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SUMMARY
Y
The malolactic
m
fermentation is a s
secondary ferm
mentation leade
ed by lactic bac
cteria,
w
which
transforrms L-malic ac
cid in L-lactic acid
a
and carbo
onic anhydride. The lactic ba
acteria
a chemo-trophyc, needing, in order to o
are
obtain the mettabolic energy,, the degradattion of
s
some
chemicall compounds, being
b
the appa
arition possibility of unwanted
d substances.The
T
a
arginine
degradation made by
b malolactic b
bacteria has some special oen
nologic implica
ations:
t
the
ammonium
m production, increases the p
pH of wine and increases the development risk of
r
rotten
microorrganisms and mould in aero
obe conditions
s. Thus the ciitrulline secrettion is
w
worrying,
toxicologically speaking, becau
use the citrulline is a prec
cursor for the wine
u
urethane
(carc
cinogenic). This
s paper follows
s the arginine metabolization
m
ng the
dynamic durin
m
malolactic
ferm
mentation in a comparative study
s
with the degradation o
of the malic ac
cid, as
w as the form
well
ming risks of some
s
compoun
nds with a high toxicological p
potential, as a result
o the degradations in wine.
of

K
Keywords:
ma
alolactic ferm
mentation; argiinine; acid ma
alic; lactic ba
acteria.

INTRODUCTION
Amin
no acids withh the largest weight in wiine are: proliine 570-720 mg/L,
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arginine 180-450 mg/L, lysine 130-250 mg/L, phenylalanine 76-226 mg/L, glutamic
acid 88-98 mg/L, histidine 69-85 mg/L and asparagine 50-56 mg/L [1].
Malolactic fermentation changes content in amino acid of wines. Lactic bacteria
have enzymes that contribute to decarboxylation amino acids and formation biogenic
amines in wine. Action of lactic bacteria is closely related to the structure of amino acids:
arginine amino acid is most affected, followed by histidine, serine, glutamic acid, tyrosine
and phenylalanine. Arginine, glutamic acid, isoleucine and tryptophan are indispensable
amino acids (essential) for most species of lactic bacteria [2].
The complete degradation of arginine ensues the ADI (arginine deiminasis) way,
leading to ammonia, ornithine, ATP and CO2 production. During the arginine degradation, a
certain amount of citruline is secreted [3].
The arginine degradation mechanism by ADI way made by malolactic bacteria,
described by Mira de Orduna et al [4, 5, 6] is the following:
HOOC - CH - (CH2)3 - NH - C = NH
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The arginine degradation during the malolactic fermentation is different, depending
on the lactic bacteria type, who initiate the malolactic fermentation.
Arginine formed citrulline, by hydrolytic deamination, which in combination with
alcohol in the wine gives rise to ethyl carbamate (carcinogenic). All of ornithine, can be
formed citrulline, which may give rise by decarboxylation to putresceina (biogenic amines
which compromises sensory attributes in wine).
Ethyl carbamate is formed by several mechanisms. First, yeasts during alcoholic
fermentation can produce 3 µg/L ethyl carbamate. On the other hand, lactic bacteria produce
more than 5-6 µg/L ethyl carbamate during malolactic fermentation. If there are metabolic
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deviations from malolactic fermentation, heterofermentative lactic acid bacteria can produce
abnormally high amounts of ethyl carbamate, without organoleptic characteristics of wine
being affected [7, 8, 9].
Aging, primarily chemical process, leads to the formation of ethyl carbamate,
especially if the wine contains at least 2 mg/L urea. Large amounts of ethyl carbamate
appear in fortified wines (case of liqueur wines). Usually, large amounts of ethyl carbamate
in wine are derived from plantations fertilized with excessive nitrogen, to those that were
produced by maceration-fermentation at high temperatures, as well as those who had
prolonged contact with yeast (malolactic fermentation was longer) [10].
In this paper follows dynamic degradation of arginine during spontaneous
malolactic fermentation (with with inner micro flora) and conducted malolactic
fermentation (using bacterial preparation INOFLORE R), in the comparative study with the
degradation of malic acid.
MATERIALS

AND

METHODS

After finishing the alcoholic fermentation in wine cellar conditions, the Pinot
noir wine was separated from lees, left to clarification in cold conditions and filtered
through sterilized cellulose buffers. At the determination, the wine had the following
physico-chemical characteristics: alcohol 11.5%, sugars 1.05 g/L, total acidity 4.40 g/L,
volatile acidity 0.29 g/L, malic acid 1.5 g/L, lactic acid 0.28 g/L, free SO2 5 mg/L, total
SO2 28 mg/L.
Arginine was detected in traces. The wine was adjusted at different values of the
pH: 3.3, 3.6 and 3.9 with the help of a NaOH 1 M solution. Also, the arginine concentration
was adjusted at the levels: 0; 0.5 g/L; and 1 g/L. After the sterile filtration of the wine
(through Seitz filters of 0.45 µm) the wine was poured in bottles of 0.33 L, provided with a
digestion-tank.
The malolactic fermentation was induced at 20ºC by inoculating in half of
INOFLORE bacterial concoction assays which contain the Leuconostoc oenos species. The
other half of assays remained inoculated, and the malolactic fermentation was initiated at
20ºC, in “spontaneous“conditions, by inner microflora.
The L-malic acid concentration from wine was spectrophotometricly determined,
with the help of the enzymatic kits given by Diamedix Diagnostica firm.
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Table I. The work protocol for the L-malic acid determination
Dripping

