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ABSTRACT 

L-Arg i n i n e  i s  a m aj o r  a m i n o  acid fou nd i n  g rapes and  w ine  w h ich  is  
degraded by some wine lactic acid bacteria (LAB) .  The m echanism of  this 
degradation and its oenological implications were examined i n  tbis research. 

lt was found that wine LAB able to degrade argi n ine do so by means of the 
arg i n i n e  d e i m i nase pathway, demonst rated by meas u ri ng  the e nzyme 
act iv i t i es  in  ce l l - f ree  ext racts : a rg i n i n e  de i m i n a s e ,  o rn i t h i n e  t rans­
carbamylase and carbamate kinase. These enzymes were present in  most 

h et e rofe rme ntat ive lactobaci l l i  and leuconostocs , but we re absent i n  
homofermentative lactobaci l l i  and pediococci . 

The prese nce of arg i n i ne  i ncreased the activit ies of arg i n i n e  d e i m i nase 
pathway enzymes in heterofermenters, but fai led to induce these enzymes i n  
homofermenters even under conditions o f  low g lucose concentration ( 1  g/L) . 
G lucose did not repress arginine uti lisation  but fructose appeared to do so, 
as fructose and argin ine were metabo lised sequentially, with arg in ine being 
metabolised main ly after util isation of the fructose. 

D etai led studies o n  Leuconostoc oenos OENO, Lactobacillus buchneri 

CUC-3 and Lactobacillus brevis 250 showed that arg in i ne was converted 

stoichiometrically to ammonia and ornith ine as the major end-products and 
that arg in ine catabol ism cou ld supply energy (ATP) to support g rowth .  lt was 
also demonstrated that citru l l ine was excreted during argin ine catabol ism by 

both the lactobaci l l i  and the leuconostoc. Some of the excreted citru l l ine was 

reassimi lated and catabolised after argin ine depletion by the lactobaci l l i ,  but 

not by the leuconostoc. 

The implication of citru l l ine excretion for the wine industry was exp lored by 

studying the format ion of the carci nogen ethyl carbamate (u rethane) in a 

synthetic wine and a wh ite wine,  since citru l l ine is a known precursor  of ethyl 
carbamate. Duri ng growth of Le. oenos OENO and Lb. buchneri CUC-3 i n  
the synthetic wi ne and wine ,  significant amounts of ethyl carbamate were 
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found i n  the two wine types upon heat treatment of samples. The formation  
o f  ethyl carbamate corre lated wel l  with arg in i ne  degradation and citru l l ine 
excret ion.  C itru l l i ne  excret ion during arg in ine degradation is of concern to 
the winemaker, si nce the reaction of citru l l i ne and ethano l  to form ethyl 
carbamate has been shown by other workers to occur even at normal wine 
storage temperatures. Winemakers,  therefore , should avoid usi ng arg in ine­
degrading LAB starter cu ltures for i nducing malolactic fermentation ( MLF). In 
add ition ,  spo ntaneous MLF i n  wi ne by u ndefi ned LAB strai ns shou ld be 

discouraged, as this may lead to formation of ethyl carbamate precursors. 

Ammonia detection with Nessler's reagent provides a simple,  rapid test to 
assess argin ine degradation by wine LAB in a complex medium,  but is useful 
o n ly fo r strai ns showing  strong ammonia fo rmation .  The more sensitive 

enzymatic dete rmination  of ammonia is required for strains showing weak 
ammonia formation. 
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I n  graph C ,  the  bars at 1 74 hours i nd icate the range of 
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dup licate determinat ions .  1 00 
7 .4  Arg in i ne  and L-mal ic acid catabol ism and metabo lite 

format ion during i ncubat ion (22°C) of Lb. buchneri CUC-3 
in a wh ite  wine .  Samples for measu ring ethyl  carbamate 
taken at the i ndicated t imes were treated as in F ig .  7 . 1 . 
The dashed plot of the u nheated samples i n  g raph C 
i nd icates concentrat ions of ethyl carbamate be low 
detectable values.  1 0 1 

9 . 1  G rowth ,  arg i n i ne  catabol ism, p H  and activit ies of the 
arg i n i ne  de im i nase pathway e nzymes du ri ng incubat ion 
(30°C) of Lb. brevis 250 in a complex mediu m.  Arrow 
i nd icates t ime of arg i n i ne  add it ion .  Enzyme  activities 
at each point are the ave rages of dupl icate measurements 
in one  extract of a s ing le cu lture .  1 26 

9 .2  Growth ,  arg i n i ne  catabol ism, pH and activit ies  o f  the  
arg i n i ne  de im i nase pathway e nzymes du ri ng incubat ion 
(30°C) of Lb. buchneri CUC-3 i n  a complex medium. Arrow 
i nd icates t ime of arg i n i ne  additi on .  Enzyme activit ies at 
each poi nt are the averages of dupl icate measurements i n  
one extract o f  a s ing le cu ltu re . 1 27 

9 .3  Growth ,  arg i n i ne  catabol ism, pH and activiti es  o f  the  
arg i n i ne  de im i nase pathway e nzymes duri ng incubat ion 
(30°C) of Le. oenos OENO in a complex medium .  Arrow 
indicates t ime of arg i n i ne  addition .  E nzyme activit ies 
at each point are the ave rages of dup l icate measurements 
in two separate extracts of a s ing le  cu ltu res. 1 28 


