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A METHOD FOR PRODUCING CARBOXYLIC ACID, OR A SALT 

THEREOF  

 

by Marshall Medoff, Thomas Craig Masterman, Michael W. Finn 

 

CROSS REFERENCE TO RELATED APPLICATION 

[0001] This application claims the benefit of U.S. Provisional Application No. 

61/579,559, filed on December 22, 2011.  The entire disclosure of the above 

application is incorporated herein by reference. 

 

FIELD OF THE INVENTION 

[0002] The invention pertains to methods of converting biomass to useful 

products.  In particular, the inventions relates to the production of products, such as 

butanol from sugars, such as fructose. 

 

BACKGROUND 

[0003] As demand for petroleum increases, so too does interest in renewable 

feedstocks for manufacturing biofuels and biochemicals.  The use of lignocellulosic 

biomass as a feedstock for such manufacturing processes has been studied since the 

1970s.  Lignocellulosic biomass is attractive because it is abundant, renewable, 

domestically produced, and does not compete with food industry uses. 

[0004] Many potential lignocellulosic feedstocks are available today, including 

agricultural residues, woody biomass, municipal waste, oilseeds/cakes and sea weeds, 

to name a few.  At present these materials are either used as animal feed, biocompost 

materials, are burned in a cogeneration facility or are landfilled. 

[0005] Lignocellulosic biomass is recalcitrant to degradation as the plant cell 

walls have a structure that is rigid and compact.  The structure comprises crystalline 

cellulose fibrils embedded in a hemicellulose matrix, surrounded by lignin.  This 

compact matrix is difficult to access by enzymes and other chemical, biochemical and 

biological processes.  Cellulosic biomass materials (e.g., biomass material from which 

substantially all the lignin has been removed) can be more accessible to enzymes and 

other conversion processes, but even so, naturally-occurring cellulosic materials often 

have low yields (relative to theoretical yields) 
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CLAIMS 

 

1. A method for producing a carboxylic acid, or a salt thereof, the method 

comprising: 

saccharifying a cellulosic or lignocellulosic biomass with an enzyme to 

produce a solution comprising one or more sugars;  

contacting the solution with an isomerization agent to increase the 

concentration of fructose in the solution; and 

 converting the fructose to a carboxylic acid, or a salt thereof, with a 

microorganism. 

 

2. The method of claim 1, further comprising maintaining metabolic conditions 

that cause the microorganism to produce a protective substrate that protects the 

microorganism from a toxic effect of the carboxylic acid or a salt thereof, wherein the 

protective substrate comprises one or more lipids. 

 

3. The method of claim 1 or 2, wherein the isomerization agent comprises 

glucose isomerase or xylose isomerase. 

 

4. The method of any one of the preceding claims, wherein the cellulosic or 

lignocellulosic biomass is treated to reduce its recalcitrance to saccharification. 

 

5. The method of claim 4, wherein the treatment is selected from the group 

consisting of: bombardment with electrons, sonication, oxidation, pyrolysis, steam 

explosion, chemical treatment, mechanical treatment, freeze grinding, and any 

combination thereof. 

 

6. The method of claim 4 or 5, wherein the treatment comprises bombardment 

with electrons. 

 

7. The method of any one of the preceding claims, wherein the cellulosic or 

lignocellulosic biomass is selected from the group consisting of: paper, paper 

products, paper waste, forestry wastes, grasses, grain residues, agricultural waste, 

silage, sugar processing residues, manure, sewage, industrial waste, and mixtures of 

any of these. 
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8. The method of any one of the preceding claims, wherein the cellulosic or 

lignocellulosic biomass is selected from the group consisting of:  paper pulp, 

pigmented papers, loaded papers, coated papers, filled papers, magazines, printed 

matter, printer paper, polycoated paper, card stock, cardboard, paperboard, cotton, 

wood, particle board, sawdust, aspen wood, wood chips, switchgrass, miscanthus, 

cord grass, reed canary grass, rice hulls, oat hulls, wheat chaff, barley hulls, canola 

straw, wheat straw, barley straw, oat straw, rice straw, jute, hemp, flax, bamboo, sisal, 

abaca, corn cobs, corn stover, soybean stover, corn fiber, alfalfa, hay, coconut hair, 

bagasse, beet pulp, agave bagasse, arracacha, buckwheat, banana, barley, cassava, 

kudzu, oca, sago, sorghum, potato, sweet potato, taro, yams, beans, favas, lentils, 

peas, algae, seaweed, and mixtures of any of these. 

 

9. The method of any one of the preceding claims, wherein the microorganism 

comprises a strain of Clostridium spp. 

 

10. The method of claim 2, wherein the one or more lipids comprises a 

triglyceride. 

 

11. The method of claim 10, wherein the triglyceride is produced by esterification 

of glycerol 3-phosphate through a D-glyceraldehyde pathway. 

 

12. The method of any one of the preceding claims, wherein the carboxylic acid or 

a salt thereof comprises butyric acid, or a salt thereof 












