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4. Principal Components Analysis (PCA)
5. Hierarchical Cluster Analysis (HCA)
6. Stepwise Discriminant Analysis (SDA)
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1. Pattern Recognition

2. K Nearest Neighbor (KNN)
3. Support Vector Machine (SVM)
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2. Ward’ method
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Table 1 Microbial and physicochemical properties of raw milk samples (n= 48)

Characteristics Mean + SD Range

Total aerobic counts (log;o cfu/ml) 5.34+0.867 3.389- 6.920
Yeast and Mold counts %10 10 cfu/ml) 3.119+1.01 0-4.940
Coliform counts (log;o cfu/ml) 3.604 +£1.278 0- 6.398
pH 6.554+0.172 5.720- 6.900
Acidity (% lactic acid) 0.194 £ 0.028 0.113-0.288
Fat content (%) 4.087+0.870 2.400- 6.600
Solid non- fat (%) 8.185+0.251 7.590- 8.620
Density (gem™) 1.028 £ 0.002 1.019- 1.031
EC (uS 5.062 £0.125 4.920- 5.590
Additional water content (%) 1.538 £2.425 0-9.330
Lactose content (%) 4.493 +£0.137 4.170- 4.740
Protein content (%) 2.993 +£0.101 2.700- 3.160
Freezing point (°C) -0.524 +£0.020 (-0.587)- (-0.476)
Solubility (%) 0.674 +£0.021 0.620- 0.710
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Table 2 Correlation coefficients for the microbiological and physicochemical properties of raw milk
(n=48)

Variables

TC Y&M cc PH Ac F SNF D C w L P Fp Sol.
Total aerobic
counts (logjo 1
cfu/ml)
Yeast and
Mold counts 0.663" 1
(logyo cfu/ml)
Choliform
counts (logje  0.544™  0.853™" 1
cfu/ml)
pH -0.189  -0.288"  -0.512" 1
o
Acidity (% 0.204 0.103 0061  -0.122 1
lactic acid)
Fat content . . -
%) 0.091 0454 0345" 0117 oo 1
S"hd(%“' fat 4 090 0.013 0039  -0214 0055  0.060 1
Density (gem™ o - - .
) 0.101 0126 03777 e 0200 -0495 0.351 1
EC (1S) -0.097 0074  -0.100 0231 -0.045 -0.083 -0467" -0.626" 1
Additional 20106 -0.007  -0.097  0.066 -0.062 0292  -0.8827  -0249 0447 1
water (%)
Lactose 0.110 0.028 0.045  -0239 0103  0.009 0981 0417 -0441" -0.874" 1
content (%)
Protein 0.090 0.074 0039 0043 0087 -0.134 08317 0294 0388  -0.754" 0813 1
content (%)
Freezing -0.085  -0.019  -0.083  0.144 0078 -0385" -0913"  -0.098 04617 08557 -0.841" -0.748" 1
point (°C)
Solubility (%)  0.093 0.039 0.063  -0.230  0.069 0.008 0.988”  0.388"  -04777 -0.8677 09797  0.842" 0 8;;3“ 1

*P<0.05, ** P<0.01
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Table 3 Principal components of microbial and physicochemical properties of raw milk

PC1 PC2 PC3 PC4 PC5 PC6 PC7
Total aerobic counts (log;o cfu/ml) 0.189 0.776 -0.093 0.057 0.042 0.264 -0.096
Yeast and Mold counts (log;, cfu/ml) 0.087 0.941 0.033 0.054 -0.035 -0.088 -0.164
Coliform counts (log;, cfu/ml) 0.152 0.884 0.087 -0.090 0.090 0.033 -0.074
pH -0.289  -0.338 0.357 0.353 0.105 0.619 -0.372

Acidity (% lactic acid) 0.090 0.170 -0.560 0.336 -0.492 0.363 0.388

Fat content (%) 0.119 0.154 0.849 -0.208 0.085 0.169 0.348
Solid non- fat (%) 0.972 -0.110 0.049 0.098 -0.093 -0.080 -0.094
Density (gecm™) 0.445 -0.120 -0.734 -0.267 0.273 0.132 -0.147
EC (uS) -0.608 0.058 0.233 0.473 -0.366 -0.321 -0.220

