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Principal component analysis and cluster analysis of quality indexes
of sports nutrition biscuits
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ABSTRACT: Objective To establish a quality evaluation system for different varieties of sports nutrition
biscuits, and provide references for the identification and quality control of sports nutrition biscuits. Methods
Nine different varieties of sports nutrition biscuits were selected as raw materials, and 15 kinds of indicators of
their nutritional quality and mycotoxin pollution were measured, and the correlation of their quality indicators was
analyzed, and the quality was comprehensively evaluated by principal component analysis and cluster analysis.
Results There were differences in the quality indicators of different varieties of sports nutrition biscuits
(P<0.05), and the coefficients of variation of the quality indicators were different, indicating that the quality of
different varieties of biscuits showed varying degrees of change. It could be seen from the main component
analysis that 15 kinds of quality indicators could reflect the quality of 9 kinds of different sports nutrition biscuits,
which could be represented by 5 main components, and their cumulative variance contribution rate was 88.673%,
chewiness, Mg, Ca, L value, b value, protein and fat could be used as key indicators for comprehensive

evaluation of its quality. Conclusion The experimental research results obtained by the comprehensive
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evaluation method of principal component analysis and cluster analysis provide references for consumption and

selection of sports nutrition biscuits with high nutritional value, good taste and good quality. The established

quality evaluation system provides references for the identification and quality control of sports nutrition biscuits.

KEY WORDS: sports nutrition biscuits; principal component analysis; cluster analysis; quality evaluation
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Table 3 Principal component loading matrixes, eigenvalues and variance contribution rates of biscuit quality indicators

F >
Eizzan
1 2 3 4 5

HIART 0.230 0.573 —0.137 -0.211 0.682
1 0.055 0.913 —0.163 0.221 0.217
Ll —0.699 0.461 0.071 —0.378 0.055
afd 0.363 0.710 -0.377 0.068 0.358
bE 0.740 0.250 0.483 —0.300 —0.204
Tz 0.318 0.485 0.742 0.061 0.221
e -0.320 —0.140 0.777 0.147 0.076
JBEF 0.403 -0.374 -0.577 0.352 -0.417
MEL g1 0.776 —0.427 0.120 0.204 0.006
Mg 0.897 -0.131 0.050 0.021 -0.319
Ca -0.723 0.524 -0.383 0.015 —0.212
Fe 0.382 0.138 -0.103 -0.371 0.226
Zn 0.123 0.539 0.226 —0.717 -0.279
AFT-M, -0.152 —0.614 0.428 0.871 0.034
AFT-B, 0.746 0.290 —0.300 0.069 0.215
FRIEAA 4.259 3.487 2.411 1.937 1.207
DTRR /% 28.393 23.247 16.072 12.915 8.047
B mimR % 28.393 51.639 67.711 80.626 88.673

/\ 0.038X-0.127X+0.091.X5-0.086.X;5-0.179X,,+0.306X;,—0.136.X;5—
o'l 0.142X,,40.114X,5
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Fig.l Principal component analysis load diagram of biscuit B U
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F3=0.073X,+0.076.X,+0.03 LY5+0.013.X,+0.138X5+0.362X5+ ~, , g
0.290X,-0.38 1X,—0.029X,-0.104X,0-0.098X, -0.027X, 10,001 X s+ JLRTRIAT A M —FopHrir i, HERAALGHE, %
0.119X,,-0.049.X; 5 MU FRL A 123250 A B vh X AR A S EFR N R Y
F;=0.046X,+0.033.X,—0.097X3-0.016X,—0.196 X5+0.035Xs+ I [26-28] N e W e RICE S A I E = i
0.138X7+0.103X5+0.120X5-0.049.X,-0.058X,,-0.102X,,-0.423.X s+ .
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Table 4 Matrix of factor score coefficients

Fgr
Bzt
1 2 3 4 5
HER —0.072 0.070 0.073 0.046 0.510
Ng W5 -0.086 0.296 0.076 0.033 -0.081
LA —0.144 -0.206 0.031 -0.097 0.124
a'fH —0.066 0.338 0.013 -0.016 0.089
b'{H 0.226 -0.015 0.138 -0.196 -0.091
i i 0.088 0.087 0.362 0.035 -0.024
S 0.018 -0.146 0.290 0.138 -0.038
JBEF T 0.133 -0.019 -0.381 0.103 -0.127
WE P14 0.210 -0.003 -0.029 0.120 0.091
Mg 0.265 -0.013 ~0.104 —0.049 -0.086
Ca -0.203 0.060 -0.098 -0.058 —0.179
Fe 0.041 -0.037 -0.027 -0.102 0.306
Zn 0.046 —0.041 0.091 —0.423 —0.136
AFT-M, 0.051 -0.013 0.119 0.446 —0.142
AFT-B, 0.074 0.245 ~0.049 -0.002 0.114
*5 BAFEN5EE6EY
Table 5 Factor scores and comprehensive scores
B HE YT F F F> F; F, Fs F He#

S 1.142 —0.017 —0.137 1.014 0.611 0.479 2

S, 0.120 -0.091 —2.245 0.064 0.148 -0.328 8

S; -1.618 0.189 0.515 —0.345 1.046 -0.293 7

Sy 0.343 -1.821 0.211 -0.088 1.502 -0.181 6

Ss -0.401 -0.379 0.887 2.035 ~1.134 0.112 3

Se -1.258 0.397 —0.845 —0.041 —0.546 —0.451 9

S 1.326 2.041 0.271 -0.382 0.432 0.880 1

Sy -0.263 0.084 0.946 ~1.146 —1.455 —0.168 5

Sy 0.609 ~0.406 0.397 -1.112 —0.604 -0.050 4

[P 2 AT, UK ECHERSF 7 BRI Between
Groups Linkage EAERSE 2, Sigoppay s 0, iy O AL WIE

TR 3 KK, 5 1 Rk AFTM, AFTB, . Bk, LR O FIA I Rz 29 D T L R 25
UL BRI L, 'l DM 2 RIOWIRIVI, I g i P4 e S A A A7 AR e
Wi\ Mg, Ca. Fe. Zn; 553 RIWREEL: FIMEREEMIMB S0, %06 300 b 2 WA 05 2 SHHE (P<0.05), FLIZ B
BEOPRAEIH AL, ALY, . Mg, Ca. L. 0. Jepb T R T PRk 2 ] SBR[ R 19 A f . R,
R IRV DT LS 0 R RSB B A T 0 FR R 2 25 72 T
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Fig.2 Cluster analysis of biscuit quality indicators
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