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The nitrogen needs of yeasts 
 
In the living world, nitrogen is an essential element which is present in the composition of amino 
acids, peptides and proteins.  
For yeasts in particular, these proteins are constitutive elements of the cell and of its organelles 
(structural proteins) or of enzymes which intervene as transporters or in metabolic reactions 
(functional proteins). Nitrogen is therefore a key factor for the multiplication and physiological activity 
of the yeasts.  
 
When one talks about nitrogen, all the molecules which consist of one or more nitrogen atoms are 
encompassed. However, not all the nitrogen can be used by the yeasts: P. Barre, V. Jiranek and 
others therefore defined assimilable nitrogen as the quantity of nitrogen in mg/L which is at the 
time available and susceptible to be used by the yeasts. When we will speak further of nitrogen, it 
will always be in reference to this definition, unless otherwise indicated.    
 
The assimilable nitrogen consists of amino nitrogen and amino acids. Among all the amino acids, 
certain ones such as proline are not assimilable by the yeasts. The measurement of the assimilable 
nitrogen takes into account only the assimilable amino acids.  
On a synthetic medium and in pure culture, the complete fermentation of 200g/L of sugar (around a 
potential of 12°) can only be completed when initial levels of assimilable nitrogen are higher than 
150mg/L, due to this fact, this is defined as the level of “absolute deficiency”. 
Contrary to other yeasts, Saccharomyces cerevisiae does not possess any external protease and 
therefore cannot hydrolize the peptides and proteins in order to recuperate the amino acids. Due to 
this fact the assimilable nitrogen can represent less than 50% of the total nitrogen. 
 
The quantity of nitrogen assimilated by the yeasts has four important impacts and these in part 
depend on one another: 
 
 The cellular multiplication is increased by the nitrogen supply which remains efficient up to 

mid-fermentation (i.e around a density of 1050) after which it decreases progressively until depletion 
in the last third of the alcoholic fermentation (AF) (i.e after a density of 1030). A part of the 
assimilable nitrogen is incorporated into the structural proteins which are necessary for the 
construction of new cells. Sablayrolles (INRA) however demonstrated the dangers of having a too 
high supply of nitrogen (cf. calculation of the average needs during AF in accordance to the potential 
alcohol degrees): a high population leads to high mortality due to the acceleration of the 
fermentation kinetics which causes an increase in the temperature and the competition between the 
yeasts for other survival factors.    
 
 The alcoholic fermentation kinetics are clearly linked to the levels of the yeast population. It 

is considered that between 100 and 150 millions cells per mL in a good physiological state during 
the stationary phase (2 to 3 days after the start of the AF) are capable to complete the AF. The 
nitrogen partakes in the alcoholic fermentation by permitting the synthesis of proteins which will 
assure the transportation of sugars towards the interior of the cell where they will be fermented to 
ethanol. These proteins degrade during the alcohol fermentation and therefore the yeasts need to 
renew the pool in order to complete the fermentation, which explains why the later nitrogen supply is 
less efficient than the earlier supply. Despite this, studies demonstrate that the nitrogen supply has 
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an impact on the fermentation kinetics for more time beyond that of the multiplication of the yeasts 
(until about the last fourth of the AF ≈ a density of 1020). Finally there is a synergy between nitrogen 
and oxygen: in a strictly anaerobic fermentation (no oxygen supply) the cellular permeability 
deteriorates rapidly making the absorption of nitrogen very difficult whilst the sugars are continually 
being utilized: there is a distance of around 2 days between the beginning of the nitrogen deficiency 
and the stopping of the AF. This last fact explains also why it is recommended to act preventatively 
and supply both nitrogen and oxygen in the first third of the AF.  
 
 The production of sulfur compounds is directly dependant on a deficiency of nitrogen. The 

most plausible explication is that, in a situation of nitrogen deficiency, the yeasts uptake and 
metabolize the added sulfur dioxide (SO2) or the sulfur naturally present in the must (diverse 
sulfates) to produce sulfured amino acids which will serve to “construct” its proteins. In these 
conditions, the increasing of sulfur doses favourizes the production of sulfured compounds. The 
elements outlined in the last paragraph explain also why the later supply of assimilable nitrogen is 
not very efficient on sulfur odours. Finally, the apparition of sulfur odours is a good indicator of the 
risk of a stop in the AF since their production starts almost immediately after the start of the nitrogen 
deficiency.  
 
 The production of aromatic compounds, notably esters is largely dependant on the level of 

nitrogen assimilable by the yeast. In a more general manner the quantity of aromatic compounds 
produced during the AF varies in the same way as the initial concentration of assimilable nitrogen in 
the must.  
 
