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Figure 1. The FT-IR spectrum of methyl ester (biodiesel) produces from the CCD-assisted
DT rubber seed.



Table 1. ANOVA and Tukey post hoc test for biodiesel conversion and FA extraction yields

of the CCD-assisted DT rubber seed. Significance values below 0<0.05 are colour coded in
red.

Effect of ratio seeds : methanol

Univariate Tests of Significance for Biodiesel Conversion (%) (Ratio)
Sigma-restricted parameterization
Effective hypothesis decomposition
55 Degr. of NS F V]
Effect Freedom
Intercept 58919.588 1 68919.88 99179.57 0.000000
Ratio Seed : Methanol {wiv) 8904377 4 226218 325542 0.000000
Error 3.47 5 069
Tukey HSD test variable Biodiesel Conversion (%) (Ratio)
Approximate Probabilities for Post Hoc Tests
Error: Between MS = 69490, df = 5.0000
Ratio Seed : Methanol (wi) i 21 31 {4 {5}
Cell Mo. 22860 97.500 98.540 97.865 98.325
1 1:1 0.00027 0.000271 0.000271 0.00027
2 1:2 0.000271 0729912 0.9900&7 0850182
3 1.3 0.000271 0.729912 0.917039 0.998706
4 1:4 0.000271 0.990067 0.917039 0.976990
5 15 0.000271 0850182 0.993706 0.976980
Ratio Seed : Methanol (w/v); LS Means
Current effect: F(4, 5)=3255 .4, p=200000
Effective hypothesis decomposition
Vertical bars denote 0 .95 confidence intarvals
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Expected Mormal Value
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P-Plot: Biodiesel Conversion (%) All Groups

Effect: "Ratio Seed : Methanol (wiv)"
(Plot of within-cell residuals)
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Histogram of Raw Predicted Values
Dependent variable: Biodiesel Conversion (%)
(Analysis sample)
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Univariate Tests of Significance for C16:0 (Ratio)
Sigma-restricted parameterization
Effective hypothesis decomposition
55 Degr. of NS E p
Effect Freedom
Intercept 788.5440 1 T88.5440 9616.390 0.000000
Ratio Seed : Methanol (wiv) 0.2450 4 0.0615 0.750 0.588331
Error 0.4100 5 0.0820
Tukey HSD test; variakble C16:0 (Ratio}
Approximate Probabilties for Post Hoc Tests
Error: Between MS = 08200, df = 5.0000
Ratio Seed : Methanol (wiv) {1} {2 {3} {4} {5}
Cell Mo. B8.7000 8.8000 8.9500 9.1500 8.8000
il 11 0.995775 0.895522 0.567465 0.995775
2 1:2] 0995775 0.980887 0.742500 1.000000
= 1:3( 0.895622 0.980887 0.948353 0.980887
4 1:4| 0.567485 0.742500 0.948353 0.742500
5 1:5| 08995775 1.000000 0.980887 0.742500




C16:0

Expected Normal Value

Ratio Seed : Methanol (wiv); LS Means
Current effect: F(4, 5)=.75000, p=59833
Effective hypothesis decomposition
Vertical bars denote 0.95 confidence intervals
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Mo. of obs.

Histogram of Raw Residuals
Dependeant variable: C16:0
(Analysis sample)

3 L
2 L
1 B /
0 —’J/
-0.6 0.5 -0.4 -0.3 -0.2 -0.1 0.0 01 0.2 03 04 05
X == Category Boundary
Histogram of Raw Predicted Values
Dependent variable: C16:0
(Analysis sample)
4t
3l
1)
Ke]
o
kS
c 2t
z
1 \
0
8.5 8.6 8.7 8.8 8.9 9.0 9.1 9.2
X <= Category Boundary
Univariate Tests of Significance for C18:0 (Ratio)
Sigma-restricted parameterization
Effective hypothesis decomposition
S5 Degr. of MS F p
Effect Freedom
Intercept 555 0250 1 555 0250 1275.520 0.000000
Ratio Seed : Methanal (wiv) 2.8700 4 0.7175 1.649 0.295601
Error 21750 5 0.4350




Tukey HSD test; variable C18:0 (Ratio)
Approximate Probabilities for Post Hoc Tests
Error: Between MS = 43500, df = 5.0000
Ratio Seed : Methanol (wiv) 1} 12} {31 {43 {5}
Cell Mo. 6.8000 7.3500 7.5500 2.4000 7.1500
1 11 0.808149 0.783861 0.246091 0.878973
2 12 0.909145 0.997543 0557436 0.997543
3 13 0.783861 0.897543 0.709284 0.867957
4 1.4 0.246091 0.557486 0.709284 0421283
5 156 0.979973 0.997543 0967957 0421283
Ratio Seed : Methanaol (wiv); LS Means
Current effect: F(4, 5)=1.6494, p=29560
Effective hypothesis decomposition
Vertical bars denote 0.95 confidence intervals
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P-Plot: C18:0

