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Using Principal Component Analysis for Investigating the Effects of Processing Conditions on Color Stability of

Tea Infusion
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Abstract Principal component analysis (PCA) was applied to analyze infusion color stability of tea samples made by different

processing technologies. Principal components, namely tea polyphenol content, turbidity, and color were used to establish

mathematical models for evaluating the effects of processing conditions on the stability of tea infusion. Sensory evaluation was

used for verifying the results obtained in this investigation. Consistent results were obtained between PCA and sensory

evaluation. Better color stability of tea infusion could be achieved through the following steps: A-1, A-4, A-3, A-7, A-21 and

A-2. Therefore, it is feasible to investigate the color stability of tea infusion through PCA, which provides an objective and

comprehensive evaluation approach to further exploring the stability of tea infusion.
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2.1

(4 ) 41h (4 ) (37 ) 7d

5 L * a * b *

4 4 1 h ( 4 )

7d (37 ) 7d L* a* b*

L * a *

b* L*1 a*1 b*1

1 L * 2 a * 2 b * 2 2

X1TP X2 L*1 X3 a*1 X4 b*1 X 5 1 X6 L*2 X7 a*2 X8 b*2 X 9 2 X10 L*3 X 11 a*3 X 12 b*3 X 1 3 3 X14 L*4 X 15 a*4 X 16 b*4 X 1 7 4

