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Abstract

BARON M. (2011): Yeast assimilable nitrogen in South Moravian grape musts and its effect on acetic
acid production during fermentation. Czech J. Food Sci., 29: 603-609.

We observed the content of yeast assimilable nitrogen in grape musts, its consumption by yeasts during fermentation,
and acetic acid production. The experiments were performed in the years 2007 and 2008. The experimental variants
involved 48 musts and wines originating from Southern Moravia. The data enabled to monitor the contents of yeast
assimilable nitrogen in musts and to draw the general conclusion that these musts contain high concentrations of both
ammonium ions and yeast assimilable nitrogen (124.4 mg/l and 257.8 mg/l, respectively), thus posing no danger of
problems with the nutrition of yeasts in the course of fermentation. Also, the average production of acetic acid was low
(215.8 mg/l); this indicated that in the majority of must samples without added nutrients, the course of fermentation
was smooth and trouble-free. The results obtained confirm that the method of formaldehyde titration is universal and

simple, thus it can be recommended for winemakers as a useful and efficient analytical tool.
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It is well known that nitrogen strongly influences
the growth of grapevine (Vitis vinifera L.) annual
shoots as well as the colour of its leaves (KRAUS et
al. 1997). Nitrogen compounds stored in berries
are very important for the propagation and life
activities (metabolism) of yeasts. The yeasts of the
species Saccharomyces cerevisiae Meyen ex E.C.
Hansen, which always predominate in the course
of must fermentation, can utilise nitrogen either
in the form of ammonia ions or of free amino acids
(except proline in anaerobic conditions), and that
is why the term yeast assimilable nitrogen (YAN)
is generally used.

The content of ammonia ions in grapes has been
associated with the processes of their ripening as
early as since 1960s. The concentration of ammonia
ions in musts is more and more important above

all in warm regions and in the case of overripened
grapes. Normal levels of ammonia range between
tens and hundreds of milligrams. Within the Krebs
cycle and during the degradation of sugars, great
amounts of a-keto acids are produced and their
amination results in the formation of many or-
ganic compounds containing nitrogen (above all
amino acids).

In ripe grapes, amino acids usually represent 30%
to 40% of total nitrogen. These compounds are very
beneficial due to their antioxidative, antimicrobial,
emulgative, and surface-active properties and make
a relatively great part of the sugar-free extract (up
to 4 g/1) (RIBEREAU-GAYON et al. 2006).

It is known that the content of YAN in must is
dependent not only on the fertilisation, weather,
length of maceration of skins in must but also on
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the variety, year, origin, and last but not least on
the wine making technology (ETIEVANT et al. 1998;
ARVANITOYANNIS et al. 2000; SOUFLEROS et al.
2003). In addition to all these factors, the utilisation
of YAN is greatly dependent also on the metabolism
of yeasts and conditions of fermentation. The YAN
value of grape juices varies widely between 50 mg/1
up to 450 mg/l. The average value of grape must
YAN concentration is approximately 200 mg/l. The
reported and generally accepted minimum level of
YAN required to prevent stuck or sluggish fermenta-
tion is considered to be 140-150 mg/] for a 21 Brix
clarified must (O’KENNEDY et al. 2008).

Depending on the availability of the nutritive sub-
stances and conditions of nitrogen utilisation, yeasts
produce great amounts of substances that significantly
influence the quality of the final product, i.e. wine.
Some of these metabolites show positive effects
on wine but some other may cause problems and
organoleptic defects (JIRANEK et al. 1995).

It is known that a lack of YAN in must is the
main cause of a stuck and sluggish fermentation
(BouLTON et al. 1996) as well as of the produc-
tion of sulphurous compounds (GiupiclI et al.
1994; FERREIRA et al. 2009). The total content of
nitrogen in must may also affect the wine aroma
and influence the production of acetic acid (BELY
et al. 2003), bioamines (MARCOBAL et al. 2005;
CoSTANTINI et al. 2009) and highly carcinogenous
ethyl carbamate (OUGH et al. 1988; COULON et
al. 2006). In practice, it is possible to find a lack
of YAN above all in unripe grapes and also in the
stressed ones originating from the vineyards in-
sufficiently fertilised with nitrogen or produced
during dry and/or hot periods. In such cases, the
lack of YAN must be compensated by the applica-
tion of nourishing salts into the must or, possibly,
also vitamin B, (thiamine). Naturally, grapes with a
higher content of sugars require higher amounts of
supplied nitrogen for a thorough fermentation.

