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Effect of Different Strains of Saccharomyces cerevisiae on
Production of Volatiles in Napa Gamay Wine and Petite Sirah
Wine
SANGEETA PATEL AND TAKAYUKI SHIBAMOTO*

Department of Environmental Toxicology, University of California, Davis, California 95616

Napa Gamay grapes were fermented with four different strains of the yeast Saccharomyces cerevisiae
(VL1, MI16, Fermirouge, and RA17). Petite Sirah grapes were fermented with seven different strains
of the same yeast (BM45, Fermirouge, RA17, NI, CX3079, A350, and A796). Volatile compounds
formed in the wines were analyzed by gas chromatography/mass spectrometry. Volatile compounds
found in both wines were alcohols, esters, and acids, as well as some miscellaneous compounds.
Isoamyl alcohol was the compound found in the highest relative amount with all four yeast strains in
the Napa Gamay wines, followed by 2-phenyl ethanol, monoethyl succinate, and hexanoic acid. The
relative amounts of isoamyl alcohol ranged from 30.84% (VL1) to 43.28% (RA17). Major volatile
compounds found in Petite Sirah wines were isoamyl alcohol, 2-phenyl ethanol, 2-hydroxy ethyl
propanoate, monoethyl succinate, and octanoic acid. The several esters, including 2-hydroxyethyl
propanoate, may contribute to the fruity flavor of Petite Sirah wines. Overall, the S. cerevisiae yeast
strains used to ferment Napa Gamay grapes and Petite Sirah grapes produced the same major
components, with certain variations in formation levels.
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INTRODUCTION The objective of this study was to investigate the effect of

The use of yeast to produce alcoholic beverages has beerfifferent strains oB. cereisiaeon volatile flavor compounds

known for centuries. The choice of yeast for the formation of Principally alcohols, esters, and acidsproduced during fer-
desirable flavor components is of particular importance in the mentation of wine made from the same pool of Napa Gamay

production of wine. The preferable flavors of wine depend on 9rape must and Petite Sirah grape must. Strail%s oereisiae

a balance of volatile constituents. The principal odor and flavor Wereé used because they have been widely used by the wine
constituents responsible for the characteristics of specific wines Makers in California.

include acids, alcohols, esters, carbonyls, acetals, amines, and

sulfur-containing compoundd.(2). MATERIALS AND METHODS

The fo_rmatlon of volatile compounds during alcoholic Chemicals.Tetradecane (99%), anhydrous sodium sulfate, dichloro-
fermentation depends on the particular yeast spe@esur(d methane (99%), and methanol (99%) were purchased from Sigma
the particular strain of the specie$)(Although a number of  Chemical Company (St. Louis, MO). Authentic volatile chemicals were
flavor components are found in the original grap, (most obtained from Takata Koryo Co., Ltd. (Osaka, Japan) as a gift.

compounds found in wine are formed during yeast fermentation  S. cereisia Yeast Strains.Yeast strains BM45, Fermirouge, RA17,

(6). These products determine the final aroma and flavor of the NI, CX3079, A350, and A796 were purchased from Christian Hanson

wine. There is a positive correlation between the yeast used (Fresno, CA), Gist Brocades (Fresno, CA), and Scott Labs. (Petaluma,

and the production of volatile chemicals, including acids, ).

alcohols, and esters, in fermenting muak ( Wine Preparation. Napa Gamay grapes and Petite Sirah grapes were
In modern wine makingSaccharomyces cerisiae is com- harvested from the Sonoma Valley in September 1995. Grapes were

monly used for alcoholic fermentatio)( There have been crushed, and the must was fermented in 50-gal plastic containers fitted

ts that Vario®s . trai duced diff t with a carbon dioxide vent through a water trap. Each batch of must
Some reports that variouss cereisiaestrains produced ditieren was blended to 22 degree brix sugar measured with a Leica refracto-

volatile profiles in wines g, 10). The wine industry is greatly  yeter (Fisher Scientific, Pittsburgh, PA), and the titratable acidity ranged
interested in wine yeast strains that produce unique flab@t ( from 8.5 to 10 g/L. The sulfur dioxide concentration was adjusted to
It is important to know potential differences in volatile produc- 50 ppm using a 10% stock solution of potassium metabisulfite (Glen
tion by various strains of yeast in order to select the best strain Ellen Winery, Modesto, CA). Four 50-gal batches of must were each
to produce a wine of interest. fermented with one of four types &. cereisiae strains (VL1, MI16,
Fermirouge, and RA17) for Napa Gamay grapes and with one of seven

