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ERRATUM 

In the text and f igures , for isocitric dehydrogenase read isoc itrate 

dehydrogenase. On page 11, for pyruvic kinase read pyruvate  kinase . 

PAGE 1 33 

Citric ac id yield in whey permeate has been calculated on the basis 

o f  total lac t o s e  utilized . S eparate shake-f lask experiments using lactic  

ac id as a carbon source in the medium o f  Krist ians en and Charley (1981) 

produced no c i tr ic ac id , however ,  sparse growth d id occur . Thus , the 

quant ity of l a c t ic acid present in the whey permeate ( 5 . 2  g / 1 )  being 

me tabolized by the culture , will make a small contribut ion to the b iomass  

produced , but is ignored in  the calculat ions o f  c itric  acid yield in 

this thes is . 

PAGE 194, 2 00 AND 2 04 

In this thesis the terms " inhib ition" and " s t imulation" o f  2-oxoglutarate 

dehydrogenas e  and pyruvate carboxylase respec t ively are taken to mean changes 

in the spec i f ic act ivi ty o f  these enzymes . I t  is  acknowledged that this is 

an incorrec t use o f  these words , which refer stric tly to rates of reac t ion 

of enzymic react ions . 

Figure 6. 33  contains a mis-plot .  Figures 6 . 32 and 6 . 33 have been 

replo t ted , including points corresponding to zero inh ibitor concen t ra t ion . 

NOTE : ( a )  competit ive inhibi t ion is shown in Figure 6 . 32 ( page 174), 

(b )  Figure 6 .  3 3  ( page 174) shows competitive inhib it ion and allows the e s t imat ion 

o f  an approximate value o f  Ki , ( c )  the use of Figure 6 . 33 to e s t imat e  K i  

is n o t  s t r ic tly  correc t ,  s ince the data are ob tained from batch culture; 

steady state chemostat data are required to analys e  the inhibi t ion in this 

way . 

Figure 6 . 33 has been plot ted with volumet ric rate data . This i s  p o s s ible 

in this case , since the dry weight o f  mycelium a t  day 6 was the same at 

all  inhibitor  concent ra t ions. Thus spec ific and volumet ric rate s  are 

equivalent and the value o f  Ki  obtained will b e  the same. However, unde r  

most circ umstances, the d ry weight might b e  expected t o  vary with inhibi t o r  

concentra tion and thus speci f ic rate data should b e  used t o  determine K i .  



ABSTRACT 

The feasib i l i ty o f  using lac tic  casein whey permeate as an 

al ternative source  of r aw material for the production o f  c itric acid 

by A spergi l lus niger was stud ied . 

i 

A. niger ( 10 s t ra ins) and A .  carbonarius ( 1  s train) were screened 

for their ability to produce citric ac id from lac t ic casein whey permeate 

in shake-flask cul ture . Of the organisms tested , A.  niger IMI 4 18 7 4  

produced the highe s t  c i tric acid conc entrat ion o f  5 . 0  g/ 1 ,  representing 

a yield of 1 3 . 5% (w/w) based on lactose utilized . When the permeate 

was supplemented with add it ional lactose ( f inal concen t rat ion 140 g / 1 ) , 

a c oncentration o f  8 . 2  g/1  was obtained , represent ing a yield o f  1 5 . 5% 

(w/ w) . This organism was selected for further study includ ing s train 

improvement work by induced mutat ion us ing UV light . A mutant s train 

(MH 1 5- 15 )  was isolated which produced a c i tr ic acid concentrat ion o f  

10 . 2  g / 1  in lacto se-supplemented whey permeat e .  Using a sucrose-based 

synthet ic medium a concentrat ion of 52 . 8  g / 1  (yield 48% (w/w) ) was 

observed , compared with 34 . 0  g / 1  (yield 33%  (w/w) ) p roduced by the 

paren t  s train .  This mutant was used throughout subsequent experiments . 

In fermenter cul ture experiment s  using lactose-supplemented whey 

permeate a c it r ic acid concentration of 1 4 . 8  g / 1  was ob tained . When 

extra nitrogen was fed to the culture a f t er the onse t  o f  c it r ic acid 

p roduct ion , a concentrat ion o f  1 9 . 5  g / 1  was observed . Experiment s  with 

decationized whey permeate , supplement ed with various amount s  o f  

d i f ferent trace elements ,  proved unsuccessful in respec t o f  improved 

c i tric acid product ion when compared with untreated whey permeat e .  

Experiments with dif ferent sugar sources using a synthe t ic medium 

d emonstrated a marked e f fect  o f  the sugar source on c it r ic acid produc t ion . 

