Separation and Xylitol fermentation of Xylose from hemicellulose hydrolysate
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ABSTRACT
The agricultural residual production, such as rice straw, contains a great quantity of hemicellulose. After been hydrolyzed, Xylose
can be found in hydrolysate and obtain xylitol production from xylose by yeast. However, the pigment and the salt for modulating
pH in hydrolysate will affect the fermentation rate of yeast. The hydrolysate has to be dealt with before fermenting. The
experimentation take the hydrolysate through the ion exchange resin to separate pigment, salt and xylose; the result shows that there
is a better separation when the loading volume is 1 mL, the flow rate is 3.5 mL/min, and the operating temperature is 4501 . Under
the above condition, the separation is amount to 80%. The research also confers the influence of the size of rice strew pellet and the
solid-liquid ratio of the straw and dilute sulfuric acid. The smaller straw powder has better xylose recovery, but its size shows a
non-linear relationship with xylose recovery. The xylose recovery no longer rises when straw powder is smaller than 60 mesh. If the
solid-liquid ratio is 1:4(g:mL), xylose recovery could be up to 95.6%. But the hydrolysate is more difficult to retrieve, and xylose
recovery is almost 70% when the solid-liquid ratio is between 1:6 and 1:10. Although it is 30% lower, but hydrolysate and residue
are easier to separate and process. Thus, the 1:6 solid-liquid ratio should be the better choice for hydrolysis. In addition, this research
uses yeast Candida subtropicalis chosen by us to ferment xylose and produce xylitol. The research indicates that there is a higher
xylitol yield (0.89) even though there are only Yeast Extract and Bacto Peptone in medium, and the concentration does not need be
too high. However, xylitol yield would reduce once inorganic salt is added. And, when xylose concentration is 10% the xylitol yield is
higher than the one when xylose concentration is more than 15%.

Keywords : hemicellulose ; hydrolysis ; xylose ; xylitol ; fermentation
Table of Contents

gbooooobooboboobooboooobooboi1iobo bobooboobUooboboobOooDbOoon
gb4210000000000000D0O0O00O..0D0D00O0DO42110000000000000000000O00O
0.42120000000000000000000O0..009212100000000000000000000O00O9

21l22000000000000000OO0...000.9212300000000000.0b00000D00O00DOD 1022000
gbooobgoobobooboobuoobonbaarz2idgboobobo0oboobooboobooba22200

gboooboobobbobooboobonz22300gboobobooobDoobooboo.oonD.12230000
gboooboobobboboobgoobo.s23l0dbooobooboboooboobuobobonDas232000n
oooobo0obobbOoboobgoobae2321000000000OD0DOObODOO0ODbO0ObDO.16232200000
ooooboobobobobooarz23230db0boonooobooobobooobooobDara324pHO0onDon

ooooboobobbOos23250000b0000..0000Db000b0ObDb. 1923260 00000000000
ooooboobaasgob booboobooboobooooboob0.24310gboboobooboobooo
00o0boob.0243200000000000000000DO0O0DODDO 2321 0000000000000
0o0o0o0dboobg.2s32200000000000000DO0O0DODODOO233000Db00DO0OODO0ObDOOD
oooobgoobo.2r3400000000000O0D0O0DOO0DDOUODDOODO028341000000D0O0ODOO

gbooobobooonbo.2834200000000000000O00000O0ODOO 28000 0000D0OOOODOO

obooobooboooboo.d410000o0boooooboooooobooooobo.3442000boooooon

obooobooooooobo.3s42100 000000000 bDOoO0OOO0ODODO.3B/4210000000000
obooobooboooooob 343000 ooooboooobooboonoobbooo 3r431gpoooooooDO
gboooboobobbgosr4320b00gboooboboobooboobon.3r433pgnooooooonoo
gbooobgoobo..37r434000000b00bobooobooboon... 3744000000000000DO0
gbooobgoobo..384410000000000000DO0O00O0DO0O.O0D0DO38B44200000000D0O0O00DODO

