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    Abstract

The aroma of two representative Pinot noir wines over two consecutive vintages from the Central Otago region of New Zealand underwent gas chromatography olfactory analysis. Forty-two odorants were identified in the aroma extract dilution analysis (AEDA) study with flavor dilution (FD) factors ranging from 3 to 19,683, with over 20 having FD > 81. The highest FDs were for phenylethyl alcohol (rose), ethyl isobutyrate (strawberry), β-damascenone (tea, floral), isovaleric acid (cheese), ethyl isovalerate (fruit, cherry), ethyl cinnamate (honey, cinnamon), and guaiacol (medicinal, smoky). Following AEDA studies, 51 compounds were quantified via GC–MS following liquid-liquid extractions, of which 22 were present at levels above perception threshold. The odorants with the highest odor activity values were β-damascenone, ethyl octanoate, ethyl hexanoate, ethyl isovalerate, isovaleric acid, and 3-mercapto-hexanol, with values ranging from 17 to 95. Using the data from these screening methods, aroma models were prepared by deodorizing two Pinot noir wines with LiChrolut EN resin and reconstituting the wines using purified aroma standards. Five further models for each wine were prepared in the same manner but with the omission of one major aroma family, and the models were presented to a trained panel. When compared to the fully reconstituted model, the omission treatments altered certain sensory descriptors, although overall no profound differences were observed and no genuine impact compounds were revealed.

	Pinot noir
	wine aroma
	OAV
	AEDA
	aroma reconstitution
	impact odorants

Central Otago is a relatively young and small winegrowing region of New Zealand, releasing its first commercial Pinot noir wine in 1987. The area has rapidly expanded to 120 wineries and has over 1,500 planted hectares, with Pinot noir accounting for 80%. This winegrowing region is known for producing particular styles of wines (Imre et al. 2009) and relies on regionality as its primary marketing plan. Informally, Central Otago Pinot noir wines are noted as having a recognized typical style when compared to other New Zealand Pinot noir wines, supported by a recent study (Tomasino et al. 2013).
Various studies have been conducted to characterize wines from different regions with the aim of identifying impact odorants that contribute to the typical aroma of a specific variety while also attempting to promote its place of origin (Aznar et al. 2001, Escudero et al. 2004, Benkwitz et al. 2012, Gómez García-Carpintero et al. 2012). While wines contain hundreds of volatile compounds, most are not relevant as they fall well below their respective sensory perception thresholds. However, when an individual compound is at a concentration high enough to transmit specific aroma nuances to a wine such that the aroma of the compound can be recognized in the wine, the compound is considered to be a genuine impact compound (Ferreira 2010). Impact odorants not only include varietal and grape-derived compounds but also may include fermentative and age-related odorants.
The aim of this research was to characterize and identify the primary odorants that contribute to the typical aromatic profile of Central Otago Pinot noir using chemical and sensory approaches. Gas chromatography with olfactometry (GC/O) studies based on aroma extract dilution analysis (AEDA) followed by quantification and determination of odor activity values (OAVs) was useful for separating odor-active compounds from the many nonvolatile compounds found in the wine matrices. This provided an effective screening method for determining important compounds that were later included in sensory recombinant studies. Recombinant studies are a more definitive way to establish the importance of an odorant in a complex mixture such as red wine. Previously, reconstitution studies were often conducted using a synthetic model that mimicked the matrix of the wine being tested (Ferreira et al. 2002, Frank et al. 2011), while very few studies have used the original wine matrix (Masson and Schneider 2009). However, in this study, aroma models were made by deodorizing the authentic wines, thus keeping their natural nonvolatile matrix intact. Additionally, aroma families, as opposed to individual odorants, were considered because of previous demonstrations that in complex matrices, such as red wines, omitting one compound at a time often does not have a relevant sensory consequence (Escudero et al. 2004).
Several studies on Pinot noir wines have reported on the chemical composition and sensory profiles under various conditions, including wines from California (Brander et al. 1980), Oregon (Miranda-Lopez et al. 1992a ,1992b, Fang and Qian 2005, 2006), British Columbia (Cliff and Dever 1996, Girard et al. 1997, 2001), and Burgundy (Schreier et al. 1980, Moio and Etievant 1995). However, no studies have been conducted to characterize Pinot noir in a comprehensive manner that includes chemical and aroma recombination studies. This chemical and sensorial approach is expected to provide a better understanding of the distinct aromas of Pinot noir wines from the Central Otago region. This in turn can provide information for viticulturists and winemakers to advance their practices based upon effects and manipulation of key target odorants, as well as supporting marketing of the typicity of the region’s winemaking style.

