
Cromoenos is a patented routine analysis method which, in 7 minutes, predicts the Colour Inten-
sity of the future wine and gives a numerical value to the ripeness of the grape, by assessing the 
quality of the tannins, and the aromatic profile the wine will have, objectively and reproducibly 
(unlike grape tasting). There are 2 Key Quality Indicators (KQIs) for this: Probable Colour (CPE) 
and the Phenolic Maturity Index (IMF). This can all be done using basic laboratory equipment ‘in 
situ’ at the winery laboratories or at grape reception, without having to send samples to external 
laboratories; the grape quality can be assessed “trailer by trailer”, and the grapes separated and 
sent to their corresponding specific winemaking processes.

Cromoenos® is a registered trademark of Bioenos, S.L.

Cromoenos® is a Technological Platform (instrumentation, kit with reagents, calculation softwa-
re) and currently an internal consulting tool for CONTROL and DECISION-MAKING once the grape 
begins veraison. It intervenes on the strain to promote good RIPENING and helps prevent grape 
growth BLOCKING, from deciding when to reap the HARVEST and guiding WINEMAKING in the 
winery, according to the state of grape ripeness; both for those purchased, where intervention in 
the vineyard was not possible, and those from the vineyard itself.

The Cromoenos method not only gives information about the grape maturity status, but also 
anticipates and provides a warning to be able to intervene to prevent blocking of grape ripening. 
In addition, it provides a ripeness evolution history in each vineyard from Maturity Index value 
records, which are objective and comparable season to season; while also providing information 
about the soil capacity in each estate, to avoid stress situations that can stop phenolic maturation.

It has been verified how the evolution of the maturity index marks the optimum ripeness status 
for each aromatic profile of the wine, and basically indicates the quality of the tannins, serving as 
a tool for the winemaker to select the grapes, choose the ideal harvest time, and plan the type 
of winemaking to be done with the grape analysed. As not all grapes reach optimum maturity, 
the CROMOENOS analysis can be performed at the entrance to the winery, so each batch can be 
designated to its specific winemaking process.



CROMOENOS MATURITY INDEX METHOD

In 7 minutes, the Cromoenos method establishes:

• The Colour Intensity of the wine obtained from the grapes: CPFA (after alcoholic fermenta-
tion); CPFML (after malolactic fermentation), and CPE (Stable Colour after cold treatment, 
corrected with metabisulfite (3 g/hL) and adjusted to pH 3.50.

• The tannins quality: Can be vegetable, astringent, or soft and sweet. Since starting with the 
Cromoenos method (1998), we have verified with grape and wine tastings that the tannins 
evolve from vegetable to smooth as the grape matures. The Phenolic Maturity Index decrea-
ses until reaching the optimum value of 1.50, which is when the maximum Probable Colour 
(CPE) value is reached. We have also verified that, although the IPT content of the wine in-
creases, the Salivar Protein Index (SPI), which measures the astringency intensity, reaches a 
maximum around IMF 1.65 (there is a high concentration of tannins but they are not smooth), 
and then slowly decreases until reaching a minimum at IMF around 1.50. Good correlation is 
observed between the SPI/IPT ratio, which measures the part of tannins that are astringent, 
and the Phenolic Maturity Index.

• The aromatic profile of the wine is also visualised: whether herbaceous, fresh fruit, or ripe 
fruit. Here also, the IMF Maturation Index is correlated with concentrations of 4MMP, 3-MOH, 
AMOH, and aromatic precursors. As the IMF decreases, it has been verified that the IBP (isobu-
tyl pyrazine) content decreases, which is a vegetable aroma marker.

• The information comes from a very wide 300-1000 g sample from the vineyard, and not from 
10 g (grape tasting); so the sample is very representative of the vineyard.

• Anthocyanin values at pH 1 (total) and Extractable Anthocyanins at pH 3.20 are obtained di-
rectly, while the percentage tannins are obtained from grapeseed % MP in the Glories method.

• Results are numerical and can be recorded, to quantify, evaluate and compare historically 
from year to year. Thus, good vintages can be consulted and used as a guide in the vineyard: 
regarding environmental humidity, irrigation and vine balance, for example.

• The test is performed with normal laboratory materials and inexpensive equipment. Qualified 
personnel are not required.

This is compared to grape tasting, which:



• Requires qualified and trained personnel
• Is a subjective method.
• Is performed with a sample of just a few grapes, not representative of the vineyard
• Produces data which are difficult to quantify and record,

Cromoenos Phenolic Maturity Index

An effective tool for assessing grape quality and choosing the optimum harvest time.

The optimum harvest time is chosen with the maximum stable Potential Colour Intensity and the 
lowest tannin greenness index.

The Phenolic Maturity Index (IMF) at the time of harvest is predicted from veraison. This is 
a novel tool in the vineyard for ensuring that the grape reaches a good degree of ripeness.
Overripe and dry grapes can be detected, with a high GAP and high probable CP, but with an 
IMF > 3.5, indicative of immature tannins (green and astringent).

