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Three analytical methods for determination of aroma compounds in alcoholic
beverages were developed and validated. These methods are sensitive and reliable
that can be applied to analyze volatile phenols, stale aldehydes as well as some highly
volatile aromas in alcoholic beverages.
In the first study, an ethylene glycol (EG)/polydimethylsiloxane (PDMS) copolymer
based stir bar sorptive extraction (SBSE)-GC–MS method was developed for the
analysis of volatile phenols in alcoholic beverages. Parameters affecting extraction
efficiency were studied including ionic strength, pH, extraction time, ethanol content
and nonvolatile matrix. Good correlation coefficients with R2 in the range of 0.994–
0.999 were obtained for volatile phenol concentration of 5–500 µg/L. Recovery for
all phenols were from 95.7% to 104.4% in a beer matrix and 81.4% to 97.6% in a
wine matrix. The method had a standard deviation less than 5.8% for all volatile
phenols. The limit of quantification (LOQs) in beer samples was lower than 3μg/L.
In the second study, a simple, fast and reliable method was validated, in which
headspace sampling was used in combination with gas chromatography-flame

ionization detector (GC-FID) for quantifying the most abundant and highly volatile
compounds in alcoholic beverages. The linearity for all the compounds covered 2
orders of magnitude with correlation coefficients (R2) between 0.9993-0.9996. The
recovery ranged from 92.7%-99.9% in beer samples and 90.9%-117% in wine
samples. The repeatability of this method was satisfactory with relative standard
deviation of 2.9%-4.7%. The LOQ and LOD were much lower than the reported
concentrations in alcoholic beverage including beer and wine.
In the third study, a sensitive method for the determination of stale aldehydes in
alcoholic beverages has been developed. Aldehydes were derivatized with O-(2, 3, 4,
5, 6-pentafluorobenzyl) hydroxylamine (PFBHA) in solution and the corresponding
oximes were extracted using a DVB/PDMS SPME fiber and quantified by GC-MSSIM mode. It is shown that acidic pH and lower temperature would favor the
sensitivity of aldehyde derivatives. Meanwhile by using SIM mode, the background
can be eliminated a lot and the limit of quantification reached as low as 0.01μg/L
(0.1ppb) for most compounds, and the linearity is up to 100μg/L with R2 in the range
0.993–0.999.
In the fourth study, 5 out of 12 yeasts that isolated from a pre-fermentation cold
maceration (9°C) of Pinot noir grapes, were confirmed with β-glucosidase activity,
namely Metschnikowia pulcherrima, Hanseniaspora uvarum, Lachancea
thermotolerans, and two isolates of Saccharomyces cerevisiae. These yeasts were
inoculated in Pinot noir grapes sterilized by high hydrostatic pressure, individually or
mixed. Pre-fermentation cold maceration (9°C) was performed followed by alcoholic
fermentation conducted by Saccharomyces cerevisiae RC212 at 27°C. Aroma

analysis of wine by solid-phase microextraction-GC-MS demonstrated that the
presence of the different yeast species during the pre-fermentation cold maceration
could alter the volatile aroma composition of wine. The yeasts in pre-fermentation
cold maceration altered the concentrations of ethyl esters, branch-chained esters,
higher alcohols and monoterpenes.
In the fifth study, one of the two Saccharomyces cerevisiae isolates with high βglucosidase activity from previous work was used to further investigate the impact of
pre-fermentation cold maceration on Gewürztraminer wine aroma. A commercial
yeast was used in comparison where no cold maceration treatment was performed.
The quantification results of aroma compounds showed that pre-fermentation coldmaceration did not significantly affect aroma profile of Gewürztraminer wine. OSU
yeast isolate produced comparable amount of terpene alcohols as yeast Vin13, a
commercial yeast strain known to produce good aromatic white wine. However, OSU
yeast isolate produced dramatically higher concentration of 4-vinylphenol and 4vinylguaiacol, which give spicy, clove-like aroma, a major character of
Gewürztraminer wines. The results were highly correlated to the sensory evaluation.
OSU yeast isolate is a good candidate in fermenting aromatic white wine. Prefermentation cold maceration is not essential in making white wines.
In the sixth study, glycosides precursors extracted from pinot noir grape have been
reconstituted with a synthetic must. The must is fermented by yeasts belonging to
previously isolated different genera. Fermentation was allowed to take place for 48
hours. The fermented solutions were analyzed by headspace solid phase
microextraction gas chromatography–mass spectrometry (HS-SPME-GC-MS) to

determine the aroma composition. The results shows that the yeast genus exerts a
critical influence on the levels of most varietal aroma compounds. The aroma
produced from precursors such as norisoprenoids and terpenols has been affected.
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Chapter 1
1.1

Introduction

Advances in analytical techniques in flavor analysis of alcoholic beverages

Alcoholic beverages are complex mixtures of compounds that largely define the
appearance, aroma, flavor and mouth-feel properties and differentiate one from the
other. Aroma is one of the main characteristics that determine the quality of alcoholic
beverages and consumer acceptance. More than 1300 volatile compounds have been
identified in alcoholic beverages (Nykänen & Suomalainen, 1983). These volatile
compounds belong to several chemical categories, including alcohols, fatty acids,
esters, carbonyl compounds, sulfur compounds, furanic compounds, terpenes and
terpenoids, and volatile phenols (Nykänen, 1986). They are very diverse in
physiochemical properties including polarities, solubility, volatilities and present at
wide range of concentration from ng/L to mg/L (Rodrigues, Caldeira, & Camara,
2008). This complexity of the matrix can pose significant analytical challenges to
flavor chemists due to large number of analytes present, and the possible coextraction
of multiple matrix constituents.
Although tons of aroma compounds are present in alcoholic beverages, only a small
portion is odor-active and contribute to the flavor (Fang & Qian, 2005; Guth, 1997a,
1997b; Miranda-Lopez, Libbey, Watson, & McDaniel, 1992). Consequently, the
quantitative and qualitative analysis of aroma- active volatile compounds have been
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the focus of numerous studies (Vicente Ferreira, López, & Cacho, 2000; Loscos,
Hernandez-Orte, Cacho, & Ferreira, 2007; Pretorius & Lambrechts, 2000). However,
some important aroma compounds can only be found at very low concentration in
alcoholic products. For example, 2-methoxy-3-isobutyl pyrazine (IBMP),
characteristic compounds of Sauvignon Blanc and Cabernet Sauvignon, are
generally<40 ng/L in wines (Parr, Green, White, & Sherlock, 2007). 4-Mercapto-4methylpentan-2-one (4MMP) contributes a typical black currant note to Scheurebe
wines with concentrations up to 0.40 μg/L (Rigou, Triay, & Razungles, 2014).
Therefore, the samples need to be highly concentrated for them to be accurately
quantified. In addition, many of the aroma compounds are unstable. They might be
easily oxidized in contact with air or degraded by heat or extreme pH (Ortega-Heras,
González-SanJosé, & Beltrán, 2002).
López et al. (López, Aznar, Cacho, & Ferreira, 2002) have classified the odor-active
compounds into three categories based on their analytical accessibility, which are
easy, intermediate and very difficult analytical accessibility. To analyze these volatile
compounds, the analytical procedure consists of several steps: sample preparation
(isolation), separation, identification and quantification. Sample preparation is a
complicated and time-consuming process that may take up to 2/3 of the entire
analysis time (de Fatima Alpendurada, 2000). Sample preparation steps may introduce

3

biases in flavor profiles, and the analyst should always beware of the advantages and
disadvantages of each isolation techniques (Cavalli, Fernandez, Lizzani-Cuvelier, &
Loiseau, 2003). Sometimes, in order to obtain the complete extraction of all the
volatile compounds contained in alcoholic beverages, it is necessary to combine
different methods (Guth, 1997b; Ortega-Heras, González-SanJosé, & Beltrán, 2002).
Traditionally, isolation of volatile compounds has been carried out following different
methodologies, including liquid–liquid extraction (LLE) (Schneider, Baumes,
Bayonove, & Razungles, 1998), simultaneous distillation–extraction (SDE) (Blanch,
Reglero, & Herraiz, 1996), supercritical fluid extraction (SFE) (Blanch, Reglero, &
Herraiz, 1995; Señoráns, Ruiz-Rodrıǵ uez, Ibáñez, Tabera, & Reglero, 2003),
ultrasound extraction (Caldeira, Pereira, Clım
́ aco, Belchior, & De Sousa, 2004;
Cocito, Gaetano, & Delfini, 1995; Vila, Mira, Lucena, & Recamales, 1999) and solidphase extraction (SPE) (López, Aznar, Cacho, & Ferreira, 2002). These techniques
are time-consuming, labor intensive, using large amount of toxic organic solvents, and
the multi-step procedures can lead to the loss of target analytes and increase error.
The trends in the development of sample preparation techniques including:
elimination of organic solvent, less labor intensity, easily automated, high selectivity
and sensitivity. Nowadays, there are easier and more selective alternatives to these
classic methods.
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Headspace sampling
Generally, headspace analysis is defined as a vapor-phase extraction, involving the
partitioning of analytes between a non-volatile liquid or solid phase and the vapor
phase above the liquid or solid. It is expected that the vapor phase mixture contains
fewer components than the usually complex liquid or solid sample and this mixture is
transferred to a GC or other instrument for analysis (Snow & Slack, 2002).
HS sampling is usually classified into two types: static (S-HS) and dynamic
headspace (D-HS). In S-HS sampling, this system is heated for a given period of time
at a set temperature, and volatiles are distributed between the sample phase and the
gas phase. A small fraction of the HS is directly analyzed by GC. S-HS sampling can
be carried out either with equilibrium or non-equilibrium conditions, as long as the
operating parameters are carefully set for reproducible analysis (Soria, García-Sarrió,
& Sanz, 2015).
S-HS is routinely used by scientists in a wide range of disciplines and numerous
applications are continually emerging in different fields including food，
environmental，pharmaceutical and biological (Antón, Ferreira, Pinto, Cordero, &
Pavón, 2014; Cheng, Liu, Mueller, & Yan, 2010; Güler, Karaca, & Yetisir, 2013;
Ligor & Buszewski, 2008).
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Dynamic headspace (D-HS) sampling involves the passing of carrier gas through a
liquid sample, followed by trapping of the volatile analytes on a sorbent or cryogenic
trap and desorption onto a GC. It is so-called “purge and trap” (P&T) in general.
Release of volatile compounds from this trap, generally carried out by increasing the
temperature, allows their transfer into the chromatographic system for further analysis
(Soria, García-Sarrió, & Sanz, 2015).
Purge and trap methods used for the extraction of volatile compounds from alcoholic
beverages might vary widely. Sorption traps with porous polymers such as Tenax TA
or Porapak Q, as well as resins such as Lichrolut EN, are most often used (Campo,
Ferreira, Escudero, & Cacho, 2005). Analsytes liberation from the traps is carried out
using thermal desorption or solvnt elution (Plutowska & Wardencki, 2008). Porous
polymer sorbents, especially Porapak Q, trap only small amounts of ethanol, which is
advantageous as it reduces the possibility of trap breakthrough and the width of the
solvent peak on the chromatogram.
The continuing applications related to HS techniques in recent years have
demonstrated their consolidated potential for routine volatile analysis in different
fields. Compared to conventional exhaustive extraction techniques, headspace
methods are not causing the loss of the most volatile compounds, which often have
the greatest influence on the odor of the sample. In addition, headspace techniques
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allow sampling of very volatile compounds, which is often difficult with solvent
methods due to the overlapping solvent peak, and avoid artifacts associated with nonvolatile matrix (Grosch, 2001). Moreover, S-HS is a simple, non-destructive
technique, so the same sample can be extracted many times in MHE approaches
(Soria, García-Sarrió, & Sanz, 2015).
The limited sensitivity and the discrimination towards the extraction of not very
volatile compounds are generally considered as the main limitations of S-HS methods.
D-HS sampling has higher sensitivity, especially for extraction of high-volatility
compounds (C Varela, Dry, Kutyna, Francis, Henschke, Curtin, et al., 2015).
Liquid-phase Microextraction (LPME)
Liquid-phase microextraction (LPME), also known as single drop microextraction
(SDME), became a focus of attention as alternatives to LLE since 1996. Liu and
Dasgupta (H. Liu & Dasgupta, 1996) and Jeannot and Cantwell (Jeannot & Cantwell,
1996) published their designs for liquid-phase microextraction almost the same time
in 1996, with slight differences. In LPME, extraction normally takes place between a
small amount of a water-immiscible solvent and an aqueous phase containing the
analytes of interest. A droplet of organic solvent was suspended at the tip of the
syringe needle which can be either directly immersed (DI-SDME) in or suspended
above the sample (HS-SDME). After extraction, the organic phase was withdrawn
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back into the syringe and used directly for injecting the sample into a GC system. The
volume of the solvent is in the microliter range (L. Xu, Basheer, & Lee, 2007). The
technique combines extraction, concentration, and sample introduction in one single
step. It is a fast, simple, inexpensive, and virtually solvent-free sample preparation
method.
The original design of direct immersion mode (DI-SDME) was successfully applied
in several food, environmental and biomedical analysis (Batlle & Nerıń , 2004; de
Jager & Andrews, 2000; Hou & Lee, 2002; Lambropoulou, Psillakis, Albanis, &
Kalogerakis, 2004). However, there are several limitations with DI-SDME. One of
them is the instability of the droplet at high stirring speed, although modification of
the tip can improve this issues (Ahmadi, Assadi, Hosseini, & Rezaee, 2006). The
other limitation is the immiscible solvents with the sample have to be chosen.
The headspace single-drop microextraction (HS-SDME) was first introduced in 2001
(Theis, Waldack, Hansen, & Jeannot, 2001),where a microdrop of organic solvent was
suspended in the headspace of the sample.. HS-SDME approach continues to gain
attention in recent years owing to its advantages including the elimination of
interference of non-volatile matrix, and freedom from restrictions on sample stirring
rate and on organic solvent (Jain & Verma, 2011). As the solvent drop is placed in the
headspace of the sample, an aqueous drop can also be used, and applications have
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been demonstrated (Y. He, Vargas, & Kang, 2007; Zhang, Su, & Lee, 2005). In
addition, the microdrop can be used not only for extraction but also as derivatization
reagent (Li, Deng, Yao, Shen, & Zhang, 2005; Muniraj, Yan, Shih, Ponnusamy, &
Jen, 2012).HS-SDME technique was widely applied to environmental and biomedical
analysis (Colombini, Bancon-Montigny, Yang, Maxwell, Sturgeon, & Mester, 2004;
Lambropoulou, Psillakis, Albanis, & Kalogerakis, 2004; Shariati-Feizabadi, Yamini,
& Bahramifar, 2003; Vidal, Psillakis, Domini, Grané, Marken, & Canals, 2007).
Although only a few studies focusing on the application of SDME technique in flavor
analysis, it is a very promising technique (Martendal, Budziak, & Carasek, 2007;
Šrámková, Horstkotte, Solich, & Sklenářová, 2014; Xiao, Yu, Xing, & Hu, 2006).
Through comparing SDME and SPME technique for the determination of volatile
sulfur compounds in beer and beverage, Xiao et al. (Xiao, Yu, Xing, & Hu, 2006)
confirmed that SDME showed much lower detect limit than that of SPME while both
methods offer good precision and reliability.
Solid Phase Microextraction-SPME
Solid phase microextraction (SPME) is considered a valuable milestone in analytical
chemistry. It is a fast, sensitive and automatable sample preparation technique which
was first introduced by Pawliszyn and co-worker in 1989 (Belardi & Pawliszyn,
1989). By using SPME technique, organic analytes are absorbed onto a fused-silica
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fiber coated with a thin layer of polymeric stationary phase. It combines extraction
and enrichment in one step. In addition, the required sample volume is rather low, and
no solvents are required. SPME can be significantly faster and easier than solvent
extractions and distillation procedures, with sampling times typically from 10 to 60
min. The procedures can be readily automated, and no special modifications to the gas
chromatographic inlet are required.
Several different fiber coatings are commercially available, in particular these
coatings are polydimethylsiloxane (PDMS), divinylbenzene (DVB), polyacrylate
(PA), carboxen (CAR; a carbon molecular sieve) and carbowax (CW; polyethylene
glycol), with different coating combinations and film thickness (Roberts, Pollien, &
Milo, 2000). They can provide specificity for a wide range of polar, nonpolar, volatile
and semi-volatile analytes and enhance the selectivity of the analysis by choosing the
stationary phase that best suits the analytes (Kataoka, Lord, & Pawliszyn, 2000).
SPME technique gained growing acceptance and increasing use in routine laboratories
and industrial applications, especially since automatized fiber injection systems are on
the market (Dietz, Sanz, & Cámara, 2006). It has been widely used in fields of
pharmaceutical (Kataoka, 2011; Legrand, Dugay, & Vial, 2003), biomedical (Kataoka
& Saito, 2011; Ulrich, 2000), environmental (de Fatima Alpendurada, 2000; Ouyang
& Pawliszyn, 2006), botanic (Barták, Bednář, Čáp, Ondráková, & Stránský, 2003;
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Cuevas-Glory, Pino, Santiago, & Sauri-Duch, 2007; Jeleń, Ziółkowska, &
Kaczmarek, 2010)and food (Balasubramanian & Panigrahi, 2011; Kataoka, Lord, &
Pawliszyn, 2000). There are also numerous application of SPME in flavor analysis of
alcoholic beverages such as beer, wine and whiskey (Antalick, Perello, & de Revel,
2010; Câmara, Marques, Perestrelo, Rodrigues, Oliveira, Andrade, et al., 2007;
Campillo, Peñalver, López-García, & Hernández-Córdoba, 2009; Canuti, Conversano,
Calzi, Heymann, Matthews, & Ebeler, 2009; Fitzgerald, James, MacNamara, & Stack,
2000; Hill & Smith, 2000; Pinho, Ferreira, & Santos, 2006; Anthony L Robinson,
Boss, Heymann, Solomon, & Trengove, 2011; Vesely, Lusk, Basarova, Seabrooks, &
Ryder, 2003).
Two sampling methods could be used depending on the placement of the fiber: direct
immersion in the sample (DI-SPME) or in the headspace of the sample (HS-SPME).
In such cases, the most common practice consists of exposing the SPME coating to
the sample headspace (HS) so as to avoid direct contact between the matrix and the
coating. Most applications use headspace sampling, which can reduce matrix effects
and interferences present in the liquid sample, and prolong the fiber’s lifetime.
Although SPME is commonly combined with gas chromatography, the technique has
also been amended to couple with lipid chromatography in order to analyze non-
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volatile or thermally labile compounds that not suitable to GC. A special desorption
chamber is utilized for solvent desorption prior to HPLC analysis.
SPME has several drawbacks. Firstly, the fibers are expensive and have a limited
lifetime, as they tend to degrade with increased usage. The partial loss of the
stationary phase results in peaks that may co-elute with the target analytes, thus
affecting precision (Balasubramanian & Panigrahi, 2011). Secondly, some researchers
have reported competition effects between volatile compounds that cause biases in the
quantitative determination of compounds (Roberts et al., 2000) or anomalous linearity
deviations in relation to the sample matrix composition (Mestres, Busto, & Guasch,
2002;Vichi et al., 2003). Lastly, although different types of fibers with different
affinities are available, SPME fiber has limited affinities to polar compounds of low
volatility. For example, furaneol, sotolon, and vanillin are important aroma
compounds in many foods including fruits, coffee, and meats, SPME has difficulty in
detecting these compounds at the levels they are found in foods (Roberts, Pollien, &
Milo, 2000).
In recent years, an increasing number of publications has been focusing on preparing
new types of extraction fiber coatings, the conditions of their synthesis, and their
applicability (Dietz, Sanz, & Cámara, 2006). The demand for SPME fiber coatings
should be : produced from fairly cheap polymers; these coatings are stable right
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across the pH range, and at high temperatures, mechanically strong and reusable with
good reproducibility of results (Spietelun, Pilarczyk, Kloskowski, & Namieśnik,
2010). The sorbents synthesized for the needs of SPME most often mentioned in the
literature include conducting polymers, molecularly imprinted polymers, sol-gel
coatings, and immunosorbents (Spietelun, Kloskowski, Chrzanowski, & Namieśnik,
2012). However, the synthesis of fiber coatings in the laboratory may be quite
complicated and difficult to reproduce, due to the need for accurate control of many
conditions, therefore not many new fibers haave being commercialized.

Stir Bar Sorptive Extraction-SBSE
To overcome the disadvantages in SPME, a new technique named stir bar sorptive
extraction (SBSE) has been introduced in 1999 by Balussen and et al. (Baltussen,
Sandra, David, & Cramers, 1999a) with similar principles as SPME but more robust.
The main difference between SPME and SBSE is that SBSE uses an extraction phase
volume about 50-250 times larger than SPME, resulting in higher absolute recoveries
and higher sample capacity (M. He, Chen, & Hu, 2014).
SBSE method is based on sorptive extraction, whereby the solutes are extracted into a
polymer coating, usually polydimethylsiloxane (PDMS), bonded onto a magnetic
stirring twister bar (David & Sandra, 2007). SBSE technique shows clear advantages
compared with traditional techniques: (i) eliminates the use of organic solvents; (ii)
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allows the quantification of a large number of molecules with low limits of detection
and good linearity over a considerable range; (iii) integrates sampling, extraction and
concentration into a single step; (iv) requires no or little manipulation/preparation of
sample; (v) is simple and faster , and moreover (vi) covers a wide range of sampling
techniques, including field, in situ and air sampling.
SBSE has been widely applied in several areas including food, environmental, and
biomedical (Kawaguchi, Ito, Saito, & Nakazawa, 2006; Picó, Fernández, Ruiz, &
Font, 2007; Popp, Bauer, & Wennrich, 2001; Soini, Bruce, Wiesler, David, Sandra, &
Novotny, 2005; Vercauteren, Pérès, Devos, Sandra, Vanhaecke, & Moens, 2001).
There have also been several application of SBSE in the analysis of alcoholic
beverages including beer, wine and whisky (Cacho, Campillo, Viñas, & HernándezCórdoba, 2014; Demyttenaere, Martı,́ Verhé, Sandra, & De Kimpe, 2003; N Ochiai,
Sasamoto, Daishima, Heiden, & Hoffmann, 2003; Picó, Fernández, Ruiz, & Font,
2007; Vercauteren, Pérès, Devos, Sandra, Vanhaecke, & Moens, 2001).
Generally accepted disadvantages in SBSE techniques are: relatively lot-to-lot
variations, sensitivity against organic solvents and the limited range of commercially
available stationary phases (David & Sandra, 2007). It has been over a decade that
only PDMS-coated stir-bars are commercially available. It represents one of the main
SBSE drawbacks, since SBSE has poor affinity to polar compounds due to the non-
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polarity of the PDMS polymer (Baltussen, Sandra, David, & Cramers, 1999a).
Recently, a new phase stir bar coated with polyethylene glycol-modified Silicone (EG
Silicone) is commercially available and has been applied to different target
compounds (Cacho, Campillo, Viñas, & Hernández-Córdoba, 2014; Zhou, Qian, &
Qian, 2015). Compared to the PDMS stir bar, the EG Silicone stir bar provides higher
enrichment factor for polar (hydrophilic) solutes, specifically the solutes which can
form hydrogen bonding (Nobuo Ochiai, Sasamoto, Ieda, David, & Sandra, 2013).
Gas Chromatography-Olfactometry- GC-O
GC-MS is a powerful tool for identifying and quantifying volatile compounds, but it
is not able to establish whether a compound is odor-active or not. An analytical
technique directed to the identification and quantification of flavor active aroma is
required. Gas chromatography-olfactometry (GC-O) seems to be the most appropriate
technique, because the human and electronic responses are combined to maximize the
available detection capabilities.
GC-O can be defined as a collection of techniques that combine olfactometry, or the
use of the human nose as a detector, to access odor activity of individual compounds.
After passage through the chromatographic column, the effluent is led through a
sniffing port, where the trained researcher is able to detect the potential odor of the
separated compounds. From a wide range of compounds in a mixture, it is possible to
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identify the flavor-active ones among them, with their respective flavor descriptors
and intensities. In parallel and simultaneously to this sensorial detection, a
conventional analytical detector, such as a mass spectrometer, can be used by splitting
the effluent to recode the electronic signal. GC-O provides a valuable tool for
investigating the pattern of odorants in terms of both their odor descriptors and
activity. The application of GC-O can be considered as a screening step in the search
for potentially flavor-active components.
The aroma extraction for GC-O may include steam distillation (SD), solvent
extraction (SE), fractionation of solvent extracts, simultaneous distillation–extraction
(SDE), supercritical fluid extraction (SFE), Soxhlet extraction, solvent assisted flavor
evaporation(SAFE), microwave-assisted hydro distillation (MAHD),direct thermal
desorption (DTD), headspace (HS) techniques, solid-phase microextraction (SPME)
(Zellner, Dugo, Dugo, & Mondello, 2008).
Several techniques have been developed to collect and process GC-O data and to
estimate the sensory contribution of single odor active compounds, including AEDA
(V Ferreira, Lopez, & Aznar, 2002), CHARM analysis (Acree, Barnard, &
Cunningham, 1984), Osme analysis (Miranda-Lopez, Libbey, Watson, & McDaniel,
1992), or finger-span (P. X. Etiévant, Callement, Langlois, Issanchou, & Coquibus,
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1999) and frequency-of impact methods (Pollien, Ott, Montigon, Baumgartner,
Muñoz-Box, & Chaintreau, 1997).
Among these, the aroma extract dilution analysis (AEDA) has been most widely used
to determine the relative odor potency of compounds present in a sample extract of
alcohol beverages (Bowen & Reynolds, 2012; Campo, Ferreira, Escudero, & Cacho,
2005; Fang & Qian, 2005; Kishimoto, Wanikawa, Kono, & Shibata, 2006). In AEDA,
samples are evaluated by the panelists in increasing dilution order and the impact of
an odor-active compound is given by its dilution factor (FD) value. FD value is
calculated by dividing the largest volume analyzed by the lowest volume in which he
respective odor-active compound is still detectable (Zellner, Dugo, Dugo, &
Mondello, 2008)
With the AEDA data, it is possible to establish a hierarchy on the contribution of each
compound to wine aroma. However, with GCO data themselves, is not possible to
conclude anything about the contribution of the different constituents to the overall
wine aroma, due to the lack of sensory interaction between flavor compounds. The
results should be considered within the framework of more extensive sensory
evaluation. To achieve this, quantitative analysis and calculation of odor activity
values (OAVs) is suggested, and then aroma-recombination studies are used to better
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validate the information obtained from GC-O and quantitative analyses (Ebeler,
2001).
Without remarkable separation and identification techniques, the enormous amount of
progress in aroma chemistry would not be possible. Among which, gas
chromatography, liquid chromatography, infrared spectroscopy, nuclear magnetic
resonance (NMR) spectroscopy, and, particularly, mass spectrometry combined with
gas chromatography, are the most essential. The development of application of these
analytical techniques have been well reviewed and will not be discussed in detail in
this dissertation. Advances in sample preparation and in the separation and
identification of volatiles have led to an improved understanding of the composition
of alcoholic beverages. Analytical techniques that are simple to use, fast, and readily
automated will continue to improve our understanding of flavor chemistry.
1.2

General introduction on wine aroma

Wine is a rather complex matrix consists of several hundreds of chemical compounds
(Ebeler & Thorngate, 2009). The total content of aroma compounds in wine amounts
to approximately 0.8– 1.2 g/l, which is equivalent to about 1% of the ethanol
concentration (Styger, Prior, & Bauer, 2011).The profile of wine volatile compounds
may vary greatly from wine to wine, depending on multiple factors including the
regions, grape varieties, viticulture practices and winemaking procedures (Jackson &
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Lombard, 1993; Anthony L Robinson, Boss, Solomon, Trengove, Heymann, &
Ebeler, 2014). These volatile compounds construct the characteristics of a wine and
distinguish one wine from another (Jan H Swiegers & Pretorius, 2005).
Volatile compounds in wine can be generally classified into three categories
according to their origins, including grape-derived aroma (varietal aromas),
fermentation-derived aroma (fermentative aromas) as well as aging-derived aroma
(post-fermentative aromas) (Ebeler, 2001).