Standard

Sample

Solution 1

1.000 mL

1.000 mL

Solution 2

0.200 mL

0.200 mL

Suspension 3

0.010 mL

0.010 mL

Sample

-

0.100 mL

Bidistillated water
1.000 mL
0.900 mL
Mix, read absorbances of the solutions after 3 minutes (A1). The
reaction is started by adding:
Solution 4

0.010 mL

0.010 mL

Mix, wait 10 minutes until the reaction is finished and are read the
standard and sample absorbances (A2)

The kit composition:
Bottle 1 with 30 mL solution formed by: glicylglycine , pH 10; L-glutamic acid
440 mg;
 Bottle 2 with 210 mg lyophilizate NAD;
 Bottle 3 with 0.4 mL GOT, 160 U;
 Bottle 4 with 0.4 mL L-malate-dehydrogenase, 2400 U;
 Control solution for L-malic acid analysis.
Concentration of arginine in wine was determined spectrophotometrically by color
reaction with hidroxy-chinoleină in the presence of sodium hypobromites and urea.
Reagents:
 solution NaOH, concentration 10%
 solution of 8-hydroxy-chinoleină, concentration 0.02%
 solution of sodium hypobromites, concentration 1%
 solution of urea, concentration 40%
 standard solution of arginine, concentration 10 mg/L
For sample preparation, red wine was treated with charcoal and then filtered. To
make the determination, in a vial with glass stopper were placed 0.5 mL of the filtrate,
which were added 1 mL solution of 8-hydroxy-chinoleină 0.02% and 10 mL solution NaOH
10%; content of the vial was placed in a ice water bath for 2 minutes. Were quickly added
to 0.2 mL of sodium hypobromites and after 15 seconds was added to 1 mL of urea 40%.;
after stirring of vial for 1 minute were added 5 mL of cold distilled water. Absorbance of
solution was measured spectrophotometrically at 500 nm, with reference to concentration
using calibration curve.
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RESULTS

Concentration of malic acid and arginine
(g/l)

Figure 1 shows the degradation in time of the malic acid and arginine at different
values of pH, during the spontaneous malolactic fermentation (with inner flora). While the
degradation of the malic acid took place only partially the arginine was completely
degradated at a pH 3.9 and degradated in a proportion of 40% at a pH of 3.3. The malolactic
fermentation recording was made in a periof of 21 days, and the determinations were made
from 7 to 7 days.
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Figure 1a. The kinetic of the malic acid and arginine degradation at a pH of 3.3 for the nonce of
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Figure 1b. The kinetic of the malic acid and arginine degradation at a pH of 3.6 for the nonce of
spontaneous malolactic fermentation development
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Figure 1c. The kinetic of the malic acid and arginine degradation at a pH of 3.9 for the nonce of
spontaneous malolactic fermentation development

Concentration of malic acid and
arginine (g/l)

Figure 2 shows the malic acid and arginine degradation in time, at different values
of pH, during the conducted malolactic fermentation (by using the INOFLORE R bacterial
concoction). In contrast with the spontaneous malolactic fermentation, the Leuconostoc
oenos degrades the malic acid at all pH values tested. Arginine was totally consumed only at
a pH of 3.9, after 21 days of malolactic fermentation and degradated in proportion of 70% at
a pH of 3.6. At all pH values, the malic acid degradation was complete, before eloquent
degradation of arginine took place. At pH 3.3, where the malic acid degradation was
delayed, arginine were not eloquently degradated.
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Figure 2a. The kinetic of the malic acid and arginine degradation at a pH of 3.3 for the nonce of
conducted malolactic fermentation development
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Figure 2b. The kinetic of the malic acid and arginine degradation at a pH of 3.6 for the nonce of
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Figure 2c. The kinetic of the malic acid and arginine degradation at a pH of 3.9 for the nonce of
conducted malolactic fermentation development

DISCUSSION
In this study, was investigated the catabolism of arginine for the nonce in
spontaneous malolactic fermentation development (with inner micro flora) and conducted
malolactic fermentation (by using INOFLORE R concoction which contains the
Leuconostoc oenos species). In both cases, the lactic bacteria were able to degrade arginine
and to segregate important amounts of citruline. Anyway, there are some differences in what
concerns the minimum necessary pH value, to develop the arginine degradation. Therefore,
the Leuconostoc species is able to completely degrade arginine at a pH of 3.9, partially at
3.6 and none at 3.3. In contrast, by spontaneous malolactic fermentation, the arginine
degradation take place at all pH values tested.
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CONCLUSION
From this study, we can conclude thet by conducting the malolactic fermentation,
with the help of INOFLORE R bacterial concoction, the arginine degradation was delayed
comparative with the malic acid degradation. In oenologic practice, this fact allows the wine
makers to avoid the arginine degradation, by recording the malic acid degradation and
inhibition of the malolactic bacteria, immediately after the malolactic fermentation is
finished. From the presented results, is possible to reduce the risk of citruline formation, by
conducting the malolactic fermentation with bacterial concoctions, superseding the
possibility of undesirable substances appearance.
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