This method leaves behind Incomplete quality estimation methods which are not very reproduci-
ble, such as grape tasting, or those which are complex and do not provide quantifiable numbers 
for parameters like the Phenolic Maturity Index (IMF) and Probable Stable Colour (CPE).

When the IMF values are low, grapes for wines with a fresh fruit profile or flavoured fruit wines 
can be chosen.



Tool for fair payment at grape reception

Grapes are paid for after evaluating the colour points, corrected by a factor that depends on the 
Phenolic Maturity Index. Varieties such as Cabernet Sauvignon and Cariñena, for example, gene-
tically have a more predictable CPE colour; but, if their IMF is high, the wines they make will be 
coloured, but with a concentration of green tannins and herbaceous tastes. Thus, the value based 
on the IMF is greatly reduced. The Cromoenos Platform contains a programme for grape payment 
calculated according to these factors, together with that of health.

The potential quality of the wine obtained is actually paid for by taking into account the IMF value. 
As the aromatic profile of the wine is also synchronised with the IMF value; in addition to the GAP 
and CPE (corrected by the IMF), it could be said that another important component in the price is 
the quality value. This marker evaluates defects such as herbaceous and green tastes negatively, 
and the aromatic potential of the grape positively. In other words, a Grenache grape with little 
colour, IC 10 and IMF 1.55 will be more expensive than a Cabernet Sauvignon of IC 20 with an IMF 
1.75.

Dried, dehydrated grapes will give defective wines. However, if they have a lot of colour, but with 
hard, green tannins, they can have high quality values according to other grape evaluation me-
thods that only take into account the GAP, pH, Total acidity, gluconic acid and a colour intensity 
measurement obtained from the grape juice. The Cromoenos method, however, evaluates them 
in their proper measure, as grapes of the very worst quality.

An effective tool for accurately designing winemaking

With the IMF, CP and IPT P data measured at maturation, the tannic structure and aromatic profile 
of the wine can be visualised, and the winemaking designed. This will either correct for defects in 
the grape, or will skilfully extract all the quality tannins and aroma the grape provides.

The IMF provides guidance on allocating grapes to their different winemaking protocols: Either in 
wine to preserve the fresh fruit flavour, or in tanks of grapes selected for PREMIUM wines. With 
an IMF < 1.5, long macerations to extract the quality tannins and the aromatic grape precursors 
can be chosen.

And if their value is high (immature grapes), they are sent to tanks for short or cold macerations, 
with an intense micro-oxygenation programme. In other words, wineries that buy grapes can se-
parate them into different destinations upon entry.

It is not the same to mix grapes beforehand, as to blend well-produced wines afterwards.

CP values after alcoholic fermentation together with the stable CP let the oenologist predict the 
decrease in colour and design the micro-oxygenation plan to stabilise the colour Intensity.



GRAPE CULTIVATION INDICATOR

When at the maturation stage, the vineyard may not show any significant visible symptoms of 
suffering water stress. However, if the IMF changes little over time, this is usually accompanied by 
a similar pattern in the probable colour value, CPE. Such a situation is a warning to start watering 
to prevent irreversible stress.

If the vineyard is on dry land; the vine is balanced with respect to its production; the immediate 
weather forecast shows high values for the critical parameters of Relative Humidity < 40% and 
Temperature < 32ºC; and the tensiometer indicates humidity in the soil, then one should wait and 
perform another test, as it is highly likely that the situation is reversible and maturation will con-
tinue; that is, the IMF will reduce and the CPE increase (Figure 3).

If these circumstances do not occur and the IMF increases slightly and the CPE falls in the next 
test, grape maturation is entering an irreversible phase (Figure 4). If there is no irrigation, but it 
is feasible to spray water with a tractor at dawn, when the stomata is at its maximum opening, it 
can be observed if irreversible inhibition of grape maturation can be prevented, between the soil 
structure and water provided. Each soil has its particular properties and determines the potential 
to ripen the grapes at its optimum degree.



Figure 3. Evolution of the IMF and CP during a reversible maturation block
Figure 3. Evolution of the IMF and CP during an irreversible maturation block

IMF and the physiological plant indicators

Using data obtained by Cromoenos and the physiological indicators of the plant, the type of wine 
to be obtained can be projected and visualised. It has been explained that it is possible to inter-
vene to prevent ripening block if there is irrigation. However, is it possible to relate the vineyard 
data before veraison with the IMF the grape can reach at the end of maturation? Would it be pos-
sible to intervene in the vineyard before the end of veraison to try to promote good maturation?

Correlations between the IMF and the yield per vine have been made and it has been observed 
that an IMF of 2.00 can lead to vines with yields of 0.5-4.25 kg/vine, without any direct correlation 
being appreciated. However, when dealing with m2/kg balance, a certain trend can be seen and, 
when dealing with the product “balance (m2/kg) x stomatal conductance (stress factor)”, r2 is 0.57 
(Figure 11).