A-1 0.71 0.41 0.20 1.25 1.54 0.32 0.24 0.83 0.07 0.91 0.35 2.78 3.22 4.40 0.10 20.00 5.92

A-2 0.65 0.85 0.03 1.47 1.95 0.43 0.16 0.96 0.67 1.65 0.28 4.15 5.49 6.14 1.15 22.98 5.65

A-3 0.58 1.13 0.04 1.28 3.78 0.12 0.12 0.49 1.18 1.62 0.05 2.66 5.02 5.38 0.02 21.30 7.03

A-4 0.94 0.64 0.3 1.96 2.23 0.47 0.20 0.75 0.94 1.56 0.34 3.38 2.99 4.70 0.16 22.64 4.52

A-5 1.02 1.00 0.07 2.53 4.86 0.57 0.25 0.05 1.99 1.27 0.39 3.44 6.54 4.87 0.16 26.90 9.98

A-6 1.77 0.96 0.04 2.38 4.18 0.48 0.07 0.45 2.12 1.35 0.38 3.73 6.28 6.88 2.34 25.15 17.27

A-7 1.05 0.56 0.14 1.02 1.67 0.43 0.05 0.78 0.56 1.17 0.11 2.43 4.27 5.42 0.92 20.59 7.48

A-8 1.01 1.53 0.27 3.89 6.91 0.77 0.02 0.95 7.69 1.67 0.11 5.48 10.97 5.80 2.31 28.21 11.02

A-9 1.02 1.13 0.34 3.05 5.37 0.41 0.18 0.79 5.31 1.28 0.12 4.54 7.25 5.37 1.48 27.39 9.92

A-10 0.87 1.03 0.35 2.67 3.17 0.52 0.14 0.72 4.50 1.05 0.07 4.11 5.34 5.01 1.05 25.68 8.16

A-11 1.01 1.12 0.32 2.78 4.68 0.27 0.04 0.67 4.53 0.86 0.19 3.97 5.93 5.16 1.43 30.26 7.63

A-12 1.06 0.87 0.39 2.70 4.65 0.43 0.14 0.90 5.29 0.71 0.15 3.71 4.00 5.16 1.86 26.98 9.48

A-13 0.91 1.38 0.40 2.99 6.00 0.45 0.08 0.62 4.66 0.98 0.15 3.66 4.54 5.36 1.71 26.72 9.66

A-14 0.89 1.47 0.37 3.83 6.46 1.44 0.14 0.95 13.88 1.84 0.46 4.10 12.34 6.17 3.67 26.39 10.22

A-15 0.85 1.51 0.38 4.11 8.25 0.53 0.01 0.89 6.21 1.39 0.37 4.47 9.36 6.52 4.12 30.24 12.77

A-16 0.84 1.21 0.04 2.02 2.65 0.14 0.18 0.64 4.24 1.57 0.01 3.70 4.96 6.02 2.36 27.01 8.66

A-17 0.78 1.32 0.14 3.26 6.47 1.01 0.3 0.36 8.20 1.47 0.12 3.83 8.21 5.90 2.72 27.19 7.84

A-18 0.87 1.10 0.13 3.15 4.54 0.42 0.23 0.38 2.33 1.18 0.19 3.95 4.55 5.39 1.99 27.61 5.64

A-19 0.90 0.94 0.10 2.82 4.61 0.42 0.21 0.22 3.03 1.20 0.09 3.90 3.96 5.39 2.27 25.55 6.64

A-20 0.84 1.26 0.06 3.81 5.3 0.53 0.29 0.54 0.34 2.16 0.56 6.1 5.36 7.01 4.43 25.41 9.73

A-21 0.97 0.67 0.33 2.55 2.99 0.5 0.13 0.53 2.32 0.9 0.53 4.71 1.1 5.28 1.84 26.01 5.11

A-22 1.03 3.66 2.11 8.68 3.46 1.17 0.8 0.54 5.44 4.91 2.52 8.33 30.31 8.53 5.77 20.24 22.82

A-23 1.03 1.02 0.21 3.07 1.85 2.84 1.03 0.86 20.59 2.67 1.15 3.2 3.94 6.16 4.28 18.74 9.77

A-24 0.96 0.94 0.16 2.69 1.47 1.48 0.84 0.69 11.11 2.25 1.04 2.36 7.63 6.14 4.28 16.51 13.63

A-25 1.06 1.67 0.11 6.15 2.61 12.11 2.81 0.65 7.19 1.86 0.31 7.2 4.93 7.2 4.19 26.32 13.66

A-26 1.03 1.12 0.05 4.03 1.48 1.09 0.6 0.02 6.76 1.89 0.29 4.93 9.41 5.58 2.73 23.17 8.46

A-27 1.02 1.51 0.71 4.22 0 0.56 0.76 0.6 18.73 2.55 1.32 5.02 8.92 10.11 7.27 20.66 34.51

A-28 1.03 1.75 0.99 4.77 2.09 1.77 1.06 0.36 28.34 5.52 2.2 4.02 33.45 6.65 4.93 18.75 20.93

A-29 1.04 1.25 0.74 3.56 3.73 1.03 1.03 0.64 13.9 3.63 1.94 5.01 16.51 13.97 4.44 11.43 25.74

A-30 1.16 1.33 0.09 3.39 0.41 2.19 0.88 0.29 16.68 3.36 0.78 4.34 16.24 7.03 3.87 23.15 18.88

A-31 1.18 2.47 1.22 5.51 1.32 4.5 1.81 0.29 39.47 5.44 2.51 6.2 26.67 8.79 5.82 20.81 26.96

A-32 1.08 1.87 0.32 2.67 3.54 4.11 1.17 0.07 16.64 3.47 1.03 4.06 17.36 7.29 3.82 25.03 15.98

A-33 1.13 1.18 0.17 2.41 1.09 3.28 1.21 0.09 21.35 2.22 0.94 3.05 9.52 6.02 4.52 24.01 11.89

A-34 1.10 0.91 0.09 2.39 0.16 4.08 1.2 0.37 17.61 3.59 1.06 2.49 20.52 5.75 3.4 21.02 13.43

A-35 1.13 1.6 0.88 4.86 4.72 3.38 1.52 0.18 15.06 1.79 1.53 5.12 1.38 6.17 4.63 21.88 9.94

A-36 1.12 1.61 0.56 4.31 0.55 8.29 2.21 1.39 36.93 2.28 1.48 4.85 9.03 6.1 4.42 24.33 10.33

A-37 1.05 1.2 0.2 4.09 1.46 6.94 1.86 0.2 44.26 3.04 1.48 5.02 19.26 6.85 4.06 24.99 20.08

A-38 1.06 3.14 0.38 5.65 16.98 7.84 1.64 0.63 55.93 6.94 2.09 6.46 48.23 9.16 5.34 24.47 41.03
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0.926X12+0.284X13+0.421X14+0.537X15+0.097X16+0.349X17

Y3=0.410X1+0.115X2+0.147X 3+0.258X4 0.278X5+

0.860X6+0.845X7 0.881X8+0.591X9+0.238X10+0.337X11+

0.111X12+0.131X13+0.006X14+0.385X15 0.021X16+0.141X17

Y4= 0.098X1+0.114X2 0.546X3+0.005X4+0.858X5+
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0.854X16 0.125X17