*To whom correspondence should be addressed. Phone: (530) 752-types ofS. cereisiae strains (A350, A796, BM45, CY3079, Fermir-
4523. Fax: (530) 752-3394. E-mail: tshibamoto@ucdavis.edu. ouge, NI, and RA17) for Petite Sirah grapes. The amount of yeast added
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Table 1. Saccharomyces cerevisiae Yeast Strains Used To Ferment
Napa Gamay Grapes and Amount of Sulfur Dioxide, pH, and Titratable

Patel and Shibamoto

Table 2. Volatile Compounds Found in Napa Gamay Wine Fermented
with Four Different Saccharomyces cerevisiae Strains

Acidity of Resulting Wines

sulfur dioxide titratable acidity

relative GC peak area%

. compd VL1 Mi16 FR® RAL17
yeast strains (malL) pH (glL)
Alcohols
Napa Gamay 1-propanol 0.02 0.12 0.04 0.04
VL1 39.95 350 7.58 isobutanol 0.27 0.34 0.48 0.38
MI16 36.65 370 7.30 1-butanol 0.04 0.02 0.02 0.02
Fermirouge 28.45 320 6.30 isoamyl alcohol 30.84 36.99 37.25 43.28
RALY 43.7 3.60 7.60 1-hexanol 114 1.22 1.61 1.48
Petite Sirah (E)-3-hexen-1-ol 0.03 0.30 0.03 0.03
A350 33.28 356 750 3-ethoxy-1-propanol 0.03 0.12 0.02 0.03
A796 26.88 3.62 750 cyclohexanol 0.23 0.21 0.35 0.37
BM45 39.68 361 7.80 2,3-butanediol (p, L) 1.36 2.74 1.91 1.15
CY3079 24.32 3.61 6.60 1-octanol 0.02 0.01 0.03 0.02
Fermirouge 39.68 356 750 2,3-butanediol (meso) 0.26 0.57 0.36 0.23
NI 35.84 3.70 7.20 isoheptanol 0.07 0.07 0.07 0.05
RAL17 28.16 3.66 6.30 benzyl alcohol 0.04 0.06 0.05 0.04
2-phenylethanol 11.13 16.34 15.66 16.88
1-(4-hydroxyphenyl)ethanol b - 0.57 0.60
(22.7 g/50 gal) was that recommended by the winemaker at the Glen Esters
Ellen Winery (Modesto, CA). chyl butanoate 0.07 0.09 0.10 0.14
. . isoamyl acetate 0.09 0.15 0.17 0.19
Fermentation was allowed to proceed at 4B in a controlled propyl butanoate - 0.02 - -
temperature cooler for two weeks until the sugar concentration was ety hexanoate 0.44 0.40 0.60 0.60
reduced to<20 mg/100 mL. The sugar was monitored using a glucose  putyl butanoate - 0.04 - -
oxidase test strip (Chemstrip, Boehringer Mannheim Corp., Indianapolis, ethyl octanoate 0.52 0.49 0.75 0.72
IN). The fermented must was racked two times at intervals of two ethyl 2-hydroxypentanoate 0.59 0.79 0.88 1.16
weeks. The must was then filtered through a cheesecloth into 750-mL  ethyl 3-hydroxybutanoate 0.08 0.08 0.07 0.07
wine bottles that were subsequently corked and stored in atC18 ethyl decanoate 018 011 0.09 017
storage chamber until October 1998 at the Glen Ellen Winery. The gwghyl sluC;:_cn;]atle . 2'65 gio 228 3'33
wines were transferred to the Environmental Toxicology Department ty roxyl diethy! succinate 39 10 13 06
. A . . . - artaric acid, diethyl ester 0.09 0.07 0.08 0.08
at the University of California, Davis, and stored at an ambient room dipropyl succinate - 0.05 - _
temperature of 22C for 1-3 months. At that time, the wines were monoethyl succinate 1517 15.34 12.37 10.16
extracted and analyzed for flavor compounds. The three years aging Acids
period was .usgd because it was recommgn@ed by the Glen E!qu Winery. acetic acid 031 0.48 0.41 0.20
Sulfur Dioxide, pH, and Titratable Acidity. Free sulfur dioxide propionic acid 0.01 0.03 0.03 0.01
was quantitated using the Ripper titrametric methdd).(A 50-mL isobutanoic acid 0.08 0.09 0.20 0.10
wine or must sample was transferred to a 250-mL Erlenmeyer flask. A butanoic acid 0.13 0.14 0.14 0.13
5-mL portion of starch indicator solution (1% soluble starch) and a  hexanoic acid 3.59 2.97 424 350
5.0-mL sulfuric acid/water (1/3, v/v) solution were added to the flask.  octanoic acid 3.88 2.68 4.07 3.35
The free sulfurous acid generated was titrated with a 0.02 N jodine decanoicacid 0.83 0.8 0.66 051
solution (Fisher Scientific, Pittsburgh, PA). The end point was a blue ~ Nexadecanoic acid 0.69 0.04 - -
color that persisted for 30 s. S Miscellaneous Compounds
The pH was measured using a Corning 240 pH meter (Corning, NY).  thiazolidine ) 0.06 0.10 0.38 022
The soluble solids measured as sugar were determined using a Leica Mmﬁ;gﬁg'formam'de 028 8'(1)3 8'32 832
Brix meter no. 7531L; range at-®50 (Fisher Scientific, Pittsburgh, propylene glycol 0.06 0.08 011 011

