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3. TR ARAR WL #2%  314400)

WE  h T H R R K e 4% % 4T (Cherax quadricarinatus) AL 7 F AT i BE 9 fig i B 4, 5 5
Wzt AR, HI90d(F MAERKF), 140d (F ZHAERF & #)Fr 180 d (IR A & i #) M2
BEN, 2N EXNAFFRRAEGERFEHRNEGE. FRET, 90d LB HITALA F 192
ERAABEETES THM 2 M H(P<0.05); MAEETHERALEAERLEMELEFASE
BEEHME IR TEN TR, WRARAEKHENAFERREELN, MEHREK,
FofE TR (SFAVE- B 2 TR %; T A s iR MUFAY S E 2 £ E AR THE L &S, 140d
4B R E[(25.6940.42)%]; % A fs i (PUFA)A B 2 FAHey i (ba ¥, AFEIL+ SFA 4B
3AEKEEANLEEMEZEFP>0.05), MUFA 2884 FAtE TR T L&Y, 140 d 4 ERT
[(37.44+0.59)%)], Ti PUFA 4 &% {5 MUFA B4 4 K. ERNMEITFHELERL &, 180d (7 44
BV L AT LA W 0L T A 48 £0(49.96%) 5 T KA B R K 4 4/ R T A 4 8 (FAO/WHO) T 2
#WR(31.50%)fn 2 & & & E RN (43.10%), ERAERNE AW EER, G LT, EXLRAE
Ketde, MLAFFERTNELR ., RN EEHELRE, AREENTHAR LK RO
WERFER., FROEETRAFEMRT S KIE,

FKEgin

hESES S963  TEEFRIRAD A

21 5 WF (Cherax quadricarinatus) X 44 “IRPH IR
K g R, J8 B H 49 (Malacostraca) . + &£ H
(Decapoda) . {1 # #F £l (Parastacidae) . ¥ # IF J&
(Cheraxy, Jiij= T KFIW, 4ME 5 5 K2 iR
(Procambarus clarkii)fL(f1 3L IT, 2004), & A4 5=
WK ZTFIF R Z — CREHEE, 2000), LLEEARE TR

SEHA, AKEH; LA HER; EE; BIR
TEHE  2095-9869(2021)06-0084-09

FELMARS ., Rz, %Rz, 2R
AR T i IR IR L R 2 — (2 iE, 2009). Bl
LLRCEIF N T H M AR B R I8, 5 97 T SR AN
i A0 L FTTC A TDRL bl = A8 A 21 285 28 R 3R B ol mT i
K JE B BRI R R (P 5 AR, 2010) ZLREZEIFAY A K
KEBR T 2B SRR R I A PR DN 2R A 52
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(R, 1997; 2245 1998; KT, 2010), 651k
PRGN (R 4L R VI A 56 (T & 245, 2004), Bl
FAFEAE K LT, AL R IER RSN R & &
A BTN TR (W28 85 4, 2001) . H AR X iF (Penaeus
japonicus) I\ 51 & & RN G IR A L FR v, A Ui 8 a0
R & iz 7 I F+ (Marangos et al, 1990). 7 % iF
(Penaeus monodon)fifi & BRI, LA N H &R
AR &2 TS, il iR & g -t
CR4A5F, 1995), sulCIR B ARG URALIA N =+ ik
TR R (EPA)FI — - /S M iR (DHA) Y 5 i Wl 3 =
TR AR (B I AEZE, 2011), LA FIHF JEE AR Sy R
50 F BB AL, A FEER AR R A AS [R) AT g S 2
HAEE IR AR )25 5 (Chen et al, 2010), [FlAT,
JF IR B AR Ay M 88 S A7 i 7 AR AL RE R ) R B
(o 455, 2013), AFFEHORIRENAE K I AR 5 i
RRZALAG , T fift 4T B AU SR AR A R X

1E4 Rk, AT SR MR AR o 2 L 1R g s 7 ) TF
% H 253 %, Wnrp4E 4905 % (Eriocheir sinensis)/E K &
B T & B R 1Y R A (VL kg, 2003) . MRBEH
iRt (Oratosquilla kempi) A ] % & IF3 JIE 25 AL IR i 2
2R M (EBEWREE, 2007) . H A TH #F(Macrobrachium
nipponensis) 1 % f# (Callinectes sapidus)it it & & i 72
i U TR 2 R AR b S (24T %, 2003; 2R [ AE,
2011), {HAG L BB ARAIR KT B BRI IR 2
R ZH o BT R BIE I 0 R WL AR GE o L, ASBFSE X 3 A4
A K B ) 218 A AL PR T A P i s e R 3
R L BHEA T T LA BT, RSN R AR K o B 2T B B R L
A 0P 8 R PN T 0 T A S i e 1 A8 AR A, B A T A
M7 i 4T BB A K A R E BRI R 2 O HL
A BT RS2

1 HREE
1.1 LI

AT 5 JIT ) 1 %6 285 R T V148 g T A
AT BN EI AR Y R —HE G IF , 4330 3758 T 3 A L3
i, AN HEERN 2000 m?, KRR 1 m, FEAHBERE
Y1255 5000 /667 m?, 3 MIEFREEE R H
B MR FE— B, S0t AR R BT IR R a2
(AN EE

