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 23 

Abstract: The effect of whole cluster at 50% (50% WC) and 100% additions (100% WC), as well 24 

as that of Dried stems (DS) on Pinot noir wines from the Edna Valley AVA of California (USA) 25 

were investigated over two consecutive vintages at commercial scale. Additions of 100% WC led 26 

to significant increases in pH and volatile acidity. Anthocyanins, polymeric pigments, and color 27 

were more influenced by vintage than by the winemaking treatments, but in the case of 100% WC 28 

wines, they were either unaffected or negatively affected. Conversely, the tannin content of the 29 

wines increased more or less proportional to the percentage of whole clusters and stems added, 30 

that is, 68% (50% WC), 100% (100% WC) and 90% (DS) in 2016 and  61% (50% WC), 123% 31 
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(100% WC) and 137% (DS) in 2017, relative to Control (C) wines. GC-MS data showed higher 32 

relative levels of ethyl cinnamate and benzaldehyde in 100% WC wines and relative abundance of 33 

esters in DS wines. Descriptive sensory analysis showed that 100% WC additions led to vegetal, 34 

cooked fruit flavors and spicy (clove) notes, whereas DS additions produced wines that were more 35 

herbal, fruity and astringent, with lifted fruity notes related to esters, and astringency sensations 36 

related to enhanced tannin extraction from the stems. Both whole clusters and dried stem additions 37 

led to variable increases in perceived astringency, suggesting that they can be used to add 38 

mouthfeel and improve texture in Pinot noir wines.  39 

Key words: phenolics, Pinot noir, sensory analysis, stems, whole cluster 40 

Introduction 41 

Pinot noir accounted for only 7% of the total crush of the 2018 harvest in California (USA) 42 

(California Department of Food and Agriculture 2018), but the variety and their resulting wines 43 

have become increasingly fashionable in the California wine industry over the past 15 years. This 44 

trend has been anecdotally attributed to the “Sideways effect” (Cuellar et al. 2009), where the 45 

eponymous movie cast aside Merlot and arguably managed to “put Pinot noir in the mind of the 46 

consumer”. In the Central Coast of California, Pinot noir claims around 7,000 ha under vine. The 47 

Edna Valley AVA of San Luis Obispo County is especially suited for successful cultivation of 48 

Pinot noir due to an extended growing season, often 50% longer than Burgundy, marked by 49 

relatively cool temperatures during ripening (Robinson and Harding 2015).  50 

Relative to other red cvs., Pinot noir grapes and wines are relatively low in phenolic 51 

compounds (Harbertson et al. 2008), displaying low concentrations of anthocyanin and tannin. 52 
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Anthocyanins are phenolic compounds that provide color, whereas tannins are responsible for 53 

mouthfeel and textural properties in red wines (Casassa and Harbertson 2014). Low color 54 

saturation is a normal trait in the sensory make up of Pinot noir wines and is regarded as a major 55 

factor in its typicity and perceived quality (Valentin et al. 2016). Pinot noir wines are also often 56 

praised for their specific and desirable textural and mouthfeel features. Texture in liquids results 57 

from a combination of physical properties perceived through tactile, visual and auditory receptors, 58 

whereas mouthfeel refers to tactile sensations felt once the wine has been placed in the mouth, 59 

usually not affected by visual or auditory cues (Cheynier and Sarni-Manchado 2010). Whereas 60 

elements other than phenolic compounds, including ethanol, polysaccharides and sugars, may be 61 

involved in wine mouthfeel, tactile sensations in red wines are primarily attributed to tannins and 62 

polymeric pigments (Gawel et al. 2007, Landon et al. 2008). Astringency is the main tactile 63 

sensation associated with red wine consumption and occurs due to the depletion of proteins from 64 

the tongue surface mediated by wine tannins, resulting in increased oral friction (Brossard et al. 65 

2016). Astringency is a key determinant in consumer acceptance (Vidal et al. 2015), but tannin 66 

levels in wine vary widely as a function of climate, vineyard location, exposure, variety, and style, 67 

among other factors. A study including 1,325 commercial wines reported higher tannin levels in 68 

Cabernet Sauvignon wines (672 mg/L, n = 364) than in Pinot noir wines, which showed the lowest 69 

tannin levels (348 mg/L, n = 261) (Harbertson et al. 2008). If tannin concentration alone is accepted 70 

as a primary driver of perceived astringency (and mouthfeel) in red wines, the later study confirms 71 

the empirical observation of Pinot noir wines being light-bodied relative to full-bodied, tannic 72 

Cabernet Sauvignon wines. A recent study, however, in which tannins from Pinot noir and 73 

Cabernet Sauvignon wines were extracted and added back to model wines at iso-concentrations of 74 
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0.5 g/L found that Cabernet Sauvignon tannins were perceived as dryer and long-lasting than Pinot 75 

noir tannins. This effect was attributed to larger (i.e. higher molecular weight) tannins in Cabernet 76 

Sauvignon than in Pinot noir wines (Watrelot et al. 2019). It is thus apparent that Pinot noir’s 77 

inherently lower astringency may due to the extraction of low molecular weight tannins, which are 78 

less reactive towards salivary proteins during the development of oral astringency (Sun et al. 79 

2013).  80 

Since tannin content and extractability are generally low in Pinot noir grapes, several 81 

winemaking techniques had been specifically developed for its resulting wines. Moreover, some 82 

of these techniques also aim at enhancing Pinot noir’s sensory characteristic such as wine color 83 

and aromas. Some of these winemaking techniques include prefermentative cold-soak and whole 84 

cluster addition. Prefermentative cold-soak consists of allowing the contact of skins and seeds with 85 

the must held at low temperature (5 to 15°C) thereby preventing the onset of alcoholic 86 

fermentation, and reportedly favoring anthocyanin extraction in the absence of ethanol. A study 87 

carried out in Mendoza (Argentina), reported that cold soak applied to Pinot noir wines decreased 88 

wine color, and had no sensory effects when compared to control wines (Casassa et al. 2015). 89 

Another study, however, reported that cold soak increased tannin extraction by 34% in Pinot noir 90 

wines from a cooler vintage, but not in a warmer vintage (Casassa et al. 2019b). Although 91 

widespread in Pinot noir winemaking, cold soak has produced mixed and sometimes conflicting 92 

results, likely related to variations in the original fruit chemistry.   93 

Whole cluster addition (WC) entails keeping a portion of non-destemmed, whole clusters, 94 

in the fermentor, throughout alcoholic fermentation and maceration. The aim of WC appears to be 95 

two-fold. First, keeping the clusters whole will allow tannin extraction from the stems. Second, it 96 
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may also allow a partial carbonic maceration inside the intact berries, thereby increasing aroma 97 

complexity and adding fruity esters such as isoamyl-acetate and ethyl-cinnamate (Tesniere and 98 

Flanzy 2011). The downsides of WC are that stems may not be lignified by harvest time, thereby 99 

increasing the risk of adding vegetal or herbaceous notes to the wines. Second to that, the sensory 100 

characteristics imparted by carbonic maceration that occurs during WC may mask varietal aroma 101 

and thus be undesirable. Indeed, some winemakers had empirically reported the benefits of adding 102 

stems while avoiding carbonic maceration for Pinot noir, that is, obtaining the aromatic lift of 103 

stems while avoiding the carbonic maceration character of WC addition.  104 

Current research on Pinot noir wines from the Edna Valley AVA of California has 105 

investigated the effect of the timing of cluster thinning (Mawdsley et al. 2019), and the chemical 106 

outcomes of extended maceration (Casassa et al. 2019a). However, the effect of whole cluster 107 

addition, one of the most popular winemaking techniques applied to Pinot noir in California, has 108 

yet to be reported. Herein, we conducted triplicate fermentations with different percentage 109 

additions of whole clusters and dried stems to Pinot noir wines in a commercial winery from the 110 

Central Coast of California. The Dried stem addition technique was developed with the aim of 111 

allowing the extraction into wine of stem-derived aromas and phenolics, without the effect of 112 

partial carbonic maceration arising from whole cluster additions.  113 

Materials and Methods 114 

Grapes. Vitis vinifera L. Pinot noir grapes (clone 777) grafted on 5C (Teleki) rootstock 115 

from a single vineyard block were grown in the Edna Valley AVA (35°11’58.3”N, 120°34’12.6” 116 

W), San Luis Obispo, California, during the 2016 and 2017 growing seasons. Grapes were 117 
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harvested when a composite sample of around 500 berries reached 24 Brix, and analyzed for Brix, 118 

pH, titratable acidity and malic acid content (Supplemental Table 1).  119 

Winemaking. Winemaking occurred in Chamisal Vineyards and Winery (Edna Valley, 120 

California, USA). Except otherwise noted, processing was kept identical during both vintages. 121 

Approximately 6.1 t of grapes were harvested manually both on September 13th, 2016 and 122 

September 12th, 2017 and processed immediately. A crusher–destemmer (Bucher Vaslin, 123 

Niederweningen, Switzerland) was used to destem the grapes if required, according to each 124 

treatment condition. After crushing, the musts were randomly allocated into twelve, 0.5 t 125 

macrobins® (Union Gap, WA, USA), with 0.4 tons of must distributed in each according to the 126 

experimental design detailed below. In 2016, SO2 was added at a rate of 30 mg/L, whereas in 2017, 127 

SO2 was added at a rate of 50 mg/L. An additional 50 mg/L addition was performed 24 h post-128 

crushing in 2017, due to 20% of the clusters showing signs of powdery mildew (Erysiphe spp.). 129 