gbo.000b0oo0ob3’¢4430 0000000000000 0O0O00DO0OO..ODO0.40000 0D0O0OOODDOODOODO
gbooobgoobgb.elsipoogboobobbo.oobooboobob.boelsli0boboo.obooo
gbooobgoobgb.elsliz2oidboo.obooboboo0oboobgoo.elsi3booognooobooboonoo
gooobgoob..els200000.00000000000bO0o0b0ObOOe25210000000.0000D00O0O



obooobgooDb.e25211000000000.0000000000O00O00e6252120000000.0000000
obooobgoe252200000.0000000000O0O0O0O00O0ODO 3522100000000 0000.000O
gooo0dbog.e3s2220000000000000O00D0DOO0ODbDO..0063530000bO0bOD.0bD00DbOODDbDODO
ooodbO.0e4531000000000000DLO0OO0.ODO0DO0O0O.A45320000000DbD0O0ODbOODbDODO
go..00.e45330 0000000000000 0OO00O.0D00D0.6454000000000D0OD0O0DODOOD..DODO
gooo.ees55000000000.000000000DO00O0DOO..675510000000.000D000O00O00OO
OOoO00.ers520000000.00000000000000..6700000000DOCandidaspdO000OOO0O
googo.voeld00DbOOOO..0O0bD0OO0OO0OOODbOOO0OOODOY0GIIDO0OOODOL.ODOOODODO
oooooo.yeel2000000b0OObOO0.0DO00O0O0ODbDO0OOb0OO0OOODL. e300 000O0ODL..ODOOOODOOO
gboogbd.rie2000000..000000000O00O0DOODODO.72621000000000..00000¢0
gbooobgo.rze22000000000000000O00O0DOOODO DOODOOO0DLOUODODLOODLO0ODOn
gbo.726230000000000000000000O..O00. 7263000000000 000000 0DLO0ODOO
gb.7463100000000000000O0O00O00OO0.DO00vWe32000000000D0O0DO.LDOODODO
.7464000000000..000000000O0OO0DOO.O.756410000000O00O00O0ODO0ODOODODO
gooobuoobobbobooboobooboo.sed4200b00b0ObOo0ObOoO0bOoLbOOD. DO 76D OO
gboooboobobobobooboobgooobooobosocr7iooboob..obboboobooboooboo.oo.9o
711000000000 00DO00b0O0ob0OoO0ob.beo7120000000D00O0DODODDODOODO..O.907.1.3
o000bO00O0O0obOobOooo.0oobOob.%1714000000Candidasp00000D0OO0ODO.O9172000
ooo.0oboobobobooboobuo.boo.2200000boobobooob0ooboobobooobon.sg