Effect: "Ratio Seed : Methanol (w/v)"
(Plot of within-cell residuals)
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Histogram of Raw Residuals
Dependent variable: C18:0

(Analysis sample)
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Univariate Tests of Significance for C18:1 (Ratio)
Sigma-restricted parameterization
Effective hypothesis decomposition
55 Deqgr. of MS & p
Effect Freedom
Intercept 7912.969 1. 7912969 2761.944  0.000000
Ratio Seed : Methanol (wiv) 19.976 4] 4994 1.743  0.276813
Error 14325 5| 2865




Tukey HSD test; variable C18:1 (Ratio)
Approximate Probabilities for Post Hoc Tests
Error: Between MS = 2 8650, df = 5.0000
Ratio Seed : Methanol (wiv) i L 3 {41 {5}
Cell Mo. 26.100 27.150 28.900 30.200 28.300
1 11 0.965361 0527627 0247025 0.703752
2 1.2 0965361 0.831187  0.460610  0.952870
3 1.3 0527627  0.831187 0.929735  0.995518
4 14 0247025 0460610 0.929735 0.790785
5 1:5| 0703752 0.952870 0.995518 0.79078%
Ratio Seed : Methanol (wiv); LS Means
Current effect: F(4, 5)=1.7431, p=27681
Effective hypothesis decomposition
Vertical bars denote 0.95 confidence intervals
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Histogram of Raw Residuals
Dependent variable: C18:1

(Analysis sample)
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Univariate Tests of Significance for C18:2 (Ratio)
Sigma-restricted parameterization
Effective hypothesis decomposition
ss Degr. of MS F p
Effect Freedom
Intercept 15280.28 1 1528028 4392147 0.000000
Ratio Seed : Methanol (w/v) 20.79 4 5.20 1.494| 0.330642
Error 17.40 ] 3.48




Tukey HSD test; variable C18:2 (Ratio)
Approximate Probabilities for Post Hoc Tests
Error; Between MS = 3.4790, df = 5.0000

Ratio Seed : Methanol (wh) {1 {2} 3 {4 {5}
Cell Mo. 40 450 41.100 38.000 37.350 38.550
1 1A 0.995808| 0696801 0523963  0.837831
2 12| 0995808 0523963 0376241 0.669664
3 13| 0696801 0.523963 0995808  0.997794
4 14| 0523963 0376241 0.995808 0.960770
5 15| 0837831 0.660664) 0997794 0960770
Ratio Seed : Methanol (w/v); LS Means
Current effect: F(4, 5)=1.4943, p=.33064
Effective hypothesis decomposition
Vertical bars denote 0.95 confidence intervals

46

44 | 1 T

42 +

w0l (/
N
©
° e T \1/

36 |

34 t 4

32 . . . . .

1:1 1:2 1:3 1:4 1:5
Ratio Seed : Methanol (w/v)
All Groups

Expected Normal Value

P-Plot: C18:2
Effect: "Ratio Seed : Methanol (w/v )"
(Plot of within-cell residuals)

-3 -2 =

0

Observ ed Value




Histogram of Raw Residuals
Dependent v ariable: C18:2
(Analy sis sample)
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Univariate Tests of Significance for C18:3 (Ratio)
Sigma-restricted parameterization
Effective hypothesis decompaosition
58 Degr. of MS F p
Effect Freedom
Intercept 2537649 1 25637643 2170.786 0.000000
Ratio Seed : Methanol (w/v) 6.356 | 4 1.589 1.359 0.365716
Error 5.845 b 1.169




Tukey HSD test, variable C18:3 (Ratio)
Approximate Probabilities for Post Hoc Tests
Error: Between MS = 1.1690, df = 5.0000

Ratio Seed : Methanol (wiv) {1} {2} {3 {4} {5}
Cell Mo. 17.200 15.450 15.700 14.900 16.400
1 1 0544703 0.659420 0334538 0.937645
2 1:2 0.544703 0.999155 0982796 0.893608
3 1:3 0.659420 0.999155 0937645 0959923
4 14| 0334538 0.982796 0.937645 0.659420
5 15 0.937645 0.893608 0.959923 0.659420
Ratio Seed : Methanol (w/v); LS Means
Current effect: F(4, 5)=1.3593, p=.36572
Effective hypothesis decomposition
Vertical bars denote 0.95 confidence intervals
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Effect of catalyst concentration

