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Absract: The compositions and contents of amino acids were detected
and analyzed in 22 Spirulina (Athrospira) strains by Amino Acid
Analyzer, at the same time, the variability of essential amino acid
contents were studied. Amino acid nutritional values of different
strains were evaluated by amino acid score, ratio coefficient, score of
ratio coefficient and fuzzy distinguish method. For selecting the high-
est one of the nutritional values, hierarchical clustering method was
adopted to classify them. The results showed that among the
17 kinds of amino acids, the maximum value of variation coefficient is
Cystine which is 28. 7% , and the minimum one is Threonine, which
is 12. 68%. While the first restrictive amino acids of strains were dif-
ferent, the closeness degree for FAO/WHO standard protein and

whole egg standard both reached above 0. 9. The results of hierarchi-
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cal clustering analysis showed 22 strains of Spirulina (Athrospira)
can be divided into 4 classes. The strains of the highest nutritional
value are F-314, F-350, F-439, F-790, F-810, and F-901, which is
reliable by using analysis of variance model.

Keywords: Spirulina (Athrospira); amino acid; nutritional evalua-

tion; hierarchical clustering
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Table 1 The basic information of the 22 Spirulina
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Table 2 The content of essential amino acids proposed by

(Arthrospira) strains FAO/WHO and whole egg protein mg/g « PRO

G5 BERARR P W5 HERAR ok U5 i A Ile Leu Lys Met+Cys Phe+Tyr Thr Val

1 F-314 - 12 F-901 YL L FAO/WHO #= 40 70 55 35 60 10 50
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Table 3 The crude protein content of the 22 Spirulina
(Arthrospira) strains %