The aim of this work is the monitoring of YAN,
and ammonium ions separately, in grape musts
from South Moravia. The second part is focused
on the consumption of YAN and acetic acid pro-
duction according to the level of YAN in the initial
point of fermentation.

MATERIAL AND METHODS

The experimental material originated from the
viticultural subregions Mikulov (M) and Znojmo
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Table 1. Sampling scheme (2007-2008)

Region Grass Rootstock Variety
' Kober 5BB RR
r
) obe GV
3 G
RR
SO 4
4 GV
M
5 R
Kober 5BB
6 GV
. N
RR
SO 4
8 GV
9 RR
Kober 5BB
10 GV
11 N
RR
SO 4
12 GV
Z
13 RR
Kober 5BB
14 GV
15 N
RR
SO 4
16 GV

M - Mikulov; Z — Znojmo; G — vineyards with grass cover;
N - vineyards without grass cover; RR — Rhein Riesling;
GV - Green Veltliner

Variants in picked out bold were not identified

and was collected from vineyards with and with-
out grass cover during the period of 2007-2008
(rootstocks Kober 5BB and SO 4, varieties Rhein
Riesling and Green Veltliner (Table 1).

Samples. To assure objectivity, the grapes were
sampled from a great number of grapevine plants
(more then 20 for each variant). After harvesting,
the grapes were manually deprived of stalks and
crushed. The minimum weight of berries without
stalks was 5 kg per each experimental variant. After
a thorough pressing in a mechanical press, must
was sulphurised to 40 mg/l SO, and spontane-
ously decanted (12 h in the cold). Subsequently,
all musts were frozen to —18°C. After defrosting,
the first must samples were taken for fermentation.
These defrosted musts were poured into two-litre
flasks and inoculated with a pure yeast culture
BS Universal White. The fermentation ran at the
temperature of ca 14°C. After the end of fermen-
tation, the samples were obtained in the stage of
the finished production of carbon dioxide.

Reagents and solvents. Formaldehyde (40%),
sodium hydroxide, sulphuric acid, hydrochloric
acid, all of them HPLC grade came from Lach-
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Ner s.r.o. (Neratovice, Czech Republic). HPMC
(hydroxypropyl methylcellulose), 18-crown-6 acid,
MES (morfolinethansulfonic acid), and BTP (1,3-
bis[tris(hydroxymethyl)methylamino] propane)
were purchased from Sigma Aldrich (St. Louise,
USA).

Determination of yeast assimilable nitrogen.
The Formol titration procedure used was described
by Gump et al. (2000) and FILIPE-RIBEIRO et al.
(2007).

100 ml of sample was poured into a 200 ml beak-
er and pH was adjusted to 8.0 using 1M NaOH
and pH meter. The sample was transferred into a
200 ml volumetric flask, made up to the volume
with deionised water and thorough mixed. The
solution was filtered through filter paper. 100 ml
aliquot of the sample was transferred into a beaker
and the pH was readjusted to 8.0 with 1M NaOH,
if necessary. 25 ml of neutralised formaldehyde
(pH 8.0) was added, the mixture was stirred and
titrated to pH 8.0 using 0.1M NaOH.

The results can be calculated using the general equa-
tion: mg nitrogen/l = [(vol NaOH) x (conc. NaOH) x
14 x (dilution factor) x 1000]/(sample vol).

Determination of ammonium ions. Ammonium
ions were determined by Capillary Isotachophoresis
(CITP), Ionosep 2003 (Recman, Ostrava, Czech
Republic). Leading electrolyte (LE): 5mM H,SO, +
7mM 18-crown-6 + 0.1% HPMC; terminating elec-
trolyte (TE): 10mM BTP; initial current: 100 pA,
final current 50 pA; mode of analysis: cationic.

Determination of acetic acid. Acetic acid was
determined by CITP (Ionosep 2003, RECMAN,
Ostrava, Czech Republic) — LE 10mM HCI + 5.5mM
BTP + 0.1% HPMC (pH 6.2); TE 5mM MES (mor-
folinethansulfonic acid); initial current 70 pA; final
current 30 pA; mode of analysis: anionic.

