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Statement of the Opportunity
Several amino acids and 5’–ribonucleotides, which have been shown to synergize the intensity of taste of amino acids, are found in sufficient concentration levels in wine to play an essential role in forming the taste and flavor profile and intensity of quality wines.   The correlation of these compounds to desirable taste and flavor characteristics of wine has been referred to (Peynaud
) but never analyzed. The umami taste sensation, derived from glutamates and 5’-ribonucleotides, is well documented as an attractive, primary taste component of myriad food products.  Preliminary research shows sufficient levels of naturally occurring umami taste substances in both wine grapes and finished wine.  Glutamic acid, a natural compound found in wine grapes and a precursor to glutamate taste substances, and 5’ -ribonucleotides, which are asssociated with yeast fermentation and the enzymatic decomposition of ribonucleic acid from yeast cells.  The contribution of glutamic acid (more correctly glutamate) to the taste of wine is acknowledged by Emile Peynaud in his books Knowing and Making Wine and The Taste of Wine;  “Among the amino acids, however, glutamic acid should perhaps be accorded a special mention.  Its appetizing flavor is well known, salty, and mellow at once.  If some 200 mg/l were present in a wine, its effect on the taste would not be negligible.”  

Synergized by 5’-ribonucleotides, lesser amounts of glutamic acid would contribute significantly to the taste and flavor of wine.  Alanine, proline, glycine and arginine have been found to contribute a sweet taste in various foods and are associated with the “sweet” taste of crab and other seafoods (Umami, the Fifth Basic Taste
)  These amino acids are found in significant levels in wine grapes  and  wine as well.  Understanding the importance of the umami taste in wine, now recognized as the fundamental taste of seafood, tomato, asparagus, mushrooms and cheese, will lead to a better understanding of standard of viticultural and winemaking processes.  Implementing practices in the vineyard and winery that create higher concentrations of the appropriate precursors and optimize umami taste intensity in wine can maximize desirable taste characteristics.

Therefore the objectives of this proposed study are the following

1. Establish baseline levels of glutamic acid and the following amino acids; proline, arginine and alanine in selected grape varietals and wines produced from the same grapes.

2. Establish baseline levels of the following ribonucleotides ADP, AMP, SMP, UDP, UMP, and UTP in the same grape and wines as in (1) above.

3. Determine if a correlation exists between levels of amino acids and ribonucleotides to intensity of Umami taste through sensory analysis

4. Evaluate base line data to develop a model by which continuing evaluation of Umami flavor potentiation occurs during the aging process.

Methodology

Several varieties of wine grapes harvested at Scheid Vineyards in King City are in frozen storage in Dr. Keith Patterson’s lab in the Crop Science Department in 100-pound quantities.  Later thus year wines will be produced from these grapes for eventual aging and retail sales.

Our first task will be to establish levels of glutamic acid, proline, arginine and alanine and ribonucleotides – ADP, AMP, CMP, UDP, VMP and UTP by derivitization and reverse phase high-pressure liquid chromatography.  The results of these analysis will provide the first establishment of base line data to establish a Umami relationship.

Wines as finished products following fermentation will then be evaluated in an effort to develop a model relationship using sensory analytical techniques such as difference testing and paired comparison testing.

Overall the results of this study will be used as a base line data bank for the California wine industry in an effort to determine what biochemical mechanisms can serve to enhance the sensory characteristics of wine.

At present there are graduate students in the Crop Science Department, Food Science and Nutrition Department, Chemistry and Biochemistry departments developing analytical methods of analysis for this project.

Introduction

Recognition of amino acids and ribonucleotides as taste/flavor contributors would provide numerous explanations for elements of flavor development relative to viticulture, enology, cellaring and sensory aspects of wine that have eluded researchers:

1. The concept of “sugar free extract” refers to unrecognized compounds that are essential for rich, attractive and even sweet flavors in the absence of appreciable residual sugar.  Amino acids found in finished wines are found in concentration to be considered the source of these flavors.

2. Grapes grown in warmer regions typically require a higher degree of sugar (and corresponding higher alcohol level for dry wines) to achieve what is many times referred to as “physiological maturity.”  Studies have shown the relatively higher levels of ammonia in fruits grown in warmer conditions, which binds glutamic acid and creates glutamine in lieu of glutamate and deprives the fruit of umami taste.  The relationship of wine quality to long, cool growing seasons is well documented, as is the attainment of wine grapes achieving a “ripe” taste at lower sugar levels in cooler growing regions.