5 EHATR HEQSE || RS ERAR HEOSE

1 F-314 66.13 12 F-901 68.13

2 F-350 64.95 13 F-902 64.97

3 F-351 60. 88 14 F-904 62. 87

4 F-439 63.92 15 TJBC4-1 64. 89

5 F-790 61.22 16 TJE7 65.73

6 F-791 63.55 17 TJE1 64.12

7 F-792 65.17 18 SDH1 66. 54

8 F-793 60. 25 19 TJG1 63.45

9 F-794 62.18 20 TJF1 66. 23
10 F-810 67.71 21 TJBC7-1 63. 20
11 F-900 62.17 22 TJJ1 63. 25
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Figure 1  Spectrum of standard sample of amino acids HBOLFE 6.7,
F4 22HBRE(TEER)SEREAKKRSE
Table 4 Content of amino acid of 22 Spirulina(Arthrospira) strains mg/g
Witk  Asp Thre  Ser  Glu  Gly  Ala  Cys* Valx Metx Ilex Leux Tyrx Phex Lysx His Arg  Pro T E E/T
1 45.97 25.68 25.67 72.86 22.96 37.99 2.83 24.52 15.83 23.66 41.53 22.32 18.20 17.51 7.19  31.44 19.25 455.41 192.08 42.18
2 39.58 22.43 22.64 60.03 19.62 33.46 1.99 21.05 15.55 20.94 35.80 19.33 15.19 13.98 5.99 28.34 17.30 393.22 166.26 42.28
3 14,43  22.01 21.30 62.44 19.59 32.95 3.25 18.69 10.87 12.21 30.22 15.02 18.00 16.59 8.96 32.35 17.51 386.39 146.86 38.01
4 39.69 21.25 20.51 60.51 18.71 31.15 2.40 20.74 14.99 20.28 34.56 17.40 14.27 13.47 5.67 29.12 16.68 381.40 159.36 41.78
5 33.63 19.29 19.35 52.02 16.65 28.62 1.72 17.81 8.63 12.94 28.90 15.41 13.14 12.75 5.19 22.59 16.55 325.19 130.59 40.16
6 38.09 22.21 22.44 57.73 18.84 33.05 1. 90 19.32 10.25 14.44 32.34 17.48 14.39 14.12 6.16 26.95 16.02 365.71 146.44 40.04
7 41.34  24.00 24.47 69.75 20.48 36.76 2.81 21.99 15.36 21.90 37.40 20.03 15.52 15.23 6.23 29.60 17.20 420.07 174.25 41.48
8 32.81 18.81 18.10 49.15 16.12 27.87 1.70 15.48 8.68 11.89 26.66 14.25 12.94 11.76 5.45 22.67 15.58 309.94 122.17 39.42
9 21.22 18.11 17.64 48.12 15.89 27.13 1.86 14.92 8.90 12.84 28.30 15.49 19.99 25.32 7.92 21.17 12.63 327.45 145.73 44,50
10 16.13  27.15 25.84 66.91 23.74 38.70 2.19 21.09 16.84 25.13 43.22 24.73 25.90 28.91 7.83 32.67 21.68 478.66 215.18 44,95
11 38.01 22.30 22.02 63.73 19.26 33.44 3.47 17.70 10.51 15.19 34.05 17.39 23.04 20.65 8.97 24.90 17.78 392.41 164.30 41.87
12 44,08 26.56 25.88 71.10 22.37 39.89 2.93 22.72 18.33 24.78 43.56 22.73 25.59 23.38 10.08 31.97 23.01 478.98 210.61 43.97
13 50.91 28.09 29.83 77.05 25.43 44.48 1.89 25.19 15.30 23.76 45.27 25.09 23.70 22.98 8.20 36.23 22.57 505.95 211.26 41.76
14 38.04 20.46 21.23 62.07 18.20 32.04 1.52 19.52 9.97 15.60 33.10 17.00 16.91 16.50 5.05 26.62 18.26 372.09 150.58 40.47
15 43.63 25.18 26.49 68.93 23.37 40.69 1.56  24.60 12.19 23.15 41.68 23.89 21.66 20.77 8.32 32.26 21.29 459.64 194.67 42.35
16 53.50 26.87 27.20 80.76 24.12 43.11 2.59  25.79 12.01 21.02 41.86 22.02 22.16 21.32 7.87 41.06 22.75 496.02 195.64 39.44
17 38.58 21.84 23.83 60.58 21.74 35.24 1.57 21.52 9.76 17.61 35.31 18.12 20.14 16.24 9.59 29.40 21.11 402.18 162.12 40.31
18 48.03 26.68 27.62 74.16 23.51 43.22 1.50 26.64 12.01 23.04 43.37 23.19 22.81 21.03 7.22 36.02 23.01 483.05 200.27 41.46
19 43.87 25.08 24.34 67.25 22.11 39.08 2.38 23.82 11.57 19.34 38.80 19.80 21.26 19.46 7.35 30.54 22.76 438.78 181.49 41.36
20 19.96 27.96 28.10 76.78 25.89 44.42 1.53 28.92 12.57 24.12 45.11 23.05 23.94 22.48 8.72 36.53 24.19 504.26 209.67 41.58
21 42.28 23.19 23.58 61.18 20.76 36.13 1.46 22.47 9.46 18.44 36.80 18.95 21.12 17.35 6.98 31.21 20.99 412.35 169.24 41.04
22 38.85 23.95 23.90 61.05 21.14 35.97 1.81 21.63 7.92 19.38 33.37 19.62 14.37 19.95 6.56 28.61 22.09 400.18 162.00 40.48
T ERRLFTEEER; TARBEER: » NOHEERE/T RN,
RO L2HERER(TERIVCESERTRESN
Table 5 Analysis of variability on esstial amino acid of the 22 Spirulina(Artnrospira)
B Thr Cys Val Met Ile Leu Tyr Phe Lys
Bl 28.09  3.47  28.92  18.33  25.13  45.27  25.09  25.90  28.91
H/ME 18.11  1.46  14.92 7.92  11.89  26.66  14.25  12.94  11.76
75 i 9.99  2.00  14.00  10.41  13.24  18.61  10.84  12.96  17.16
L 23.60  2.13  21.64 12.16  19.17  36.87  19.65  19.28  18.72
RIS 2,99 0.61 3.55 3.03 4,44 5.73 3.31 4.17 4,42
BRRABCV) /% 12.68  28.70 16.41  24.91  23.14  15.53  16.86  21.60  23.61
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Table 6 Comparison of AAS, RC and SRC,y,, of the 22 Spirulina (Arthrospira) strains
485  AAS.RC  Thr Val  Met+Cys Ile Leu Phe+Tyr Lys SRC.qul

