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Abstract: Objective To analyze the differences in amino acid content of different fermented Cordyceps powder products, and
evaluate the quality of fermented Cordyceps powder products by combining cluster analysis and principal component analysis.
Methods Automatic amino acid analyzer was used to determine the content of amino acid. The column was LCAK06/Na Ionic
column with mobile phase A (trisodium citrate, 0.06 mol/L, pH 3.45) and mobile phase B (trisodium citrate, 0.10 mol/L, pH
10.85) at a flow rate of 0.45 mL/min elution pump and 0.25 mL/min derivative pump by gradient elution (around 3.5 min,
100%A; 3.5—11.0 min, 85%A; 11.0—17.0 min, 80%A; 17—23.5 min, 67%A; 23.5—28 min, 20%A; 28—45 min, 100%B); The

detection wavelength was 440 nm for proline and 570 nm for the remaining amino acids; The temperature was set at 58—74 C
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as gradient temperature control, and the injection volume was 50 pL. The content of amino acid was determined by external standard
method. Results The content of amino acids in three products of fermented Cordyceps powder was detected, and the total content of
amino acid were 251.82—265.93 mg/g in product A, 279.67—333.40 mg/g in product B, and 321.37—370.86 mg/g in product C,
respectively. The consistency between batches of samples was good. Product A and product B were the same active pharmaceutical
ingredient, and the difference in amino acid content was not obvious. The content of histidine and arginine in product C was quite different
from that of product A and product B. The cumulative variance contribution rate of the first three principal components of the principal
component analysis screening reached 93.551%, which contains most of the information of the amino acid content of each sample. The
cluster analysis clustered 30 batches of samples into two categories, in which product A and product B were grouped together, and product
C was grouped into one group. The cluster analysis results were consistent with the actual situation. Variable cluster analysis showed that
the five variables randomly selected could accurately reflect the quality of amino acid the fermented Cordyceps powder when the amino
acid variables were clustered into five categories. Conclusion According to the comparative study on the differences in the content of

amino acid, different fermented Cordyceps powder products can be effectively distinguished. The combination of principal component