REFERENCES

1.000019400000000000000000 2.00002000000000000000000000000O000O00DOO
3.00001990000000000000000000000000000000000000000 400001940000
0000000000 000o0o000ooo00oooooo s 00001000000 oooooooooooooon
000000000 e6.00000000000000000ODOOO0DOO0O0DOO0OO00O0ODDO0O00O0O00O0O0O0OO00n19%00
00000000000 7000000000000000019900000000000000000000000O0O00O00O00O
00008(2:121-1260 8.0 00 000DOO190 00000 0D0OODODOO0OOOOODOODOODOODOIL42:60-680 9. 000000
0000000000190 0000000000000000000000000DOO00DO0O000DO0DO25(3):273-2860 10.0
000190 0000000000000000D00000O000DO00D 1.0D000WY60 0000000000 DOODOOY
(4):60-620 12. Alexander, M.A., Chapman, T. W. 1988. Xylose metabolism by Candida Shetatae in continuous culture. Appl. Microbiol.
Biotechnol. 28:478-486. 13. Antal, M.J. Jr., Leesomboon, T., Mok, W.S., Riehards, G.N., 1991. Mechanism of formation of 2-furaldehyde from
D-xylose. Carbohydr. Res. 217, 71-85. 14. Azuma M., T. lkeuchi, R. Kiritani, J. Kato and H.Ooshima. 2000. Increase in xylitol production by
Candida tropicalis upon addition of salt. Biomass and Bioenergy 19. 129-135. 15. Claude Moreau, Robert Durand, Delphine Peyron, Jean
Duhamet, Patrick Rivalier. 1998 Industral Crops and Products. 7: 95-99. 16. Dahiya, J. S. 1991. Xylitol production by Petromyces albertensis
grown on medium containing D-xylose. Can. J. Microbiol. 37: 8-14. 17. Dominguez, J. M., Cao, N., Gong, C. S., and Taso, G. T. 1997. Dilute
Acid Hemicellulose Hydrolysate from Corn Cobs for Xylitol Production by Yeast. Bioresource Technology 61: 85-90. 18. Du Toit, P. J., Olivier, S.
P., and Van Biljon, P. L. 1984. Sugar Cane Bagasse with Regard to Monosaccharide, Hemicellulose, and Amino Acid Composition. Biotechnol.
Bioeng. 26: 1071-1078. 19. Eleonora Vandeska, S. Amartey, Slodobanka and T. W. Jefferies. 1996. Fed-Batch Culture for Xylitol Production by
Candida boidinii. Process Biochemistry. VVol.31, No.3.pp. 265-270. 20. Emodi, A. 1978. Xylitol, its Properties and Food Applications. Food
Technology 32 (1): 28-29, 31-32. 21. Felipe Maria G. A., Vitolo Michele, Ismael M. Maxcilha and Silva S. Silva. 1997. Fermentation of sugar cane
bagasse hemicellulosic hydrolysate for xylitol production: Effect of pH. Biomass and Bioenergy. VVol. 13. No 1 2, pp 11-14. 22. Fratzke, A. R., and
Reilly, P. J. 1977. Uses and Metabolic Effects of Xylitol,I . Process Biochemistry 12 (7): 27-29. 23. Gong, C. S., Chen. C. S., and Chen, L. F. 1993.
Pretreatment of Sugar Cane Bagasse Hemicellulose Hydrolysate for Ethanol Production by Yeast. Appl. Biochem. Biotechnol. 39/40: 83-88. 24.
Jaffe, G. M. 1978. Xylitol- a Specialty Sweetener. Sugar y Azucar. 73 (4): 36-38, 40, 42. 25. Jeffries, T. W. and Sreenath, H.K. 1988. Fermentation
of hemicellulosic sugar and sugar mixtures by Candia Shehate. Biotechnol. Bioeng. 27:302-307. 26. Kontula, P., Wright, A., & Mattila-Sandholm,
T. 1998. . Oat bran 3 -gluco- and xylo-oligosaccharides as fermentative substrates for lactic acid bacteria. International Journal of Food
Microbiology, Vol. 45,163—169. 27. Kretzl, K., Silbernael, H., and Bassler, K. H. 1963. Naturwize 50:154. 28. Lawford, H. G., and Rousseau, J.
D. 1992 Effect of Acetic Acid on Xylose Conversion to Ethanol by Genetically Engineered E. coli. Appl. Biochem. Biotechnol. 34/34: 185-216. 29.
Lee, J. (1997) Biological conversion of lignocellulosic biomass to ethanol. J. Biotechnol. 56: 1-24. 30. Lee, Y. Y., Yue, T., and Tarrer, A. R. 1976.
Acid Hydrolysis of Oak Sawdust. AIChE National Meeting. 31. Lee, Y. Y., Lin, L. M., Johnson, T., and Chamber, R. P. 1978. Selective Hydrolysis
of Hardwood Hemicellulose by Acid. Biotechnol. Bioeng. 8: 75-88. 32. Makinen, K. K. 1978. Biochemical Principles of the Use of Xylitol in
Medicine and Nutrition with Special Consideration of Dental Aspect. Exper. Suppl. 30: 7. 33. Montane Dainel, Joan Salvado, Carles Torras,