Fermentation-derived aroma
A majority of wine volatile compounds are produced from fermentation including
both primary and secondary metabolites. The primary compounds are direct products
and by-products of glycolysis present in the highest concentration including ethanol,
glycerol, acetic acid, and acetaldehyde (Styger, Prior, & Bauer, 2011). The major
group of secondary products formed during fermentation are acids, higher alcohols,
esters and, to a lesser extent, carbonyl compounds (Styger, Prior, & Bauer, 2011; Jan
H Swiegers & Pretorius, 2005)

Grape-derived aroma
Although majority of the wine aroma compounds are generated from fermentation,
grape-derived aroma compounds play a key role for wine varietal characteristic that
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differentiates wines. For example, monoterpenes have been identified as varietal
flavor to Muscat grapes (Loscos, Hernandez-Orte, Cacho, & Ferreira, 2007). Volatile
thiols 4-methyl-4-mercaptopentan-2-one (4-MMP) and 3-mercapto-1-hexnaol (3-MH)
are reported to represent the characteristic flavor of Sauvignon blanc wines, giving
distinctive tropical fruity, boxtree flavor (Tominaga, Furrer, Henry, & Dubourdieu,
1998)
1.3

Wine yeasts and their impact on wine aroma

Winemaking is a complex biological process between grape and microorganisms
including yeasts, bacteria and other microbial species such as filamentous fungi
(Fleet, 1993). Among these, yeasts play a predominant role because they conduct the
alcoholic fermentation and can significantly influence wine aroma and flavor (Fleet,
2003; J. Swiegers, Bartowsky, Henschke, & Pretorius, 2005) as well as other wine
qualities such as color, mouthfeel, body (Carew, Smith, Close, Curtin, & Dambergs,
2013) .
Yeasts are not only responsible for the synthesis of flavor active primary and
secondary metabolites, they can also contribute in biotransformation of grape must
constituents into flavor-active compounds, by releasing enzymes related to varietal
aroma from conjugated precursors such as monoterpenes (Carrau, Medina, Boido,
Farina, Gaggero, Dellacassa, et al., 2005), volatile thiols (Dubourdieu, Tominaga,
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Masneuf, des Gachons, & Murat, 2006; J.H. Swiegers, Kievit, Siebert, Lattey,
Bramley, Francis, et al., 2009). Therefore, yeast is a crucial factor in the development
of wine flavor.
It has been found that freshly crushed grape juice harbors a diversity of yeast species,
principally within the genera Hanseniaspora (anamorph Kloeckera), Pichia, Candida,
Metschnikowia, and Kluyveromyces. Occasionally, species in other genera such as
Cryptococcus, Rhodotorula, Debaryomyces, Issatchenkia, Zygosaccharomyces,
Saccharomycodes, Torulaspora, Dekkera, Schizosaccharomyces and Saccharomyces
have also been isolated from wine grapes of several wine producing areas (Fleet,
2003).

Wine yeasts and aroma
Yeasts originate in the vineyard and the winery. Yeast communities are associated
with several factors including grape variety, geographical location, climate, vineyard
spraying, technological practices, processing stage and season (pre-harvest, harvest,
post-harvest). Vineyard and winery microbial communities have the potential to
participate during fermentation and influence wine flavor and aroma. Therefore, there
is an enormous interest in isolating and characterizing these communities, particularly
non-Saccharomyces yeast species to increase wine flavor diversity, while also
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exploiting regional signature microbial populations to enhance rationality (Cristian
Varela & Borneman, 2017)
Non-Saccharomyces yeast
Even though Saccharomyces cerevisiae dominant the alcoholic fermentation, there is
substantial growth of non-Saccharomyces yeasts at first stages of wine-making
(Belancic, Gunata, Vallier, & Agosin, 2003; Mansfield, Zoecklein, & Whiton, 2002;
Mendes Ferreira, Climaco, & Mendes Faia, 2001). Some reports have demonstrated
that those yeasts produce and excrete to the media several enzymes which can interact
with precursors to form aroma compounds (Domizio et al., 2007;Egli, Edinger,
Mitrakul, & Henick-Kling, 1998; Lema, Garcia-Jares, Orriols, & Angulo, 1996). NonSaccharomyces were originally considered as spoilage yeasts in wine production. For
example, 4-ethylphenol can be formed by Brettanomyces spp. and impart unpleasant
‘medicinal-like’ or ‘mousy’ characteristics to the wine (P Chatonnet, Dubourdieu, &
Boidron, 1995).
As knowledge on non-saccharomyces accumulated, non-saccharomyces received
increasing attention as they were considered as integral to the authenticity of wines.
Several studies have revealed that they can benefit wine quality, impart distinct
regional characteristics as well as other desirable characteristics (Ciani & Comitini,
2011). Non-Saccharomyces yeasts (NS) present, play a significant role in producing
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aroma compounds, such as esters, higher alcohols, acids and monoterpenes (Romano,
Suzzi, Domizio, & Fatichenti, 1997; Swiegers, Bartowsky, Henschke, & Pretorius,
2005). Several researchers have shown that the non-Saccharomyces yeasts produce
and secrete several enzymes (esterases, glycosidases, lipases, 6-glucosidases,
proteases, cellulases etc.) to the periplasmic space and the medium, where they may
interact with grape precursor compounds to produce aroma active compounds, and
thus play an important role in varietal aroma (Charoenchai et al., 1997). Particularly,
glycoside hydrolases can release aroma active compounds in grape must from their
odorless glycosidic precursors, pectinolytic enzymes that can promote grape must
clarification and may substitute for fungal enzymes, which are currently used for
winemaking (Schlander, Distler, Tenzer, Thines, & Claus, 2016). It is important to
ascertain the potential of wild wine yeasts for producing extracellular enzymes of
interest in wine-making, in order to be able to alter certain components of the musts
and thus enhance the sensory attributes of the wines.
Some non-Saccharomacys species could also be interesting for alcohol level reduction
in wine (Canonico, Comitini, Oro, & Ciani, 2016; Ciani, Morales, Comitini,
Tronchoni, Canonico, Curiel, et al., 2016; Milanovic, Ciani, Oro, & Comitini, 2012)
or for greater fermentative ability in harsh conditions due to enhanced fructophily

23

(Sutterlin, 2010; Magyar and Tóth, 2011) or release of mannoproteins (Domizio, Liu,
Bisson, & Barile, 2014).
Some of the most important non-Saccharomyces species involved in wine
fermentation include those from the following genera: Candida, Kloeckera,
Hanseniaspora,Zygosaccharomyces,Schizosaccharomyces,Torulaspora,Brettanomyce
s, Saccharomycodes, Pichia, and Williopsi (Ciani & Comitini, 2011). Currently there
is a trend toward using of controlled mixed starter cultures including Saccharomycse
along with non-Saccharomyces yeast species (Bely, Stoeckle, Masneuf-Pomarède, &
Dubourdieu, 2008; Ciani, Comitini, Mannazzu, & Domizio, 2010; Jolly, Augustyn, &
Pretorius, 2003)
Recent studies from several research groups have provided an appreciation of the
effect that choice of yeast strain can have on Sauvignon Blanc wine aroma and flavor.
Studies have focused particularly on the grape-derived thiol compounds 4-mercapto4-methylpentan-2-one (4MMP) and 3-mercaptohexan-1-ol (3MH), which are released
from amino acid precursors by yeast enzymes during fermentation (Subileau et al.
2008). Another thiol, 3-mercaptohexyl acetate (3MHA) has also been investigated, as
it is the resulting compound of the esterification of 3MH by yeast (Swiegers et al.
2009).
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Chapter 2

Validation of Headspace Gas Chromatography with Flame

Ionization Detection (GC/FID) for acetaldehyde, ethyl acetate, isobutyl
alcohol, isoamyl alcohol and isoamyl acetate analysis in alcoholic
beverages

Qin Zhou, Yanping Qian, Michael Qian
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2.1

Introduction

Acetaldehyde, ethyl acetate, isobutyl alcohol, isoamyl alcohol and isoamyl acetate are
the major volatile compounds generated during fermentation. They are considered to
be important quality indicators in alcoholic beverages. From the sensory point of
view, these volatile compounds make significant contribution to the flavor of final
products. Acetaldehyde is the most abundant carbonyl compound in beer and wine
(Nykänen, 1986). It gives a pleasant fruity aroma at low levels, but at high
concentrations it possesses a pungent irritating odor (Miyake & Shibamoto, 1993).
Acetaldehyde in beer was correlated with the sensory panel scores for stale flavor
(Schmitt & Hoff, 1979) and observed an increase of concentration in aged beer
(Vanderhaegen, Neven, Verachtert, & Derdelinckx, 2006). It was also considered as
an indicator for white wine oxidation and the concentration in wine can vary from 10
mg/l up to 300 mg/l (Romano, Suzzi, Turbanti, & Polsinelli, 1994). Esters are key
flavor-active molecules that largely responsible for fruity character in alcoholic
beverages, typically with acid chain lengths of two to eight carbons (M. C. Meilgaard,
1993). Among those esters, ethyl acetate and isoamyl acetate are the most abundant
(Plata, Millan, Mauricio, & Ortega, 2003; Verstrepen, Derdelinckx, Dufour,
Winderickx, Thevelein, Pretorius, et al., 2003). Ethyl acetate, smells as solvent-like
and nail polish at high concentrations, but can have fruity aroma at low levels.
Isoamyl acetate gives a banana-like flavor. The production of esters can be affected
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by a number of factors including wort composition, wort aeration and fermenter
design as well as yeast cell density (Verstrepen, et al., 2003) and yeast cellular size
(Shimizu, Araki, Kuroda, Takashio, & Shinotsuka, 2001). Fusel alcohols generally
have a characteristic pungent odor, including propanol, isobutyl alchohol, isoamyl
alchohol and etc. Production of fuel alcohols were influenced by the yeast cell density
and oxygenation (Verbelen, Saerens, Van Mulders, Delvaux, & Delvaux, 2009).
The determination of these most abundant volatile compounds can benefit in several
aspects such as selection of raw material (including water, yeast, malt, and hops. etc.),
help evaluate a complete and proper fermentation, routine quality control and monitor
the flavor changing during aging, meanwhile it is also meaningful in developing new
product (Pinho, Ferreira, & Santos, 2006). Therefore, it is critical to build a simple,
fast, versatile and reliable method to quantify these compounds.
Several quantitative methods have been developed for the analysis of these highly
volatile compounds in alcoholic beverages. Headspace solid-phase microextraction
(HS-SPME) is a simple, sensitive and solvent free extraction technique that enables
the extraction and the concentration steps to be performed simultaneously. However,
as a consequence of the high level of ethanol and these abundant volatiles, recoveries
are usually very low and what is worse, these compounds are strongly matrix
dependent (Zapata, Mateo-Vivaracho, Lopez, & Ferreira, 2012). The increasing
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number of developments and applications related to Headspace techniques in recent
years has demonstrated their consolidated potential for routine volatile analysis in
different fields. The requirement to avoid organic solvents makes HS sampling
advantageous over other traditional methods based on solvent extraction, for the
development of green procedures aimed at the analysis of volatile compounds in
samples of different natures. Among other strengths, S-HS methods allow sampling of
very volatile compounds, otherwise with overlapping solvent peak, and avoid artifacts
associated with non-volatile matrix components with a similar polarity to that of the
extraction solvent (Soria, García-Sarrió, & Sanz, 2015). Static headspace sampling (SHS) techniques measure the volatiles contained within the gaseous phase above the
sample, the concentration of which will depend on the partitioning between the
sample matrix and gaseous phase and can be also affected by phase ratio and
incubation temperature. It is predicable these highly abundant and volatile
compounds in alcoholic beverages can be efficiently partitioned into the headspace
gaseous phase with satisfactory selectivity and sensitivity.
Since the partition coefficients of volatile compounds are matrix dependent and can
be influenced by the chemical and physical properties of the matrix components. This
objective of this work was to investigate the matrix effect of alcoholic beverages on
the accuracy and robustness of major volatile organic compounds analysis by static

28

headspace sampling followed with gas chromatography equipped with flame
ionization detector.
2.2

Experiment

2.2.1 Chemicals and reagents

Acetaldehyde 99%, ethyl acetate 99%, 1-propanol 99%, isobuyl alcohol 99%, isoamyl
acetate 99%, isoamyl alcohol 98%, methyl propionate 99%, 4-methyl-2-pentanol 99%
were purchased from Sigma–Aldrich (St Louis, MO, USA). Absolute ethanol (200
proof, Koptec USP) was from VWR (Radnor, PA, USA). Water was purified by a
Milli-Q purification system (Millipore, Bedford, MA, USA).
Stock solution of each standard (10925 mg/ L of acetaldehyde, 12190 mg/L of ethyl
acetate, 10109 mg/L of 1-propanol, 11319 mg/L of isobutyl alcohol, 3350 mg/L of
isoamyl acetate and 10165 mg/L of isoamyl alcohol) was prepared volumetrically in
absolute ethanol and stored at -20℃. Standard working solution was made by mixing
different volumes of each stock solution in absolute ethanol to specific concentrations.
Internal standard solution (IS) was made by dissolving 0.5002 gram of methyl
propionate and 0.3011 gram of 4-methyl-1-pentanol in 10 mL of absolute ethanol and
diluting 20 times to 2501mg/L of methyl propionate and 1506mg/L of 4-methyl-1pentanol and kept at -20°C until use. 5% ethanol solution was made by diluting 50 ml
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of ethanol to 1L in a volumetric flask with Milli-Q water. Samples were purchased
from supermarket and stored at 4 °C until use.
2.2.2 Sample preparation

Aqueous of 0.5 ml of Milli-Q water and 0.5 ml of samples (4℃) were pipetted into a
20-ml auto sampler vial. For beer sample that was rich of bubbles, 0.5 gram was
weighted carefully into vials by avoiding bubbles. An aqueous of 20 μL of internal
standard solution (2501 mg/L methyl propionate and 1506 mg/L 4-methyl-1-pentanol)
was then added into the same vial. The vial was tightly capped with Teflon-faced
silicone septa and placed in the automatic headspace sampling system for analysis.
Headspace sampling of volatile compounds was carried out with a CombiPAL auto
sampler (CTC Analytics, Zwingen, Switzerland) equipped with a 1 ml-headspace
syringe (Hamilton Company, Reno, Nevada, USA). Samples were incubated in the
agitator for 15 minutes at 70℃, with the speed of 250 rpm in cycles of 10 s on and 1 s
off. After incubation, the headspace syringe was inserted into the sample vial and 500
ul of the headspace was taken for injection.
2.2.3 Instrumentation and conditions

The apparatus was a Varian CP-3800 gas chromatograph equipped with a flame
ionization detection (FID) system (Varian Inc., Palo Alto, California ) and fitted with
a DB-WAX capillary column, 30 m x 0.25mm x 0.5 μm (J&W Scientific, Folsom,
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CA). Nitrogen was used as the carrier gas at a flow rate of 2 mL/min. The inlet
temperature was 35℃. The injection was performed in split mode with split ratio of
10:1. The detector was 250 ℃ with H2 flow at 30 ml /min and Air flow at 400 ml
/min, the makeup flow was 25 ml /min. The oven temperature program used was 35℃
for 4 min, followed by an increase of 10 ℃/min to 150 ℃, holding for 5 minutes. The
total run time was 20.5 minutes.
2.2.4 Method development

The variables affecting the headspace sampling were investigated including
incubation temperature, incubation time, and ethanol content. The impact of
incubation temperature was investigated by setting up the incubating temperature at
40℃, 50℃, 60℃ and 70℃, individuall. after fixing the optimal incubation
temperature, the influence of incubation time was tested at 5 min, 10min, 15 min and
20 min, and 30 min individually. With the optimized temperature and incubation time,
the effect of ethanol content varies from 2%-20% on the sensitivity of each volatile
compound was investigated. To compensate the matrix effect, methyl propionate and
4-methyl-1-pentanol were tested as internal standard. .In all these experiments, the
test sample was made by spiking known amount of standard solution into 1 ml of 5%
ethanol solution and then adding 20 μL of internal standard solution
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2.2.5 Method validation
2.2.5.1

Standard calibration curve

Six-point calibration working solutions were prepared by consecutively diluting from
the stock working solution into absolute ethanol to different concentrations. Each
calibration point was prepared by spiking 50 µL of each calibration working solution
into 0.5 mL of MilliQ water and 0.5ml of 5 % ethanol (4℃) in a 20 mL glass vial. An
aliquot of 20 μL of IS solution (2501mg/L of methyl propionate and 1506mg/L of 4methyl-1-pentanol) was added. Then, each points was subjected the same headspace
sampling procedure as described previously. After incubation, 500μl of headspace
taken by the headspace syringe was injected to the GC inlet and separated by GC-FID
using the condition previously stated. The peak area results obtained were used to
construct the calibration curves, representing for each volatile compound the peak
area relative to the internal standard against the different concentrations. The
calibration curve for individual target compound was built up by plotting the peak
area ratio of target compounds relative to the internal standard against the
concentration ratio.
2.2.5.2 Repeatability and reproducibility

The repeatability of the method was carried out by analyzing the same sample with 6
replicates under the optimized condition and the RSD was calculated.
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2.2.5.3 Detection and quantification limits (LOD and LOQ)

To determine the limits of detection (LOD) and limits of quantification (LOQ), 5%
ethanol solution spiked with decreasing concentration levels of the standard solution
were analyzed under optimized conditions. The LODs were established as the amount
of analyses which gives a signal 3 times higher than noise signal (S/N =3). On the
other hand, limits of quantification (LOQ) was determined as the concentration level
that gives a signal 10 times higher than noise signal (S/N=10)
2.2.5.4 Recovery

A commercial beer and wine were used to study recovery. They were spiked with
known amounts of volatile organic compounds. The spiked and non-spiked samples
were analyzed in triplicate following the proposed method and their concentrations
calculated by interpolation in the corresponding calibration curve. The recovery was
calculated as: Recovery (%) = (calculated concentration in spiked wine-calculated
concentration in the non-spiked wine)/concentration added×100%
2.3

Results and Discussion

2.3.1 Method development
2.3.1.1 Sample size

Sample size is a rather critical parameter in headspace sampling technique since it
determines the phase ration between gaseous phases vs. liquid phase. To make sure

33

the organic vapor partitioning in the gaseous phase as much as possible, the sample
size was fixed 1 ml and making 19 ml of the headspace in the 20 ml sample vial.
2.3.1.2 Incubation temperature

Temperature is an important factor for headspace sampling since higher temperature
can increase the partitioning of volatile compounds in the gaseous phase. We
investigated the incubation temperature at 40 °C, 50 °C, 60 °C and 70 °C respectively,
with spiked known amount of standard solution, Fig. 2.1 showed that the sensitivity
for all the compounds including internal standard increased as incubation temperature
enhanced. Since the incubation temperature should not be higher than the boiling
point of ethanol which is around 78 °C. Therefore, for the best efficiently, we chose
70°C as incubation temperate.
2.3.1.3 Incubation time

As shown in table 2.2, it demonstrated that at 70°C, partitioning of all the compounds
reached to equilibrium very fast, within 5 mins and peak areas did not increased
significantly when incubated for a longer time. However, when incubated time was 5
min and 10 min, the variation between replicates were higer than 15 min or longer
incubation (data not shown). Thus we chose 15 min as the incubation time, which can
give satisfactory sensitivity and precision of quantification but also good for time
efficiency as the total GC program is 20.5min.
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2.3.1.4 Ethanol effect

Different ethanol concentrations ranging from 2 to 20% were tested. Fig 3.3 showed
negative correlation between ethanol content and the evaporation of target
compounds. As the ethanol concentration increased, the peak area for all the volatile
compounds including the internal standard decreased. This is not a surprising result
since ethanol in the liquid acts as a co-solvent with water and affects the solubility of
the volatile fraction of the solution. Meanwhile, the partial pressure by ethanol can
affect the partition coefficient of other volatiles. A decrease in the partition coefficient
of volatiles has been also observed in the ethanol solution in several studies (Aprea,
Biasioli, Märk, & Gasperi, 2007; Aznar, Tsachaki, Linforth, Ferreira, & Taylor, 2004;
Fischer, Fischer, & Jakob, 1997).
Two internal standards were considered to eliminate the effect of ethanol since they
might behave similarly to the target compounds. As shown in table 3.1, the peak area
ratio of target compounds to internal standard was obtained from 2% to 20% ethanol.
The highlight indicated the ratios were kept in an acceptable range (less than 20%
deviation). For acetaldehyde and ethyl acetate, their ratios to methyl propionate were
pretty consistent even when alcohol reaches 20%. It indicated that acetaldehye and
ethyl acetate behaved almost the same as methyl propionate. Isobutyl alcohol and
isoamyl alcohol were also pretty close to 4-methyl-2-pentanol since they are all
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alcohols and have very similar boiling point. For propanol, its ratios to methyl
propionate were acceptable when ethanol content lower than 15%. As to isoamyl
acetate, its ratios to methyl propionate were more consistent when ethanol varies
between 2%-15%, although the boiling point and retention time are closer to 4methyl-2-pentanol. This result demonstrated that although ethanol content affected the
evaporation of volatile compounds, the effect can be greatly eliminated by using
internal standard since the ethanol will affect the target compounds and internal
standard similarly. Methyl propionate can be used as internal standard for
acetaldehyde, ethyl acetate, propanol and isoamyl acetate while 4-methyl-2-pentanol
was used for isobutyl alcohol and isoamyl alcohol.to compensate the ethanol effect
when alcohol content lower than 15%.
2.3.1.5 Elimination of nonvolatile matrix interaction

Alcoholic beverages, especially non-distilled beverages such as beer and wine, are
very complex. In addition to volatile matrix such as ethanol which can affect
partitioning ratio, nonvolatile matrix, such as protein, amino acids, sugar and
polyphenols, can bind with the volatile compounds nonspecifically and affect their
evaporation into headspace(A.L. Robinson, Ebeler, Heymann, Boss, Solomon, &
Trengove, 2009). To eliminate nonvolatile matrix interaction, sample dilution scheme
is usually employed. On the other hand, the sensitivity is an important factor that
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limits the application of headspace sampling technique, thus dilute ratio should not be
high in order to ensure enough sensitivity for target compounds. Considering this two
aspects, we make 1 to 1 dilution on the sample and compare the recovery with sample
without dilution. The table 2.2 showed that with 1:1 sample dilution, the recoveries
are more satisfactory than recoveries in non-diluted sample. This result demonstrated
that 1:1 dilution strategy is pretty practical in this method.
2.3.2 Validation of the analytical method

Table 2.1 showed the reliability of the developed method for analysis of highly
volatile compounds in alcoholic beverages. The linearity for all the compounds
covered 2 orders of magnitude with correlation coefficients (r 2) between 0.99930.9996. The recovery was ranging from 92.7%-99.9% in beer samples and 90.9%117% in wine samples. The repeatability of the method was satisfactory with R.S.D.
value of 2.9%-4.7%. The LOQ and LOD were much lower than the reported
concentrations in alcoholic beverages including beer and wines.
2.3.3 Application to alcoholic beverages samples

The validated method was applied to quantify highly volatile compounds in alcoholic
beverages including beer, wine, hard apple cider and hard iced tea samples.
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2.4

Conclusions

The proposed method using headspace sampling combined with gas chromatographyflame ionization detector is a simple, fast and reliable method for quantifying the most
abound and highly volatile compounds in alcoholic beverages. Quantification limits
were significant lower than the normal range reported in alcoholic samples and has
been successfully applied to analyze those highly volatile compounds in different
types of alcoholic beverages including beer, wine and hard cider.
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Figure captions
Fig.2.1 Influence of incubation temperature on sensitivity
Fig.2.2 Influence of incubation time on sensitivity
Fig.2.3 Influence of ethanol content on sensitivity
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Fig. 2.1 Influence of incubation temperature on sensitivity
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Fig. 2.2 Influence of incubation time on sensitivity
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Fig. 2.3 Influence of alcohol content on sensitivity
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TABLES
Table 2.1 Ratio of target compound to internal standard when ethanol content ranging 2%-20%

Alcohol content 2%

5%

8%

12%

15%

17%

20%

Ratio of Target Compounds/ Methyl Propionate(IS 1)
Acetaldehyde

0.37

0.39

0.40

0.41

0.43

0.44

0.47

Ethyl acetate

2.62

2.64

2.63

2.67

2.64

2.56

2.59

Propanol

0.102 0.092

0.089

0.086

0.085

0.072

0.073

0.20

0.18

0.17

0.14

0.14

0.058

0.057

0.056

0.044

0.047

0.59

0.56

0.52

0.44

0.46

Isobutyl alcohol 0.25
Isoamyl acetate

0.21

0.069 0.064

Isoamyl alcohol 0.89

0.77

Ratio of Target Compounds/ 4-Methyl-2 pentanol (IS 2)
Acetaldehyde

0.31

0.38

0.47

0.53

0.58

0.77

0.80

Ethyl acetate

2.21

2.63

3.10

3.45

3.59

4.45

4.36

Propanol

0.09

0.09

0.10

0.11

0.12

0.13

0.12

Isobutyl alcohol 0.21

0.21

0.23

0.24

0.24

0.24

0.24

0.069

0.073

0.074

0.077

0.079

0.70

0.73

0.71

0.77

0.77

Isoamyl acetate

0.058 0.063

Isoamyl alcohol 0.75

0.77
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Table 2.2 Validation of the analytical method
Compound
Retention Time

Acetaldehyde

Ethyl acetate

1-Propanol

Isobutyl alcohol

Isoamyl acetate*

Isoamyl alcohol

2.65

5.63

6.06

8.69

8.94

10.27

20.2 °C

77.1 °C

97.8 °C

107.9 °C

142 °C

131.1 °C

0.52-52.0

1.2-116.1

0.48-48.1

0.54-53.9

79.8-1595.4

0.97-96.8

Correlation coefficient (r2)

0.9993

0.9996

0.9996

0.9993

0.9995

0.9996

Repeatability (R.S.D., n=6)

4.7%

4.1%

2.9%

3.7%

3.7%

4.4%

Recovery in beer(n=3), no dilution

106.7%

110.7%

101.9%

161.3%

73.1%

114.0%

Recovery in beer (n=3), diluted

94.8%

99.9%

92.7%

93.6%

99.0%

96.0%

Recovery in wine (n=3),diluted

90.9%

103.6%

91.4%

117.0%

95.2%

107.3%

Limit of Quantification (mg/L)

0.52

0.30

0.48

0.54

39.9

0.97

Limit of Detection limits(mg/L)

0.17

0.10

0.16

0.17

20.0

0.32

Boiling Point
Linear Range (mg/L)

*The unit for concentrations of this compound was μg/L.
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Table 2.3 Concentrations of highly volatile compounds in alcoholic beverages (mg/L, n=3)
Sample