The winemaker must therefore combine all these elements to define a coherent strategy to correct 
nitrogen deficiencies: not too late, with oxygen and without excess.  

Another important element, the form of nitrogen plays a non negligible role. A few physiological 
studies have been conducted.  
 
The main results are the following: 
 For a late supply (supposedly curative/ sluggish AF) amino nitrogen is more efficient than 

ammonia nitrogen.  
 The formation of aromatic superior alcohols which participate positively for the fruity and 

spicy components of the wine is lower when the only source of nitrogen is ammonia, these results 
being both confirmed in the field and in R&D by the comparisons of FermaidE® - NH4

+. Furthermore 
it is even an upcoming research subject since the University of Saragoza demonstrated a very 
strong relationship between the aminated nitrogen composition and the aromatic 
compounds produced during AF.  
 
The supplies of assimilable amino acids are as efficient as amino nitrogen for the controlling of sulfur 
odours.   
 
Grape and must nitrogen  
 
Ever since the ICV has conducted measurements, the results have demonstrated that the 
Mediterranean zone is globally a zone where the nitrogen is in low concentrations at the time of 
harvest. 
 
To illustrate, the average in 2005 of more than 600 measures completed by the Pyrenees- 
Roussillon ICV was of 120mg/L for potential alcohol degrees between 10,1° and 17,5°. 78% of 
the values were below 150mg/L, a level considered by many scientists as being the threshold of 
“absolute deficiency” for Saccharomyces cerevisiae (cf. following chapter). 
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The results of the Observatoire 
du Millésime confirm this data 
with variations between years, 
between grape varieties and 
between zones. The graph 
above illustrates the measures 
since 1999 at the grape harvest, 
generally around 12 potential 
degrees or more.  
It was consistently observed that 
the levels of nitrogen of the 
grapes during the course of the 
maturation decreased, but this is 
somewhat an exception.     
 
The variations between vintages 
are mainly due to the water 
supplied to the vine: the years 
with water stress leading most 

often to lower levels. 
 
The measurements presented by the oenologists of the ICV on the basis of the measurements of 
the Observatoire du Millésime, give a good idea of the vintage and of the differences linked with 
grape variety. However, few wineries have the necessary tools available in order to follow in real 
time and tank by tank the levels of nitrogen in order to readjust accordingly. Furthermore, as we will 
see, all yeasts do not have the same needs. It is therefore rarely pertinent to standardize this type of 
measurement.  
 
The grape variety has an 
impact which is almost as 
notable as that of the 
vintage, as shown by the 
averages over 6 years 
(page 5) at the harvest time 
at the R&D (potential 
alcohol degree generally 
above 12%). 
The Mediterranean grape 
varieties generally have low 
values (apart from syrah) 
and the “imported” grape 
varieties of other zones 
have higher values.  
It is stated that, as for the vintage effect, the grape variety effect presents a great variability between 
grape varieties.  
 
The other known causes of the variability of nitrogen levels of grapes are clearly evident in an 
agronomic sense: nitrogen fertilization of the vineyard (organic or mineral), practice of green 
covering (or insufficient weeding), irrigation.  
 
Generally half the assimilable nitrogen present in the grapes is in an ammonia form, the other half in 
an aminated form (the results of the ICV given a bracket of 40% to 60% of amino acids, those of the 
INRA of Montepellier a little less than 60%.) However for the results of the Pyrenees- Roussillon 

Observatoire du Millésime: evolution of the average levels 
of assimilable nitrogen. 
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ICV, the ammonia nitrogen represents about 80% of the assimilable nitrogen, possibility an 
illustration of the diversity present in accordance with the zones and vintages.  
 
A large part of results demonstrate that over the course of the maturation that the levels of aminated 
assimilable nitrogen varies little.  In addition, the results of the Pyrenees-Roussillon ICV, obtained in 
2005, tend to demonstrate that when the levels of assimilable nitrogen are below the threshold of 
“absolute deficiency” (around 150mg/L), that the levels of assimilable amino acids fall by a half: 
when there is a deficit it will be clearly more notable for the amino acids.   
 

Control of the nitrogen supply during AF 
 
Even though it is not the only factor to control the AF, it is possible to correlate the average 
nitrogen needs of the yeasts with the concentration levels of the sugars: on the basis that a 
need of 150mg/L of nitrogen for a potential of 12% and a AF to be completed in 8 days at 24°C, it is 
necessary to add 25 to 30mg/L of assimilable nitrogen for each supplemental potential degree. For a 
potential of 13%, 180mg/L would be necessary, for 14% around 210mg/L… This is of course of a 
certain level in order to limit the risk of sluggish AF and their corresponding sources of 
contaminations and the risk of stopped AF.  
 