Four different treatments were established in triplicate (n=3). The Control treatment (C) received 130 

must containing crushed and completely destemmed berries. A 50% whole cluster added treatment 131 

(50% WC) combined 0.2 t of whole clusters topped with approximately 0.2 t of crushed and 132 

destemmed berries. A 100% whole cluster added treatment (100% WC), placed 0.4 t of whole 133 

clusters in the corresponding bins. A treatment hereafter referred as Dried stems (DS) utilized 134 

previously air-dried stems (5 days) in an amount corresponding to the total weight of stems present 135 

in 0.4 t of fruit, which were placed in the macrobins below the crushed berries. The percentage 136 

weight of fresh stems in the fruit was calculated based on weights recorded by an analytical 137 

benchtop scale (Fisher Science Education ALF203 200 g scale, Thermo Fisher Scientific, 138 

Waltham, MA, USA) on a random sample of 60 clusters taken 3 days prior to harvest. The 139 
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percentage of stems was 5.8% and 5.2% in 2016 and 2017, respectively, corresponding to 23.3 kg 140 

and 20.8 kg of fresh stems, respectively, for each 0.4 t lot of fruit. The stems were harvested 5 days 141 

in advance from the same vineyard block and only for the purposes of this experiment, with the 142 

remaining fruit conveyed to rosé production. Upon destemming, the fresh stems were spread 143 

outdoors to allow drying for a period of 5 days and flipped regularly once a day during the drying 144 

process, experiencing a weight loss of 74% and 70% in 2016 and 2017, respectively. Weights were 145 

recorded on site using an industrial scale (capacity 2,268.0 × 0.5 kg), equipped with a digital 146 

display (Cardinal Detecto, Model 204, Webb City, MO, USA). Once the fruit went into the 147 

macrobins, these were immediately moved to a room at 13°C where they underwent a two-day 148 

cold soak, whereby they received additions of CO2 gas twice a day (morning and afternoon). After 149 

cold soak, and once the musts were homogenized, all treatments received a tartaric acid addition 150 

(2 g/L) and were inoculated with a commercial yeast strain (RC-212, Lallemand, Ontario, Canada). 151 

Tartaric acid additions are usually performed by the winemaking team if fruit pH is above 3.60, 152 

which was the case in both years under study (Supplemental Table 1).Contact time with the 153 

fermentation solids was set at 10 days in both vintages. Cap management regime consisted on two 154 

10-min punch downs a day (morning and afternoon) applied to all treatments. Alcoholic 155 

fermentation took place at an average temperature of 21.5°C and 22.2°C, with a temperature peak 156 

of 26°C and 26.5°C in 2016 and 2017, respectively. Brix, cap temperature and wine temperature 157 

were recorded daily by use of Anton Paar Portable Density Meter  DMA 35 (Anton Paar, Graz, 158 

Austria). Alcoholic fermentation was completed within 7 to 8 days, with temperature and sugar 159 

consumption curves showing good reproducibility within replicates of the same and different 160 
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treatments (overall temperature variance of 0.54°C and 0.23°C in 2016 and 2017, respectively; 161 

overall Brix variance of 2.05 Brix and 1.87 Brix in 2016 and 2017, respectively).  162 

Upon completion of alcoholic fermentation, all treatments and their replicates were 163 

individually pressed in a horizontal press (Europress Scharfenberger Maschinenbau, Bad 164 

Durkheim, Germany) with an upper pressure limit set at 0.6 bars. Wines were then transferred to 165 

neutral (four fills, 4 years old) medium toasted 225-L French oak barrels that were previously 166 

conditioned with steam and ozonated water and were deemed free of microbial spoilage, and 167 

placed into a temperature-controlled room  (18 ± 1oC), where malolactic fermentation (MLF) took 168 

place. Wines were inoculated with malolactic bacteria (Viniflora CH16, Lallemand, Ontario, 169 

Canada, in 2016; and Enoferm Alpha, Lallemand Inc., Ontario, Canada, in 2017), and MLF was 170 

completed within 45 to 55 days post-inoculation. After completion of MLF (malic acid < 0.1 g/L), 171 

wines were racked off the lees, treated with 25 ppm free SO2, returned to the same barrels where 172 

they were allowed to settle for 1 month, and racked off the fine lees again. Free SO2 levels were 173 

keep at 20 mg/L during aging, which lasted approximately 3 months. Wines were bottled prior 174 

adjustment to 30 ppm free SO2 on March 17th 2017 and February 26th 2018, corked using a DIAM 175 

5 microagglomerated cork closure (G3 Enterprises, Modesto, CA, USA) and kept in cellar-like 176 

conditions until analysis. 177 

Grape and wine analysis. Brix in the fruit at harvest was determined with a handheld 178 

refractometer (Vee Gee Scientific, Kirkland, WA, USA). Titratable acidity (TA) (end-point at pH 179 

8.2 titrating with 0.067 N NaOH) (Fisher Scientific, NH, USA), and pH (Thermo, Fisher Scientific, 180 

NH, USA), were determined manually. Ethanol in finished wines was measured by near-infrared 181 

spectroscopy (NIR) with an Anton-Paar wine alcoholyzer (model M/ME, Anton Paar, GmbH, 182 
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Austria). Glucose and fructose, and tartaric, malic, acetic acid, and lactic acid were measured with 183 

a semi-automatic enzymatic analyzer system (Admeo Inc., Biosystems group, Hollister, CA, USA) 184 

using commercial enzymatic analysis kits (Biosystems, Barcelona, Spain). Free and total SO2 185 

levels were determined using the aspiration/oxidation method . 186 

Spectrophotometric analysis. Spectrophotometric measurements were performed in a Cary 187 

60 UV-Vis spectrophotometer equipped with an 18-sample cell auto-sampler (Agilent 188 

Technologies, Santa Clara, CA, USA). These analyses included: phenolic compounds, color 189 

parameters (including CIE L*a*b* coordinates), and full visible spectrum absorption scans. The 190 

analyses were systematically performed during winemaking and bottle aging (BA), to evaluate the 191 

effect of the different winemaking treatments on the evolution of phenolic compounds and color 192 

components. Samples were centrifuged for 8 min at 15,000 g in a microfuge (Eppendorf, model 193 

5415D, Hamburg, Germany), and the supernatant transferred into clean 1 mL eppendorf tubes 194 

prior to analysis. Anthocyanins (mg/L malvidin-3-glucoside), total phenolics expressed as mg/L 195 

gallic acid equivalents (GAE), small polymeric pigments (SPP), large polymeric pigments (LPP), 196 

and total polymeric pigments (herein reported as SPP + LPP), were measured as previously 197 

described (Harbertson et al. 2003). Tannins in the wines were analyzed by protein precipitation 198 

and expressed as (+)-catechin equivalents (CE). Wine color parameters, including full-visible-199 

spectrum absorbance spectrum scans and CIE L*a*b* color coordinates were determined in 1 mm 200 

path-length quartz cuvettes. CIE L*a*b* coordinates were calculated using the Cary WinUV color 201 

software (version 6.0, Startek Technology, Boronia, Victoria, Australia) to extract CIE L*a*b* tri-202 

stimulus colorimetry values (D65 illuminant). To explore overall chromatic differences between 203 

treatments, the CIE L*a*b* color difference (ΔE*) between any given pair of wines was calculated 204 
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as previously described (Peŕez-Magariño and Gonzalez-Sanjose 2003), after 3 and 15 months of 205 

bottle aging for both vintages (Supplemental Tables 2 and 3).  206 

Gas chromatography-mass spectrometry (GC-MS) analysis. Samples were analyzed 207 

following a previously published procedure (Pino 2007). Samples of each wine replicate were 208 

prepared by addition of 146 µg/L of an internal standard (99.0% 2-nonanone-1,1,1,3,3d5, CDN 209 

Isotopes, Pointe-Claire, Quebec, Canada) and a total of 5 mL was placed into 20-mL headspace 210 

vials (Restek, Bellefonte, PA, USA) with all vials being prepared and injected in triplicate. 211 

Extraction of volatiles for analysis consisted of headspace solid phase microextraction (HS-SPME) 212 

using a Supelco Stableflex PDMS/DVB fiber (65 µm film thickness, Supelco, Bellefonte, PA, 213 

USA). Samples were adsorbed at 60oC for 35 minutes with agitation using a Gerstel Robotic Pro 214 

MPS autosampler (Gerstel US Inc., Linthicum, MD, USA). The fiber was desorbed in the inlet at 215 

250oC for 5 min. Separations were performed using a polar Agilent DB-WaxUI column (30 m ×  216 

0.250 mm, 0.25 µm film thickness, Agilent Technologies, Santa Clara, CA, USA). The 217 

temperature regime consisted of an initial hold of 2 min at 60oC followed by a 4oC/min ramp to 218 

250oC with a final 10-min hold. The transfer line to the MS was held at 250oC and fragmentation 219 

was performed by electron impact (70eV). The quadrupole and source were held at 150 and 230oC, 220 

respectively. Deconvolution and peak alignment were performed using Masshunter Quantitative 221 