PA). The sugar was measured using a Chemstrip glucose oxidase test

strip that measures sugars between 20 and 800 mg/100 mL.
Titratable acidity was determined by titrating a 0.1 N sodium
hydroxide against a 5.0-mL wine sample, with phenolphthalein (Fisher

2 Fermirouge. ° GC area <0.01% or not detected.

component were compared to those of the authentic compound to

Isolation of Volatile Flavor Compounds in Wine. A glass column ~ identify the volatiles in the samples. A Hewlett-Packard 5890 gas
(250 mmx 11 mm i.d.) packed with 5 mL of Porapak Q resin {50 chromatograph equipped with a 30xr0.25 mm i.d. DB-Wax bonded-
mesh, Alltech Associates, Inc., Deerfield, IL) was conditioned with 2 Phase fused-silica capillary column (J&W Scientific, Folsom, CA) and
column volumes each of dichloromethane, methanol, and water. A 200- @ flame-ionization detector (FID) was used for routine quantitative
mL sample of wine was placed in the column connected to a 200-mL analysis. The split ratio was 1:18. The peaks from chromatography
reservoir. The eluted wine was discarded. The column was further elutedWere integrated with a Spectra Physics 4290 integrator (San Jose, CA).
with 50 mL dichloromethane, and the eluate was collected in a The injector and detector temperatures were maintained t@50he
separatory funnel. A second volume of 10 mL dichloromethane was ©Ven temperature was held at 50 for 8 min and then programmed
added and eluted. A third 5-mL volume of dichloromethane was used &t 3°C/min to 180°C for 35 min. The linear helium gas flow rate was
to extract any remaining sample. 30 cm/s.

The water layer was discarded. The dichloromethane layer was A HP 5890A Series Il GC interfaced to a HP 5972 mass-selective
transferred to a Erlenmeyer flask and dried over anhydrous sodium detector was used for mass spectral identification of the GC components
sulfate. After removal of anhydrous sodium sulfate, the sample solution at MS ionization voltage of 70 eV. Column and oven conditions were
was concentrated with a rotary evaporator and then further concentratec®S Stated above.
to a final volume of the sample of 1.2 mL with a purified nitrogen
stream in a 5-mL glass vial with a Teflon liner. The sample was stored RESULTS AND DISCUSSION
at —5 °C until analysis for volatiles.

Determination of Volatile Compounds in Wine. The GC Kovats At least three different Vinifera (European) grape varieties
retention indexl (13) and the MS fragmentation pattern of each are allowed to use the term “Gamay” on their label in the United

Scientific, Pittsburgh, PA) as an indicator.
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Table 3. Volatile Compounds Found in Petit Sirah Wine Fermented with Seven Different Saccharomyces cerevisiae Strains