However it is necessary to keep in mind that it is more dangerous than beneficial to go over and 
above these values and to remember that solving nitrogen matters does not eliminate the risk of 
stopped AF. It is therefore useful to re-read the document concerning the 13 key points of AF… 
 
The yeasts utilize the nitrogen present in the medium relatively rapidly: 50% to 80% of the nitrogen 
is consumed in less than 10 hours which signifies notably that a spontaneous AF start, will almost 
certainly create or accentuate a deficiency. 
 
  
But not all yeasts are equivalent in terms of their response to the nitrogen supplies. 
The measurements are completed on deficient synthetic mediums, around a potential of 12% and at 
24°C. The inconvienience of this type of measurement is that it only takes into account one factor: if 
it was completed at a potential of 14% the results could be different… However all these results do 
reflect a large part of the reality.  
 
For these measurements, yeasts like the D21® or the D47® are not very demanding whereas the 
K1M® or D80® have significantly higher needs. It is possible to see, that under these conditions that 
the K1M® is not very well postioned, and this could lead to the supposition that it would ferment with 
difficulty troublesome musts. However in the field it proves otherwise. Since it is almost impossible 
to find these conditions in the field. Where the K1M® comes into play, is in conditions, with a rich 
presence of higher sugars, with poorly controlled temperature, with a compromised hygienic state or 
with high presence of competition with native yeasts. Furthermore, it is known that K1M® responds 
positively to the nitrogen supply (AF kinetics, notably sulfur odours) and more intensely than a large 
part of the other yeasts of the ICV range, which illustrate these results.  
 
The question which is asked next is that of the impact of the prefermentative phases on the levels 
of assimilable nitrogen in the must, in the absence of the spontaneous development of the flora 
(Saccharomyces or not). 
The measurements of the R&D comparing, for the same primary matter, the skin maceration and the 
direct pressing demonstrate that there is no significant difference between these two options. 
However skin macerations lead to AF which are often easier, proof that nitrogen is not the only 
element involved in the AF kintetics. 
Sedimentation is also supposed to have a negative impact on the levels of assimilable nitrogen of 
the must. On low values (<100mg/L), the dosage using a reference method reveals that the 
differences always follow in the same direction but are only slightly higher than the repeatability 
results of the analysis: around 5 to 15mg/L more present in a non sedimented must. On musts which 
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are richer in nitrogen the sedimentation can decrease the assimilable nitrogen by 30% which can 
induce a deficiency. The sedimentation therefore has an impact on the assimilable nitrogen: in all 
cases, the measurement completed in the laboratory is on a clear juice, therefore close to one which 
would be obtained in a winery after the completion of the sedimentation. In addition, the 
sedimentation also removes sterols and fatty acids from the must which are factors which are very 
important for the survival of the yeast. The “pectic flakes” or fine sediments which can be 
reincorporated during the sedimentation limit the loss of these elements.   
Note that it is impossible to control this type of tendency in the winery since the dosage must be 
obligatorily completed using formol titration (for Foss one is obliged to clarify before analyzing).  
 
How to manage the nitrogen supply? 
The first point concerns the product choices and the dosage according to the technical aspects 
(evaluated level of deficiency/ concentration of sugars, efficacy), the organoleptic aspects, the 
economic factors (cost per hL) and the regulations (legal maximum doses of phosphate or 
diammonium sulfate, levels of thiamine of nutrients enriched with this vitamin):  
 Diammonium sulfate or phosphate is among the most efficient, most concentrated and less 

costly. It brings 60mg/L of assimilable nitrogen for an addition of 30g/hL. The organoleptic impact is 
regular: aromas said to be technologic, volatile and chemical at high concentrations and a more 
aggressive mouth feel (roughness in whites or rosés, astringence and dryness for all wines).  
 
 The complex nutrients of the 

type FermaidE® are not all effective, 
are averagely concentrated (45mg/L 
of assimilable nitrogen for an 
addition of 30g/hL of FermaidE®), 
have different organoleptic impacts 
between them but are generally 
orientated towards more ripe notes 
and more softness in the mouthfeel 
(cf. corresponding graph). These 
cost 4 to 6 times more by the kilo 
than diammonium phosphate.   
 
 The higher price is linked to the presence of dry inactive yeasts which cost around 10 times more 
than diammonium phosphate. This supply of organic nitrogen is also a guarantee of better efficacy 
for late supplies (after mid-fermentation) which are either preventative or “corrective”.  
 

The more diammonium phosphate is added in a mix of complex nutrients the more the return price 
is lowered and more the level of assimilable nitrogen which is liberated per g of product is increased. 
More a product is of good value and concentrated, more the proportion of mineral nitrogen is high.  