1.2 IRt

BEFLBEZE 90 d (28 —MEAF R &K F) (18.34+
0.17) g. 140 d (55 —PEAF % B MFO[(35.76£1.56) g].
180 d (PEMESE A MBV[(54.28+2.55) g] 3 PHHTAYLL

BEIFAA 30 H, ok, B B A5 I
10 2, Frfzrdaar ikt . o, fRAME
UKURJG BOILR FIF AR ZH 2, & T 2 mL B0 RA
HRJE RAF T-80C Uk A, JH T /5 SR Wy R Al = HE 1R
AN AE

1.3 #EHRMNERFE

1.3.1  f§ W Bk A R R B bl R i FH V2 VR TR L
(WA TR TG ABR ARl SITA-10N/12N/18N)
—60°CT# 48 h, KT8 5 M RE SR EDLAL U8R A
FIRTSAA BR ST, SG-350C)FT B 4 2 i ot , (A7
#H .

A% GB 5009.168-2016 ¢ £ i F i 17 R Al I <2 )
b, IS ST (Agilent 6890, K F), K
FHARE 233 A3 A3 DU JUL PR R g %) g s 7 5 4t o
A% GB 5009.124-2016 { £ 5t 2 FE R A E ) 45
W, FIH Biochrom 30 Z &R A sh AL (FEE), KA
g /K A TR BRI A2 o TE KM AR, SRR
QRPN , L, KX BP0 50T o
132 AABEREL LESAR S 31NN SRR~ -
RS BN g/mg, FET FAO/WHO #iLHY 4
FE 1 b R ARE RN XS B B 1 o Y 2 R R b A Sk A 7
WITE, MR BRI TE /T (AAS) . L2 T4 (CS) R
FIRIEENEAAD) . THHEAUT (3K B 7 5, 2006):

AAS=IXFERE & FE R % 5 /(FAO/WHO 143
B AR 5 [ P S R 7 1) 5

CS=iFEAE it 22 FE 1R 5 it /0 B A 1 g o [
T

EAAI_Q/wOAX 100B_ 100

AE  BE JE
Kf, n WM LTEEREE, AL B, . JH
2L B FLAFHLN b b 75 E LR 7 1 (mg/g prot); AE.
BE. -\ JE JNARHHE F 5 [l Fh 2 IR 7 it (mg/g
prot),

1.4 HIEHH

JIT AR 7 IR 5040 S ARG i, 2 R AR A 4 %)
i, S5 PL MeansSD #/R, SRJH SPSS 19.0 #E47HL
[ 2577 % (one-way ANOVA) T, & 1K P<0.05,

2 HR

21 TEENAREKEANAMTRENSER

HIZE 1 R, BR (VR A e 2 B AE A it /K i i 7
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IR, ZUESECAR LD A I 3 16 Ao R
B NRFTTE Y 7 FhobTs & 3m . 2 Fhp s %9@%
Jo 7 AR AR AR . o, B ER RS E R Y
femr, HAE 3 AN 22 5 18 25 (P<0.05), 7E 90 d i)
SRR, N(14.14+0.14)%, 10 2R & & A7E 180 d
I 4(3.00+0.10)%, W& w1 90 d Fl 140 d. #iZR |
WETR . RNARAKE AR & H7E 90 d B 5T
HoAlh 2 B HI(P<0.05), 5007 2L IR B AR b s 3
— 3, MR IR S A 3 MERE N A B
FEEF(P>0.05), BEREILIR S ETE 3 NS
3 (P<0.05), 256 LTHE TR, 7F 140 d
A E e, M(38.01£0.32)%.

HH % 2 AT, ST ECECHR AR rh R I 2 16 AL
HR, BRI S HEM(17.07%~24.06%), S5HLA
PR R, A 1/4, FUIFBERR & AR A

R1 AREKMPNIEZENNASTERNTN

Tab.1 Changes of amino acids in muscles of red
crawfish at different growth stages (%, dry matter)
Zﬂé}.‘ 90d 140d 180 d
Composition
LR e 3.55£0.04  3.44£0.06  3.45+0.06
LA Leu 6.49+0.05°  6.26£0.06°  6.37+0.09
R Met 1.7240.11 1.4340.19 1.78+0.50
R Lys 7.21£0.07*  6.8440.09°  6.93+0.06
2. Thr 3.37+0.05 3.32+0.06 3.30+0.12
R Val 3.83+£0.04°  3.63+0.04°  3.73+0.04°
ARNAR Phe 3.41£0.02°  3.36+0.01°  3.40+0.06%
HE R His 2.16+0.05 2.13+0.10 2.16+0.01
FER Arg 9.66+0.16°  9.13+0.09°  9.15+0.08"
T 41.40£0.04* 39.65+0.05° 39.98+0.31°
EAA
KA Asp 8.56+£0.05°  8.23+0.09°  8.48+0.13*
2GR Ser 3.45£0.04  3.37£0.05 3.33+0.08
H& R Gly 3.71£0.16  3.79+0.38  3.41+0.09
HER Ala 4.39+0.06  4.34+0.15  4.40+0.03
1% 2 B2 Tyr 3.23£0.02  3.20£0.04  3.22+0.07
A% B2 Glu 14.14+0.14°  13.3140.21°  13.80+0.08°
fiti &2 Pro 2.68+0.04°  2.65+0.06°  3.00+0.10°
e FEEILR  40.17£0.43  38.86+0.92  39.66+0.38
NEAA
HE IR L 37.71£0.06* 38.01£0.32* 36.70+0.03°
DAA
M LR TAA  80.61+1.38  78.52+1.37  80.20+0.93

e [FAT B 5 B [R) R 7s AS () A R g 400 22 5 Wl 2%
(P<0.05), A

Note: The values with different small letter superscripts
are significantly different (P<0.05). The same as below

i, Hip ) TR . AR TR SR LR 2
FEMR A 3 A IR P 25 7 (P<0.05),
HE TR, B, HamRMN AR
3 SRR JC 8 35 1 22 55 (P>0.05), BRit=Z4h, H
LR 5 w48 5 R A R AR L A — B