Analysis (version B.07.00, Agilent Technologies, Santa Clara, CA, USA) with compound 222 

identification performed by NIST2014 library lookup. Extracted ion chromatogram (EIC) 223 

integration values were used to determine relative abundances, which were normalized by their 224 

respective internal standard EIC. Tentative compound identifications were supported by Kovats 225 

retention indices (KI). A 4-µL aliquot of Kovats n-alkane solution (c8-c20 in methylene chloride, 226 
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Sigma Aldrich, St. Louis, MO) was placed in a headspace vial with internal standard and analyzed 227 

according to the previously stated method. Retention time correction was performed using the 228 

difference between internal standard retention times. Kovats indices were calculated and compared 229 

to NIST mass spectral library reported values (Supplemental Table 4).  230 

Descriptive sensory analysis. The wines of both vintages and their replicates (n = 3) were 231 

evaluated by sensory descriptive analysis (Lawless and Heymann 2010), after ~3 months of bottle 232 

aging. Panelists were first screened for visual disorders and potential color perception deficiencies 233 

using pseudo-isochromatic color testing plates (Ishihara maps). Panelists were also screened for 234 

bitterness sensitivity to 6-n-propylthiouracil (PROP) (Fluka Chemical Company, Buchs, 235 

Switzerland), a test that allows to assert a condition known as PROP status , and breaks down 236 

screened individuals in non-, medium-, and super-tasters (Pickering et al. 2004). No information 237 

about the nature of the study, other than the variety, was provided to the panelists in order to reduce 238 

bias. The Cal Poly Institutional Review Board for human subject participation approved the 239 

project. 240 

For both sensory panels, panelists were chosen on a volunteer basis but all of them had 241 

previous wine tasting experience (previous descriptive analysis panels, tasting room attendants, 242 

cellar workers, and students of the Wine and Viticulture department at Cal Poly, San Luis Obispo). 243 

For the 2016 wines (evaluated in 2017), the panel was composed of 9 individuals (8 men and 1 244 

woman), aged 20 to 35 years old, with a mean age of 26. Seventy percent of the panelists were 245 

medium-tasters and 30% were super-tasters, and no deficiencies in color perception were found. 246 

For the 2017 wines (evaluated in 2018), the panel was composed of 10 individuals (5 males and 5 247 

females), aged 21 to 40 years old, with a mean age of 29. Ten percent of the panelists were non-248 
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tasters, 60% were medium-tasters and 30% were super-tasters, and no deficiencies in color 249 

perception were found. Panelist were trained over a total of six (2017) and eight training sessions 250 

(2018), with the wines being formally evaluated over a total of five formal sessions during both 251 

panels. Training sessions were held the same time twice per week and were 90 min long. During 252 

the training sessions panelists discussed, agreed upon, and were trained with reference standards 253 

(Supplemental Tables 5 and 6) based on the experimental wines. These standards included color, 254 

aroma, taste, and mouthfeel attributes, for a total of 8 (2016 wines) and 10 (2017 wines) sensory 255 

descriptors to be assessed. For the 2017 wines, the panelists requested both a low and high 256 

reference standard for color, and astringency, which were prepared as reported in Supplemental 257 

Table 6. The standards were reviewed by all the panelists at the beginning of each training session 258 

for calibration purposes and to ensure they were sound and true to the sensory attribute they were 259 

supposed to demonstrate.  Standards were made either the night before or 3 h prior to each session, 260 

to ensure they were fresh and true to the attribute they were supposed to represent. 261 

Training occurred as follows. Briefly, during the training sessions, wines were presented 262 

in clear ISO wine glasses covered with plastic lids (to trap volatiles) for aroma standards. The 263 

standards were reviewed by all the panelists at the beginning of each training session for calibration 264 

purposes and to ensure they were sound and true to the sensory attribute they were supposed to 265 

demonstrate. Two flights of four to six wines each were assessed each training session but only 266 

one was scored for analysis of panel comprehension of the standardized attributes. Panelists 267 

assessed experimental wines as well as commercial wines to broaden understanding of 268 

characteristics such as acidity, astringency, and color. For the experimental wines, panelists were 269 
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exposed to all the while tasting blind. Scoring of the wines during the training sessions was 270 

performed on a 15-cm unstructured line scale anchored by the words “low” at 1 cm and “high” at 271 

14 cm, respectively.  272 

The experimental wines were formally assessed over five evaluation sessions during both 273 

panels. The sessions were held in individual sensory analysis booths. Regular lighting (General 274 

Electric ™, Eco Luxe, 25 Watts) was used for color evaluations while red lighting (General 275 

Electric ™, Party Lights, 25 Watts) was used for taste, tactile and aroma evaluations to decrease 276 

bias due to color. Color was assessed separately from aroma and taste/mouthfeel to ensure 277 

independent ratings. Panelists evaluated between seven to eight wines during each of the 278 

evaluation sessions, with each wine and its replicates being evaluated in triplicate.  279 

The wines were presented monadically according to a Latin Square Design, in clear, ISO 280 

wine glasses labelled with 3-digit random code numbers. Wines were served at room temperature 281 

in 30 mL aliquots per glass. Unsalted crackers (Nabisco, East Hanover, NJ, USA), deionized water, 282 

and spit cups were provided for panelists during aroma and taste/mouthfeel sessions. Panelists 283 

were instructed to wait one minute and consume a cracker and water before moving on the next 284 

wine during the taste and mouthfeel assessment sessions. Panelists recorded their answers on 285 

ballots using a 15-cm unstructured line scale, anchored by the words “low” at 1 cm and “high” at 286 

14 cm, respectively. Results were collected on ballots and responses (in cm) were decoded 287 

manually. In the 2017 panel, one panelist (code 117) missed Session 1 and his/her ratings were 288 

computed as the the arithmetic means of the other replicates for that session for each of the wines 289 

evaluated in Session 1 (Hopfer et al. 2012).  290 
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The performance of each panelist was evaluated by analyzing interaction plots generated 291 

by the Panel Check software (Tomic et al. 2010). Panel performance was also evaluated by 292 

assessing the correlation between each panelist and the panel mean, and by their contribution to 293 

the panelist × wine interaction for each attribute. 294 

Data analysis. The basic composition of the fruit at harvest during both vintages was 295 

analyzed by a Student’s t-test with a 5% level for rejection of the null hypothesis. The phenolic, 296 

anthocyanin, and chromatic compositions of the wines were analyzed by two- and three-way 297 

analysis of variance (ANOVA) with interactions. Fisher’s least significant difference (LSD) test 298 

was used with a 5% level for rejection of the null hypothesis, using XLSTAT v. 2019 (Addinsoft, 299 

Paris, France). 300 

GM-MS data was standardized prior to statistical analysis due to variations in relative 301 

abundance over two order of magnitude. Data was analyzed by a combination of heatmaps and 302 

hierarchical cluster analysis. A heatmap is a color-coded table that represent intensity or 303 

abundance, where the rows (winemaking treatments) and columns (concentration of volatiles) are 304 

sorted by   hierarchical clustering trees, thereby facilitating the identification of underlying 305 

patterns. GC-MS data was analyzed with R software, version 3.4.0 (R Foundation for Statistical 306 

Computing, Vienna, Austria) using personally tailored “R” scripts. 307 

The trained panel data from both years were analyzed by a three-way mixed-effects 308 

ANOVA with replication. Panelists were treated as random effects and wine treatments and 309 

replicates as fixed effects, including their interactions. Separation of the means was accomplished 310 

using Fisher’s LSD with significance established as p < 0.05. using XLSTAT v. 2019 (Addinsoft, 311 



 
American Journal of Enology and Viticulture (AJEV). doi: 10.5344/ajev.2020.20037 

AJEV Papers in Press are peer-reviewed, accepted articles that have not yet been published in a print issue of the journal  
or edited or formatted, but may be cited by DOI. The final version may contain substantive or nonsubstantive changes. 

 
 

15 
 

Paris, France). Principal component analysis (PCA) using the correlation matrix with no rotation 312 

was applied to the significant (p < 0.05) sensory attributes, including the replicates, using R 313 

software version 3.4.0. Confidence ellipses indicating 95% confidence intervals were based on the 314 

multivariate distribution of Hotelling’s test for p < 0.05 and were constructed using the 315 

SensoMineR panellipse function of R as described previously (Husson et al. 2005).  316 

Results and Discussion 317 

General chemistry of grapes and wines. Whole cluster and stem addition, which are in 318 

widespread use in Pinot noir winemaking, were studied over two consecutive vintages in the cool-319 

climate Edna Valley AVA appellation of the Central Coast of California (USA). Grapes were 320 

harvested at full maturity during both vintages when they approached 24 Brix. Grapes of the 2017 321 

vintage showed slightly higher acidity than in 2016 (Supplemental Table 1). The basic chemical 322 

composition of the wines was measured to characterize potential effects due to the winemaking 323 

treatments and analyzed by a two-way ANOVA,  which considered interactions between vintage 324 

and winemaking treatment (Table 1). With the exception of the 50% WC treatment in 2017, whole 325 

cluster (at any percentage) and DS addition increased wine pH relative to C wines by 0.2 to 0.3 326 

units during both vintages. The increase in pH is most likely attributed to the extraction into the 327 

wine of potassium and calcium ions from the stems, which combine with tartaric acid and enhance 328 

the precipitation of tartrates (Hashizume et al. 1998). This process, however, did no impact the 329 

titratable acidity of the wines. Whereas all the wines completed alcoholic and malolactic 330 

fermentation, none of the treatments affected significantly fermentation rate (data not shown), 331 

ethanol content, glucose, fructose, lactic and malic acid (Table 1). Stems and especially WC 332 
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addition, however, increased the volatile acidity of the wines. Volatile acidity was about 0.33 g/L 333 

higher in the 100% WC wines relative to C wines over the two vintages. Whereas there are no 334 

published scientific reports on the effect of WC additions (at or near 100%) on volatile acidity, 335 

winemakers have often empirically reported increases in volatile acidity when partial or 100% WC 336 

are used. This increase in volatile acidity is likely due to the development of acetic acid bacteria 337 

as a result of the “air pockets” that occur in a fermentor when a large proportion of the clusters 338 

remain intact during maceration and alcoholic fermentation.  339 

Wine color and phenolics. The effect of WC and DS addition on wine color and several 340 

phenolic classes was evaluated throughout winemaking and bottle aging during both vintages. 341 