GC peak area %
compd BM45 Fermirouge RA17 NI CX3079 A350 AT796
Alcohols
1-propanol -2 0.44 - 0.41 - 0.64 0.42
isobutanol 0.87 - 2.19 191 157 1.23 248
isoamyl alcohol 35.29 38.98 40.87 38.87 36.53 37.68 32.73
3-ethoxy-1-propanol - - - - - 0.26 -
2-methyl-3-buten-2-ol 0.45 0.46 - - - - -
1,3-butanediol - - - 3.30 - - -
2,3-butanediol (p,L) 242 2.64 2.50 - 521 2.30 3.18
2,3-butanediol (meso) 0.55 0.67 - 0.82 1.09 0.50 1.60
2-phenylethanol 16.03 12.98 12.48 7.78 8.58 10.12 13.29
Esters
isoamyl acetate 0.74 1.08 1.97 - 0.82 0.32 3.29
ethyl hexanoate 0.66 0.86 - - - 0.17 0.43
2-hydroxyethylpropanoate 7.48 7.82 6.15 5.91 2.39 4.68 454
ethyl octanoate 1.05 1.33 - - - - 0.81
ethyl decanoate 0.31 041 - - - - -
diethyl succinate 2.99 242 342 5.40 6.82 4.72 0.73
linalyl propanoate 0.55 0.46 - - - - -
2-phenylethyl acetate - - - - - - 3.01
3-hexenyl butanoate 1.28 1.02 - 0.18 ND - -
hydroxydiethyl succinate - - 117 - - 0.25 -
monoethyl succinate 14.64 13.09 12.50 17.09 19.86 27.31 16.59
Acids
acetic acid 0.86 121 1.82 2.26 2.32 1.52 3.04
isoamyl acid - - - - - 0.23 -
hexanoic acid 3.82 319 2.24 0.99 1.23 1.05 2.16
octanoic acid 5.46 4.64 2.71 1.06 1.31 0.82 461
decanoic acid 1.66 117 0.72 - - 0.16 248
Miscellaneous Compounds

3-hydroxy-2-butanone - - - 1.23 1.01 0.97 -
1-methoxy-2-methyl propane - - 151 - - - -
y-buryrolacton - - - 0.61 - - -
thiazole - - 131 0.94 0.75 0.72 -
1H-i-ole-3-ethanol - - - - 243 0.25 -

@ —, GC peak area <0.01% or not detected.

States. The Gamay Noir is responsible for the Beaujolais wine from 30.84% (VL1) to 43.28% (RA17). Isoamyl alcohol

of France. The Gamay Beaujolais is a clone of Pinot Noir, the possesses a peculiar winey-brandy-like flavor in proper dilution
famous grape of Burgundy. Napa Gamay is grown in France (15). The strain RA17 may be useful in enhancing a brandy-
under the name Valdiguie. In the United States, these varietieslike taste in wine, because it produced the greatest relative
have all been treated in a similar way to produce generally light- amount of isoamyl alcohol. 2-Phenyl ethanol had the second
to-medium-bodied fruity red wines, often utilizing the technique greatest relative amount detected among the alcohols found in
called carbonic maceration and frequently with little or no oak the wines, in relative amount, ranging from 11.13% (VL1) to
aging. 16.88% (RAL7). 2-Phenyl ethanol possesses a rose-honey-like

Free Sulfur Dioxide, pH, and Titratable Acidity. Table 1 odor and has been used widely for manufacturing perfutfgs (

presents the quantities of free sulfur dioxide, pH, and titratable 2,3-Butanediol was detected in appreciable relative amounts.
acidity in the fermented wines. The values are the average of The strain MI16 produced the greatest relative amount of 2,3-
two duplicate experiments. All values were within the ranges butanediol (2.74%) among the four yeast strains. Alcohols can
acceptable to the wine industry. No significant differences in be produced directly from fermented sugar or through catabolism
the levels of these items among the wines were observed.  of amino acids16, 17). MI16 also produced the greatest relative

Volatiles in Napa Gamay Wine Fermented with Four amount of diethyl succinate (8.50%) and monoethyl succinate
Different S. cereisiae strains. The recovery method used for ~ (15.34%) among the four yeast strains.
volatile compounds was the one previously reported).(The Among the 14 esters found in Napa Gamay wine volatiles,

use of Porapak Q as a trapping agent and dichloromethane asnonoethyl succinate was detected in the greatest relative
a solvent achieved satisfactory recovery of wine volatiles. For amounts, ranging from 10.16% (RA17) to 15.34% (MI16).
example, the major wine volatiles, such as 2-phenylethanol, Diethyl succinate was detected in the second greatest relative
diethyl succinate, and octanoic acid, could be nearly 100% amounts, ranging from 5.33 (RA17) to 8.50% (MI16). Succinic
recovered using this method4). acid is one of the major acids found in wine. It contributes a
Table 2 shows the volatile compounds found in the Napa pleasant acidic taste. Many esters of succinic acids may be
Gamay grapes fermented with differeBt cereisiae yeast present in wines. In addition to the above two esters, diethyl
strains, along with their relative GC peak area. The compound hydroxy succinate and dipropyl succinate were found in the
produced in the highest relative amounts by all four yeast strainspresent study. These succinic acid esters have been used in
was isoamyl alcohol, followed by 2-phenylethanol and mono- various flavor compositions, such as imitation butter, rum,
ethyl succinate. The relative amounts of isoamyl alcohol ranged brandy, grape, and raspberry5. The other esters found in
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the present studyincluding ethyl butanoate, isoamyl acetate, of isoamyl alcohol in the Napa Gamay wine. The ester found

and ethyl hexanoategive fruity flavors to wines. in the greatest relative amounts among those identified in Petite
Hexanoic acid (2.974.24%) and octanoic acid (2.68.07%) Sirah wine was monoethyl succinate. Its relative amounts ranged

were the acids produced in the highest relative amounts. from 12.50% (RA17) to 27.31% (A350).

