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(1. TV RFSRIEREARERE P BT 530004; 2. KRB RHCARAR  KH: 3000005
3. TR AR XOKTEEOR S TP BT 530000)

WE AT B ARIHE R R B AT 5 KR T (Procambarus clarkii) 4 T 4 K g AR AL A &
Jth &, LI 600 EATHARE N (4.00£1.00) g 8y 5% KR AAR4h 0T, BALA K S 4(L1. L2,
L3, L4 #1 L5 41), oA R AT W 2.86%. 5.11%. 7.67%. 10.19%7F7 13.02% K7 % & 5L 4o 4 £},
FRIEE Y 60 do ERET, MAERBKFOAE, HEEKESCGRELAS FHERKHHE
(P<0.05), %&¥ Z % (FCR) £ 46 1K 5 7+ 5 th # % (P<0.05), L3 4145 FCR £ % 1k T 4 21(P<0.05);
Xt SGR HATH & B A 047, 5 HRIEFGRT 4B N 6.82%. 17 EHHE M5 KT Xt 72 B R 241 AL A B9 K 2
ME MK D& ELREZWP>0.05); MAEEREEAFNE W, NAHEZREE, I
S8 KSR B (ZPUFA)F & A LB (XTAAV S B & F/H# % LS 41 th — + 8 7 )% B (EPA)
PEBTHAA, LS AW T % EBROHA)SELZFE T L1 1 L2 4(P<0.05); K& 7 k8 Hi
ARG o, MAFE, B, BREMBEEE TREYS, HLI~L3 4834 L 8 &= F(P>0.05),
L5 48 5 ek BB (X FAA), WAR (Ala) X K [TA A B (Asp) 4 & £ Z KT L1 4(P<0.05), %
Fhrak, EENAREN G ETURG AR ELENGNNEKBEANANETRER, EALE L
BT, J0REEIT 4R P I A 2R E R 6.82%~10.19%.

KR O WREEI; RAATE; AKMEE; A& ERKL

FESES S963 XEKERREE A XEHRS  2095-9869(2023)02-0214-10

75 B JREL R (Procambarus clarkii g Fr/N R EF , T
7 A VYRR AN 5L B B AR (R 5E, 2010), T 20
4 90 ARG A TR EI (B4, 2001) PRIHGE I J7 5% |
PR o 56 | IR MR AR A, O IR E R AR 4
GRURE (2 EREE, 2021), 2020 4E/NgEF= i e
{1k 3448.46 1¢7C, Wi . BEE/NEIF™

B AR, X FBC A i Rk A9 T SR A % T 1S
(HEIUANEE, 2020),

B o RN AL 32 2258 37 ) e AF I 5 1 B Y
BEREE, Hob, BRMR R E N E SR i Z —(Tacon
et al, 2008; falehhaE, 2021), g S 0 75 B W R 10
FORPE(Yun et al, 2013), 7670 [QJREIME K AT L

* PP RN L I A R Bh & Ik 4 (BB AA20302019-6)%E Bl . HEAREE E-mail: 2291434947@qq.com

© WIFEH: &
Wk B 1: 2021-11-23, WfESoR H H1: 2021-12-23

g, #H4%Z, E-mail: hkaill0@163.com; TLARIE, =2 LT, E-mail: 253346541@qq.com



%2

BERRZEA TR 7K S 5 R B MR )y R A R RE UL PRt 5 ) 5 ) 215

B8 i 8 % 5 2 75 EAE F (Tocher, 2003; Wen et al,
2021) 38 B GRREIR 7 t ASA3 RE f2 28 0 1 feke B 24
K, BET LY ARLE T . FRARIRAE AR (T R % 5,
2012; HrZUAA4E, 2014; SREMSSE, 2018). o fmSE
(2016)LA 1.82%. 3.84%. 5.79% . 7.89% . 9.91%FAll
11.95% 6 Fig i 7K T Tl R MR UG R EE Sk (4.76+0.42) g
(50 FCJE BRI, 2 R 8.74% Y il e B Wi 7K - 1] 345 B
KA 5K (2012)HEA T4 A 25 11 5 R By 7K
SRR FIRE, ZBEAKT R 24%~28% Mg K
R 6%, b QR AT A B Ee A HeAh, Xt
T TG B R SR AR AT 5 & PR, 3 B A0 BRI W 7K S K
7.60%~7.89% (il 4%, 2019), 1845 HM 1k, KT FIRR
FCARGERE R B 5 B A o AR p AR KPR RE
FEFEBR LA B LA A S SR 4 T T, T X L AT b
TR A A WL