Univariate Tests of Significance for Biediesel Conversion (%) (Catalyst Weight)
Sigma-restricted parameterization
Effective hypothesis decomposition
58 Degr. of MS E p
Effect Freedom
Intercept 57034.15 1 57034.15 23386.39 0.000000
Catalyst Weight (wt.%) 1725.08 3 575.03 235.79 0.000059
Error 3.76 4 244
Tukey HSD test; variable Biodiesel Conversion (%) (Catalyst Weight)
Approximate Probabilities for Post Hoc Tests
Error: Between MS = 2.4388, df = 4.0000
Catalyst Weight (wt.%) mn {2 {3 4}
Cell No. 60.335 97.500 94 960 84945
1 1 0.000309 0.000321 0.000547
2 3 0.000309 0.458062 0.004672
3 5 0.000321 0.458062 0.010570
4 7 0.000547 0.004572 0.010570
Catalyst Weight (wt.%); LS Means
Current effect: F(3, 4)=235.79, p=.00006
Effective hypothesis decomposition
Vertical bars denote 0.95 confidence intervals
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P-Plot: Biodiesel Conversion (%) All Groups
Effect: "Catalyst Weight (wt.%)"
(Plot of within-cell residuals)
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Univariate Tests of Significance for C16:0 (Catalyst Weight)
Sigma-restricted parameterization
Effective hypothesis decomposition
55 Deqr. of M3 B p
Effect Freedom
Intercept 623.0450 1 £23.0450 9585.308 0.000000
Catalyst Weight (wt.%) 0.2950 3 0.0983 1.513 0.340170
Error 0.2600 4 0.0650
Tukey HSD test; variable C16:0 (Catalyst Weight)
Approximate Probabilities for Post Hoc Tests
Error: Between MS = 06500, df = 4.0000
Catalyst Weight (wt.%) {1} 2} 3} {4}
Cell No. 8.7500 8.9500 8.5500 9.0500
1 1 (.858508 0.858508 (.668972
2 2 0.858508 0.482623 (0.976963
3 5 0.858508 0.482623 (0.334239
4 T 0.669972 0.976963 0.334238
Catalyst Weight (w t.%); LS Means
Current effect: F(3, 4)=1.5128, p=.34017
Effective hypothesis decomposition
Vertical bars denote 0.95 confidence intervals
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Expected Normal Value

No. of obs.
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P-Plot: C16:0

Effect: "Catalyst Weight (wt.%)"
(Plot of within-cell residuals)
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Sigma-restricted parameterization
Effective hypothesis decompaosition

Univariate Tests of Significance for C18:0 (Catalyst Weight)

S Degr. of M3 E p
Effect Freedom
Intercept 419.0513 1 419.0513 1201.581 0.000004
Catalyst Weight (wt.%) 3.8038 3 1.2678 3.636 0.122246
Error 1.3950 4 0.3488
Tukey HSD test; variable C18:0 (Catalyst Weight)
Approximate Probabilities for Post Hoc Tests
Error: Between MS = 34875, df = 4.0000
Catalyst Weight (wt.%) I 2 3 7
Cell No. 6.0500 7.5500 7.6000 7.7500
1 1 0.191403 0.176591 0.139207
2 3| 0.191403 0.999755 0.984832
3 5| 0.176591 0.999755 0.993422
4 7 0.139207 0984832 0993422
Catalyst Weight (wt.%); LS Means
Current effect: F(3, 4)=3.6356, p=.12225
Effective hypothesis decomposition
Vertical bars denote 0.95 confidence intervals
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No. of obs.

No. of obs.

Histogram of Raw Residuals
Dependent variable: C18:0
(Analysis sample)
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Sigma-restricted parameterization
Effective hypothesis decomposition

Univariate Tests of Significance for C18:1 (Catalyst Weight)

i Degr. of M3 B p

Effect Freedom
Intercept 6728.000 1 6728.000 3463.578 0.000000
Catalyst Weight (wt %) 25570 3 8523 4 388 0.093545
Error 7770 4 1.943

Tukey HSD test; variable C18:1 (Catalyst Weight)

Approximate Probabilities for Post Hoc Tests

Error: Between MS = 1.9425, df = 4.0000

Catalyst Weight (wt %) {1} {2} {3} {4}

Cell No. 29.150 28.900 26.450 31.500
1 1 0.8997663 0.341992 0.433610
2 3 0.997663 0.405553 0.366327
3 5 0.341992 0.405553 0.072089
4 7 0.433610 0.366327 0.072089




C18:1

Expected Normal Value

No. of obs.
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Catalyst Weight (wt.%); LS Means
Current effect: F(3, 4)=4.3878, p=.09354
Effective hypothesis decomposition
Vertical bars denote 0.95 confidence intervals
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Histogram of Raw Predicted Values