3. Extended maceration of red wines many times results in wines that are described in the same terms (complex, mellow, less bitter) as foods with ribonucleotides added to synergize glutamates.  Yeast are shown to assimilate and then synthesize both glutamates and amino acids that may well contribute these flavor characteristics. 

4. Flavor development of wines and sparkling wines aged in contact with expired yeast cells is consistent with the same flavor development noted above and has been noted in studies.
Sugar-free extract

Wine makers and viticulturalists have recognized a category of compounds which has been described as sugar-free extract that imparts desirable flavor in wine.  The flavor typically associated with sugar-free extract is typically described as a sweet taste or rich, complex flavor found in wines devoid of appreciable levels of residual sugar compounds.  There is a distinct correlation of acceptability of vintage quality and high levels of proline, arginine and alanine and glutamic acids.  Modern viticultural practices place a great deal of emphasis on creating grapes high in sugar-free extract noting a discernable yet un-quantifiable taste development in the vineyard that signifies “physiological maturity” of the fruit.  

Compounds associated with umami taste found in wine grapes and wine

	Compound
	Description
	mg/l in grapes
	mg/l in wine

	Glutamic Acid
	Precursor to glutamates and glutamine.
	0-1330
	3-86

	Glutamates
	Salts of glutamic acid: compounds responsible for primary umami taste. 
	
	

	5’-ribonucleotides
	Potentiometer for umami taste intensity proved by yeast decomposition and excretion.  Ribonucleotides have been shown to magnify umami taste from glutamates nine-fold
. “from 0.6-1.4 mg/l fo the nucleotides ADP, AMP, CMP, UDP, UMP and UTP were found…The nucleotides may act as reinforcers of flavors and in flavor formation in sparkling wines
 
	
	0.6-1.4 mg/l

	Glutamine
	Glutamic acid and ammonia combine to create glutamine in grapes (present in grape juice at concentrations of 24-309 mg/l with and average of 123 mg/l, and in wines from a few milligrams to about 50 mg/l with and average of about 12 mg/l
), depriving wine of umami taste.  Studies show (contact Dr. Kimura, Ajinomoto for data) warm growing conditions increase levels of ammonia, creating glutamine in lieu of glutamate, requiring higher degree of fruit ripeness to achieve desirable umami taste. conditions, such as Napa Valley in California or the Rhone Valley in France.
	
	


Amino acids with sweet taste characteristics found in grapes and wine
“The tastes of amino acids have traditionally been represented by one dominant taste, such as sweet (Ala, Gly, Pro, Ser, etc.)…
”

Proline

Proline is usually the highest concentration of amino acid:

· 0-4600 mg/l, 742 mg/l average for 78 determinations in grapes4.

· 30-3558 mg/l, 869 mg/l average for 42 determinations of wine
. 

· Represents as much as 90% of the total nitrogen in Cabernet Sauvignon. 

· Proline is partially used during fermentation, restored by yeast autolysis.  

Alanine

Pg. 2478, Umami, a fifth basic taste

Glycine

Pg. 248, Umami Taste of Seafoods, Komata

Arginine

· Must – 4-2360 mg/l, wine 0-2311

· “Arganine levels increased approximately 20-fold during the fruit ripening period of several grape cultivar and at maturity arganine contributed the largest fraction (up to 50%) of N to total berry N.”  R. Kruegar and W.M. Kliever, Arganine Metabolism, International Symposium on Nitrogen in Grapes and Wine, 1991, pg. 291

Wine descriptors consistent with umami taste descriptors

savory, brothy, creamy, mouthfeel, mellow, rich, etc.

Wine flavor descriptors – 

Red Wine: body, extract, ripe, beefy, mushroomy  

White Wine: creamy, mellow, smooth, rich, ripe

Viticultural implications

Amino acid concentration and distribution in relation to:

1. Vine variety and clone.

2. Rootstock selection

3. Vine vigor and vegetative growth, total vine management in relationship to soil and climate.

4. Fertilization “amino acid concentrations in juice were highly correlated to total N” pg. 197, Must and Wine quality, International Symposium on Nitrogen in Grapes and Wine, 1991, S.E. Spade. “wines from non-fertilized vines scored lowers in aroma, intensity, flavor and overall wine quality.”

