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Abstract: Procambarus clarkii from two distinct aquaculture areas (Xiantao and Qianjiang in Hubei Province)
were examined to clarify flavor differences between raw and steamed P. clarkia meat. The contents of flavor-contributing

nucleotides, organic acids, free amino acids, and inorganic ions in P. c/arkii meat were quantitatively determined. The flavor
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intensities of taste substances were assessed with taste activity values and equivalent umami concentrations, and an electronic

tongue was employed for taste and odor analyses. Thermal processing revealed adenosine monophosphate (AMP) to be the

predominant taste nucleotide, with respective AMP concentrations in P. clarkii meat from Xiantao (denoted as AX-1) and that

from Qianjiang (denoted as AX-2) of 2.914 and 2.751 mg/g contributing significantly to the umami taste of the meat. Glycine

and alanine were identified as primary contributors to sweet taste, and valine and histidine were associated with bitter taste.

Notably, thermal processing increased respective glycine and alanine contents in AX-1 by approximately 50.79% and 3.79%.

These values were approximately 67.03% and 28.82%, respectively, in AX-2. Interestingly, the concentration of bitter amino

acids in AX-1 also rose substantially after thermal processing, thereby influencing the overall taste. The equivalent umami

concentrations demonstrated an upward trend. The contents of inorganic ions, the taste analysis via electronic tongue, and

the sensory evaluations aligned with the observations about nucleotides and amino acids. The findings of this study indicate

that there are pronounced differences in the taste attributes of P. c/arkii meat sourced from various aquacultural regions. In a

comprehensive evaluation, the flavor of thermally processed AX-2 was deemed best.
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Table 3 Sensory evaluation of Procambarus clarkii in different
aquaculture areas: steamed samples
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different aquaculture areas: raw and steamed samples

ii: B RR F AR TR £

22 wELEEMT

EUC{H (gMSG/100 g) A FREFREILRR 51%1F
2 (5'-IMP. 5-GMP Fl 5-AMP) ¥ [A 1 I Fr 7= 24
{10 B W 5 25 ) 1 22 /D TR P PRI ARG 1) e i P 1

AN TR % 5 Hh X 5 IS JiR B 0 2441 1 JF EUC 22 4L
WE 1 FiR, 2 fEEF A BUC {8 %3 ETF, 2
S W P B R R 2 S (P <<0.05), Hrh AX-
1-H ] EUC 1§ 1& # 28.379 ¢ MSG/100 g, AX-2-H
f) EUC 8y 45.461 g MSG/100 g, H A £E SR A
W BUC {E#K T 1. Wi BA I #et 7 b o (G5 28 R A
A S R A 1 IR 5 i 5 2 S IR B [ 4 FH = A K 1 i
U, KPR AR SRR R 2, H AX-2-H AR fE R
FHIELT AX-1-H.
23 AREENERBRTREE

R AFIHT o IR JE BN A5 Flok 7 8 284 ot
LR i, R R vk = EE DL IMP
R, M IMP 3 22t LA ) ATP B fif T2 B
AR IMP 1 GMP H A 5@ 2L ek, w] DL
o B BRI, AMP AL BEIIHIE IR, KRS
IMP 7= A= Hip [ 25 B I 2 38 3 & 1 46 U, i s
TR S B R B R VE A . AX-1 FI AX-2 4T
FLBCR I, EATH IMP A AMP 8 & Him e 1
MAZH IR (P<<0.05). BLAMXTHAL B IS (178 e diF ik
AT HREBER I, A A 5 R P P I R R A R o A
EWRMESR (P<0.05), 2|54 A AMP 1)
TR, IMP M GMP 45T . ] IMP AT
AMP Sf 3 /N 0 B A2 A (0 5 A SRR A1 DT R AR FE 82

355




MR @i

Modern Food Science and Technology

2025, Vol.41, No.3

m, X G2 A A R RN T
ATP, HH|T AMP BB, 1 IMP Al GMP #a e
Yz B G 2o, IS & . G ARHE
IC IMP IR EE IR, AMP RE 2 IREERR | 5] fg
ST

A4 HIAT AL, AX-1-H iR A H ) AMP & &4
AX-1 ¥8NT 54.46%, AX-2-HUFA G AMP & &
BAX-2 0T 26.18%. it B A Ab B 5 v IK JiR 2
B AR PR ) 5 R o (ELIR B AL T (HXRD Al
W ER (Hx) SRR FwRPR, &r=4
R, b b I IX L S R A T 1) B B R LR
A, JE R AT R R BE A ZE I R A, RS
U RS A% T A B s A ) 1 B VA R S TR A
FIEPER . S EEPH AX-1-H KT AX-2-H, [
I AX-1-H A8 R SE — LA 7 Sk 22 1 T AX-2-H,
S PR A AR (1) G R R AIE o

SRR, AN [F) R b X 5 K SR T B Ak 2
JE AR AR AMP & B RS E R I B,
SR AT PR - B R ) LR, AR 2, AX-1-H
R A ) Hx A HxR S8 87 RY) 0T & &K T AX-2-H,
5 B0 PR AR T R R AU A X R ) T ) T R R, B
FpE e — B Rk, DT S AR R A ()R . XA
SR EREFM R FAME, BRI AX-2-H %
PR T AX-1-Ho
24 nREENFEHAERSE

