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Abstract: The nutritional value of Chlorella, Spirulina platensis and Dunaliella salina powder proteins in the cold and arid
regions of the silk road was analyzed by principal component analysis, fuzzy recognition method, amino acid content ratio
method and amino acid ratio coefficient method, and four analysis methods were compared. The results showed that the

protein content of Chlorella, Spirulina platensis and Dunaliella salina in the cold and arid regions of the silk road was
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significantly different (P<0.05). The highest protein content of Chlorella powder was 70.77 g/100 g-DW, and all contained
17 amino acids, including 7 essential amino acids except tryptophan. The mass fraction of essential amino acids in total
amino acids was close to FAO/WHO amino acid pattern spectrum. The closeness degree of three algae powder proteins
were 0.879, 0.982 and 0.906, respectively. The first limiting amino acid was methionine; the amino acid ratio coefficients
from high to low were Chlorella (82.89)>Spirulina platensis (81.78)>Dunaliella salina (74.46). Four principal components
were extracted by principal component analysis, and the cumulative variance contribution rate was 98.305%, which could
better reflect the comprehensive quality of amino acids in algal protein. Based on the characteristics of the four evaluation
methods, the amino acid ratio coefficient method and the fuzzy recognition method were used to analyze the essential
amino acids in proteins from the perspective of biological absorption. However, in terms of calculation methods, the amino
acid ratio coefficient method was more rigorous. Although the results of the fuzzy recognition method and the principal
component analysis method in this study were consistent, it may be better to use the principal component analysis method to
analyze the representative amino acids in proteins. The protein E/N and E/T value analysis recommended by FAO/WHO
only focused on the amount of essential amino acids, without considering the characteristics of biological absorption of
essential amino acids. In conclusion, the nutritional value of three algae powder proteins in the cold and arid regions of silk

road is Chlorella>Spirulina platensis>Dunaliella salina.
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Table 2 Protein content of algae powder (g/100 g-DW)
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Table 3 Amino acid composition and content of algae powder
protein (mg/g-pro)

IR X HRZH
TR 1#12 W R 2#BE 2whEk 2#HRIR
JiE s Bk he Lo O hpt
Asp 105.56* 71.37°  88.69% 64.70 8596  104.76

41.85% 3898 3751 3027
34.55% 37.99 2845 5272

Thr" 51.05*  32.73°
Ser 4377 26.66"

Glu 125.80"  86.65°  96.43" 10436  107.06  126.19
Gly 50.06" 41.50"  43.32° 32.83 58.14 53.40
Ala 75.19° 66.46"  57.36" 58.55 75.18 70.07
Cys 5.12¢ 5.71° 4.85" 430 6.25 20.07

Val’ 59.60° 43.64°  50.07° 33.35 56.42 62.59
Met 21.91° 15.95 10.85° 26.90 15.79 17.01
Ile” 62.87" 3427 41.17° 36.37 40.33 39.80
Leu’ 102.10*  77.95*  87.76" 63.94 84.25 84.35
Tyr 49.66" 28.27°  28.53° 33.36 27.82 31.29
Phe’ 52.68" 41.83° 52.29° 37.56 50.33 49.66
Lys" 53.03" 45.62"  46.48° 34.32 56.74 47.28
His 19.11° 17.84° 18.71° 14.80 20.63 13.61
Arg 84.39° 48.72°  50.79" 46.92 51.58 53.06
Pro 63.28" 4552°  53.15% 33.77 49.39 49.66

E 403.26" 29198 330.47° 27142 34136 330.96
N 621.92°  438.70° 476.36° 43159 51047 574.83
T 1025.18*  730.68" 806.84™  703.01 851.83  905.79
E/N(%)  64.84"  66.56°  69.37° 62.89  66.87  57.58