Additional water content (%) -0.906 0.074 -0.216 -0.128 0.038 -0.121 -0.031
Lactose content (%) 0.961 -0.092 -0.027 0.101 -0.119 -0.079 -0.122
Protein content (%) 0.079 0.082 -0.129 0.737 0.589 -0.155 0.236
Freezing point (°C) -0.900 0.070 -0.353 -0.029 0.046 0.029 -0.071
Solubility (%) 0.970 -0.090 -0.003 0.111 -0.066 -0.095 -0.114

Eigen value 5.184 2.500 1.963 1.182 0.858 0.804 0.620
Variability (%) 37.026  17.859 14.023 8.443 6.132 5.742 4.427
Cumulative % 37.026  54.884 68.907 77.351 83.483 89.225 93.652
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Fig 2 Representation of scores of raw milk samples
based on the three first PCs obtained from PCA
analysis of microbial and physicochemical
properties
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Fig 3 Cluster diagram of microbial and
physicochemical characteristics of raw milk
samples (C: Conductivity, W: added Water, Fp:
Freezing point, SCC: Somatic Cell Count, F: Fat
content, D: Density, L: Lactose content, SNF: Solid
Non-Fat, Sol.: Solubility, P: Protein content, Ac:
Acidity, TC: Total Count, Y&M: Yeast and Mold
and CC: Coliform Count)
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Fig 1 Representation of microbial and
physicochemical properties of raw milk based on
the PC1 and PC2
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Table 4 Canonical coefficients of properties
with high prediction power in the discriminant
function to classify raw milk samples

Raw Properties Canonical
Coefficients
1 Total aerobic microorganism 1.809
counts
2 Mold and Yeast counts -1.992
3 Choliform Counts 1.147
4 Acidity 0.252
5 Protein content 0.455
6 EC 0.201
7 Freezing point -2.465
8 Additional water content 1.845
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Fig 4 Representation of raw milk samples (A :
Grade 1; m: Grade 2; ¢: Grade 3) and centroid

groups (O) according to both the first (CF1) and the

second (CF2) canonical functions obtained
Stepwise discriminant analysis
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Table 5 The results of membership of raw milk samples at three groups of raw milk samples in grades

1,2 and 3
Predicted group membership
Grade 1 Grade 2 Grade 3 Correct (%)
Grade 1 11 3 0 78.57
Grade 2 22 0 95.65
Grade 3 0 0 11 100.00
Total 12 25 11 91.67
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The objective of this study was to assess the relationships between physicochemical and
microbiological properties of raw milk and the use of multivariate statistical analysis such as
principal component analysis (PCA), hierarchical cluster analysis (HCA) and stepwise
discriminant analysis (SDA) for pattern recognition and classification it. In this study, 48 raw
milk samples were collected from some dairy herds of Mashhad. Samples were analyzed for the
microbiological and physicochemical properties. PCA, HCA and SDA were applied to estimate
the usefulness of the physicochemical and microbiological parameters for the differentiation and
classification of raw milk using. The results of PCA shown the seven principal components
explained 93.65% of total system variance. The PCA method permits a good classification
between raw milk samples on the basis of the first three PCs. HCA classified physicochemical
and microbiological properties of raw milk into three main groups that confirmed the correlation
between the studied variables obtained by PCA. Using SDA it was determined which variables
best classified the raw milk samples according to their quality. Finally, the classification
functions allowed the correct classification of 91.7% of the raw milk samples. Due to the direct
effect of raw milk quality on dairy products quality and consumer health, the quality of raw milk
has special importance in the dairy industry. Therefore, classification of raw milk based on the
quality characteristics will help to determine the price of raw milk and to produce high quality
dairy products.

Keywords: Classification, Hierarchical cluster analysis, Principal component analysis, Raw milk,
Stepwise discriminant analysis
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