & 75 [f, B 17 £l ALA/LA
FhEr, C18: 21y n-6 2561 J5 B (a3, HIERA
KB KA . 7En-3 PUFAJS T, C18:3 % & it Bl
ALA/LATE & FH 5y, Hofthin-3 PUFAS &1 70 0. 3%

Z 5 (P>0.05).
24 TRARALA/LAS &2 KRB HR M B4 LB FR R0
220

Bl 7R RF ALA/LATE /1, I35 ASTRIALTS 14 2
LI % 5 THI a3, TER, AR Z 1 3 PRI (P<0.05);
GLU & 2 B3 J5 B 1 35, 7ER (ALIA 3 i KA
(P<0.05). il B ALA/LAXH Ifil 3§ TP ALB. TG-
TCHO® E AN ALPYE PTG 2. 3 5200 (P>0.05; 3% 6).
2.5 EARIALA/LAX 52 KR E N H VR E M AIS2 0T

B T R ALA/LATE i, BT JR BR R (1 g 3% 1t 78
RZH 1K Bl 5 K AH (P<0.05); 738 2 (A B 1 L85G
5 B fE A, TERALIA B B KA (P<0.05). HFI%
JUR G o il i 1 S IR B S T R A, TER A IA Bl
/IMEL(P<0.05); T8 I 197 B 14 75 R, 2H 2k 31 e KAHL,
BRI R 25% (P<0.05). i e py i v 5
P51 J B ) 3, £ R W 2H 3 B I KAE(P<0.05); 1A

R4 (ARALA/LAX 5 R ZANE AR 7 B0 (2/kgi2E)

Tab. 4 Effects of dietary ALA/LA on basic components of P. clarkii (g/kg wet weight)

T RRIR/ T BR(ALA/LA)

A ltem 0.14 (R) 038 (R,) 0.74 (Ry) 1.28 (Ry) 237 (Ry) 454 (Rg)
4=liFWhole body
7K 4 Moisture 661.3149.48  670.22+12.68  673.98+24.98  662.88+7.31 659.62+7.24 674.3249.14
FL (ICrude protein ~ 118.26+1.65 120.90+1.33 120.18+0.56 118.73+2.51 120.40+2.00 120.91+3.03
HLIE 5 Crude lipid 29.76+2.77 29.94+0.53 30.66+1.10 30.50+1.78 29.66+1.13 30.0240.27
K4y Ash 78.71+£0.33" 76.57+1.67" 75.05+0.35" 76.78+1.25" 78.02+0.80" 77.71£0.75"
AlPIMuscle
7K 43 Moisture 778.1843.42  777.42+5.28 775.29+2.94 776.39+1.26 774.98+1.89 776.40+7.62
F (ICrude protein ~ 177.04£4.34"  181.24+1.46°  181.49+1.10°  179.23=1.13"  182.70£0.53"  183.65+1.76"
LS i Crude lipid 3.830.08" 4.09+0.08™ 4.17+0.12° 3.50+0.17" 3.37+0.18" 3.1740.18"
K4} Ash 13.92+0.20 13.88+0.29 13.94+0.31 13.7140.14 13.97+0.30 13.78+0.34




33 Ty e 4 7 PR B AU R SV JRR IR 5 I Yo R ) 3 L B 7

BEALA/LAXT FF g i v ko B v P G 2 25 52 i (P> MDA & & 2 3 5 Jik J5 38 1 3, 75 R4k B b

0.05; % 7). {E.(P<0.05; % 8).
2.6 TEARALA/LAS 7= KRB ERAFRRAR I | 1L 1% 2.7 EARALA/LAYT 5 KR ZSHRAN I B A a0 &2 0
EA:EAD TARFALA/LART 78 FC S5 280 LA 38 0 5 25 5

Bt 7R B ALA/LATF &, T-AOCH: 42 % H ¥ Wi (P>0.05); BT EIALA/LATE &, WU ORE . IE
R, 4 {2 2% 71 55(P<0.05), SODFCATIF 11 5 3 5 1 MR L (Rl SRR N BR85S R S T s 1R
Jo BRI 3 2 BIER AR A e KAE (P<0.05); R, AHIE B /ME (P<0.05; 3 9).

