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ABSTRACT: Objective To comprehensively evaluate the hydrolyzed amino acids of the aqueous extracts of

Carapax trionycis from different sources. Methods The aqueous extracts of Carapax trionycis were prepared by the
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water decoction method, and the extracts were freeze-dried and treated by acid hydrolysis. The composition and content
of hydrolyzed amino acids in each extract were determined by amino acid automatic analyzer. The nutritional value of
essential amino acids in each extract was evaluated. The quality of amino acids was evaluated by principal component
analysis, cluster analysis and orthogonal partial least square analysis. Results Except for sample No.1, the 16 kinds
of amino acids were detected in the aqueous extracts of Carapax trionycis. The essential amino acids/non-essential
amino acids (E/N) ratio and essential amino acids/total amino acids (E/T) ratio were lower than the ideal protein
requirements. The overall quality of the aqueous extracts of Carapax trionycis were evaluated by principal component
analysis and ranked as No.7>No.5>No.1>No0.4>No.6>No.11>N0.2>N0.9>No.10>No.8>No.3. The extracts could be
divided into 2 categories by clustering analysis and orthogonal partial least square method. Conclusion The aqueous
extracts of Carapax trionycis do not meet the requirements of ideal protein, and possess low nutritional value. The extracts
may possess good taste, and the rich medicinal amino acids may be the important material basis for the aqueous extracts of
Carapax trionycis to possess medicinal value. The results of principal component analysis, cluster analysis and orthogonal
partial least squares are basically consistent, all of which can be used to analyze the differences of amino acids compositions
between the aqueous extracts of Carapax trionycis from different sources.
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WY Ala. Pro Fll Gly 2% H R B RWAHE. 1 SHEGY
AR B, WAINNE 9 SR, HE& T E SR
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Table 2 Analysis of amino acids compositions of aqueous extracts of Carapax Trionycis from different sources (g/100 g)

HORRF A
1 2 3 4 5 6 7 8 9 10 11
Asp 3.77 4.01 3.17 4.04 4.07 4.29 4.12 3.36 3.87 3.61 4.04
Thr 1.50 1.24 0.69 1.40 1.63 1.59 1.79 1.18 1.75 1.29 1.58
Ser 2.20 2.15 1.00 2.17 2.34 2.42 2.67 1.72 2.68 1.85 2.22
Glu 7.22 6.99 6.29 7.16 755 785 765 604 685 643 6.87
Gly 22.78 21.97 19.39 20.42 21.87 21.96 20.08 19.21 16.55 20.29 20.58
Ala 11.47 11.18 1032 1073 1137 1177 1090 1073 877 1092 1147
Val 1.37 1.33 1.22 1.08 1.22 1.26 1.19 1.20 0.94 1.14 1.19
Met - 0.20 0.35 0.38 0.33 0.09 0.18 0.10 0.35 0.23 0.31
Ile 1.66 1.38 1.07 1.41 1.18 1.36 1.22 1.16 0.94 1.25 1.19
Leu 2.74 2.28 2.25 2.45 2.44 2.45 2.21 2.05 1.63 2.07 2.27
Tyr 0.57 0.84 0.41 0.76 0.57 0.34 0.57 0.44 0.50 0.65 0.49
Phe 1.89 2.06 2.01 1.85 1.86 1.54 1.46 1.33 1.21 1.48 1.29
Lys 1.99 1.70 1.07 1.76 1.94 1.95 2.12 1.50 1.91 1.56 1.95
His 0.23 0.21 0.18 0.24 0.25 0.16 0.24 0.20 0.27 0.18 0.22
Arg 5.78 5.40 3.12 4.84 5.27 5.74 5.16 4.27 4.68 5.17 6.53
Pro 12.82 9.89 9.55 9.20 9.74 9.92 8.69 8.22 7.75 9.86 10.64
T B 77.99 72.63 61.74 69.51 73.30 74.60 70.07 62.61 60.30 67.75 72.53
E b 11.15 10.19 8.66 10.33 10.60 10.24 10.17 8.52 8.73 9.02 9.78
N B 66.84 62.64 53.43 59.56 63.03 64.45 60.08 54.19 51.92 58.96 63.06
E/N/% 16.68 16.27 16.21 17.34 16.82 15.89 16.93 15.72 16.81 15.30 15.51
E/T/% 14.30 13.99 13.95 14.78 14.40 13.71 14.48 13.59 14.39 13.27 13.43