(Analysis sample)

Dependent variable: C18:1
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Univariate Tests of Significance for C18:2 (Catalyst Weight)
Sigma-restricted parameterization
Effective hypothesis decomposition
55 Degr. of MS F p
Effect Freedom
Intercept 11827 .22 1 11827 22 16778.20 0.000000
Catalyst Weight (wi.%) 8.86 3 2.95 419 0.100060
Error 282 4 0.71
Tukey HSD test; variable C18:2 (Catalyst Weight)
Approximate Probabilities for Post Hoc Tests
Error: Between MS = 70500, df = 4 0000
Catalyst Weight (wt.%) {1} 2} {3} 14}
Cell No. 37.400 38.000 40.200 38.200
1 1 (0.886785 0.092317 0.781701
2 3 (0.886785 0177357 0.894547
3 5 0.092317 0177357 0222740
4 [ 0.781701 0.894547 0.222740
Catalyst Weight (wt.%); LS Means
Current effect: F(3, 4)=4.1891, p=.10006
Effective hypothesis decomposition
Vertical bars denote 0.95 confidence intervals
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Expected Normal Value
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P-Plot: C18:2 All Groups
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(Plot of within-cell residuals)
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Univariate Tests of Significance for C18:3 (Catalyst Weight)
Sigma-restricted parameterization
Effective hypothesis decomposition
S Deqgr. of MS F p
Effect Freedom
Intercept 1971.920 1 1971.920 1002247 0.000005
Catalyst Weight (wt.%) 28.210 3 9403 4779 0.082433
Error 7.870 4 1.968
Tukey HSD test; variable C18:3 {Catalyst Weight)
Approximate Probabilities for Post Hoc Tests
Error: Between MS = 1.9675, df = 4.0000
Catalyst Weight (wt.%) {13} 12} 13} 4
Cell Mo. 17.900 15.700 16.450 12.750
1 1 0.482839 0.741924 0.069241
2 3 0.482839 0.946097 0291528
3 5 0.741924 0.946097 0.174407
4 7 0.069241 0.291528 0.174407
Catalyst Weight (wt.%); LS Means
Current effect: F(3, 4)=4.7793, p=.08243
Effactive hypothesis decompaosition
Vertical bars denote 0.95 confidence intervals
22
20 +
18 |
16 + —
)
o
O
14
12
10
8

3

Catalyst Weight (wt.%)

5




Expected Normal Value

No. of obs.

No. of obs.
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P-Plot: C18:3 All Groups

Effect: "Catalyst Weight (wt.%)"
(Plot of within-cell residuals)
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Effect of Reaction Time

Univariate Tests of Significance for Biodiesel Conversion (%) (Reaction Time)
Sigma-restricted parameterization
Effective hypothesis decomposition

55 Deqr. of MS E p
Effect Freedom
Intercept 48997 .20 1 48997 .20 87044 .24 0.000000
Reaction Time (min) 3503.27 4 875.82 1555.90 0.000000
Error 281 5 0.56
Tukey HSD test; variable Biodiesel Conversion (%) (Reaction Time)
Approximate Probabilities for Post Hoc Tests
Error: Between MS = 56290, df = 5.0000
Reaction Time (min) {1} {2} {3} {4} {5}
Cell No. 50.005 53.280 97.500 86.300 62905
1 3 0.036294 0.000271 0.000271 0.000291
2 5 0.036294 0.000271 0.000271 0.000471
3 7 0.000271 0.000271 0.000337 0.000271
4 10 0.000271 0.000271 0.000337 0.000271
5 15 0.000291 0.000471 0.000271 0.000271
Reaction Time (min); LS Means
Current effect: F(4, 5)=1555.9, p=.00000
Effective hypothesis decompaosition
Vertical bars denote 0.95 confidence intervals
110
100 +
ry 90
g
E 80 |
S
= 10
8
2
m BU L
50 +
40

5 £

Reaction Time (min)

15




Expected Normal Value

No. of obs.

No. of obs.