Results pertaining to selected phenolic classes are presented in Figure 1, and results pertaining to 342 

color are presented in Table 2 and Figure 2. Anthocyanins decreased over time from pressing 343 

onwards, with a 68% decrease observed after two years of bottle aging in 2016 and a 79% 344 

decrease observed after 15 months of bottle aging in 2017. None of the treatments differed 345 

significantly from the C wines in their anthocyanin concentration at similar time points (Figure 346 

1A and 1B). However, anthocyanins were markedly higher in 2016 than in 2017. Grape and wine 347 

phenolic content and extractability usually show marked seasonal variations (Downey et al. 348 

2006). In the present study, 2016 (1,462 growing degree days), was markedly cooler than 2017 349 

(1,780 growing degree days) (Mawdsley et al. 2018), and cooler temperatures typically correlate 350 

with enhanced anthocyanin accumulation (Downey et al. 2006), thereby supporting our 351 

observation of higher anthocyanin content in 2016. Sulfur dioxide levels added at and post-crush 352 

were also higher in 2017 than in 2016, which could have bleached a portion of the anthocyanin 353 

pool. Although tannins showed less vintage variation than anthocyanins, the three treatments 354 
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significatively increased tannins relative to C wines at pressing (Figure 1C and 1D). In 2016, 355 

tannin increases relative to C wines at pressing amounted to 68% (50% WC), 100% (100% WC) 356 

and 90% (DS). These differences carried out throughout winemaking and bottle aging. In 2017, 357 

tannin increases relative to C wines at pressing amounted to 61% (50% WC), 123% (100% WC) 358 

and 137% (DS). These differences became more apparent after 15 months of bottle aging and 359 

favored 100% WC and DS wines. In a previous study also in Pinot noir, additions of WC at 20% 360 

rate had no effect on wine tannins, but additions of stems at 3% (by volume of crushed grapes, 361 

and equivalent to approximately half of the stems of the batch) increased tannins by 60% 362 

(Casassa et al. 2019b). These and our results suggest that tannin extraction from stems in Pinot 363 

noir, either from WC or DS addition seems to be more or less proportional to the amount of WC 364 

or stems added. Moreover, DS additions achieved equivalent increases in wine tannins as 100% 365 

WC but without the additional effect on other chemical characteristics associated with the use of 366 

whole clusters (e.g. acetic acid production).  367 

Reflecting seasonal, vintage-related variations, total phenols were generally higher in 2016 368 

than in 2017 (Figure 1) and followed a trend similar to that observed for wine tannins, with all the 369 

treatments showing increased phenol content relative to C wines (Figure 1E and F). At the end of 370 

the study, 100% WC and DS wines had equivalent phenolic content in both vintages.  371 

Polymeric pigments, herein determined as the summation of small and large polymeric 372 

pigment, encompass a heterogeneous group of polymeric phenolics including primarily covalent 373 

adducts between anthocyanins and tannins, as well other phenolic and non-phenolic materials. 374 

Polymeric pigments formation is relevant as these compounds provide stable color and positive 375 

mouthfeel modification (Casassa and Harbertson 2014). Polymeric pigment formation progressed 376 
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initially faster in the 2016 wines, peaking after 9 months of bottle aging and decreasing thereafter. 377 

After two years of bottle aging, 100% WC and DS wines showed a 15% and 18% increase in 378 

polymeric pigment content, respectively, relative to C wines. Although polymeric pigment 379 

formation progressed more gradually in the 2017 wines, it increased steadily from pressing to 15 380 

months of bottle aging. Unlike 2016, the winemaking treatments did not have an effect on 381 

polymeric pigment formation throughout winemaking and bottle aging in 2017. In a previous 382 

report also on Pinot noir, a 20% WC addition did not affect polymeric pigment formation, but 383 

addition of 3% stems by weight to the fermentors did, which was attributed to the enhanced tannin 384 

extraction (60%) achieved by stem addition (Casassa et al. 2019b). Another study of Primitivo 385 

wines found that additions of 25% and 50% WC increased the proportion of pigments not 386 

bleachable by SO2 relative to a fully destemmed control wine (Suriano et al. 2015). Herein, 387 

however, WC and DS additions had a relatively minor effect on polymeric pigment formation. 388 

These results reaffirms that polymeric pigment formation is intrinsically regulated not only by 389 

tannin content, but also anthocyanin content and type, the tannin to anthocyanin ratio, and the 390 

predominance of skin- or seed-derived tannins (Teng et al. 2019). For example, the comparatively 391 

simpler anthocyanin composition of Pinot noir, that is, lack of acylated anthocyanins, coupled with 392 

an intrinsically low concentration of anthocyanins, may cause a lower rate of polymeric pigment 393 

formation, even in presence of sufficient tannin. Under our experimental conditions, stem-derived 394 

tannins seemed not to significatively favor the formation of polymeric pigment.   395 

Wine color (AU 420+520+620 nm) was followed throughout winemaking (Figure 1I and 396 

J), whereas selected CIE L*a*b* parameters (Table 2) and full absorbance spectrum scans (Figure 397 

2), were determined after 3 and 15 months of bottle aging. Additionally, Supplemental Tables 2 398 
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and 3 show the CIE L*a*b* Color Difference (ΔE*) calculated between each pair of wines after 3 399 

months and 15 months of bottle aging. Wine color and most chromatic parameters were generally 400 

higher in 2016, reflecting a cooler vintage, but there were relatively few major effects of the 401 

winemaking techniques on most wine chromatic parameters. In 2016, wine color dropped by 43% 402 

in 100% WC wines from pressing to two years of bottle aging, but these wines still showed slightly 403 

higher color than the rest of the treatments (Figure 1I). CIE L*a*b*  measurements indicated that 404 

100% WC were initially higher in saturation, but this parameter dropped through aging. Likewise, 405 

DS wines were only higher in hue angle and yellow components (positive values of b*) after 15 406 

months of bottle aging (Table 2). The full absorption spectrum scans confirmed higher absorbances 407 

throughout the visible range in the 100% WC wines both after 3 and 15 months of bottle aging 408 

(Figure 2). However, these color differences in favor of 100% WC wines were only discernible by 409 

the human eye (ΔE* >5) after 3 months of bottle aging, and only when C wines were contrasted 410 

with 100% WC wines. There were no further color differences discernible by the human eye 411 

between any other pair of wines after 15 months of bottle aging in 2016 (Supplemental Table 2).   412 

In 2017, color drop throughout aging was only 30% and no differences between treatments were 413 

found (Figure 1J). Although the discrete absorbances included in the determination of wine color 414 

failed to capture an effect of the winemaking treatments on wine color, CIE L*a*b* measurements 415 

showed some discrimination among treatments, particularly after 15 months of bottle aging (Table 416 

2). For example, there was an increase in hue (more evolved or brownish color), a decrease in a* 417 

(less red color), and an increase in b* (more yellow color), in 100% WC and DS wines, relative to 418 

C wines. Full spectrum absorption scans clearly showed more color in the 2017 C wines after 3 419 

months of bottle aging, though these differences subsided after 15 months of bottle aging (Figure 420 



 
American Journal of Enology and Viticulture (AJEV). doi: 10.5344/ajev.2020.20037 

AJEV Papers in Press are peer-reviewed, accepted articles that have not yet been published in a print issue of the journal  
or edited or formatted, but may be cited by DOI. The final version may contain substantive or nonsubstantive changes. 

 
 

20 
 

2). These early differences were confirmed by ΔE* values of 5.30 and 5.46 when C wines were 421 

compared with 50% WC and 100% WC wines after 3 months of bottle aging, indicating more 422 

perceivable color in C wines. However, as with full spectrum scans, after 15 months of bottle aging 423 

the ΔE* values were in all cases below 5, indicating no discernible differences in color between 424 

any pair of wines (Supplemental Table 3).    425 

It has been reported that the addition of stems from WC leads to a decrease of anthocyanins 426 

attributed to the adsorption capacity of stems towards monomeric anthocyanins (Suriano et al. 427 

2015). More generally, addition of extra solids to the fermentor, like the added stems in the present 428 

study, results in lower color saturation and decrease in absorbance of the visible absorbance 429 

spectrum of wine color (Casassa et al. 2019a). The major contributors to wine color, i.e., 430 

anthocyanins and polymeric pigments, however, were not significantly affected by the 431 

winemaking techniques herein applied. Yet in 2016, the 100% WC wines showed slightly higher 432 

color, and in 2017 C wines showed slightly higher and better chromatic composition than the 433 

remaining wines. The inconsistency of WC and DS additions in achieving positive effects on wine 434 

color can therefore be attributed to other phenolic and non-phenolic materials, which may vary in 435 

composition and content on a vintage by vintage basis.  436 

Gas chromatography-mass spectrometry (GC-MS) analysis. The wines of the 2016 and 437 