R2 FAREKMPNIEZNFRBEIERHOTL
Tab.2 Changes of amino acids in hepatopancreas of
red crawfish at different growth stages (%, dry matter)

4
’Hﬁ.. 90 d 140 d 180 d
Composition

SRR Tle 1.124£0.04*  0.95+0.05°  0.80+0.02°
TLE IR Leu 2.02+0.06° 1.71+0.08°  1.43+0.09°
ER IR Met 0.34+0.07  0.34+0.04  0.27+0.04
W4 B2 Lys 1.76+0.05 1.49+0.07° 1.23+0.02°
JhE MR Thr 1.37+0.04* 1.16£0.06°® 0.97+0.02°
AR Val 1.36+0.04*  1.14+0.07° 0.96+0.02°
KN AR Phe 1.2840.04* 1.05+0.06° 0.89+0.02°
21 % B2 His 0.67+0.02° 0.54+0.03° 0.46+0.01¢
AR Arg 1.69+0.06° 1.51+0.07° 1.18+0.02°
WES LR EAA  11.60+£0.35"  9.88+0.48"  8.19+0.16°
KA Asp 2.89+0.10° 2.32+0.14°  2.11+0.04¢
22 5 R Ser 1.1940.04*  1.10+0.05°  0.84+0.02°
H4 R Gly 1.36£0.05 1.14£0.07  0.98+0.02
NER Ala 1.36+0.04  1.13+0.05  0.98+0.07
B R Tyr 1.31£0.05* 1.06£0.07°  0.90+0.02 ¢
K EZ IR Glu 3.26+0.10° 2.75+0.14° 2.31+0.05©
fiti &R Pro 1.08+£0.03*  0.9240.05° 0.77+0.03°
JE LTS A 12.46+0.39" 10.31+0.55"  8.88+0.18°
NEAA

WELR S LS DAA  11.61£0.39°  9.54+0.47°  8.16+0.16°
BE IR TAA 24.06+0.72° 20.20+1.03° 17.07+0.33¢

2.2 ST EEEERAN[E A A< B HA L P A0 AT AR AR P B B B2

% 3 AT, N[ A A B 2D BB AR LA s 1
FREA L —EL, PIRINE] 15 FRIRIRRZL 7y, ELAIREE K
JETE 18~22 ez ], PR3, Hep, 4% 7 fpiy
TG WIBR(SFA), o BRER & 5 36.78%~39.69%,
C16:0 & 5(16.22%~16.78%); 3 R B IS
BR(MUFA), (5 EAGIIRR & 23.78%~25.69%, H
H C18:1n9, & % 15 (21.32~22.86%); 5 FhZ AN FI
REWIFR(PUFA), i S IWITR & 1Y 35.29%~39.42%,
A5 MR (C18:2n6,) . WFRFR(C18:3n3) . {4 H I
fi%(C20:5n3)Fl1 -+ Zh /S MR (C22:6n3) 4 Fhdh i g
ifR, Hrr, C18:2n6, & ffifm(16.15%~22.18%).
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*3 AEEKFENIEETNA
BERAEE K 224K (%, EARNITR)
Tab.3 Changes of fatty acids in muscles of red
crawfish at different growth stages (%, total fatty acid)

Confgjjmon 90d 140d 180 d
C14:0 0.84+0.05  0.74+0.05 0.710.09
C15:0 0.59+0.11°  0.50£0.07°  0.41£0.03°
C16:0 16.78+0.27  16.22+0.45  16.50+0.48
cle:1 1.48+0.09°  1.96+0.19*°  1.54+0.06°
C17:0 2.14£0.54*  1.15%0.07°  0.96+£0.01°
C18:0 11.80+0.19  12.30+£0.32  11.87+0.07
C18:1n9, 21.3240.25  22.86£0.34  22.06+1.12
C18:2n6, 17.79+0.93°  16.15+0.68"  22.18+0.94°
C20:0 0.75£0.05*  0.54+£0.08"  0.57+0.08"
C18:3n3 1.85+0.10 1.88+0.03 1.99+0.13
€20:1n9 0.97+0.08  0.87+0.07 0.71+0.09
C20:2 2.60+0.11°  2.09+0.11°  2.46+0.04°
C23:0 5.43+0.40  6.22+0.40 5.77+0.35
C20:5n3(EPA) 11.87+0.65° 14.27+0.73*  10.26+0.88°
C22:6n3(DHA) 2.26+020  2.57+0.14 2.00+0.46
Y SFA 39.69+0.86* 37.35+£0.94°  36.78+0.58"
Y MUFA 23.78+0.92°  25.69+0.42°  24.31+1.12°
Y PUFA 35.2940.03°  37.58+0.42°  39.42+1.16°