T AURTEZAE i AR M2 R
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P& L AH 2 $ (ratio coefficient, RC)A Hi, KF2HC B BRI
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Table 3 EAA values of aqueous extracts of Carapax trionycis from different sources

p Ile Leu Lys Met+Cys Phe+Tyr Thr Val
WHO/FAO i 4 7 5.5 35 6 4 5

1 2.13 3.51 2.55 0 2.42 1.92 1.76

2 1.89 3.13 2.33 0.27 2.83 1.70 1.83

3 1.72 3.62 1.72 0.56 3.24 1.11 1.96

4 2.02 3.51 2.52 0.54 2.65 2.00 1.55

5 1.60 3.31 2.63 0.45 2.53 2.21 1.66

6 1.82 3.28 2.61 0.12 2.06 2.13 1.69

7 1.74 3.15 3.02 0.26 2.08 2.55 1.69

8 1.85 3.27 2.39 0.16 2.12 1.88 1.91

9 1.55 2.69 3.15 0.58 2.00 2.89 1.55

10 1.84 3.05 2.29 0.34 2.18 1.90 1.68

11 1.63 3.12 2.68 0.43 1.77 2.17 1.63

x4 TEPRIFEEERKERYIE RAA, RC M SRC &
Table 4 RAA, RC and SRC values of aqueous extracts of Carapax trionycis from different sources
Ile Leu Lys Met+Cys Phe+Tyr Thr Val
GBS SRC
RAA RC RAA RC RAA RC RAA RC RAA RC RAA RC RAA RC

1 0.53 136 0.50 1.43 0.46 1.19 0 0 0.40 1.03 0.48 1.23 0.35 090 5246
2 047 123 045 1.22 0.42 1.11 0.08 0.20 0.47 1.23 0.43 1.11 0.37 0.95 63.44
3 043 1.15 0.2 1.32 0.31 0.83 0.16 0.43 0.54 1.43 0.28 0.74 0.39 1.04  64.70
4 0.50 123 0.50 1.62 0.46 1.12 0.16 0.38 0.44 1.08 0.50 1.22 0.31 0.75 62.75
5 040 1.01 047 1.43 0.48 1.20 0.13 0.32 0.42 1.06 0.55 1.39 0.33 0.83 63.38
6 046 120 047 1.39 0.47 1.26 0.03 0.09 0.34 0.91 0.53 1.41 0.34 0.89  55.00
7 043 1.07 045 1.33 0.55 1.36 0.07 0.18 0.35 0.86 0.64 1.58 0.34 0.84 5512
8 046 124 047 1.22 0.43 1.16 0.05 0.12 0.35 0.95 0.47 1.26 0.38 1.02  59.57
9 039 094 038 1.24 0.57 1.40 0.16 0.40 0.33 0.81 0.72 1.76 0.31 0.76  56.58
10 046 125 044 1.30 0.42 1.13 0.10 0.26 0.36 0.98 047 1.29 0.34 0.91 64.10
11 041 1.09 045 1.36 0.49 1.30 0.12 0.32 0.30 0.79 0.54 1.45 0.33 0.87 6137
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S FL R A R R 4 JL R (sour amino acids,
SOAA) (2 F) ., &R IR (sweet amino acids, SWAA) (5
Tl ) 1 1k 48 2L % (bitter amino acids, BIAA) (8 AN,
S AL, BEEEFOKIZEIA SOAA TR N 6 S
i, WAL 8 SRS, HEZEMN 1.29 5 SWAA M
BIAA & BRSNS M, RARN 9 SHEM, &t
ZEPE 350k 1.35 F1 1.36 f5. SWAA it SOAA F it
B 3.1~5.4 5, SWAA &85 BIAA S8 2.7~5.1 fF LU
L BCHRREE KRB AT RE LA R AT MR, B R K
MIFEETT .

