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Abstract: To investigate the difference in the comprehensive quality of free amino acids (FAA) in crayfish meat from
different co-culture modes, the FAA composition of crayfish tail meat from three representative co-culture modes in
Xinghua city of Jiangsu province was determined, and the contribution of FAA to the taste of crayfish meat was evaluated by
computing the taste active value (TAV). Comprehensive evaluation of FAA in crayfish meat was performed using principal
component analysis (PCA) and cluster analysis. The results showed that 17 amino acids were found in crayfish meat from
each co-culture mode, and the total amount of FAA was 21.80-27.11 mg/g. Arginine (Arg) was the most abundant FAA in

all samples, accounting for 55.64%—67.76% of the total FAA, which was much more abundant than the other amino acids.
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Moreover, Arg contributed the most to the taste of crayfish meat. The TAV of the sweet amino acid alanine (Ala) and the
bitter amino acid histidine (His) in crayfish were greater than 1 for all co-culture modes, indicating that both amino acids
contributed to the taste of crayfish meat. The TAV of glutamic acid (Glu) as the amino acid with the strongest umami taste
was greater than 1 only in crayfish meat from rice-crayfish mode with one-rice and two-crayfish in a field (RC2). Three
principal components were extracted for the 17 amino acids, which cumulatively explained 89.937% of the total variance
and could reflect the comprehensive information of amino acids in crayfish meat. The results of PCA showed that RC2
ranked first, and crayfish-crab mode (CC1) ranked last. The hierarchical cluster analysis divided crayfish meat from different
co-culture modes into three categories. Similar results were obtained by PCA. This study demonstrated that the

comprehensive quality of FAA in crayfish from rice-crayfish co-culture mode was better than that in crayfish from the other
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co-culture modes.
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Table1 Contents of free amino acids in meat of crayfish from different co-culture modes
RCI ccl RC2 LC 2 RC3
AR ﬁi@ B (ﬁi’) K Hel% ﬁi’) Kt ﬁi’) it ﬁj—; B % ﬁf—g) /%
RARBAsp**  0.02£0.00 0.06 0.010.00 0.04 0.02+0.01 0.08 0.01+0.00 0.06 0.02+0.00 0.08 0024000  0.09
REFGI  024+0.02 0.90 0.12£0.03 055 0.35+0.08 131 0.21+0.02 0.95 0.22+0.06 0.90 0174000 077
JREMThr  2.48+0.04 9.16 1.76£0.08 8.01 1.92+1.04 7.14 1.83£0.16 8.38 1234025 5.09 1214004 554
#EFMSert  0.8410.04 312 0.40%0.03 1.82 0.87+0.21 323 0.59%0.05 271 0.40+0.10 1.65 0.41%0.00 1.89
HZMGly*  1374£0.08 5.06 0.38+0.02 174 2.17+0.63 8.08 123+0.10 5.63 1.49+036 6.18 100003 459
HEMAL*  1.99£0.11 732 1.2840.08 5.84 272+0.77 10.14 1.80+0.17 8.22 2.8540.69 11.81 1.75+0.03 8.03
%P0 0.59£0.02 218 0.40£0.03 1.82 0.36+0.24 1.35 0.37+0.02 1.70 0.13£0.03 053 0.20%0.01 0.93
EMArg 15861062 5850 14794087 6740 14934451 5564 12724108 58.12 15.65+£349 6492 1476+0.11 6776
BEMRLys”  0.53+0.02 1.96 0.57+0.04 2.58 0.62+0.20 230 0.49+0.04 223 0.20+0.04 0.85 0.28+0.00 127
BERVA®  045+0.02 1.66 0.23+0.05 1.03 0.30+0.09 112 0.29+0.03 133 0.14+0.04 0.58 0.19+000 085
FEMTyr  0.65+0.02 241 042+0.02 191 0.80+0.59 298 0.62+0.06 2.82 0.73+0.20 3.03 0494000 225
KHEARPhe’  0.15£0.01 055 0.07£0.01 0.33 0.05+0.32 0.19 0.10£0.01 0.44 0.02£0.03 0.08 0.09+£0.00 042
SRl 02040.01 0.75 0.07+0.01 033 0.12+0.04 047 0.15+0.02 0.70 0.08+0.02 031 0.09+0.00 041
REML  0.39£0.02 143 0.17£0.01 0.76 0.24£0.08 0.90 0.28+0.03 128 0.13+0.03 0.56 0174000 076
EHEERCys  0.13£0.00 0.49 0.09£0.01 043 0.15+0.07 055 0.140.01 0.64 0.09+0.06 036 0.10+£000 044
EEBMet™ 0212001 0.79 0.37£0.03 1.70 0.26%0.11 0.96 0.24£0.02 1.10 0.13£0.04 055 0.16£000  0.74
% MHis  0.70£0.03 256 0.610.03 2.80 0.70+0.19 259 0.57+0.06 261 0.37+0.09 152 0474001 2.16
HFAA 27.11+1.03° 21.94%13" 26.83+8.56" 21.89+1.87™ 24.1045.54™ 21.80£0.20°