®5 EARALA/LAX 5 R BN A AE B BR 4R A RI RN (g/ kg iR BB)
Tab.5 Effects of dietary ALA/LA on muscle fatty acid composition of P. clarkii (g/kg wet weight)

s 15 PRI Vi R (ALA/LA)

Fatty acid 0.14 (R)) 0.38 (R,) 0.74 (Ry) 1.28 (R) 2.37 (Ry) 4.54 (R)
AR T FRSFA
C16:0 0.143£0.017° 0.126+0.005" 0.137+0.011% 0.135+0.014" 0.138+0.002" 0.113+0.007"
C18:0 0.398+0.019" 0.358+0.016" 0.375+0.014" 0.404+0.006" 0.398+0.017" 0.394+0.003"
C20:0 0.040£0.005 0.039+0.003 0.039+0.002 0.04620.004 0.048+0.006 0.046+0.004
C22:0 0.029+0.005 0.030£0.001 0.034+0.002 0.035+0.004 0.034+0.002 0.037+0.003
C24:0 0.615+0.021° 0.577+0.031" 0.608+0.026" 0.645+0.038" 0.649+0.005" 0.634+0.016™
¥ SFA 1.231+0.048" 1.136+0.049" 1.19940.045" 1.249+0.051° 1.273+0.022" 1.231£0.012"
BRI AR T BRMUF A
Cl16:1 0.143+0.017 0.126+0.005 0.137£0.011 0.135£0.014 0.138+0.002 0.113+0.007
Ci8:1 1.112:£0.054 1.031£0.033 1.113+0.039 1.1120.095 1.163+0.035 1.164+0.019
C20:1 0.052+0.004 0.049+0.001 0.050+0.001 0.052:£0.005 0.055+0.003 0.050+0.002
Cc22:1 0.020+0.002 0.020+0.001 0.023+0.001 0.023+0.001 0.023+0.001 0.0220.000
¥ MUFA 1.328+0.074 1.22620.039 1.319+0.030 1.3170.111 1.388+0.039 1.3510.027
n-6 PUFA
THERC18:2 0.910+0.005" 0.944+0.014° 1.077+0.021° 0.875+0.022" 0.822+0.021° 0.787+0.004"
C20:2 0.067+0.000° 0.0640.000° 0.0610.001" 0.072+0.001° 0.071=0.001° 0.072+0.000"
C20:4 0.146+0.012 0.133+0.009 0.1380.010 0.147+0.012 0.147+0.014 0.154+0.005
>n-6 PUFA 1.123+0.010° 1.14140.019° 1.276£0.016° 1.094+0.011° 1.040+0.009" 1.013+0.003"
n-3 PUFA
TIHERC18:3 0.127+0.001° 0.13420.003" 0.152+0.003° 0.144+0.001 0.147+0.001° 0.140+0.001°
C20:3 0.015+0.004 0.018+0.002 0.022+0.004 0.017+0.004 0.021+0.001 0.021=0.001
C22:6 (DHA) 0.284+0.020 0.262+0.013 0.26120.002 0.288+0.036 0.296+0.026 0.277+0.003
*n-3PUFA 0.450+0.017 0.439+0.012 0.459+0.005 0.476+0.036 0.490+0.024 0.467+0.005
*n-3/£n-6 PUFA 0.401+0.014" 0.385+0.017" 0.360+0.007" 0.43620.037" 0.471+0.020° 0.461+0.006°

R 6 TARALA/LAX T KRB EE HIERARNT
Tab. 6 Effects of dietary ALA/LA on serum biochemical indices of P. clarkii

SV BRI/ V.3 B (ALA/LA)

