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Figure 1. The FT-IR spectrum of methyl ester (biodiesel) produces from the CCD-assisted 
DT rubber seed.
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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 α<0.05 are colour coded in 
red.

Effect of ratio seeds : methanol







P-Plot: C16:0
Effect: "Ratio Seed : Methanol (w /v)"

(Plot of w ithin-cell residuals)
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Histogram of Raw Predicted Values
Dependent variable: C16:0

(Analysis sample)
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P-Plot: C18:0
Effect: "Ratio Seed : Methanol (w/v)"

(Plot of within-cell residuals)
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P-Plot: C18:1
Effect: "Ratio Seed : Methanol (w/v)"

(Plot of within-cell residuals)
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Histogram of Raw Residuals
Dependent variable: C18:1
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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
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P-Plot: C18:2
Ef f ect: "Ratio Seed : Methanol (w/v )"

(Plot of  within-cell residuals)
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Histogram of  Raw Residuals
Dependent v ariable: C18:2
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Effect of catalyst concentration

Catalyst Weight (w t.%); 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 (%)
Effect: "Catalyst Weight (wt.%)"

(Plot of within-cell residuals)
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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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P-Plot: C16:0
Effect: "Catalyst Weight (wt.%)"

(Plot of within-cell residuals)
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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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P-Plot: C18:0
Effect: "Catalyst Weight (wt.%)"

(Plot of within-cell residuals)
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Histogram of Raw Residuals
Dependent variable: C18:0

(Analysis sample)
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Catalyst Weight (w t.%); 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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P-Plot: C18:1
Effect: "Catalyst Weight (wt.%)"

(Plot of within-cell residuals)
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Histogram of Raw Predicted Values
Dependent variable: C18:1

(Analysis sample)
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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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P-Plot: C18:2
Effect: "Catalyst Weight (wt.%)"

(Plot of within-cell residuals)
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P-Plot: C18:3
Effect: "Catalyst Weight (wt.%)"

(Plot of within-cell residuals)
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Effect of Reaction Time



P-Plot: Biodiesel Conversion (%)
Effect: "Reaction Time (min)"
(Plot of within-cell residuals)
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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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P-Plot: C16:0
Effect: "Reaction Time (min)"
(Plot of within-cell residuals)
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Histogram of Raw Residuals
Dependent variable: C16:0
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-0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0.0 0.1 0.2 0.3 0.4 0.5

X <= Category Boundary

0

1

2

No
. o

f o
bs

.

Histogram of Raw Predicted Values
Dependent variable: C16:0

(Analysis sample)

8.2 8.3 8.4 8.5 8.6 8.7 8.8 8.9 9.0 9.1

X <= Category Boundary

0

1

2

3

4

No
. o

f o
bs

.



Reaction Time (min); LS Means
Current effect: F(4, 5)=3.1144, p=.12222

Effective hypothesis decomposition
Vertical bars denote 0.95 confidence intervals
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P-Plot: C18:0
Effect: "Reaction Time (min)"
(Plot of within-cell residuals)
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Histogram of Raw Predicted Values
Dependent variable: C18:0
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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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P-Plot: C18:1
Effect: "Reaction Time (min)"
(Plot of within-cell residuals)
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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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P-Plot: C18:2
Effect: "Reaction Time (min)"
(Plot of within-cell residuals)
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Histogram of Raw Residuals
Dependent variable: C18:2
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Reaction Time (min); LS Means
Current effect: F(4, 5)=3.6120, p=.09576

Effective hypothesis decomposition
Vertical bars denote 0.95 confidence intervals
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P-Plot: C18:3
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Histogram of Raw Predicted Values
Dependent variable: C18:3
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Effect of Rotational Speed



P-Plot: Biodiesel Conversion (%)
Effect: "Rotational Speed (rpm)"

(Plot of within-cell residuals)
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Histogram of Raw Residuals
Dependent variable: Biodiesel Conversion (%)
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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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P-Plot: C16:0
Effect: "Rotational Speed (rpm)"

(Plot of within-cell residuals)
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Histogram of Raw Residuals
Dependent variable: C16:0
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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)

-1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8

X <= Category Boundary

0

1

2

No
. o

f o
bs

.
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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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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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P-Plot: C18:2
Effect: "Rotational Speed (rpm)"

(Plot of within-cell residuals)
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Histogram of Raw Residuals
Dependent variable: C18:2
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Dependent variable: C18:2
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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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P-Plot: C18:3
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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 α<0.05 are colour coded in red.