2017 vintages were analyzed by GC-MS after two and one year of bottle aging, respectively. A 438 

total of 56 volatile compounds were identified by GC-MS, including alcohols, aldehydes, thiols, 439 

esters, organic acids, terpenes and terpenoids, volatile phenols, lactones and oak aromatics, and 440 

subjected to one-way ANOVA (Supplemental Tables 7 and 8). The GC-MS data set was separated 441 

on a vintage basis and was further analyzed by a combination of heatmap analysis and hierarchical 442 
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cluster analysis (Figure 3). Heatmap analysis allows to visualize vertically the full aroma profile 443 

of each wine, with red and orange hues indicating predominance, yellow hues indicating presence 444 

and blue and light green hues indicating absence or very low presence. On the horizontal axis, the 445 

relative presence of the 56 aroma compounds can be visualized in each set of wines for the 2016 446 

(Figure 3 A) and 2017 vintages (Figure 3 B).    447 

The wines of the 2016 vintage were higher in alcohols and acids, in particular 1-butanol, 448 

1-octen-3-ol, 3-octanol, 1-pentanol, benzyl alcohol, caprylic, valeric and caproic acid. In 2016, the 449 

dendrogram resulting from cluster analysis grouped closely the 50% WC wines with the 100% 450 

WC wines and the C wines with the DS wines. Generally, 100%WC wines showed higher 451 

predominance of alcohols such as 1-butanol, 1-octen-3-ol, 3-octanol and 1-hexanol, as well as 452 

ethyl lactate, ethyl cinnamate, ethyl caprate, and phenethyl acetate. One-octen-3-ol, also known as 453 

mushroom alcohol, has a strong mushroom aroma, and it is usually considered as negative, off-454 

odor wine aroma (Boutou and Chatonnet 2007), associated also with cork taint  and/or with the 455 

perception of oxidation (Escudero et al. 2000). The same is true for 1-butanol and 3-octanol, which 456 

are higher alcohols bearing a strong spirituous aroma in the case of the former, and a strong 457 

mushroom-like aroma in the case of the latter, both of which were previously detected in Pinot 458 

noir wines (Brander et al. 1980). The 100%WC wines also showed a relative abundance of ethyl 459 

cinnamate, which was almost 9 times more abundant than in Control wines (Supplemental Table 460 

7). Ethyl cinnamate has been identified as key odorant in Burgundy Pinot noir wines, where it is 461 

responsible for cinnamon-like, fruity, plum- and cherry-like aromas (Moio and Etievant 1995). All 462 

these compounds were particularly associated with 100%WC wines. The 50%WC wines showed 463 

predominance of cis-lactone, ß-damascenone, linalool, and 1-octanol. The 50%WC wines were 464 
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also characterized by the esters butyl ethyl succinate and diethyl succinate, the later bearing fruity, 465 

melon-like notes (Pérez-Coello et al. 2003). Control wines of the 2016 vintage showed low 466 

presence of most compounds, with the exception of 1-pentanol, which did not show significant 467 

differences within treatments, and methionol, which did (Supplemental Table 7). Conversely, DS 468 

wines were characterized by high abundance of benzyl alcohol, γ-nonalactone. As well, DS wines 469 

showed an abundance of esters, namely ethyl 9-hexadecenoate and 9-octadecanoate, ethyl stearate, 470 

ethyl myristate, ethyl palmitate, ethyl pentadecanoate, and lenolenic and linoleic acid ethyl esters. 471 

The ester content in DS wines bear potential positive effects, including fruity and floral notes. 472 

Ethyl 9-hexadecenoate has been previously identified in Cabernet Sauvignon wines (Liang et al. 473 

2013) and it is related with the perception of fruity aroma, whereas γ-nonalactone imparts a 474 

coconut-like, waxy and buttery aroma. The predominance of benzyl alcohol in DS wines, on the 475 

other hand, suggests that this alcohol can be eventually oxidized to benzaldehyde, imparting a 476 

bitter almond aroma (Delfini et al. 1991).    477 

The wines of the 2017 were generally higher in esters and nor-isoprenoids, including ethyl 478 

esters of fatty acids, isoamyl acetate and ethyl phenylacetate; and β-damascenone and TDN, 479 

respectively (Supplemental Table 8). These compositional differences between vintages are 480 

expected because the 2016 wines had 28 months of bottle aging at the time of this analysis whereas 481 

the 2017 wines had 16 months at the moment of analysis. Indeed, esters and certain nor-isoprenoids 482 

such as β-damascenone degrade over time during wine aging mostly due to the effect of 483 

accumulated temperature (Bordiga et al. 2013), and the progressive loss of free SO2 during bottle 484 

aging (Garde-Cerdán and Ancín-Azpilicueta 2007). Moreover, the acid hydrolysis of acetate esters 485 

during aging, which yields their corresponding acids and higher alcohols, have been linked with 486 
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the rapid loss of varietal character in Sauvignon blanc wines (Herbst-Johnstone et al. 2011). 487 

Similarly, we herein observed a decrease in esters and a concomitant increase in alcohols and acid 488 

in the more aged 2016 wines.  489 

Cluster analysis also grouped the wines as a function of the winemaking technique in the 490 

2017, whereby C wines and 50%WC wines were grouped together, with a subgroup of these wines 491 

with DS wines, whereas 100%WC conformed a separate cluster (Figure 3 B). Control wines were 492 

characterized by relative high predominance of β-damascenone, 1-octen-3-ol, 1-butanol, 1-493 

octanol, ethyl heptadecanoate, and acetoin. The presence of esters in C wines suggest fruity and 494 

floral notes in these wines. Similarly,  β-damascenone, also bearing fruity and floral notes, showed 495 

the highest concentration in C wines (Supplemental Table 8). This nor-isoprenoid was recently 496 

identified as a key odorant with high odor activity value in Pinot noir wines produced traditionally 497 

(Casassa et al. 2019b), in agreement with the results presented here. The aroma profile of 50%WC 498 

wines was generally similar to that of C wines.  499 

The 100%WC wines, which formed a separate cluster in 2017, showed higher 500 

predominance of benzaldehyde, 2,3-butanediol, 1-butanol, glycerol, acetic acid, TDN, ethyl 501 

caprate, ethyl cinnamate and caproic acid. Benzaldehyde is often considered an important aroma 502 

compound in Pinot noir wines. A study reported extract dilution (AEDA) and flavor dilution (FD) 503 

values above 64 for benzaldehyde in Pinot noir wines, where it was described as nutty and cherry-504 

like (Fang and Qian 2005). Benzaldehyde has also been reported to be linked with infection with 505 

Botrytis cinerea and other fungal diseases, but can also be formed by action of the microorganisms 506 

on the aromatic aminoacid phenylalanine (Genovese et al. 2007). Thus, the predominance of 507 

benzaldehyde in 100%WC wines could be related with the incidence of powdery mildew in 2017, 508 
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and the fact that due to the WC addition, oxidative conditions may have occurred during the 509 

prefermentative phase that may have led to the formation of this volatile compound. Dried stems 510 

wines from the 2017 vintage  showed more similarities with C and 50% WC wines than with 100% 511 

WC wines, with a particular predominance of 1-nonanol and the ethyl esters of fatty acids, 512 

including ethyl 9-octadecenoate, ethyl-9-hexadecenoate, ethyl oleate, ethyl myristate, ethyl 513 

palmitate, and ethyl pentadecanoate, as well as ethyl lactate and the ethyl esters of linoleic and 514 

lenolenic acids. Ethyl esters of fatty acids bearing an even number of carbon atoms, such as ethyl 515 

hexanoate, ethyl octanoate, or ethyl decanoate, are considered important contributors of the aroma 516 

of young wines, bearing floral and fruity odors (van der Merwe and van Wyk 1981), whereas 1-517 

nonanol, which also appeared in the DS wines of the 2016 vintage, impart a citrus, citronella-like 518 

aroma.   519 

Sensory descriptive analysis. The wines of the 2016 and 2017 vintages were evaluated by 520 

two trained sensory panels after approximately 3 months of bottle aging, with sensory descriptors 521 

and their respective standards established by consensus (Supplemental Tables 5 and 6). Results 522 

were analyzed by a combination of univariate statistical analysis, including 3-way analysis of 523 

variance (Tables 3 and 4), as well as principal component analysis with confidence ellipses (Figure 524 

4). ANOVA results indicated that in 2016, addition of WC at both 50 and 100% and DS increased 525 

brown hue and herbal aroma, whereas C wines had a more prominent impact of oak-derived 526 

aromas, less brown hue and less cooked vegetal aromas (Table 3). More specifically, 100% WC 527 

wines showed enhanced vegetal aroma (reminiscent of grape tendrils, Supplemental Table 5) and 528 

astringency whereas DS wines showed less red hue and enhanced berry aromas, relative to C 529 

wines. There were no panelist × wine interactions, indicating that the sensory panelists were 530 
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consistent in their evaluation of the wines. Figure 4 shows a principal component analysis with 531 

confidence ellipses. The PCA biplot and confidence ellipses were constructed with 95% certainty 532 

according to the Hotelling’s test, which provides significance testing. The ellipses represent 533 

empirical descriptions of the variability of the sensory evaluations (Husson et al. 2005), and if the 534 

ellipses are superimposed, then the wines are not significantly different from a sensory standpoint. 535 

