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Abstract — The study of bioproduct production from inexpensive biomass such as marine biomass has recently
attracted considerable attention. Because, marine biomass which compared to land biomass, it can be grown rapidly and
is easily cultivated without the need for expensive equipment. In addition, the carbohydrate contents are similar or
higher than land biomass such as woody biomass and can be easily converted to chemicals through proper chemical pro-
cesses. In the production of various biochemicals from marine biomass, levulinic acid is a highly versatile chemical with
numerous industrial uses and has the potential to become a commodity chemical. It can be used as a raw material for res-
ins, plasticizers, textiles, animal feed, coatings and antifreeze. In this study, experiments were carried out to determine
the optimum conditions of temperature, acid concentration and reaction time for production of levulinic acid from
marine biomass, Gelidium amansii, using two-step treatment. In the first hydrolysis step, solid-state cellulose which was
used to produce ethanol by fermentation and liquid-state galactose which used to produce bioproduct such as levulinic
aicd were obtained through acid soaking. In the second hydrolysis step, the liquid-state galactose was converted into
levulinic acid via a high-temperature reaction in a batch reactor. As a result, the overall production yield of Gelidium
amansii to levulinic acid in the two-step acid hydrolysis was approximately 20.6% on the initial biomass basis.
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Table 1. Composition of Gelidium amansii

Main fractioin Composition (%)
Glucose 18.46
Galactose 28.41
Mannose 791
Others 4522
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Table 2. Experimental design and results (first hydrolysis)

No. Temperature Acid Conc. Time Galactose
(°C) (Wt%) (h) Recovery (%)

1 60 5 72 3191

2 70 9 24 76.73

3 70 5 48 73.09

4 60 1 48 1.87

5 70 9 72 91.04

6 80 1 48 27.92

7 70 5 48 72.45

8 80 9 48 84.71

9 60 5 24 10.09

10 80 5 72 87.52

11 60 9 48 47.63

12 70 5 48 72.10

13 70 5 48 72.86

14 80 5 24 62.18

15 70 5 48 71.56

16 70 1 72 39.42

17 70 1 24 16.42
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Table 3. Experimental design and results (secondary hydrolysis of first
hydrolyzed liquor)

No. Temperature  Acid Conc. Tirpe Levplinic acid
(°C) (Wt%) (min) Yield (%)
1 140 5 60 25.26
2 160 7 20 32.53
3 160 5 40 37.16
4 140 3 40 24.57
5 160 7 60 40.79
6 180 3 40 45.84
7 160 5 40 36.72
8 180 7 40 39.01
9 140 5 20 22.77
10 180 5 60 41.66
11 140 7 40 27.98
12 160 5 40 36.53
13 160 5 40 36.47
14 180 5 20 44.48
15 160 5 40 36.33
16 160 3 60 39.17
17 160 3 20 31.05

Table 4. Significance of regression coefficient for yield of levulinic acid

Variables Reg:ress.ion Stand error  F-value Significance level,
Coefticient P-value
Intercept 36.64 1.13 12.33 0.0016
X, 8.80 0.90 96.71 <0.0001
X, -0.04 0.90 0.002 0.9653
X5 2.01 0.90 5.02 0.0600
XX, -2.56 1.27 4.09 0.0827
X, X5 -1.33 1.27 1.10 0.3287
X, X5 0.04 1.27 0.0007 0.9784
XX, 232 1.23 3.53 0.1023
XX, 0.03 1.23 0.0004 0.9828
XX, -0.78 1.23 0.40 0.5457
Table 5. ANOVA of RSM regression analysis
Mode SS DF MS P
Regression 711.42 9 79.05 0.0016
Residual 44.86 7 6.41
Total 756.28 16
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Table 6. Mass balance of the overall process including first hydrolysis and second hydrolysis

. . 1st Acid Hydrolysis 2nd Acid Hydrolysis
Raw Materials (Solid) — - - - —
Liquid product Solid residue Final Liquid product
Galactose (g) 28.41 25.86 1.66 3.76
Glucose (g) 18.45 4.73 5.69 1.36
Levulinic acid (g) - 8.93 - 20.6
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