Thus , concentrations o f  5 2 . 8  g / 1 , 3 1 . 0  g / 1 , 2 3 . 0  g / 1 , 5 . 0  g / 1  and 0 g / 1  

were obtained from sucrose , glucose , fruc tose , lac tose and galactose 

resp ect ively . Good myce l ial growth was observed with all  the sugars . 

S imilar exper imen t s  in fermenter cul ture showed the same t rend o f  

resul t s , b u t  i n  contrast to  the experiment s  using whey permeat e , c it r ic 



i i  

ac id product ion was lower than i n  shake-flask cul ture . The ac t ivit ies 

of some TCA-cyc le  enzymes in mycelial  cell-f ree extrac t s  were inves t i

gated during fermenter culture experiments  using the d if ferent sugar 

sources in syn t he t ic medium and whey permeat e .  The ini t ial  activit ies 

o f  aconitase and both NAD- and NADP- l inked isoc itric dehydrogenas e  

showed a stro ng relationship with subsequent c itric ac id accumul a tion . 

Dur ing citric acid accumulation the act ivit ies of  these enzymes 

decreased s igni f icantly compared with tho se found during growth phase , 

but d id no t completely d isappear . 2-oxoglutarate dehydrogenase 

d isappeared completely when c it r ic acid produc t ion was high but 

a c t ivity was maintained when produc t ion was low. The ac t ivity o f  

pyruvate carboxylase increase considerably during c i tr ic acid produc t ion 

but lit tle ac t ivity was detec ted when c itric  acid was not produc ed .  

I t  was concluded that accumulat ion o f  citric  ac id is no t a consequence 

o f  the comple te  disappearance of the ac t ivity of acon itase or isoc i tric 

dehydrogenase (both NAD- and NADP-l inked) , but rather the accumulat ion 

is caused by the r epression o f  2-oxoglutarate dehydrogenase causing 

a block in the TCA-cycle , and the concomitant inc rease in pyruvate  

c arboxylase a c t ivity . I t  was hypothesized that glucose and f ruc tose 

c ause repression but galactose does not .  

Experiment s  using various comb inat ions of glucose and galactose  

a s  sugar source demonstrated that galactose  caused comp e t i t ive 

inhib it ion of citric  ac id product ion from gluco se . The inhib i t ion  

showed a s trong relat ionship with the  leve l s  o f  ac t ivity  o f  2-oxoglu

t arate dehydrogenase and pyruvate carboxylase . 

The e f fect  o f  methanol on c itric acid produc t ion from l ac to se , 

glucose , galac tose and whey permeate was invest igated . In shake-flask 

culture , 1% (v/v)  methanol caused inc reased produc t ion and yields of  

c i tric acid from both glucose and lactose . Citric acid produc t ion 

from galactose was also observed ( 1 2 . 5  g / 1) . In fermenter cul t ure , 

using whey permeate , the presence o f  3% (v/v) methanol gave a 69%  

increase in  c itric acid produc t ion ( 2 5 . 0  g / 1  compared with 1 4 . 8  g/1  

in the absence o f  me thanol) . The presence of methanol showed a 

general inhibitory effect on t he various TCA-cycle  enzymes s tud ied , 
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in particular 2-oxoglutarate dehydrogenase . 

Overall , i t  was concluded that the main obstacle  to the improved 

produc t ion of c it r ic acid from whey permeate is the nature o f  the 

sugar source rather than the o ther component s  of the substra t e . In  

par ticular , the  galac tose mo iety o f  lactose  is not  a favourable  

sugar source . 
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PREFACE 

The Departments o f  Food Technology and B iotechnology o f  Mas s ey 

Univers ity have a cont inuing interes t in deve loping indigenous raw 

mate rials fo r use as foods or  pharmaceuticals , thus making New 

Zealand more s e l f-suf ficient and extending the range of exports . It  

was apparent that large quantities  o f  lact ic cas e in whey we re being 

used for s p ray irrigat ion and a potentially valuable fermentat ion 

feeds tock ( lactose)  was being was ted . A number o f  chemi cals which 

c ould be made from lactose are imported into New Zealand and ci tric 

acid was chosen for s tudy on the basis o f  its  cont inuing need in the 

food indus t ry as an ac idulan t .  Th is the s is is the result o f  tha t  

s tudy . 

Excep t  whe re s tated specifically in the text o r  Acknowledgement s ,  

a l l  experimen tal work and chemical and phys ical analyses  were carried 

out by the candi date p ersonally . 

Where the p ublished work o f  o thers has b een used , i t  is  acknow

ledged in the text by the quotation o f  the authors ' names and the 

date of  pub l icat ion . All cited work is listed  in (alphab e t ica l )  

o rder of  t h e  first  author's names i n  the Ref e rence section . 