P-Plot: Biodiesel Conversion (%) All Groups

Effect: "Reaction Time (min)"
(Plot of within-cell residuals)
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Univariate Tests of Significance for C16:0 (Reaction Time)
Sigma-restricted parameterization
Effective hypothesis decomposition

S8 Degr. of MS F p
Effect Freedom
Intercept 770.8840 1 770.8840 5682.893 0.000000
Reaction Time (min) 0.3360 4 0.0840 0.750 0.598331
Error 0.5600 5 0.1120
Tukey HSD test; variable C16:0 (Reaction Time)
Approximate Probabilities for Post Hoc Tests
Error: Between MS = 11200, df = 5.0000
Reaction Time (min) {1} {2} 14} {5}
Cell No. 84500 8.7500 89500 88000 89500
1 3 0.887111 0.605692 0.825918 0.605692
2 5 0.887111 0.969548 0999849 0.969548
2! 7 0.605692 0.969548 0.989172 1.000000
4 10 0.825918 0.999849 0989172 0989172
5 15 0.605692 0.969548 1.000000 09589172
Reaction Time (min); LS Means
Current effect: F(4, 5)=.75000, p=.59833
Effective hypothesis decomposition
Vertical bars denote 0.95 confidence intervals
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Histogram of Raw Residuals
Dependent variable: C16:0
(Analysis sample)
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Univariate Tests of Significance for C18:0 (Reaction Time)
Sigma-restricted parameterization
Effective hypothesis decomposition
SS Deqgr. of MS = p
Effect Freedom
Intercept 7376810 1 7378810 2313107 0.000000
Reaction Time (min) 39740 4 0.9935 3114 0.122215
Error 1.5950 £ 0.3190
Tukey HSD test; variable C18:0 (Reaction Time)
Approximate Probabilities for Post Hoc Tests
Error: Between MS = 31900, df = 5.0000
Reaction Time (min) {1} {2} {3} 4} {5}
Cell No. §.2500 9.0000 7.5500 §.8000 9.3500
1 3 0.689537  0.734002 0856785  0.400338
2 5| 0689537 0212377 0995536 0965485
3 7| 0734002  0.212377 0.306520 0.111964
4 10| 0.856785 0995536  0.306520 0.856785
5 15| 0400338 0965485 0111964 0856785
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Expected Normal Value
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Vertical bars denote 0.95 confidence intervals
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Histogram of Raw Predicted Values
Dependent variable: C18:0
(Analysis sample)
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Univariate Tests of Significance for C18:1 (Reaction Time)
Sigma-restricted parameterization
Effective hypothesis decomposition
85 Degr. of MS F p
Effect Freedom
Intercept 8145 316 1 8145 316 9193 359 0000000
Reaction Time (min) 15374 4 3.844 4338 0.069597
Error 4430 5 0.886
Tukey HSD test; variable C18:1 (Reaction Time)
Approximate Probabilities for Post Hoc Tests
Error: Between MS = 88600, df = 5.0000
Reaction Time {(min}) 1} {2} {3} {4} {5}
Cell No. 27.500 28650 28.900 27.050 30600
1 3 0742750 0609033 0986269 0100543
2 5| 0.742750 0998550 0506363  0.353844
3 7| 0609033 0998550 0.393390 0458817
4 10| 0986269 0506363 0393390 0.062854
5 15] 0100543 0353844 0458817 0062854
Reaction Time (min); LS Means
Current effect: F(4, 5)=4.3380, p=.06960
Effective hypothesis decomposition
Vertical bars denote 0.95 confidence intervals
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Expected Normal Value

No. of obs.

No. of obs.

P-Plot: C18:1 All Groups

Effect: "Reaction Time (min)"
(Plot of within-cell residuals)
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Univariate Tests of Significance for C18:2 (Reaction Time)
Sigma-restricted parameterization
Effective hypothesis decomposition

55 Deqgr of MS F p
Effect Freedom
Intercept 13980.12 1 13980.12 3029.279 0.000000
Reaction Time {min) 10.85 4 2.1 0.588 0.686500
Errar 2308 5 462

Tukey HSD test; variable C18:2 (Reaction Time)
Approximate Probabilities for Post Hoc Tests
Error: Between MS = 4.6150, df = 5.0000
Reaction Time {min) {1} {2} {3} {4} {5}
Cell No. 38.050 37.600 36.000 38.850 36.450
1 3 0.999426 0.864741 0.994590 0.936311
2 5 0.999426 0.936311 0972249 0.979340
3 i 0.864741 0.936311 0.690165 0.999426
4 10 0.994590 0.972249 0.690165 0.793289
5 15 0936311 0979340 0999426 0793289
Reaction Time (min); LS Means
Current effect: F(4, 5)=.58797, p=.68650
Effective hypothesis decomposition
Vertical bars denote 0.95 confidence intervals
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Histogram of Raw Residuals
Dependent variable: C18:2
(Analysis sample)
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Univariate Tests of Significance for C18:3 (Reaction Time)
Sigma-restricted parameterization
Effective hypothesis decomposition
55 Deqr. of MS F p
Effect Freedom
Intercept 2380.849 1 2380.849 5498 497 0.000000
Reaction Time (min) 6.256 4 1.564 3612 0.095760
Error 2.165 5 0433
Tukey HSD test; variable C18:3 (Reaction Time)
Approximate Probabilities for Post Hoc Tests
Error: Between MS = 43300, df = 5.0000
Reaction Time (min) {1} {2} {3} 4} {5}
Cell Mo. 16.050 15.500 15.700 16.000 13.900
1 3 0.908507  0.979808 0.999990  0.103216
2 5| 0.908507 0.997521 0932092  0.244665
3 7| 0979808  0.997521 0.988464  0.178242
4 10{ 0999990 0932092 0988464 0111466
5 15| 0103216 0244665 0178242 0111466
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Expected Normal Value
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Reaction Time (min); LS Means
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Effective hypothesis decomposition
Vertical bars denote 0.95 confidence intervals
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Histogram of Raw Predicted Values
Dependent variable: C18:3
(Analysis sample)
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Effect of Rotational Speed