A ltem 0.14 (R)) 0.38 (R,) 0.74 (R;) 1.28 (R,) 237 (Ry) 4.54 (Ry)
HEATP (L) 64.95+4.86 66.89+2.74 64.78+0.70 64.95+4.86 64.8242.10 66.50+0.82
HZ FALB (g/L) 0.93+0.14 0.93+0.02 0.92+0.02 0.92+0.05 0.91+0.08 0.9340.03
RELFESRFAST (U/L) 5.67+0.58" 5.33+0.58° 5.33+1.53° 6.33+0.58" 6.67+1.53" 8.33+0.58"
K BALT (U/L) 4233+1.53°  30.00£1.00"  30.33x1.53"  51.00:2.00°  47.33+0.58°  69.00+2.00°
Bl R B ALP (U/L) 4.00+1.00 3.67+0.58 3.67+0.58 4.00+1.00 4.67+2.52 3.330.58
HH =EETG (g/L) 0.45+0.03 0.46+0.07 0.47+0.04 0.56:+0.09 0.50+0.05 0.49+0.03
A JHEEET-CHO (mmol/L) 0.08+0.01 0.07+0.01 0.08+0.01 0.07+0.01 0.07+0.01 0.08+0.01

Hi % BEGLU (mmol/L) 1.21£0.20° 1.26+0.17° 1.3320.18" 2.0120.23° 1.81+0.52° 1.63+0.28"




8 KR R

2025, 49(3): XXXXXX

2.8 TEARIALA/LAX 5 K RZEANATRRAR . BAELH
LRI R
FH P 2R 30T L, R4 HT FB B s IE % . 4
PRLTA) BRI 4, RV NE B RS9k . esh, BE TR
ALA/LATH 1, b PG B0 i 18 9% B B AR B 5
J5£ 53 I AE R FIR 41 128 1) e KAH (P<0.05); i i 21
ZARZH 4502 72 R 44 IA B i KB (P<0.05; 38 10).
3 g
3.1 {ARALA/LAX 52 FC R ZR A KM sE RS20
AT TR I, T IR R B AR 4R k) b & ALA/LA
90.45—0.46, X 87 [ 55 IV 7 5 A0 R B8 7K P 43
#°919.58—20.97F111.00—12.39 g/kg, HALA/LA
9 0.38—0.741F, VERRYE B . AE H E R 7T
R, TR ALA/LA J90.40—0.56 0 7 S5k 35 42 i 186 2
A i % ¥ (Ctenopharyngodon idella)[zo]ﬂED
K ¥ 1 (Larimichthys crocea)” {iRIH ALA/LA%Y 5

N 10301 0.4580F 14 8 22 0 A kL 2 26 B v, H AR
ALA/LAf =1 8 AR FR = #0 K A sh A&, b
B2 R 5 ARS8 a5 AL, W RE T ALAFILA
4y AR Fn-3Fn-6 5 ¥ PUFA, ALA/LA LC AR i 11K,
R T IR R 2R N ET -6 PUFA, 2 2 A
Y5 B n-3PUFAAS 2 LA 2 7K 7= B W AE K 75
%, Hn-6 PUFA S i o e 8t SORE S L, AT 5%
M fE 7K P, ALA/LALCE =i, ERETRA L &
fIn-3PUFA, < 38t Atk e B 5 kA, 7= 248 R
Mot E AL R 2, TS A BEACER Y. BAa
FLR B, TR ALA/LAXY 3 581 . (Pelteobagrus fulvi-
draco) 1A= KM RETC 2. 35 s, {HL 5 35 52 1 A
I AR Ve Puntius gonionotus) ™|
K 55 EL g i (Colossoma macropomum)m]ﬂ] HEY
e E ARG . X R ALA/LAXS 7K 5
WA K BE B SR AF AR 22 5, T RES SEIG XS S A
K. A K.