P, ARHIFZE A KM RE LA ) A P54 L B
Fi Loy I AR S5 5 T, G [ A i 7K 7%
i QRS R G R 52, 8 76 R 5 FC R B AR 4 R L
TR S S BRVEAN B 17 X6 s DG 8 0 UL PR it S5
1) 7 i) AR B0 S At RN RL 2 A 4l

1 #MR5FZ*E
1.1 SKIEE#

SEY TR LAY | ORI RISOREA D R H R
L S 5 1 1 Fe e Al o B IR, il o5
2.86%. 5.11%. 7.67%. 10.19%F1 13.02%/J5 i 7K 1)
5 FhAFEAARL, BMACE R 1. EEERZH
ek 80 HiffiJe , & LHIBEHIRS), MANRN 5 &
IKTEREFEDL P SR G, FH/NELZE LA A A% 3 mm
K 5 mm BYRORLEDRL, TR —20CRAF %

1.2 LIRS EFEE

SEESHRIE VLR A IR A B, FRAE SR T
IV R A K B M R (J7 T, 1.0 mx 1.0 mx0.6 m)
AT, SEERTFLAET, TEFRFEMTYIFR 7d 5, R
faoH: B SE LT AR AR LAY ZEF 600 F&[(4.00+1.00) g],
BEHLAT N S 4, WA 3 ANEE, BER 40 BEF,
A H FHE(06:00 A1 19:30) MR A E A 3% AR,
B H A RTINS E BRI, WLEEIT I oK
M. BERIET RO, B2 KK 173, FRE M LA
BHE A iy, L K A S T S me/L,
KK 25~30°C, pH Ky 7.0~7.7, EAMET 0.05 mg/L,
FRFE AR 60 do

1.3 Hm*E

BOEERTZE & 24 h, XPERLERSE T8, FREE, H
TIRESE KSR . AR 10 BEF, f#5 08
SRR . LR AN MR, FREEJS T-80°C ok flifr & H,
TR AR B R 232, WLRAEAS B 7000
FL o Bk dstn . BRI A R . &4 K38
PRIt AT

7% 2 (survival rate, SR, %)=100%Ng/Ng;

¢ 7€ A2 K % (specific growth rate, SGR, %/d)=

100X (InWy—InW,)/D;

H 4 Z (flesh content, FC, %)=100xW,/Wy;

HFAR+5 £ (hepatosomatic index, HSI, %)=

100xWH/Wyg;

A8} 22 $ (feed conversation ratio, FCR)=Wy/Wp;
K, N AWIREEEL, Ny WAKEE, Wa hWIiaRIk
JiiE, Wy NERETTE, D MSEE KRB, Wi hE5T
JEFRNLAI ., Wh AR AR E, Wi S AR
W A3
14 HWES o

FRUE SRR E ik Ko &R 105°ClE
U T Bk 2 B 5 (GB/T5009.3-2016) 5 HHL I 4 2 & f
550°C D3 4 K 5E 12 (GB/T5009.4-2016) ;. HLE H & &
FHEILIG & A (GB/T5009.5-2016) ; HLAS I & & & K
47 (GB/T5009.6-2016).,

JLPR %) JBE R 4 A 2 77 . SR TMS-pro #4Jiit
FEJASC I 35 T 49 #7125 (texture profile analysis, TPA){
7E(Cai et al, 2018), llE MLPIRERE | REEBPE sk
Btk BERPEMEE

HILIA 7% & 41 2 2K (cooking loss, CL, %) E 17
2 BUULAARE S BR 25 R MK 4 5 AR (W), 28 A [ &t
AT K P74 5 min, EBREEKSEHRE
(Wp), CL=(Wi—W,)/Wrx100%.