fF 90~180 d A KIFEH, SFA FHETFH
AR, 90 d B 5 i = [(39.69+0.86) %], Hifr,
SFA H HA C15:0, C17:0 F1 C20:0 7£ 3 AN A
i EPE2E R (P<0.05), HARfb#aHA S SFA fEF—E
MUFA & 7E 3 DA KA B2 1 25 % (P<0.05),
B FIHE TR, fF 140 d B SRR
[(25.69+0.42)%]., PUFA & &7E 3 A4 KA R A H
A P2 7 (P<0.05), B EFAAS L, 7E 180d
IS B [(39.42+1.16)%[, 5 C18:2n6, ZRfkifaFh—
£, i C20:5n3 WIEESE ETHE NS LS 7E 140 d
A R e [(14.2740.73) %]

2% 4 AT, N [a] A K B T 21 B AR i R iR 4 g
WmR 4 N — 5, FAGIE] 27 FRESHIRR, BREE K FEALE
12~24 B2 18], AU45 T 10 b SFA, (5 EBENRR &0
28.03~29.39%, H:H1 C16:0 7 i 5(19.20%~20.32%)
7 Flt MUFA, 5 SRR & 1Y 29.48%~37.44%, H
H C18:1n9, & 8 5% 5 (28.96%~33.54%), 10 F' PUFA,
i SRR & 50 35.64%~42.44%, Hrb C18:3n3 &
¢ 5(3.80%~5.21%).,

SFA & HE7E 3 ] E 0 1 21 25 5 (P>0.05),
BT RIS TR & i 5 SFA & ARl 4 —3,
FULEAR A AR B, SFA &t TR 2 . MUFA &

RS LA IR ARE S, TE 140 d B & i s
[(37.44+0.59)%], FEARILAE C18:1n9, F & WAk,
M PUFA 5 MUFA Zfbia ez, RETHE
TSR, 7E 90 d I A 5 (42.44+0.77) %,
Hp LA C18:3n3 Ml EPA 8L N E .

R4 AEEKMEBNIEETAREBRERBRNEL
Tab.4 Changes of fatty acids in hepatopancreas of
red crawfish at different growth stages (%, total fatty acid)

243 Composition 90 d 140 d 180 d
C12:0 0.10£0.01  0.08+0.02  0.11£0.01
C14:0 1.44£0.09  1.11£0.17  1.44+0.16
C15:0 0.56+0.13  0.44+0.02  0.50+0.02
C16:0 19.2040.32  19.50+1.24  20.32+0.18
Cl6:1 3.03+0.17°  3.33£0.12°  3.64+0.14°
C17:0 0.46+0.03  0.43+0.02  0.40+0.01
C17:1 0.26+0.01  0.26+0.01  0.27+0.01
C18:0 424+0.18  4.65£0.17  4.74+0.07
C18:1n9, 0.19+0.04  0.15+0.12  0.16+0.02
C18:1n9, 28.96+0.23° 33.54+0.48" 31.78+0.22°
C18:2n6, 27.54+0.72  27.63£0.61  26.07£0.51
C20:0 0.57+0.02  0.60£0.01  0.56+0.03
C18:3n6 0.35+0.18  0.17+0.01  0.12+0.06
C20:1n9 0.73£0.19  0.61x0.11  0.44+0.08
C18:3n3 5.21£0.51°  4.13£0.11°  3.80+0.31°
C20:2 0.59+0.09  0.59+0.01  0.61£0.10
C22:0 0.46+£0.06  0.30+0.07  0.37+0.09
C20:3n6 029 +£0.04 0.35+0.06  0.29+0.04
C22:1n9 0.11£0.24  0.43+0.13  0.08+0.01
C20:3n3 0.54+0.03  0.51£0.12  0.46+0.03
C23:0 0.74+0.12  0.63+0.04  0.63+0.08
C22:2 0.12+0.01  0.10+0.03  0.10+0.01
C24:0 0.32+0.07  0.28+0.01  0.30+0.02
C20:5n3(EPA)  1.30+£0.22°  0.86+0.17°  1.16+0.13%
C24:1n9 0.19+0.08  0.12+0.01  0.16£0.05
DPA 0.18+0.01  0.16+0.01  0.17+0.02
C22:6n3(DHA)  1.38+0.14  1.53+0.15  1.30+0.25
> SFA 28.09+0.49 28.03+1.19  29.39+0.21
> MUFA 29.48+0.43° 37.44+0.59° 31.54+0.23°
Y PUFA 42.44+0.77° 35.64+0.68°  39.08+0.42°

23 EFMMETFELR

M2 5 a0, 44T 180 d A LT B EL AR AILIA
) 2 FE R 0 A, AT LA & BHL AR — FR ol 1k 2 R 1R o 401 &
iR, B _BRHMHERER AT AR, AAS i+ T
0.76%~1.31%Z[1], CS /T 0.58%~1.03%Z[H], D7
TR 5 BRI 50%A 4, BFEET FAO/WHO
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PEAIRUE(31.50%) Fl 43 HR A B CPE A0 bR ifE(43.10%)
(Seligson et al, 1984),

x5 180d AEENFNAPLFEIRERNARSTMH
Tab.5 Composition and evaluation of essential amino
acids in 180 days red crawfish muscle