BERFAA  0.26£0.02° 0.97 0.130.03" 0.59 0.37£0.09" 1.39 0.22+0.02 1.02 0.24+0.06* 0.98 0.19+0.00° 086
TRFAA  6.691027° 2470 3.82+0.17° 17.40 7.674+2.62° 28.58 5461048 2494 596%1.39° 24.72 4374£0.10¢  20.10
DERER 4421013 1630 3244023 1194 350+1.88" 12,93 3394031 1249 1934045 712 2184004 804

TEe o SEREEIR; « ARG #LHEER: ARBEER; FITARTHRRERESE (P<0.05) ; B TATIES K, UxEs&r.

X EFAAREM0.04%~0.09%. WFHERAIERES H
TR BRI S HET 12% ~16.30% 2 8, HtF
BB ARCIM W IREHITH P L FRAER ST ER S
( (4.4240.13) mglg) , HFAAREM16.30%, RC2
5 REEIFN R D FERERSEESRCILEEER,
CC277 5 3 1y 7 [ i B 0 PN o b 75 28 R 7 = A M1
( (1.93+045) mg/g) -
22 WERSHT

FHER LA, RO %58 1 e [C R 2 0F P H Glu
HEN (035+0.08) mglg, 3w T HAFRuEB R 5
IR R A, TCCIIRFARL 1 o IR B AR A Glu sy &
A% ¢ (0.1240.03) mg/g) » RC2IFFEAL M o7 [C B
IR P E R E L FZ (Thr. Ser. Gly. Ala) & &N
& ( (7.67£2.62) mg/g) , HFAARR128.58%, 1H
R HRCIFHEBEA MR ZER S EERALE . CC13%
BB E R R R & K ( (3.82£0.17) mg/g) -
Ser I Thr 9 & k& L 1R,

Xof AN [] 7 B AR ) e IR B IR IFA AT TAV EAT PP
r (R2) , KA ERRMTAV/IT L, X5 Q)5 2 aF
WIHIEERTETTHR . ArgfITAVEGR, Tk K. Arg/efT
A FR AR 2 o FC 5 0T A R FAA S B EG 91 e v 1) 2
LR . 6 ZH T PC iR 20T PR F D R S R R Alla R R 2 i
FEHisHKITAVHES K T 1. GlufE i mk i 5 1 & 518,
HAERC2EE X 50 (KR ZEAF A TAV K T 1. A ARC,
RC2. CC2w [RJEEIFAH HIGIyFITAV KT 1, 7514

1.06. 1.67. 1.15, EBR{EHZEREE. BT XFAARLK
HI4Ea M, RILFEHERERRC2 I 78 S JiR B N P ) e vk
AR SRR I TAV iR i, RIE B WSS .