R E vk . S E4E RAE(2010), RHA
R, i GC Smart (GC-2018)" A 0,15 4Y
(Shimadzu, H 7<)l & AL P Bg 7 R 20 AR % 2

AL E Ik S JY/T019-1996 , f#i
Biochrom30+#4 Z{ ££ 8 1 3/j 53 1 { (Biochrom, ¥ [F)
W 72 2 FE TR 2H B AN 5
1.5 HIEHSH

SIS BARI ] SPSS 19.0 BAFHEATSEITH 0T,
ANOVA i ik 47 5. K & 43 #7 (one-way ANOVA),
Duncan’s %647 2 8 AT, v B (634 FH T34
PR IE2E (MeantSD)F~, P<0.05 £RZER 3%
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Tab.1 Formula and nutrient composition of experimental feed (% dry matter basis)

AL Diet group

JE B} Ingredients

L1 L2 L3 L4 L5
ffi#} Fish meal 8.50 8.50 8.50 8.50 8.50
M1 Soybean meal 40.00 40.00 40.00 40.00 40.00
AR Rapeseed meal 15.00 15.00 15.00 15.00 15.00
4 Flour 13.00 13.00 13.00 13.00 13.00
iR — & 45 Ca(H,POy), 1.00 1.00 1.00 1.00 1.00
S ALHABH Choline choride 1.50 1.50 1.50 1.50 1.50
) B R R Mineral mix' 0.50 0.50 0.50 0.50 0.50
YA ZWURAL Vitamin mix® 0.50 0.50 0.50 0.50 0.50
3 NaCl 0.50 0.50 0.50 0.50 0.50
T EEKY Yeast powder 1.50 1.50 1.50 1.50 1.50
7B Kelp powder 2.00 2.00 2.00 2.00 2.00
R L4748 E Carboxymethy cellulose 2.00 2.00 2.00 2.00 2.00
A EF 4EE Microcrystalline cellulose 10.00 7.50 5.00 2.50 0.00
fa3H Fish oil 0.00 1.25 2.50 3.75 5.00
i Soybean oil 0.00 1.25 2.50 3.75 5.00
K EHiPE Soy lecithin 1.00 1.00 1.00 1.00 1.00
WRSEH; Shrimp shell powder 1.00 1.00 1.00 1.00 1.00
K Squid meal 2.00 2.00 2.00 2.00 2.00
B FE 4 Y, Proximate composition
HLZE 4 Crude protein 31.70 31.32 31.79 31.40 31.67
MG WT Crude lipid 2.86 5.11 7.67 10.19 13.02
HLZT4E Crude fiber 15.74 12.31 10.03 8.14 6.64
HLK 4 Ash 9.23 8.36 7.62 7.17 6.95

0 1. B EWIRAE: 4E4EF A2500 1U, 442 B, 0.2 mg, 4i4EE B 15 mg, 442 B, 15 mg, 442 C 160 mg,
#i2E D0.05mg, 4i4EE E 10 mg, 4E4-F K35 mg, MR 5 mg, MR 40 mg, HLEE 155 mg, ZHR45 20 mg, AHE 0.2 mg.
2. BT R YWHRBURE . BERE: 1.4 g, BilREE 30 g, B4 03¢, BRMRTEL 1.5 g, &1k45 280 g, Sfbfi 0.5 g, HA1LEh

0.5g, AALHN 7, WULET 0.15 g, BEMR S 4D 450 g,

Note: 1. Vitamin premix per gram: Vitamin A 2500 [U, Vitamin B, 0.2 g, Vitamin B4 15 g, Vitamin B, 15 g, Vitamin C 160 g,
Vitamin D 0.05 g, Vitamin E 10 g, Vitamin K 35 g, Folic acid 5 g, Niacin 40 g, Inositol 155 g, Calcium pantothenate 20 g, Biotin
0.2 g. 2. Per kilogram of mineral premix: ZnSO,4 1.4 g, MgSO, 30 g, MnSO,4-H,0 0.3 g, FeSO, 1.5 g, CaCl,280 g, CuCl, 0.5 g,

CoCl, 0.5 g, KC1 7 g, KI 0.15 g, K(H,PO,), 450 g.

2 HRE5HH

2.1 {AHHAE B 7k 3 B BRI 2 4R 4 4R A K AR L A
b

2 WoR, DRHIR D E i 2 R e S IR R I 2R
R (FBW) . FE B K F(SGR). AR (FC). Ak
I A(SR) . A4 B (HSD DKL R £ (FCR)(P<0.05),
H, FBW. SGR & SR %2 FTH#a#, 78 L3 411k
P f W S R R #; HSI & B JHE#; FC S
TR, LS A5 FMKT L1 41(P<0.05); FCR £

BN REAE TR py ke, L3 4 W R F H 4 A
(P<0.05),

PVEEHIR Wi 7K HAB R (X), LA SGR A R AE
WIEPTZIal1H , K15 2 JF HEAAACME, BViABHIg I K
Fh 6.82%I, B [C R B MR S MR AR AT e KRR AR KR
(K 1),

