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Ethanol is believed to be one of the best alternatives to replace gasoline, because ethanol is a renewable energy source and

environmentally friendly. The present study focuses on the optimization of palmyra sap as a source for ethanol production.

Statistical experimental design using Box-Wilson central composite design was used to optimize the quantitative effects of

sugar, urea, and inoculum concentration on ethanol production. It was found that palmyra sap could be used as a substrate for

ethanol production using (NRRL B-14234).Amaximum ethanol concentration of 58.97 g L was obtained

after optimizing the parameters of fermentation. The optimum values of sugar urea, and inoculums concentration were

206.01 g L , 3.16 g L , and 23.05% (v v ), respectively, with ethanol yield of 0.3039 g g . A high similarity was observed

between the predicted and experimental results, which reflected the accuracy and applicability of RSM to optimize the

process for ethanol production.
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Etanol merupakan sumber energi alternatif yang berpotensi sebagai pengganti bahan bakar minyak karena bersifat

terbarukan dan ramah lingkungan. Penelitian ini bertujuan untuk mengoptimasi nira siwalan sebagai substrat untuk produksi

etanol. Pengaruh kuantitatif dari konsentrasi gula, urea, dan inokulum pada produksi etanol dioptimasi menggunakan

. Hasil penelitian menunjukkan nira siwalan dapat

dimanfaatkan sebagai substrat untuk produksi etanol menggunakan (NRRL B-14234). Konsentrasi

etanol maksimum yang dapat dicapai adalah 58.97 g L dengan pengaturan kondisi fermentasi: kadar gula substrat 206.01 g L

, kadar urea 3.16 g L , dan kadar inokulum 23.05% v v . Perolehan etanol yang dihasilkan adalah 0.3039 g g . Tingginya

tingkat kesamaan antara hasil prediksi model dan hasil penelitian aktual merefleksikan akurasi dan kemampuan aplikasi RSM

untuk optimasi produksi etanol.
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Variable
Coded Level

-1,682 -1 0 1 1,682

Total Sugar (g/L),

X1
115.9 150 200 250 284.1

Urea (g/L), X2 1.318 2 3 4 4.682

Inoculums (%

v/v), X3
11.59 15 20 25 28.41

Table 1 Independent variable in the experimental plan

Table 2 The CCD matrix employed for three independent variables

Experiment

Number
X1 X2 X3

1 -1 -1 -1

2 1 -1 1

3 -1 1 1

4 1 1 -1

5 0 0 0

6 0 0 0

7 -1 -1 1

8 1 -1 -1

9 -1 1 -1

10 1 1 1

11 0 0 0

12 0 0 0

13 -1.682 0 0

14 1.682 0 0

15 0 -1.682 0

16 0 1.682 0

17 0 0 -1.682

18 0 0 1.682

19 0 0 0

20 0 0 0

Table 3 ANOVA for full quadratic model

Source Sum of Squares df Mean Square F value
P value

Prob > F

Block 4.59 2 2.30

Model 3303.77 9 367.09 1325.71 < 0.0001 Significant

A-Sugar 158.16 1 158.16 571.19 < 0.0001 Significant

B-Urea 4.15 1 4.15 14.99 0.0047 Significant

C-Inoculums 346.24 1 346.24 1250.42 < 0.0001 Significant

AB 65.61 1 65.61 236.94 < 0.0001 Significant

AC 117.58 1 117.58 424.64 < 0.0001 Significant

BC 53.20 1 53.20 192.13 < 0.0001 Significant

A2 2191.23 1 2191.23 7913.53 < 0.0001 Significant

B2 400.45 1 400.45 1446.22 < 0.0001 Significant

C2 302.12 1 302.12 1091.10 < 0.0001 Significant

Residual 2.22 8 0.28

Lack of Fit 1.18 5 0.24 0.69 0.6663 Not significant

Pure error 1.03 3 0.34

Cor Total 3310.58 19

Std. Dev. 0.53 R Squared 0.9993

Mean 42.77 Adj R-Squared 0.9986

C.V. % 1.23 Pred R-Squared 0.9944

PRESS 18.46 Adeq Precision 100.278

Y b b X b X b X b b b

b X X b X X b X X
i = + + + + + +

+ +
0 1 1 2 2 3 3 11 22 33

12 1 2 23 2 3 13 1 3

(2)
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Table 4 Experimental and the predicted value of ethanol yield

X1 X2 X3 Ethanol (g L-1)

Sugar (g L-1) Urea (g L-1) Inoculums (% v v-1) Actual Predicted

150 2 15 31.92 31.39

250 2 15 36.11 36.26

150 4 15 30.16 30.86

250 4 15 24.48 24.27

150 2 25 28.43 28.64

250 2 25 49.54 48.84

150 4 25 38.57 38.42

250 4 25 46.64 47.16

115.91 3 20 17.45 17.30

284.09 3 20 28.62 28.75

200 1.32 20 43.42 43.93

200 4.68 20 42.60 42.08

200 3 11.59 36.57 36.49

200 3 28.41 53.37 53.43

200 3 20 58.10 57.92

200 3 20 57.92 57.92

200 3 20 57.01 57.92

200 3 20 58.40 57.92

200 3 20 58.20 57.92

200 3 20 57.89 57.92
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Fig 1 Parity plot showing the distribution of experimental vs. predicted

values of ethanol yield.

Fig 2 Response surface and contour plot of sugar vs. urea concentration on

ethanol production (inoculums was kept constant at 20% v/v/).

Fig 3 Response surface and contour plot of inoculums vs. sugar

concentration on ethanol production (urea was kept constant at

3 g L ).
1

Fig 4 Response surface and contour plot of urea vs. inoculums on ethanol

production (sugar concentration was kept constant at 200 g L ).
-1

Table 5 The of experimental and predicted ethanol yields at optimum
condition.

Variables
Optimum

Value

Optimum Ethanol Yield

(g L-1)

Experimental Predicted

Sugar (g L-1) 206.01

58.97 59.77
Urea (g L-1) 3.16

Inoculums (%v v-1)
23.05

Table 6 Ethanol yields

Paramaters Value

Ethanol yield, Yp/s (g/g) 0.3039

Ethanol yield, (% of theoretical) 59.5

Actual

Inoculum (%)

Inoculum (%)
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