Fermirouge produced the greatest relative amount of these two  The differences in the relative amounts of 2-phenylethanol

acids among the four yeast strains. The titratable acid value offound in the seven wines was large: BM45 (16.03%) produced

Fermirouge wine showed it to be the most acidic among these approximately twice as much as NI (7.78%) did. The presence

four wines. This may be due to the formation of these two acids of many ethyl esters might be indicative of fruitperry flavor

in high quantities. notes that BM45 yeast contributes to the final flavor of the Petite
The VL1 yeast has traditionally been used where high green Sirah wine (5).

and vegetable aromas are in need of reduction. This yeast is  cx3079, which is an excellent yeast for fermentation of

uged for Iate. fermented wines when the winemaker desires tOChardonnay grape must, produced the greatest relative amount

bring out a hint of green flavor notes. In the present study, the ¢ 2,3-butanediold, L) (5.21%) among the seven yeast strains,

VL1 yeast produced a wine with the lowest percentage (1.14%) \ hereas NI did not produce any detectable levels. A796

of hexanol of the four wines. produced the greatest relative amount of isoamyl acetate

The RA17 yeast produced a wine with 1.48% hexanol, and (3 2994), which has a sweefruity, banana-like flavor 15).

the Fermirouge yeast, 1.61% hexanol. The RA17 yeast strain,

which produced the most sulfur dioxide in the present study to

(Table 1), is used by most winemakers only in red wines.
Control of hydrogen sulfide formation during the fermentation
process may be the most critical factor in the usage of RA17.
The Fermirouge yeast is used in wines to bring out the green
and fruity aromas, which could explain the higher quantity of

the hexanol and its ester produced by this yeast. The Fermirouge

yeast strain is a cold-tolerant, floral yeast that is used in making
white wines. Cryotolerant yeast strains produce higher relative
amounts of glycerol, succinic acid, and malic acid, and lower
relative amounts of acetic acid and ethan®B20). The
formation of higher alcohols is influenced by the must used in
the fermentation as well as the yeast stra&if)(

The MI16 yeast strain is a proprietary, all-around yeast used
by wine makers. This yeast produced the highest relative amount
of 2,3-butanediol and butanoic acid esters and the lowest relative
amount of ethyl esters of octanoic acid. Overall, the wine
produced by fermentation of Napa Gamay grapes was neither
too floral nor too heavy with sulfur compounds or fermented
(acidic) flavors.

Volatile Components Found in Petite Sirah Wine Fer-
mented with Seven Different Yeast StrainsThe Petite Sirah
grape is a very dark-skinned red grape that produces wines with
an inky color and heavily tannic structure. The wine tends to
be robust, rustic, and simple, often with black pepper in the
aroma and taste. This grape was once confused in California
with the true Syrah/Shiraz, which is the most important red grape
from the Northern Rhone region of France. They are descended
from the Duriff Rhone grape of France. For most of their history,
Petite Sirah grapes were used only to blend into other wines.
They gained a lot of attention in the 1970s because of the general
popularity of red wines, and because of their full, tannic taste.
Typical flavors include plum, raspberry, blackberry, and black
pepper.

Table 3shows the major volatile components found in Petite
Sirah grapes fermented with seven differ&#ccharomyces
yeast strains. The major volatile compounds produced were
isoamyl alcohol, 2-phenyl ethanol, 2-hydroxy ethyl propanoate,
monoethyl succinate, and octanoic acid. The major compounds
found in Petite Sirah wine were the same as those found in
Gamay wine except for 2-hydroxyethyl propanoate. 2-Hydroxy-
ethyl propanoate, which possesses a fruity flavor, was found in
rather high levels ranging from 2.39 (CX3079) to 7.82%
(Fermirouge). It was not found in Gamay wine. Isoamyl alcohol
composed over one-third of the total volatiles. Its relative amount
ranged from 32.73 (A796) to 40.87% (RAL7). It is interesting
that RA17 also produced the greatest relative amount (43.28%)

The information presented here is to be a steppingstone

ward enhancing the ability to assay flavor compounds as our
research methods and our understanding of wine flavors grows.
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