2.2 fARBERA 7K T 3 5e BRI 2 R 4h SR AL P9 B B A
MR ZERBRKENRIN

TR 17 7K % 5 T S 8 R 40y R L PR Jo g e
RAEBEBRFN W ILZR 3, DIRARERE | #id: . %
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Tab.2 Effects of lipid levels on growth performance and feed utilization of juvenile P. clarkia (Mean+SD, n=3)

i H Items

k4l Diet group

L1 L2 L3 L4 L5
W h A i IBW/ g 4.00+1.00 4.00+1.00 4.00+1.00 4.00+1.00 4.00+1.00
LRI i FBW/g 24.58+1.69° 25.1442.42% 27.64+1.53° 25.51+2.05% 24.40+6.03°
P KR SGR/(%/d) 30.14+0.62° 31.07+0.57% 35.24+0.51° 31.68+0.67% 29.83+0.93°
HPEE FC/% 12.22+1.45° 11.83+0.97% 11.67+1.25%® 11.36+0.96%° 10.73+0.78°
AL % SR/% 77.50+2.19° 85.00+1.97% 90.00+1.4188"  85.83+2.36% 80.83+2.27%
JiF A48 %0 HS1/% 5.35+0.49° 5.96+0.29° 6.23+0.34% 6.47+1.16 6.77+1.18°
kL R % FCR 1.55+0.02° 1.50+0.04° 1.32+0.03° 1.47+0.02° 1.56+0.03°

e FAT EAR AR R RN 22 53 B 3 (P<0.05) . IRl

Note: Different letters on the same line indicate significant differences (P<0.05). The same as below.

40 y=1.070 7x +26.572 y=-0.653 7x +38.341
R*=0.903 6

N N W
S W O
T T T

—
o
T

6.82

P K& SGR/(%/d)

1 1 | | | 1 |
0 2 4 6 8 10 12 14
TERHIE 7K Dietary lipid level/%

S W

B BT IrE Bl o W Al fee A 5 K-
Fig.1 The optimal lipid level evaluated by

linear regression analysis

Ve Bk . ORI RN R A 2 R B 5 7T
T R, ZEERKFNRW B, Hop, L1, L2
L3 M pRERE | stk BERME . BhbE KR &M
RFETWH2EF(P>0.05); 5 L14HMI, L4, L5 4
FORE B s B MR L NEWE R RN AR T AR

® 3 FEBERAK T3 5E IR EHR 4 4R AL fa JR

(P<0.05); L5 HAYEERMRAL, BEMTHA 4 4
(P<0.05); 5 L1 ZHAHI, L4, L5 HRZEER SR
F T8 (P<0.05),

23 {ARAERK XN REZERNAERE TR

sEAl

Tl kA 17 2 X LR 7K 43 AR DL RO 43 B
TR FH R (P>0.05) (3% 4), MixHHAEH & A BE
M (P<0.05), H - FHZMEIEMG, Hi, L5445
& T HAb 4 (P<0.05).,

2.4 R #BE AR 7k T 3 52 BC IR 2 R 4h MR AIL PO A A R R
SRR R

i, [C RS MR AR LA o A 16 Fh S R
Hrr, t AR (SFA) 4 #, FAHIFINENTR(MUFA)
4, ZAMFNEPiHR(PUFA) 8 F (3% 5). 1aRHIE T
AKE X B RS D5 R (S SFA) & 8 LS B A FI I
fiR( X MUFA) & 1 7 i 52 1 (P>0.05) ; {H i 2 52 1 i &
AFPRIHTR( X PUFA) & #:(P<0.05), Ffifg /K- A3

% i

Tab.3 Effects of different lipid levels on muscle quality in muscle of juvenile P. clarkia (Mean+SD, n=3)