Materials and Methods


Wine samples.

Two commercial Central Otago Pinot noir wines from Mt. Difficulty Winery were chosen across two consecutive vintages, 2009 and 2010. Mt. Difficulty is one of the largest producers of Pinot noir wines in the Central Otago region. Mt. Difficulty “Estate” Pinot noir was a blended wine made from various clones of Pinot noir grapes from different vineyards in the region. The “Premium” Mt. Difficulty Long Gully Single Vineyard Pinot noir wine was made from clone 6 Pinot noir grapes from a single vineyard. Both wines were commercially made from Vitis vinifera cv. Pinot noir grapes grown at Bannockburn, Central Otago, New Zealand. The grapes were harvested at 24 to 26 Brix before being crushed, destemmed, and pumped into a tank for prefermentation cold soak for seven days at 8 to 10°C. The juice was then warmed to 18 to 20°C and allowed to start primary fermentation spontaneously with wild yeasts. The must was left to ferment on skins for 17 to 20 days before being racked off and pumped into French oak barrels. The wine was then kept at 18 to 20°C while allowing malolactic fermentation to occur spontaneously. Upon completion of malolactic fermentation, both wines were stored in barrels at 10 to 12°C. The blended Estate wine was stored for 12 months and the Premium wine was stored for 16 months before bottling.



Reagents.

All chemicals used were of analytical grade. Sodium hydroxide, sodium acetate, diethyl ether, sodium sulfate, sodium dihydrogen phosphate dihydrate, hexane (96%), methanol and hydrochloric acid were from Scharlau (Sentmenat, Spain). L-Cystein, ethyl acetate, hydrochloric acid, sodium acetate, p-hydroxymercuribenzoate, Dowex Resin 1 × 2 Cl−-form and n-alkane series were from Sigma-Aldrich (St. Louis, MO). Tris was from AppliChem (Darmstadt, Germany), dichloromethane from Merck (Darmstadt, Germany), and absolute ethanol from ECP Ltd. (Auckland, New Zealand).

Linalool (97%), geraniol (99%), β-citronellol (95%), α-terpineol (99%), phenylethyl alcohol (99%), hexanoic acid (98%), octanoic acid (99%), decanoic acid (99%), butyric acid (99%), isobutyric acid (99%), isovaleric acid (99%), 3-mercapto-hexanol (98%), ethyl butanoate (99%), ethyl lactate (95%), hexyl acetate (99%), acetovanillone (98%), and phenylethyl acetate (99%) were from Acros Organics (Geel, Belgium). Nerol (97%), α-ionone (90%), β-ionone (96%), cis-3-hexen-1-ol (98%), methionol (99%), ethyl isobutyrate (99%), ethyl decanoate (99%), ethyl octanoate (99%), ethyl cinnamates (99%), ethyl hydrocinnamate (99%), ethyl anthranilate (99%), methyl anthranilate (99%), diethyl malate (97%), 4-ethylphenol (99%), ethyl isovalerate (99%), 1-hexanol (98%), ethyl hexanoate (98%), diethyl succinate (99%), isobutyl acetate (99%), vanillin (98%), 2-furaldehyde (99%), guaiacol (100%), γ-nonalactone (97%), eugenol (99%), furfuryl alcohol (99%), 5-methyl furfural (99%), trans/cis-whiskey lactone (98%), 4-vinylguaiacol (98%), and benzaldehyde (99%) were purchased from Sigma-Aldrich. trans-3-Hexen-1-ol (97%), 4-decanol (98%), and 3-octanol (99%) were obtained from Lancaster (Ward Mill, MA). Isoamyl alcohol (98%) was from Pancreac Quimica (Barcelona, Spain). Benzyl alcohol (99%) was from Riedel-de Haën (Seelze, Germany). Isobutanol (99%) was from Scharlau. Isoamyl acetate (98%) was a product of Univar (Redmond, WA). 1-Octen-3-1 (97%) and 4-vinylphenol (10% solution in propylene glycol) was from Alfa Aesar (Ward Hill, MA). 3-Mercapto-hexanol acetate (98%) was from Oxford Chemicals (Hartlepool, UK).