FAOwHO MEEF 180d
wik Bl
415r  pao/wHo Wholeegg it
Composition score mode PrOteIN Content ) xs (s
. mode /(mg-g
Amg-g >
prot ™) (mg-g prot )
prot™)
BEER e 40 54 34 0.85%*% (.63%*
SLE R Leu 70 86 63 090 0.73
JNE R Thr 40 47 33 0.83 0.72
MR Lys 55 70 69 125 0.99
R Val 50 66 37 0.74* 0.56*
RN AR+
W& Phet 60 93 66 1.10 0.71
Tyr
JF Total 315 416 302 096 0.73
SEAA/ETA
Al 31.50 43.10  49.96
EAAI 70.90

Heo* S —PBRAIPEZIERR S BRI R
Note: * The first limiting amino aicd; ** The second
limiting amino acid

3 e

31 ARERKFHIEZMTNAFIITRIR D RER
HE TN

B TR A A AR A ) A, SR LA A R Y
R, BEW AR A T o) 4R i BB i (PR,
2014), ZEEMRAE N H BT SEA A, 7RI A 3
BLEE R L0 7 B AT o A8 b & 5 5 AR F Ol e 5,
2018), Coloso %5(1980)F1 Shewbart 5(1972)#F 5% &
B, TEBk = 55 2R | 024 R AN 45 2 R 5 O 5 R SRR T
BETXPUR S SZ BH L AR g, B, TEAERK AT IS
T, T EE S ISR 2 SRR 2 SR B B
T EFER T R EYLE, 2003), FEARMEH, A
AR BT LT BB AR LA o T R e B
M2 5 B TR LIS W BE 5 Ghanawi %5(2012)
PF R AR —3, EER LRI NAERKE T I
b, EEREEH TR AR, HAEBSTH
PERR R B ET, HUARS A — 2R EFRY T, DURIIE
G S IE R T, BT, 7E 140~180 d AR
KE B R, LB AR WLIA 5 Z IR A5 W 5 2

FEMR I AE R AW 2 . 7 AR B A AWML & L
PIAE T 5 2 B A R rh = AR i 2 A o A3
kR Xk 55 4, 2015, 22707, 2014), &Mt
KRS 5 & A B, S s s s e R A
K (van Acker et al, 1999; fSEASEE, 2019), EA
Whoerh, BEMREEAE 90 d i F T HAL 2 4wt
W, UEIIFEPER R B, R, AR
THAERE Z 38, LA Ue s 2 FLAA i 1 5 A 0 AR i T
3. KL, 140~180 d B, N FELLZEEARmE bR 72
BT, RIPUAR R E AT I Z R .

AR AT SR, HoekshW iR b i & A
ML FRRE T REAE R AL SUIE & (1) 4 BN o)), 0 RBAR
AU & B (L4, 2015a), L, A5,
3 AT ST B A v L TR o S T RRAIG, AT RES
H5THWRAAEST, HIFBRERH AR B N RT,
PR i SR L AR AN K, AR
P BEER S E AR 2 WA RRE LG S5
Tk AR AR GRS (201 5b) T T AR GBS R Y F
GER I, AN S 0 AR L JBORT 28 B R A B A8 (e i 5
TRACHE, PEm DR MLl B s 2, NI, FRearsss
WRAN R B A fR rh, AT DUE S us a1 B, LA
PRUE£S 50 A= L) RE Y IE # 47 o
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Ao BT L, 2D ECES R LA R — s SR M S
HRE S EN S ERAN,

4 NG

FEAN ) A A I 3], 212 R JUL PR R T IR i v i
MR RAERR & AR T RERAL, RYIAREILA
T JBR g X 2 ok i M 17 2 40 ) PR BE AN [) o W 545
SRy T L1 R W A [R] P 30 7 5 0 5B T A A 5K
PR T IERTORE, X S R A T 2T B B A R SR A
AR

Z £ X #

ASSAF B, TAL L, GIDEON H. Annual cycle of spawning and
molting in the red-claw crayfish, Cherax quadricarinatus,
under laboratory conditions. Aquaculture, 1997, 157(3/4):
239-249

CAI S L, LI M. Advances in polyunsaturated fatty acids. Life
Science Research, 2003, 7(4): 289292 [ZXXE, Ztf. £
AHFIRR T FR RORT FEHE . AR A FHARIESE, 2003, 7(4):
289-292]

CHEN G, XIONG Y L, NEWMAN M C, et al. Effect of vacuum
packaging on the quality of red claw crayfish, Cherax
quadricarinatus, tail muscle during frozen storage. Journal
of the World Aquaculture Society, 2010, 41(3): 358-368

CHEN Q. Application of phosphomolybdate in protein
separation and purification. Master’s Thesis of Northeastern
University, 2014 [, B4HEBREREE AR B aifb
FINE AR SE. AU R 2 FI AR 5008 3, 2014]

COLOSO R M, CRUZ L J. Preliminary studies in some aspects
of amino acid biosynthesis in juveniles of Penaeus monodon
Fabricius: I. Incorporation of "“C from (U-'*C) acetate into
amino acids to precipitable proteins. Bulletin of the
Philippine Biochemistry Society, 1980, 3(1/2): 12-22

