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The wort was sterilised by steaming for 30 minutes at I aunosphere whi le the EBC 

tubes were cleaned m place with sodium hydroxide and hydroxyl sterilant. 

The yeast from the propagation reactor was pitched at a rate of 2 gr', approximately 

one sixth of typical brewel)' pitching rate. The low pitching was designed to 

accentuate variations in yeast perfonnance resulting from variations in yeast quality. 

following addition of the pitching yeast to sterile wort in 6 litre round bottomed 

flasks at 20"e. the yeast culture was aerated by shaking vigorously 20 lime~ to 

achieve deslrdble aerdtion and lett to stand to allow initial synthesis of essential 

compounds. After 4 hours, the yeast culture was shaken again 20 times to release the 

carbon dioxide and provide nlrther aeration. The aerated yea~t culture medillm was 

transferred into pre-sterilised 2L EBC tubes chilled to 11°C using a thermostat 

regulated flow through cooler (FTC300-Scientific Enginecring cc). The first 5:lmple 

was taken and prepared for analysis. Fennentalion was allowed to proceed for 10 days 

28 

The wort was sterilised by steaming for 30 minutes at I aunosphere while the EBC 

tubes were cleaned m place with sodium hydroxide and hydroxyl stcrilant. 

The yeast from the propagation reactor was pitched at a rate of 2 gr' , approximately 

one sixth of typical brewel)' pitching rate. The low pitching was designed to 

accentuate variations in yeast perfonnance resulting from variations in yeast quality. 

following addition of the pitching yeast to sterile wort in 6 litre round bottomed 

flasks at 20"e. the yeast culture wo-s .,.erated by shaking vigorously 20 limed to 

achieve deslrdble aerdtion and let"t to stand to .,.How initial synthesis of essential 

compounds. After 4 hours, the yeast culture was shaken again 20 times to reie.,.se the 

carbon dioxide and provide TIlrther aeration. The aerated yea~t culture medillm was 

transferred into pre-sterilised 2L EBC rubes chilled to 11°C using a thermostat 

regulated flow through cooler (FTC300-Scientific Enginccring cc). The first s;lmple 

was taken and prepared for analysis. Fennentation was allowed to proceed for 10 days 

28 
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Fii,:urc 3.2 2L l:BC tubes used for anaerobic fermentations 

3.3 \fETHODOLOGY 

3.3.1 Batch propagation procedures 

Batch propagation wa:i u,ed a:i a ~tandard operation Wilh which ft:d-batch propagation 

improvemcnt, could be compared. Thi, was also calTl~d Ollt to determinc yeast 

growtil kinetic param~l~rs lIs~d to ~valllal~ the f~d-balch feed programme. 

Firstly, prcliminary ~~p<:nm~nts w~r~ carried Ollt to determine appropriate aerobic 

condition~ for balch propagation, TI1~ air wpply rat~ of 1,25 vvm in 4·litre wotking 

volume wa, adequ.ate [0 avoid low aeration rak. Throu.gh batcil growth, the cell 

growtil characteri:itic:i arc dctined in terms of bioma,~ gain, cell concentration and tile 

specific gro,vtll rate profile. The:ie characteristic:i are e~sential in d~vdoping 

ptedictive cdl growth models necessary in f~d-batch propagation (Yla:iSchelein el a/, 

lY94), Cell mass yield, carhohydtate lltiluation and ethanol production characterd,c, 

d~l~rmin~ the cultivatioil efficiency using tile batch proCCS:i and Jte compa",') with 

f~d-bmch propagation. Y~ast quality (Scction ~ 8) was also determined. 

Fi!:urc 3.2 2L l:BC tubes used for anaerobic fermentations 

3.3 \'ETHODOLOGY 

3.3.1 Batch propagation procedures 

Batch propagation wa:i u,ed a:i a ~tandard operation wilh which ft:d-batch propagation 

improvement, could be compared. Thi, was also calTl~d out to determine yeast 

growtil kinetic param~l~rs us~d to ~va\llal~ the f~d-batch feed programme. 

Firstly, preliminary ~~p<:nm~nts W~f~ carrie'oJ out to determine appropriate aerobic 

condition~ for balch propag:ation. Tll~ air wpply rat~ of 1.25 vvm in 4·litre working 

volume was adequ.ate [0 avoid low aeration rak. Through batch growth. the cell 

growth charactcri:itic:i arc detined III terms of bioma,~ gam, cell concentration and the 

specific gro,vth rate profile. The:ie characteristic:i are e~sential in d~vdoping 

predicllve cdl growth models necessary in f~d-batch propagation (Yla:ischelcin el a/. 

lY94). Cell mass yield, carhohydrate lltihsation and ctbanOI production characterd,c, 

d~l~rmin~ the cultivatioil efficiency using: the batch process and Jre compa",') with 

1",<I-bmch propagation. Y~ast quality (Section ~ 8) was also determined. 
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Based on these findings, an RQ of 1.9 molCOlimolOl was found. RQ of greater than 

lmiry illustrates clearly that propagation was not fully aerobic as already shown by the 

production of ethanol. The total carbon flux in the carbon dioxide, ethanol and 

biomass measured was 10.32 rrunolC.g-L,h('. The rate of carbon uptake was 12 

mmolCg-'h(' (Figure 4,11), hence 80% of carbon was accounted for, It should be 

noted that Fietcher el "I. (1981), reported higher partition to carbon dioxide (38%) 

compared with that found in this study (23%). It is therefore possible that caroon 

dioxide measurement was slightly underestimated. 

4.1.7 Yeast Qualit)" 

Yeast quality ean be assessed in terms of its viability (ability to reproduce), vitality 

(metabolic activity) and flocculenc e (measure or cell surface properties and ease of 

removal at end of fermentation). Viability of yeast during batch growth, measured 

using methylene blue staining was above 97% in all cases. The flocculation 

performance atlhe end of propagation was 83%. 
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