Acetaldehyde

Ethyl acetate

Propanol

Isobutanol

Isoamyl acetate*

Isoamyl alcohol

Beer 1

5.9 ± 0.1a

21 ± 1

17 ± 1

14 ± 1

2189 ± 78

77 ± 2

Beer 2

3.6 ± 0.2

31 ± 2

39 ± 1

23 ± 1

2255 ± 107

91 ± 5

Sour beer 1

4.0 ± 0.0

187 ± 2

41 ± 2

29 ± 1

363 ± 12

114 ± 6

Red Wine 1

9.0 ± 0.1

80 ± 1

34 ± 0

132 ± 1

331 ± 12

301 ± 3

Red Wine 2

7.0± 0.5

26 ± 2

26 ± 1

96 ± 5

147 ± 13

224 ± 3

White Wine 1

8.9 ± 0.6

29 ± 1

34 ± 1

29 ± 1

931 ± 48

204 ± 5

Apple cider

13 ± 0

30 ± 1

16 ± 0

50 ± 0

2958 ± 72

281 ± 4

Hard ice tea

4.4 ± 0.1

3.7 ± 0.0

11 ± 0

8.2 ± 0.1

N.D.b

50 ± 0

a

Mean value ± S.D.

b

Not detected. *The unit for concentrations of this compound was μg/L.
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Chapter 3

Analysis of volatile phenols in alcoholic beverage by

ethylene glycol-polydimethylsiloxane (EG/PDMS) based stir bar sorptive
extraction and gas chromatography-mass spectrometry

Qin Zhou, Yanping Qian, Michael C. Qian

Journal of Chromatography A, 1390(2015)22–27
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3.1

Introduction

Volatile phenols, specifically 4-vinylguaiacol (4-VG), 4-vinylphenol (4-VP), 4ethylguaiacol (4-EG) and 4-ethylphenol (4-EP), have significant impacts on the flavor
of alcoholic beverages such as beer, wine, as well as many other (P. Etiévant,
Issanchou, Marie, Ducruet, & Flanzy, 1989; MC Meilgaard, 1975; Van Beek & Priest,
2000; Y. Xu, Fan, & Qian, 2007). Although they contribute to a characteristic aroma
quality to certain types of beer (Narziss, Miedaner, & Nitzsche, 1990) and wine
(Heresztyn, 1986), volatile phenols are typically associated with aroma defect at high
concentration (Coghe, Benoot, Delvaux, Vanderhaegen, & Delvaux, 2004), referred
to phenolic, horsy, barnyard, medicinal, smoky, phenolic, and clove-like flavor
characteristics.
Volatile phenols in beer and wine are originated from hydroxycinnamic acids (Pascal
Chatonnet, Dubourdie, Boidron, & Pons, 1992). In brewing process, ferulic and pcoumaric acid can decarboxylate thermally during wort boiling (Fiddler, Parker,
Wasserman, & Doerr, 1967) or enzymatically by hydroxycinnamate decarboxylase
during fermentation. Hydroxycinnamate decarboxylase can be present in various
microorganisms such as Saccharomyces cerevisiae, lactic acid bacteria, acetic acid
bacteria, Brettanomyces /Dekkera sp. to generate 4-vinylphenol and 4-vinylguaiacol
(Cavin, Andioc, Etievant, & Divies, 1993; Pascal Chatonnet, Dubourdieu, Boidron, &
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Lavigne, 1993; Van Beek & Priest, 2000; Nele Vanbeneden, Gils, Delvaux, &
Delvaux, 2008). Both 4-Vinylphenol and 4-vinylguaicol have relative high sensory
thresholds (300 ppb) and typically do not cause off-flavor issue in beer and wine.
However, they can be reduced to the corresponding ethyl derivatives (4-ethylphenol
and 4-ethylguaiacol) by the enzyme vinylphenol reductase produced by the spoilage
yeast Brettanomyces/Dekkera sp. (P Chatonnet, Dubourdieu, & Boidron, 1995; Edlin,
Narbad, Dickinson, & Lloyd, 1995). 4-Ethylphenol and 4-ethylguaiacol have lower
sensory thresholds and are the main compounds responsible for ‘Brett character’ in
wine. Unlike Brettanomyces /Dekkera sp., yeasts present in wines such as
Saccharomyces cerevisiae, Pichia sp., Torulaspora sp., Zygosaccharomyces sp. can
produce vinylphenols but not ethylphenols under normal oenological conditions
(Dias, Dias, Sancho, Stender, Querol, Malfeito-Ferreira, et al., 2003).
Analysis of volatile phenols in alcoholic beverages is an active research area (Castro
Mejıá s, Natera Marıń , de Valme Garcıá Moreno, & Garcıá Barroso, 2003; Dıé z,
Domıń guez, Guillén, Veas, & Barroso, 2004; Farina, Boido, Carrau, & Dellacassa,
2007; Larcher, Nicolini, Puecher, Bertoldi, Moser, & Favaro, 2007; C. Pizarro, Perezdel-Notario, & Gonzalez-Saiz, 2007, 2010; Consuelo Pizarro, Pérez-del-Notario, &
González-Sáiz, 2009; N. Vanbeneden, Delvaux, & Delvaux, 2006). High performance
liquid chromatography (HPLC) is frequently used (Buron, Guichard, Coton,
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Ledauphin, & Barillier, 2011; Farina, Boido, Carrau, & Dellacassa, 2007; Larcher,
Nicolini, Puecher, Bertoldi, Moser, & Favaro, 2007; N. Vanbeneden, Delvaux, &
Delvaux, 2006). However, HPLC method has poor sensitivity and needs tedious
sample preparation prior to chromatographic separation. Great efforts have made to
develop easy and sensitive gas chromatography (GC) method to analyze volatile
phenols in complex matrix. Headspace solid-phase microextraction (SPME) (C.
Pizarro, Perez-del-Notario, & Gonzalez-Saiz, 2007, 2010) as well as stir bar sorptive
extraction (SBSE) (Dıé z, Domıń guez, Guillén, Veas, & Barroso, 2004; Marín,
Zalacain, De Miguel, Alonso, & Salinas, 2005) coupled with GC and GC-MS have
been attempted for volatile phenol analysis. Although SPME technique is simple and
sensitive, due to its limited active sites for absorption/adsorption of volatiles to the
fiber, the presence of other volatile compounds from the matrix can compete with the
active sites and interfere with quantification (López, Lapeña, Cacho, & Ferreira,
2007; C. Pizarro, Perez-del-Notario, & Gonzalez-Saiz, 2007). Stir bar sorptive
extraction (SBSE) employs a magnetic stir bar coated with a thick layer of polymer
(0.5-1mm thickness) for volatile extraction, thus minimizes the absorptive
competition due to the increased phase volume (Baltussen, Sandra, David, &
Cramers, 1999b). Polydimethylsiloxane (PDMS)-based SBSE technique has been
widely used in trace level volatile analysis in many areas including alcoholic
beverages due to its low affinity to alcohols (Dıé z, Domıń guez, Guillén, Veas, &
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Barroso, 2004; Fang & Qian, 2006; Horák, Čulík, Jurková, Čejka, & Kellner, 2008;
Kishimoto, Wanikawa, Kagami, & Kawatsura, 2005; Marín, Zalacain, De Miguel,
Alonso, & Salinas, 2005; Song, Shellie, Wang, & Qian, 2012). However, the nonpolar PDMS phase has limited affinity to polar compounds such as phenols
(Carpinteiro, Abuin, Rodriguez, Ramil, & Cela, 2010). Studies have showed that the
extraction efficiency of PDMS stir bar for the volatile phenols is not satisfactory,
especially for the 4-vinylphenol (Dıé z, Domıń guez, Guillén, Veas, & Barroso, 2004).
A new type of stir bar coated with ethylene glycol (EG)- polydimethylsiloxane
(PDMS) copolymer has been developed recently (Cacho, Campillo, Viñas, &
Hernández-Córdoba, 2014). This ethylene glycol coating allows binding of polar
compounds as well as hydrogen bond donors compounds such as phenols to be
efficiently extracted. Since the H-bonding is affected by pH, ionic strength, ethanol
concentration and other parameters, the aim of this study was to study the effect of
these parameters on the absorption of phenols on the EG/PDMS stir bar and develop a
fast, sensitive and reliable method for the quantitative analysis of 4-EP, 4-EG, 4-VP
and 4-VG in alcoholic beverages such as beer and wine.
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3.2

Experimental

3.2.1 Chemicals and reagents

Standards of 4-Ethylphenol, 4-ethylguaiacol, 4-vinylphenol (10 wt. % in propylene
glycol), 4-vinylguaiacol, and 3, 4-dimethylphenol were obtained from Sigma-Aldrich
(St Louis, MO, USA). Absolute ethanol (200 proof, Koptec USP) was purchased from
VWR (Radnor, PA, USA). Stock solution containing mixture of each standard (9460
mg/ L of 4-ehtylguaiacol, 9830 mg/L of 4-ethylphenol, 11050 mg/L of 4vinylguaiacol and 9950 mg/L of 4-vinylphenol) was prepared in absolute ethanol and
stored at -20 °C. Internal standard solution (IS) was made by dissolving 0.1192 gram
of 3, 4-dimethylpheonl in 10 mL absolute ethanol and diluted 200 times to 59.6 mg/L
and kept at -20 °C until use. Phosphate buffer (1M, pH 7) was made by mixing 1M
K2HPO4 solution and 1M KH2PO4 solution to give the right pH. Beer and wines
samples were obtained commercially and stored at 4 °C until use.
3.2.2 Sample preparation

Four milliliter of sample was diluted with 16 mL of phosphate buffer (1M, pH 7) in
a 20 mL glass vial. An aliquot of 20 μL of 59.6 mg/L IS was then added. An
EG/PDMS stir bar (1 cm length, 0.5 mm thickness, GERSTEL, Inc.,U.S.A,
Linthicum, MD, USA) was put in the vial and stirred for 3 hours at 1000 rpm at room
temperature. After extraction, the stir bar was rinsed with Milli-Q water, dried with a
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Kimwipe tissue and put into the sample holder of thermal desorption unit (TDU) for
GC-MS analysis.
3.2.3 SBSE-GC-MS Analysis

The SBSE-GC-MS analysis was performed on an Agilent 7890 GC-5975 MSD
system equipped with a Multi-purpose Sampler (MPS, GERSTERL, Inc., U.S.A). The
analytes were thermally desorbed in the TDU in splitless mode. The temperature of
TDU ramped from 30 °C to 220 °C at a rate of 120 °C/min, and held at the final
temperature for 3 minutes. The desorbed analytes from TDU were re-cryofocused in a
programmed temperature vaporizing (PTV) injector (CIS-4, GERSTEL, Inc., U.S.A)
at -80 °C with liquid nitrogen. After desorption, the CIS was heated up to 220 °C at a
rate of 10 °C/s. The solvent vent injection mode with a split vent purge flow of 50
mL/min was employed for CIS-4 injector. Separation was performed on a ZB-WAX
column (30 m ×0.25 mm ID, 0.5 μm film thickness, Phenomenex, Torrance, CA,
U.S.A) with helium as carrier gas at a constant flow rate of 2.0 mL/min. Initial oven
temperature was 80 °C and held for 2 min, then ramped to 230 °C at rate of 5 °C/ min
and held for 5 min. The mass spectrometric detection was performed in scan mode
from m/z 45–350 with electron ionization (EI) energy of 70 eV. The MS transfer line
and ion source temperature was 280 °C and 230 °C, respectively. Selective mass ions
were used to quantify the volatile phenols.
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3.2.4 Method development

The variables affecting the SBSE extraction process were studied in terms of ionic
strength, pH and extraction time. The experiments were performed with the standard
solution at concentration of 100 μg/L. The influence of ionic strength of the solution
on extraction efficiency was investigated by adjusting the concentrations of phosphate
buffer at 0.1M, 0.5M and 1M, respectively, at pH 7. The sample was extracted for 3
hours. With the optimized buffer concentration (1 M), the effect of pH of phosphate
buffer (pH 2-8) on the extraction efficiency was studied. The sample was extracted for
3 hours. With optimized pH (pH7) and concentration of phosphate buffer (1M), the
effect of extraction time (0.5, 1 to 6, 16 and 24 hours) was evaluated.
To study the interaction of volatile phenols with nonvolatile matrix, a commercial
beer sample was chosen due to its complicated nonvolatile composition. Beer sample
were diluted with phosphate buffer (1M, pH 7) at 2, 4, 5, 10 and 20 dilution ratio in
20 mL, and the same amount of internal standard solution (20μL) was added to each
sample.
3.2.5 Method validation
3.2.5.1 Standard calibration curve

Stock solutions of the phenolic compounds were prepared at concentrations ranging
from 0.4 mg/L to 40 mg/L from the stock mixture in ethanol. Calibration working
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solution was prepared by spiking 50 µL of each stock solution into a 20 mL vial
containing 4 mL of 5 % ethanol and 16 mL of phosphate buffer (1M, pH 7). An
aliquot of 20 μL of 59.6 mg/L IS solution was added. The standard solution was
analyzed using SBSE-GC-MS described previously. Selected ions were used to build
calibration curve by Chemstation software.
3.2.5.2 Method reproducibility

The reproducibility of the method was evaluated by analyzing the same sample 7
times under the optimized condition and the relative standard deviation (RSD) was
calculated.
3.2.5.3 Limit of detection and quantification (LOD and LOQ)

Ethanol solution (5%, v/v) spiked with decreasing level of phenolic compounds were
analyzed by SBSE-GC-MS. The LODs were established as the amount of analyte that
gave a signal to noise ratio of 3 (S/N =3). The limit of quantification (LOQ) was
determined as the concentration that gave a signal to noise ratio of 10 (S/N=10).
3.2.5.4 Recovery

Three commercial beer and wine were used to study recovery. The samples were
analyzed first to obtain the concentration (C1). The samples were then spiked with
volatile phenols at concentration of 100 μg/ L and analyzed again (C2). The recovery
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was calculated as recovery% = (C2-C1)/100 μg/ L × 100%. Triplicate analysis was
performed for each sample.
3.3

Results and Discussion

3.3.1 Optimization of the SBSE extraction parameters
3.3.1.1 Ionic strength

Increase of ionic strength normally promotes polar compounds partition into PDMS
phase, although the effect is not obvious for non-polar compounds. Fig.3.1 showed
the influence of phosphate buffer ionic strength on the extraction efficiency of the
volatile phenols. For all of the four phenols, the sensitivity increased as the ionic
strength increased, and reached the highest relative responses in 1M phosphate buffer.
Therefore, 1M phosphate buffer was chosen as sample dilution solution for the rest of
study.
3.3.1.2 pH effect

The extraction of polar compounds on EG/PDMS stir bar is based on H-bonding of
analytes with the ethylene glycol phase of the stir bar. Sample pH determines the
dissociation status of volatile compounds in solution and directly affects H-bonding.
The pKa for the volatile phenols is about 10 (Aktaş, Şanlı, & Pekcan, 2006), when the
pH of the sample solution is lower than 8, more than 99% of the phenols will be
present as undissociated form, acting as weak hydrogen donor and being extracted by
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the PDMS/EG stir bar. Beer and wine are fermentation products, and free fatty acids
typically dominate in the samples. Free fatty acids can be extracted by EG based stir
bar, and they can overload the GC column. Fig.3.2 showed the chromatograms of
volatile phenols and free fatty acids extracted at pH 3 and pH 7. At pH 3, all of the
free fatty acids are protonated, and they can be extracted by the EG bar, and overload
the column. At pH 7, the free fatty acids are dissociated and are present in the ionized
form. The dissociated free fatty acids cannot be extracted by the EG bar, thus much
better chromatogram for phenols is achieved. The effect of buffer pH was further
tested at pH value of 3, 5, 7 and 8, respectively. Fig.3a showed the influence of pH of
phosphate buffer on the extraction efficiency of the volatile phenols. For 4-VP and
internal standard 3.4-dimethylphenol, the response increased with the pH increase
until 7, and there was no change of response from pH 7 to pH 8. For 4-EG and 4-EP,
the response continued to increase form pH 3 to pH 8. However, the response of 4-VP
reached the highest at pH 5 and then decreased. To balance the sensitivity of all the
phenolic compounds and eliminate interferences of the free fatty acids, the phosphate
buffer (1M) was selected to pH 7.
3.3.1.3 Extraction time

Extraction time is an important parameter that will affect the extraction efficiency.
Compared with solid phase micro-extraction (SPME), in which extended extraction
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time may increase sensitivity for some compounds but decrease for others due to
competitive absorption on SPME fiber, extended extraction time typically increases
sensitivity for PDMS-based stir bar sorption extraction (SBSE) due to larger volume
of the coating on the stir bar. This general trend was not observed for EG/PDMS
based SBSE in this experiment. As is shown in Fig.3b, all of the compounds reached
equilibrium at 6 hours and began to decrease afterwards. In particular, the guaiacol
derivatives began to decrease dramatically after 6 hours of extraction, probably due to
the competitive binding of ethanol to the EG phase. To balance the time-cost and
extraction efficiency, three hours was chosen as the extraction time.
3.3.1.4 Ethanol effect

PDMS-based SBSE technique has been widely used for volatile flavor analysis in
wine and alcoholic beverages because low level of ethanol (<20%) has limited effect
on volatile absorption on the stir bar (Dıé z, Domıń guez, Guillén, Veas, & Barroso,
2004; Horák, Čulík, Jurková, Čejka, & Kellner, 2008; Kishimoto, Wanikawa,
Kagami, & Kawatsura, 2005; Marín, Zalacain, De Miguel, Alonso, & Salinas, 2005;
Song, Shellie, Wang, & Qian, 2012). However, ethanol itself is a strong hydrogen
bond donor that can bind to EG based stir bar, and the competitive binding of ethanol
to EG stir bar could affect analyte extraction and quantification. Different alcohol
concentrations ranging from 0 to 15% were tested. Fig.3c showed that ethanol content
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affected the extraction of target compounds. As the ethanol concentration increased,
the extraction efficiency for all the volatile phenols as well as the internal standard
decreased. The decrease was dramatic when the ethanol concentration was more than
5%.
For reliable quantification, the internal standard should behave similarly to the
volatile phenols. The peak area ratio of volatile phenols to internal standard was
further studied from 0% to 15% ethanol. As shown in Fig.3d, the ratio was very
consistent when alcohol content was less than 5%. The result demonstrated that
although ethanol content affected the extraction of volatile phenols, it affected the
volatile phenols and the internal standard similarly, thus 3,4-dimethylphenol can be
used as an internal standard to compensate the ethanol effect at the alcohol content
less than 5%.
3.3.1.5 Elimination of nonvolatile matrix interaction

Alcoholic beverages, especially non-distilled beverages such as beer and wine, are
very complex. In addition to volatile matrix such as ethanol which affect volatile
phenol extraction by the EG stir bar, nonvolatile matrix, such as protein, amino acids,
sugar and polyphenols, can bind with the volatile compounds nonspecifically and
interfere with the analysis. To eliminate nonvolatile matrix interaction, sample
dilution scheme is usually employed. The appropriate dilution ratio was investigated
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in this study. A beer sample was chosen to perform this experiment due to its
complexity.
Since the internal standard concentration was kept the same at all dilution level, the
peak of internal standard was an indicator of interaction of volatiles with the matrix.
A lower peak area indicated a stronger interaction. A strong interaction between the
internal standard and the matrix was observed when the sample was diluted 1:4 and
lower (Fig.3.4a and Fig. 3.4b). The relative response ratios of the target compounds to
internal standard, after corrected sample volume, were very consistent with dilution
ratio from 5 to 20 (Fig. 3.4c and Fig. 3.4d). The results showed that appropriate
dilution scheme could eliminate the interaction between volatile compounds and nonvolatile matrix. Therefore, dilution ratio was set at 5 since this ratio can eliminate the
matrix effect without sacrificing sensitivity.
3.3.2 Validation of the analytical method

Table 3.1 showed the reliability of the developed method for volatile phenol analysis.
The linearity for the phenolic compounds covered 2 orders of magnitude with
correlation coefficients (r2) between 0.994-0.999. The recovery was ranging from
95.7%-104.4% in beer samples and 81.4%-97.6% in wine samples when the samples
were spiked with the volatile phenols at a concentration of 100 μg/ L. The method had
a R.S.D. value of 2.2%-5.8%. The LOQ and LOD were significant lower than the
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values reported previously using PDMS stir bar sorptive extraction (Marín, Zalacain,
De Miguel, Alonso, & Salinas, 2005).
3.3.3 Application to alcoholic beverages samples

The method was applied to quantify volatile phenols in alcoholic beverages including
beer, wine as well as hard apple cider samples. The sour beer had very high level of 4ethylethylphenol and 4-ethylguiacol, contributing to a characteristic aroma of this
product. The lager beers and wines had low level of 4-ethylphenol and 4-ethylguiacol
although high level of 4-vinylphenol and 4-vinylguiacol were present. Yeasts used
for wine and beer making can produce vinylphenols but do not produce ethylphenols
under oenological conditions.

3.4

Conclusions

The developed method using EG/PDMS stir bar sorptive extraction-GC-MS is simple,
sensitive and reliable for quantifying volatile phenols in alcoholic beverages.
Quantification limits lower than 3μg/L was achieved for all compounds. The method
has been successfully applied to analyze volatile phenols in beer, wine and other
alcoholic samples.
3.5

References

M. Meilgaard, Flavor chemistry of beer: Part II: Flavor and threshold of 239 aroma

61

volatiles, Tech. Q. Master. Brew. Assoc. Am. 12 (1975) 151-168.
P. Etiévant, S. Issanchou, S. Marie, V. Ducruet, C. Flanzy, Sensory impact of volatile
phenols on red wine aroma: influence of carbonic maceration and time of storage, Sci.
Aliment. 9 (1989) 19-33.
Y. Xu, W. Fan, M.C. Qian, Characterization of aroma compounds in apple cider using
solvent-assisted flavor evaporation and headspace solid-phase microextraction, J.
Agric. Food Chem. 55 (2007) 3051-3057.
S. Van Beek, F.G. Priest, Decarboxylation of substituted cinnamic acids by lactic acid
bacteria isolated during malt whisky fermentation, Appl. Environ. Microbiol. 66
(2000) 5322-5328.
L. Narziss, H. Miedaner, F. Nitzsche, Formation of 4-vinylguaiacol during production
of Bavarian wheat beer, Monatsschr Brauwiss 43 (1990) 96-100.
T. Heresztyn, Metabolism of volatile phenolic compounds from hydroxycinnamic
acids by Brettanomyces yeast, Arch. Microbiol. 146 (1986) 96-98.
S. Coghe, K. Benoot, F. Delvaux, B. Vanderhaegen, F.R. Delvaux, Ferulic acid release
and 4-vinylguaiacol formation during brewing and fermentation: indications for
feruloyl esterase activity in Saccharomyces cerevisiae, J. Agric. Food Chem. 52
(2004) 602-608.
P. Chatonnet, D. Dubourdie, J.n. Boidron, M. Pons, The origin of ethylphenols in
wines, J. Sci. Food Agric. 60 (1992) 165-178.
W. Fiddler, W.E. Parker, A.E. Wasserman, R.C. Doerr, Thermal decomposition of
ferulic acid, J. Agric. Food Chem. 15 (1967) 757-761.
N. Vanbeneden, F. Gils, F. Delvaux, F.R. Delvaux, Formation of 4-vinyl and 4-ethyl
derivatives from hydroxycinnamic acids: Occurrence of volatile phenolic flavour
compounds in beer and distribution of Pad1-activity among brewing yeasts, Food
Chem. 107 (2008) 221-230.
J. Cavin, V. Andioc, P. Etievant, C. Divies, Ability of wine lactic acid bacteria to
metabolize phenol carboxylic acids, Am. J. Enol. Vitic. 44 (1993) 76-80.
P. Chatonnet, D. Dubourdieu, J.N. Boidron, V. Lavigne, Synthesis of volatile phenols
by Saccharomyces cerevisiae in wines, J. Sci. Food Agric. 62 (1993) 191-202.
D.A. Edlin, A. Narbad, J.R. Dickinson, D. Lloyd, The biotransformation of simple
phenolic compounds by Brettanomyces anomalus, FEMS microbiol. Lett. 125 (1995)
311-315.

62

P. Chatonnet, D. Dubourdieu, J. Boidron, The influence of Brettanomyces/Dekkera sp.
yeasts and lactic acid bacteria on the ethylphenol content of red wines, Am. J. Enol.
Vitic. 46 (1995) 463-468.
L. Dias, S. Dias, T. Sancho, H. Stender, A. Querol, M. Malfeito-Ferreira, V. Loureiro,
Identification of yeasts isolated from wine-related environments and capable of
producing 4-ethylphenol, Food Microbiol. 20 (2003) 567-574.
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polar coatings for the determination of chlorophenols and chloroanisoles in wines
using gas chromatography and mass spectrometry, Talanta 118 (2014) 30-36.
A.H. Aktaş, N. Şanlı, G. Pekcan, Spectrometric Determination of pKa Values for
some phenolic compounds in Acetonitrile-Water Mixture, Acta Chim. Slov. 53 (2006)
214-218.

64

Table 3.1 Validation of the EG/PDMS-SBSE-GC-MS method
Compound

4-Ethylguaiacol

4-Ethylphenol

4-Vinylguaiacol

4-Vinylphenol

Quantify ion

137

107

150

120

Qualify ions

152,122

122,77

135,107

91,65

Linear Range (μg/L)

4.73-473

4.92-492

5.53-553

4.98-498

Correlation coefficient (r2)

0.999

0.997

0.994

0.999

Repeatability (R.S.D., n=7)

2.9%

2.5%

5.8%

2.2%

Recovery in beer (100μg/L, n=3)

102.2%

100.5%

95.7%

104.4%

Recovery in wine (100μg/L, n=3)

97.6%

96.4%

81.4%

84.7%

Limit of Quantification (μg/L)

0.47

0.25

2.77

1.24

Limit of Detection (μg/L)

0.24

0.10

1.39

0.50
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Table 3.2 Concentrations of volatile phenols in commercial samples (μg/L, n=3)
Compound

Sour beera

Hard cider

Lager beer1

Lager beer 2

Red wine 1

Red wine 2

White wine 1

White wine 2

4-Ethylguaiacol

1709 ± 50

27 ± 2

30 ± 2

3±0

N.D.b

N.D

N.D.

N.D.

4-Ethylphenol

622 ±17

22 ± 1

36 ± 2

217 ± 9

3±0

N.D.

N.D.

N.D.