RESULTS AND DISCUSSION
Yeast assimilable nitrogen in musts

Because no data are available on the levels and
consumption of YAN in the Czech Republic, it is
necessary to compare the results of this study only
with the literature data and the results obtained
in other countries. In the period of 2007-2008,
altogether 48 musts originating from the viticul-
ture region Moravia were analysed. Regardless
of the influencing factors, the mean content of
ammonia ions was 124.4 mg/l. This means that
even without nutritive supplements, Moravian
musts reveal no problems with the initiation and
speed of fermentation. According to the avail-
able literature data (DUKES et al. 1998; GUMP et
al. 2002), these concentrations are higher than
the usual (20-60 mg/l). However, it could be ex-
pected that in the regions with a colder climate
the contents of ammonia ions in grapes would be
increased. The contents of ammonia ions and YAN
in musts originating from the study region are
presented in Table 2 (regardless of the individual
years). In the majority of the analysed musts,
these concentrations ranged between 100 mg/]
and 125 mg/land in none of the analysed samples
was the measured value lower than 75 mg/I (this
concentration is critical for the initiation of the
fermentation process). The frequencies of the
contents of ammonia ions in all samples under
study are presented in Figure 1.

As compared with the optimum values of 190 mg/1
to 200 mg/l, the mean estimated concentration of
YAN (257.8 mg/l) seems to be sufficient even for
the musts with an increased content of sugars.
Only one sample contained less than 150 mg/l.

Table 2. Results of the statistical analyses of samples collected within the study period, of YAN consumption by yeasts

and of acetic acid production during fermentation

Varisble ¢ ntimanions M vl imerval Medin  Minimum  Maximum S0
Samples collected within the study period

NH, 48 124.4 117.3 131.5 121.6 79.5 186.8 24.6
YAN 48 257.8 238.7 276.9 251.7 149.7 402.5 65.7
YAN consumption by yeasts

YAN 48 162.6 148.7 176.5 163.1 76.6 284.5 47.8
Acetic acid production during fermentation

Acetic acid 48 215.8 201.0 230.6 216.5 135.0 307.0 50.88
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Histogram NH;
K-S d = 0.08323, P > 0.20; Lilliefors P > 0.02

Frequencies of contents
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Figure 1. Distribution of frequencies of the content of

ammonia ions

Generally speaking, this concentration is too low
and the musts with such concentrations of YAN
must be supplemented already before the onset of
fermentation. On the other hand, however, 8 must
samples (i.e. 16.67%) contained more that 300 mg/1
YAN and it could be expected that this might
cause an increased production of acetic acid in the
course of fermentation. Altogether 32 musts (i.e.
66.67%) contained 200-300 mg/l YAN and these
levels can be considered as more than sufficient
for the onset of fermentation in both normal must
and in those with higher contents of sugars. The
frequencies of YAN content in all samples under
study are presented Figure 2.

Changes in the content of yeast assimilable
nitrogen before and after fermentation

The mean value of YAN consumption by yeasts
was 162.6 mg/l. With regard to the sugar content,
this value fully corresponds with the data pub-
lished by other authors (MANGINOT et al. 1997;
BELY et al. 2003). Besides, the highest frequency
of YAN consumption (150-200 mg/l) was also
corroborated because 25 samples (i.e. 52%) fell
into this interval. The results of 48 estimations
of YAN content performed before and after fer-
mentation are presented in Table 2. A histogram
illustrating the frequencies of YAN consumption
is presented in Figure 3.

A very strong positive correlation existed between
the concentration of YAN before the onset of fer-
mentation and its consumption in the course of
the fermentation processes (Figure 4). In principle,
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Histogram Assimilable nitrogen
K-S d = 0.13488, P > 0.20; Lilliefors P > 0.05
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Figure 2. Distribution of frequencies of the content of
YAN

this correlation indicates that, if the level of YAN
in the medium is increased, the yeasts are able to
utilise it so that they propagate quickly and the
speed of fermentation is increased.