*5 TRERFHEERKRIYNEREERS 2 (%)
Table 5 Flavor amino acids content of aqueous extracts of
Carapax trionycis from different sources (%)

Fi%X SOAA SWAA BIAA  SO/T SW/T BUT
11099 5077 13.67 1409 6510  17.53
2 1100 4643 1286 1510 6375  17.66
3 9.46 4095 1020 1524 6595 1643
4 1120 4392 1225 1603 6284  17.53
5 1162 4695 1255 1578 6376  17.04
6 1214 4766 1260 1625 6381 1687
7 1177 4413 1166 1675 6282 16.60
8 9.40  41.06 1031 1499 6548  16.44
9 1072 3750 1002 17.68  61.83 1652
10 1004 4421 1152 1477  65.03 1695
11 1091 4649  13.00 1498  63.82  17.85
:  SO/T: SOAA/T, SW/T: SWAA/T; BUT: BIAA/T.
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MR 6 AT, B KR U 9 25 FH 2 2L 11 (medicinal

amino acids, MAA) & atd i 0 1 SR, S ifkrh
9 SHENL . MAA RYEFFHLIRRP BT, IF A& —ElR
PRI, s HOK SR B MAA AT RE R H A2
FHAE A 2P o B, A0 i 45 5 5K 3R AL i (angiotensin
I-conterting enzyme, ACE)I 7% 4 . ACE J& AT -1l &
59K 2 (renin-angiotensin system, RAS)Z 4t 1Y S HERE, ]
ACE If1E, BRIE IS/ MAF ROk R 11 AR, TR SR i A
P, wEge N R PV M B SRR AL S ACE i T T A A
H KR, &I K M E R (hydrophobic amino acid,
HBAA)., 4#%% R (branched chain amino acids, BCAA)
557 7 i 2 HL R (aromatic amino acids, AAA) & & — K5
ACE MIliETESEIE Fe o LIAO “EROV I s Y g 0y v 40 s
5E T ACE Iiilik. HBAA. BCAA il AAA 13 S i1
SRS 1S 2 SRR, EREMRNAIN 95, 9
SO TR . TERPRIRITH, % BCAA SRR it
1 AAA K RI RHAT IR R 5L, TE 8 A R A i 5L
¥ 37 /55 (H (branched amino acids/aromatic amino acids,
BC/A)Jy 3.0~3.5, Tl 4/ 2 Ml IRy 1.0~1.51%,
IKEE I BC/A (&l 6 SHES, AR 2 S,
H IS T2 ek, X a] fg 5 H B &b 4efb o)
RO IR E
23 BRGSO
231 ERSOH

H128 7. 8 AL, Bl 34T M EARHIE(E Y K T 1, 2
T 22 DTk Ny 83.128%, dCEICAT 3 > E AR 16 Fi
SIERINGAER BB 1 BB RHEM R 6.591, F225T
HRFEN 41.192%, EERBLT Gly. lle. Ala, Leu. Arg.
Pro. Glu. Val, Asp Fl Lys {52, Gly. Ala, Pro, Glu
I Arg YK SR b R R R E R, Horh Gly #5T

F6 TRIKFRERKERYHNSRDUEERIE(%)
Table 6 Specific efficient amino acids content of aqueous extract of Carapax trionycis from different sources (%)

IS MAA HBAA BCAA AAA M/T HB/T BC/A BC/T AA/T
1 46.17 54.73 5.77 2.46 59.20 70.18 235 7.40 3.15
2 44.61 50.29 4.99 2.90 61.25 69.05 172 6.85 3.98
3 37.65 46.16 4.54 242 60.64 74.34 188 7.31 3.90
4 42.90 47.52 4.94 2.61 61.38 67.99 189 7.07 3.73
5 45.33 50.01 4.84 2.43 61.56 67.92 199 6.57 3.30
6 45.87 50.35 5.07 1.88 61.41 67.41 270 6.79 2.52
7 42.98 45.93 4.62 2.03 61.18 65.38 228 6.58 2.89
8 37.86 44.00 4.41 1.77 60.37 70.16 249 7.03 2.82
9 37.05 38.14 3.51 1.71 61.09 62.89 205 5.79 2.82
10 40.84 47.24 4.46 2.13 60.08 69.49 209 6.56 3.13
11 43.84 48.94 4.65 1.78 60.19 67.19 261 6.38 2.44

7E: MAA fUf% Asp. Glu, Gly, Met, Leu, Phe, Tyr, Lys fil Arg; HBAA fuf% Ala, Ile, Leu, Met, Phe, Pro, Trp. Gly il Val; BCAA

fU35 Ile. Leu F1 Val; AAA fu3% Phe. Tyr Fil Trp;