analysis and cluster analysis can objectively evaluate the quality of fermented Cordyceps powder products.
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x1 FEEEYVFSE
Table 1 Regression equation of amino acids
RN EIERES r Lt /(g mL )
Asp ¥Y=597.10 X+0.109 5 1.000 0 3.391~26.232
Thr Y=677.26 X+0.015 8 1.000 0 1.549~12.453
Ser Y=2802.29 X—0.194 8 1.000 0 1.492~11.581
Glu Y=549.82 X—0.116 4 1.000 0 3.826~30.704
Pro Y=193.30 X—0.073 2 1.000 0 1.674~13.831
Gly Y=1080.6 X—0.177 8 1.000 0 1.635~12.559
Ala Y=908.33 X—0.021 4 1.000 0 2.230~18.105
Val ¥Y=709.13 X+0.325 2 1.000 0 2.701~13.961
Met Y=463.79 X+0.107 8 1.000 0 1.325~ 3.127
Ile Y=630.18 X+0.319 7 1.000 0 1.521~11.576
Leu Y=1042.40 X—122.44 0.999 9 2.193~18.557
Tyr Y=454.11 X—0.076 3 1.000 0 1.086~ 6.409
Phe Y=495.85 X+0.020 2 1.000 0 1.308~10.606
His Y=534.99 X—0.232 1 1.000 0 1.414~10.972
Lys Y=609.42 X+0.234 4 1.000 0 1.376~11.547
Arg Y=450.32 X—0.102 9 1.000 0 1.589~13.228
k2 TRASERSE
Table 2 Contents of amino acids in product A
e RES B/ (mg g ™)
‘1’5‘
Asp Thr Ser Glu Gly Ala Val Met Ile Leu Tyr Phe His Lys Arg Pro &Eif
16020075 30.00 14.15 13.30 34.55 14.21 19.83 16.03 3.83 12.69 21.29 8.15 12.01 12.66 13.00 15.28 15.41 256.39
16050229 29.14 13.65 12.95 34.05 13.64 19.23 16.89 5.28 12.73 20.47 827 11.67 12.74 12.45 14.88 16.18 254.22
16090394 30.35 14.21 13.73 34.76 14.25 19.86 17.07 4.75 13.26 21.45 8.85 12.09 13.08 13.46 15.68 16.40 263.25
16010005 30.10 14.10 13.46 34.25 14.01 19.51 15.94 3.78 12.65 21.22 8.64 11.92 12.86 13.02 15.30 15.45 256.21
16110701 29.46 13.98 13.20 33.96 13.96 19.55 15.77 3.92 12.52 20.83 8.32 11.68 12.77 12.59 14.98 14.92 25241
16030133 30.19 14.23 13.49 35.10 14.29 19.72 17.30 4.11 13.28 21.63 8.48 12.18 12.84 12.25 15.09 16.94 261.12
16040185 30.88 14.55 13.85 36.15 14.46 20.34 16.54 4.09 13.37 21.74 8.51 12.49 13.35 13.16 15.71 16.74 265.93
16050347 30.67 14.29 13.49 36.36 14.47 20.30 16.41 3.99 13.32 21.69 8.16 12.49 12.86 13.52 15.94 1531 263.27
16070345 29.43 13.73 12.96 34.30 13.93 19.83 15.86 3.66 12.71 20.17 7.92 11.48 12.51 12.56 14.89 15.88 251.82
16080393 30.04 14.03 13.50 34.94 13.89 19.85 17.32 5.18 13.12 20.80 8.42 12.08 13.12 12.89 15.50 16.80 261.48
*3 TRBEEARSE
Table 3 Contents of amino acids in product B
He= fﬁfi%ﬁj\iﬁ/(mg-g*l)
=1
Asp Thr Ser Glu Gly Ala Val Met Ile Leu Tyr Phe His Lys Arg Pro K&if
160401 32.15 14.74 14.41 39.08 24.54 2430 16.89 3.43 13.08 21.23 7.60 12.59 13.22 14.14 18.77 20.89 291.06
160501 30.34 13.57 13.74 37.38 25.63 23.71 15.76 3.76 12.26 20.13 7.97 11.67 12.05 12.98 17.87 20.85 279.67
160502 32.68 14.83 14.78 40.18 27.70 2526 17.55 3.27 13.08 21.54 7.79 12.63 13.18 14.48 19.56 22.18 300.69
160601 34.34 1529 15.52 4232 29.23 25.69 17.72 3.99 14.04 23.38 8.52 13.53 13.75 15.16 20.31 23.82 316.61
160701 35.26 15.63 15.72 44.06 30.62 2698 18.22 3.81 14.27 23.82 8.39 13.90 1391 1521 20.65 23.98 324.43
160702 36.23 16.08 16.19 4525 31.52 27.67 18.62 3.94 14.64 24.41 8.69 14.25 1431 15.66 21.32 24.62 333.40
160703 35.33 1571 15.75 4428 31.09 2731 18.40 3.67 1421 2420 8.64 13.94 14.01 1531 20.85 24.35 327.05
161202 33.82 1526 15.64 41.37 31.31 2696 17.69 3.45 13.51 22.02 7.80 12.61 13.54 14.72 19.75 24.52 313.97
161203 34.61 1547 16.13 43.06 15.07 28.58 17.93 3.66 13.89 22.04 7.33 12.95 13.65 1520 20.89 26.49 306.95
161204 33.47 15.02 15.59 41.05 31.53 26.82 17.29 3.49 1345 21.19 7.32 12.44 13.37 14.59 19.66 24.75 311.03
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k4 TRCEERESE
Table 4 Contents of amino acids in product C
2 fﬁ%%iﬁ(/(mg-gfl)
Asp Thr Ser Glu Gly Ala Val Met Ile Leu Tyr Phe His Lys Arg Pro &Eif
1604101 32.49 14.67 16.72 3822 19.75 21.88 17.01 5.91 10.87 19.90 8.67 1091 37.45 19.59 31.04 16.29 321.37

