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Acetone, Butanol, Ethanol Production from Undaria pinnatifida Using Clostridium sp.
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The conversion of marine biomass to renewable energy has been considered an alternative to fossil fuels.
Butanol, in particular, can be used directly as a fuel. In this experiment, the brown alga Undaria
pinnatifida was selected as a biomass for biobutanol production. Hyper thermal (HT) acid hydrolysis was
used as an acid hydrolysis method to produce monosaccharides. The optimal pretreatment conditions for
U. pinnatifida were determined as slurry with 10% (w/v) U. pinnatifida content and 270 mM H,SO,4, and
heating at 160C for 7.5 min. Enzymatic saccharification was carried out with Celluclast 1.5 L, Viscozyme L,
and Ultraflo Max. The optimal saccharification condition was 12 U/ml Viscozyme L. Fermentations were
carried out for the production of acetone, butanol, and ethanol by Clostridium acetobutylicum KCTC 1724,
Clostridium beijerinckii KCTC 1785, and Clostridium tyrobutyricum KCTC 5387. The fermentations were
carried out using a pH-control. The optimal ABE fermentation condition determined using C. acetobutylicum
KCTC 1724 adapted to 160 g/l mannitol. An ABE concentration of 9.05 g/l (0.99 g/l acetone, 5.62 g/l butanol,
2.44 g/l ethanol) was obtained by the consumption of 24.14 g/l monosaccharide with Yagg of 0.37 in pH 5.0.
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Fig. 1. Effect of optimal conditions of HT acid hydrolysis on the degradation of inhibitory compounds and monosaccharides :
(A) slurry contents, (B) H,SO,4 concentration, (C) thermal hydrolysis time, (D) reaction temperature. Control group of thermal acid
hydrolysis was carried out with 10% (w/v) slurry content, 270 mM H,SO,, at 121 C for 60 min.
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Fig. 2. Effects of single and mixed enzyme of Celluclast 1.5L, Viscozyme L, Ultraflo Max treatments (A) and dosage of Viscozyme
L (B) on monosaccharide concentration of U. pinnatifida hydrolysate at 10% (w/v) slurry after HT acid hydrolysis at pH
5.0, 45 C for 48 h. The initial monosugar was 18 g/l after HT acid hydrolysis.
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Table 1. Summary of acetone, butanol, ethanol production by non-adapted C. acetobutylicum KCTC 1724, C. beijerinckii KCTC
1785 and C. tyrobutyricum KCTC 5387 using U. pinnatifida hydrolysate.

Factor Control C. acetobutylicum C. beijerinckii C. tyrobutyricum
pH 5.0-7.0 5.0 55 6.0
ODéoo 0.25 2.72+031 1.98+0.15 3.42+0.23
Glucose (g/1) 17.57 0 0 0
Mannitol (g/1) 6.57 447 £0.78 6.57 +0.63 0
Acetone (g/l) 0 1.21£0.29 0.68 +0.06 0.54+0.11
Butanol (g/1) 0 3.17£0.42 0.37+£0.05 0.18 £ 0.06
Ethanol (g/1) 0 1.34+0.32 1.52+0.48 1.10£0.21
Acetic acid (g/1) 0 0.04 +0.06 0.76 £0.12 1.19+£0.17
Butyric acid (g/1) 0 0.32+0.08 1.21£0.52 9.08 £0.32
A 2 10 B 3.0
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G 2 @
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Time (day)

Fig. 3. Acetone, butanol, ethanol production by non-adapted C. acetobutylicum KCTC 1724 with 10% (w/v) U. pinnatifida hydro-

lysates at 37 C, 120 rpm for 8 days with pH controlled fermentation.
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Fig. 4. Acetone, butanol, ethanol production by adapted C. acetobutylicum KCTC 1724 with 10% (w/v) U. pinnatifida hydroly-
sates at 37 'C, 120 rpm for 8 days with pH controlled fermentation.
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