M/T: MAA/T; HB/T: HBAA/T; BC/T: BCAA/T; BC/A: BCAA/AAA; AA/T: AAA/T,
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Table 7 Eigenvalues and contribution of principal components
of aqueous extracts of Carapax trionycis from different sources

FERsr FHEE W 2ETiikR/%  RPUTTHRE/%
1 6.591 41.192 41.192
2 4.947 30.922 72.113
3 1.762 11.014 83.128
4 0.883 5.516 88.644
5 0.680 4.248 92.892
6 0.575 3.595 96.487
7 0.286 1.790 98.277
8 0.200 1.251 99.528
9 0.052 0.323 99.851
10 0.024 0.149 100.000

®8 TRIRIFERERKREIIER S E FHEERE
Table 8 Factor loading matrix of principal components of
aqueous extracts of Carapax trionycis from different sources

_— B %
1 2 3
Asp 0.649 0.653 0.099
Thr 0.414 0.893 -0.112
Ser 0.426 0.887 0
Glu 0.716 0.470 0.079
Gly 0.903 -0.378 0.070
Ala 0.822 —0.349 —-0.192
Val 0.689 —0.612 -0.120
Met -0.536 0.232 0.562
Ile 0.835 -0.305 0.126
Leu 0.818 —0.426 0.138
Tyr 0.229 0.030 0.797
Phe 0.327 —0.617 0.634
Lys 0.633 0.758 -0.075
His -0.036 0.676 0.504
Arg 0.762 0.409 -0.172
Pro 0.736 —0.409 —0.011

MR, Ay 0.903, HE kM, U Gly £ maE
BRI R FEER, R KSRI Y T BRI
. % 2 MR 4.947, Jr Z TR N
30.922%, FE BT Thr.Ser.Lys.His Fl Asp {5 &, I
o Thr B sikE R, 2T 0.893, AS[RSKUE B % H K
FRECH R Thr (98 525 SRR, HOXRK SR B 2 IR
AT I FE M o 55 3 E R RHEE A 1.762, Jr 22 BTk
4 11.014%, FZWET Tyr.Phe Met 1 His ({58, H
o Tyr MTTERRR, BATER 0.797, 4546 B TimkE,
My 7 R 4y 4> B B BN ¢ F=0.49552F+0.37198F,+
0.13249F5, 4l AT 58T 25 K SR IO i 25 B PPN 1553,

S ETR, ULRIZIE U 0 E R i BB AT (R 9).

9 R, i 8 H K BRI A 456 i N = B AY
HFh 7 5>55>1 5>4 5>6 5>11 5>25>9 5>10 5>8
5>3 5. WEILIRLES WO, 7 S /KR i T i
1, 3 SOKARBU I S R AR . 7 SRR A R R ST
FHEMR B A i s, B3 The & m s, 135 R
Thr & REAL, VAP H, Thr K& BEX LR A
TN AR MR . F{AVEREJE-1.38070~0.53340, FHIfE
e HOK SR IO 1 S SRR 25 i T 22 S AN R el B i, 1S
X3P BT 4 R B

®9 TRRFHRERKERVSERINSGEEIRHER

Table 9 Comprehensive scores and rankings of amino acids

principal components of aqueous extracts of Carapax trionycis
from different sources

eSS Fy F, F, F He4
1 1.56882 —0.68800 -0.10360  0.50774 3
2 0.58446  —0.53650 123409 025356 7
3 —1.43730 —1.88470  0.24592 -1.38070 11
4 0.05270  0.20623 172146 033090 4
5 0.53311  0.39554  0.80483 051793 2
6 1.02362  0.10004 -1.62720 0.32885 5
7 031730  1.06838 —0.16030  0.53340 1
8 ~1.00050  —0.60087 —1.25800 —0.88600 10
9 ~1.55950  1.88243  0.09199 —0.06030 8
10 —0.41950 —0.43582 —0.27640 —0.40660 9
11 033673  0.49318 —0.67280 026118 6

232 RESMAE MR TR

X% 2 W B SRR AN B AT R, 4
RN 1 . BEEE T OKSEBAYI T LA S, SR
K9 T. 35, 8 5H 10 SHEA, XA AR
AEWI HoRKER 1S5 25 .65, 75,455
SRS R, X2 ) e R B Al R TS — K
Ko ZRELERE FRU o HEZ S R 3, Rk
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