£2  AWIFEAE Y 5 G B UF IFAA T TAV

Table 2  Taste activity values of free amino acids in meat of crayfish
from different co-culture modes
= HEA Eﬂfﬁ/ i M TAV
R (mglg) MR RCI CCl RC2 LC CC2 RC3
KAgERAp 100 B (H) 002 001 002 001 002 00

B () 08 040 118 069 073 056
BH) 09 068 074 071 047 046
#H) 056 027 058 040 027 027
B+ 06 029 167 095 LI5S 07
+) 330 214 455 300 474 29
+) 020 013 012 012 004 007
+ 372 2958 2986 254 3130 2952
106 LI3Z 123 098 04 056
L1305 075 073 035 046
025 016 031 024 028 019
017 008 006 011 002 010
023 008 014 017 008 010

# 020 009 013 015 007 009
FRERCys 250 W (=) 005 004 006 006 004 004
BEEMMet 030 EAE (=) 071 125 086 080 04 054
HERHs 020 (<) 348 307 348 286 184 235

BERG 030
HEMThr 260
HEMSer 150
TEmcly 130
FAfRAl 060 A&l
MEfPo 300 it
K&RAg 050
BERLys 050
BERVA 040 BAE
BERTy 260 7 (
KIWEmPhe 090 (
RrEmRle 090 ¥ (-
ERflen 190 (

e A NRE TR — ANARETER: X 20288,

FHSRAE S

TEMPCAZHT, 0 s #E 4T I8 R A 56
RR, HAIERR 20 LA R A UG, HRE
REEMHK (P<0.05 , JHZGluESer, Gly5Ala,

2.3
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%3  FAARHIGES BT
Table 3  Correlation analysis among free amino acids

AER Asp Glu Thr Ser Gly Ala Pro Arg Lys Val Tyr Phe Tle Leu Cys Met His
Asp 1.000

Glu 0702 1.000

Thr —0.008 0448 1.000

Ser  0.415%  0.834* 0.827*  1.000

Gly  0.793* 0963* 0293  0.724** 1000

Ala  0.782% 0.796** 0078  0.422*  0.875**  1.000

Pro —0200 0248  0.949% 0.714* 0056 —0.193  1.000

Arg 0497+ 0458 0.374 0362 0407  0.632% 0219 1.000

Lys —0210 0409  0.794% 0.699%* 0.190 —0.083 0.810%* 0.148 1.000

Val 0.090 0478 0.939% 0.854* 0317 0.047  0.933* 0311 0.705 1.000

Tyr  0.712%  0.876** 0382 0.641** 0.901** 0922**  0.117  0.652** 0.198**  0.329 1.000

Phe —0257 —0.162 0384 0255  —0256 —0494* 0533* —0247 0226  0.555% —0420% 1.000

Ile 0.218 0492 0.856** 0.819* 0408*  0.144 0801** 0246  0508* 0931* 0416* 0.545%  1.000

Leu 0.130 0458 0.910% 0.829%F  0.344 0.074 0878 0255  0.599* 0.969** 0361  0567*  989**  1.000

Cys 0.388  0.698** 0.682%* 0.754** 0.608**  0457%  0524*  0503*% 0.592%F 0.649%F 0.705%% —0.005 0.662%* 0.656**  1.000

Met  —0536* —0.047 0467 0179 —0265 —0319 0546 0134  0.808** 0305 —0.112 0.021 0.053 0.171 0.306 1.000
His 0.016 0528 0.890%* 0.830**  0.321 0.059  0.875** 0367  0.944*F 0.845%  0.346 0298 0.681% 0.755%% 0.719** 0.668**  1.000
Er w WEMIE (P<0.05) ; s« RFHRK (P<0.0D) .

Pro5Thr. Lys. Val. Ile. Leu. His, Val5Thr. Asp.

Pro, His5Thr. Ser. Pro. Lys. Val%% . [8]4H2% REAE

0.8L4 |, X 3R b K Ji 20 A A B FA A B FH DG PR 0

A I PC A AN [] 77 4 5 X e TG 25 0 PR TP I FA AEAT

LAV .