Univariate Tests of Significance for Biodiesel Conversion (%) (Rotational Speed)
Sigma-restricted parameterization
Effective hypothezis decomposition
55 Degr. of WS F V]
Effect Freedom
Intercept 88850.39 1 88850.39 2097619 0.000000
Rotational Speed (rpm) 2616.25 5 523.25 1235.2 0.000000
Error 254 [i] 0.42
Tukey HSD test; variable Biodiezel Conversion (%) (Rotational Speed)
Approximate Probabilties for Post Hoc Tests
Error: Between MS = 42362, df = 6.0000
Rotational Speed (rpm) {1} 12} 13} {4} 15} {6}
Cell No. 62.795 67.775 97.500 95.560 95.895 95.790
1 3000 0.002155 0.000249 0.000249 0.000249 0.000249
2 4000 0.002155 0.000249 0.000248 0.000249 0.000248
3 5000 0.000245 0.000245 0.705821 0.265939 0.222497
4 8000 0.000245 0.000245 0.705821 0.834937 0.830579
5 7000 0.000249 0.000248 0.265939 0.854537 0.999575
] 8000 0.000249 0.000245 0.222497 0.830579 0.999975




Biodiesel Conversion (%)

Expected Normal Value

105

Rotational Speed (rpm); LS Means
Current effect: F(5, 6)=1235.2, p=.00000
Effective hypothesis decompaosition
Vertical bars denote 0.95 confidence intervals
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Histogram of Raw Residuals
Dependent variable: Biodiesel Conversion (%)

(Analysis sample)
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Univariate Tests of Significance for C16:0 (Rotational Speed)
Sigma-restricted parameterization
Effective hypothesis decomposition
55 Degr. of MS E p
Effect Freedom
Intercept 920.5008 1 920.5008 10724.28| 0.000000
Rotational Speed (rpm) 06742 5 01348 157 0297421
Erraor 0.5150 G 0.0858




Tukey HSD test; variable C16:0 (Rotational Speed)
Approximate Probabilties for Post Hoc Tests
Error: Between MS = 08583, df = 6.0000

Rotational Speed (rpm) {13 123 13} {4} 5 {6}

8.9000 8.5000 8.8500 8.7500 8.4000 9.0500
1 3000 0.745445 0.959963 0.993529 0.572215 0.993629
2 4000 0.745445 0.658935 0.945272 0.999047 0.489521
3 5000 0.959568 0.658935 0.977614 0.489521 0.999047
4 6000 0.993629 0.845272 0.977614 0.825885 0.854138
5 7000 0.572215 0.999047 0.489521 0.825885 0.347072
] 3000 0.993629 0.489521 0959047 0.894138 0.347072

Rotational Speed (rpm); LS Means
Current effect: F(5, 6)=1.5709, p=.29742
Effective hypothesis decomposition
Vertical bars denote 0.95 confidence intervals
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Histogram of Raw Residuals
Dependent variable: C16:0
(Analysis sample)
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Univariate Tests of Significance for C18:0 (Rotational Speed)
Sigma-restricted parameterization
Effective hypothesis decomposition
s3 Degr. of MS F p
Effect Freedom
Intercept 705.3333 1| 7053333 2418286 0.000000
Rotational Speed (rpm) 2.9767 | 5/ 05053 2041 0205208
Error 17500 6 02917




Tukey HSD test; variable C18:0 (Rotational Speed)
Approximate Probabilities for Post Hoc Tests
Error: Between MS = 28187, df = 6.0000

P-Plot: C18:0

Rotational Speed (rpm)

Effect: "Rotational Speed (rpm)"
(Plot of within-cell residuals)

All Groups

Expected Normal Value
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Observed Value
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0.8

Rotational Speed (rpm) {1} 2% {3k {4} {5} {6}
7.0000 7.3000 7.5500 7.5500 8.5000 8.1000