FENG G N, WANG A M, SHAO R, et al. Analysis and
evaluation of nutritional components of Procambarus
clarkii at different growth stages. Jiangsu Agricultural
Sciences, 2011, 39(4): 395-397 [HTifE, TER, AbE,
S5,y RSB AR AN [ A 1 B BUE IR 10 70 i 504, T
TRAERE, 2011, 39(4): 395-397]

GHANAWI J, PATRICK S I. Molting, reproductive biology, and
hatchery management of redclaw crayfish Cherax
quadricarinatus (von Martens 1868). Aquaculture, 2012,
358-359: 183-195

GONG Y, LI Y K, CHEN L, et al. A comparative analysis of
fatty acid profiles in muscle of Dosidicus gigas from
different harvest locations in the eastern Pacific Ocean.
Progress in Fishery Sciences, 2018, 39(6): 149-156 [51 7.,
Zrdl, B, S AKX ZEZ LA R R
H TS AL b BR2EiE R, 2018, 39(6): 149-156]

GUO Z L. The study on lipid nutrition of juvenile and post-larval
redclaw crayfish, Cherax quadricarinatus. Master’s Thesis of
East China Normal University, 2010 [58/54K. £IEOGEER
(Cherax quadricarinatus){ -4 Az 2l iR A B8 SR B9 SY. 484
IIE AR BT AR A 2383, 2010]

HUANG K, WANG W, LI C H. Requirement of essential amino
acids in Penaeus vannamei. Journal of Fisheries of China,
2003, 27(5): 456-461 [#Hl, £k, KL REHAXIF
T E IR T B &, K=2:4], 2003, 27(5): 456-461]

JIANG H B. Protein nutrition of Chinese mitten-handed crab,
Eriocheir sinensis. Doctoral Dissertation of East China
Normal University, 2003 [{1.355. HAegi BB E A RE S+
ABRBTSE. AR R A P A 2 8 3, 2003)



90 ook B

2 R 42 4%

JIANG K Y. Studies on improvement of meat quality and related
candidate genes in aquatic animals. Doctoral Dissertation of
Chinese Academy Sciences (Institute of Oceanology), 2012
(55 58 55 . 7K™ Sl PR T3 XU 3 R B3 A R R O fg 126 26 PR AT
58, ERLA BT AR BE (VT T T ) P AT 58 AR 2
B3, 2012]

JINL B, MU CK, SONG W W, et al. Analysis of the nutritional

fatty
hepatopancreas during the soft shell hardening period of
Portunus trituberculatus. Journal of Biology, 2013, 30(2):
23-27 [Wiarix, BEEFS, R, 5. iR TRt
AR BT RAR A4 7% 173 AR DT BRI oA A= %
&, 2013, 30(2): 23-27]

LAUTIER J, LAGARRIGUE J G. Lipid metabolism of the crab
Pachygrapsus marmoratus during vitellogenesis. Biochemical
Systematics and Ecology, 1988, 16(2): 203-212

LI H, ZHAO Y L, WANG Q, et al. Variations in biochemical

composition

composition and the acid composition in

during  embryonic  development  of
Macrobrachium nipponense. Journal of Fisheries of China,
2003, 27(6): 545-549 [Z=4T, WA=p, LHE, % HARIF
Jiea A B ARG B EZ AR LA, 7K, 2003,
27(6): 545-549]

LI J. Studies on the effects of physical and chemical factors in
water environment on the reproductive performance and
larval development in Cherax quadricarinatus. Master’s
Thesis of Ocean University of China, 2009 [Z=if. /KIREE
PR TR - 0 212 B MR T Mk R RN A M 7 15 M R 5
Hp 2B AR A ST AL 25 18 S, 2009]

LI S F. ¢cDNA cloning and expression analysis of the enzyme
genes related to ammonia metabolism in Fenneropenaeus
chinensis and study on effect of these enzymes in the
detoxification of ammonia following ambient ammonia
stresses. Master’s Thesis of Dalian Ocean University, 2014
(20 PR IRE AR SR ) cDNA Tefe & HAE
BRI T AOE . RIS RS ML AR
BT, 2014]

LI S G, CHENG Y X, ZHOU B, et al. Changes of main fatty
acids and lipid classes in second ovarian development of
spawning blue crab, Callinectes sapidus. Journal of Fishery
Sciences of China, 2011, 18(3): 194-201 [Z=M[E, AL,
JAl, A BRI ORI A O A T R Bl R R R
Wi FARZE ARk, HhEK T RME, 2011, 18(3): 194-201]

LIT, JTIAO WM, LI, et al. Effects of light and temperature on
artificial cultivation of red crawfish (Cherax quadricarinatus).
Aquaculture of Tianjin, 1998(1): 32-35 [Z5f¥, fETH, 2=
A, AF. LI SR LB EIF T H BB, KUK
72, 1998(1): 32-35]

LI X X, GONG Y S. Protein nutrition of Eriocheir sinensis. Food
Safety Guide, 2015a(29): 80 [ZEfHEE, FEH . Ryl sk
BEARESR. BREaSH, 2015a29): 80]

LI X X, GONG Y S. Analysis of nutrition demand of Eriocheir
sinensis. Animals Breeding and Feed, 2015b(11): 42-44 [2%