2.4 AEIFEFEA ) v K FE B WFAAPCZE
FEAEAE AR — TPC I S R J5 46 78 515 B B,

HIZZ4 T, ZPCAFTHIIE3 MPCRHEEA KT 1, R

TF 5 22 DTk % N 89.937%

WA REBUF R AR5 2D o
[ 7RG A A e IR R MR A FAA T R B B . s LAT
K, 6 IR o0 IRJFEZSUT N FAA X 70 ROR BT

FIT A 0l s L T-95% BELAF X 18] A

Table 4

#4

PCIHFFAEALAN T 4

CRUF T Z DTk KT 85% B ¢

HEHLRT3 NPC, RBEA

Eigenvalues of principal components and their contribution

rates and cumulative contribution rates

PC

I

DR %

ot DU %

W N =
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RITMAIER IR IE R .

A5 PCIMEFAE R B 5 8k aa HiBE
Table 5  Principal component eigenvectors and loading matrix
PC2 PC3
BER ————— P —— P ——
FRERE o RHEAE G RHERE H
Ser 0.323 0.961 0.037 0.081 —0.073  —0.097
Thr 0.306 0.910 —0.153 —0.332 0.016 0.021
Val 0.306 0.908 —0.150 —0.325 —0.160 —0.211
His 0.299 0.888 —0.146 —0.317 0.204 0.269
Leu 0.297 0.883 —0.126 —0.274 —0.257 —0.339
Ile 0.291 0.864 —0.082 —0.178 —0.318 —0.420
Cys 0.283 0.842 0.081 0.176 0.133 0.175
Pro 0.269 0.799 —0.262 —0.568 —0.008 —0.011
Glu 0.254 0.754 0.263 0.571 0.027 0.035
Lys 0.250 0.744 —0.200 —0435 0.322 0.425
Arg 0.166 0.492 0.192 0418 0.216 0.285
Ala 0.130 0.385 0.410 0.891 0.060 0.079
Asp 0.112 0.331 0.379 0.823 —0.193  —0.255
Gly 0.209 0.620 0.334 0.725 —0.054 —0.071
Tyr 0.218 0.648 0.331 0.719 0.098 0.130
Phe 0.085 0.253 —0.295 —0.641 —0464 —0.613
Met 0.106 0.314 —0.260 —0.565 0.568 0.750
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25 AEIFRFEA ) 5 K JFE BT WFAA 2R G 1 EAT

HHRTR M AT &, A FHZPCASREL3 MR (AT LA
RFEFTHFAAS E189.937%) 6 ZH 72 hE i =X g 7 KR
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TER3 MR BT DM, 19 3w IG5 2T A
FAAIRI3 ANPCLEMESE R0 51 M-
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PC2=0.037X,—0.153X,—0.150X,—0.146X,+ -+
0.331X,5—0.295X,,—0.260.X,,

PC3=—0.073X,+0.016X,—0.160X,+0.204X,+ -+
0.098X,5—0.464X,,+0.568X,,

CLAE AP C X BE ) 7 22 A X 5T ik R AE N ALE
XF3 ANPCAR o #EATBLE IR, ST LR A VAN R A
PC=0.519PC1+0.277PC2+0.103PC3, il %ML E15E
g, o3 B E AT S BRAS [F] 77 FE AR 20 IR 2SR P TP FAA
AR, HRGATA, 3 ANPCLEATSEm 2
RC2, HIEZERCL, 1950 HAKHZCCL, FRIFME IR
0 G SR T A (IEA AL £ b R AR R BT

6 Al FRABEA N S EC S S IFAA RN 5 15355 IS 2 SE Y

Table 6

free amino acids in meat of crayfish from different co-culture modes

Principal component scores and comprehensive assessment of

FE iy PCI PC2 PC3 PC HEy
RC2 2.208 2503 1.749 2.051 1
RC1 4.023 —0236  —1.670 1.759 2
LC 1.013 —0.863 0.231 0.260 3
CcC2 —3.484 2.420 —0260  —1.011 4
RC3 —2585  —0.169  —1.183  —1.459 5
CcC1 —1.175  —3.655 1.133 —1.601 6
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Dendrogram from cluster analysis of free amino acids in meat of

Fig. 2

crayfish from different co-culture modes
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