Isolation of volatile compounds for GC–MS.

The extraction of the varietal thiol 3-mercapto-hexanol was carried out by applying the method described by Benkwitz et al. (2012) for all wine samples in duplicate using 50 mL samples spiked with 4-methoxy-2-methyl-2-mercaptobutane and deuterated analogs of 3-mercapto-hexanol (3-mercapto(1-2H2)hexanol) and 3-mercaptohexyl acetate (3-mercapto(1-2H2) hexyl acetate) as internal standards. A liquid-liquid extraction with ether:hexane (1/1, v/v) was undertaken in triplicate for the quantification of all other volatile compounds including monoterpenes, C13-norisoprenoids, C6-alcohols, higher alcohols, fatty acids, esters, acetate esters, lactones, aldehydes, and volatile phenols according to a previous method (Kotseridis et al. 1999a). This method, originally designed for extracting methoxypyrazines, was modified to accommodate the quantifications of other compounds in this study by extracting 50 mL of wine spiked with 3-octanol (1830 mg/L) and 4-decanol (123.7 mg/L) as internal standards, three times, followed by concentrating the organic phase under a nitrogen flow to 100 μL. Immediate injection was carried out on an Agilent 6890N gas chromatograph coupled with an Agilent 5973 mass spectrometer (GC–MS) (Agilent Technologies, Santa Clara, CA). A pulsed splitless injection with a pulse and purge time at 1.00 min, purge flow of 12.0 mL/min, and total flow of 16.6 mL/min was delivered with helium as gas carrier onto a 19091N-136 HP-INNOWax capillary column (0.252 mm × 60 m × 0.25 μm; J&W Scientific, Folsom, CA).

Analysis of C6-alcohols, higher alcohols, fatty acids, esters (including ethyl and acetate esters), and volatile phenols was carried out at an initial oven temperature of 40°C held for 10 min, then raised to 170°C at 3°C/min, followed by an increase to 240°C at 70°C/min and held for 10 min before dropping down to 40°C at 60°C/min, resulting in a total run time of 70.7 min. Analysis of monoterpenes, C13-norisoprenoids, lactones, aldehydes, and cinnamic esters was conducted at an initial oven temperature of 40°C held for 5 min, then raised to 200°C at 2°C/min, followed by an increase to 240°C at 80°C/min held for 5 min and finally brought back to 40°C at 80°C/min, resulting in a total run time of 100 min. The temperature of the interface line was set to 250°C. The ion source, operating in electron impact mode at 70 eV, was held at 250°C. The quadrupole temperature was set at 150°C. The GC–MS was operated in selective ion monitoring (SIM) mode for both methods (Table 1). A calibration curve was created for each volatile compound using the standard addition method. A model wine sample was extracted together with increasing concentrations of the compounds to be quantified using the same protocols and GC–MS parameters.
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Table 1 
Linearity, quantification data, and ions used for GC–MS in SIM mode for the compounds analyzed in this study.




Linear retention indices were calculated using an n-alkane series. Identification of the constituents was obtained by the MS spectra, aroma descriptors, comparing retention indices of a standard or with commercial libraries (NIST 02, Kovats, Flavornet), and/or the literature. To confirm the retention indices, the pure standards were injected onto two capillary columns; a HP-INNOWax capillary column (60 m × 0.250 mm i.d., 0.25 μm film thickness) and a DB-5 capillary column (30 m × 0.32 mm i.d., 1 μm film thickness) (J&W Scientific).



