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3. Cluster analysis
4. AgglomerativeHierarchicalClustering
5UnweightedPairGroupMethod with Arithmetic mean
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Table 1 Effect of Formulation and Foam mat Drying Temperature on Density and Hygroscopicof
Ricotta Cheese Powder

Formulation = Temperature Density Hygroscopic
50 0.6802+0.0227%T 0.078+0.00292"
55 0.664+0.035% 0.083+0.005®"
{ 60 0.707+0.053%¢ 0.077+0.0028&"
65 0.678+0.01°%" 0.09+0.0022°"
70 0.607+0.059" 0.085+0.0033"
75 0.696+0.016 0.088+0.0025°"
50 0.596+0.025" 0.08+0.0095™"
55 0.5967+0.012" 0.086+0.0085°"%"
5 60 0.643+0.019°"%" 0.073+0.005"
65 0.63+0.023™ 0.0732+0.005"
70 0.66:+0.022°' 0.088+0.0094°"
75 0.731+0.014° 0.0885+0.0032°™
50 0.703+0.025™< 0.091+0.0037°%
55 0.662+0.024°%' 0.083+0.0033""
3 60 0.619+0.017%" 0.096+0.0133%"
65 0.634+0.01%" 0.0835+0.017%"
70 0.652+0.028%"e 0.102+0.009°%
75 0.687+0.03 1% 0.108+0.0054
50 0.707+0.034™¢ 0.13+0.004°
55 0.7+0.013% 0.138+0.0064®
4 60 0.678+0.01°%" 0.133+0.013°
65 0.624+0.015%" 0.115+0.011¢
70 0.721+0.012% 0.1332+0.0057"
75 0.7120.027%° 0.149+0.014°

Different lower case superscripts in the column indicate significant difference (P<0.05)
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Table 2 Results of analysis of variance of temperature and formulation on Hygroscopy and density of
ricotta cheese powder(P<0.05)

Source Density Hygroscopy
af sSqqu:rzfs slzllllf::e Pr>F df sSqqu:rzfs Mean square Pr>F
Formulation 3 0.028 0.0095 <.0001** 3 0.041 0.0138 <.0001**
Temperature 5 0.037 0.0075 <.0001* 5 0.003 0.0006 <.0001**
TF:;I‘;:g:‘;’r“e 15 0.081 0.0054 <.0001° 15 0.002 0.0001  0.0187°
Error 72 0.068 0.0009 72 0.006 0.00009
Total 95 0.216 95 0.054
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Table 3 Effect of Formulation and Foam mat Drying Temperature on Color Factorsof Ricotta Cheese

Powder
Formulation Temperature L a b BI

50 99.97+0.07" -0.038+0.06" 0.09240.185" 182.44+0.17°
55 99.992+0.07° 0.01240.0008" -0.006+0.001° 182.3609+0.00041°

| 60 99.9975+0.0005" 0.012 +0.00" -0.006=0.001° 182.3609+0.0004°
65 99.993+0.0008" 0.011 +0.00" -0.0055+0.0008" 182.361+0.0005°
70 99.991+0.001° 0.012 £0.00" -0.0015+0.007° 182.3653+0.007"
75 99.996+0.0005" 0.011+0.00° -0.0052+0.00° 182.3616=0.0008"
50 99.9977+0.0004" 0.012 +0.00" -0.006+0.001° 182.3655+0.0079"
55 99.9977+0.0004" 0.012 +0.00" -0.006+0.001° 182.3617+0.00°

) 60 99.9972+0.0004" 0.012 +0.00" -0.006=0.001° 182.3609+0.0004°
65 99.9972+0.0004" 0.012 +0.00" -0.006=0.001° 182.3609+0.0004°
70 99.997+0.0007° 0.012 +0.00* -0.006=0.001° 182.3611+0.0002°
75 99.998+0.00" 0.012 +0.00" -0.006=0.001° 182.361:0.00°
50 99.998+0.00" 0.012 +0.00* -0.006+0.001° 182.361%0.00°
55 99.998+0.00" 0.012 +0.00* -0.006=0.001° 182.361+0.00°