K= S ERAE — E FE T L 5 B A AR &
BAHK, HPFEERALAR. HEKR. HER.
HaEmR. 22 RN RA K. s R S5t
WRAH G I BEER P 0, A [F) 1 U 25 28 2R R S T
PERFHAE AN, HrPoR R R B R R, H
ST P — o RN,  [RIRHER m ik, gk
A IE oIk

ML 2 i 25 2 I A P AT B B AN [] 77 B

X o R B AR AT G B AR S EER &,
F S BIR TR H FEE X 7 B E AR 2 A S L
PR 17 Bl B SRR IR, R I A S /D R
HEEAERTEFEREEER (P<0.05. AX-
1-H R 2 L R & AR FE R %, AX-2-H it
RE SR & BB LT, AX-1-H Rl R & EE R
ERIEICT 436%, AX-2-H H itk & B & 2 1
47.86%. X ] HE A& BT o K 20 A LE I 4% A
T, WU A4 8 R A B AR AR L T K= 2 A
BRI, M AX- I VG REAERETEL,
TE il N AR S8 P 4 e B, PR Ok G R R a2 R
B EOR PG N B Eg A FEAIG. AX-1-H A AX-
2-H MR PR A R a2 R R S BRIk (P <<0.05), H
AX-1-H R AR 2E L, FHARER
R IR 2 R R 2 5 R e IV a1 5z A R
strecker M [ AR, A5 ARV KRB, I A5
MR L IR o R PR AR . H S A R N — U7 T2 T
BB Z AR, 77 A — e B R
R/l

B 2 A FoE M X 5 KR B AR HI R /R i B | BB R A E
Fig.2 Clustering heat maps of free amino acids of
Procambarus clarkii in different aquaculture areas: raw

and steamed samples
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Table 4 Contents of nucleotides and their degradation of Procambarus clarkii in different aquaculture areas: raw and steamed samples

EARMF R /(mg/g) AX-1 AX-1-H AX-2 AX-2-H
GMP 0.12 +0.003 9* 0.020 = 0.001° 0.078 £0.012° 0.074 £ 0.001 3°
IMP 1.03£0.041° 0.20 £ 0.027° 1.37+0.31° 0.022 + 0.000 4°
AMP 1.89%0.18° 2.91+0.105° 2.18%0.53 2.75%0.031°
Hx 0.049 + 0.004 3* 0.013 +0.000 7° 0.046 +0.004 4° 0.013 +0.006 4°
HxR 0.77 £ 0.16" 0.10 £ 0.008 1° 0.57 £0.034° 0.058 +0.006 3¢
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Table 5 Contents of free amino acids of Procambarus clarkii in different aquaculture areas: raw and steamed samples

5 FRFEMX T RRENRAFNEEERSE (9/1009)

RALBR AN AE AX-1 AX-1-H AX-2 AX-2-H

RAR B & 0.024 +0.000 6° 0.127 £0.014" 0.030 £0.0012°  0.0059 +0.000 3°
BB & 0.028 *0.000 4° 0.044 +0.002 5° 0.018+0.0001°  0.0088 +0.000 1°
H AR H 1.32£0.015° 1.99 £0.14° 0.81 £ 0.000 7° 1.35%0.003 6"
EEN H 0.64 +0.004 9* 0.32 % 0.026° 0.41 %0.000 7° 0.41 £0.002 5"
i id H 0.51 £0.004 3 0.13£0.017° 0.26 £ 0.000 4° 0.38+0.001 1°
REV: H 1.71£0.018° 1.78 £0.13° 1.46+0.001 1° 1.13 £0.001 6°
FOE=Rid H 0.41 £0.005 1° 0.17 £0.012° 0.35%0.000 1° 0.24 £ 0.000 3¢
TR * 0.35+0.003 6" 0.14+0.011° 0.16 = 0.000 9° 0.17 £ 0.000 6"
i * 1.12+0.011° 0.69 = 0.059° 0.73 0.000 5° 0.44 = 0.000 9*
AR * 0.31 %0.003 4° 0.26 =0.017° 0.19 =0.10° 0.23 £0.001 3°
AR BR * 6.85 £0.075" 5.65 £0.42° 6.16+0.002 8° 4.69 0.037°
WAL * 0.16 = 0.001 8* 0.081 + 0.006 4° 0.11 +0.000 5° 0.12+0.011°
B4 2B * 0.79 % 0.026¢ 0.62 +0.24° 1.08 0.000 9° 1.19 £0.015°
BB * 0.62 +0.007 2* 0.31 =0.024° 0.32 = 0.000 2° 0.37 £0.001 2°
ENSES * 0.48 +0.005 §° 0.57 +0.031° 0.49+0.015° 0.48 £0.002 1
F R B * 0.18 £0.002 2° 0.072 +0.006 2° 0.057 £ 0.000 5° 0.11 £ 0.000 4°
F A B — 0.15 %0.008 3" 0.13 £0.045° 0.14 +0.007 8 0.20 £0.011°