Isolation of volatile compounds for GC/O.

The gas chromatographic analysis was carried out using an Agilent 6890N gas chromatograph equipped with a 7683B automatic liquid sampler, a G2613A autosampler, and a flame ionization detector (FID) (Santa Clara, CA). The inlet temperature was held at 230°C. Four μL of the sample was injected in splitless mode, and delivered onto a HP-INNOWax capillary column (60 m × 0.250 mm i.d., 0.25 μm film thickness) or a DB-5 capillary column (30 m × 0.32 mm i.d., 1 μm film thickness) (J&W Scientific) using helium as carrier gas (133.6 kPa) at a constant flow rate of 1 mL/min. The method and the oven temperatures for the HP-INNOWax and DB-5 capillary columns were the same as given in the previous section. An Agilent GRAPHPACK 3D/2 precision-engineered crosspiece ensured the simultaneous detection of volatiles at the FID and the Gerstel Olfactory Detection Port (ODP 2) via a restriction capillary column (OD 0.36 mm, i.d. 0.15 mm; Gerstel, Mülheim an der Ruhr, Germany). The temperature of the ODP transfer line was set to 230°C and the FID was operated at 250°C. A combination of H2 (40 mL/min) and air (450 mL/min) was used as a flame and N2 was the makeup gas at 20 mL/min. GC/O analyses were performed by at least three panelists. If an odor was detected, the panelists noted the retention time and an aroma descriptor.



Aroma extract dilution analysis.

The wine samples were extracted using LiChrolut EN resin cartridges 500 mg in a Micro Kuderna-Danish concentrator (Sigma-Aldrich) and eluted with 5 mL dichloromethane, based upon a previously developed method (Cullere et al. 2004). The extracts were stepwise diluted to obtain dilutions of 1:3, 1:9, 1:81 . . . 1:6561 of the original solutions. The original extract and each dilution were assessed by three panelists via GC/O on the HP-INNOWax capillary column. Each odorant was allotted a flavor dilution factor (FD), which corresponds to the maximum dilution at which at least one of the judges could perceive that odorant. The highest FD factor was used for each odorant amongst the three panelists.



Deodorization of wines.

The wine samples were deodorized adapting an established method (San-Juan et al. 2011). LiChrolut EN resin (1 g) was packed into a cartridge and conditioned with 20 mL dichloromethane and allowed to dry by letting air pass through under a vacuum. The resin was then washed with 10 mL methanol followed by 20 mL 10% ethanol solution and again allowed to dry under a vacuum. The resin was transferred into a 1-L Schott bottle containing 750 mL of a Pinot noir wine sample. The headspace was purged with argon before sealing. The sample was stirred for 12 hr at 700 rpm. The resin was allowed to settle for one hour before being decanted.



Reconstitution and omission tests.

Aroma models for the Pinot noir wines from the 2010 vintage were prepared using the deodorized wine matrix by adding selected compounds from stock solutions (made up in absolute ethanol) back to the original concentrations. The complete model containing all of the selected compounds was considered as the control. Additionally, five other models were prepared in the same manner but with the omission of a major aroma family, namely ethyl esters, C13-norisoprenoids, monoterpenes, acetate esters, and selected oak-derived compounds. The selected compounds for the reconstitution of the complete models and the compounds selected to represent each major aroma family for the omission models are shown in Table 2.
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Table 2 
Compounds selected for the composition of the recombinant models.






Sensory analysis.