=7 ARALA/LAR 5 KR Z AN LB R 2200
Tab. 7 Effects of dietary ALA/LA on digestive enzyme activities of P. clarkii (U/g prot)
VBRIV B (ALA/LA)

A Hltem 0.14 (R,) 0.38 (Ry) 0.74 (Ry) 128 (Ry) 237 (Ry) 454 (Ry)
JiF i Hepatopancreas
i H [ Protease 45.04+0.56" 43.17+1.04" 47.51+3.21° 47.6142.02" 53.09+0.76" 46.03+0.77"
Ji& i B Lipase 0.64+0.03° 0.60£0.04  0.56£0.01" 0.53£0.01° 0.55+0.01" 0.57+0.02"
JER T Amylase (U/mg prot) 0.54+0.03 0.52+0.00 0.51+0.01 0.53+0.01 0.52+0.02 0.510.00
% iE Intestine
7F [ f§Protease 33.34+1.19°  34.13£0.82°  32.05:0.84"  33.04£037°  32.502031°  31.36+0.93"
iR Wik§Lipase 0.48+0.01° 0.55+0.02" 0.56+0" 0.60+0.03° 0.49+0.02" 0.48+0.01°
JEK B Amylase (U/mg prot) 0.28+0.02" 0.30£0.01°  0.29+0.01™ 0.33£0.01° 0.28+0.02" 0.25+0.01°

# 8 ARIALA/LAXN 7 R E I FT AR BRI S AL M BR AU RN
Tab. 8 Effects of dietary ALA/LA on the antioxidant properties of hepatopancreas of P. clarkii (U/mg prot)
. U JRR B8/ 7.3 B2 (ALA/LA)

A HItem 0.14 (R,) 0.38 (Ry) 0.74 (Ry) 1.28 (R,) 237 (Rs) 454 (Ry)
HYTEALEE I T-A0C 19.46+0.70°  26.62+1.33%  2596+1.85°  29.25+1.3%  28.58+1.01°  29.80+1.13°
AL EFSOD 0.45+0.02" 0.5040.03" 0.58+0.03" 0.60+0.02° 0.52+0.02" 0.4620.01°
i H AL ABECAT 2.40+0.34° 6.03+0.37° 17.3621.78° 8.56+0.56  8.83+0.48° 9.96+1.26°
7§ MDA (nmol/mg prot) 8.55+0.74% 6.66+0.54" 6.33+0.54" 6.9240.31°  9.27+0.43° 15.05+0.89"

9 TARALA/LAXN 7 X R 2R AN I R A0 520
Tab. 9 Effects of dietary ALA/LA on muscle texture of P. clarkii
VR R/ TV 31 B (AL A/LA)
A ltem 0.14 (R,) 0.38 (Ry) 0.74 (Ry) 1.28 (Ry) 237 (Rs) 454 (Ry)

fif ¥ Hardness 1351.67+165.14°  1151.00+135.13"  1010.67+105.75"  972.67+82.31°  990.00+23.58"  1098.33+54.68"
NH 1% 14 Chewiness 415.28+14.87° 343.7449.53" 228.61+15.68"  215.58+5.27"  220.8949.15" 308.84+17.75°
3% Springiness 0.51£0.020 0.50£0.02 0.52+0.04 0.51=0.03 0.51+0.04 0.50+0.04
i & 1 Resilience 0.36+0.02° 0.34+0.01% 0.33+0.02% 0.29+0.01° 0.30+0.01° 0.33+0.01%
P B P Cohesiveness 0.53+0.02° 0.52+0.02" 0.49+0.02" 0.48+0.01" 0.48+0.01" 0.49+0.01"




339 Tyt 504 B ISR AR AP IV R IR 55 V. ok R F) 3 . LA 9

2 FAEFALA/LAXS BE [R5 2 0T JH BRIk 4 440 1) 52 )
Fig. 2 Effects of dietary ALA/LA on the hepatopancreas microstructure of P. clarkia
B. BAUI(4 I 41IR); E. E ANM(IR40IR); F. F 4HM(ZF4E4i); R. R 4RO 4n i), L. BRI B %L: 200x; Hofi R : 40 pm
B-cells (B); E-cells (E); F-cells (F); R-cells (R); L. stellate lumen; The magnification is 200 x; Scale bar=40 pm

