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Acetone-butanol fermentation from the mixture of fructose
and glucose
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Abstract: A mixture of fructose and glucose was developed to simulate the hydrolysate of Jerusalem artichoke tubers, the
fructose-based feedstock suitable for butanol production. With the initial pH of 5.5 without regulation during mixed-sugar
fermentation, as high as 23.26 g/L sugars were remained unconverted, and butanol production of 5.51 g/L were obtained. Compared
with either glucose or fructose fermentation, the early termination of mixed-sugar fermentation might be caused by toxic organic
acids and the low pH. When the pH of the fermentation system was controlled at higher levels, it was found that sugars utilization
was facilitated, but less butanol was produced due to the over-accumulation of organic acids. On the other hand, when the pH was
controlled at lower levels, more sugars were remained unconverted, although butanol production was improved. Based on these
experimental results, a stage-wise pH regulation strategy, e.g., controlling the pH of the fermentation system at 5.5 untill the ODgy
reached 1.0, and then the pH control was removed, was developed, which significantly improved the fermentation performance of the
system, with only 2.05 g/L sugars unconverted and 10.48 g/L butanol produced.
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Fig. 1 Fermentation of the mixture of fructose and glucose by C. acetobutylicum L7 with initial pH of 5.5. (A) ODeg0, pH, glucose
and fructose concentration in the fermentation broth. (B) Application of fermentation products.
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Fig. 2 Fermentation of glucose by C. acetobutylicum L7 with initial pH of 5.5. (A) ODs2, pH and glucose concentration in the

fermentation broth. (B) Application of fermentation products.
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Fig. 3 Fermentation of fructose by C. acetobutylicum L7 with initial pH of 5.5. (A) ODs, pH and fructose concentration in the

fermentation broth. (B) Application of fermentation products.
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Fig. 4 Time-courses of undissociated butyrate (A) and pH (B) of the fermentations of glucose, fructose and the mixed-sugar by C.
acetobutylicum L7 with initial pH of 5.5.

F1 7TE pHELZHT C. acetobutylicum L7 RS HEAB IS4 R
Table 1 Results of the mixed-sugar fermentation by C. acetobutylicum L7 under different pH conditions

H Culture time  Residual sugars Butanol Acetone Ethanol Acetate Butyrate
P (h) (9/L) (9/L) (9/L) (g/L) (o/L) (o/L)
6.5 28 5.04 1.58 0.06 0.61 4.18 12.83
6.0 24 4.41 1.66 0.14 0.61 5.00 14.57
5.5 48 2.96 1.75 0.39 0.52 6.39 13.63
5.0 72 17.60 2.61 0.82 0.36 5.66 8.41
4.5 72 24.49 4.26 1.72 0.33 3.33 3.67
A B
45 o pH6S 35 ¢ ——pH6.5
40 = pH60 - -=-pH 6.0
——pH5.5 ) —-pH 5.5
351 —e—pH 5.0 i —-pHS5.0
.30 T pH4S g~ - pH 4.5
s g
225t <
E 2
o 2. =
=] Z
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Culture time (h) Culture time (h)

5 AR pH &4 T C.acetobutylicum L7 JEEHEAESIETE "2 (A) RTER/ZELH (B)
Fig. 5 Butanol production (A) and butyrate/acetate (B) during the mixed-sugar fermentation by C. acetobutylicum L7 under
different pH conditions.
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Fig. 6 Butanol production from the mixed-sugars by C. acetobutylicum L7 with the two-step pH regulation. (A) ODs2o, pH, glucose
and fructose concentration in the fermentation broth. (B) Application of fermentation products.

F2 MERMEpHIFEESEABESTE

Table 2 Mixed-sugar fermentation by C. acetobutylicum L7 with the stage-wise pH regulation

Condition Culture time  Residual sugars Butanol Acetone Ethanol Acetate  Butyrate
(h) (9/L) (9/L) (9/L) (9/L) (g/L) (/L)
Control pH 6.0 until ODgyo 1.5 145 15.67 5.88 2.40 0.47 5.03 5.52
Control pH 5.5 until ODgyo 1.5 97 6.57 8.89 4.20 0.62 4.58 2.49
Control pH 5.5 until ODgyo 1.0 97 2.05 10.48 5.21 0.96 2.86 1.97
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Fig. 7 Mixed-sugar fermentation by C. acetobutylicum L7 with the pH controlled at 5.5 until the ODgyo reached 1.0. (A) ODegzo, pH,
glucose and fructose concentration in the fermentation broth. (B) Application of fermentation products.
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