3 60 99.998+0.00" 0.012 +0.00* -0.006=0.001° 182.361+0.00°
65 99.998+0.00" 0.012 +0.00* -0.006=0.001° 182.361+0.00°
70 99.998+0.00" 0.012 +0.00* -0.006=0.001° 182.361+0.00°
75 99.998+0.00" 0.012 +0.00" -0.006=0.001° 182.361:0.00°
50 99.998+0.00" 0.012 +0.00* -0.006+0.001° 182.3609+0.0004°
55 99.826+0.29° 0.012 +0.00* -0.006+0.001° 182.36090.00043°

4 60 99.999+0.00" 0.012 +£0.00* -0.006=0.001° 182.361+0.00°
65 99.998+0.0004" 0.012 +0.00* -0.006+0.001° 182.36090.00043°
70 99.998+0.00" 0.012 +0.00* -0.006=0.001° 182.3609+0.00°
75 99.998+0.0004" 0.012 +0.00" -0.006+0.001° 182.3609+0.0004"

Different lower case superscripts in the column indicate significant difference (P<0.05)

Table 4 Analysis of variance of temperature and formulation effects on color parameters of ricotta
cheese powder (p<0.05)

Source L a b BI
df Sum of Mean P> df Sum of Mean P> df Sum of Mean P> df Sum of Mean P>
Squares Square Squares Square Squares Square Squares Square
Formulation ~ ° 0012 0.0041 =048 3 00012 000042 0.13® > 00051 00017 044" 0.003  0.0012  0.55™
Temperature  ° 0.024  0.0048 =044 5 0002 000041 =011 > 00085 00017 049™ > 0.006  0.0012 0.62™
Formulation 15 0.076 0005 =045 15 00062 000041 °* 5 002 00015 o06s™ 0.001 0.001  0.86™
Temperature
Error 2 0.36 0.005 2 0.016  0.0002 2 0138 00019 2 012 0.0017
Total 93 0.47 93 0.025 S 0175 93 0.15
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6. Dissimilarity level
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Fig 1 Histogram of node levels
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Fig 2 Dendrogram of hierarchical cluster analysis
(Ward’s method) of Physical Characteristics of
Ricotta Powder: cluster (C), Formulation (A),
Temperature (B)
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Table 5 Results by class
Class 1 2 3
Objects 9 8 7
Sum of weights 9 8 7
Within-class variance 0.002 0.001 0.001
Minimum distance to centroid 0.011 0.008 0.015
Average distance to centroid 0.033 0.021 0.026
Maximum distance to centroid 0.067 0.035 0.043
AB, AB; ABy
A1Bg AB; A1B;s
A,By A,B, A,B;s
A3B, AsB; A;B;
A3By A,B; A;B;s
A4By AyBy A4B;
A4B, A;3B; A4B,y
A4Bs A;3By
AqBg
Table 6 Variance decomposition for the optimal classification
Absolute Percent
Within-class 0.001 34.01%
Between-classes 0.002 65.99%
Total 0.003 100.00%

Table 7 Distances between the class centroids

1 2 3
1 0 0.104 0.065
2 0.104 0 0.046
3 0.065 0.046 0

Table 8 Central objects

Class Powder density Hygroscopy Color
1 (A;By) 0.736 0.116 182.361
2 (A3By) 0.632 0.088 182.361
3 (A2Bs) 0.673 0.101 182.362
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Cluster analysis (CA) is a multivariate tool used to organize a set of multivariate data (observations,
objects) into groups called clusters. The cluster analysis method was carried out on characteristics of
Ricotta cheese powder, with the effect of milk/whay ratio (formulation) and foam mat drying
temperature. In this study, 4 types of formulations and 6drying temperature were used to study the
density, hygroscopic and color factors to find the formulation and optimal temperature that created the
proper physical properties. The results of analysis of variance showed high temperature due to higher
vapor velocity, decreased density and increased hygroscopicity (p<0.05). Also, with increasing
temperature, the index "L"decreased and the indices "a" and "b" decreased. According to the results of
cluster analysis, cluster 2 was selected as the best cluster for the least disparity between treatments and
also due to the lowest Within-group variance. In this cluster, cheeses with a high percentage of whey
in the formulation combination and low temperatures are found to foam mat drying.According to the
results, the Lightness (L) of the powders of this cluster is higher, and at lower temperatures the density
and hygroscopy are lower. Based on the results in general, the use of cluster analysis to select
formulations for foam mat drying of ricotta cheese is a suitable method.
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