4-Vinylguaiacol

123 ± 2

1274± 44

1044 ± 68

415 ± 11

2±0

27 ± 3

1365 ± 89

28 ± 1

4-Vinylphenol

16 ± 1

928 ± 30

740 ± 59

327 ± 21

28 ± 2

18 ± 2

822 ± 14

17 ± 2

a

Mean value ± S.D.

b

Not detected

66

Figure captions
Fig. 3.1 Influence of buffer concentration on the extraction efficiency
Fig. 3.2 Chromatogram of phenols and free fatty acids at pH 3 and pH 7
Fig. 3.3 Influence of (a) pH, (b) extraction time, (c) ethanol content on the extraction
efficiency, (d) ethanol effect on internal standard
Fig. 3.4 (a) Influence of dilution ratio on extraction 4-ethylguaiacol and 4ethylphenol, (b) Influence of dilution ratio on extraction 4-vinylguaiacol and 4vinylphenol, (c) peak area ratio of 4-ethylguaiacol and 4- ethylphenol to internal
standard, (d) peak area ratio of 4-vinylguaiacol and 4-vinylphenol to internal standard
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Fig. 3.1 Influence of buffer concentration on the extraction efficiency
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Fig. 3.2 Chromatogram of phenols and free fatty acids at pH 3 and pH 7
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Fig. 3.3 Influence of (a) pH, (b) extraction time, (c) ethanol content on the extraction
efficiency, (d) ethanol effect with internal standard.
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Fig. 3.4 (a) Influence of dilution ratio on extraction 4-ethylguaiacol and 4ethylphenol, (b) Influence of dilution ratio on extraction 4-vinylguaiacol and 4vinylphenol, (c)peak area ratio of 4-ethylguaiacol and 4- ethylphenol to internal
standard, (d) peak area ratio of 4-vinylguaiacol and 4-vinylphenol to internal standard
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Chapter 4

Critical consideration in determination of aldehydes in

alcoholic beverages using in-solution- PFBHA derivatization combined
with Headspace- SPME-SIM-GC-MS

Qin Zhou, Yanping Qian, Michael C. Qian
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4.1

Introduction

Aldehydes are very important flavor compounds to alcoholic beverages, as many
volatile aldehydes have remarkable odor properties. In beer, it is well known that
aldehydes are associated with staling flavor (Baert, De Clippeleer, Hughes, De
Cooman, & Aerts, 2012; Saison, De Schutter, Uyttenhove, Delvaux, & Delvaux,
2009; Schieberle & Komarek, 2003). For instance, (E)-2-nonenal, giving cardboard
flavor, is considered as principal stale flavor in aged lager beer (M Meilgaard,
Elizondo, & Moya, 1970; Vanderhaegen, Neven, Verachtert, & Derdelinckx, 2006).
Strecker aldehydes were considered as indicators of beer aging since their
concentration increased significantly during beer storage and attributed to the aged
flavor (Carrillo, Bravo, & Zufall, 2011), so as to methional and phenylacetaldehyde
(Soares da Costa, Goncalves, Ferreira, Ibsen, Guedes de Pinho, & Silva Ferreira,
2004). In wine, the importance of aldehydes in flavor development and deterioration
was also suggested a long time ago (Revel & Bertrand, 1994). For example, (E)-2nonenal was reported to be associated with “sawdust” or “plank” off-flavor in barrel
aged wines (Pascal Chatonnet & Dubourdieu, 1998). The nasty odor of oxidized wine
was related to relatively large content of (E)-2-alkenals (Culleré, Cacho, & Ferreira,
2007). Aldehydes are mostly unnoticeable in fresh alcoholic beverages, however,
formation of a whole range of aldehydes can occur during storage and accordingly,
causing the deterioration of flavor (Saison, De Schutter, Uyttenhove, Delvaux, &
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Delvaux, 2009; Schieberle & Komarek, 2003; Vesely, Lusk, Basarova, Seabrooks, &
Ryder, 2003). Although several aldehyde formation pathways have been suggested
during aging process(Baert, De Clippeleer, Hughes, De Cooman, & Aerts, 2012), the
exact role of aldehydes on aged flavor remains unclear. Therefore, it is a critical first
step to develop a fast and reliable analytical method to determine aldehydes
quantitatively.
Aldehydes are oxygenated compounds, polar in nature with relatively low volatility
and high reactivity, which made their direct detection rather challenging. What’s
worse, the presence of more abundant volatiles in fermented beverages like
fermentation alcohols, esters and acids will further obscures the recovery of aldehyde
(Ojala, Kotiaho, Siirilä, & Sihvonen, 1994). As a result, direct analysis of aldehydes
from alcoholic beverages using conventional analytical techniques is barely possible
(Sowiński, Wardencki, & Partyka, 2005), either non- selective and non-sensitive or
time-consuming. To increase recoveries of polar compounds like aldehydes from
complicated sample matrix, chemical derivatization is usually applied, which can
improve separation, selectivity and sensitivity dramatically (Stashenko & Martıń ez,
2004). Several derivative agents have been reported to derivertize carbonyl
compounds (Gonçalves, Magalhães, Valente, Pacheco, Dostálek, Sýkora, et al., 2010;
Ledauphin, Barillier, & Beljean-Leymarie, 2006; Saison, De Schutter, Delvaux, &
Delvaux, 2009; Stashenko, Ferreira, Sequeda, Martínez, & Wong, 1997; Stashenko,
Wong, Martínez, Mateus, & Shibamoto, 1996; Uchiyama, Ando, & Aoyagi, 2003;
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Wang, O’Reilly, & Pawliszyn, 2005; Yasuhara, Kawada, & Shibamoto, 1998), among
which, O-(2,3,4,5,6-pentafluorobenzyl)-hydroxylamine (PFBHA) is the most
commonly used for GC analysis(Jeleń, Dąbrowska, Klensporf, Nawrocki, &
Wąsowicz, 2004; Ojala, Kotiaho, Siirilä, & Sihvonen, 1994; Saison, De Schutter,
Delvaux, & Delvaux, 2009; Schmarr, Potouridis, Ganß, Sang, Köpp, Bokuz, et al.,
2008; Vesely, Lusk, Basarova, Seabrooks, & Ryder, 2003). The presence of fluorine
atoms in the derivatized molecule enables the use of selective detectors such as
electron-capture detection (ECD) or Mass Spectrometry (MS) (Vicente Ferreira,
Culleré, Loscos, & Cacho, 2006). Liquid-liquid (LLE) or solid-phase (SPE)
extractions were used to extract the derivatives from aqueous samples, which turned
to be rather tedious (Ojala, Kotiaho, Siirilä, & Sihvonen, 1994; Stashenko, Ferreira,
Sequeda, Martínez, & Wong, 1997). Later on, SPME technique has been employed to
combine with PFBHA derivation , either with SPME- on-fiber derivatization
(Carrillo, Bravo, & Zufall, 2011; Schmarr, et al., 2008; Vesely, Lusk, Basarova,
Seabrooks, & Ryder, 2003), or extraction of derivatives by heasapce-SPME or dip-in
liquid SPME(Beránek & Kubátová, 2008; Saison, De Schutter, Delvaux, & Delvaux,
2009). The combination of SPME with PFBHA derivatization has made the analysis
simplified and accelerated.
By comparing 3 different strategies of solid-phase microextraction methods for
determination of aldehydes in aqueous solution using PFBHA, Beráne and Kubátová
have observed that on-fiber derivatization generally showed a lower sensitivity with
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several compounds not detected compared to in solution derivations (Beránek &
Kubátová, 2008). Although dip-in liquid SPME showed higher sensitivity in
hydroxylated aromatic aldehydes than Headspace-SPME(Beránek & Kubátová,
2008), it is better not to immerse the fiber in complex matrix like alcoholic beverages
for the sake of SPME fiber and GC system. Therefore, in this study, we mainly focus
on evaluation of the feasibility of in-solution PFBHA derivatization combined with
Headspace- SPME in determination of aldehydes in alcoholic beverages. This
combination seems to be very successful in analyzing the aldehydes in aqueous
solutions (Beránek & Kubátová, 2008; Cancho, Ventura, & Galceran, 2001).
However, when analyzing alcoholic beverages like beer and wine, there are much
more factors that need to be taken into account due to complexity of sample matrix. In
the case of alcoholic beverages, ethanol and acetaldehyde are predominant
components in the metrics, and their existence may interfere with the derivatization
and extraction. Other variables such as sample pH, reaction temperature and time are
also important factors for a derivation reaction that need to be cautious of.
Only few studies utilized Headspace-SPME following in-solution PFBHA
derivatization to analyze the aldehydes in alcoholic beverages including beer (Saison,
De Schutter, Delvaux, & Delvaux, 2009), wine (Flamini, Vedova, Panighel,
Perchiazzi, & Ongarato, 2005) and spirit (Sowiński, Wardencki, & Partyka,
2005).They optimized some parameters, considering the alcoholic matrix effect such
as controlling alcohol content in the sample (Sowiński, Wardencki, & Partyka, 2005)
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and performing calibration with the standard addition method to avoid matrix effects
(Saison, De Schutter, Delvaux, & Delvaux, 2009). In this study, we tried to address all
the other issues that have not been reported previously when using in-solution
PFBHA derivatization followed by Headspace-SPME in determination of aldehydes
in alcoholic beverages.
4.2

Experimental

4.2.1 Chemicals and reagents

Acetaldehyde, propanal, 2-methylpropanal, 2-methylbutanal, 3-methylbutanal, (E)-2butenal, (E)-2-hexenal, 2-methylpentanal, hexanal, heptanal, octanal, 2-furfural, 5methyl furfural, methional, phenylacetaldehyde, benzaldehyde, (E)-2-octenal,
nonanal, (E)-2-nonenal, decanal and E,E-2,4-decadienal were purchased from SigmaAldrich (Milwaukee, WI,USA). O-(2,3,4,5,6-pentafluorobenzyl)-hydroxylamine
(PFBHA) was purchased from Sigma-Aldrich (Milwaukee, WI, USA). Ultra-pure
aldehyde free water was supplied by Hach company (Loveland, CO,USA)
Polydimethylsiloxane-divinylbenzene (PDMS/DVB) SPME fibers (1cm, 65 μm) were
obtained from Supelco (Bellefonte,PA,USA)
Individual standard stock solutions of aldehydes were prepared in absolute ethanol at
a concentration of 10mg/mL and stored at -18 °C. Optimization experiments were
performed with a mixture of 20 aldehydes at concentration of ~10μg/L (see Table 4.2
for the mixture composition).
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An aqueous solution of the derivatizing reagent PFBHA was prepared at a
concentration of 10 mg/ml. PFBHA solution was kept refrigerated at 4℃. Internal
standard solution (IS) was made by dissolving 0.081g of 2-methylpentanal in 10 mL
of absolute ethanol and diluted consecutively to 1.013mg/L and kept at -20℃ until
use. It was added to sample vials with the final concentrations of 10μg/L. Phosphate
buffer was made by mixing 1M K2HPO4 solution and1M KH2PO4 solution to obtain
desired pH. Beer and wines samples were purchased from local market and stored at
4◦C until use.
4.2.2 Derivatization and Extraction Procedure

An aliquot of 1mL of sample was diluted with 4 ml of phosphate buffer (1M, pH 4) in
a 20-mL sample vial and 50 μl of internal standard solution and 50μl of derivatization
reagent (10 mg/mL of PFBHA solution) was then added in. The vials were tightly
capped with Teflon-faced silicone septa and placed in the multi-purpose sampler
(MPS, GERSTERL, Inc., U.S.A) with a cooling tray set at 4℃.
In the optimization experiment, 50μL of mixture standard solution was spiked to 5 ml
of phosphate buffer (1M, pH 4). 50 μLof internal standard solution and 50μl of
derivatization reagent (10 mg/mL of PFBHA solution) were then added in.
The sample was incubated at 50℃ for 10 min and the derivatives were extracted
through headspace of sample by a PDMS /DVB SPME fiber at 50 ℃ for 60 min.
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4.2.3 Instrumentation

The analysis of derivatives was performed on an Agilent 6890GC-5973MSD system
(Agilent Technologies, Palo Alto, CA) equipped with a Multi-purpose Sampler (MPS,
GERSTERL, Inc., U.S.A). Helium was used as carrier gas at a constant flow rate of
2mL/min. Inlet temperature was 250 ◦C. The SPME fiber was desorbed in splitless
mode for 5 min. Separation was performed on a HP-1 column (30m×0.32 mm ID,
0.25 μm filmthickness, Agilent Technologies, Palo Alto, CA, USA). Initial oven
temperature was 70◦C, followed by an increase of 1.5 he proposed method using
headspace sampling combined with gas chromatography-flame ionization detector is a
simple, fast and reliable method for quantifying the most abound and highly volatile
compounds in alcoholic beverages. Quantification limits were significant lower than
the normal range reported in alcoholic samples and has been successfully applied to
analyze those highly volatile compounds in different types of alcoholic beverages
including beer, wine and hard cider. /min to 150◦C and 4◦C/min to 230 ◦C and held for
10 min. To identify each derivative, the mass spectrometric detector was performed in
full scan mode collecting m/z 45–350 with electron ionization (EI) energy of 70eV by
injecting single standard of each aldehyde. The MS transfer line and ion source
temperature was 280℃ and 230℃, respectively. It was confirmed that fragment m/z
181 was the main fragment of all analyzed aldehydes. After all the aldehydes were
identified, the later experiments were all run in the single-ion monitoring (SIM) mode
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to increase the selectivity of the method. The selected mass for each target compounds
were listed in table 4.1.
4.2.4 Investigation of critical impacts on derivatization
4.2.4.1 Pre-test on extraction time

The extraction time of HS-SPME on sensitive was investigated by exposing the fiber
in the HS of the sample for different time periods (10, 20, 30, 40 and 60 min). The
sample was prepared as described above and put into auto sampler for immediate
analysis. The sample and pre-incubated for 10 min and then extracted by the SPME
fiber for specific time at 50◦C under continuous stirring at 500rpm.
4.2.4.2 pH effect

The influence of pH on reaction efficiency was investigated by using 1M of
phosphate buffer at pH 2 to 8. The 50μL of mixture standard solution was spiked to 5
ml of 1M phosphate buffer at specific pH while other conditions were kept the same
as described.
4.2.4.3 Reaction temperature and time effect

Previous researches have shown that some aldehydes reached the maximum yield
pretty fast, and longer reaction time will decline the sensitivity (Beránek & Kubátová,
2008; Glaze, Koga, & Cancilla, 1989; Ojala, Kotiaho, Siirilä, & Sihvonen, 1994).
Some authors just attributed the decrease to desorption from SPME fiber, however,
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we suspected that the derivatives might be not stable under certain conditions. To
check out this suspicion, the effect of reaction temperature and time on yield was
investigated. The samples were prepared as described above, and the phosphate buffer
used in this experiment was 1M at pH 4. The reaction temperatures were set at 4, 30
and 50◦C. The refrigerator was used to control sample temperature at 4◦C while water
bath was used to control sample temperature at 30 and 50 ◦C. Under each reaction
temperature, 4 different reaction time was also performed, which was 2,6,12 and 18h
respectively. After the sample gone through specific time at specific temperature, the
sample was put into MPS auto sampler for immediate analysis. The sample was
incubated at 50◦C for 10 min and extracted by PDMS /DVB SPME fiber for 60 min at
50◦C before desorption in injection port.
4.2.4.4 Acetaldehyde effect

To test the impact of the acetaldehyde on the reaction and extraction efficiency,
different concentration of acetaldehyde in the sample was tested ranged from 1 mg/L
to 100mg/L. The samples were prepared as described above, except that 50μL of
acetaldehyde standard at specific concentration were added. The acetaldehyde
concentration tested were 1, 5, 10, 20, 40, 60 and 100mg/L.
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4.2.5 Method validation
4.2.5.1 Standard calibration curve

Stock solutions of the aldehyde compounds were prepared at concentrations ranging
from 0.01μg/L to 100μg/L from the previously described stock mixture in ethanol.
Calibration working solutions were prepared by spiking 50 μl of each stock solution
into a 20mL vial containing 5 mL of phosphate buffer (1M, pH 4, 2% Ethanol) .An
aliquot of 50 μLof internal (1.013mg/L of 2-methylpentanal) standard solution and
50μl of derivatization reagent (10 mg/mL of PFBHA solution) were then added in
The standard solution was analyzed using HS-SPME-SIM-GC described previously.
Selected ions were used to build the calibration curve by Chemstation software. For
the calibration purposes, the sum of the peak areas of the two geometrical isomers
was used for calculations.
4.2.5.2 Method reproducibility

The reproducibility of the method was evaluated by analyzing the same sample 6
times under the optimized condition and the relative standard deviation (RSD) was
calculated.
4.2.5.3 Limit of detection and quantification (LOD and LOQ)

The 5ml of phosphate buffer (1M, pH 4, 2% EtoH) spiked with decreasing level of
aldehyde compounds were analyzed. The LODs were established as the amount of
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analyte that gave a signal to noise ratio of 3 (S/N =3). The limit of quantification
(LOQ) was determined as the concentration that gave a signal to noise ratio of 10
(S/N=10).
4.2.5.4 Recovery

A commercial beer and wine were used to study recovery. The samples were analyzed
first to obtain the concentration (C1). The samples were then spiked with aldehyde
standards at specific concentration and analyzed again (C2). The recovery was
calculated as recovery% = (C2-C1)/100 μg/ L × 100%. Triplicate analysis was
performed for each sample.
4.3

Results and discussion

4.3.1 Selection of fiber

Comparing the extraction efficiency of several different SPME fiber, Cancho et al
(Cancho, Ventura, & Galceran, 2001)found out that
polydimethylsiloxane/divinylbenzene (PDMS/DVB) coating was the most appropriate
for extraction of derivatives of aldedhyes from PFBHA. Daan Saison et al (Saison, De
Schutter, Delvaux, & Delvaux, 2009) confirmed this results. Therefore, in this study,
we chose PDMS/DVB fiber to perform the headspace- SPME extraction of aldehyde
derivatives.
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4.3.2 Pre-incubation and extraction time

Saison et al (Saison, De Schutter, Delvaux, & Delvaux, 2009) have confirmed that the
effect on the final extraction efficiency was negligible and they used 10min as preincubation time. For this reason, the pre-incubation time in this study was fixed at 10
min.
The relative peak areas for each aldehyde derivatives have been compared for
different extraction time ranging from 10 to 60 min (data not shown). The results
showed that for all the derivatives, the sensitivity increased with increasing extraction
time. The result was different from Saison et al (Saison, De Schutter, Delvaux, &
Delvaux, 2009), which reported 40min as the optimal extraction time, the difference
might due to the slightly lower temperature we used. Therefore, we used 60min as
extraction time in all the later experiments.
4.3.3 pH effect

As pH increasing from 2 to 8, almost all the aldehyde derivatives showed decreasing
trend, which indicated that the derivatization reaction is more preferred at acidic pH.
This result is in agreement with previous reports (Ojala, Kotiaho, Siirilä, & Sihvonen,
1994). We took a closer look to investigate the pH effect on the derivatization
reaction of individual aldehydes and found out that pH will have slightly different
effect on different type of aldhydes. For instance, pH have most significant effect on
2-furfural, 5-methylfufural and benzaldehyde, for which, their sensitivity started to
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decrease dramatically when pH>5, However, as to the phenyl acetaldehyde, pH seems
to have much less impact (Fig.4.2).For E, 2-Nonenal and E, E, 2, 4-Decadineal, their
response slightly increase as pH increases, we might attribute this increases to
absorption competition on SPME fiber since other derivatives have decreasing
absorption by SPME fiber.
4.3.4 Reaction temperature and time

Previous researches have shown that some aldehydes reached the maximum yield
pretty fast, and longer reaction time will decline the sensitivity (Beránek & Kubátová,
2008; Glaze, Koga, & Cancilla, 1989; Ojala, Kotiaho, Siirilä, & Sihvonen, 1994),
however, no report have ever reported how exactly the temperature and time impact
the yield of different types of aldehydes. In this study, since we monitored 2 different
temperatures, 4 ℃ and 50 ℃, respectively.We found out that for almost all the
aldehydes, the response will decrease with longer reaction time and the derivatives
seem to degrade faster at higher temperature, with the exception of 2-furfural and 5methylfurfural, methinal and benzaldehyde.
4.3.5 Acetaldehyde effect

Acetaldehyde is the most abundant aldehyde found in alcoholic beverages and the
concentration can range up to hundreds of ppm (S. Q. Liu & Pilone, 2000) which
takes up at least 90% of the total aldehyde compounds. It is predicable that the
acetaldehyde in the sample will impact other aldehyde compounds in both reaction
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and extraction process. Firstly, the acetaldehyde will need much more PFBHA
reagent than other compounds and secondly, the abundant acetaldehyde oximes will
affect the absorption of other derivatives onto the fiber and thus decrease their
response. Not surprisingly, the results confirmed the estimation, as the acetaldehyde
concentration increased from 1ml/L to 100mg/L, the response of other aldehydes
decrease a lot. However, the impact on internal standard are following a similar trend,
which means the acetaldehyde effect can be compensated by using internal standard
calibration.
4.3.6 Validation of the analytical method

Table 4.1 showed the reliability of the developed method for aldehydes analysis. The
linearity for the aldehydes covered 3 orders of magnitude with correlation coefficients
(r2) between 0.993-0.999. The recovery was ranging from 89.8%-113.8% when the
samples were spiked with the aldehydes at a concentration around 10 μg/ L. The
method had a R.S.D. value of 6%-17%.
4.4

Conclusion

In this study, we took a critical consideration on the method of aldehydes analysis
using in-solution PFBHA derivatization –SPME-GC-MS. This method can provide
sensitive analysis for a wide range of aldehyde compounds. Derivatization conditions
need to be carefully controlled considering pH, acetaldehyde, temperature and time.
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The result showed that acidic pH and lower temperature will favor the sensitivity of
aldehyde derivatives. The effect of acetaldehyde in sample can be compensated. Most
of the derivatives will decrease with longer reaction time and seem to degrade faster
at higher temperature. This creates a very critical problem that the method cannot be
automatable under certain conditions.
By using SIM mode, the background can be eliminated a lot and the limit of
quantification for most compounds can reach as low as 0.01μg/L (0.1ppb), and the
linearity holds at least up to 100μg/L with R2 in the range 0.993–0.999. By choosing
the 2-methylpentaldehyde as internal standard in calibration. As far as we know, this
is the first time that internal standard was used in calibration in aldehyde analysis
which is actually very critical for method validation.
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Sowiński, P.; Wardencki, W.; Partyka, M., Development and evaluation of headspace
gas chromatography method for the analysis of carbonyl compounds in spirits and
vodkas. Analytica chimica acta 2005, 539, 17-22.
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TABLES
Table 4.1 Validation of the analytical method

Compounds
Propanal
Isobutanal
Butanal
2-methylbutanal
3-methylbutanal
E,2-Butenal
Hexanal
2-Furfural
E,2-Hexenal
Heptanal
Methional
5-methylfurfural
Octanal
Benzaldehyde
Phenylacetaldehyde
E,2-Octenal
Nonanal
E,2-Nonenal
Decanal
E,E-2,4-Decadienal

quantify ions
181
181
181
181
181
181
181
181
181
181
252
181
181
181
181
181
181
181
181
276

qualify
ions
236
195, 250
239
239, 253
239
250
239
248, 291
250
239
181, 299
97, 305
239
271, 301
91, 117
250
239
250
239
181, 198

Linear
range
(μg/L)
0.158-134.4
0.112-382.4
0.227-193.6
0.194-165.9
0.148-126.4
0.184-156.8
0.049-166.9
0.44-466.4
0.189-200.8
0.184-196
1.245-322
0.21-220
0.18-192
0.41-320.3
0.38-132.8
0.041-352
0.22-110.9
0.23-119.9
0.174-119.0
0.153-104.6

Correlation
coefficient(R
2)

0.9982
0.9975
0.9995
0.9983
0.9969
0.9929
0.9934
0.9989
0.9973
0.9981
0.9955
0.9992
0.9959
0.9993
0.9969
0.9998
0.9997
0.9932
0.9925
0.9966

Repeatabilit
y (R.S.D.,
n=6)
12%
17%
8%
6%
7%
10%
6%
9%
6%
7%
8%
13%
7%
8%
7%
8%
9%
13%
11%
17%

Recovery(n
=3)
113.8%
91.2%
107.8%
92.2%
93.9%
95.8%
94.1%
88.9%
90.1%
103.8%
90.4%
93.5%
90.1%
94.5%
93.7%
92.3%
91.5%
90.2%
89.1%
90.9%

Limit of
Quantificat
ion (μg/L)
0.039
0.045
0.057
0.049
0.037
0.046
0.02
0.11
0.048
0.018
1.245
0.052
0.018
0.041
0.094
0.039
0.011
0.023
0.017
0.015

Limit of
Detection
(μg/L)
0.016
0.022
0.023
0.019
0.015
0.018
0.01
0.044
0.025
0.01
0.62
0.021
0.01
0.02
0.05
0.02
0.005
0.011
0.01
0.01
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Figure captions

Fig.4.1 Chromatogram of the oximes isomers of aldehyde standards by GC –SIM-MS

Fig.4.2 pH effect on the derivatization on some aldehydes

Fig 4.3 Instability of derivatives
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Fig. 4.1 Chromatogram of the oximes isomers of aldehyde standards by GC –SIM-MS
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Fig. 4.2 pH effect on derivatization on some aldehydes

95

Fig. 4.3 Instability of derivatives
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5.1

Introduction

Wine aroma is one of the most important components of wine quality (Swiegers et al. 2005, Ebeler
2001) but it is also one of the most complex with more than 800 compounds having been identified
as contributing to wine aroma (Ebeler 2001).This complex matrix consists of volatile compounds
that are derived from the grape, microbial flora, and aging that can be impacted by grape variety,
viticulture practices, and winemaking procedures (Miller et al. 2007, Swiegers et al. 2005, Ebeler
2001, Mendes Ferreira et al. 2001). A winemaking procedure that is sometimes undertaken to
modify wine aroma is a pre-fermentation cold maceration, commonly known as a cold soak (CS)
(Jackson 2000). For anywhere from 1-14 days the grape must is generally held at < 10C so as to
prevent the growth of Saccharomyces cerevisiae and delay the beginning of alcoholic fermentation.
Winemakers choose to employ this process for two major reasons: to improve the color of the wine
and/or to modify the flavor and aroma of the wine (Zoecklein et al. 1995).

While the exact cause(s) of any wine aroma changes due to the CS is not well understood, it has
been suggested cold tolerant yeast present during this process may play a role. Microbial flora
present on the grapes at harvest have been repeatedly shown to cause changes in wine aroma if they
persist and grow during alcoholic fermentation (Comitini et al. 2011, Ocón et al. 2010, Viana et al.
2008, Zott et al. 2008, Garde-Cerdán and Ancín-Azpilicueta 2006, Lema et al. 1996). While
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Saccharomyces species typically dominate the alcoholic fermentation, the presence and growth of
non-Saccharomyces yeast that are often in high numbers on the grapes have been reported to impact
wine aroma (Comitini et al. 2011, Zott et al. 2008, Ciani and Maccarelli 1997) although often the
specific contributions of the yeast are unclear. Furthermore, under CS conditions the population of
non-Saccharomyces yeast can rise to relatively high numbers due to their cold tolerance (Zott et al.
2008, Egli et al. 1998) which may enhance their impact of wine aroma and flavor.

Because of the role yeast play in the development of wine aroma, it is important to understand the
impact of different yeast species and strains on volatile aromas. Aside from the production of
primary and secondary metabolites such as esters, alcohols, and volatile acids, a number of studies
have focused on the production of β-glucosidases enzymes that can release glycosidically bound
aroma compounds derived from the grape (Swangkeaw et al. 2011, Mendes Ferreira et al. 2001,
McMahon et al. 1999). In particular, research has focused on the β-glucosidase activity of nonSaccharomyces yeast (Charoenchai et al. 1997) that may lead to greater liberation of glycosidically
bound aroma compounds such as C13-norisoprenoids and terpene alcohols (Mendes Ferreira et al.
2001, McMahon et al. 1999). A number of studies have reported that many non-Saccharomyces
yeasts including Pichia anomala, Candida pelliculosa, Hanseniaspora uvarum, several
Debaryomyces spp., and Kloeckera apiculata, can produce significantly higher amounts of -
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glucosidase than S. cerevisiae (Charoenchai et al. 1997, Rosi et al. 1994). However, many of these
studies were performed in model systems and reported that β-glucosidases activity was inhibited by
the presence of glucose in a species-dependent manner (Swangkeaw et al. 2011, Charoenchai et al.
1997). Studies that have investigated the impact of yeast on wine aroma and flavor have often
focused on the production of white wines such as Riesling (Egli et al. 1998), Chardonnay (Soden et
al. 2000, Egli et al. 1998) and Albariño (Lema et al. 1996). Very few studies have investigated the
impact of yeast on red wine production, and few if any have investigated the impact of yeast growth
during CS. In addition, studies that have investigated the influence of yeast strains on red wine
flavor, aroma and color have not used sterilized grapes or must (Caridi et al. 2004, Morata et al.
2003) but have relied on the inoculation of a large population of a selected yeast strain. This makes
it difficult to draw any conclusions as to the specific contribution of each yeast strain or species as
the presence of naturally occurring yeast and bacteria on the grapes may impact the results (Egli et
al. 1998). Therefore, in this present study a recently developed method using high hydrostatic
pressure (HHP) processing to inactivate microorganisms from Pinot noir grape must prior to
fermentation (Takush and Osborne 2011) will be utilized. When coupled with the use of
autoclavable microscale fermentors (Takush and Osborne 2011), the impact of the CS of Pinot noir
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grapes on wine aroma volatiles will be determined as well as the specific contribution of various
yeast species present during this winemaking process.
5.2

Materials and Methods

5.2.1 Yeasts isolation and identification from pre-fermentation cold maceration of Oregon
Pinot noir grapes

Grapes. Vitis vinifera L. cv. Pinot noir grapes were harvested from a commercial vineyard on
October 18, 2010, in Dundee, OR, USA. After harvest, the grapes were stored overnight at 4 °C
before being destemmed (Velo DPC 40 crusher/destemmer, Altivole, Italy) and grapes were
distributed into two 100 L stainless steel tanks which each contained approximately 70-80 L of
grape must. 50 mg/L SO2 was added to the grapes, argon gas was blanketed on top of the grapes,
and bladder-equipped tank lids were placed on top of the tanks and sealed.

