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ABS TRACT 

Towe r  fermentation of sulphuric acid whey pe rmeate using 

Kluy ver omyces marxianus Y42 has been investigated . The tower ferment e r  

used was 0 . 025  m i n  diameter  and 2 . 69 m high . The straight section o f  

the tower  was 2 . 37 m .  The total tower volume was 2 . 9  lit res  and the 

separator section made up 1 . 6 litres of the total vo lume. The 

operating temperature was 30°C . The optimum medium feed rate was 

observed at a supe rficial liquid velocity of 0 . 24 mm/s . I t  was found 

that a tower height of only 0 . 82 m was requi red , excluding the 

separator  sec tion , and the co rresponding residence time was 1 hour . An 

exit ethanol concentration of 1 6  g/1 was produced at a produc tivity o f  

1 6  g/lh from 4 5  g/1 lac tose i n  the whey permeate feed ( 94% 

uti lization ) .  This was an ethano l yield of  71 % on lactose util i zed . 

I f  the separato r sec tion were considered , the ethanol productivity was 

5 g/ lh and the exit ethanol concentration was 1 9  g/ 1 ,  while  the ove rall  

re tention time was 3 . 7  hours . The cell  concentration inside  the tower  

varied between 1 0  and 1 00 g/1  dried weight ( 54 and 350  g/1  wet weigh t )  

being greatest a t  the bot tom o f  the tower . 

K . . mar xianus was found to be inhibited by a high level of  e thanol 

in the growth medium and unable to ferment comple tely a high 

concen t ration of lac tose when tes ted in 1 0  litre-scale-batch 

fermentation . Further tests in the presence of  sucrose and lac tose 

found that this yeast exhibi ted diauxic behaviour by uti li zing suc rose 

before lac tose . This behaviour generally resulted in incomplete 

lac tose uti li zation in the towe r .  In the screening for a flocculent 

lac tose- fermenting yeast , the yeast s train K. mar xianu swas found to be 

the only flocculent yeas t , but it  was only moderately flocculent . 

Furthe r investigation found that i t  had good flocculence when grown in 

media which support good growth , and poo r flocculence when grown in 

acidic media and in media which do not support good growth . A 

subcul ture of  this yeast s t rain showed moderate  flocculence when grown 

in whey permeate . 

Tower fermentati on of  whey permeate enriched with molasses by 

mixed culture of Sacaharomyces cer ev{s.iae CFCC39 and K. marxianus Y4 2 

was found to be difficult .  The difficulty arose because o f  incomplete  

lac tose utilization even at a very low feed rate ( up to  0 . 1 4  mm/s )  and 

incompatible flocculation properties of the two yeast species employed . 

Blockage of the separator and gas slug formation were caused by the 

very flocculent yea s t  mass of  S.  cerevisiae CFCC39 . This  caused 

ii 



iii 

K. marxianusto be s lowly washed out of  the tower fermenter . Sucrose 

was completely uti l i zed at the bot tom of the tower ferment e r ,  while  
lac tose utilization was slow and incomplete . The incomplete lactose 

utilization has been att ributed to  the diauxic behaviour of 

K. marxianus� e thanol inhibi tion and molasses inhibition ( probably due 

to its reac tion with whey permeate during autoclaving ) . 

Results o f  tower fermentation of  cane molasses have also been given 

for characterization of  the tower fermenter used . 

Experiments to isolate an ethanol tolerant K. marxianus using a 

serial subcul tu re in a med ium containing increasing ethano l 

concen t rations were performed . The isolate obtained could tolerate up 

to 50 g/ l ethanol .  I t  could 

produce ethanol at a fas ter  rate 

lac tose-fermenting yeast tested . 

ferment lac tose in whey permeate to 

than the parent s train and other 

The isolate was found to be stable . 

It  was no t used in the tower ferment e r  as i t  was non-flocculent . 

An attempt was made to isolate a sucrose-negative K .  marxianus . 

This was only partially successful . The mutant did not grow on sucrose 

agar but reverted to the wild type when grown in liquid medium 

containing bo th sucrose and lac tose . 

An experiment to iso late a d iauxie-negative K. marxianus strain 

using D-glucosamine as a glucose analogue was also described . This was 

unsuccessful because K. marxianus was able  to grow on lactose in 

presence of the analogue . 
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