JULPA it St TRkt Diet group
Muscle quality L1 L2 L3 L4 L5
fifi & Hardness /gf 421.31423.21°  413.26+19.78°  391.78+21.36™  366.42+20.10°  342.15+36.87°
B¢ Springiness /mm 66.62+0.04° 63.13£0.04° 60.47£0.06° 54.42+0.07° 52.62+0.11°
KRR PE Cohesiveness /% 56.35+0.12° 49.76+0.09° 47.10£0.13° 43.13£0.16 39.27+0.12°
Fitt Gumminess /g 235.93+17.36"  202.50+18.81°  184.41+16.39™  157.56+17.62°  133.44+18.90"
NI Chewiness /mJ 157.18£6.02°  127.84+5.64° 111.35+6.21° 85.74+6.73¢ 70.22+10.90¢
[A]4Z 1 Resilience 36.24+0.12° 28.83+0.11° 26.51£0.12° 17.76£0.13¢ 12.99+0.15¢
FEE LR Cooking loss /% 8.99+1.10° 9.17+1.07° 9.66+1.15° 11.15+1.46° 14.34+2.36
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Tab.4 Effects of lipid levels on muscle composition of juvenile P. clarkia (Mean+SD; n=3; %)

A% Diet group

5 44 4

Iji H Items
L1 L2 L3 L4 L5
7K 43 Moisture 77.65+0.28 78.0620.42 78.91+0.63 78.3620.77 78.57+0.75
HMUAEW; Crude lipid 1.2140.27° 1.774+0.09° 2.01+0.14° 2.26+0.19° 3.13+£0.16*
KL% 1 Crude protein 19.31+0.30 18.16+0.42 18.13+0.31 18.210.29 18.15+0.42
JE4Y Ash 1.15+0.10 1.19+0.08 1.22+0.19 1.15+0.14 1.20+0.03

R 5 PRk T 5E PR IR 2 R 4 R AL P B A R 28 A B R P

Tab.5 Effects of lipid levels on fatty acid composition in muscle of juvenile P. clarkii (Mean+SD; n=3; %)

i H Items

Ak Diet group

L1 L2 L3 L4 L5
C14:0 1.59+0.23 1.64+0.35 1.76+0.37 1.69+0.09 1.550.49
C16:0 14.26+1.03° 13.44+1.35° 13.07+1.12% 12.12+1.58° 12.39+1.69°
C17:0 1.27+0.06° 1.49+0.24° 1.72+0.28? 1.32+0.37° 1.66+0.21°
C18:0 6.95+0.59% 5.97+0.88° 6.97+0.39% 7.26+0.86" 8.040.44°
> SFA 24.07+1.64 22.54+1.37 23.52+1.52 22.39+1.43 23.64+1.09
C16:1 0.27+0.02° 0.44+0.01° 0.69+0.01° 1.86+0.10° 0.65+0.07°
C18:1 24.26+2.87° 22.07+1.96% 23.31£2.09° 20.89+2.37° 19.96+1.28°
C20:1 1.75+0.09 1.88+0.14 1.96+0.07 1.90+0.01 1.97+0.36
C24:1 0.57+0.02° 0.98+0.07%° 0.72+0.11° 1.01+0.09° 1.26+0.05°
> MUFA 26.85+1.02 25.37+1.06 26.68+0.92 25.66+0.88 23.84+0.97
C18:2 12.97+1.73 13.01+1.51 13.37+2.06 13.4142.13 13.16+1.91
C18:3 1.15+0.16° 2.2040.19° 3.0140.13° 3.11+0.09° 3.00+0.26°
C20:2 1.92+0.05° 1.76+0.16 1.28+0.09" 1.27+0.18° 1.15+0.21°
C20:3 0.00£0.00 0.00£0.00 0.100.00 0.170.03 0.21£0.01
C20:4 13.36+2.31° 13.47£2.37° 12.07£1.63° 12.15+0.96" 11.12+1.15°
C22:2 9.77+0.02° 10.10+0.96° 10.77+0.77° 11.01+0.63° 13.21+0.63°
EPA 0.92+0.15° 0.96+0.03° 0.71+0.07° 0.87+0.12° 1.61£0.19°
DHA 1.26+0.21¢ 2.37+0.20° 3.36+0.31% 2.96+0.12% 4.31+0.23°
EPA/DHA 0.73+0.13° 0.41+0.12° 0.21+0.11° 0.39+0.05" 0.37+0.09°
> PUFA 41.35+1.14° 43.87+1.10° 44.67+1.07° 44.95+0.96° 47.77+£1.21°