DRI, AN [ 3 1 X e F i B U a1 B 1 & 1
ZSRWPE, ZAGEEE, AX-1-H ) Ef vk s 5
R & N, T AX-2-H FI k& SRS & T
AX-1-H fl AX-2-H & iR & e & m 3 %, H
AX-1-H &R ZER &8 m T AX-2-H & &

2.5 R E QAT

I A G 7 R IRIR A R R R S =
(TFAAs) & B35 2 TR, 2w 2075 e At
T 2 K o & & B R AT A M AR S5 5 80l
B e E Bt B RIS R TR R R
1% 2 5 36 1 I L EPE I #vb R A2 oy fif . a3k S BT
N, EREE G AT S T R 2SR E R 4 T 1K TAV
AILLR I : AX-1-H A1 AX-2-H P o () 22 % 5 A0 i
IR TAV EIH WD, REEEEPRIL: bEE &
AT, MNP EER SRS EAE TR, FH
Y 10 0 B At 5 5 30 A R 2B SR A S BT BRI, X
WER T @AEREELUA—HNIR. AX-1-H
AL WRRE SRR RN TAV H 5 ERFK (P
< 0.05), AR, AX-2-H HiEREIERR TAV 14
BAIE A —E, HE R TAV {E H 0.726 9 J /b 2
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Table 5 Taste activity values of odorant in meat of Procambarus clarkii in different aquaculture areas: raw and steamed samples

TAV B4/ (mg/100 mL) AX-1 AX-1-H AX-2 AX-2-H
RARE Asp 100 0.024+0.000 6™  0.13+0.014°  0.030 £0.0012°  0.005 9 +0.000 3°
A2 Glu 30 0.028 +0.000 4> 0.044 +0.0025°  0.018+0.000 1°  0.008 8 +0.000 1°
4 284 Ser 150 0.64£0.0049"  0.32+0.026° 0.41+0.0007°  0.41+0.002 5"
H & B Gly 130 1.32£0.015° 1.99 +0.14° 0.81 £0.000 7° 1.35+0.003 6°
R E B Thr 260 0.51£0.0043"  0.13+0.017"  0.26 £0.000 4 0.38 +0.001 1°
728 Ala 60 1.71+0.018° 1.78 +0.13" 1.46 +0.001 1° 1.13 +0.001 6°
BB Arg 20 6.85 +0.075" 5.65+0.42° 6.16 +0.002 8° 4.69 +0.037°
Jit 2R Pro 300 0.41+0.0051°  0.17+0.012°  0.35+0.0001°  0.24 *0.000 3¢
4 2B Val 40 0.16 0.001 8" 0.081%0.0064°  0.11+0.000 5 0.12£0.011°
% R B4 Met 30 0.62 +0.007 2° 0.31 £0.024° 0.32 +0.000 2° 0.37+0.001 2°
A Lys 50 0.31+0.0034"  0.26%0.017° 0.19+0.10° 0.23 £0.001 3°
40 24 His 20 1.12 £0.011° 0.69£0.059°  0.73+0.0005"  0.44+0.000 9
B4 2B Tyr / 0.79 *0.026™ 0.62 = 0.24° 1.08 = 0.000 9° 1.19+0.015°
F R lle 90 0.18+0.0022°  0.072£0.0062° 0.057 £0.0005'  0.11 £0.000 4°
Z&BL Leu 190 0.350.003 6"  0.14%0.011° 0.16£0.0009°  0.18 =0.000 6"
K AR FR Phe 90 0.48+0.0058  0.57+0.031° 0.49 £0.015 0.48 +0.002 1°
AMP 50 58281021 3.7733+036° 43604+1.065" 5.5020+0.063"
GMP 12.5 0.1639+0.011° 0.9782+0.031° 0.621 8£0.092°  0.590 4 +0.010°
IMP 25 0.7810=0.11° 4.1188+0.16"  54729+1.22°  0.089 6 =0.001 &
FRBR 50 2.11£0.25° 2.07 +0.12° 2.98+0.11° 2.63 %0.005 8
EIHE 10.6 97.73 +9.56" 60.07 + 3.65¢ 46.33£9.73 67.37 +1.30°
LR 126 3.42 %0.35° 1.051 +0.35° 1.60+0.19° 3.51+0.11°

* 6 AEFAEMX T RRERATEEVEREE (mg/100g)

Table 6 Contents of organic acids in Procambarus clarkii in different aquaculture areas: raw and steamed samples

H HUEL AR K AX-1 AX-1-H AX-2 AX-2-H
FRER 105.33 = 12.37° 103.29 + 5.88" 131.26 + 5.44° 149.1 +0.289 §°
EIOBA 10359 *101.31° 636.79 = 38.67° 714.09 £103.18" 491.10 +13.81°

LB 431.15 +43.58° 132.37 + 43.79° 442.13 +24.73° 201.87 £ 13.79°
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Fig.3 Contents of inorganic ions in meat of Procambarus

clarkii in different aquaculture areas: raw and
steamed samples
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Fig.4 The difference of taste characteristics in meat of
Procambarus clarkii in different aquaculture areas: raw

and steamed samples
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