In 2016, the ellipses corresponding to 50% WC wines overlapped with that of 100% WC wines, 536 

suggesting sensory similarities between these two treatments. On the other hand, the relative 537 

position on the PCA plot as well as the lack of overlap between the ellipses of the DS wines and 538 

the ellipses of the remaining treatments suggest that DS wines were the most distinctive from a 539 

sensory viewpoint (Figure 4 A and B). The PCA solution, which accounted for 94% of the 540 

variability, confirmed the results of the ANOVA: 50% WC and 100% WC wines were higher in 541 

vegetal aromas, cooked vegetal aromas and astringency; DS wines were higher in brown hue, red 542 

berry aroma and herbal aroma; and C wines, but not the wines of remaining treatments, showed a 543 

certain effect of oak-derived aromatics in their sensory profile. Since this experiment was 544 

conducted at a commercial winery, and there was the need to keep treatment replicates separated 545 

throughout winemaking, the wines were aged in neutral barrels. Although we intended to avoid 546 

adding oak-derived flavors to the wines, C wines showed a more prominent impact of oak-derived 547 

aromatics, which could be due to the relatively lower intrinsic complexity of aromas in these wines. 548 

Alternatively, antagonistic effects between oak-derive volatiles, such as oak lactones and furanic 549 

compounds,  and fruity aromas (Prida and Chatonnet 2010), to prevail in the aromatic profile of 550 

said wines.  551 
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In 2017, the addition of WC at 50% and 100% rates and that of DS decreased red and 552 

purple hues and increased clove aroma and astringency relative to C wines. More specifically, 553 

50%WC and 100%WC wines were lower in color saturation, 100% WC and DS wines were higher 554 

in vegetal aroma (reminiscent to red and green bell pepper, Supplemental Table 6), and DS wines 555 

were higher in dried fruit aroma (Table 4). There were also significant panelist × wine interactions 556 

for some of the sensory descriptors pertaining to color. Principal component analysis of the 2017 557 

sensory data explained about 85% of the variability, and generally confirmed the ANOVA results 558 

(Figure 4 C and D). There was no overlap between any of the winemaking treatments. Moreover, 559 

confidence ellipses for C, 50% WC and 100% WC wines were considerably narrower, suggesting 560 

lower variability in the sensory profile of the replicates within the treatments (Figure 4C). Control 561 

wines were differentiated on the basis of more purple and red hues, as well as color saturation, and 562 

placed, together with 50% WC wines, in the negative dimension of the PCA plot. Dried stems and 563 

100% WC wines were located in the positive dimension of the PCA plot, indicating shared 564 

similarities in their respective sensory profile, but fairly different sensory profiles than the C and 565 

50% WC wines. The 100% WC wines were confirmed to be higher in astringency, clove and dark 566 

fruit aroma, whereas the DS wines were higher in dried fruit, red fruit, vegetal aroma and brown 567 

hue, with higher relative astringency than 100% WC wines.  568 

Expectedly, the most salient sensory features of each treatment were generally consistent 569 

over the two vintages, as the fruit, vineyard source, and winemaking techniques applied here were 570 

kept constant over the two years. For example, the sensory panel consistently indicated an increase 571 

in perceived astringency in the 100% WC and DS wines. Although this increase in perceived 572 

astringency was not proportional to the increase in tannins caused by WC and DS addition (Figure 573 
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1C and D), astringency was one of the most discriminant sensory attributes. Previous research has 574 

shown that stem additions alone or from WC lead to a significant increase in perceived astringency 575 

in Cabernet Sauvignon wines (Pascual et al. 2016) and Primitivo wines (Suriano et al. 2016), but 576 

a  20% WC addition in Pinot noir wines did not impact astringency (Casassa et al. 2019b). Herein, 577 

we showed that either additions of 50% WC or above, or that of DS, lead to significant increases 578 

in astringency. Therefore, the use of WC and that of DS could be used a tool to improve texture in 579 

an otherwise light bodied wine such as Pinot noir.   580 

The most distinctive sensory features were achieved by the DS treatment. These wines 581 

were more aromatic and showed enhanced or lifted red berry, herbal, red fruit, and dried fruit 582 

aromas albeit at the expense of wine color. This sensory result is consistent with the volatile 583 

composition of these wines discussed above. That is, DS wines showed a relative higher abundance 584 

of esters, whereas C wines were more affected by oak-derived aromas, particularly in 2016, and 585 

retained more color, particularly in 2017 (Figure 3). Studies reporting on the sensory effects of 586 

stems additions under actual winemaking conditions are scarce, but some chemical reports exist. 587 

For example, in Cabernet Sauvignon addition of stems increased the content of methoxypyrazines 588 

(Hashizume and Samuta 1997) and treatment of the stems with steam prior to fermentation 589 

decreased pyrazines by 95% while increasing the levels of extractable flavonoids in Cabernet 590 

Sauvignon, Merlot, Pinot noir and Muscat Bailey wines (Hashizume et al. 1998). In the present 591 

study, addition of WC led to increased vegetal and cooked notes, but addition of DS did not, 592 

suggesting that the process of drying the stems prior to their addition decreased undesirable 593 

sensory notes, while allowing the development of more pleasant ones. Alternatively, enhanced 594 

fruity notes in the DS wines may have effectively masked vegetal notes (Hein et al. 2009). 595 
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Therefore, the practice of drying the stems prior to addition seems preferable from both a chemical 596 

(lower volatile acidity), and sensory standpoint.  597 

Addition of WC at 100%, on the other hand, increased spicy notes (clove) as well as cooked 598 

vegetal notes, and these may be related to the volatile composition of said wines, which was 599 

generally higher in ethyl cinnamate and benzaldehyde (Figure 3). Whereas these sensory notes 600 

may not be fully desirable as standalone sensory features, these can be certainly useful as blending 601 

options. Therefore, both the use of WC and DS  additions appear as valid tools to increase the 602 

aromatic and textural complexity of Pinot noir wines.   603 

Conclusions 604 

The present experiment was conducted at industrial scale in a commercial winery in the 605 

Central Coast of California, providing winemakers with a practical baseline for comparison when 606 

implementing whole cluster and stem additions in Pinot noir wines. Furthermore, this study 607 

spanned both a relatively cool (2016) and a relatively warm growing season (2017), thereby 608 

allowing us to characterize potential vintage effects on the practice of whole cluster addition. 609 

Additions of 100% WC consistently led to significant increases in pH and volatile acidity. 610 

The former is a negative outcome in warm climates, where lower acidity and high pH may lower 611 

free SO2 levels, thereby affecting the aging potential and bottle shelf life of the resulting wines. 612 

Regarding volatile acidity, we speculated that it was due to the development of acetic acid bacteria 613 

within air pockets in whole cluster fermentations. Therefore, the diligent use of inert gases such as 614 

carbon dioxide should be instituted if these techniques are implemented. Alternatively, partial 615 

crushing of a portion of the fruit as opposed to 100% WC will allow alcoholic fermentation to 616 
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start, thereby allowing the released CO2 to displace oxygen and potentially minimize volatile 617 

acidity.  618 

Anthocyanins, polymeric pigments, and color were more influenced by vintage than by the 619 

winemaking treatments, with either null or negative results in the case of 100% WC additions. 620 

Conversely, the tannin content of the wines was clearly  impacted by the winemaking techniques. 621 

Overall, tannin increases were more or less proportional to the percentage of WC and stems added. 622 

Concurrently, increases in perceived astringency were also noted by the trained panels during 623 

sensory evaluation. This suggest that both WC and DS addition can be used to add mouthfeel and 624 

improve texture to an otherwise light bodied wine such as Pinot noir.    625 

Notwithstanding the fact that the 2016 and 2017 wines were at different aging stages at the 626 

moment of volatile analysis, some common aroma compounds occurred in the wines of the 627 

different treatments. For example, 100% WC were higher in ethyl cinnamate and benzaldehyde, 628 

suggesting the presence of spicy and almond-like notes on these wines. Dried stems wines showed 629 

relative abundance of esters, denoting potential fruity and floral notes.  630 

Sensory results showed good alignment with the phenolic and volatile composition of the 631 

wines. For example, 100% WC additions led to vegetal, cooked fruit flavors and spicy (clove) 632 

notes, whereas DS additions produced wines that were more herbal, fruity and astringent, with 633 

fruity notes related to esters, and astringency sensations related to enhanced tannin extraction from 634 

the stems. An empirical observation often quoted by winemakers is that Pinot noir wines produced 635 

with WC and/or stem addition are often perceived as “fresher”. Analysis of the composition of 636 

these wines suggested absence of a clear chemical effect explaining enhanced perception of 637 

freshness due to stem addition (e.g. higher acidity), yet these wines were indeed perceived as 638 



 
American Journal of Enology and Viticulture (AJEV). doi: 10.5344/ajev.2020.20037 

AJEV Papers in Press are peer-reviewed, accepted articles that have not yet been published in a print issue of the journal  
or edited or formatted, but may be cited by DOI. The final version may contain substantive or nonsubstantive changes. 

 
 

30 
 

“fresher”. Thus, we hypothesize that herbal and fruitier notes in wines made with DS additions 639 

may enhance perceived freshness through cross-modal association processes. This hypothesis also 640 

supports the rationale followed by some Pinot noir producers, who typically increase the 641 

proportion of WC added when facing especially warm or hot vintages, to add “freshness” to the 642 

resulting wines. While these specific sensory features can be considered “markers” of WC or stem 643 

additions, they can also be desirable as blending options, thereby adding complexity and aromatic 644 

lift to other existing wines. Overall, chemical and sensory result concur that 100% WC and DS 645 

addition wines were generally more complex, showing a more diverse aromatic palette than 50% 646 

WC and C wines.  647 

From a practical standpoint, the results herein presented argue in favor of drying stems 648 

prior to their addition to the fermentor, if logistics permit. It is also recommended that drying stems 649 

are sprayed  regularly with a solution of SO2, to combat possible mold development during the 650 

drying process. Tannin extractability and wine mouthfeel seem not to be affected relative to the 651 

use of 100% WC, with the added benefit that the DS treatment may result in lower production of 652 

acetic acid and facilitates cap management relative to whole cluster addition.    653 
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Table 1  Basic chemical analysis of Pinot Noir wines produced with different maceration techniques over two consecutive vintages (2016 and 2017). Also 
shown is a 2-way analysis of variance (ANOVA) with the separate effects of vintage, maceration and their interaction. Values represent the mean of three 
tank replicates. 

