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Comprehensive Evaluation of the Quality Qula, Dried Residue of Naturally Fermented Skim Yak Milk,
Based on Principal Component Analysis and Cluster Analysis
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Abstract: In order to improve the quality consistency of Qula, the dried residue of naturally fermented skim yak milk, in
pastoral areas of China, a comprehensive quality evaluation was conducted for Qula samples collected from some major
producing areas in the country. A total of 95 Qula samples from 8 producing areas were analyzed for nutritional composition,
antioxidant properties, color values and 5-hydroxymethylfurfural (5-HMF). The appropriate indicators to evaluate the quality
of Qula were screened by principal component analysis (PCA) and the samples were classified by cluster analysis. At the
same time, analysis of variance was used to comprehensively evaluate the quality of Qula samples. The results showed that
majority indicators were extremely significant (P < 0.01) and significant (P < 0.05) correlation. The first and second principal
components (PC1 and PC2) identified by PCA, accounting for 72.846% and 13.763% of the total variance, were interpreted as a
‘color component” and a ‘nutritional quality component’, respectively. The PC1 loading factors for color L*, a* and b* values and
5-HMF content were all higher than 0.9, suggesting that the color could be considered the major indicator of Qula quality. Cluster analysis
suggested that these Qula samples were classified into four categories, showing good consistency with the result from principal component
analysis. There were extremely significant differences between four categories of Qula samples in terms of quality indicators (P < 0.01).
Approximately 14.74% of Qula samples were bad in quality, 69.47% good and 15.79% excellent.
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Table2 Correlation coefficients among quality indexes
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Fig. 1  Score plot of the first and second principal components for the

95 Qula samples
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Fig.2  Dendrogram of cluster analysis for the 95 Qula samples
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FEPCL LRI 78 5 760.90L F, IRk sE SO AN
K PC2TTHRZE A13.763%, KAr&E. ABSE. &
RSB, BEN & BAPC2 E T #im 47E0.20L
5E LPC2NEFRINF . FIFHPCIARIPC2 I FE i 15 43 22 il
FEf A, 5K, 95 4 Ff 5 v LUR I L &I 4 A
4 2%, gy ah Uk B4 Sl bz a) B A B DL RS 3R A
NBFIEESR

12 R M xFos 4y i e AT R KK, 4
FEHRR REE B RS, 95 e mh oy va 25, sy Rah R
X0 m i Ra B8 R, 4 88 Ah I
OB KRN S B EE ZE R (P<0.01) . KK
FEESN100F, 95 fr Mihikedh sy N3 25, 3 BFEM MU &
BB TR TSN E E R (P<0.0D) .
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