IIRWT G, {5 L2, L3 F1 L4 425K 8%
3 it

(P>0.05); L5 4y EPA & EERTHAE 4 4
(P<0.05), L5 41/ DHA &mB# KT L1 A L2 4
(P<0.05), {H5 L3 1M1 L4 41 JC & 3 2 = (P>0.05),

1% 6 R, FRDREIE I 7 s LA ) B 7 2 3
FR(ZEAA)FH | FER(Glu) . HZFR(Gly) & & i
FRM(P>0.05); 5 L1 AL, LS 1A% E ek 3t
MR( S FAA) &t IN AR (Ala) B K T4 S MR (Asp) ¥ 77
i i PR AR(P<0.05); BV IR (X TAA) & = AR i
KFER TR E LT A, Ls 4E2F KT L1 4
(P<0.05); H Y FAA FIXTAA &HE7E L1~L4 4Hi0)¥y
25 A E(P>0.05),

3.1 {ARAS ALK T3 5e FC IR E AR 40 B A KM RE RIS M

AWFFEH, PEE T & iR 2.86%~7.67%H, A5
9 B 8 ke o G 28 AR 40 i 5L AT o 2 AR A AR
MZERS W &5 4 10.19%~13.02% 5, A7 A4 A KA
o 1E =P F % (Portunus tritubercul atus)(Huo et al,
2014), ZI%%5UF(Cherax quadricarinatus)(Rodriguez-
Gonzalez et al, 2013)F1 L4 X} iR (Litopenaeus
vannamei) (Xu et al, 201828055 P & B, & BEHGNT &
HYEHE N, IR REEE, AR, it
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Tab.6 Effects of lipid levels on amino acids composition in muscle of juvenile P. clarkii (Mean+SD; n=3; %)

Tk}l Diet group

i H Items

L1 L2 L3 L4 L5

SERER Te” 0.62+0.36 0.66+0.12 0.64+0.76 0.72+0.89 0.68+0.77
FEHEMR Leu” 1.46+0.06 1.54+0.23 1.29+0.15 1.43+0.21 1.27+0.20
WA Lys 1.2340.84 1.02+0.71 1.15+0.39 1.07+0.42 1.11£0.24
& R Met 0.31+0.09 0.37+0.10 0.33+0.06 0.39+0.09 0.47+0.03
JRE R Thr' 0.65+0.17 0.69+0.11 0.66=0.20 0.61+0.14 0.62+0.12
R Try” 0.20+0.03 0.24+0.05 0.14+0.07 0.18+0.01 0.160.00
R Val" 0.34+0.12 0.39+0.08 0.37£0.11 0.43£0.13 0.47+0.09
KN Phe” 0.67+0.11 0.52+0.09 0.59+0.11 0.47+0.15 0.45+0.13
AR Ala" 1.38+0.21° 0.97+0.42° 1.12+0.12% 0.88+0.14° 0.87+0.09°
i &R Tyr 0.58+0.03 0.68+0.02 0.43+0.02 0.51+0.03 0.49+0.07
KITEH R Asp’ 1.67+0.06 1.45+0.12° 1.58+0.07° 1.39+0.02%° 1.2640.06"
BAMR Gl 2.16+0.11 2.16+0.13 2.13+0.09 2.12+0.10 2.04+0.08
HE&m Gly 0.91+0.11 0.89+0.11 0.90+0.08 0.94+0.12 0.92+0.10
LR Cys 0.10+0.02 0.13+0.03 0.09+0.01 0.10£0.02 0.11£0.07
=R Pro 0.52+0.06 0.19+0.09° 0.28+0.07° 0.21+0.02° 0.17£0.01°
2R Ser 0.64+0.12 0.68+0.14 0.60+0.12 0.63+0.11 0.66+0.13
HER Arg 1.57+0.22° 1.68+0.12%° 1.64+0.16% 1.80+0.09* 1.83+0.11°
R His 0.48+0.03 0.36+0.02 0.34+0.01 0.39+0.03 0.40+0.04
BT AR Y EAA 5.48+0.12 5.43+0.23 5.17+0.20 5.30+0.19 5.23+0.10
SRR IR X FAA 7.37+0.14° 6.67+0.17%° 6.75+0.12%° 6.31+0.15% 6.03+0.09°
REIER Y TAA 4.71+0.15° 5.26+0.09% 7.72+0.42% 8.12+0.21% 8.14+0.25°

. BAA*: WIHEILIR, FAAN: BERREILEL .