AAS 1.41 1. 08 1.17 1. 30 1. 30 1. 48 0.70

1 78.29
RC 1.17 0. 89 0.97 1.08 1.08 1.23 0.58"
AAS 1.43 1.07 1.27 1.33 1. 30 1.46 0. 65

2 76. 86
RC 1.17 0. 88 1. 05 1.09 1.07 1. 20 0.53"
AAS 1.42 0.97 1. 04 0.79 1.12 1.42 0.78

3 75.28
RC 1.32 0. 90 0.97 0.73 1.04 1.32 0.72~
AAS 1. 39 1.09 1. 30 1.33 1. 29 1.38 0. 64

4 77.76
RC 1.16 0. 90 1.08 1.10 1.07 1.15 0.53"
AAS 1.48 1. 10 0.91 0.99 1.27 1. 46 0.71

5 74.59
RC 1. 31 0.97 0. 80 0. 88 1.12 1.29 0.63"
AAS 1.52 1. 06 0.95 0.99 1. 26 1.45 0.70

6 74.16
RC 1.34 0.93 0. 84 0. 87 1.12 1.28 0.62"
AAS 1.43 1. 05 1. 24 1. 30 1.27 1.41 0. 66

7 77.59
RC 1.20 0. 88 1. 04 1.09 1.07 1.18 0.55"
AAS 1.52 1. 00 0. 96 0.96 1.23 1.46 0. 69

8 73.15
RC 1. 36 0. 90 0. 86 0. 86 1.10 1. 31 0.62"
AAS 1.38 0.91 0.94 0.98 1.23 1. 81 1.41

9 73.71
RC 1.12 0.74~ 0.76 0.79 1. 00 1. 46 1.14
AAS 1.42 0. 88 1. 14 1.31 1.29 1.76 1.10

10 78.08
RC 1.12 0.69* 0. 89 1.03 1.01 1. 39 0. 86
AAS 1.42 0. 90 1.02 0.97 1.24 1.72 0.96

11 74.26
RC 1.21 0.77* 0. 87 0. 82 1. 06 1. 46 0. 81
AAS 1.39 0.95 1.27 1.29 1. 30 1.68 0. 89

12 78.58
RC 1.11 0.76 1.01 1.03 1. 04 1. 34 0.71~
AAS 1. 39 1. 00 0.97 1.17 1.28 1.61 0. 83

13 77.02
RC 1.18 0. 85 0. 82 1.00 1.09 1.37 0.70"
AAS 1.37 1.05 0. 88 1.05 1.27 1.52 0. 81

14 76.98
RC 1.21 0.92 0.78 0.92 1.12 1. 34 0.71~
AAS 1.37 1.07 0. 85 1. 26 1. 30 1. 65 0. 82

15 75.15
RC 1.15 0. 90 0.72 1. 06 1.09 1.39 0.69"
AAS 1. 35 1. 04 0. 84 1. 06 1.21 1.48 0.78

16 76.82
RC 1.22 0.94 0.76 0.96 1.09 1.34 0.70*
AAS 1. 36 1.07 0. 81 1.09 1. 25 1.59 0.73

17 73.39
RC 1. 20 0.95 0.71 0.97 1.11 1. 40 0.65"
AAS 1.38 1. 10 0. 80 1.19 1.28 1.59 0.79

18 74.76
RC 1.19 0.95 0. 69 1.03 1.10 1.37 0.68"
AAS 1.43 1. 09 0.91 1.10 1. 26 1.56 0. 81

19 76.76
RC 1.23 0.93 0.78 0.95 1.08 1.34 0.69"
AAS 1.39 1.15 0. 80 1. 20 1. 28 1.55 0.81

20 75.94
RC 1.19 0.98 0.68" 1.02 1.10 1.33 0.69
AAS 1.41 1. 09 0.76 1.12 1.27 1.62 0.77

21 72.24
RC 1.23 0.95 0.66* 0.97 1.11 1.41 0.67
AAS 1.50 1. 08 0.69 1.21 1.19 1.42 0.91

22 75.59
RC 1.31 0.95 0.61~ 1. 06 1. 04 1.24 0.79

+
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Table 7 Comparison of AAS, RC and SRC,, of the 22 Spirulina (Arthrospira) strains