JigE, 28 L. RGBSR E SRR . FRAHS 1
%}, 2015b(11): 42-44]

LIANG Y Q, SUN M, HAN A S, et al. Amino acid analysis of
the protein of Penaeus monodon. Marine Sciences, 1995(3):
27-30 [HW 4, Ph, EhEFTAE, 4. BEST X HF (Penaeus
monodon) 8 H it i & ZE TR /AT R, 1995(3):
27-30]

LIUF, LU X K, LIU Y Y, et al. Effect of starvation on amino
acids and fatty acids of juvenile Larimichthys crocea.
Progress in Fishery Sciences, 2018, 39(5): 58-65 [Xli&, H
ANKE, XUBHBH, 25, YU gl LA v 2SR AR
TR LS. Ul BLHEE, 2018, 39(5): 58-65]

LIU S H, CAO J M, HUANG Y H, €t al. Effects of different
linolenic acid/linoleic acid ratios on growth performance
and fatty acid composition of juvenile Litopenaeus
vannamei. Chinese Journal of Animal Nutrition, 2010, 22(5):
14131421 [XIBEtE, HRW], dlicte, 55, R R ANTE L
JRIR AR HEXT FLAATEE XS BRI 0 A R BE AR D R 2H B
M. S TR, 2010, 22(5): 1413-1421]

LIU SN, PAN L Q, LIU M Q. Effects of ammonia exposure on
key detoxification metabolism associated genes expression
in swimming crab Portunus trituberculatus. Transactions of
Oceanology and Limnology, 2015(2): 99-106 [XIf:55, &
B, XRBL. R E X = P T i A S s I
FIZRIBRIREM. HEPENITREH, 2015(2): 99-106]

LUZJ, YECK, SARATH BV, et al. Cloning and expression of
glutamine synthetase from giant
(Macrobrachium rosenbergii). Journal of Fisheries of China,
2019, 43(3): 3-16 [FaEA, ML, SARATH BV, 4. %
TR VA R A Mt e 5 B il 55 R 0 s B 5 0k K 2841,
2019, 43(3): 3-16]

MARANGOS C, ARAUJO B A C, CECCALDI H J. Variation in
the level of free amino acids during larva development of
Penaeus japonicus (Crustacea,
Archives Internationales de Physiologie et de Biochimie,
1990, 98(1): 41-51

ROBERT C R, ROBERT R S. Effects of purified dietary fatty
acids on the fatty acid composition of freshwater shrimp,
Macrobrachium rosenbergii. Aquaculture, 1989, 77(2/3):
157-174

SELIGSON F H, MACKEY L N. Variable predictions of protein
quality by chemical score due to amino acid analysis and

1984, 114(4):

freshwater prawn

Decapoda, Penacidae).

reference pattern. Journal of Nutrition,
682—691

SHEWBART K L, MIES W L, LUDWIG P D. Identification and
quantitative analysis of the amino acids present in protein of
the brown shrimp Penaeus azrecus. Marine Biology, 1972,
16(1): 64-67

SHI Y Y. The brief description of red crawfish (Cherax
quadricarinatus). Fishery Guide to be Rich, 2004(23):
38-40 [41 3000, ZIBEAR IR, WL BE TR, 2004(23):
38-40]



Ze R A A () A O 2128 B ST UL DA DT R A oA 2k P R 7 R A2 £ e 91

VAN ACKER B A, VON MEYENFELDT M F, SOETERS P B.
Glutamine as a key ingredient in protein metabolism.
Nederlands Tijdschrift Voor Geneeskunde, 1999, 143(38):
1904-1908

WANG C L, YIN F, SONG W W. Analysis of lipid and fatty acid
composition during embryonic and larval development of
Oratosquilla kempi. Journal of Zhejiang University (Science
Edition), 2007, 34(2): 223-227 [E&H, 7K, K.
TRE 121 Wl R JU N 4 AN [+ i 5 S0 AR 2 e g s R 2 1k o
Br. LR R GRAEI), 2007, 34(2): 223-227]

WANG Y H, YE J Y. Current status and prospects of nutritional
research on red crawfish. Feed Research, 2004(7): 38-41
[ERE, Marn. AEEIFERVRTIR RS, Wk
5T, 2004(7): 38—41]

WEI K L, HU T L, LI K. Research progress on the relationship
between intramuscular fat, fatty acid and pork meat quality.
Chinese Abstracts of Animal Husbandry and Veterinary
Medicine, 2012(11): 50-51 [F53ebk, BKTe, 2. Ly
RIU7 BRITR S5 %6 A A Bt = S R P b g, P R & 0
PBE 3, 2012(11): 50-51]

WU Z X, CHEN X X, LIU X L, et al. Effects of different
photoperiods on the reproduction and growth of red
crawfish (Cherax quadricarinatus). Freshwater Fisheries,
2000, 30(3): 4-5 [RA&HT, FRFNHE, XIS, 25 AFEDEHE
SR LT B ME BA B A=K s oKL, 2000, 30(3):
4-5]

WU Z X, ZHAO G Z. Analysis of nutrient compositions for
Cherax quadricarinatus. Journal of Hubei Agricultural
Sciences, 1995(4): 59-62 [S:GH, BEER. AW L1 5
BAFEFRII T, WHLARM A, 1995(4): 59-62]