Pre-fermentation cold maceration and fermentation. Tanks were placed into a temperature
controlled room and maintained at between 8-10 °C during eight days of CS. After eight days, the
tanks were moved to a temperature-controlled room set at 25 °C and alcoholic fermentation
proceeded without inoculation. °Brix and temperature were monitored using an Anton-Paar DMA
35N Density Meter (Graz, Austria).
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Yeast Enumeration, Isolation, and Identification. Samples were aseptically taken daily from each
tank using a sampling device rinsed in 70% v/v ethanol. All samples were plated on WL media
(Difco, Franklin Lakes, NJ, USA) supplemented with 0.15 g/L Biphenyl (Sigma, St.Louis, MO,
USA) and lysine (Difco) media after appropriate dilution in 0.1% (w/v) peptone. All plates were
incubated aerobically at 25 °C for 48 hours before colonies were counted and examined for
morphological differences. For the WL media, colonies were described in detail based on color,
shape, consistency and size. Unique colony types were re-streaked on WL medium for isolation.
Purified colonies were maintained on potato dextrose agar (Difco) slants and stored at 4 °C.
Glycerol cultures (15% v/v glycerol) were prepared for long-term storage at -80 °C.

DNA Sequence Analysis. Select cultures stored frozen in glycerol were streaked on to YPD (10 g/L
yeast extract, 20 g/L peptone, 20 g/L dextrose, 20 g/L agar, pH 6.50) plates and incubated at 25 °C
for 48 hours. Single colonies were suspended in 50 µL of nuclease-free purified water. The D1/D2
domain of the 5’ end of the large subunit 26S rDNA gene was amplified by direct colony PCR
using the NL1 (5'-GCA TAT CAA TAA GCG GAG GAA AAG-3’) and NL4 (5'-GGT CCG TGT
TTC AAG ACG G-3’) primers as described by Swangkeaw et al. (2011). A Thermo Hybaid PCR
Express thermocycler was used. The PCR reaction was performed with an initial denaturation at
98°C for 30 seconds, followed by 30 cycles of denaturation (98 °C for 10 seconds), annealing (66
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°C for 30 seconds), and extension (72 °C at 15 seconds). A final extension was performed at 72 °C
for 10 minutes. The PCR products were purified using the QIAGEN QIAquick PCR Purification Kit
and Sanger sequencing was performed by the Oregon State University Center for Genome Research
& Biocomputing Core Laboratory (Corvallis, OR, USA). Sequences were analyzed using the NCBI
BLASTN 2.2.26+ (Zhang et al. 2000).

β-Glucosidase Activity. Yeast isolates were streaked on 4-MUG media (40 mg/L 4methylumbelliferyl-β-D-glycopyransoside (Sigma), 1.7 g/L YNB (Difco), 5 g/L glucose, 20 g/L
agar, pH 5.0). Hydrolysis of the substrate (4-MUG) results in the release of the fluorescent
compound, 4-methylumbelliferone, causing a blue fluorescent zone surrounding the yeast colony
when observed under long wave ultraviolet light.

β-Glucosidase Quantification. Yeast isolates that gave positive results on the 4-MUG plates were
further assayed for β-glucosidase activity according to the method described by (Charoenchai et al.
1997). Isolates were streaked from glycerol cultures on YPD agar plates and incubated at 25 °C for
48 hours. Single colonies were inoculated in 10 mL of Wickerman’s MYGP medium (3 g/L malt
extract, 3 g/L yeast extract, 10 g/L glucose, 5 g/L peptone, pH 5.5) and incubated 24 hours at 25 °C.
Yeast cells were harvested by centrifugation at 4650 g for 10 minutes and washed with sterile saline
twice. The cells were re-suspended in sterile saline and inoculated in triplicate in 10 mL of filter-

103

sterilized ρ-NPG medium. The ρ-NPG medium contained 6.7 g/L YNB, 5 g/L glucose, 0.9 g/L
tartaric acid, 1.0 g/L potassium phosphate, dibasic, 1mM ρ-nitrophenyl-β-D-glucopyranoside
(Sigma) and buffered at pH 3.5. The cultures were incubated at either 8 or 25 °C for 48 hours.
Assays were also conducted with media containing 100 g/L glucose and 100 g/L fructose.
Following incubation, cultures were centrifuged at 4650 g for 10 minutes. The supernatant (1.0 mL)
was mixed with 2.0 mL of sodium carbonate (0.2 M, pH 10.2) and the absorbance of the solution
was measured at 400 nm on a Thermo Scientific Genesys 10 UV Spectrophotometer (Madison, WI,
USA). To determine dry cell mass, 1.0 mL of the culture was removed prior to enzyme analysis and
transferred to pre-weighed, dry micro-centrifuge tubes. The cells were harvested by centrifugation
(4650 g for 10 minutes) and washed twice with sterile saline. Cells were then dried 24 hours in 60
°C oven and weighed following cooling. Liberated ρ-nitrophenyl was determined using the
extinction coefficient of 18,300/M cm. β-glucosidase activity was reported as nmole ρ-nitrophenyl
released per g of dry cells per mL of supernatant.
5.2.2 Pinot noir fermentations

Grapes. Vitis vinifera L. cv. Pinot Noir grapes were harvested at Oregon State University’s
Woodhall Vineyard (Alpine, OR, USA) on October 5th 2011 and stored overnight at 4 °C. Grapes
were then destemmed and crushed using a Velo DPC 40 crusher/destemmer (Altivole, Italy) before
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being pooled and divided into 3 kg aliquots. Each aliquot was placed in a Food Saver ® bag (Jarden
Corp., Boca Raton, FL, USA) and 30 mg/L SO2 was added before the bags were sealed. The grape
must was processed by high hydrostatic pressure (HHP) for 5 minutes at 551 MPa as described by
Takush and Osborne (2011). The HHP unit was made by National Forge Company (Irvine, PA,
USA) and has a 22L maximum capacity and a 689 MPa maximum pressure. The high pressure
intensifier pump was made by Flow International Corporation (model 7XS-6000, Kent, WA, USA)
and has a maximum capacity of 620 MPa.

Grape must analysis was performed following HHP processing. Titratable acidity (TA) was
determined by titration with 0.1N NaOH and recorded as grams tartaric acid/100 mL. °Brix was
determined using an Anton-Paar DMA 35N Density Meter (Graz, Austria) while pH was
determined using a Mettler-Toledo Delta 320 pH meter (Shanghai, China). Yeast assimilable
nitrogen (YAN) status was determined by measuring primary amino acids according to the
procedure outline by Dukes and Butzke (1998) and measuring ammonia by enzymatic test kit (rBiopharm, Darmstadt, Germany). Grape must parameters were: TA of 7.98 g tartaric acid/100 mL,
pH 3.53, 22.0 °Brix, and 147.6 mg/L YAN.

Microorganisms. Yeast previously isolated from Pinot noir grapes undergoing CS and screened for
β-glucosidase activity (Metschnikowia pulcherrima, Hanseniaspora uvarum, Kluveromyces
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thermotolerans, Saccharomyces cerevisiae isolate 1, and Saccharomyces cerevisiae isolate 2) were
streaked from glycerol cultures onto YPD agar plates and incubated at 25 °C for 48 hours. Single
colonies were inoculated in 250 mL acidic grape juice broth (25% v/v grape juice, 5 g/L yeast
extract, 0.125 g/L magnesium sulfate, 0.00275 g/L manganese sulfate, 0.5% v/v Tween, pH 4.5)
and incubated at 25 °C for 48 hours. Cells were harvested by centrifugation at 4650 g for 10
minutes and washed once with sterile phosphate buffer (27.8 g/L NaH 2SO4H2O, 28.38 g/L
Na2HPO4, pH 7.0). Cells were re-suspended in sterile 0.2 M phosphate buffer (pH 7.0) prior to
inoculation.

Pre-fermentation cold maceration. Microscale fermentors (4L) were used as described by Takush
and Osborne (2011). Fermentors were autoclaved at 121 °C for 30 minutes and cooled before use.
HHP treated grape must (3 kg) was aseptically transferred to fermentors in a laminar flow hood.
The must was inoculated with either M. pulcherrima, H. uvarum, Kl. thermotolerans, S. cerevisiae
isolate 1 and S. cerevisiae isolate 2 at approximately 104 cfu/mL. A treatment containing all of the
isolates was also prepared with each isolate being inoculated at the same rate as the individual
fermentations (104 cfu/mL). In addition, two sets of three fermentors were not inoculated with any
microorganisms. One set of fermentors represented an uninoculated control that would undergo a
CS while the other set was a fermentation treatment that would not undergo a CS. This allowed for
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a comparison of wines produced from grapes that underwent a CS with and without the presence of
yeast as well as wines produced from grapes that did not undergo a CS. All treatments were
conducted in triplicate. Treatments that underwent a CS were held in a temperature controlled room
at 9 °C for 7 days. Samples were aspetically taken before and after inoculation and then every 48
hours. Samples were plated on WL media (Difco) supplemented with 0.15 g/L biphenyl (Sigma)
after appropriate dilutions in 0.1% (w/v) peptone.

Microscale Fermentation. After 7 days at 9 °C, fermentors were transferred to a temperature
controlled room at 27 °C, warmed to room temperature, and inoculated with S. cerevisiae RC212
(Lallemand, Montreal, Canada) at approximately 105 cfu/mL. S. cerevisiae RC212 was prepared by
streaking from glycerol cultures on YPD media and incubating at 25 °C for 48 hours. A single
colony was then inoculated into 250 mL acidic grape juice broth and incubated at 25 °C for 48
hours. Cells were harvested by centrifugation at 4650 g for 10 minutes and washed once with sterile
phosphate buffer. The cells were re-suspended in sterile 0.2 M phosphate buffer (pH 7.0) prior to
inoculation. The treatment that did not undergo a pre-fermentation cold maceration had previously
been inoculated following the same protocol. Prior to inoculation with S. cerevisiae RC212,
Fermaid K (Lallemand) (0.45 m filter sterilized) was added to all fermentations at 0.25 g/L.
Samples were taken before and after inoculation with RC212 and every 48 hours until the
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completion of alcoholic fermentation. Viable cell populations were monitored by plating on WL
(with addition of biphenyl) and lysine (Difco) media after appropriate dilutions in 0.1% (w/v)
peptone. °Brix and temperature were monitored using an Anton-Paar DMA 35N Density Meter
(Graz, Austria). Fermentations were pressed at dryness (< 0.5 g/L reducing sugar as measured by
Clinitest®) using a modified basket press with an applied constant pressure of 0.1 MPa for 5
minutes. No malolactic fermentation was conducted. A 30 mg/L SO2 addition was made to all wines
before settling at 4 °C for five days. Samples were taken from each replicate for volatile flavor
compounds analysis and stored at -80 °C until required.

Analysis of wine volatile aromas by SPME-GC-MS. A 2 mL aliquot of the wine samples was
diluted with 8 mL of saturated sodium chloride solution in a clean 20ml auto-sampler glass vial and
20 μL of internal standard solution (containing 43.9 mg/L 4-Octanol and 41.7 mg/L Octyl
propionate) were added. The vials were tightly capped with Teflon-faced silicone septa. A SPME
fiber coated with Divinyl benzene/Carboxen/Polydimethylsiloxane (DVB/CAR/PDMS) phase (2
cm, 50/30 μm, Supleco, Bellefonte, PA) was used for the extraction of wine volatile compounds.
The vials were placed in an automatic headspace sampling system and samples were pre-incubated
at 50 °C for 30 min, and then extracted by SPME fiber for 30 min before desorption.
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The volatile compounds extracted by SPME fiber were analyzed with a Agilent 6890 gas
chromatograph equipped with a 5973 mass spectrometry detector (MSD) system (Agilent
Technologies, Palo Alto, CA,USA). Compounds separation was achieved by using a ZB-Wax
capillary column (30 m x 0.25mm x 0.5 μm, Phenomenex, Torrance, CA). Helium was used as the
carrier gas at a constant flow rate of 1.5 mL/min. The inlet temperature was 250 °C. The desorption
was performed in splitless mode. The oven temperature program was initial 35°C held for 4 min,
followed by an increase of 5 °C/min to 230 °C. The final temperature was held for 10 min. The
electron impact (EI) energy was 70 eV, and the MS transfer line and ion source temperature were
230 °C respectively. Electron impact mass spectrometric data from m/z 35-350 were collected using
a scan mode.

Statistical Analysis. Statistical analysis of β-glucosidase activity was performed in Microsoft®
Excel® 2008 (Version 12.3.3) using the two tailed, student’s t-test. Statistical analysis of volatile
aroma compounds was performed using SPSS 15 (Chicago, IL,USA) with Tukey’s HSD test for
mean separation.
5.3

Results

Yeast populations were monitored during CS (days 0-8) and alcoholic fermentation (days 9-14) of
Pinot noir grapes from a commercial vineyard (Figure 1). The initial population of non-
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Saccharomcyes yeast in the grape must was approximately 1.7 x 103 cfu/mL (Figure 1). This
population increased to approximately 1 x 105 cfu/mL by the end of CS and reached a maximum of
approximately 1 x 108 cfu/mL on the third day of alcoholic fermentation (Figure 1). The population
of non-Saccharomyces yeast was dominated by H. uvarum and Kl. thermotolerans during CS and
alcoholic fermentation (data not shown). Alcoholic fermentation commenced two days after the
must was warmed (day 9) and was completed by day 13 (Figure 1).

Grape must samples plated on WL media were assessed and colonies described in detail based on
color, shape, consistency and size. Table 1 lists the unique colony types isolated from the grape
must during CS and the tentative species identification based on appearance on WL media
according to Pallman et al. (2001) or Edwards (2005). Many of the colony descriptions correlated
with descriptions provided by Pallman et al. (2001) or Edwards (2005) and allowed tentative
identification of M. pulcherrima, H. uvarum, Issatchenkia orientalis, C. oleophilia, C. vini, P.
membranaefaciens, Kl. thermotolerans, and what was initially identified as Hansenula anomala. A
number of unique colony types did not correlate with descriptions provided by Pallman et al. (2001)
or Edwards (2005) and are listed as unknowns (Table 1).

Isolates were screened for β-glucosidase activity on 4-MUG plates and five of the isolates screened
positive for activity (Table 1). M. pulcherrima, H. uvarum, and K. thermotolerans had weak activity
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while H. anomala and unknown isolate 10 had strong activity. The identity of yeast that
demonstrated β-glucosidase activity was assessed by DNA sequencing and confirmed results from
plating on WL media for Kl. thermotolerans, M. pulcherrima, and H. uvarum (Table 2). However,
the isolate identified as H. anomala based on appearance on WL media was determined to be S.
cerevisiae while unknown isolate 10 was also identified as a S. cerevisiae isolate (Table 2). Because
of this, the H. anomala isolate was renamed S. cerevisiae isolate 1 and unknown isolate 10 was
renamed S. cerevisiae isolate 2. Variable number random repeat (VNTR) analysis was performed on
S. cerevisiae isolate 1 and 2 by ETS Laboratories (Sonoma, CA) to determine if the S. cerevisiae
isolates were distinct isolates and also whether or not they were commercially available S.
cerevisiae strains. Results showed that they were two distinct S. cerevisiae isolates and that they did
not match any of the commercial yeast strains that they were compared to (data not shown).

The β-glucosidase activity of isolates that screened positive for activity on 4-MUG plates was
quantified using the p-NPG assay (Table 3). All isolates were found to have activity under the assay
conditions of 5 g/L glucose, pH 3.5, and incubation at 25 °C. The highest activity under these
conditions was observed for H. uvarum. The lowest activity was seen for the K. thermotolerans and
the two S. cerevisiae isolates. A reduction of activity for all isolates occurred when the sugar
content of the assay media was increased from 5 g/L glucose to 100 g/L glucose and 100 g/L
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fructose. The greatest reduction was seen for the H. uvarum isolate (99.8%), while the lowest
reduction was seen for S. cerevisiae isolate 1 (11%). When the temperature of the assay was
reduced to 8 °C while maintaining the glucose and fructose concentration and pH, the activity of M.
pulcherrima was further reduced (Table 3). However, the activities of K. thermotolerans, S.
cerevisiae isolate 1, and S. cerevisiae isolate 2 increased (Table 3).

Yeast that demonstrated β-glucosidase activity was subsequently used in microscale fermentations
of HHP treated Pinot noir grapes. Prior to inoculation, samples of HHP treated grapes were plated
on WL-biphenyl media following HHP treatment of the grape must and aseptic transfer to
microscale fermentors. No microorganisms were detected in the must (data not shown). In addition,
no microorganisms were detected in the un-inoculated treatments prior to inoculation with S.
cerevisiae RC212. In the other treatments, all yeast grew well during the pre-fermentation
maceration after inoculation with yeast populations for all isolates reaching greater than 5 x 10 6
cfu/mL after 7 days incubation at 9C. For example, M. pulcherrima grew from approximately 1 x
104 to 1 x 107 cfu/mL (Figure 2). When all yeast isolates were inoculated together the yeast grew
well and reached comparable populations as observed when inoculated individually (data not
shown). The length of alcoholic fermentation varied depending on the yeast isolate present (Figure
3) although all ferments were completed within 15 days.
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Wines produced from these fermentations were subsequently analyzed for volatile aromas by with
50 volatile compounds being identified (Table 4). Of those identified, 30 compounds were
quantified. A selection of key aroma-active compounds, including esters, alcohols, acids, terpene
alcohols, and C13-norisoprenoids, is presented. In general, wine made from grapes that did not
undergo a CS (No CS) had the highest levels of ethyl esters compared to treatments that underwent
CS (Table 4). For example, wines made without a CS contained 413.0 g/L ethyl hexonoate while
wines made with a CS containing no microorganisms had significantly lower concentrations of this
ester. There were also significant differences in ethyl esters between wines made with a CS that
contained microorganism vs. wines made with a CS containing no microorganism. For example,
wines made with a CS with no microorganisms contained significantly lower ethyl hexanoate than
many of the wines made with a CS containing various yeast species (Table 4). The concentration of
ethyl acetate was the same in all wines except those made with a CS with H. uvarum which
contained significantly high amounts of this ester. Of the wines made with single yeast isolate
present during CS, wines inoculated with S. cerevisiae isolate 2 had the highest levels of ethyl
butanoate, ethyl hexanoate, and ethyl octanoate (Table 4).

Significant differences in concentrations of branch-chained esters, alcohols, and organic acids were
also noted. Wines made with a pre-fermentation maceration containing M. pulcherrima had the
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highest levels of isoamyl acetate and 2-methylbutyl acetate and second highest level of isobutyl
acetate. In contrast, wines made with a CS containing either S. cerevisiae isolate 1 or 2 consistently
had the lowest amounts of the branch-chained esters. While there were differences between wines
made with CS and containing different yeast species, there were also differences between wines that
did or did not undergo a CS. For example, all wines made with a CS contained significantly higher
concentrations of phenethyl acetate (Table 4) than the wine made without a CS. For the alcohols,
the highest concentrations were often measured in wine made without a CS or a CS where no
microorganisms were present (Table 4).

The concentrations of β-damascenone and β-ionone were similar for all treatments. For the
monoterpenes, wines made without a CS generally contained the highest amounts of these
compounds while those made with a CS with S. cerevisiae isolate 1 or 2 generally contained the
lowest amounts of monoterpenes such as linalool, α-terpineol and trans-geraniol (Table 4). The
exception was β-citronellol where wines made with a CS with S. cerevisiae isolate 1 or 2 contained
as much as twice the concentration of β-citronellol as that measured in the other treatment wines
(Table 4).
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5.4

Discussion

There is increased interest in the contribution of various yeast species and strains to wine aroma, in
particular the contribution of non-Saccharomyces yeast that may produce different levels of volatile
aroma compounds than S. cerevisiae. In this study a total of thirteen unique colony types were
identified during a CS of Pinot noir grapes. While others have reported a larger number of different
yeast species sometimes being present on grapes at harvest (Renouf et al. 2007), the present study
focused on those that grew during the CS period as these yeast species would be most likely to
contribute to changes in the composition of the wine. The genera identified were consistent with
what others have observed in wine grape musts (Ocón et al. 2010, Zott et al. 2008, Jolly et al. 2006)
as were the initial population levels. High population levels of non-Saccharomyces yeast were
present despite the addition of 50 mg/L SO2 at the beginning of the CS. In support, Bokulich et al
(2014) recently reported that SO2 concentrations as high as 150 mg/L did not completely eliminate
the presence of non-Saccharomyces in Chardonnay grape juice. Two S. cerevisiae isolates that had
distinct colony morphology on WL media were also isolated during the CS. Because of their slow
growth on lysine media they were initially characterized as non-Saccharomyces isolates. However,
D1/D2 analysis of their 26S RNA revealed that they were S. cerevisiae. Additional analysis
(VNTR) analysis revealed that they were distinct strains that were most likely not commercially
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available strains as they did not match with any of the commercial yeast cultures that they were
compared to.

Total yeast population increased during pre-fermentation maceration despite the cold temperatures
(8-9°C). Growth of non-Saccharomyces yeast during CS has been reported in previous studies (Zott
et al. 2008, Jolly et al. 2006) although a number of the studies were performed at higher
temperatures than the present study. The growth and persistence of yeast species throughout the CS
suggests that these yeasts could be a source of differences in wine flavor and aroma often noted by
winemakers who perform CSs. Furthermore, a number of the yeasts isolated demonstrated βglucosidase activity including both non-Saccharomyces and Saccharomyces species. As reported by
others (Swangkeaw et al. 2011, Charoenchai et al. 1997), β-glucosidases activity was inhibited by
conditions present in the grape must such as high sugar concentration. In the present study the
degree of β-glucosidase inhibition was species dependent, with some species experiencing severe
inhibition, while others only slight inhibition. In particular, the β-glucosidase activity of H. uvarum
was strongly inhibited by high sugar concentration while M. pulcherrima, K. thermotolerans, and
the two S. cerevisiae isolates were less inhibited and still demonstrated high β-glucosidase activity
in the presence of 100 g/L glucose and 100g/L of fructose. Charoenchai et al. (1997) and McMahon
et al. (1999) have previously reported that the β-glucosidase activity of Saccharomyces species was
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two to three times lower than that of non-Saccharomyces species. While this finding was supported
in the present study, this only occurred under conditions of low sugar (5 g/L glucose). When the
sugar content was increased, the activity of the Saccharomyces isolates was among the highest with
only one of the three non- Saccharomyces species (M. pulcherrima) having a significantly similar
level.

Aside from high sugar concentration, the other condition present during a pre-fermentation cold
soak that may impact β-glucosidase activity is low temperature. However, in this study when βglucosidase assays were conducted at 8°C an increase in activity was observed for both
Saccharomyces isolates and K. thermotolerans compared to activity at 25°C. The increased βglucosidase activity was significant with an increase of 70% or more. To our knowledge, this is the
first report of yeast β-glucosidase activity increasing due to colder temperatures. Furthermore, the
increase in enzyme activity was not due to differences in yeast growth as the assay accounts for
differences in yeast growth by expressing activity on a dry cell weight basis.

When yeast isolates with β-glucosidase activity were inoculated into Pinot noir grape must and held
at 8-9 C, they all grew well with similar increases in population being observed. Despite
similarities in yeast growth, the concentrations of volatile compounds present in the wines produced
from each treatment were significantly different. In general, wines that underwent a CS contained
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lower concentrations of ethyl esters but higher concentrations of branch-chained esters. Differences
were also noted between wines made with a CS with or without microorganisms. These results
demonstrate that both the physical process of the CS as well as the presence and growth of yeast
during this process can contribute to volatile aroma differences in the wines. Differences may have
been due to either the production of esters by the yeast species or compositional changes caused by
the growth of the yeast present during the CS. The high population of yeast may have reduced the
pool of nutrients available for the synthesis of ethyl esters by S. cerevisia RC212. Ethyl esters are
derived from medium chain fatty acids formed by yeast during fatty acid biosynthesis (Malcorps
and Dufour 1992) and their production is reported to vary with differing grape nitrogen composition
(Miller et al. 2007). In addition, branch-chained esters are derived from the products (alcohols) of
the degradation of amino acids, carbohydrates, and lipids and amino acid composition of the must
can impact their production in wine (Miller et al. 2007) Future studies investigating the impact of
pre-fermentation maceration on wine quality should include analysis of the amino acid composition
of the grape must at the end of the cold maceration to determine if the growth of yeast significantly
affected the concentration of certain amino acids that may impact volatile aroma production by S.
cerevisiae.
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In addition to the overall trends observed in ester production, the growth of individual yeast isolates
during CS resulted in wines with higher concentrations of particular esters. The treatment
inoculated with H. uvarum had the highest concentration of ethyl acetate among all treatments. This
finding was not surprising given that many other studies have reported high production of ethyl
acetate by H. uvarum (Viana et al. 2008, Ciani and Maccarelli 1997). However, the concentration of
ethyl acetate in this treatment (64 mg/L) was below the 150 mg/L level considered to produce an off
odor in wine (Garde-Cerdán and Ancín-Azpilicueta 2006). In fact, at lower concentrations ethyl
acetate may be considered a desirable wine aroma (Maarse 1991). The treatment inoculated with H.
uvarum also had high concentrations of the branch-chained esters, isoamyl acetate and isobutyl
acetate along with the treatment inoculated with M. pulcherrima. The impact of non-Saccharomyces
yeast on ester production has been reported in other studies (Viana et al. 2008, Lema et al. 1996).
However, many of these studies focused on ester production during alcoholic fermentation of white
wines. To our knowledge, this is one of the few studies that have reported the impact of nonSaccharomyes yeast on Pinot noir ester content. In addition, this study reports the impact of yeast
growth during CS on ester production and is unique in this respect.