w5 AAS.RC  Thr Val Met+Cys e Leu Phe+Tyr Lys SRCge
AAS 1. 20 0.82 0.72 0. 96 1.06 0.96 0.55
1 75.62
RC 1. 34 0.91 0. 80 1.08 1.19 1.07 0.61"
AAS 1.21 0. 81 0.78 0.99 1. 06 0. 94 0.51
2 74. 64
RC 1. 36 0. 90 0.87 1. 10 1.18 1.05 0.56"
AAS 1.21 0.73 0. 64 0.59 0. 91 0.92 0.61
3 75.73
RC 1.35 0.91 0. 80 0.73" 1.13 1.15 0.76
AAS 1.19 0. 82 0. 80 0.98 1.05 0.89 0.50
4 75.68
RC 1.33 0.92 0.90 1. 10 1.18 1. 00 0.57"
AAS 1. 26 0. 83 0. 56 0.74 1.03 0.94 0.56
5 71.47
RC 1. 41 0.98 0.65"% 0. 87 1.22 1.12 0. 66
AAS 1.29 0. 80 0.58 0.73 1.03 0.94 0.55
6 70.97
RC 1. 44 0.95 0. 69 0. 86 1.22 1.11 0.65"
AAS 1.22 0.79 0.76 0.97 1. 04 0.91 0.52
7 75.12
RC 1. 36 0. 90 0. 86 1. 09 1.17 1.03 0.59*
AAS 1.29 0.76 0.59 0.71 1. 00 0.94 0. 54
8 70.92
RC 1.44 0.91 0. 70 0. 85 1.20 1.13 0.65"
AAS 1.18 0. 69 0.58 0.73 1.00 1.17 1.10
9 72.31
RC 1.31 0.75 0.63" 0.79 1. 09 1.27 1.20
AAS 1.21 0.67 0. 70 0.97 1. 05 1. 14 0. 86
10 76.51
RC 1.35 0.71~ 0. 74 1.03 1. 11 1.21 0.92
AAS 1.21 0.68 0. 62 0.72 1. 01 1. 11 0.75
11 74.08
RC 1.35 0.78 0.72* 0.82 1.16 1.27 0. 86
AAS 1.18 0.72 0.78 0. 96 1.06 1.08 0.70
12 78.21
RC 1.32 0.78 0. 84 1.04 1. 14 1.17 0.75"
AAS 1.18 0.75 0. 60 0. 87 1.04 1. 04 0. 65
13 75.39
RC 1.32 0. 86 0.68" 0.99 1.19 1.18 0.74
AAS 1.17 0.79 0. 54 0.78 1.03 0.98 0.63
14 74.84
RC 1.31 0.94 0.64" 0.92 1.22 1.16 0.75
AAS 1.17 0. 81 0.52 0.93 1. 05 1.07 0. 65
15 73.53
RC 1. 30 0.92 0.59* 1. 05 1.19 1. 20 0.73
AAS 1. 15 0.79 0.52 0.78 0.98 0. 96 0.61
16 75.35
RC 1.29 0.95 0.62"% 0.95 1.19 1. 16 0.74
AAS 1. 16 0. 81 0. 49 0. 81 1.02 1.02 0.58
17 72.38
RC 1.29 0. 96 0.59~ 0. 96 1.21 1.22 0.69
AAS 1.18 0. 84 0. 49 0. 88 1. 04 1.02 0. 62
18 72.68
RC 1.31 0.96 0.57* 1.02 1. 20 1.18 0.72
AAS 1.22 0. 82 0. 56 0.82 1.03 1.01 0.63
19 74.18
RC 1. 36 0.95 0.64~ 0.94 1.18 1.16 0.73
AAS 1.18 0.87 0.49 0. 89 1. 04 1. 00 0. 64
20 73.26
RC 1.32 1. 00 0.56" 1.02 1.19 1.15 0.73
AAS 1. 20 0.83 0. 46 0.83 1.04 1.04 0. 60
21 70. 69
RC 1. 34 0.96 0.54" 0.97 1.21 1.22 0.70
AAS 1.27 0. 82 0.43 0.90 0.97 0.91 0.71
22 71.31

RC 1.42 0.95 0.50" 1. 04 1.13 1. 06 0. 83
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Table 8 The closeness of 22 Spirulina(Artnrospira)

for standard amino acid
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F-901 12
B 2 22 %k (FAEB)AARREIN

Figure 2 Cluster analysis of the 22 Spirulina

(Arthrospira) strains
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Table 9 One way analysis of variance of the 22 Spirulina (Arthrospira) strains
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