IMF vs (m2/kg) x conductance (Gs)



A porometer (which costs €3,000) is required to measure stomatal conductance, and this has to 
be calibrated beforehand with a high-precision porometer (costing €60,000); in other words, this 
is not equipment to be applied immediately to field measurements.

In previous projects, we measured the IMF at the end of veraison, as a stress factor, and when 
representing IMF* = IMF/(leaf area m2/kg) against the IMF of the grape at harvest time, the corre-
lation coefficient r2 was 0.9349.

In other words, if IMF* is calculated at veraison and is high, above 2.50, it is probably because the 
m2/kg balance is low due to higher production, so clusters would have to be eliminated. Alterna-
tively, if the balance is adequate, it could be because there is high moisture in the soil. The IMF* 
could also be high because plant growth was inhibited due to excessive stress; this can be investi-
gated, by checking if the soil is very dry with a humidity probe or drill. If moisture is lacking, it must 
be provided by drip irrigation, or by relying on the morning dew in September, while ensuring the 
removal of any cluster, if necessary.

From an oenological point of view, it must be emphasized that it is very important the cluster 
should try to configure itself so that the grapes are loose for two fundamental reasons: to im-
prove aeration and penetration of plant protection products and, fundamentally, to prevent the 
bursting of grapes by impacting against each other, with the consequent initiation of the rotting 
process, due to the thickening under the persistent storms that appear in the ripening season. 
This would destroy any hope of obtaining healthy, ripe grapes.

We have said that the IMF could be considered as a stress measurement. An interesting re-
lationship is that of the IMF Maturity Index with the Physiological Indicator “13C/12C isotope 



discrimination” (Figure 12). The vineyard has a certain selectivity for 12CO2 instead of 13CO2. 
Therefore, the higher the value of δ13C/12C measurements in glucose, the more closed they 
are. This measurement refers to the ratio δ13C/12C PDB (a mineral whose ratio is very stable). 
When δ13C/12C values are close to -26 they are indicative of less stress, while those close to -21 
are indicative of more stress. When plotting the IMF data against the isotope discrimination ratio 
δ13C/12C, a degree of proportionality is verified by the correlation coefficient r2 of 0.91. In other 
words, low IMF values are related to longer stomatal closure time; that is, to a certain degree of 
stress insufficient to inhibit maturation. The highest values are related to greater stomatal ope-
ning; that is, a certain degree of stomatal closure (stress) is needed for the IMF values to begin to 
reduce. The dangerous thing is when that stress is so great that maturation is inhibited.

13C/12C Harvest date of each plot vs. IMF the day the harvest begins

CONCLUSIONS: The physiological index δ13C/12C is highly correlated with IMF during grape ma-
turation, and to a great extent in the process of veraison. In other words, the longer the period 
the stomata remains closed, which seems to be due to electrical signals (according to Professor 
Gurovich) at the tip of the root which detect a lack of moisture - whether in the soil, due to low 
atmospheric relative humidity, high temperatures or a lack of water in the grape - this forces the 
plant to close the stomata. Some close completely, inhibit maturation and the degree of drying 
increases rapidly; while others are able to take advantage of any opportunity to open the stomata 
somewhat and continue metabolising under photosynthesis, as 12C appears in the must sugars; 
indicating that partial photosynthesis continues. Alternatively, the difference is that, under the 
same stress conditions, there are varieties which have more capacity to migrate osmolytes (e.g. 
potassium) or to synthesise (proline), preventing the evaporation of water, and give electrical sig-
nals at the hormonal level so that the stomata do not close so often. It was observed that the IMF 
continues to decrease in varieties that can survive in adverse circumstances, with a slow atten-
dant decrease in total acidity (respiration and water production); while the IMF lowers more quic-
kly in grapes with inhibited growth, but the water produced is not sufficient and inhibition occurs.

In addition to continuing with photosynthesis, the polyphenols metabolism continues and they 
combine with anthocyanins, such that the procyanidins in the seed are degraded, and anthocya-
nins are primarily synthesised. Thus, the IMF continues to drop.



In fine work, it is essential to measure the sample the same day. If not, the plant breathes and the 
analytical results are altered: suddenly an IMF of 1.60 that rises to 1.75 is seen, which is normal 
with heat strokes, but it is easier for it to happen due to grape respiration.

With the information provided by the IMF*, action can be taken at the end of veraison; or any 
clusters can be removed, to increase the balance (leaf area m2/kg) and thus decrease the IMF at 
veraison; alternatively, irrigation can be increased to promote ripening. IMF VERAISON vs IMF ripe 
grape.

Number of days since the end of veraison



Intervening in the vineyard, knowing we are starting with a high IMF, 2 irrigation regimes were 
established which managed to change the final IMF.

The same is valid when the vineyard is loaded; clusters are removed and the desired IMF is rea-
ched.