K3 GIRIALA/LAXY 7 IS5 B A i i 2 1 D R
Fig. 3 Effects of dietary ALA/LA on intestinal microstructure of P. clarkia
L. &5 EL. _ER2E; M. LAER; ML. IUZ; KA % 200%; ELFIR : 40 pm
L. lumen; EL. epithelium; M. muscle bundle; ML. muscle layer; The magnification is 200 x; Scale bar=40 pm
R 10 ARALALAX 2 R REATATERAR . AAIELHALGEIDRISIN
Tab. 10 Effects of dietary ALA/LA on hepatopancreas and intestinal tissue structure of P. clarkii

i MV JRRER/ T R (ALA/LA)
Htem 0.14 (R)) 0.38 (R,) 0.74 (Ry) 128 (Ry) 237 (Ry) 454 (R,)
Jyi& Hepatopancreas

7% K Intestinal villi length (um) 394.06+22.45" 519.31:24.19° 544.94+16.18" 546.95+19.57° 557.30+14.22° 454.42+35.74"
[ 4% % Intestinal villi width (um)  446.58+21.60° 516.26+29.82™ 546.95+19.57° 517.07+26.04” 521.24+37.31 499.10+26.55"
JiT i Hepatopancreas

R $No. of R cells (1) 8.67+1.53"  1233+1.53"  17.33+2.52°  30.33+3.06°  28.00+1.73"  24.33+0.58°
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3.2 EARIALA/LAX 52 KR ZHNE 7 mn R0

FEARWF TR, AR ALA/LAKT 78 1K JR 24T 4
R WLRIZK 23 FRVLIRI K 73 F f8 0 S 35 M), 4R K
I S BATAE 22 AT B8 AT T o IR BN i e AN [A)
W RN R R . R, BRI ALA/LAK)
e, MAEARSER @R, B SE2%
18 5 B ) K, Ui BT 2 ALA/LAT] 32 5 LA 2R (1
JFAIE T A B, SRALSE SAE JLahEeniR . KB
e H A Y8R (Macrobrachium nipponense)”™®
E[) B SR (Penaeus indicus H. Milne Edwards)”"
(Siniperca chuatsi)” SR 92 dh A 5, Wk B
J SRR R ALA/LAN0.94F AT DL 2 32 = i i & %
He PR 22k Y. TP IR 0T R £ L 5 R B IO R
ZH BRI AR, ARSI BF 98 R B, LBILARIT ALAZK
SFERILEARIALA/LA N0, 745 45 £ KAH, 1iZn-3/Zn-
6 PUFALLH A & K 1H, Y SFAYMUFA:YPUFA N
1:1.1:1.4, it kLS B ALA/LAXT LIRIPUFA fig
PR DR IETRAE A . fEARRF T, B ALA/LA
N L3SIT LA . LR R AN R i
ZIN, BT fig A H T LRI G 2 o T e L JUL PR 55 ol
AR I B A, ELATREE 52 2 VLG 17%) e G iR 25 A UL PR
HWy LRz E A,

33 EARIALA/LAR 7 KR ETNE L AE H B9S2
TH A0S M T S Bl A T A R R
T 5 M o R £ R PR RN A K e AR AR ST
oby, AR O B ALA/LA R 32 1 7 B R 2
JFF TR B2 P 2 A I i i Mg s TR i T i 0 Tl
T, 2 WE B ALA/LAT] LA & v G S 2R IR 1)
WHALRE J1. B PO k) i ALA/LA 90.68—1.76HF
R % S 5 L v T MR U R i 0 R R A R L AR
FIG A B AN AR A B s 1, b A LU 1,03,
X GA RS R B XU R R ALARILA
BRSH10H115 g/kght A4 & gy v L2,
5 R g5 FAAk . TPk b i R o A I R R
PRI S, A 5 R P A i A P T e 2 S B JE 1A 1)
A, 52 Akt FAA R A R — 5, WA T