5. Crop yield versus amino acid concentration.

6. Vintage conditions (higher levels in “quality” vintages)

7. Ammonia/glutamine and reduced umami taste potential in relationship to growing conditions:

Bordeaux vs. Napa Valley

Riesling in Germany and development of “protein” taste

Fermentation and umami taste enhancement

1. Yeast contribution

2. Maceration

3. Red wine fermentation is conducted with the inclusion of grape solids.  The pumping over or submersion of the cap keeps yeast cells constantly moving during the maceration period.  Extended maceration of red wines creates a flavor profile consistent with umami taste characteristics, and may explain the softening and reduced bitterness and astringency of red wines made with extended maceration.

4. White wine fermentation is generally shorter in duration and conducted in the absence of grape solids.  The umami flavor enhancement occurs during the aging period of the wine in contact with the lees resulting from fermentation. 

5. Malo-lactic fermentation

6. Proteins

Cellar techniques and umami taste enhancement

The primary correlation of umami compounds and wine quality in regard to cellar techniques seem to be a combination of the development umami taste enhancement by created by the increase in ribonucleotides and simultaneous suppression of bitterness associated with enhanced umami taste.  Increased amounts of free amino acids and ribonucleotides in food products have been correlated with reduced bitterness and acidic “bite.”  This effect is similar to the flavor enhancement achieved when wine, such as Chardonnay or quality sparkling wines, is aged for extended period on the lees deposited after fermentation.   

Lees contact and lees stirring 

Many white wines benefit from contact with spent yeast cells during post-fermentation aging. These flavor distinctions are consistent with enhanced umami taste characteristics: reduced impression of bitterness, rich, mellow, creamy, etc.  The spent yeast cells would provide a source for 5’-ribonucleotides that would act as the potentiometer to synergize existing glutamates in the wine.

Champagne aging en-tirage 
The aging of Champagne and sparkling wines on the lees after secondary bottle fermentation creates flavor distinctions consistent with enhanced umami taste characteristics:reduced impression of bitterness,  rich, mellow, creamy, etc.  The spent yeast cells would provide a source for 5’-ribonucleotides that would act as the potentiometer to synergize existing glutamates in the wine.

NOTE - Flor yeast formation and ribonucleotides

Ammonia additions improve quality, page 228, Amerine, Wine Production and Technology in the United States

Amino Acid Analysis in Wines

Cal Poly University, San Luis Obispo, CA


The concentrations of amino acids in wines can be determined in two main steps.  First, all of the amino acids are derivatized, which means that they have a benzene ring attached to them in a chemical reaction.  This benzene ring absorbs light in the ultra-violet range so that all the amino acids (most of which do not absorb either UV or visible light) can be detected.  In the second step, the amino acids in wine are separated by polarity with an HPLC (high pressure liquid chromatograph).  Each amino acid elutes from the HPLC at a different time, and is detected at 280 nm.  The peak area of the amino acid is compared to standards (and an internal standard) and the amount of the amino acid present can be calculated.


This entire procedure (both steps) can be automated in a system created by Waters, Inc.  However, I have chosen to perform the first step (derivatization) manually, in part because the Water's system is quite expensive, in part because it is a good educational procedure for my students, and in part because wine samples require filtering and other treatments, and it is more accurate to incorporate the internal standard at this stage.  The second step requires an HPLC to separate the amino acids.  I have access to several HPLCs, however, none of them have automated sample injection.  Each sample takes about an hour to separate and about a half hour to re-equilibrate for the next injection.  In addition, the HPLC requires an hour to warm up and an hour to shut down, so about 6 samples can be analyzed in a typical work day, and the experimenter must be present every 1.5 hours.  With an autosampler, there is no warm up or shutdown, and the experimenter can simply monitor the sample analysis when it is convenient.  The samples are analyzed continuously, and up to 18 samples can be processed each day, with much less effort.  In order to carry out the analysis of large numbers of samples, an autosampler is almost required.


My students and I have now analyzed the amino acids in a number of grape juice and wine samples, and have obtained values similar to those found in other studies.  In one experiment, we compared with levels of amino acids present in wines treated with different yeast strains (AMH, BGY, and RC212), and found differences in alanine, glutamine, arginine, and histidine levels, while the other amino acids remained approximately the same.  The changes in arginine and glutamine are especially interesting since these amino acids are involved in nitrogen metabolism.  Our methods are reproducible and I believe they are accurate, but they are tedious without an autosampler.
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