Production of acetic acid in the course
of fermentation

The relationship between the concentration of
YAN and production of acetic acid was not cor-
roborated (these data are not shown). This could
be expected above all due to the lack of YAN be-
cause only one must out of all those under study
contained less than 150 mg/l YAN. This means
that yeasts were not stressed due to the lack of
nutrition, thus they did not produce increased
amounts of volatile acid. On the other hand, higher

Histogram AN consumption in the course of fermentation
K-S d = 0.9846, P > 0.20; Lilliefors P > 0.20
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Figure 3. Distribution of frequencies of the YAN consump-
tion in the course of fermentation
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Initial level of AN and its consumption in the course of fermentation
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Figure 4. Correlation existing
between the initial level of
YAN and its consumption in
the course of fermentation
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concentrations of YAN increased the production
of acetic acid; however, this correlation was not
strong (correlation coefficient was at the level of
95%, r = 0.193) due to which these data are not
presented. To find a similarity of these results
with the data published abroad (ViLaNovaA et
al. 2007), it would be necessary to have a wider
range of YAN concentration in musts. The results
of 48 estimations of the level of acetic acid after
fermentation (i.e. in young wine) are presented in
Table 2. The mean value was 215.8 mg/l.

Correlation NH, vs. acetic acid
Correlation r > —0.3779
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Similarly to HERNANDEZ-ORTE et al. (2006), also
in this study a correlation was observed between the
level of ammonium ions in must and the produc-
tion of acetic acid by yeast (Figure 5). It was also
found out that the higher was the concentration of
ammonium ions, the lower was the production of
acetic acid by yeasts. It can be stated that increased
levels of ammonia ions in medium reduce the du-
ration of the so-called “lag” stage of fermentation
during which relatively high amounts of acetic acid
are usually produced.
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Figure 5. The correlation be-
tween the concentration of

ammonia ions in must and
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CONCLUSIONS

In the viticulture region Moravia, the contents
of YAN and ammonia ions in musts are more than
sufficient. Based on the results obtained, it can be
concluded that in the majority of cases it is not
necessary to supplement musts with ammonia salts.
However, under the conditions of insufficient nutri-
tion, the risk of sensory defects remains real. For that
reason it is recommended to perform the estimation
of YAN levels by means of a relatively cheap method
of formaldehyde titration directly in practice. This
method requires only a simple instrumentation but
in spite of this, it enables to predict easily the threat
of potential problems in fermentation.

References

ARVANITOYANNIS LS., KaATsoTA M.N,, PSARRA E.P, Sou-
FLEROS E.H., KALLITHRAKA S. (2000): Application of
quality control methods for assessing wine authenticity:
Use of multivariate analysis (chemometrics). Trends in
Food Science Technology, 10: 321-336.

BELY M., RINALDI A., DUBOURDIEU D. (2003): Influence
of assimilable nitrogen on volatile acidity production by
Saccharomyces cerevisiae during high sugar fermentation.
Journal of Bioscience and Bioengineering, 96: 507-512.

BouLrTtoN R.B,, SINGLETON V.L,, BissoN L.F,, KUNKEE R.E.
(1996): Principles and Practices of Winemaking. Chap-
man & Hall Enology Library Press, New York: 169-174.

COSTANTINI A., VAUDANO E., DEL PRETE V., DANEI M.,
GARcIA-MoRruNoO E. (2009): Biogenic amine production
by contaminating bacteria found in starter preparations
used in winemaking. Journal of Agricultural and Food
Chemistry, 57: 10664—10669.

CouroN J., HusNik J.I., INGLIs D.L., VAN DER MERWE G.K.,
LoNvauD A., ERasmuUs D.J., VAN VUUREN H.].J. (2006):
Metabolic engineering of Saccharomyces cerevisiae to min-
imize the production of ethyl carbamate in wine. American
Journal of Enology and Viticulture, 57: 113—-124.

Duxkes B.C., Butzke C.E. (1998): Rapid determina-
tion of primary amino acid in grape juice using an
o-phthaldialdehyde/N-acetyl-L-cysteine spectrophoto-
metric assay. American Journal of Enology and Viticul-
ture, 49: 125-134.

ETIEVANT P, ScHLICH P,, BOUVIER J.C. (1998): Varietal and
geographic classification of french red wines in terms of
elements, amino acids and aromatic alcohols. Journal of
the Science of Food and Agriculture, 48: 25-41.

FERREIRA A.M., BARBOSA C.,, FALcO V,, LEAO C., MENDES-
Fa1a A. (2009): Production of fermentation aroma com-

608

pounds by Saccharomyces cerevisiae wine yeasts: effects
of yeast assimilable nitrogen on two model strains. Jour-
nal of Industrial Microbiology and Biotechnology, 36:
571-583.