The trained panel was comprised of one male and eight females, ranging from 35 to 57 years of age. Two preliminary lists of aroma descriptors were established (Table 3); one list comprised of aroma family related descriptors, while the second list was more exhaustive and included a wide variety of specific aroma nuances. The preliminary lists were refined with the panel during the training phase. On the basis of the main differences perceived between the wines under investigation, the panelists adapted the lists by removing some descriptors while adding others through group discussion and consensus. Panelists were trained on an applicability rating method, using a 10-point category scale (Dravnieks 1985). Triplicate evaluations were conducted in sensory booths with red lighting and positive airflow to prevent bias from color or non-product-related odors and the sample presentation was monadic. Twenty mL wine samples were served in standard XL5 wineglasses coded with 3-digit numbers and covered with watch-glass lids. All wine samples were presented following a randomized balanced block design to minimize order and carryover effects (Lawless and Heymann 2010). Six wines, the control and five omissions, were individually evaluated in triplicate with the panelists allocated two minutes for each sample, followed by a 2-min break for the assessment of the aroma families, while an extended time of three minutes per sample was given for the specific aroma nuances. A 15-min break was made available between each set of six wines. This assessment model was carried out for both the Estate and Premium wines over a total of nine sessions. On a treatment-by-treatment basis, data for each descriptor and each of the three replicate evaluations by the panel were summarized by calculating a percentage of applicability. This index developed by Dravnieks (1985) is based on both the frequency with which the descriptor was used to describe a particular treatment in a particular assessment replicate and the total score obtained by that descriptor out of the maximum total score attainable.
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Table 3 
Sensory descriptors used in trained panel evaluations.






Statistical analysis.

Microsoft Excel 2010 software was used for basic data analysis. For the sensory evaluations, the percentage of applicability data for the Estate and Premium sets of wines were analyzed separately. On a descriptor-by-descriptor basis, percentages of applicability were averaged across the three assessment replicates. Differences between the control and the treatments were performed using Student t tests with the p value set at 0.05 for each descriptor. All statistical analyses were carried out using SPSS 19 (IBM, Chicago, IL).



Results and Discussion


GC/O and AEDA.

The AEDA resulted in the detection of at least 42 aromas, of which 41 were identified by MS spectra, a comparison of retention indices of standards, aroma descriptors, and/or retention indices from the literature (Table 4). Based on the AEDA values, esters were one of the major aroma families found to be potentially important to the Central Otago Pinot noir aroma, showing high FD factors (≥81). Considering that the main constituents of wine are alcohols and acids, esters are formed easily and their development and contribution to red wine aroma is well known. The esters of isoacids, including ethyl isobutyrate, ethyl butanoate, methyl butanoate, ethyl isovalerate, and ethyl-2-methyl butanoate, had very high FD values. The fruity esters of fatty acids, ethyl octanoate had high FD values across both wines, although ethyl hexanoate had low FD values. Esters were also identified as important for Oregon Pinot noir wines, with ethyl butanoate, ethyl isobutyrate, ethyl hexanoate, and ethyl decanoate showing the highest FD values in neutral fractions when AEDA was applied (Fang and Qian 2005). Despite the suggestion that esters of fatty acids in general are unimportant for distinguishing between wines (Mansfield et al. 2011) due to their fruity contribution, it is possible that the ratios of these compounds are distinctive for Central Otago Pinot noir. The cinnamic acid esters, ethyl hydrocinnamate and ethyl cinnamate, which derive from the shikimic acid pathway and contribute to floral, spicy, and honey characters of red wines, had high FD values. The Estate wines exhibited particularly high FD values of 729 to 6561 and Premium wines with a FD value of 243. These potent esters were identified in Burgundy wines and were reported to be important in contributing fruity and cinnamon aroma nuances, despite their low concentrations (Moio and Etievant 1995, Aubry et al. 1997).
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Table 4 
Compounds detected by aroma extract dilution analysis in conjunction with their corresponding retention indices (RI) on two columns, and flavor dilution (FD) factors for the 2009 and 2010 Estate and Premium wines obtained on the INNOWax column.