Aromatic alcohols were generally higher in wines that did not undergo a CS or that underwent CS
without any microorganisms. Higher alcohols are synthesized by yeast and are derived from branch-
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chained amino acids (Swiegers et al. 2005) with their production being impacted by the amino acid
content of grape must as well as yeast strain (Hernández-Orte et al. 2006). The elevated
concentrations of higher alcohols may be due to the presence of lower total yeast population and
therefore a greater pool of available amino acids. Treatments with increased higher alcohol content
received only an inoculation of S. cerevisiae RC212 while the other treatments also received an
addition of one or more yeast species as well as S. cerevisiae RC212. Furthermore, nonSaccharomyces yeast typically produce lower amounts of higher alcohol than S. cerevisiae (Jolly et
al. 2006) although this may vary between species. This is consistent with the findings of this study
regarding the CS treatments. Treatments inoculated with non-Saccharomyces isolates (M.
pulcherrima, H. uvarum, K. thermotolerans) had lower concentrations of higher alcohols than those
treatments inoculated with the S. cerevisiae isolates. This included 2-phenyl ethanol, a compound
with a characteristic rosy aroma that is an important aroma attributor in Pinot noir wine (Fang and
Qian 2005)

In addition to generating aroma active compounds during fermentation, some yeast also possess βglucosidase activity that can result in the release of sugar bound grape derived aroma compounds
(Swangkeaw et al. 2011, McMahon et al. 1999, Charoenchai et al. 1997). The yeast isolates used in
this study demonstrated varying levels of β-glucosidase activity in a broth based system under
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conditions of a CS. When these yeasts were used during the production of Pinot noir wine the
concentrations of some grape derived aroma compounds were impacted by yeast while others were
not. For example, the concentrations of the C13-norisoprenoids β-ionone and β-damascenone were
very similar among all the treatments while the concentrations of terpene alcohols differed. βionone and β-damascenone are important aroma compounds for Pinot noir wine to the aroma
contributing aromas of berry or violet (β-ionone) and exotic flowers or heavy fruit (β-damascenone)
(Fang and Qian 2006). Although the concentrations of these compounds were within the range of
what has been reported for Pinot noir (Fang and Qian 2006), their concentrations were not impacted
by yeast that had previously demonstrated high β-glucosidase activity. In addition, the
concentrations of β-ionone and β-damascenone were not impacted by the CS itself, whether yeast
were present or not. This finding suggests that performing a CS would not increase the
concentrations of these compounds in Pinot noir wine.

In contrast to the findings for the C13-norisoprenoids, differences in the concentrations of terpene
alcohols among the treatments were observed. Linalool, α-terpineol, nerol, and geraniol were
present in the highest concentrations in wines where a pre-fermernation cold maceration was
conducted without any microorganisms. Concentrations measured were similar to those previously
reported in Pinot noir wine (Fang and Qian 2006). However, the concentration of β-citronellol was
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as much as twice as high in the treatments inoculated with S. cerevisiae isolate 1, S. cerevisiae
isolate 2, and a combination of all the yeast. To our knowledge this is the first report of yeast
increasing the free terpene alcohol content of Pinot noir wine. It should be noted however, that the
concentrations of β-citronellol observed, although high for Pinot noir, were still below the published
sensory threshold in wine (Guth 1997).
5.5

Conclusion

In summary, performing a CS of Pinot noir grapes resulted in significant differences in wine
volatile aromas compared to wine made without this process. Volatile aromas were impacted by the
CS process itself as well as the presence and growth of various yeast species. Aside from
differences in esters and higher alcohols, the concentrations of certain grape derived compounds
were also impacted. Significant changes in the concentration of the terpene β-citronell occurred
when yeast with demonstrated β-glucosidase activity were present during the CS. Future work
should involve sensory evaluation of the wines produced with different yeast present during CS as
well as the fermentations of grape varieties containing higher concentrations of terpene alcohols,
such as Riesling
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Figure captions

Figure 5.1. Growth of non-Saccharomyces yeast and Saccharomyces cerevisiae and change in °Brix
and temperature during pre-fermentation maceration (day 0-7) and alcoholic fermentation (day 713) of Pinot noir grapes

Figure 5.2. Growth of Saccharomyces cerevisiae RC212, Metschnikowia pulcherrima, and °Brix
change during pre-fermentation cold maceration (A) and alcoholic fermentation (B) of Pinot noir
grapes. Inoculation of S. cerevisiae RC212 occurred at end of cold maceration.

Figure 5.3. Change in °Brix during pre-fermentation cold maceration (A) and alcoholic
fermentation (B) of Pinot noir grapes inoculated with a single yeast isolate or combination of all
isolates followed by inoculation of S. cerevisiae RC212 at completion of cold maceration.
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Table 5.1 Yeast isolated from Pinot noir grapes undergoing pre-fermentation maceration and identified by appearance on WL media and their β-glucosidase
activity on 4-MUG media
Appearance on WL media

β-glucosidase actvitya

small, round, white, knoblike, with dark brick red haze and bottom

+

Hanseniaspora uvarumb

small-medium sized, round, flat, dark pea green with white edge

+

Issatchenkia orientalisc

round, white, flat, matte-looking

-

matte, frosty, white
dark bright green/teal with white edge

-

tall, white-ice blue, mountain-like

-

Pichia membranaefaciensc

round, blue center, frosty, flour like consistency

-

Kluveromyces thermotoleransc

small-medium sized, round, flat bright teal/green

+

round, light blue, opaque, knoblike

++

Unknown isolate 8

small, round, glossy, clear-looking, light blue

-

Unknown isolate 9

small, flat, wet-looking, bright straw

-

Unknown isolate 10

round, white, knoblike; sometimes with dark green center

++

Unknown isolate 11

white, round, flat, bright green with concentric circles

-

Unknown isolate 12

round, white with dark blue center

-

Yeast Isolate
Metschnikowia pulcherrimab

Candida oleophiliab
Candida vinic

Hansenula anomalab

a

(-) no activity, (+) weak activity, (++) strong activity

b

Pallman et al. 2001, cEdwards 2005
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Table 5.2 Yeast isolate identification
Identity based on WL colony appearance

Identity based on D1/D2 analysis

GenBank accession no.

Similarity (%)a

Metschnikowia pulcherrima

Metschnikowia pulcherrima

GU080051

99%

Hanseniaspora uvarum

Hanseniaspora uvarum

EU386753

99%

Kluveromyces thermotolerans

Kluveromyces thermotolerans

U69581

99%

Hansenula anomala

Saccharomyces cerevisiae

JN225410

100%

Unknown isolate 10

Saccharomyces cerevisiae

JN225410

99%

a

Percentage of similar nucleotides in domain D1/D2 between isolate and GenBank accession strain
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Table 5.3 β-glucosidase activity of various yeast species after 48 hrs incubation at 25 °C or 8 °C in assay media (pH 3.50) containing
different sugar concentrations
β-glucosidase activity (nmoles p-NP released/ g cells/ mL supernatant x 100)
25 °C

25 °C

8 °C

100 g/L Glucose

100 g/L Glucose

100 g/L Fructose

100 g/L Fructose

5 g/L Glucose
Yeast isolate
M. pulcherrima

a

*

183.3 + 38.6a

149.7 + 31.1a

2730.4 + 1130.7b

5.7 + 1.1b

8.4 + 1.7b

K. thermotolerans

208.5 + 162.4c

60.3 + 12.3c

383.4 + 38.2c

S. cerevisiae isolate 1

306.1 + 123.1c

153.6 + 18.4a

897.8 + 113.1d

S. cerevisiae isolate 2

207.5 + 64.1c

184.2 + 17.1a

921.9 + 36.3d

H. uvarum

a

826.1 + 176.2a

Values within columns followed by the same letter do not differ significantly, p< 0.05, n=3
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Table 5.4 Concentration (μg/L) of volatile compounds in Pinot noir wines made from grapes that did or did not undergo a pre-fermentation cold maceration (n=3)
No CSa

CS No
Microorganisms

CS +
M. pulcherrima

CS +
H.uvarum

CS +
K.thermotolerans

CS + S.cerevisiae 1

CS +
S.cerevisiae 2

CS All
Microorganisms

Esters
Ethyl acetate*b

49.2±0.9bc

44.3±2.5b

44.3±1.0b

64.1±4.3a

43.6±0.6b

44.4±2.2b

41.9±5.9b

43.9±1.4b

Ethyl butanoate

367.6±19.3b

208.6±31.5c

268.4± 16.3bc

258.6±25.7c

267.7±17.9bc

267.5±24.7bc

533.9±85.4a

303.3±16.9bc

Ethyl hexanoate

413.0± 12.4a

180.1±21.4e

228.0±10.7cd

180.6±16.6e

192.9± 5.9de

256± 2.8c

326.7± 23.6b

252.1±18.0c

Ethyl octanoate

260.2±58.7a

111.1±16.7cde

121.7±6.1cde

103.4±8.4de

94.7±4.3e

131.4±6.3cd

164.9±8.2b

135.7±15.8bc

Ethyl decanoate

101.3±42.7a

53.8±3.1bc

58.5±2.6b

44.5±2.4c

49.0±4.5bc

44.6±8.2c

53.4±1.9bc

51.8±6.7bc

Ethyl isobutyrate

16.1±1.1a

16.8±2.4a

10.7± 1.7b

8.5±0.7bc

20.1±3.4a

5.1±1.1c

6.4±0.3bc

7.5±0.7bc

Isobutyl acetate

112.9±5.4a

95.5±11.8b

115.7±6.9a

120.9±3.4a

92.1±0.9b

32.6±2.7c

37.9±6.9c

36.4±2.5c

Isoamyl acetate

478.2± 28.4bc

538.1±60.2b

661.6±33.7a

565.7±20.2ab

529.4±9.9b

407.0±39.1cd

386.6±52.3cd

369.3±15.3d

Ethyl
phenylacetate

1.1±0.0cd

1.2±0.0ab

1.1±0.1bcd

1.0±0.1d

1.3±0.0a

1.3±0.1a

1.2±0.1abc

1.3±0.1a

Phenethyl acetate

39.2±1.1d

52.9±3.3bc

59.6±6.4abc

53.6±0.6bc

67.5±2.9a

55.7±1.3bc

60.8±3.3ab

51.3±1.4c

Isobutyl alcoholb

110.1±6.9a

109.4±8.5a

93.8±3.8b

89.1±4.6b

75.1±2.9c

40.1±1.3e

60.1±2.3d

50.8±1.4de

Isoamyl alcoholb

178.0±3.7a

162.6±17.8ab

150.3±2.9bcd

139.2±4.3cd

136.6±5.1d

147.3±0.6bcd

158.9±0.3abc

156.0±4.5bcd

1-Hexanol b

2.4±0.2a

2.7±0.4a

2.5±0.1a

2.7±0.1a

2.7±0.1a

2.8±0.3a

2.9±0.3a

2.7±0.3a

1-Octanol

19.6±0.8a

17.3±1.8bc

17.2±0.7bc

14.9±0.3cd

13.38±0.3d

17.9±0.4ab

18.5±0.7ab

17.7±0.6ab

1-Nonanol

9.4±1.4a

6.2±0.4bcd

5.5±0.3d

5.8±0.5cd

5.4±0.1d

7.3±0.09bc

7.5±0.4b

6.8±0.09bcd

1-Decanol

1.5±0.4a

1.1±0.2ab

1.1±0.2ab

1.2±0.1ab

1.0±0.1ab

1.2±0.1b

1.2±0.0ab

1.3±0.2ab

711.2±45.2b

905.7±122.8a

919.4±46.2a

855.5±12.8ab

783.0±23.3ab

775.2±101.4ab

871.3±67.4ab

769.8±10.7ab

34.6±0.8ab

29.3±1.7cd

28.2±0.3de

25.2±0.8e

32.1±0.2bc

34.7±1.4ab

37.1±0.9a

37.4±2.3a

Alcohols

Benzyl alcohol
2-phenyl ethanol

b
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(Continued)
Terpene alcohols
Linalool

11.2±0.2ab

11.8±0.8a

11.3±0.4a

10.1±0.04bc

11.5±0.2a

8.2±0.3d

9.5±0.3c

8.3±0.4d

α-Terpineol

9.2±0.1cd

10.6±0.5a

9.4±0.3bc

8.9±0.4cd

10.3±0.4ab

7.3±0.2e

8.9±0.3cd

8.4±0.3d

β-Citronellol

8.7±0.1b

11.2±0.5b

9.9±1.3b

9.3±0.6b

7.3±0.4b

21.3±1.9a

19.4±0.6a

18.9±3.4a

Nerol

2.4±0.2ab

2.5±0.3a

2.4±0.3ab

2.3±0.3ab

1.9±0.2ab

2.1±0.3ab

2.3±0.2ab

1.8±0.3b

Trans-Geraniol

20.2±1.4a

20.4±2.9a

19.5±0.5ab

18.1±0.9abc

16.3±0.7bcd

12.9±1.3de

15.3±0.6cd

11.3±1.2e

β-Damascenone

3.5±0.1a

3.6±0.2a

3.5±0.1a

3.2±0.2b

2.9±0.1b

3.5±0.2a

3.6±0.2a

3.3±0.3a

β-Ionone

1.4±0.0a

1.3±0.0a

1.4±0.0a

1.3±0.0a

1.4±0.0a

1.4±0.0a

1.4±0.0a

1.3±0.0a

Hexanoic acid

299.8±8.7a

155.5±19.8de

161.2±6.3cd

124.9±6.2e

126.4±7.5de

192.1±17.4bc

265.7±16.4a

206.7±11.7b

Octanoic acid

5722.9±201.5a

3079.6±294.9de

3164.5±99.1de

2617.4±123.9
ef

2376.9±119.4f

3278.9±280.9cd

4641.4±252.5b

3805.6±43.4c

Decanoic acid

466.5±103.9a

347.6±13.1ab

352.6±8.1ab

278.4±9.7b

275.1±16.7b

304.3±95.6b

387.6±10.7ab

377.1±16.3ab

66.5±19.9a

67.1±4.7a

76.3±2.5a

66.4±1.7a

60.9±5.6a

56.9±12.2a

75.9±7.4a

68.6±4.1a

C13Norisoprenoids

Free Fatty Acids

Dodecanoic acid
a

CS = pre-fermentation cold maceration at 9 °C for 7 days

b

Unit for concentrations of these compounds is mg/L

c

Values within the same row followed by the same letter do not differ significantly (p<0.05)
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Fig. 5.1 Growth of non-Saccharomyces yeast and Saccharomyces cerevisiae and
change in °Brix and temperature during pre-fermentation maceration (day 0-7) and
alcoholic fermentation (day 7-13) of Pinot noir grapes
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Fig. 5.2 Growth of Saccharomyces cerevisiae RC212, Metschnikowia pulcherrima,
and °Brix change during pre-fermentation cold maceration (A) and alcoholic
fermentation (B) of Pinot noir grapes. Inoculation of S. cerevisiae RC212 occurred at
end of cold maceration.
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Fig. 5.3 Change in °Brix during pre-fermentation cold maceration (A) and alcoholic
fermentation (B) of Pinot noir grapes inoculated with a single yeast isolate or
combination of all isolates followed by inoculation of S. cerevisiae RC212 at
completion of cold maceration.
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6.1

Introduction

Gewürztraminer is a well-known aromatic grape variety that produces full bodied
white wines grown in colder wine-producing such as northern France and Germany,
and British Columbia(Girard, Fukumoto, Mazza, Delaquis, & Ewert, 2002). Previous
studies have elucidated the most odor-active compounds Gewürztraminer wine (Guth,
1997a, 1997b; Ong & Acree, 1999; Versini & Lalou, 1985) and the unique aroma of
Gewürztraminer wines are characterized as a spicy and floral flavor. Some researchers
consider terpenes are mainly responsible for the flavor attributes typical to
Gewürztraminer (Marais, 1987; Marais & Rapp, 1991). Guth demonstrates cis-rose
oxide and wine lactone the most important contributor to the aroma of
Gewürztraminer wine(Guth, 1997a, 1997b). Ong and Acree (Ong & Acree, 1999)
confirmed that the common odorants detected in both lychee and Gewürztraminer
wine, particularly cis-rose oxide, were responsible for the lychee aroma in
Gewürztraminer wine. Etievant reported that the spicy and floral aromas of
Gewürztraminer were attributed to phenylethanol, phenethyl acetate, etc. (Etievant,
1991).
Previous study demonstrated that there is potential for flavor glycosides to be
hydrolyzed during pre-fermentation cold maceration with inoculation of isolated yeast
from OSU research winey in red wine(Hall, Zhou, Qian, & Osborne, 2016). In this
work, the OSU isolated yeast from previous work with high glycosidase activity was
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used to investigate the impact on white wine such as Gewürztramine wine. The
objective of this study is to investigate the impact of pre-fermentation cold maceration
with selected yeast strains on the aroma composition of Gewürztraminer wine.
6.2

Materials and Methods

6.2.1 Grape and high hydrostatic pressure (HHP) treatment

The Gewurztraminer grapes were donated by Dai Crisp of Lumos Wines from 2012
vintage. The grapes were treated with high hydrostatic pressure (HHP) to inactivate
naturally occurring yeast and bacteria before inoculation. The grape must was
processed by high hydrostatic pressure (HHP) for 5 minutes at 551 MPa as described
by Takush and Osborne (2011). The HHP unit was made by National Forge Company
(Irvine, PA, USA) and has a 22L maximum capacity and a 689 MPa maximum
pressure. The high pressure intensifier pump was made by Flow International
Corporation (model 7XS-6000, Kent, WA, USA) and has a maximum capacity of 620
MPa.
6.2.2 Pre-fermentation cold maceration and fermentation

Pre-fermentation cold maceration and fermentation were conducted at the Oregon
State University research winery. Pre-fermentation cold maceration was conducted for
7 days at 8°C with inoculation with commercial yeast (S. cerevisiae VIN13) and yeast
isolated previously at OSU with high glycosidase activity. Following cold maceration,
all ferments were warmed to 13°C to complete the alcoholic fermentation. No cold
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maceration treatment was conducted directly at 13 °C with yeast inoculation and
alcoholic fermentation. Triplicate fermentation was performed for each treatment. The
fermentation design was listed in table 6.1
6.2.3 Analysis of wine volatile aromas by HS-GC-FID

Acetaldehyde, ethyl acetate, propanol, isobutanol, isoamyl alcohol, isoamyl acetate
were quantified by HS-GC-FID method. 0.5ml of milli-Q water and 0.5 mL of the
wine (4℃) were pipetted to a 20-ml autosampler vial, 20 μL of the internal standard
solution (containing 2.5 mg/L methyl propionate) was added. The vial was tightly
capped with teflon-faced silicone septa and placed in the automatic headspace
sampling system (Combi Pal autosampler from CTC Analytics, Zwingen,
Switzerland) or (Gerstel) for analysis. The samples were kept in a cooling tray at 8 ℃
before they were analyzed. Samples were incubated in the agitator at 70°C for 15
minutes at a speed of 250 rpm (on for 10 s, off for 1 s). After incubation, a 2.5 mL
headspace syringe was inserted into the headspace of the sample and 1000.0ul of the
headspace was taken and injected into an Agilent 7890 gas chromatograph equipped
with a flame ionization detector (Agilent Technologies, Palo Alto, CA) and fitted with
a DB-WAX capillary column (30 m X 0.25mm X 0.5 μm, J&W Scientific, Folsom,
CA). Helium was used as the carrier gas at a flow rate of 2 mL/min. The inlet
temperature was 35 ℃. The injection was performed in split mode with split ratio of
10:1. The detector was 250℃ with H2 flow at 30 ml /min and Air flow at 400 ml /min,
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the makeup flow was 25 ml /min. The oven temperature program used was 35℃
for 4 min, followed by an increase of 10℃/min to 150 ℃, holding for 5 minutes.
Standard curve of each compound was obtained in ethanol solution and the
concentration was calculated based on internal standard method.
6.2.4 Analysis of wine volatile aromas by SPME-GC-MS

Wine samples (2 mL) were diluted with 8 mL citric acid solution with saturated salt
(pH=3.2) in a clean 20ml auto-sampler glass vial and 20 μL of internal standard
solution (containing 1.5mg/mL methyl propionate, 38.4 mg/L 3-heptanone, 47.5 mg/L
hexyl formate, 43.9 mg/L 4-octanol and 41.7 mg/L octyl propionate) were added. The
vials were tightly capped with Teflon-faced silicone septa. A SPME fiber coated with
divinyl benzene /Carboxen/ polydimethylsiloxane phase (DVB/CAR/PDMS) (2 cm
long, 50/30 μm) was used for the extraction of volatile compounds. The vials were
placed in an automatic headspace sampling system and samples were pre-incubated at
50 ℃ for 30 min, and then extracted for 30 min at 50℃.
The volatile compounds extracted by SPME fiber were analyzed using a HP6890
gas chromatograph equipped with a 5973 mass spectrometry detector (MSD) system
(Agilent Technologies, Palo Alto, CA) and fitted with a ZB-Wax capillary column (30
m X 0.25mm X 0.5 μm). Helium was used as the carrier gas at a flow rate of 1.2
mL/min. The inlet temperature was 250℃. Desorption was performed in the splitless
mode. The oven temperature program was 35°C for 4 min, followed by an increase of
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5℃/min to 230℃. The final temperature was held for 10 min. The MSD in scan
mode was used. The electron impact (EI) energy was 70 eV, the MS transfer line and
ion source temperature were 230 ℃ respectively. Electron impact mass spectrometric
data from m/z 35-350 were collected.
6.2.5 Analysis of volatile phenolic compounds by EG-SBSE-GC-MS

The volatile phenolic compounds were extracted and analyzed following the method
by Zhou et al.(Zhou, Qian, & Qian, 2015). 4 ml of wine sample and 16 ml of
phosphate buffer (1M, pH =7.2) were added to a 20 ml vial. 20μl of internal standard
solution was then added (containing 61.0 mg/l of 4-methyl guaiacol and 59.6 mg/l of
3,4-dimethylphenol) and Volatile compounds in the beer were extracted with a stir bar
coated with polydimethylsiloxane (PDMS) /EG phase (1 cm length, 0.5 mm
thickness, Gerstel Inc.). The sample was extracted at room temperature for 3 hours at
constant speed of 1000 rpm. After extraction, the stir bar was rinsed with distilled
water and placed into the sample holder for TDU-GC-MS analysis.
The volatile phenolic compounds extracted by EG-stir bar were analyzed using a
HP7890 gas chromatograph equipped with a 5979 mass spectrometry detector (MSD)
system (Agilent Technologies, Palo Alto, CA) and fitted with a ZB-Wax capillary
column (30 m X 0.25mm X 0.5 μm). In the thermal desorption tube, volatile
compounds were desorbed from the stir bar at the following conditions: desorption
temperature, 220 ºC; desorption time, 5min; The chromatographic program was set at
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35 ºC for 4 min, raised to 150 ºC at 20 ºC/min, then raised to 230 ºC at 4 ºC/min
hold for 10 min. A constant helium flow of 2 ml/min was used. The MS transfer line
and ion source temperature were 280 °C and 230 °C, respectively. The mass selective
detector in the full scan mode was used for acquiring the data. Electron ionization
mass spectrometric data from m/z 35 to 300 were collected, with an ionization voltage
of 70 eV
6.2.6 Analysis of wine volatile sulfur compounds by HS-SPME-GC-PFPD

Two milliliters of samples were placed in a 20 mL autosampler vial, and then diluted
with eight milliliters of Milli-Q water. An aliquot 100µL of the internal standard
solution (500ppb EMS and 2ppb Isopropyl DS) and 50µL 5% acetaldehyde (w/v)
were added to each vial. Duplicate analysis was performed for each wine sample.
An automatic headspace sampling system (CombiPAL autosampler, CTC Analytics
AG, Zwingen, Switzerland) equipped with an 85μm Carboxen-PDMS SPME fiber
(SUPELCO, Bellefonte, PA, USA) was used for extraction of organic sulfur
compounds. Before use, the fiber was pre-conditioned in a split/splitless GC injector
port at 300°C for 1 hour. For quantification of all the sulfur compounds except
methionol, the samples were equilibrated at 30°C for 5 min with 500 rpm of agitation,
and then extracted with the SPME fiber at headspace for 20 min with 250 rpm
agitation at the same temperature.
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The samples will be prepared one more set for quantification of mehionol. The
only difference was to set up the equilibration and extraction temperature at 50 °C
instead of 30°C while other conditions including sample preparation and
chromatographic conditions were all kept the same.
The analysis was performed on a Varian CP-3800 gas chromatography equipped with
a PFPD detector (Varian, Palo Alto, CA, USA). Volatile compounds extracted with
the SPME fiber were desorbed at 300°C for 5.5 min in the injector. The separation
was achieved by using a DB-FFAP capillary column (30m×0.32 mm I.D., 1.0μm film
thickness, Agilent Technologies, Inc, Santa Clara, CA, USA). The oven temperature
program was set up as follows: initial 35°C held for 3 min, increased to 150°C at
10°C /min and held for 5 minutes, and then increased to 220 °C at 20°C /min, the
final temperature held for 3 min. The total GC run time was 26 min. Nitrogen was
used as the carrier gas at a constant flow rate of 2 mL/min. GC injection port was in
splitless mode for 5 min at 300°C. The PFPD was operated in the sulfur mode at
300°C.All sulfur compounds were identified by comparing their retention times with
injection of the pure standards.
6.3

Results

The volatile compounds in Gewürztraminer Wines were analyzed using 4 different
analytical methods. Among these, 6 volatile compounds were quantified by HS-GCFID method, 35 compounds were quantified with SPME-GC-MS method, 12 volatile
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phenols and lactones were quantified using EG-SBSE-GC-MS method and 9
volatile sulfur compounds were quantified by HS-SPME-GC-PFPD, and the
quantified results were shown in table 6.2. Odor Active Values (OAVs) of Volatile
Compounds in Gewürztraminer Wines were shown in table 6.3. OAVs were
determined by dividing the concentration by its odor detection threshold. The aroma
profile in different treated wines were pretty much similar, however, the
concentrations were quite different. Fermentation esters, alcohols, terpene alcohols,
free fatty acids, C13-norisoprenoids, volatile phenols and lactones and volatile sulfur
compounds were quantified for treatment comparison.
6.4

Discussion

6.4.1 Esters

Ethyl acetate had the highest concentration in all the wines ranging from 20 to 40
mg/l. With characteristic descriptor of nail-polish, high concentration of ethyl acetate
in wine can cause defect. The commercial yeast Vin13 produced higher level of ethyl
acetate than OSU yeast disregarding the cold maceration treatment. The similar
results also showed in other straight-chained ethyl esters such as ethyl hexanoate,
ethyl octanoate and ethyl decanoate except that OSU yeast produced slightly higher
ethyl butanote than Vin13. These ethyl esters are very important contributors to the
fruity aromas of the wine. As to branch-chained ester isoamyl acetate, described as
“banana and pear”, were present at very high concentration and high in OAVs values
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in all treatments, meaning that this compound markedly contributing to the aroma
profile of white wines. OSU yeast produced slightly higher concentration than
commercial yeast Vin13. Other branch-chained esters such as ethyl isobutyrate and
isobutyl acetate were all below their sensory thresholds.
Regarding the cold soak effect, both of the yeasts showed the similar results that the
concentration of those major esters were slightly higher when inoculated with the
yeast at 8°C for 5 days before fermentation at 13°C than the treatments without cold
soak.
6.4.2 Alcohols

The sensory thresholds of alcohols are generally very high in wine, and the
concentrations of most alcohols in the wines were lower than the sensory threshold. In
these Gewürztraminer wines, isoamyl alcohol, 1-octanol and 2-phenylethanol had
concentrations higher than their sensory thresholds. Isoamy alcohol, which
contributes the alcoholic and harsh flavor to the wine, had concentrations 4-6 times
higher than its sensory threshold of 30 ppm. 1-Octanol can give wine orange and rose
aroma and 2-phenylethanol can also contributes to the rose aroma. For these three
alcohols as well as other important alcohols such as isobutyl alcohol and 1-hexanol,
the OSU yeast produced higher amount than the yeast Vin13 regardless of the cold
soak effect. On the other hand, the formation of alcohols seem not to be affected by
the cold soak treatment significantly. In a word, the production of alcohols is mostly
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affected by the yeast during the fermentation process rather than pre-fermentation
treatment.
6.4.3 Terpene alcohols