Xavier Farriol. 2002. High temperature dilute-acid hydrolysis of olive stones for furfural production. Biomass and Bioenergy. 22: 295-304. 34.
Nolleau, V., Preziosi, Belloy L., and Nararro, J. M. 1995. The Reduction of Xylose to Xylitol by Candida guillermondii and Candida parapsilosis:
Incudence of Oxygen and pH. Biotechnol. Lett. 17(4): 417-422. 35. Onishi, H., and Suzuki, T. 1996. The Production of Xylitol, L-arabinitol and
Ribitol by Yeasts. Agr. Biol. Chem. 30:1139. 36. Poonam Nigam and Dalel Singh. 1995. Process for fermentative production of xylitol-a sugar
substitute. Process Biochemistry. VVol.30, No. 2, pp. 117-124. 37. Prior, B. A., Kilan, S. G., and Du Preez, C. 1989. Fermentation of D-xylose by
the Yeast Candida shehaine and Pichia stipitis. Process Biochemistry, February, 21-26. 38. Roberto, I. C., Sato, S., Mancilha, I. M. and Taqueda,
M. E. S. 1995. Influence of Media Composition on Xylitol Fermentation by Candida guilliermondii Using Response Surface Methodology.
Biotechnol. Lett. 17 (11): 1223-1228. 39. Roberto, I. C., Sato, S., and Mancilha, I. M. 1996. Effect of Inoculums Level on Xylitol Production from
Rice Straw Hemicellulose Hydrolysate by Candida guilliermondii . J. Ind. Microbiol. Biotechnol. 16 (6): 348-350. 28 40. Roberto, I. C., Silva, Silvo
S., Felipe Maria G. A., Mancilha, Ismael M. DE, and Sunao, Sato. 1996. Bioconversion of Rice Straw Hemicellulose Hydrolysate for the
Production of Xylitol-Effect of pH and Nitrogen source. 57/58: 339-347.29 41. Sai Ram, M., and Seenayya, G. 1991. Production of ethanol from
straw and bamboo pulp by primary isolates of Clostridium thermocellum. World Journal of Microbiology and Biotechnology 7: 372-378. 27 42.
Scheinin, A., and Mackinen, K. K. 1975. Turku Sugar studies I-XII. Acta Odontologia Scandinavica 33, supplementum 70. 28 43. Silva Silvo S.,
Felipe Maria, G. A., and Mancilha, Ismael M. 1998. Factors that Affect the Biosynthesis of Xylitol by Xylose-Fermenting Yeasts-A Review. Appl.
Biochem. Biotechnol. 70-72: 331-339. 29 44. Slininger, P. J.,Bothast, R. J.,Ladisch, M. R. and Okos, M. R. 1990. Optimum pH and temperature
conditions for xylose fermentation by Pichia stipitis. Biotechnol. Bioeng. 35:727-731. 30 45. Tammy, P.; Philip, M.O., 1988. Xylitol in sugar Free
Confections. Food Teachnology., pp.98-106. 31 46. Leathers Timonthy D. and Dien Bruce S.. 2000. Xylitol production from corn fibre
hydrolysates by a two stage fermentation process. Process Biochemistry. Vol 35 765-769. 47. Torget, R., Walter, P., Himmel, M. and Gorhmann,
K. 1991. Dilute-Acid Pretreatment of Corn Residues and Short —Rotation Woody Crops. Appl. Biotechnol. 28/29: 75-86. 32 48. Tran, A. V.,
and Chambers, R. P. 1985. Red Oak Wood Derived Inhibitors in the Ethanol Fermentation of Xylose by Pichia stipitis CBS 5776. Biotechnol.
Lett. 7: 841-846. 33 49. Walther T., Hensirisak P., Agblevor F.A.. 2001. The influence of aeration and hemicellulosic sugars on Xylitol production
by Candida tropicalis. Bioresource Technology. 76. 213-220. 50. Washuttle, J., Riederer, P., and Banchem, E. 1973. Agualitative and Quantitative
Study of Sugar-Alcohols in Several Foods. J. Food Sci. 38: 1262. 35 51. Yamagata. 1965. Clinical Effect of Xylitol on Carbohydrate and Lipid
Metabolism in Diabetes. The Lancet. 2 (7419): 918-921. 36 52. Ylikahri, R. 1979. Metabolic and nutritional aspects of Xylitol. Advances in Food
Research. Vol. 250 159-180. 53. Yuuichi Yahashi, Hiroyuki Horitsu, Keiichi Kawai, Tohru Suzuki and Kazuhiro Takamizawa. 1996. Journal of
Fermentation and Bioengineering. Vol. 81, No. 2, 148-152.