WU Z X. Study on tolerance of red crawfish (Cherax
quadricarinatus) to salinity. Journal of Hydroecology,
1997(4): 20-21 [RAEHr. LLEEAPXTER LR SZ PRI AT
KAERESGE, 1997(4): 20-21]

YAO C L, WANG W N, WANG A L. Advances in research on
nutritional requirements of shrimp amino acids. Feed

Research, 2001, 1(1): 15-16 [Wh3R2, E4EE, E4H). UF

RAEFEREFTORNPF IR, R, 2001, 1(1):
15-16]

YI R K, HU H G, WANG S H, et al. Analysis and estimate on
nutritional components in muscle of Procambarus clarkii in
Poyang Lake. Journal of Nanchang University (Science
Edition), 2013, 37(3): 255-258, 276 [Sitd, #1k B, £
wt, S BSPHI B [C R B AR LR R 4 A i 5 TP
BB KR BB, 2013, 37(3): 255-258, 276]

YING X P, ZHANG Y P, YANG W X. Comparative study on
fatty acid composition of hepatopancreas of Eriocheir
sinensis mature crab, egg crab, abortion crab. Oceanologia
et Limnologia Sinica, 2004, 35(2): 141-148 [ EHEH, 7Kk
I M E. TR EI% Eriocheir sinensis)ZVE | 1P
T T R DT PR A U LU RIS e ST,
2004, 35(2): 141-148]

ZHANG C J, LIU Z, WANG S Y. Muscle percentage in rainbow
trout and analysis on the nutritional composition of the
muscle. Reservoir Fisheries, 2006, 26(4): 83-85 [IKE T,
XHE, EAR. A8 PR R E TR . KA
Ak, 2006, 26(4): 83-85]

ZHANG Y J. Effect of salinity, temperature on the non-specific
immunity of turbot (Scophthalmus maximus L.) and study
on some immune related genes in crayfish (Pacifastacus
leniusculus). Doctoral Dissertation of Ocean University of
China, 2010 [3KEEW. b FBEFIIRRE XS RSSO E 4 e s
SIS KR KBS EFAR O S e R 7 IS b IR R
AR A AR S, 2010]

ZHANG Z K, GONG L J. Cultivation technology of red crawfish
in alpine region. Scientific Fish Farming, 2014(5): 32 [3§ &
B, JUBTL. mE b IX LB AR AR TR R, Bl et
2014(5): 32]

ZHOU J J, LI J S, WANG Q J. Advances in regulation of
omega-3 polyunsaturated fatty acids on fat metabolism.
Academic Journal of Second Military Medical University,
2019, 40(1): 76-81 [JHl i, ZEFKH, A4 Omega-3 £
AN T i s A8 5 VR RIS dE g . 20 — 25
F2A, 2019, 40(1): 76-81]

(BH H )



92

-
el

woor B o

AminoAcid and Fatty Acid Analysesin the Muscles and Hepatopancr eas
of Red Crayfish at Different Growth Stages

QIN Gaochan', CHEN Honglinz‘@, CHU Tiangi', QIAN Haojie’, LOU Bao®"

(1. School of Fishery, Zhgjiang Ocean University, Zhoushan, Zhegjiang 316022, China
2. Ingtitute of hydrobiology, Zhejiang Academy of Agricultural Sciences, Hangzhou, Zhejiang 310021, China
3. Haining Honghai Breeding Co., Ltd., Jiaxing, Zhejiang 314400, China)

Abstract This study investigated changes in fatty acid and amino acid contents in the muscle and
hepatopancreas of red crayfish (Cherax quadricarinatus) at different growth stages, i.e., before the second
sex development (90 days), at maturation of second sex (140 days), and at gonadal maturity (180 days).
Sixteen types of amino acids in the muscle were found, and the content of essential amino acids (EAAs) at
90 days was significantly higher than the other two periods (P<0.05). However, the content of EAAs and
non-essential amino acids in the hepatopancreas of crayfish decreased gradually. Among fatty acids, the
saturated fatty acids (SFA) in the muscle showed a decreasing trend; the monounsaturated fatty acid
(MUFA) content first increased and then decreased, reaching peak content of (25.69+0.42%)% at 140
days, whereas the polyunsaturated fatty acid (PUFA) content increased from 90 to 180 days. Furthermore,
the SFA content in the hepatopancreas showed no significant difference among the three growth periods
(P>0.05); the MUFA content first increased and then decreased, peaking (37.44+0.59)% at 140 days,
while the PUFA content showed the opposite trend. Moreover, the evaluation of nutritional value revealed
that the EAA index (49.96%) of the muscle of 180-day-old (marketable) red crayfish was higher than the
FAO/WHO score model (31.50%) and the whole egg protein model (43.10%), which is considered an
ideal source of high-quality protein. In conclusion, the consumption of amino acids and fatty acids in the
muscle and hepatopancreas is different. These results provide a theoretical reference for understanding the
nutritional requirements of red crawfish at different stages of growth and development.

Key words Red crawfish; Different growth stages; Muscle; Hepatopancreas; Amino acid; Fatty acid

@ Corresponding author: LOU Bao, E-mail: loubao6577@163.com; CHEN Honglin, E-mail: shmilyweight@126.com

%42 %