C13-Norisoprenoids are products of carotenoid breakdown and the hydrolysis of glycoconjugates (released during crushing). These grape-derived compounds, mainly β-ionone and β-damascenone, are present in most red wines, contributing distinct aromas of dark berries, violets, tea, and floral (Fang and Qian 2005), and in this study had moderate to very high FD values. β-Ionone had somewhat higher FD values (729, 243) for the Premium wine over the moderate FD value (81) for the Estate wine. β-damascenone had an extremely high FD value of 6561 for the Premium wine and a FD value of 2187 for the Estate wine. In the Oregon study, β-damascenone received only moderate FD values, while β-ionone was not mentioned (Fang and Qian 2005). Levels of both β-damascenone and β-ionone can vary between vintages (Kotseridis et al. 1999b, 1999c), thus making it difficult to determine their true importance, since both are associated with different odor descriptors depending on their concentration. Pineau et al. (2007) suggested that the role of β-damascenone is one of an enhancer of red fruit aromas in red wines as opposed to an impact odorant, as has been proposed in previous studies (Kotseridis and Baumes 2000, Aznar et al. 2001). However, this powerful compound has since been reported as being a possible key odorant in Rosé wines (Masson and Schneider 2009) and Dornfelder (Frank et al. 2011).

Volatile fatty acids (C6 to C10) have rancid, cheesy, and sweaty odors and occur typically at detectable levels in wines spoiled by microbes, although their occurrence at or just below the threshold level can contribute to overall wine complexity. Isovaleric acid had high FD values for both wines. Isobutyric acid reached moderately high values for the Premium wine and butyric reached high values for the Estate wine. These potent fatty acids were regarded as important odorants in Oregon Pinot noir wines (Fang and Qian 2005).

Other groups showing potential importance were higher alcohols and their acetates. Isoamyl alcohol, giving pungent cheese and overripened banana odors, and isoamyl acetate had moderate to high FD values of 729 and 81, respectively, for most samples, Phenylethyl alcohol, imparting rose odors, had extremely high FD values of 19,683 for the Estate wines and 729 for the Premium wines. Conversely, phenylethyl acetate (rose) seemed to be of lesser importance (FD values 9 to 27). This same trend was observed for Oregon Pinot noir wines, with higher alcohols displaying the highest FD values of all the compounds and low FD values for the acetate esters (Fang and Qian 2005).

Volatile phenols are formed from phenolic acids and yeast esterase activity. These aromatic compounds can also be further transformed during the storage and aging of wine. The volatile phenols—guaiacol, eugenol, and ethylphenol which impart medicinal, clove, and spicy aromas to the wines—showed signs of potential importance in Pinot noir aroma with high FD values. Both wines had very high values for guaiacol (FD ≥ 729) and eugenol (FD ≥ 243) and moderate to high values for ethylphenol (FD ≥ 81).

Lactones are another group of aroma compounds that had high AEDA values. Lactones in wines are typically thought to be derived from oak storage. Both cis(E)- and trans(Z)-whiskey lactone, imparting vanilla and coconut aromas, had high FD values for the Estate (243 and 729) and Premium (729 and 2187) wines. Both wines had FD values of 81 for γ-nonalactone, which lends baked fruit and peach notes to red wine, although the perception threshold was not reached. Sotolon (maple syrup) and wine lactone (spice, baked bread) also had potential importance (FD ≥ 81).

Individually, the Estate wines scored highest with ethyl isobutyrate (strawberry) and phenylethyl alcohol (rose) followed by isovaleric acid (cheese), ethyl cinnamate (honey, cinnamon), ethyl isovalerate (fruit, cherry), and β-damascenone (tea, floral, honey). The Premium wines scored highest with β-damascenone and guaiacol (medicinal, smoky) followed by trans-whiskey lactone (lactone, vanilla), 1-octen-3-o1 (mold, earthy), ethylphenol (spice, cinnamon), and eugenol (spicy, clove). Because nearly all of the identified aroma compounds were found in both wines, the different aroma profiles are most likely caused by quantitative differences in particular odorants due to various reasons including ripeness and time in barrel. The Estate wines were blends consisting of several wine batches made from juices that ranged in ripeness from 24 to 26 Brix and harvested from vines that differed in clone and age from several vineyards with different soil types and aspects. The Premium wines, on the other hand, were from a single vineyard with one clone which was harvested at 26 Brix in a single event. These two distinct wine styles are common for the region and were chosen with the aim that collectively the results were more representative for the characterization of Central Otago Pinot noir.



Chemical composition and OAVs.