Y 1 Y 2 Y 3 Y 4 1 7
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Z Z

Y 1 Y 2 Y 3 Y 4 Z Y 1 Y 2 Y 3

Y 4

Z= 0.2451Y1 + 0.2312Y2+ 0.1964Y3+ 0.1632Y4

38

4

Y1 Y2 Y3 Y 4

X1 0.194 0.090 0.410 0.098

X2 0.565 0.748 0.115 0.114

X3 0.414 0.598 0.147 0.546

X4 0.309 0.880 0.258 0.005

X5 0.268 0.065 0.278 0.858

X6 0.218 0.252 0.860 0.129

X7 0.298 0.342 0.845 0.197

X8 0.093 0.054 0.881 0.224

X9 0.719 0.090 0.591 0.023

X10 0.862 0.311 0.238 0.157

X11 0.674 0.434 0.337 0.398

X12 0.180 0.926 0.111 0.098

X13 0.903 0.284 0.131 0.087

X14 0.574 0.421 0.006 0.447

X15 0.495 0.537 0.385 0.283

X16 0.366 0.097 0.021 0.854

X17 0.836 0.349 0.141 0.125

/% /%

Y1 4.166 24.51 24.51

Y2 3.931 23.12 47.63

Y3 3.339 19.64 67.27

Y4 2.774 16.32 83.59

4

9.5

3 8 3 1 Z 1 0 A - 1

A - 4 A - 3 A - 7 A - 2 1 A - 2 Z

2 10 Z 20 A-18 A-19

A-10

3 Z

20 A-33 A-38

Z Z Z

1 A-1 6.70 14 A-13 12.96 27 A-25 22.55

2 A-4 7.58 15 A-9 14.25 28 A-34 24.53

3 A-3 8.43 16 A-20 14.33 29 A-30 25.13

4 A-7 8.44 17 A-6 14.86 30 A-32 26.04

5 A-21 9.05 18 A-26 15.68 31 A-29 26.58

6 A-2 9.41 19 A-17 15.76 32 A-27 29.18

7 A-18 11.11 20 A-24 17.37 33 A-36 29.70

8 A-19 11.25 21 A-35 17.52 34 A-22 33.11

9 A-10 11.85 22 A-8 18.12 35 A-28 36.90

10 A-5 11.96 23 A-15 18.27 36 A-37 37.32

11 A-16 12.24 24 A-23 18.70 37 A-31 42.46

12 A-12 12.36 25 A-14 20.44 38 A-38 63.52

13 A-11 12.58 26 A-33 21.99
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1 2

3

38

( 5 6)

( 11.50

3.273)

N

1 11.5000 3.27377 13

2 21.1172 9.44380 18

3 31.5171 15.42003 7

19.7429 11.57717 38

1 . 2 . 3 .

a. R2=0.381( R2=0.345)

F P

1887.717a 2 943.859 10.756 0.000

14938.912 1 14938.912 170.234 0.000

1887.717 2 943.859 10.756 0.000

3071.427 35 87.755

19770.856 38

4959.144 37

 
                                       4 41h                   4 7d                  37  7d

A-1 90 87 88 88 83 0.0297

A-2 87 85 85 84 79 0.0357

A-3 88 88 86 85 81 0.0337

A-4 90 88 86 88 83 0.0304

A-5 89 88 88 87 78 0.0526

A-6 88 87 89 86 77 0.0565

A-7 91 88 87 88 83 0.0330

A-8 88 85 85 86 78 0.0448

A-9 89 86 86 87 78 0.0494

A-10 90 85 87 88 78 0.0539

A-11 85 84 86 86 76 0.0506

A-12 87 86 85 86 78 0.0432

A-13 85 84 84 86 78 0.0375

A-14 83 80 ( ) 82 83 75 0.0417

A-15 82 79 ( ) 81 82 75 0.0370

A-16 87 83 90 82 78 0.0552

A-17 88 85 87 84 79 0.0415

A-18 88 85 86 83 77 0.0502

A-19 89 88 90 87 78 0.0559

A-20 87 81 82 80 78 0.0412

A-21 87 87 86 85 80 0.0343

A-22 81 80 81 73 71 0.0624

A-23 87 86 86 80 76 0.0578

A-24 86 84 88 80 75 0.0627

A-25 85 84 85 81 77 0.0417

A-26 87 86 85 82 75 0.0584

A-27 86 85 84 81 74 0.0591

A-28 85 84 79 80 71 0.0694

2.3
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                                       4 41h                   4 7d                   37  7d

A-29 85 83 83 77 72 0.0673

A-30 86 86 80 83 75 0.0565

A-31 85 82 80 71 72 0.0795

A-32 87 85 86 84 77 0.0473

A-33 87 85 86 81 79 0.0411

A-34 87 84 86 80 78 0.0467

A-35 84 78 84 77 70 0.0740

A-36 85 80 84 82 72 0.0642

A-37 86 84 78 83 75 0.0560

A-38 88 82 76 81 72 0.0764

7

7 38

4 41h 4 7d 37

7d 5

7 6

A-1 A-4 A-7 A-3 A-21 A-2 A-7 A-3

6
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