1 3000 0.550809 0.886100 0.856100 0.188167 0.418749
2 4000 0.550809 0.955584 0.955584 0.345850 0.686927
3 5000 0.856100 0.955584 1.000000 0.546264 0.856100
4 6000 0.8%6100 0.955584 1.000000 0.546264 0.856100
5 7000 0.188167 0.345850 0.546254 0.546254 0.968674
6 8000 0.418749 0.686927 (1.886100 0.886100 0.968674

Rotational Speed (rpm); LS Means

Current effect: F(5, 6)=2.0411, p=.20521
Effective hypothesis decomposition
Vertical bars denote 0.95 confidence intervals
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Histogram of Raw Residuals
Dependent variable: C18:0
(Analysis sample)
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Univariate Tests of Significance for C18:1 (Rotational Speed)
Sigma-restricted parameterization
Effective hypothesis decomposition
S5 Degr. of MS F p
Effect Freedom
Intercept 92_{_}?_._48{}___ ‘_l_: 9207 480 | 10727 16 : 0.000000
Rotational Speed (rpm) .32._3?.[}__; 5 6474 | 754 0014424
Error 5150 | g 0.858




Tukey HSD test; variable C18:1 (Rotational Speed)

Approximate Probabilities for Post Hoc Tests
Error; Between M3 = 85833, df = 6.0000

Rotational Speed (rpm) {1} {21 {31 {4} {5} {6}
Cell Ma. 26.900 26.800 28.900 24 950 29.800 28.850
1 3000 0.999957 0.369529 0.390818 0126724 0.390818
2 4000 0.999957 0.329844 0.435809 0.112335 0.349241
3 5000 0.369529 0.329844 0.037253 0.911860 1.000000
4 G000 0.390818 0.435809 0.037253 0.014452 0.039351
5 7000 0.126724 0.112335 0.911860 0.014482 0.893635
] 2000 0.390818 0.349241 1.000000 0.039381 0893635
Rotational Speed (rpm); LS Means
Current effect: F(5, 6)=7.5425, p=.01442
Effective hypothesis decomposition
Vertical bars denote 0.95 confidence intervals
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Histogram of Raw Residuals
Dependent variable: C18:1
(Analysis sample)
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Sigma-restricted parameterization
Effective hypothesis decomposition

Univariate Tests of Significance for C18:2 (Rotational Speed)

ss Degr. of MS F p
Effect Freedom

Intercept 16905.01 | 1| 16005.01] 4307.010 0.000000
Rotational Speed (rpm) 73.22| g 14.64 3.731  0.070002
Error 23.55| 6 3.03|




Tukey HSD test; variable C18:2 (Rotational Speed)
Approximate Probabilties for Post Hoc Tests
Error: Between MS = 3.9250, df = 6.0000

Rotational Speed (rpm) 1} 2} 3 {43 5} I
cell No. 38150 40.800 38.000 39,400 33.300 35 550
1 3000 0.75%082 0999999 0.983977 0.271199 0.771341
2 4000 0.758082 0.721455 0.574155 0.051602 0.216954
3 5000 0.999599 0.721455 0.974155 0.294478 0.806938
4 g000 0.9835977 0.974159 0.974159 0.134194 0.459381
5 7000 0.271199 0.051602 0.294475 0.134194 0.851126
] 2000 0.771341 0.216954 0.806938 0.459381 0.851126
Rotational Speed (rpm); LS Means
Current effect: F(5, 6)=3.7308, p=.07000
Effective hypothesis decomposition
Vertical bars denote 0.95 confidence intervals
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Histogram of Raw Residuals
Dependent variable: C18:2
(Analysis sample)
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Univariate Tests of Significance for C18:3 (Rotational Speed)
Sigma-restricted parameterization
Effective hypothesis dBCOI"I"ipOSitiOH
S5 Degr. of MS F p
Effect Freedom
Intercept 3444.241 1| 3444241 20769.29|  0.000000
Rotational Speed (rpm) 14574 2 2.915| 17.58|  0.001591
Error 0.995 6 0.166 |




Tukey HSD test variable C18:3 (Rotational Speed)
Approximate Probabilities for Post Hoc Tests
Error: Between MS = 16583, df = 6.0000
Rotational Speed (rpm) i H 12} 13} {4} {5} {6}
Cell Mo. 18.400 15.950 15.700 17.100 18.350 16.150
1 2000 0.007304 0.004472 0.118222 0.999954 0.011140
2 4000 0.007304 0.985756 0.178615 0.008087 0994728
3 5000 0.004472 0.985756 0.089985 0.004917 0.863595
4 6000 0118222 0.178615 0.089985 0.135623 0307301
5 7000 0.999994 0.008087 0.004917 0.135623 0.012433
i} 2000 0.011140 0.994728 0.863585 0307301 0.012433
Rotational Speed (rpm); LS Means
Current effect: F(5, 6)=17.577, p=.00159
Effective hypothesis decomposition
Vertical bars denote 0.95 confidence intervals
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Histogram of Raw Residuals
Dependent variable: C18:3
(Analysis sample)
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Table 2. ANOVA and Tukey post hoc test for cetane number of the CCD-assisted DT rubber

seed. Significance values below 0<0.05 are colour coded in red.