Approximately 51 volatile compounds commonly found in most red oaked wines were quantified via GC–MS for both Pinot noir wines from the 2009 and 2010 vintages. Odor activity values (OAVs) were obtained by dividing the quantitative data by the respective perception thresholds. At least 22 of the odorants were present at concentrations above their corresponding perception thresholds in both Estate and Premium wines (Table 5). According to the OAVs, β-damascenone had the highest value; however, this value is most likely overstated as it is only attained when considering the perception threshold in the 10% w/w aqueous ethanol solution (Escudero et al. 2007) as opposed to in the red wine medium (Pineau et al. 2007). Ethyl octanoate, ethyl hexanoate, isovaleric acid, and 3-mercapto-hexanol had high OAVs in both wines. Ethyl isovalerate and butyric acid had slightly higher OAVs in the Estate wines while whiskey lactone was higher in the Premium wines, which corresponded with the AEDA results. The cinnamic esters, volatile phenols, methionol, and hexanoic acid had lower OAVs, although noteworthy when considering their potential contribution to the matrix, and hence to the overall aroma.
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Table 5 
Concentration (μg/L) and odor activity values (OAVs) of aroma compounds in the Estate and Premium wines for 2009 and 2010 vintages. OAVs are reported as the mean of the 2009 and 2010 concentrations.






Aroma reconstitution experiments.

Aroma reconstitution experiments were conducted as a way to validate the quantitative data. The complete model was confirmed through a degree of difference test (Young et al. 2008) using a 10-point rating scale. The scale was anchored with numbers (0 to 9) and words (match, somewhat different, different, very different, and completely different). “Match,” reflecting the absence of difference between the overall aroma of a given sample and that of the authentic wine, corresponded to 0 on the scale, while “completely different” corresponded to 9. Scores between these two extremes reflected various degrees of differences. Ratings from 1 to 3, 4 to 5, and 6 to 8 corresponded to a wine perceived as “somewhat different,” “different,” and “very different,” respectively, from the target in overall aroma. The sensory panel found an insignificant difference (p > 0.05) between the aromas of the complete model and the authentic wines, and as a result both models were considered to be a suitable control. Using the data obtained from the AEDA and OAVs experiments, different aroma models were prepared using the complete model matrix except with the absence of a major aroma family. Bench tests were performed by the laboratory staff and sensory team, and the aroma models with the greatest differences were selected for the omission tests to be evaluated by the trained panel. The aroma families with their representative compounds are shown in Table 2.

When the complete models were compared to the wines with an omitted compound family, some trends could be observed in both the Estate and Premium wines. Red fruit, black fruit and dried fruit, fruit jam, spice (vanilla, black pepper, black tea), woody (toast, smoky, leather), and mineral (flinty) received the highest applicability scores among the aroma family and specific aroma nuances for the complete models of both Estate and Premium wines. However, the omissions of one of the aroma families at a time had different effects when compared to the respective complete model.

Significance among both aroma family and specific descriptors was observed when comparing the Estate complete model to the omission models (Table 6). The omission of the monoterpenes did not show any significant differences in the aroma profile. The exclusion of ethyl esters revealed a significant increase in the mineral (flinty, chalky) descriptor and a slight increase in the woody (leather, toast) aroma notes. Surprisingly, there was only a small decrease in red fruit and black fruit characters. A decrease in red fruit and black fruit, significant for the black currant nuance, was observed when acetate esters were omitted. Nonetheless, there was a considerable increase in jammy notes. This treatment also had a marked effect on the spice notes with a significant increase in aniseed and a slight increase in chocolate and cinnamon. There were decreases in spice (black pepper, liquorice, vanilla), mineral (chalky), wood (caramel), floral (geranium), and fruit notes (dark berry, peach, raspberry) with the exclusion of the C13-norisoprenoids. Unexpectedly, the elimination of both acetate esters and C13-norisoprenoids increased the fruit jam characters. The omission of oak-derived compounds had the expected effect of decreases in spice and woody notes (leather, toast) and increases in some floral and fruit notes.
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Table 6 
Effect on aroma for omission tests with the Estate and Premium complete models.