E/T(%)  39.34°  39.96®  40.96° 38.61  40.07  36.54
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Table 4 Correlation analysis of amino acids of six algae powder proteins
AHEER Asp Thr* Ser Glu Gly Ala Cys Val Met" Ile" Leu Tyr Phe" Lys" His Arg  Pro
Asp 1
Thr  0.281 1
Ser  0.670  0.043 1
Glu 0791 0271 0.853° 1
Gly 0723 -0.036 0.176 0514 1
Ala 0576 0125 0.141 0561 08217 1
Cys 0540 —0.591 0.716 0.557 0.448 0.261 1
Val" 09417 0094 0474 0.680 0.905 0.724 0.570 1
Met" -0259 0251 0283 0335 -0421 0.026 —0.147 —0.408 1
lle” 0687 0.842" 0388 0.647 0334 0518 —0.133 0.532  0.204 1
Leu” 0.850" 0572 0263 0492 0.635 0.58 0071 0811 -0353 0.829 1
Tyr 0489 0.782 0464 0.638 0.053 0400 —0.140 0279 0.528 09217 0.584 1
Phe"  0.863" 0387 0270 0.469 0758 0.464 0215 0.871° —-0.572 0.606 0.893" 0.269 1
Lys" 0639 0225 -0.095 0306 0.909° 0.807 0.090 0.813° —0489 0482 0.780 0.167 0.801 1
His  0.064 0504 —0.652 —0265 0379 0358 —0.630 0201 —0.400 0349 0505 0.083 0471 0.699 1
Arg  0.665 0.780 0381 0.631 0320 0.575 —0.100 0.522 0241 0.985" 0.815" 0.941" 0535 0472 0310 1
Pro  0.838" 0563 0242 0456 0617 0562 0.060 0.798 —0.386 0.812° 0.999" 0563 0.892° 0.772 0512 0.798 1

T BT A FOR I A G, P<0.01; *3R EAE, P<0.05,



- 326 - 1 Tl B4 2022 4F 9
5 EROIIHHEA TR SRR S S R
MK
Table 5 Eigenvalues and contribution rates of principal components I
1Ak [RERBES
F s FHIEME J5 2 SRR (%) FRTTRRE (%)
1 8.924 52.496 52.496 24/ R —
2 3.348 19.692 72.188
3 3.318 19.515 91.703 2#FEERER I 6
4 1.122 6.601 98.305
5 0.288 1.695 100.000 HIRHERA
1#IRERE3

6 BT T AR

Table 6 Factor loading matrix of the principal components

J— ot
RIER
PC1 PC2 PC3 PC4
Asp 0.920 -0.120 0.318 -0.193
Thr" 0.514 0.669 -0.465 -0.172
Ser 0.421 0.247 0.841 —-0.223
Glu 0.709 0.248 0.606 0.138
Gly 0.754 -0.555 0.065 0.309
Ala 0.734 -0.152 0.028 0.649
Cys 0.229 -0.430 0.868 -0.014
val® 0.894 -0.385 0.231 0.007
Met" —0.187 0.815 0.302 0.448
Ile" 0.848 0.513 —0.124 -0.038
Leu" 0.951 -0.020 -0.198 —0.192
Tyr 0.631 0.763 0.037 0.055
Phe” 0.873 -0.311 -0.120 -0.303
Lys 0.800 —0.441 —0.318 0.254
His 0.385 -0.160 -0.893 0.137
Arg 0.832 0.520 -0.095 0.038
Pro 0.935 -0.036 -0.217 -0.224
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Table 7 Principal component score, comprehensive score and
comprehensive ranking of algae powder protein amino acids
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Fig.1 System cluster analysis of algae powder
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Table 8 Closeness degree between different algae powder
protein and the model protein
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Table 9 EAA, RC and SRC values of essential amino acids in algae powder protein
O, THIBEBE 1Nk AR TG, 3 2HIRTEBE 28/ NER 2#FE [REE B
E5) 7
EAA RC EAA RC EAA RC EAA RC EAA RC EAA RC

Thr 0.98 1.02 0.63 0.91 0.80 1.04 0.75 1.11 0.72 0.89 0.58 0.75
Val 0.87 0.91 0.64 0.93 0.73 0.96 0.49 0.73 0.83 1.03 0.92 1.18
Met 0.64 0.67 0.47 0.68 0.32 0.41 0.79 1.17 0.46 0.58 0.50 0.64
Ile 1.25 1.30 0.68 0.99 0.82 1.07 0.72 1.07 0.80 1.00 0.79 1.02
Leu 1.10 1.15 0.84 1.23 0.95 1.24 0.69 1.03 0.91 1.13 0.91 1.18
Phe 0.94 0.97 0.74 1.08 0.93 1.21 0.67 0.99 0.89 1.11 0.88 1.14
Lys 0.94 0.98 0.81 1.18 0.83 1.08 0.61 0.91 1.01 1.26 0.84 1.08
SRC 81.78 82.89 74.46 86.29 79.74 79.90
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