Univariate Tests of Significance for Cetane Number (CN - Ratio)
Sigma-reslricted parameterization
Effective hYpE}thBSiS dE‘.‘EOﬂ’IpOSiliOﬂ
S5 Degr. of MS F p
Effect Freedom
Intercept 34645 .00 1 3464500 8056 976 0.000000
Ratio Seed . Methanol 95.12 4 24.53 52705 0.041778
Error 21.50 5 4.30
Tukey HSD test; variable Cetane Mumber (CN - Ratio)
Approximate Probabilities for Post Hoc Tests
Error: Between MS = 43000, df = 5.0000
Ratio Seed : Methanol el {2} {3} {4} {5}
Cell Ma. 5¥.350 55.950 58.850 64.850 57.300
1 1:2 0.953852 0.942061 0.072950 1.000000
2 1:3| 0.953852 0.653769 0.035767 0.959164
3 11 0.942061 0.653769 0.151287 | 0.935570
4 1:4{ 0072980 0038767 0151287 0.071239
5 1:5 1.000000 0959164 0935570 0.071289
Univariate Tests of Significance for Cetane Mumber (Spreadsheet14)
Sigma-restricted parameterization
Effective hypothesis decomposition
55 Deqr. of MS E p
Effect Freedom
Intercept 25821.28 1 25821.28 1516.780 0.000003
Catalyst Concentration (wt.hv,%) 39.67 3 1322 0777  0.564931
Error 68.10 4 17.02
Tukey HSD test; variable Cetane Number (Spreadsheet14)
Approximate Probabilities for Post Hoc Tests
Error. Between MS = 17.024, df = 4.0000
Catalyst Concentration {1} {2} {3} {4}
Cell No. (wi.fv. %) 56.300 59.650 57.750 23.550
1 1 0.846728 0.983145 0.904667
2 3 0.846728 0.964020 0.523041
3 5 0.983145 0.964020 0.749775
4 7 0.904667 0 523041 0749775
Univariate Tests of Significance for Cetane Number (Spreadsheet39)
Sigma-restricted parameterization
Effective hypothesis decomposition
5SS Degr. of MS p
Effect Freedom
Intercept 39350 .53 1 3935053 2629 504 0000000
Reaction Time {min) 463.68 4 115.92 7.746 0.022689
Errar 74 .82 5 14 96




Tukey HSD test; variable Cetane Number [Spreadsheet39)
Approximate Probabilities for Post Hoc Tests
Error: Between MS = 14 965, df = 5.0000
Reaction Time (min) {1 {2 {4} {5}
Cell Mo. 58.300 74.850 55.700 65.200 59.600
1 3 0039250 0954542 0468595 0996357
2 Al  0.039250 0.021974 0229100 0053463
3 7| 0954542 0.021974 0238578 0842350
4 10 0468595 0229100 0238578 0623969
5 15 0996357 0.053463 0842350 0.628969
Univariate Tests of Significance for Cetane Mumber (Spreadsheet52)
Sigma-restricted parameterization
Effective hypothesis decomposition
S5 Degr. of MS F p
Effect Freedom
Intercept 3956008 1 3956008 10610 .66 0.000000
Rotational Speed (rpm) 7735 5 15.47 415 0.056259
Error 2237 6 3.73
Tukey HSD test; variable Cetane Number (Spreadsheets2)
Approximate Probabilties for Post Hoc Tests
Error: Between MS = 3.7283, df = 6.0000
Rotatienal Speed (rpm} 113 12} {3} {4} 15} {6}
Cell No. 50.350 £1.050 55.700 53.800 57.000 55.600
1 3000 0.998731 0.283238 0.0945852 0.558141 0.455916
2 4000 0.9938731 0.189586 0.063685 0.393751 0.316750
3 5000 0.233238 0189586 0.907778 0.9733875 09953855
4 5000 0.094652 0.0636385 0907778 0.597032 0.702830
5 7000 0.558141 0.393751 0978875 0.597032 0959516
& 2000 0.459516 0.316750 0.9953855 0.702330 0.9595916




