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lB.slnrcT

This thesis reports a study of the ethanolic fermentation of
D-xylose and wood hydrolyzate bo ethanol by the yeast pachysolen
tannophilus with a view to developlng an effective ug,e of renewable
hemi-cellurose hydrolysis products from Nry Zealand forest blomass
residues. 

.

Iniflal work briefly addressed the problsn of findlng a suitable
yeast frcm natural habitats suitable for the fermentation. Soon after
that work commenced literature reports suggested that prelimlnary
conversl0n of pentoses by enzymatic means was a possibility.
consequently, this aspect of converslon was considered and rejected.
one reason for thls was that literature waa drawlng attention to the
pentose f ermenting characteristics of paehysoren tannophilus.

Laboratory scale studies demonstrated the yeast pachysolen
fannophilus to be capable of ferrnenting the hexose and pentose sugars
present in the hydrolyzate. The yeastrs specific growbh rate in the
hydrolyzate could be lmprovect by neutrallzlng the lnhibibory substances
with 2 8/I of anhydrous sodiun sulphite. Ethanol has an inhibitory
effect on growth but can also be readily assimtlatecl by the yeast.

Fermentation studles with gyration speeds of 50, 1OO and 2OO

r.p.m. showed that oxygen was a crltical paramefer affectlng growth
and elhanol produetion. Bateh fermentat,ion expertments were pursued to
examine this oxygen phenonenon more closery. cell growth, substrate
upfake rate and cultwe pH responded strongly to the suppry of oxygen.
However, productlon of ethanol acecrnpanled cell growth only in Late
rr exponentl alrr phase.

Fermentatlon characterlstlcs were established under contlnuous
culture at an aeratlon rate of 0.37 L/I.min and values obtalned were a.S

follows; maxlmun specific growth rate, 0.046 h-1; blcrna.ss yierd, o.04
e/ei ethanol yleld, o.1T g/gi Ks varue, 13 e/L and Ki values, 0.5
e/L.



A redox pobentlal controlled chemostat study revealed that

steady-state culture poised at -50 mV exhlbited a 55fi lncreased ethanol

concentration and Bf decreased xylitol concentraflon over the val.ue

observed without redox conbrol.

With a knowledge of D-xylase fermentatlon as established in these

batch and chemostat experiments, it hraE possible to consider more

detailed aspects of the fermentation which would be applicable to
process develognent. Questions addressed lncluded which strain of

Pachysolen'tannophilus should be used, whab quantlty of inoculum was

necessary, what lnteractions existed between f ermentation variables.

Statistically designed experiments were enployed to answer these

questions. Empirical models so developed revealed that ethanoL yield
has a tinear relationship with initial substrate concentration. These

models have given some lnsight into how environmental factors affect
the ethanolic ferrnentation by this yeast and have also indicated the

optimal conditions required for an effective fermentabion of wood

pent os es .

These important fermentation process variables were established

and are expected to be useful ln moving the process from laboratory

scale as carried out here to a pilot plant scale of operations. The

values established were temperature, 28o or loler; initlal mediun ptt

for ethanol productlon, 5.6 to 5.8; substrate concentration used can

be up to 80 g/l of pentoses; minimun inoculum densiLy, 5.5 g/I ey
welght cells and NRRL Y-2461 was reccmmended as the best strain to

achieve the fermentation. The pre-treabment of fhe prehydrolyzate by 2

g/L of anhydrous sodiun sulphite was hlghly desirable in order to

enhance growth and fermentation rates.

The research has shown thab Pachysolen tannophilus ls capable of

fermenting pentose fractlon of wood hydrolyzate and that the optimal

condltions for this fennenbatlon w111 lead to signiflcant utillzation
of wood sugar. However, ln the completely mixed reactor systans used

in these experiments, the ethanol yielcts obtalned were not as

attractlve as those observed for hexose fenmentations under similar
conditions. Thls, it ls felt, points to the greater difficulty the

yeast experiences ln fenmentlng pentoses and lt also suggests the need

to lnvestigate the value of other reactor formats at some future date.

l- l-
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lhax spclflc growth rate (1lX. dx/dtl tfil l
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