1603206 33.62 1591 17.58 39.47 2091 22.25 16.70 4.74
34.35 15.50 17.67 44.71 23.09 22.38 16.93 5.23
1606124 34.28 1538 17.55 42.15 21.18 23.45 17.86 5.88
1603102 34.42 15.71 18.01 40.98 21.74 24.29 18.02 6.12
33.30 15.53 17.37 43.19 19.89 21.87 16.48 5.27
1605172 33.72 15.56 17.63 41.10 20.99 22.22 16.96 4.98
1604137 32.49 15.07 16.99 39.58 20.70 22.15 17.40 6.05
1604172 37.40 18.09 19.77 48.06 24.32 24.63 19.18 5.92
1606106 33.09 15.12 16.89 39.73 20.25 22.58 16.45 4.81

1605171

1606203

11.28 21.31 9.18 10.89 37.14 21.16 33.67 17.07 332.88
12.00 21.10 10.24 11.53 38.16 21.61 35.76 18.13 348.39
11.78 21.00 9.66 11.47 38.64 21.53 33.84 16.61 342.26
11.63 21.18 9.90 11.49 40.78 21.73 35.79 18.35 350.14
11.63 21.20 9.23 11.34 33.83 22.88 31.05 17.20 331.26
11.45 21.07 9.50 11.32 37.22 2291 32.43 17.32 336.38
11.37 20.59 9.10 10.97 37.42 20.40 33.25 16.45 329.98
13.44 24.52 10.02 12.46 35.37 25.18 33.02 19.48 370.86
11.30 20.54 9.02 11.15 38.32 20.88 32.71 16.70 329.54

24 HERPMH

241 FIEFREESN 10 MK EE R
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N 279.67~333.40 mg/g, T4 31049 mg/g, 10
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Table 5 Eigenvalues and contribution to variance of each principal component

o WIS A RO ITMEN
FHIEAE Ji %% FH/% FFAEAE Ji %% 2R%
Asp 7.752 48.448 48.448 7.752 48.448 48.448
Thr 6.073 37.954 86.402 6.073 37.954 86.402
Ser 1.144 7.149 93.551 1.144 7.149 93.551
Glu 0.411 2.568 96.119
Pro 0.290 1.812 97.931
Gly 0.118 0.740 98.671
Ala 0.070 0.437 99.109
Val 0.057 0.354 99.462
Met 0.036 0.225 99.688
Ile 0.017 0.103 99.791
Leu 0.011 0.072 99.863
Tyr 0.010 0.065 99.927
Phe 0.005 0.032 99.960
His 0.004 0.027 99.987
Lys 0.001 0.007 99.994
Arg 0.001 0.006 100.000
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*6 MR SrACAEE 10 24 3 ERr A RRE ST = 4k A4
Table 6 Principal component matric br&, SEATEZEIE 30 EES =4 E. B
LR FHSY Bl 2w, 30 SRR IL Y 3RS, PR A RO
Zi: AR N o N s o N N y
1 2 3 —3K, hh B BN, 7R C B3R, FiR
Asp 0.975 0.192 —0.027 R RO, YA E P dh (A 2 3R & R
Thr 0.946 0.029 0.165 NFGSE, ZErRPERUDN, b — BB .
Ser 0.928 ~0.344 -0.083 243 REDN RKRKEEREE R R S
Glu 0.953 0199 ~0.069 EHE S S HTCPE SPSS 21,0 1, % 30 HEAR I
Gly 0.659 0.483 -0.377 RLPRIRE S BEAT S R, R YA R
Ala 0.695 0.598 —0.356 %, BRETNERUIRERE, SR 3.
Val 0.780 0.366 0.285 0 5 10 15 20 25
15/= ; ; ; ; ;
Met 0.380 —0.782 0.279 16
17+
Ile 0.011 0.933 0.331 =
Leu 0.577 0.640 0.453 B
Tyr 0.545 ~0.651 0.404 20
1
Phe 0.223 0.925 0.244 i—
His 0.605 ~0.785 —0.084 n
Lys 0.781 ~0.601 ~0.036 3
10 S
Arg 0.758 —0.623 —0.160 z—
Pro 0.483 0.785 —0.324 ;2
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Fig.3 Cluster analysis dendrogram of different fermented
Cordyceps powder products
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Fig. 4 Cluster analysis dendrogram of amino acid variable

of fermented Cordyceps powder
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