Vintage Maceration Ethanol  
(% v/v) pH Titratable acidity 

(g/L tartaric acid) 
Lactic acid 
(g/L) 

Malic acid 
 (g/L) 

Volatile acidity 
(g/L acetic acid) 

Glucose + 
Fructose 
(g/L) 

2016 

Ca       13.07 ab 3.36 b 6.4 b 0.86 ab 0.05 a 0.77 b 0.59 a 
50% WC 13.24 a 3.55 a 6.8 a 0.81 ab 0.05 a 0.81 b 0.51 b 
100% WC 13.02 a 3.53 a 6.8 a 0.79 b 0.06 a 1.11 a 0.51 b 
DS 13.48 a 3.52 a 6.5 ab 0.87 a 0.06 a 0.85 b 0.59 a 

p-value 0.225 0.006 0.099 0.133 0.423 0.015 0.015 

2017 

C 14.54 ab 3.31 c 7.1 a 0.58 b 0.04 a 0.79 b 1.17 a 
50% WC 13.90 b 3.42 bc 7.2 a 0.66 ab 0.04 a 0.95 ab 1.12 a 
100% WC 14.24 ab 3.60 a 7.2 a 0.76 a 0.04 a 1.12 a 1.13 a 
DS 14.68 a 3.51 ab 7.1 a 0.72 a 0.06 a 0.91 ab 1.13 a 

p-value 0.164 0.003 0.243 0.025 0.274 0.044 0.238 
ANOVA effects (p-values) 
Vintage < 0.0001 0.802 < 0.0001 < 0.0001 0.068 0.219 < 0.0001 
Maceration 0.136 0.001 0.016 0.088 0.256 0.001 0.030 
Vintage × Maceration 0.354 0.018 0.727 0.007 0.387 0.699 0.628 
aC: Control; WC: whole cluster; DS: Dried stems.  
bDifferent letters within wines of the same vintage indicate significant differences for Fisher's LSD Test and p < 0.05. Significant p values are shown in 
bold.   
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Table 2  Detailed chromatic composition determined by tri-stimulus colorimetry (CieLab system) of Pinot noir wines at selected times during 
the aging over two consecutive vintages (2016 and 2017). Also shown is a 3-way analysis of variance (ANOVA) with the separate effects of 
vintage, maceration, aging time and selected interactions. Values represent the mean of three tank replicates. 

Vinta
ge Maceration 

L* (Lightness) C* (Saturation) H* (hue angle) a* b* 

3 mo. BAa 
15 mo. 
BA 

3 mo. 
BA 

15 mo. 
BA 3 mo. BA 

15 mo. 
BA 

3 mo. 
BA 

15 mo. 
BA 3 mo. BA 

15 
mo. 
BA 

2016 

Cb       84.8 ac 82.2 a 18.4 b 16.4 a 2.2 ab 0.7 b 18.5 b 16.5 a -0.7 c -0.1 b 
50% WC 83.1 a 82.7 a 18.5 b 17.5 a 0.9 b 1.3 b 18.5 b 17.5 a 0.1 b 0.4 b 
100% WC 80.3 b 81.4 a 21.6 a 18.1 a 1.3 b 6.1 a 21.6 a 17.9 a -0.5 bc 1.9 a 
DS 82.8 a 81.9 a 18.1 b 15.9 a 4.1 a 8.1 a 18.1 b 15.7 a 1.3 a 2.2 a 
p-value 0.016 0.874 0.023 0.226 0.067 0.002 0.019 0.187 0.002 0.005 

2017 

C     81.9 b 83.4 a 18.7 a 14.5 ab 2.3 b 11.5 c 18.6 a 14.2 a 0.7 b 2.8 b 
50% WC 84.9 a 85.2 a 14.5 b 12.6 b 7.8 ab 17.2 b 14.4 b 12.0 bc 1.9 ab 3.7 b 
100% WC 82.8 ab 83.3 a 14.1 b 12.9 ab 12.2 a 23.7 a 13.7 b 11.8 c 2.9 a 5.2 a 
DS 84.0 ab 85.5 a 15.2 b 14.9 a 11.1 a 21.8 a 14.9 b 13.9 ab 2.9 a 5.6 a 
p-value 0.070 0.681 0.009 0.072 0.029 0.000 0.007 0.047 0.038 0.001 

ANOVA effects (p-values) 
Vintage 0.047 < 0.0001 < 0.0001 < 0.0001 < 0.0001 
Maceration 0.087 0.089 < 0.0001 0.029 < 0.0001 
Aging time 0.636 < 0.0001 < 0.0001 < 0.0001 < 0.0001 
Vintage × 
Maceration 0.176 < 0.0001 0.017 < 0.0001 0.247 

Aging time × 
Maceration 0.654 0.306 0.349 0.301 0.153 
amo: months; BA: bottle aging 
bC: Control; WC: whole cluster; DS: Dried stems. 
cDifferent letters within wines of the same vintage indicate significant differences for Fisher's LSD Test and p < 0.05. Significant p values are shown in bold.   
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Table 3  Three-way analysis of variance (ANOVA) with interaction showing mean separation and p-values of descriptive 
sensory attributes of Pinot Noir wines from the 2016 vintage assessed by a trained panel (n = 9). Also shown are main 
effects and interactions between selected ANOVA factors.   

Treatment  Brown 
hue Red hue Oak 

aroma 
Herbal 
aroma 

Vegetal 
aroma 

Cooked 
vegetal aroma 

Red berry 
aroma Astringency 

Ca  3.3 bb 8.9 a 8.0 a 6.8b 5.1 b 4.2 c 6.2 b        5.4 b 
50% WC 4.2 a  8.0 ab 6.6 b 8.0 a   5.6 ab   5.6 ab 5.9 b        6.5 ab 
100% WC 4.7 a 8.6 a 6.2 b 8.1 a 6.5 a 6.5 a   6.3 ab        6.6 a 
DS 5.1 a 7.4 b  6.9 ab 8.7 a   5.6 ab   5.1 bc 7.4 a        5.9 ab 
ANOVA factors and interactions (p-values) 
Wine  (W) 0.005c 0.008 0.025 0.006 0.126 0.015 0.094 0.119 
Panelist (P) < 0.0001 < 0.0001 < 0.0001 0.003 < 0.0001 0.001 0.089 0.001 
Replicate 0.919 0.407 0.807 0.275 0.209 0.013 0.539 0.531 
P × W interaction 0.306 0.974 0.153 0.253 0.085 0.436 0.474 0.566 
a C: Control; WC: whole cluster; DS: Dried stems. 
b ANOVA to compare data: different letters within a column indicate significant differences for Fisher's LSD at p < 0.05. 
c Significant p values are shown in bold fonts.  
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Table 4  Three-way analysis of variance (ANOVA) with interaction showing mean separation and p-values of descriptive sensory attributes of Pinot Noir 
wines from the 2017 vintage assessed by a trained panel (n = 10). Also shown are main effects and interactions between selected ANOVA factors.   

Treatment  Saturation Brown hue Red hue Purple hue Red fruit 
aroma 

Dark fruit 
aroma 

Dried fruit 
aroma 

Vegetal 
aroma 

Clove 
aroma Astringency 

Ca  12.6 ab 0.3 b 12.6 a 2.9 a   8.3 ab 7.0 b 4.0 b 2.5 b 1.0 b 6.4 c 
50% WC 11.8 b 0.3 b 12.1 b   2.1 bc 7.7 b   7.2 ab 4.2 b 2.5 b 1.9 a 7.5 b 
100% WC 11.9 b 0.8 a 11.2 c 1.8 c 8.6 a 7.8 a 4.1 b 3.1 a 1.8 a   8.0 ab 
DS 12.7 a 0.8 a 11.5 c 2.2 b  8.5 ab 6.7 b 5.4 a 3.2 a 1.9 a 8.3 a 
ANOVA factors and interactions (p-values) 
Wine (W) < 0.0001c < 0.0001 < 0.0001 < 0.0001 0.113 0.024 0.001 0.020 < 0.0001 < 0.0001 
Panelist 
(P) < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 

Replicate 0.132 0.218 0.028 0.237 0.998 0.041 0.041 0.706 0.229 0.012 
P × W 
interaction 0.007 0.013 0.005 0.082 0.072 0.110 0.103 0.405 0.302 0.338 
a C: Control; WC: whole cluster; DS: Dried stems. 
b ANOVA to compare data: different letters within a column indicate significant differences for Fisher's LSD at p < 0.05. 
c Significant p values are shown in bold fonts.  
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Figure 1  Evolution of 
phenolic compounds and wine 
color during winemaking and 
aging of Pinot noir wines over 
two consecutive vintages. A 
and B: anthocyanins; C and 
D: tannins; E and F: total 
phenolics; G and H: 
polymeric pigments; I and J: 
wine color.  Different letters 
in the last sampling point 
indicate significant 
differences for Fisher’s LSD 
test and p < 0.05. AU: 
absorbance units; CE: 
catechin equivalents. C: 
control; WC: whole cluster; 
DS: dried stems.  
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Figure 2  Full visible absorption spectrum scans of Pinot noir wines after 3 and 15 months of bottle aging 
over two consecutive vintages (2016 and 2017).  C: control; WC: whole cluster; DS: dried stems. 
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Figure 3  Heat map combined with hierarchical cluster analysis of standardized GCMS data of Pinot noir 
wines of the different winemaking treatments of the 2016 (A) and 2017 vintage (B). C: control; WC: whole 
cluster; DS: dried stems. 
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Figure 4  Principal component analysis of descriptive sensory data of Pinot noir wines of the 2016 (A and 
B) and 2017 vintages (C and D), evaluated by a trained sensory panel (2016, n = 9; 2017, n = 10). 
Confidence ellipses indicate 95% confidence intervals. C: control; WC: whole cluster; DS: dried stems. 
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Supplemental Table 1  Harvest date and basic chemical composition of Pinot noir grapes (clone 777) at harvest over two 
consecutive vintages. Values represent the mean (± SEM) of four independent sample replicates taken at harvest (n = 30 berries). 