One must not believe all organic compounds to be nitrogen nutrients. The Booster® for example only 
brings ¼ of the nitrogen that FermaidE® brings, that is 10 to 15mg/L for a dose of 30g/hL. In addition 
the trials completed but the ICV all confirm that an inadequate management of the nitrogen nutrition 
causes the loss of the most part of the positive effects of Booster®.   
 
 
 
 
 
 
 
 
 
 

Effet des apports azotés sur Sauvignon
R&D ICV

0

1

2

3

4

5

6

Od.
Soufrées

Agrumes Fruits
blancs

Réglisse Volume Ac. Rugosité Astr. Séch. Amertume

E
ch

el
le

 a
rb

it
ra

ir
e
 A

S
D

Q

Témoin
DAP
FermaidE®



GRANES ET AL. NITROGEN NUTRITION OF YEASTS, PAG. 6 

WWW.INFOWINE.COM – INTERNET JOURNAL OF VITICULTURE AND ŒNOLOGY, 2008, N. 8    

 
 
The following graph illustrates these 
results for a red wine. Beyond the 
slight difference for the length of the 
AF (generally 1 to 3 days more), the 
absence of a supply of FermaidE® 
causes a decrease in all the positive 
factors. It is not always as intense in 
terms of the impact but the trend is 
consistent.  
 
 
 
 
 
The second point concerns the supply strategy: the supplies during the multiplication phase and 
stationary phase are the most efficient. It is therefore always of preference to act preventatively. 
Attention however to negatively interpreting a supply said to be “initial”: one must not supply nitrogen 
when adding the yeasts, but at the beginning of the AF (-5 to -10 density points) when the 
multiplication phase begins.   
For the classic supply at the end of the growth phase (at about 1/3 of the AF), the addition 
combined with O2 must be standardized for reds as for with white or rosés.  
At this stage, the 4 to 8mg/L of oxygen brought are immediately consumed by yeasts without being 
able to oxidize aromatic molecules or their precursors.  
 
When the analyses or the data for the vintage demonstrate deficiencies which cannot be corrected 
by the supply of only complex nutrients (limited most often by their levels of thiamine), the additions 
must be completed with some diammonium sulfate or phosphate. For the late supplies (after mid- 
AF) it is better to not hesitate and always prefer complex nitrogen.  
 
When the nitrogen supplies only fix part of the problem, despite a good management of the other 
key points of the AF, one must turn to more specific products such as GofermProtect®, strongly 
recommended also for high potential degrees (>13,5 – 14%), with deficiencies or not (see following 
table). 
Finally, one can ask the question of the impact on the MLF of the nitrogen management during the 
AF. In fact, the lactic acid bacteria are nitrogen consumers, but only in the organic form (amino acids 
and small peptides). In this sense residues of FermaidE® could have an impact on the MLF kinetics. 
This however has never been shown, even in studies completed on this matter at the R&D. 
Furthermore, activators of the MLF rightfully and mainly consist of amino acids since a deficiency 
can completely prevent the MLF. Despite this, they do not assure that the MLF will run smoothly 
without problems… the nitrogen supply for the lactic acid bacteria is not the only factor for a 
successful MLF. 
 
In classic cases, it is in addition mainly the autolysis of yeasts which will assure the covering of the 
lactic acid bacteria needs. For yeasts which have a slower autolysis such as PDM ou K1M®, 
independently of other explicatif factors, the delays or difficulties of the MLF can be explained at 
least partially by this state of facts.  

 
FermaidE® or GofermProtect® : the basis of product choices 

 
FermaidE® or FermaidBlanc® bring assimilable nitrogen at levels of 45mg/L for an addition of 30g/hL, 
and sterols and vitamins (mainly thiamine). They play therefore a positive role foremost on nitrogen 
deficiency but also, to a lesser extent, on the resistance of the yeast towards the end of the AF 
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(thanks to the assimilation of sterols and vitamins). This last point explains the “historic” strategy of 
the ICV with the fractioning of the supplies: at an initial density of -5 to -10 points and at the end of 
the first third of the AF. 
  
GofermProtect® was developed by Lallemand to provide the yeasts, in the rehydration phase, 
sterols, vitamins and oligoelements which assure a better survival of the yeast, particularly important 
for high potential degrees or “stressful” processes (notably low turbidity, or low temperatures). This 
is not a tool for the management of nitrogen deficiencies! 
 
In this schema we recommend: 
 
 Nitrogen deficiency Absence of nitrogen deficiency 
High potential degree 
or stressful process 

GofermProtect® puis 
FermaidE® GofermProtect® 

Low potential degree 
and classic process FermaidE® – 

 
 