The Premium omission models in general revealed a decrease in tannic and mineral notes. Table 6 shows the significant differences observed across the tested models. Unlike the Estate, the exclusion of monoterpenes had significant effects on spice, floral, wood, and fruit jam notes. The exclusion of ethyl esters had little consequence with only an increase in wood (toast, caramel) and spice (clove, tobacco) notes. Similar to the Estate model, jammy notes were increased with the removal of acetate esters, although no changes were observed with red fruit and black fruit characters in this model. A decrease in floral, ash, and leather was also determined. The omission model having the greatest impact on the aroma profile for the Premium wine was that of the C13-norisoprenoids, which was congruent with the AEDA and OAV findings. A significant increase in animal notes was observed and there were considerable decreases in black fruit, spice (chocolate, tobacco), dried fruit, and fruit jam nuances. This result was expected, as typically C13-norisoprenoids are thought to enhance the fruity notes of ethyl cinnamate and ethyl octanoate in red wines indirectly (Pineau et al. 2007). The removal of oak derivatives did not have a profound effect on the woody or spicy notes in this model, with the exception of a decrease in leather. Given that the authentic wine matured eight months longer in oak barrels, a possible explanation is most likely due to the failure to remove an oak-derived compound through the deodorization process. Post-deodorization GC–MS analysis revealed that traces of some oak compounds remained. There was an increase in fruity and floral notes, such as plum, red berry, jam fruit, and rose, as expected.

Overall, there were no profound changes and few consistent differences in the aroma profiles across the omission models when compared to the complete models for both the Estate and Premium wines. While there were clear differences in the profiles of each treatment, all the models, nonetheless, were perceived as typical of Pinot noir wines by the panelists. The interactions between volatile compounds and their effects on aromas are very complex and not fully understood. The present results support the hypothesis that slight differences in the ratios of volatile compounds in a particular variety of wine can greatly change the perceived aroma. Other studies have shown the importance of binding interactions between the volatile and nonvolatile compounds (Dufour and Bayonove 1999a, 1999b, Ferreira et al. 2003, Aronson and Ebeler 2004) and how this depends on the composition of the nonvolatile matrix (Saenz-Navajas et al. 2010). Because the omission of compound families did not bring about major changes, despite some of them having high FD and OAV values, the suggestion can be made that Central Otago Pinot noir wines have an aromatic complexity that depends on many volatile compounds instead of a few key odorants. It has been suggested that wines with such complexity, having high concentrations of ethanol, ethyl esters, higher alcohols, volatile phenols, fatty acids, and C13-norisoprenoids, can form an aromatic buffer that can only be overpowered by the presence of an aroma with exceedingly different properties (Escudero et al. 2004). More detailed studies should be conducted to examine Pinot noir aromas further.



Conclusions

Aroma extract dilution analysis was applied to two distinct Central Otago Pinot noir wine styles over two consecutive vintages. The aroma compounds and/or compound families of importance varied across the wines, while a number of compounds were in common. The compounds with the highest FDs for the Estate wines were fruity esters and phenylethyl alcohol and for the Premium wines were norisoprenoids and volatile phenols originating from oak. Some of these differences may be explained by the Estate wine’s blended composition comprised from various wine batches originating from a range of ripeness levels and diverse vineyards and by the Premium wine’s extended time in oak barrels. As most compounds identified were found in both wines, it is possible that the major aromatic differences were related to variances in compound ratios. The elucidation of 51 aromatic compounds from two Central Otago Pinot noir wines over two consecutive vintages revealed β-damascenone, ethyl octanoate, ethyl hexanoate, ethyl isovalerate, isovaleric acid, and 3-mercapto-hexanol to be the most important odorants when considering odor activity values. The aroma reconstitution experiments, which considered both chemical and sensorial properties, revealed no overwhelming differences when compound families were omitted. Overall, these results suggest that Central Otago Pinot noir wines do not depend on a few key odorants for their aromatic complexity, but rather on the interactions of many aromatic compounds.
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