AR, BB,

JHF i i 2 RS2 sh ) S BT A RO B . B
N AL BAH M (4 WA A PR ) . REH AR (17 it 40 i)
FH A (41 4 40 i) FTE 20 A (R 41 P ), HeBAH g FIR 44
Mg 2™, fEAD R, R ALA/LATE i Bk
PRI, BF/N G s 3 2 9 5k, AR T I I fi
B, HETD U6 BE B ALA/LATT U3 i 4 R 45
o RAMIBN AT s R & i B
TE AR 58, JFF 6 iR R4H A %k 78 17 B ALA/LA N
1286 £ =, b BST JHF 8 L 85 5% 0 IO i A7 R 0 B ot o

738 A5 FEN IR o R RIS PR B B RS Y, R K
ARG F5E 36 T2 3 5 IR UACTH A E SR T IR RE 71, AT
SREE A KRS FEAR T, B ELALA/LA
Fhn, B K A B3 B 5 it R, 5
¥ 3 Y A BV 1 A X B2, 58 B & B ALA/LATR] BAk
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OPTIMAL RATIO OF LINOLENIC ACID TO LINOLEIC ACID IN THE DIET OF
PROCAMBARUS CLARKII

MA Shi-Hao', XIAO Wen-Fu"?, XIE Shou-Qi’, ZHANG Jian-Min’, DONG Li-Xue’, WEN Hua’,
JIANG Ming’, GAO Wei-Hua' and TIAN Juan"’

(1. Hubei Key Laboratory of Waterlogging Disaster and Agricultural Use of Wetland, Yangtze University, Jingzhou 434024, China;
2. Yangtze River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Wuhan 430223, China;
3. Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072, China)

Abstract: Aquatic animals are unable to synthesize n-3 and n-6 series of polyunsaturated fatty acids (PUFA) de novo,
and mainly obtain PUFA from feed to support growth and reproduction. The proportion of essential fatty acids in diet is
crucial to meet these dietary fatty acid requirements. To investigate the ratio of linolenic acid to linoleic acid (ALA/LA)
in diet of Procambarus clarkii, six experimental diets were formulated with ALA/LA ratios of 0.14 (R,), 0.38 (R,), 0.74
(R3), 1.28 (Ry), 2.37 (R5), and 4.54 (R¢). P. clarkii with an initial body weight of (5.99+0.12) g were selected for an 8-
week feeding and growth experiment. The results showed that the weight gain rate, specific growth rate, and muscle
crude fat content were the highest in the R; group, which also had the lowest feed coefficient. The gonad index was the
highest in the R, group. The R; group exhibited the highest muscle crude fat and £n-6 PUFA content, while the Ry
group exhibited the highest muscle protein content. The serum glutamic oxalacetic transaminase and glutamic pyruvic
transaminase activities were significantly lower in groups with an ALA/LA ratio between 0.38 and 0.74. The dietary
ALA/LA ratio significantly affected hepatopancreas and intestinal digestive enzyme activities. The activities of cata-
lase and superoxide dismutase in hepatopancreas reached the maximum in the R; and R, groups, respectively. The R;
group had the lowest malondialdehyde content in the hepatopancreas. Additionally, intestinal villus width was signifi-
cantly increased in the R; group, and the number of hepatopancreas B cells was significantly higher in the R, group
than that in the other groups. The gonadosomatic index of P. clarkii was significantly increased with an ALA/LA ratio
between 0.38 and 0.74. The broken-line regression analysis indicated that the optimal dietary ALA/LA ratio for P.
clarkii was between 0.45 and 0.46.

Key words: Linolenic acid; Linoleic acid; Growth performance; Digestibility; Procambarus clarkii
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