In this study, five monoterpene alcohols including linalool, geraniol, citronellol, nerol
and alpha-terpeniol were compared. The concentrations of these terpene alcohols
among different treatments were very similar. The cold soak treatment did not affect
the concentration of these terpene alcohols significantly especially the citronellol,
which is beyond our expectation from the hypothesis. The possible explanation for the
results might be: since the previous results showed that the selected yeast had very
high glycoside activity at 8°C, it is very likely that the yeast would also have high
glycoside activity at 13°C, at which fermentation was performed. Meanwhile, the
complete fermentation process last several days at this relatively low temperature, and
it was probably long enough to hydrolyze the glycoside, so the final concentrations of
terpene alcohols were very close no matter going through the cold maceration or not.
In addition, the commercial yeast performed very similarly with the OSU selected
yeast in producing the terpene alcohols from glycoside. The results indicated that like
the OSU isolated yeast for its high glycoside acitivity, the commercial yeast Vin13
also had similar level of glycoside activity.
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6.4.4 Acids

Acids usually contribute to wine with cheesy, rancid and unpleasant flavor. In this
study, the hexanoic acid, octanoic acid and decanoic acid all had concentrations
higher than their sensory threshold. The results showed that OSU isolated yeast
produced lower concentrations of acids than the commercial Vin13 yeast. Considering
the cold soak effect, it did not change the concentrations significantly for most acids
with both of the yeasts except that after cold soak, the Vin13 would produce higher
amount of decanoic acid.
6.4.5 C13- norisoprenoids

β-Damascenone, described as apple, rose, and honey, with a sensory threshold
reported as low as 0.05 µg/L. The commercial yeast seem could generate slightly
higher β-Damascenone than the OSU isolate, but not significantly. Cold soak with
yeast inoculated could also increase the level of β-Damascenone by using the Vin13.
β-ionone is a significant contributor to the aroma of red wine due to its low sensory
threshold. It has a distinct berry and violet-like aroma, its concentration in these
Gewürztraminer Wines wine was right around the sensory threshold. The result
showed that β-ionone concentrations were nearly the same among the 4 treatments
regardless of yeasts and cold soak treatment.
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6.4.6 Volatile phenolic compounds and lactones

4-vinylguaiacol (4-VG) and 4-vinylphenol (4-VP) are the two main volatile phenols
affecting Gewürztraminer wines flavor, they attribute with a strong spicy, clove-like
or smoky characteristics. OSU isolated yeast produced significant higher
concentration of 4-vinylphenol and 4-vinyl guaiacol while Vin13 yeast produced very
low concentration of these two compounds. The quantification results were highly
correlated to the sensory results that the the wine made with OSU yeast gave more
classic Gewürztraminer characteristics with spicy, clove-like aroma. The
concentrations of other volatile phenolic compounds as well as lactones were all
lower than sensory threshold.
6.5

Conclusion

The sensory test as well as quantitative results showed that there were no significant
differences between the cold maceration treatment and no cold maceration treatments
with both yeasts. However, the two yeasts showed significant impact on the aroma
profile of the wines. Main fermentation esters, alcohols as well as some important
phenolic compounds were showed significant differences. However, the terpenes such
as linalool, citronellol, cis-rose oxide and C13-norisoprenoids like beta-damascenone
did not show much different with these two yeasts.
Fermentation of Gewürztraminer grapes with OSU isolated yeast #10 did not show
increase of terpene alcohols and C13-norisoprenoids compared to Vin13, a
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commercial yeast strain known to produce good aromatic white wine regardless of
cold soak treatment. However, the OSU yeast did increase the concentration of 4vinylphenol and 4-vinylguaiacol dramatically, which gave the wine spicy, clove-like
aroma, the classic Gewürztraminer characteristics. The results was highly correlated
to the sensory evaluation.
6.6
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Table 6.1 Yeast and fermentation treatment on Gewurztraminer wines (n=3)
Fermentation
Treatment

Fermentation Yeast

Cold Maceration
Temperature

Control

OSU-2 (#10)

8°C for 5 days (no yeast)

13°C

OSU-8C

OSU-2 (#10)

8°C for 5 days(with yeast)

13°C

OSU-13C

OSU-2 (#10)

No cold maceration

13°C

Vin13-8C

Vin13

8°C for 5 days(with yeast)

13°C

Vin13-13C

Vin13

No cold maceration

13°C
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Table 6.2 Concentration (μg/L) of volatile compounds in Gewürztraminer wine made from selected yeast strains that underwent a pre-fermentation cold maceration at two
different temperatures (n=3)
Controla

OSU-8Cb

OSU- 13Cc

Vin13- 8Cd

Vin13- 13Ce

41.5±30.5

28.5±0.5

29.1±0.4

36.8±2.2

34.1±1.1

Ethyl Isobutyrate

2.7±0.8

4.9±0.2

6.8±0.6

2.3±0.5

3.3±0.4

Isobutyl Acetate

22.9± 15.0

38.4± 1.9

39.2±3.5

34.5± 3.5

28.9± 2.1

Ethyl Butanoate

195± 127

647± 63

475± 38

465± 6

379±17

Ethyl 2-methyl butyrate

1.0±0.1

1.3±0.2

1.8±0.1

1.3±0.2

1.8±0.2

Ethyl 3-methyl butyrate

0.88±0.10

1.21±0.11

1.39±0.22

1.06±0.14

1.37±0.18

Isoamyl Acetate

309±215

931±48

969±72

1017±131

746±42

Ethyl Pentanoate

0.39±0.03

0.42±0.02

0.36±0.02

0.47±0.08

0.49±0.04

Hexyl Acetate

11.5±7.2

72.0±5.8

72.0±7.3

100.4±16.3

71.0±9.0

Ethyl Hexanoate

261±89

658±61

582±13

800±24

641±29

Ethyl Heptanoate

0.89±0.28

0.46±0.06

0.48±0.03

0.56±0.03

0.79±0.43

Ethyl Octanoate

387±72

776±55

670±42

940±13

772±51

Octyl Acetate

0.41±0.07

0.79±0.10

0.67±0.02

1.01±0.02

0.72±0.04

Diehyl Succinate

30.3±0.7

32.2±4.2

63.3±12.3

39.7±1.8

58.3±20.0

Phenethyl Acetate

94±63

112±15

129±6

133±2

115±17

Ethyl Decanoate

77±55

336±9

321±27

410±36

352±17

Treatment
Esters
Ethyl Acetate*f
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(Continued)
Alcohols
Propanol*

31.6±3.4

34.2±1.0

30.0±1.2

43.5±2.2

44.7±1.7

Isobutyl Alcohol*

31.0±6.8

30.2±2.0

28.8±0.6

12.3±0.8

13.7±0.6

Isoamy Alcohol*

202±26

207±8

204±5

123±5

131±4

1-Hexanol

1960±96

2150±86

2134±19

1999±72

2000±16

Trans-3-hexen-1-ol

52.4±2.3

57.1±4.1

53.2±3.7

46.0±2.2

44.9±1.2

Trans-2-hexen-1-ol

53.3±2.1

38.6±8.9

32.7±3.4

40.5±6.7

33.3±3.0

1-Octen-3-ol

5.0±0.5

4.1±0.2

4.2±0.2

4.1±0.1

4.0±0.2

1-Octanol

464±0.3

501±34

555±20

393±8

423±16

1-Nonanol

5.1±0.5

3.0±0.2

2.8±0.2

2.4±0.1

2.4±0.1

Decanol

5.9±1.2

8.4±0.3

8.4±0.2

4.6±0.2

4.6±0.1

Benzyl Alcohol

35.5±14.6

43.0±4.9

48.3±2.6

48.1±3.0

53.8±5.1

2-Phenethyl alcohol*

14.7±0.7

14.4±0.2

15.8±0.7

12.1±0.2

12.2±1.7

Linalool

15.1±0.1

17.8±1.0

18.3±0.4

15.7±0.3

15.7±0.2

α-Terpineol

9.0±0.5

9.6±0.6

10.6±0.4

10.1±0.6

10.2±0.6

β-Citronellol

46.0±10.2

50.8±1.0

51.0±2.0

54.2±4.7

57.7±3.5

8.4±0.5

9.1±0.5

8.8±0.3

11.0±0.7

9.9±1.1

Terpene alcohols

Nerol
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(Continued)
Trans-Geraniol

14.9±0.5

20.3±2.2

20.1±1.1

21.3±0.7

18.6±1.8

Hexanoic acid

1481±395

2949±451

2818±158

3697±138

3054±319

Octanoic acid

1575±480

2964±38

3021±238

4188±289

3398±434

Nonanoic acid

11.2±0.1

11.1±0.1

10.7±1.6

11.9±0.7

10.9±1.2

Decanoic acid

483±220

1141±10

1221±141

1801±160

1418±132

Dodecanoic acid

13.2±6.4

47.8±3.8

38.6±4.8

107±18

72.3±3.8

β-Damascenone

5.1±0.03

7.3±0.3

7.2±0.2

8.4±0.4

7.5±0.2

β-Ionone

0.20±0.04

0.10±0.00

0.10±0.01

0.11±0.02

0.093±0.003

40.1±47.3

8.9±0.6

11.0±0.9

9.4±0.8

9.8±1.3

Phenol

8.2±1.2

8.8±2.0

8.3±2.8

7.5±1.3

6.4±0.3

m-Cresol

2.4±0.1

2.5±0.05

2.4±0.1

2.3±0.03

2.4±0.1

Guaiacol

3.6±0.4

3.7±0.03

4.4±0.2

3.7±1.4

4.2±0.3

4-Ethyl guaiacol

N.D.

N.D

N.D

N.D

N.D

4-Ethyl phenol

N.D.

N.D

N.D

N.D

N.D

805±67

1395±255

1365±139

28.3±7.5

27.9±0.7

Free Fatty Acids

C13-Norisoprenoids

Others
Acetaldehyde*
Phenolic

4-Vinyl guaiacol
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(Continued)
4-Vinyl phenol

44.3±19.8

743±134

822±14

13.8±4.0

16.6±2.3

Methyl vanillate

29.9±0.6

30.2±2.4

27.4±0.3

27.8±3.8

28.2±2.1

Ethyl vanillate

28.1±3.4

27.3±4.7

24.7±3.4

25.5±0.4

27.9±1.9

gamma-Nonalactone

3.4±0.3

1.7±0.1

2.5±0.4

2.5±0.1

2.3±0.5

delata-Dacelactone

1.7±0.2

1.6±0.004

1.7±0.2

1.8±0.3

2.0±0.3

delta-Dodecalactone

2.5±0.7

1.8±0.1

2.3±0.2

2.4±0.8

2.7±0.0

2.0±0.5

3.4±0.3

3.4±0.4

2.7±0.3

3.6±0.9

Methanethiol

0.80±0.19

0.95±0.02

1.07±0.03

0.94±0.01

1.13±0.13

Carbon disulfide

0.17±0.003

0.18±0.006

0.20±0.02

0.20±0.02

0.25±0.08

Dimethyl sulfide

0.000

0.62±0.12

0.68±0.02

0.70±0.04

0.66±0.06

0.34±0.01

0.37±0.05

0.32±0.05

0.37±0.06

0.29±0.04

Methyl thiolacetate

2.8±0.4

4.8±0.2

6.1±0.7

2.9±0.4

4.4±2.7

Dimethyl disulfide

0.11±0.01

0.064±0.006

0.068±0.004

0.060±0.003

0.060±0.003

Dimethyl trisulfide

0.081±0.001

0.084±0.015

0.087±0.01

0.092±0.012

0.110±0.013

Diethyl disulfide

0.031±0.008

0.034±0.012

0.036±0.003

0.034±0.007

0.029±0.008

Lactones

Sulfur
Hydrogen sulfide

Diethyl sulfide
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a

Control - juice held at 8C for 5 days (no yeast) and then inoculated with OSU-2 and fermedted at 13C (n= 2); bS. cerevisiae OSU-2 held at 8C for 5 days followed by

fermentation at 13C (x 3); cS. cerevisiae OSU-2 fermented at 13C (x 3); dS. cerevisiae VIN13 held at 8C for 5 days followed by fermentation at 13C (x 3); eS. cerevisiae
VIN13 fermented at 13C (x 3); fUnit for concentrations of these compounds with* is mg/L
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Table 6.3 Odor Active Value (OAV)a of Volatile Compounds in Gewürztraminer Wines made from selected yeast strains that underwent a pre-fermentation cold maceration
at two different temperatures (n=3)
Odor thresholdb

Description

Control

OSU-8C

OSU13C

Vin138C

Vin1313C

Ethyl acetate

7500(Guth, 1997b)

Fruity , solvent

5.5

3.8

3.9

4.9

4.5

Ethyl butanoate

20 (Guth, 1997b)

Strawberry, apple, banana

9.8

32.4

23.8

23.2

18.9

Ethyl Isobutyrate

15 (Antalick, Perello, & de Revel, 2010)

Fruity

0.2

0.3

0.5

0.2

0.2

Ethyl pentanoate

220(Antalick, Perello, & de Revel, 2010)

Fruity, ester

0.002

0.002

0.002

0.002

0.002

Ethyl hexanoate

14 (Guth, 1997b)

Pineapple, fruity, apple

18.7

47.0

41.5

57.2

45.8

Ethyl heptanoate

220(Antalick, Perello, & de Revel, 2010)

Pineapple, fruity

0.004

0.002

0.002

0.003

0.004

Ethyl octanoate

580(Antalick, Perello, & de Revel, 2010)

Waxy, apple skin, fruity

0.7

1.3

1.2

1.6

1.3

Ethyl decanoate

200(Antalick, Perello, & de Revel, 2010)

Waxy, soap, fruity

0.4

1.7

1.6

2.0

1.8

Isobutyl acetate

1600(Antalick, Perello, & de Revel, 2010)

Waxy, fruity, apple, banana

0.01

0.02

0.02

0.02

0.02

Isoamyl acetate

30(Vicente Ferreira, López, & Cacho, 2000)

Banana, fruity, sweet

10.3

31.0

32.3

33.9

24.9

Hexyl acetate

670 (Vicente Ferreira, López, & Cacho, 2000)

Pleasant fruity, pear,cherry

0.02

0.11

0.11

0.15

0.11

Octyl Acetate

800(Antalick, Perello, & de Revel, 2010)

Waxy, fruity

0.001

0.001

0.001

0.001

0.001

73(Antalick, Perello, & de Revel, 2010)

Flowery, rose, winy

0.02

0.02

0.01

0.02

0.02

Compounds
Ethyl Esters of fatty acid

Acetates

Other esters
Ethyl phenylacetate
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(Continued)
Phenethyl acetate

250 (Guth, 1997b)

pleasant, flowery

0.4

0.4

0.5

0.5

0.5

Diethyl succinate

200,000(Antalick, Perello, & de Revel, 2010)

Light fruity

<0.001

<0.001

<0.001

<0.001

<0.001

420 (Guth, 1997b)

sweat, cheese

3.5

7.0

6.7

8.8

7.3

Octanoic acid

500 (Guth, 1997b)

Rancid, harsh, cheese

3.1

5.9

6.0

8.4

6.8

Decanoic acid

1000(Guth, 1997b)

Fatty, unpleasant

0.5

1.1

1.2

1.8

1.4

Dodecanoic acid

1000(Antalick, Perello, & de Revel, 2010)

Dry, metallic, laurel oil flavor

0.01

0.05

0.04

0.11

0.07

Isobutyl alcohol

40000 (Guth, 1997b)

Fusel, alcohol

0.8

0.8

0.7

0.3

0.3

Isoamyl alcohol

30000 (Guth, 1997b)

Alcohol, harsh

6.7

6.9

6.8

4.1

4.4

Hexan-1-ol

8000 (Guth, 1997b)

Green, grass

0.2

0.3

0.3

0.2

0.3

1000(García-Carpintero, Sánchez-Palomo, Gallego, &

Grape, sweet
0.03

0.01

0.01

0.01

0.02

Acids
Hexanoic acid
(Continued)

Alcohols

Heptan-1-ol

González-Viñas, 2011)

Octan-1-ol

130(Fazzalari, 1978)

Orange, Rose

4.2

4.6

5.0

3.6

3.8

Nonan-1-ol

600(López, Ferreira, Hernandez, & Cacho, 1999)

Green

0.008

0.005

0.005

0.004

0.004

Decan-1-ol

400(López, Ferreira, Hernandez, & Cacho, 1999)

Orange flowery, special fatty

0.01

0.02

0.02

0.01

0.01

Benzyl Alcohol

200,000(García-Carpintero, Sánchez-Palomo, Gallego, &

Sweet fruity

<0.001

<0.001

<0.001

<0.001

<0.001

(Continued)
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González-Viñas, 2011)

(Continued)
14000(Vicente Ferreira, López, & Cacho, 2000)

Roses

1.05

1.03

1.13

0.86

0.87

Linalool

25.2(Vicente Ferreira, López, & Cacho, 2000)

Flowery, fruity, muscat

0.6

0.7

0.7

0.6

0.6

α-Terpineol

250(Vicente Ferreira, López, & Cacho, 2000)

root, grass,anise

0.04

0.04

0.04

0.04

0.04

β-Citronellol

100 (Guth, 1997b)

Green lemon

0.5

0.5

0.5

0.5

0.6

Geraniol

30(Guth, 1997b)

Citric

0.5

0.7

0.7

0.7

0.6

Nerol

3007

sweet rose

0.03

0.03

0.03

0.04

0.03

β-Damascenone

0.05(Guth, 1997b)

Apple,floral,honey

101.5

146.3

144.1

167.1

150.6

β-Ionone

0.09(Vicente Ferreira, López, & Cacho, 2000)

Balsamic, rose, violet

2.2

1.1

1.1

1.2

1.0

m-Cresol

68(Culleré, Escudero, Cacho, & Ferreira, 2004)

Woody, smoky

0.04

0.04

0.04

0.03

0.04

Guaiacol

9.5(Vicente Ferreira, López, & Cacho, 2000)

Phenolic

0.4

0.4

0.5

0.4

0.4

Eugenol

5(Guth, 1997b)

Clove

0

0

0

0

0

4-Ethyl guaiacol

33(Culleré, Escudero, Cacho, & Ferreira, 2004)

Toasted bread

0

0

0

0

0

4-Ethyl phenol

440(Culleré, Escudero, Cacho, & Ferreira, 2004)

Phenolic,leather

0

0

0

0

0

4-Vinyl guaiacol

1100(Vicente Ferreira, López, & Cacho, 2000)

Phenolic,pleasant,smoky

0.73

1.16

1.30

0.03

0.03

2-Phenylethanol
Terpenoids

C13-norisoprenoids
(Continued)

Volatile Phenols
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(Continued)
4-Vinyl phenol

180(Culleré, Escudero, Cacho, & Ferreira, 2004)

Almond smell

0.2

4.1

4.6

0.1

0.1

Methyl vanillate

3000(Culleré, Escudero, Cacho, & Ferreira, 2004)

vanillin

0.010

0.010

0.009

0.009

0.009

Ethyl vanillate

990(Culleré, Escudero, Cacho, & Ferreira, 2004)

pollen, flowery

0

0

0

0

0

gamma-Nonalactone

30(Vicente Ferreira, López, & Cacho, 2000)

Coconut

0.11

0.06

0.08

0.08

0.08

delata-Decalactone

386(Culleré, Escudero, Cacho, & Ferreira, 2004)

Peach

0.004

0.004

0.004

0.005

0.005

Lactones

a

OAV, Odor activity value was calculated by dividing concentration by odor threshold value of the compound.

b

OTH, Odor threshold, µg/L.
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Chapter 7

Behavior and activity of selected yeast species in
hydrolyzing Pinot noir glycosides

Qin Zhou, Michael C. Qian
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7.1

Introduction

The discovery in the seventies of the existence of some wine aroma molecules in the
form of glycosides has encouraged the study of these aroma precursors. Such research
has made it possible to identify more than 100 different aglycones broadly classified
in the categories of shikimates, terpenoids, and norisoprenoids. Aroma glycosides are
the main aroma substances in grapes and the potential source of aroma volatiles
contributing to the wine aroma profile (Arévalo-Villena, Úbeda Iranzo, & Briones
Pérez, 2007; Cabaroglu, Canbas, Lepoutre, & Gunata, 2002). Grape aroma glycosides
are aroma components (known as aglycones) linked to a sugar moiety (known as
glycones) in grapes and wine. Each glycoside molecule contains a sugar moiety,
which renders itself nonvolatile. The sugar moiety of the glycosides has also been
elucidated and four sugars (a-D-glucopyranose; R-Larabinofuranosyl-a-Dglucopyranose; R-L-rhamnopyranosyl-a-D-glucopyranose, and a-D-apiofuranosyl-aD-glucopyranose) have been identified as the major components of the sugar part of
the molecule (Z. Gunata, Bitteur, Brillouet, Bayonove, & Cordonnier, 1988;
Pogorzelski & Wilkowska, 2007). Different studies have demonstrated that the
precursor fractions have enough potential to explain some of these varietal odor
nuances (Loscos, Hernandez-Orte, Cacho, & Ferreira, 2007; Ugliano, Bartowsky,
McCarthy, Moio, & Henschke, 2006).
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Wine yeasts have been investigated for the presence of significant glycosidase.
Several studies have shown that enzymatic extracts of Saccharomyces cerevisiae are
able to liberate the volatile fraction of glycoconjugated precursors of grapes
(Delcroix, Günata, Sapis, Salmon, & Bayonove, 1994; Delfini, Cocito, Bonino,
Schellino, Gaia, & Baiocchi, 2001; Mateo & Di Stefano, 1997). The direct incubation
of yeast cells with grape-extracted glycosides under favorable glycosidase activity
conditions (e.g., pH 5.0 and 30 °C) has also been demonstrated to promote the release
of volatile compounds from glyosidic precursors (Delfini, Cocito, Bonino, Schellino,
Gaia, & Baiocchi, 2001; Fernández-González, Di Stefano, & Briones, 2003). Several
authors (Delcroix, Günata, Sapis, Salmon, & Bayonove, 1994; Y. Gunata, Bayonove,
Baumes, & Cordonnier, 1986) found that little hydrolysis of glycosides was observed
during the fermentation of Muscat grape juice, possibly because of the low activity of
yeast glycosidase enzymes under winemaking conditions (Delcroix, Günata, Sapis,
Salmon, & Bayonove, 1994).
A fraction of glycosides precursors extracted from pinot noir grapes has been
reconstituted with a synthetic must and the must has been fermented by yeasts
belonging to different genera previously screened with different glycosidase activity.
Fermentation was allowed to take place for 48 hours. The fermented solutions were
analyzed by headspace solid phase microextraction gas chromatography–mass
spectrometry (HS-SPME-GC-MS) to determine the aroma composition. The results
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have shown that the yeast genus exerts a critical influence on the levels of most
varietal aroma compounds, affecting aroma generated from glycoside precursors,
including norisoprenoids and monoterpenes. Although most aroma compounds are
produced at relatively low concentrations, but in numbers enough to likely cause a
sensory effect (Hernandez-Orte, Cersosimo, Loscos, Cacho, Garcia-Moruno, &
Ferreira, 2008)
The objective of the present work is, therefore, to study the differential abilities of
yeasts belonging to different genus to produce aroma molecules from grape
precursors during fermentation and to check if fermentation temperatures will affect
the abilities.
7.2

Materials and Methods

Reagents and Medium. YPD plates. Wickerman’s MYPG Medium. Weight 0.6 g malt
extract,0.6 g yeast extract,2.0 g glucose,1.0 g peptone and dissolve in about 100 mL
of Milli-Q water. Adjust pH to 5.5. and bring to final volume of 200 mL. Autoclave
for 30 minutes. Cool. Aseptically transfer 10 mL into sterile 15 mL centrifuge tubes.
Store at 4 °C for up to one month. Bring to room temperature before inoculation.
Sterile Saline, 0.9% (w/v) NaCl. Dissolve 4.5 g NaCl in 500 mL of Milli-Q water.
This solution was autoclaved for 30 minutes and stored at room temperature until
use.YNB media. Weight 3.35 g Yeast Nitrogen Base,0.45 g tartaric acid, 0.5 g
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Potassium Phosphate, dibasic (K2HPO4),50 g glucose and 50 g fructose and
dissolve in about 400 mL Milli-Q water. Adjust pH to 3.5 with tartaric acid or
potassium phosphate if necessary. Bring to final volume of 500 mL.
Grapes. Vitis vinifera L. cv. Pinot Noir grapes were harvested at Oregon State
University’s Woodhall Vineyard (Alpine, OR, USA) in 2011 and kept frozen at -20
ºC in the laboratory.
Isolation of Yeasts. As reported in the previous study(Hall, Zhou, Qian, & Osborne,
2016), the yeasts were isolated from the pre-fementation cold maceration and
alchoholic fermentation of 2010 Pinot Noir grapes haverstet at Oregon State
University’s Woodhall Vineyard (Alpine, OR, USA) in 2010. The information of all
these isolated were listed in table 7.1. These isolates were then stored on agar slants
(potato dextrose agar) at 4ºC. These isolates from 2010 fermentations were tested βglucosidase activity on 4-MUG plates and followed by(Charoenchai, Fleet, Henschke,
& Todd, 1997) a test for β-glucosidase activity using a liquid assay with three levels
of sugar concentrations and two different temperatures. Media was adjusted to either
5 g/L glucose, 20 g/L glucose, or 100 g/L glucose and 100 g/L fructose (mimicking a
grape juice containing 20 °Brix). The two temperatures tested were 25°C and 8°C.
The conditions of 20 °Brix and 8°C were tested so as to model conditions present
during a pre-fermentation cold maceration. Non-Saccharomyces species assessed
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were Metschnikowia pulcherrim, Hanseniaspora uvarum, Kluveromyces
thermotolerans, Hansenula anomala, unknown #10 (suspected to be Toralospora),
and a commercially available Toralospora delbrueckii (PRELUDE, Chr. Hansen).
Isolation of glycosides from Pinot Noir grapes. Grape precursors were isolated from
Pinot noir grapes using solid phase extraction reported previously(Song, Shellie,
Wang, & Qian, 2012), with some minor modifications. Destemmed grape samples
were grinded to fine powder under liquid nitrogen to prevent oxidation and other
enzymatic reactions. 50 gram of grape power was weighted into a 120 ml of
centrifuge bottle(VWR), 30 gram of sodium chloride and 50 ml of citrate buffer (0.2
M, pH=3.2) were added into the same centrifuge bottle. The centrifuge bottle was
flushed with Nitrogen, wrapped by aluminum foil to prevent light exposure and then
shaken for 24 hours at room temperature for the complete extraction of flavor
precursors. The centrifuge bottle was then centrifuged at 10 000 rpm for 20 min at
4˚C (Centrifuge). The supernatant was collected and then filtered through a filter
paper. Glycosides as well as other flavor precursors were then isolated using C 18
reversed-phase solid phase extraction cartridges (500 mg). Each cartridge was preconditioned with 10 ml of methanol, then with 10 ml of Milli-Q water. 20 ml of the
filtered extraction solution was loaded in each C18 cartridge at a flow rate of 1-2 ml
/min. The cartridge was first washed with 20 ml of Milli-Q water to remove sugar,
acids and other water soluble components and brought to dryness, and then followed
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by a second wash step using 20 ml of dichloromethane to get rid of the free form
volatile compounds and brought to dryness. The bound form flavor precursors were
finally eluted with 10 ml of Methanol. The elute from all the SPE carriage were
collected and kept in methanol in freezer at -20 °C until use. 5 kilograms of grapes
were isolated and collected following the same procedure.
The precursors were evaporated to dryness using rotary vacuum evaporator () and
dissolved well in 400 ml of YNB medium. The YNB medium with precursors were
then sterile- filtration.
Hydrolysis of grape glycosides by yeast. The selected yeast strains were streaked
from slants onto YPD plates and incubated for 48 hours at 25 °C. Then, a single
colony from YPD plates were inoculate in 10 mL of MYGP medium in duplicate.
After growing 24 hours at 25°C, the cells were harvested by centrifugation at 4200 g
for 10 minutes and repeat centrifugation in 5 mL of sterile saline solution. After
removing supernatant, the cells were resuspended in 1 mL of sterile saline solution.
The duplicate were then combined and mixed well in a single centrifuge tube. 300µL
of washed yeast cells (inoculation rate of ~ 107 cfu/mL) were inoculated in 10 mL of
sterile-filtered YNB medium with dry isolated glycosides for 48 hours at 8 °C and 25
°C, respectively. At meanwhile, 10 mL of sterile-filtered YNB medium with no
glycoside addition were also inoculated with 300µL of washed yeast cells for each
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yeast strain at both temperatures, as control. A total of 17 yeast isolates were
studied, and the tests were performed in both Pinot noir glycosides, with controls
without glycosides and controls without yeasts.
SPME-GC-MS analysis on the flavor compounds. After 48 hours fermenting, the
medium were all transferred into a 20ml auto-sampler glass vial and 20 μL of internal
standard solution (containing 12.5 mg/mL methyl propionate, 55 mg/L 4-octanol and
50 mg/L octyl propionate) were added. The vials were tightly capped with Teflonfaced silicone septa. A SPME fiber coated with divinyl benzene /Carboxen/
polydimethylsiloxane phase (2 cm long, 50/30 μm) was used for the extraction of
volatile compounds. The vials were placed in an automatic headspace sampling
system and samples were pre-incubated at 50 ℃ for 5 min, and then extracted for 60
min at 50℃.
The volatile compounds extracted by SPME fiber were analyzed using a HP 6890 gas
chromatograph equipped with a 5973 mass spectrometry detector (MSD) system
(Agilent Technologies, Palo Alto, CA) and fitted with a ZB-Wax capillary column (30
m X 0.25mm X 0.5 μm). Helium was used as the carrier gas at a flow rate of 1.2
mL/min. The inlet temperature was 250℃. The desorption was performed in the
splitless mode. The oven temperature program was 35°C for 4 min, followed by an
increase of 5℃/min to 230℃. The final temperature was held for 10 min. The MSD in
scan mode was used. The electron impact (EI) energy was 70eV, the MS transfer line
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and ion source temperature were 230 ℃ respectively. Electron impact mass
spectrometric data from m/z 35-350 were collected.
7.3