FILIPE-RIBEIRO L., MENDES-FAIA A. (2007): Validation
and comparison of analytical methods used to evaluate
the nitrogen status of grape juice, Food Chemistry, 100:
1272-1277.

Grupici P, KUNKEE R.E. (1994): The effect of nitrogen defi-
ciency and sulfur-containing amino acids on the reduction
of sulphate to hydrogen sulfide by wine yeasts. American
Journal of Enology and Viticulture, 45: 107-112.

Gump B.H., ZoeckLEIN B.W., FugeLsaNG K.C. (2000):
Prediction of prefermentation nutritional status of grape
juice — The formol method. In: SPENCER J.ET.,, RAGoUT
DE SPENCER A.L. (eds): Food Microbiology Protocols.
Vol. 14, Humana Press, Inc., Totowa: 283-296.

Guwmpr B.H., ZoecKLEIN B.W., FuGELsaNG K.C., WHINTON
R.S. (2002): Comparison of analytical methods for prediction
of prefermentation nutritional status of grape juice. Ameri-
can Journal of Enology and Viticuture, 53: 325-329.

HERNANDEZ-ORTE P.,, BELY M., CACHO J., FERREIRA V.
(2006): Impact of ammonium additions on volatile acidity,
ethanol, and aromatic compounds production by different
Saccharomyces cerevisiae strains during fermentation in
controlled synthetic media. Australian Journal of Grape
and Wine Research, 12: 150—160.

JIRANEK V., LANGRIDGE P., HENSCHKE P.A. (1995): Regu-
lation of hydrogen sulfide liberation in wine-producing
Saccharomyces cerevisiae strains by assimilable nitrogen.
Applied and Environmental Microbiology, 61: 461-467.

KrAus V., KUTTELVASER Z., VURM B. (1997): Encyklopedie
¢eského a moravského vina. 1. vyd. Melantrich, Praha.

MANGINOT C., SABLAYROLLES J.M., ROUSTAN J.L., BARRE
P. (1997): Use of constant rate alcoholic fermentations to
compare the effectiveness of different nitrogen sources
added during the stationary phase. Enzyme and Microbial
Technology, 20: 373-380.

MARCOBAL A., PoLo M.C., MARTIEN-ALVAREZ P.],
MORENO-ARRIBAS M.V. (2005): Biogenic amine content
of red Spanish wines: comparison of a direct ELISA and
an HPLC method for the determination of histamine in
wine. Food Research International, 38: 387—394.

O’KENNEDY K., REID G. (2008): Yeast nutriet management
in winemaking. The Australian & New Zealand Grape-
grower & Winemaker, October: 92—-101.

OugH C.S., CROWELL E.A., MOONEY L.A. (1988): Forma-
tion of ethyl carbamate precursors during grape juice
(Chardonnay) fermentation. I — Addition of amino acids,
urea, and ammonium: effects of fortification on intracel-
lular and extracellular precursors. American Journal of
Enology and Viticulture, 39: 243-249.



Czech J. Food Sci.

Vol. 29, 2011, No. 6: 603—-609

RIBEREAU-GAYON P.,, DuBoURDIEU D., DONECHE B.,
LoNvAauD A. (2006): Handbook of Enology, Volume II:
The Chemistry of Wine and Stabilization and Treatments.
John Wiley & Sons, Ltd., New York.

SourLeEros E.H., BouLoumrasi E., TsaArcHoPOULOS C.,
BiLiaperis C.G. (2003): Primary amino acid profiles
of Greek white wines and their use in classification ac-
cording to variety, origin and vintage. Food Chemistry,
80: 261-273.

ViLANOVA M., UGLIANO M., VARELA C., SIEBERT T., PRE-
TORIUS L. S., HENSCHKE P.A. (2007): Assimilable nitrogen
utilisation and production of volatile and non-volatile
compounds in chemically defined medium by Saccharo-
myces cerevisiae wine yeasts. Applied of Microbiological
Biotechnology, 77: 145-157.

Received for publication July 13, 2010
Accepted after corrections December 12, 2010

Corresponding author:

Ing. MojMiR BARON, Mendelova univerzita v Brné, Zahradnickd fakulta, Ustav vinohradnictvi a vinaistvi,

Valtickd 337, 691 44 Lednice, Ceskd Republika
tel.: + 420 519 367 252, e-mail: mojmirbaron@seznam.cz

609