Notes: EAA*: Essential amino acid, FAA”: Flavor amino acid.
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Abstract
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Procambarus clarkii Girard is an economically important cultured shrimp in China, and

lipids are an important component of its raw feed materials. Studies have shown that adequate lipid

content in feed can promote the health of aquatic animals, improve the utilization efficiency of feed

protein, save protein, reduce feed costs, and reduce nitrogen emissions. Insufficient lipid content in feed

leads to metabolic disorders in breeding animals, reduces the utilization rate of feed protein, and is

accompanied by a deficiency of fat-soluble vitamins and essential fatty acids. However, a high fat content

inhibits feeding and growth and leads to excessive fat deposition in the fish body, which decreases disease
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resistance and is not conducive to feed processing and storage. At present, studies on the dietary lipid
content of P. clarkii have mainly focused on growth performance, biochemical indices, and conventional
nutritional components of muscle; however, studies on muscle quality, amino acid composition, and
content have not yet been reported. This study investigated the growth performance, muscle texture
indices, nutritional components, and food flavor of P. clarkii by determining the effect of dietary lipid
content on the growth performance and muscle quality of juveniles. The aim of this study was to provide a
reference for the development of compound feed for juvenile P. clarkii and to provide a theoretical and
scientific basis for rationally evaluating the effects of fat on the muscle quality of the species.

Five experimental diets with lipid levels of 2.86%, 5.11%, 7.67%, 10.19%, and 13.02% were
prepared using fishmeal, soybean meal, and rapeseed meal as the main protein sources, and a mixture of
fish oil and soybean oil in a ratio of 1:1 as the lipid source. A total of 600 juvenile P. clarkii with an initial
body weight of (4.00+£1.00) g was randomly divided into five groups (L1, L2, L3, L4, and L5 groups)
with three replicates per group and 40 shrimps per replicate. They were fed five groups of experimental
diets at 6:00 and 19:30 each day and cultured for 60 days. The experiment was carried out in an
aquaculture pond (square, 1.0 m x 1.0 m x 0.6 m) at the Guangxi University.

The results showed that as the dietary lipid level increased, the specific growth rate (SGR) and
survival rate (SR) of juvenile P. clarkii first increased and then decreased and were the highest when the
dietary lipid level was 7.67%. The feed conversion ratio (FCR) at first decreased before increasing again
and that of the L3 group was significantly lower than that of the other groups (P<0.05). Using the specific
growth rate as an evaluation index, through broken-line analysis, the optimal dietary lipid level of juvenile
P. clarkii was estimated as 6.82%. Dietary lipid levels had no significant effect on the moisture, crude
protein, and ash contents in the muscle (P>0.05). With the increase in dietary lipid levels, the cooking loss
(CL) and crude lipid, polyunsaturated fatty acids (3;PUFA), and total amino acid (}_.TAA) contents of the
muscle showed an increasing trend. The content of eicosapentaenoic acid (EPA) in the LS5 group was
significantly higher than that in the other groups, and the docosahexaenoic acid (DHA) content in the L5
group was significantly higher than that in the L1 and L2 groups (P<0.05). With increasing dietary lipid
levels, muscle hardness, elasticity, cohesiveness, and gumminess decreased and there were no significant
differences between the L1 and L3 groups (P>0.05), whereas dietary lipid levels showed no significant
difference in muscle saturated fatty acid (SFA) and monounsaturated fatty acid (MUFA) contents
(P>0.05). The contents of umami amino acids (3 FAA), alanine (Ala), and aspartate (Asp) in the L5 group
were significantly lower than those in the L1 group (P < 0.05).

Under the conditions of this study, within a suitable range of fat content, growth performance
increased with increased fat content; however, the addition of excessive fat cannot promote growth.
According to the broken-line regression analysis of the specific growth rate, the optimal dietary lipid level
was 6.82%. When the dietary lipid level was higher than 10.19%, the deposition and efficiency of muscle
fat, muscle fat content, and nutrient loss increased, and the muscle texture index and Asp and Ala contents
significantly decreased. The nutritional value, taste, delicious degree, and flavor of the muscle of
P. clarkii were significantly decreased. As it does not affect the muscle quality of the shrimp, the dietary
lipid content should not exceed 10.19%.

Based on the analysis of various factors, the optimal dietary lipid content is beneficial to the healthy
growth of juvenile P. clarkii and improves nutritional value and muscle quality. It is suggested that the
dietary lipid supplemental level of juvenile shrimp should be 6.82%~10.19%. This study provides a
theoretical basis for the scientific optimization of feed preparation for P. clarkii juvenile.

Key words Procambarus clarkii; Lipid level; Growth performance; Meat quality; Nutritional
content