Results and Discussions

C13-Norisoprenoids
For the C13-Norisoprenoids, Vitispirane A,Vitispirane B and β-damascenone, they
showed similar behavior in all the treatments. Results have showed that all the strains
have ability to generate these 3 C13-Norisoprenoids under the test condition.
Fermentation temperature showed impact on the generation of C13-Norisoprenoids.
For each yeast strain, the C13-Norisoprenoids were higher at 25C than 5C. As for
yeast strains impact, the listed Saccharomyces cerevisiae (#9,#10,#13,#14,#17) all
showed better ability to generate C13-Norisoprenoids than the selected nonSaccharomyces cerevisiae yeast strains. In addition, the non- Saccharomyces
cerevisiae yeasts #6 (Kluveromyces thermotolerans) and commercial one #15
(Metschnikowia pulcherrima) showed better ability to produce C13-Norisoprenoids
than other selected non- Saccharomyces cerevisiae yeasts.
Monoterpenes
For the β-Citronellol, both fermentation temperature and yeast strains showed effect.
Some yeast strains (#9,#10, #11) produced β-Citronellol in 25 C control which had
yeast inoculation with no glycoside addition, it stated that the β-Citronellol can be
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also formed by yeast metabolism besides the hydrolysis of precursors, the results
also showed that these yeasts released theβ-Citronellol from precursors. Some strains
(#2, #6, #15, and #17) showed ability to hydrolyze theβ-Citronellol from precursors,
but they did not produceβ-Citronellol from metabolism. Those yeasts did not produce
β-Citronellol at any treatment at 5 C, which means β-Citronellol production can be
affected by temperatures.
Linalool and α-Terpineol showed very similar results with C13-Norisoprenoids, all
the strains have ability to generate Linalool and α-Terpineol under both temperatures,
but with higher concentrations at 25 C than at 5C. Likeβ-Citronellol, linalool and αTerpineol also can be formed by yeast metabolism as well as hydrolysis of precursors.
And #6,#9,#10,#13,#14,#15,#17 showed higher activity in linalool and α-Terpineol
formation than other yeasts under the test condition.
For Linalool oxide, the positive controls results showed that both tran- and cis- forms
cannot be hydrolyzed from glycosides with no yeast or enzymes additions regards the
fermentation temperatures. And the negative controls of all the strains did not show
any form of linalool oxides, which means they can only come from the hydrolysis of
glycosides by enzymatic activity, but cannot be generated by yeast metabolism. Most
of the yeasts showed the ability to release linalool oxide at both temperatures and they
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all produced higher linalool oxides at 25 C than 5 C, which means they had higher
activity in hydrolyzing the linalool oxide precursors.
7.4

Conclusions

The results confirmed that the selected yeast strains and fermentation temperatures
had effect on the generation of monoterpenes and C13-Norisoprenoids in the synthetic
medium. In the YNB medium, the yeasts had higher activity in formation of
monoterpenes and C13-Norisoprenoids at higher temperature. Although nonSaccharomyces cerevisiae showed enzymatic activity in formation of monoterpenes
and C13-Norisoprenoids, our results showed that the selected Saccharomyces
cerevisiae yeasts had higher activity in the selected medium. In addition, the #6 and
#15 strains did show higher activities than other non- Saccharomyces cerevisiae
species, by showing very similar behavior to the selected Saccharomyces cerevisiae
Based on the results, we concluded that the whole assay is a powerful technique to
investigate the behavior and ability of selected yeast species of hydrolyzing grapederived volatile glycosides on isolated grape glycoside substrate, including
Saccharomyces cerevisiae and non- Saccharomyces cerevisiae. For the future study,
we may use different synthetic medium by adjusting the pH, sugar content as well as
alcohol content to understand how exactly enology parameters effect on the
hydrolyzing and transforming the grape-derived volatile glycosides by selected yeasts.
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Table 7.1 Yeast strains list used for hydrolysis of grape glycosides
No.

Label

WL Tentative IDa

D1/D2 Sequence IDb

1

2010 Yeast Isolate #1

Metschnikowia pulcherrima

M. pulcherrima

2

2010 Yeast Isolate #2a

Hanseniaspora uvarum

H. uvarum

3

2010 Yeast Isolate #2b

Hanseniaspora uvarum

4

2010 Yeast Isolate #4

Candida oleophilia

5

2010 Yeast Isolate #5

Pichia membranaefaciens

6

2010 Yeast Isolate #6a

Kluveromyces thermotolerans

Kl. Thermotolerans

7

2010 Yeast Isolate #6b

Kluveromyces thermotolerans

Kl. Thermotolerans

8

2010 Yeast Isolate #6c

Kluveromyces thermotolerans

Kl. Thermotolerans

9

2010 Yeast Isolate #7

Hansenula anomala

Saccharomyces cerevisiae

10

2010 Yeast Isolate #10

Unknown

Saccharomyces cerevisiae

11

2010 Yeast Isolate #11

Unknown

12

2010 Yeast Isolate #12

Unknown

13

2010 OSU-Arcus Sacc 1

Saccharomyces cerevisiae

14

2010 OSU-Arcus Sacc 2

Saccharomyces cerevisiae

15

FlaviaTM

Metschnikowia pulcherrima

16

BiodivaTM

Torulaspora delbrueckii

17

Saccharomyces Cerevisiae 734

Saccharomyces cerevisiae
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Table 7.2 Experimental Design
Temp.

YNB Medium with glycoside

YNB Medium with no glycoside

YNB Medium with glycoside

5C

yeast strains inoculation/17

yeast strains inoculation/17

No yeast inoculation

25C

yeast strains inoculation/17

yeast strains inoculation/17

No yeast inoculation

45C

/

/

Enzymatic hydrolysis
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Table 7.2 Standardized peak area a of terpeniols and C13-noisoprenoids compounds from hydrolysis of Pinot noir glycoside
βNo

Myce
ne

Terpinol
ene

Trans-

CisLinalool
Oxide

Linalool
Oxide

Linalo
ol

Hotrien
ol

αTerpineo
l

βCitronello
l

Nerol

TransGeraniol

Neroli
dol

Farnes
ol

β-

Vitispira
ne

Vitispira
ne

A

B

Damascen
one

5C
Control

N.D.

N.D.

N.D.

N.D.

N.D.

N.D.

0.260

N.D.

0.429

5.931

1.131

N.D.

N.D.

N.D.

0.494

25C
Control

N.D.

0.064

N.D.

N.D.

0.243

N.D.

0.443

2.299

0.383

3.743

N.D.

N.D.

N.D.

N.D.

1.793

Enzymati
c 45C

2.570

0.177

2.493

2.995

1.708

0.953

4.188

2.065

1.920

6.046

1.165

1.454

N.D.

0.351

1.795

5C
Control

0.158

N.D.

N.D.

N.D.

0.159

N.D.

0.264

N.D.

N.D.

0.473

0.768

0.728

N.D.

N.D.

N.D.

5C
glycoside

0.190

N.D.

N.D.

N.D.

0.178

N.D.

N.D.

N.D.

N.D.

0.333

1.785

1.538

N.D.

N.D.

0.698

25C
Control

0.623

N.D.

N.D.

N.D.

1.114

N.D.

N.D.

1.032

N.D.

2.615

4.673

2.328

N.D.

N.D.

N.D.

25C
glycoside

0.664

0.231

5.135

2.541

2.638

0.918

1.894

1.280

N.D.

1.731

1.412

0.759

0.553

1.261

15.737

5C
Control

0.169

N.D.

N.D.

N.D.

0.103

N.D.

N.D.

N.D.

N.D.

6.327

1.763

6.570

N.D.

N.D.

N.D.

5C
glycoside

0.275

N.D.

N.D.

N.D.

0.276

N.D.

N.D.

N.D.

N.D.

10.091

3.682

8.483

N.D.

N.D.

N.D.

25C
Control

0.960

N.D.

N.D.

N.D.

1.090

N.D.

N.D.

2.493

N.D.

3.608

3.972

6.077

N.D.

N.D.

N.D.

1

2
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25C
glycoside

1.001

0.291

3.349

1.794

3.194

0.966

1.859

2.229

0.413

4.375

2.485

3.582

0.449

1.044

16.704

5C
Control

N.D.

N.D.

N.D.

N.D.

N.D.

N.D.

N.D.

N.D.

N.D.

1.399

4.553

10.572

N.D.

N.D.

N.D.

5C
glycoside

0.385

0.139

1.726

0.826

0.958

0.330

0.787

N.D.

N.D.

1.646

2.881

9.707

N.D.

0.306

4.663

25C
Control

0.709

N.D.

N.D.

N.D.

2.674

N.D.

0.745

N.D.

N.D.

4.556

4.231

5.166

N.D.

N.D.

N.D.

25C
glycoside

N.D.

N.D.

N.D.

N.D.

2.341

2.198

N.D.

N.D.

N.D.

44.746

30.792

23.975

N.D.

0.722

17.826

5C
Control

0.193

N.D.

N.D.

N.D.

0.313

N.D.

0.327

N.D.

0.275

1.855

1.348

6.002

N.D.

N.D.

N.D.

5C
glycoside

0.352

0.132

2.346

1.041

1.011

0.401

1.019

N.D.

0.308

2.068

2.291

7.635

N.D.

0.325

5.264

25C
Control

0.653

N.D.

N.D.

N.D.

1.850

N.D.

0.794

3.072

N.D.

4.272

4.005

5.100

N.D.

N.D.

N.D.

25C
glycoside

1.148

0.254

4.342

2.304

3.614

0.997

2.655

3.865

N.D.

5.038

5.188

6.123

N.D.

0.981

19.545

5C
Control

N.D.

N.D.

N.D.

N.D.

0.107

N.D.

0.346

N.D.

N.D.

0.490

0.558

0.368

N.D.

N.D.

N.D.

5C
glycoside

N.D.

N.D.

2.228

0.975

0.766

N.D.

1.013

N.D.

N.D.

1.581

0.792

0.946

N.D.

0.518

7.665

25C
Control

N.D.

N.D.

N.D.

N.D.

1.043

N.D.

1.099

N.D.

N.D.

18.810

6.710

2.676

N.D.

N.D.

N.D.

25C

N.D.

N.D.

4.382

2.166

2.860

N.D.

2.827

N.D.

N.D.

32.895

3.597

1.662

1.626

1.628

32.897

3

4

5
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glycoside
5C
Control

N.D.

N.D.

N.D.

N.D.

0.471

N.D.

0.388

N.D.

0.223

0.920

1.685

0.963

N.D.

N.D.

N.D.

5C
glycoside

0.319

0.117

3.473

1.167

1.295

0.449

1.104

N.D.

0.252

0.990

2.163

0.954

N.D.

0.406

6.005

25C
Control

1.073

N.D.

N.D.

N.D.

5.363

0.000

2.833

N.D.

0.170

2.616

10.201

1.549

N.D.

N.D.

N.D.

25C
glycoside

2.106

1.226

18.864

7.049

9.602

2.816

10.593

1.122

0.600

3.627

17.789

2.374

8.815

12.294

28.958

5C
Control

0.321

N.D.

N.D.

N.D.

0.299

N.D.

0.273

N.D.

N.D.

1.533

1.238

5.193

N.D.

N.D.

N.D.

5C
glycoside

0.449

0.128

1.972

0.822

0.841

N.D.

0.718

N.D.

N.D.

1.713

2.895

6.614

N.D.

0.274

4.294

25C
Control

1.424

N.D.

N.D.

N.D.

1.898

N.D.

0.751

3.567

N.D.

4.745

1.902

3.747

N.D.

N.D.

N.D.

25C
glycoside

1.474

0.720

3.571

1.889

2.879

N.D.

1.188

3.646

N.D.

34.786

6.112

9.061

N.D.

2.282

18.245

5C
Control

0.277

N.D.

N.D.

N.D.

0.376

N.D.

0.390

N.D.

0.317

1.912

2.008

6.397

N.D.

N.D.

N.D.

5C
glycoside

0.415

0.127

2.217

0.862

0.951

N.D.

0.899

N.D.

0.264

1.816

2.710

8.180

N.D.

0.300

5.243

25C
Control

1.275

N.D.

N.D.

N.D.

3.066

N.D.

0.913

2.878

N.D.

4.350

3.942

3.560

N.D.

N.D.

N.D.

25C
glycoside

1.096

0.400

4.290

3.174

3.990

1.074

2.473

1.544

N.D.

4.363

10.186

7.868

0.794

1.851

22.775

6

7

8
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5C
Control

0.555

N.D.

N.D.

N.D.

1.144

N.D.

0.697

N.D.

0.515

3.457

11.420

6.382

N.D.

N.D.

N.D.

5C
glycoside

0.836

0.145

3.969

1.496

2.068

0.596

1.858

N.D.

0.707

4.077

12.862

9.605

N.D.

0.521

8.274

25C
Control

2.593

N.D.

N.D.

N.D.

13.54
5

N.D.

11.294

5.854

1.353

6.428

26.843

108.84
6

N.D.

N.D.

N.D.

25C
glycoside

3.317

3.159

28.969

8.257

14.98
0

3.399

21.377

6.786

N.D.

46.897

49.798

9.430

32.078

35.848

44.004

5C
Control

1.098

N.D.

N.D.

N.D.

1.268

N.D.

0.763

1.239

0.453

5.122

8.524

5.105

N.D.

N.D.

N.D.

5C
glycoside

1.499

0.164

4.528

1.590

2.336

0.611

2.051

1.379

0.631

5.645

10.634

5.936

N.D.

0.535

7.820

25C
Control

4.618

N.D.

N.D.

N.D.

14.24
6

N.D.

12.021

5.704

1.615

51.582

14.210

128.48
8

N.D.

N.D.

N.D.

25C
glycoside

4.590

2.251

25.716

7.709

17.59
8

3.318

21.181

6.242

2.685

37.065

22.085

134.37
9

20.054

26.631

42.203

5C
Control

0.825

N.D.

N.D.

N.D.

0.373

N.D.

0.332

1.136

0.213

1.329

1.126

4.245

N.D.

N.D.

N.D.

5C
glycoside

1.021

0.114

2.247

1.087

1.068

0.375

0.869

1.017

0.252

1.699

2.095

5.928

N.D.

0.324

4.963

25C
Control

1.041

N.D.

N.D.

N.D.

1.461

N.D.

0.577

3.134

0.379

3.288

0.942

2.655

N.D.

N.D.

N.D.

25C
glycoside

1.577

0.313

4.160

2.043

3.776

0.941

2.490

2.819

N.D.

4.375

2.951

5.406

N.D.

1.643

19.902

5C

0.535

N.D.

N.D.

N.D.

0.669

N.D.

0.370

0.902

N.D.

1.440

6.229

3.433

N.D.

N.D.

N.D.

9

10

11

12
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Control
5C
glycoside

0.614

0.111

1.897

0.962

1.212

0.278

0.800

0.873

0.484

1.556

6.221

4.937

0.353

0.353

3.981

25C
Control

1.160

N.D.

N.D.

N.D.

2.599

N.D.

0.888

2.810

N.D.

4.923

5.362

5.623

N.D.

N.D.

N.D.

25C
glycoside

1.193

0.243

3.968

2.840

4.096

1.105

2.525

2.813

0.438

4.972

5.731

5.952

0.555

1.255

19.577

5C
Control

0.843

N.D.

N.D.

N.D.

0.950

N.D.

0.628

N.D.

0.506

3.834

7.900

3.958

N.D.

N.D.

N.D.

5C
glycoside

0.999

0.135

3.679

1.149

1.694

N.D.

1.634

N.D.

0.458

3.834

13.579

8.550

N.D.

0.326

6.576

25C
Control

2.986

N.D.

N.D.

N.D.

10.19
2

N.D.

9.757

4.392

N.D.

30.896

25.730

9.528

N.D.

N.D.

N.D.

25C
glycoside

7.518

3.899

N.D.

N.D.

16.08
5

N.D.

13.623

21.278

N.D.

186.002

68.920

17.234

29.309

40.085

76.577

5C
Control

1.089

N.D.

N.D.

N.D.

1.003

N.D.

0.794

N.D.

0.400

6.779

9.186

5.738

N.D.

N.D.

N.D.

5C
glycoside

0.881

0.132

3.533

1.080

1.542

0.420

1.632

N.D.

0.544

5.761

15.725

8.175

N.D.

0.350

6.873

25C
Control

2.113

N.D.

N.D.

N.D.

8.265

N.D.

5.936

6.502

1.617

42.524

22.399

95.543

N.D.

N.D.

N.D.

25C
glycoside

4.864

2.742

24.433

9.492

12.30
4

3.100

16.955

4.299

2.512

44.645

37.915

127.27
0

24.065

33.632

53.921

5C
Control

0.500

N.D.

N.D.

0.000

0.405

N.D.

0.353

N.D.

0.193

0.691

1.001

1.000

N.D.

N.D.

N.D.

13

14

15
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5C
glycoside

0.575

N.D.

2.830

0.925

0.946

N.D.

0.871

N.D.

0.349

0.835

1.874

1.731

N.D.

0.290

5.099

25C
Control

2.269

N.D.

N.D.

N.D.

8.992

N.D.

4.919

2.927

1.222

5.067

27.231

6.895

N.D.

N.D.

N.D.

25C
glycoside

3.059

0.930

17.383

6.720

11.33
9

N.D.

11.166

2.760

1.517

3.639

30.554

8.932

6.496

10.267

29.756

5C
Control

0.153

N.D.

N.D.

N.D.

0.162

N.D.

0.295

N.D.

N.D.

0.229

N.D.

0.130

N.D.

N.D.

N.D.

5C
glycoside

0.349

N.D.

2.607

0.910

0.703

0.340

0.914

N.D.

N.D.

3.940

0.359

0.265

N.D.

0.439

5.503

25C
Control

1.052

N.D.

N.D.

N.D.

3.956

N.D.

2.060

0.170

0.890

25.457

2.600

92.293

N.D.

N.D.

N.D.

25C
glycoside

1.230

N.D.

10.962

4.564

4.942

1.520

4.891

2.089

0.665

19.187

2.748

59.784

N.D.

1.886

19.819

5C
Control

0.666

N.D.

N.D.

N.D.

0.986

N.D.

0.603

N.D.

0.391

5.456

6.398

29.834

N.D.

N.D.

N.D.

5C
glycoside

0.792

0.165

3.718

1.053

1.480

0.412

1.471

N.D.

0.414

5.519

8.415

2.779

N.D.

0.481

6.639

25C
Control

2.845

N.D.

N.D.

N.D.

9.402

N.D.

10.366

9.809

2.381

38.738

17.016

39.867

N.D.

N.D.

N.D.

25C
glycoside

7.207

3.709

N.D.

3.668

13.46
8

3.365

12.823

10.368

N.D.

419.723

59.674

11.895

25.108

37.726

91.072

16

17

a

standardization based on the peak area ratio(target peak area/IS peak area) multiple by 100 to make comparison between treatments more straightforward.
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Chapter 8

General Conclusion

In summary, the work presented in this dissertation have validated 3 analytical methods for
flavor analysis in alcoholic beverages and then illustrated the impacts of local yeasts with high βglucosidase activity on wine aroma during cold maceration treatments. The major
accomplishments are summarized and discussed as following:
1) An ethylene glycol (EG)/polydimethylsiloxane (PDMS) copolymer based stir bar sorptive
extraction (SBSE)-GC–MS method was developed for the analysis of volatile phenols in
alcoholic beverages.
2) A simple, fast and reliable method using headspace sampling combined with gas
chromatography-flame ionization detector (GC-FID) for quantifying the most abundant and
highly volatile compounds in alcoholic beverages was validated.
3) A sensitive method for the determination of stale aldehydes in alcoholic beverages has been
developed. Aldehydes were derivative with O-(2, 3, 4, 5, 6-pentafluorobenzyl) hydroxylamine
(PFBHA) in solution and the corresponding oximes were extracted using a DVB/PDMS SPME
fiber and quantified by GC-MS-SIM mode.
4) 5 of 13 yeasts isolated from a pre-fermentation cold maceration (9°C) of Pinot noir grapes
were confirmed with β-glucosidase activity, namely Metschnikowia pulcherrima, Hanseniaspora
uvarum, Lachancea thermotolerans, and two isolates of Saccharomyces cerevisiae. These yeasts
were inoculated in Pinot noir grapes sterilized by high hydrostatic pressure, individually or
mixed. Pre-fermentation cold maceration (9°C) was performed followed by alcoholic
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fermentation conducted by Saccharomyces cerevisiae RC212 at 27°C. Aroma analysis of the
wines by solid-phase microextraction-GC-MS demonstrated that the presence of the different
yeast species during the pre-fermentation cold maceration altered the volatile aroma composition
of the wines. The yeasts in pre-fermentation cold maceration altered the concentrations of ethyl
esters, branch-chained esters, higher alcohols and some monoterpenes in the wines.
5) One of the two Saccharomyces cerevisiae isolates with high β-glucosidase activity from
previous work was used to further investigate the impact of pre-fermentation cold maceration on
Gewürztraminer wine aroma. A commercial yeast was used as a comparison and no cold
maceration treatment was performed as control. The quantification results of aroma compounds
showed that pre-fermentation cold-maceration did not significantly affect aroma profile of
Gewürztraminer wine. OSU yeast isolate produced comparable amount of terpene alcohols as
yeast Vin13, a commercial yeast strain known to produce good aromatic white wine. However,
OSU yeast isolate produced dramatically higher concentration of 4-vinylphenol and 4vinylguaiacol, giving spicy, clove-like aroma, which is a major characteristic of Gewürztraminer
wines. The results were highly correlated to the sensory evaluation. OSU yeast isolate is a pretty
good candidate in fermenting aromatic white wine, and pre-fermentation cold maceration is not
necessary in making white wines.
6) The results confirmed that the selected yeast strains and fermentation temperatures had effect
on the generation of monoterpenes and C13-Norisoprenoids from pinot noir glycosides
precursors in the synthetic medium. The activity tends to be higher at higher temperature.
Although non- Saccharomyces cerevisiae showed enzymatic activity in formation of
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monoterpenes and C13-Norisoprenoids, our results showed that the selected Saccharomyces
cerevisiae yeasts had even higher activity in the synthetic medium under specific condition.

185

Bibliography
Acree, T., Barnard, J., & Cunningham, D. (1984). A procedure for the sensory analysis of gas
chromatographic effluents. Food Chemistry, 14(4), 273-286.
Ahmadi, F., Assadi, Y., Hosseini, S. M., & Rezaee, M. (2006). Determination of
organophosphorus pesticides in water samples by single drop microextraction and gas
chromatography-flame photometric detector. Journal of Chromatography A, 1101(1),
307-312.
Aktaş, A. H., Şanlı, N., & Pekcan, G. (2006). Spectrometric Determination of pKa Values for
some phenolic compounds in Acetonitrile-Water Mixture. Acta Chim. Slov, 53, 214-218.
Antalick, G., Perello, M.-C., & de Revel, G. (2010). Development, validation and application of
a specific method for the quantitative determination of wine esters by headspace-solidphase microextraction-gas chromatography–mass spectrometry. Food Chemistry, 121(4),
1236-1245.
Antón, A. P., Ferreira, A. M. C., Pinto, C. G., Cordero, B. M., & Pavón, J. L. P. (2014).
Headspace generation coupled to gas chromatography–mass spectrometry for the
automated determination and quantification of endogenous compounds in urine.
Aldehydes as possible markers of oxidative stress. Journal of Chromatography A, 1367,
9-15.
Aprea, E., Biasioli, F., Märk, T. D., & Gasperi, F. (2007). PTR-MS study of esters in water and
water/ethanol solutions: Fragmentation patterns and partition coefficients. International
journal of mass spectrometry, 262(1), 114-121.
Arévalo-Villena, M., Úbeda Iranzo, J., & Briones Pérez, A. (2007). Enhancement of aroma in
white wines using a β-glucosidase preparation from Debaryomyces pseudopolymorphus
(A-77). Food Biotechnology, 21(2), 181-194.
Aznar, M., Tsachaki, M., Linforth, R. S., Ferreira, V., & Taylor, A. J. (2004). Headspace analysis
of volatile organic compounds from ethanolic systems by direct APCI-MS. International
journal of mass spectrometry, 239(1), 17-25.
Baert, J. J., De Clippeleer, J., Hughes, P. S., De Cooman, L., & Aerts, G. (2012). On the origin of
free and bound staling aldehydes in beer. Journal of agricultural and food chemistry,
60(46), 11449-11472.
Balasubramanian, S., & Panigrahi, S. (2011). Solid-phase microextraction (SPME) techniques
for quality characterization of food products: a review. Food and Bioprocess Technology,
4(1), 1-26.
Baltussen, E., Sandra, P., David, F., & Cramers, C. (1999a). Stir bar sorptive extraction (SBSE),
a novel extraction technique for aqueous samples: theory and principles. Sort, 100, 250.
Baltussen, E., Sandra, P., David, F., & Cramers, C. (1999b). Stir bar sorptive extraction (SBSE),
a novel extraction technique for aqueous samples: theory and principles. Journal of
Microcolumn Separations, 11(10), 737-747.
Barták, P., Bednář, P., Čáp, L., Ondráková, L., & Stránský, Z. (2003). SPME–A valuable tool for
investigation of flower scent. Journal of separation science, 26(8), 715-721.

186
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