Vintage Harvest 
date Brix pH Titratable acidity (g/L 

tartaric acid) 
Tartaric acid 
(g/L) 

Malic acid 
(g/L) 

2016 9/13 23.9 aa 3.61 a 5.3 a 4.92 a 1.38 a 
2017 9/12     24.3 a 3.68 a 5.6 b 5.02 a 1.44 a 
p-value --- 0.331 0.111 0.024 0.411 0.102 
aDifferent letters within a column indicate significant differences (p < 0.05) assessed by Student’s t-test. 

 
 

Supplemental Table 2  Double entry table showing the CIE L*a*b* Color Difference (ΔE*) in the individual wines after 3 and 15 
months of bottle aging (BA) of Pinot noir wines of the 2016 vintage. Values are presented as mean of three replicated comparisons 
(n = 3). 

  3 months BA  15 months BA 

Treatment C 50% WC 100% WC DS C 50% WC 100% WC DS 

Ca --- 1.88 5.47 2.86 --- 1.26 2.57 2.45 

50% WC 1.88 --- 4.22 1.33 1.26 --- 2.02 2.66 

100% WC 5.47 4.22 --- 4.66 2.57 2.02 --- 2.28 

DS 2.86 1.33 4.66 --- 2.45 2.66 2.28 --- 
a C: Control; WC: whole cluster; DS: Dried stems 
b Numbers underlined in bold indicate a ΔE* resulting in a chromatic difference discernible by the human eye between any given 
pair of wines (ΔE* > 5) (Pérez-Magariño and González-Sanjosé 2003). 

 
 

 
 

Supplemental Table 3  Double entry table showing the  CIE L*a*b* Color Difference (ΔE*) in the individual wines after 3 and 
15 months of bottle aging (BA) of Pinot noir wines of the 2017 vintage. Values are presented as mean of three replicated 
comparisons (n = 3). 
  3 months BA  15 months BA 

Treatment C 50% WC 100% WC DS C 50% WC 100% WC DS 

Ca --- 5.30 5.46 4.79 --- 2.98 3.40 3.51 

50% WC 5.30 --- 2.43 1.43 2.98 --- 2.43 2.70 

100% WC 5.46 2.43 --- 1.71 3.40 2.43 --- 3.07 

DS 4.79 1.43 1.71 --- 3.51 2.70 3.07 --- 
a C: Control; WC: whole cluster; DS: Dried stems 
b Numbers underlined in bold indicate a ΔE* resulting in a chromatic difference discernible by the human eye between any given 
pair of wines (ΔE* > 5) (Pérez-Magariño and González-Sanjosé 2003). 
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Supplemental Table 4  Compound identification, Kovats retention index and references of the volatile compounds found in 
Pinot noir wines. 
Compound identification NIST KI[a] Calculated KI Reference(s) 
1-Butanol, 3-methyl-, acetate 1124-1126 

 
Tatsuka, Suekane, et al., 1990 

1-Propanol, 2-methyl- 1092-1095 
 

Tatsuka, Suekane, et al., 1990 
1-Butanol 1150 

 
Tatsuka, Suekane, et al., 1990 

1-Butanol, 3-methyl- 1209-1211 1213.2 Tatsuka, Suekane, et al., 1990 
Hexanoic acid, ethyl ester 1246 1229.7 Umano and Shibamoto, 1998 
1-Pentanol 1255-1256 1239.6 Tatsuka, Suekane, et al., 1990 
Acetoin 1286-1287 1286.4 Tatsuka, Suekane, et al., 1990 
Heptanoic acid, ethyl ester 1332[b] 1328.7 Umano, Shoji, et al., 1986 
Ethyl (S)-(-)-Lactate 1356[c] 1344.3 Pena, Barciela, et al., 2005 
1-Hexanol 1356-1359 1356.1 Tatsuka, Suekane, et al., 1990 
5-Heptenal, 2,6-dimethyl- 1356-1389 1365.6 Chida, Sone, et al., 2004; Mookdasanit, Tamura, et al., 

2003 
3-Octanol 1386[c] 1388.2 Mahmood, Kaul, et al., 2004 
Octanoic acid, ethyl ester 1441[b] 1431.8 Umano, Shoji, et al., 1986 
1-Octen-3-ol 1456 1441.9 Tatsuka, Suekane, et al., 1990 
Acetic acid 1452-1461 1447.9 Gurbuz O., Rouseff J.M., et al., 2006 
1-Heptanol 1461-1462 1456.4 Tatsuka, Suekane, et al., 1990 
Benzaldehyde 1527-1529 1511.8 Tatsuka, Suekane, et al., 1990 
Linalool 1552 1544.8 Tatsuka, Suekane, et al., 1990 
1-Octanol 1564-1565 1557.3 Umano and Shibamoto, 1998 
2,3-Butanediol 1544-1547 1575.4 Tanaka, Yamauchi, et al., 2003 
Decanoic acid, ethyl ester 1643[b] 1634.8 Umano, Shoji, et al., 1986 
1-Nonanol 1666 1658.6 Tatsuka, Suekane, et al., 1990 
Butanedioic acid, diethyl ester 1694[d] 1671.0 Wong and Teng, 1994 
1-Propanol, 3-(methylthio)- 1702 1709.7 Ferrari, Lablanquie, et al., 2004 
TDN (1, 1, 5-Trimethyl-1, 2-
dihydronaphthalene) 

1729 1730.9 Zhao, Xu, et al., 2009 

Undecanoic acid ethyl ester 1732 1739.6 Welke, Manfroi, et al., 2012 
Benzeneacetic acid, ethyl ester 1785 1774.9 Ferrari, Lablanquie, et al., 2004 
Succinic acid, butyl ethyl ester 1820[e] 1787.7 Vinogradov, 2004 
Acetic acid, 2-phenylethyl ester 1822-1826 1806.2 Tatsuka, Suekane, et al., 1990 
β-Damascenone 1814-1840 1809.3 Botelho, Caldeira, et al., 2007; Petka, Ferreira, et al., 

2006 
Dodecanoic acid, ethyl ester 1847[b] 1841.7 Umano, Shoji, et al., 1986 
Hexanoic acid 1849 1845.6 Rezende and Fraga, 2003 
Benzyl alcohol 1885-1886 1871.6 Tatsuka, Suekane, et al., 1990 
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Butanedioic acid, ethyl 3-
methylbutyl ester 

1901 1894.3 Ferrari, Lablanquie, et al., 2004 

Phenylethyl Alcohol 1919-1923 1901.9 Tatsuka, Suekane, et al., 1990 
2-Cyclopenten-1-one, 3-ethyl-2-
hydroxy- 

1845-1924 1910.0 Moon and Shibamoto, 2009; Fujioka and Shibamoto, 
2006 

2-Propenal, 3-(2,6,6-trimethyl-1-
cyclohexen-1-yl)- 

1952 1934.6 Zhao, Xu, et al., 2009 

Whiskey lactone (2(3H)-
Furanone, 5-butyldihydro-4-
methyl-, cis-) 

1964 1942.2 Zhao, Xu, et al., 2009 

gamma-nonalactone (2(3H)-
Furanone, dihydro-5-pentyl-) 

2020 
 

Avsar, Karagul-Yuceer, et al., 2004 

Tetradecanoic acid, ethyl ester 2043[b] 
 

Umano, Shoji, et al., 1986 
Octanoic acid 2072-2089 

 
Gurbuz O., Rouseff J.M., et al., 2006; Cho, Choi, et al., 
2006 

Ethyl cinnamate (2-Propenoic 
acid, 3-phenyl-, ethyl ester) 

2108-2127 
 

Osorio, Alarcon, et al., 2006; Escudero and Etievant, 
1999 

Pentadecanoic acid, ethyl ester 2135 
 

Ferrari, Lablanquie, et al., 2004 
Hexadecanoic acid, ethyl ester 2243[b] 

2270 

 
Umano, Shoji, et al., 1986; Rezende and Fraga, 2003 

Ethyl 9-hexadecenoate 2269-2292 
 

Prompona, Kandylis, et al., 2012 
n-Decanoic acid 2280-2284 

 
Moio, Piombino, et al., 2000 

Glycerin 2314-2322 
 

Pozo-Bayon M.A., Ruiz-Rodriguez A., et al., 2007; 
Shimoda, Shigematsu, et al., 1995 

Heptadecanoic acid, ethyl ester 2340 
 

Ferrari, Lablanquie, et al., 2004 
Octadecanoic acid, ethyl ester 2455 

 
Ferrari, Lablanquie, et al., 2004 

Ethyl Oleate 2476 
 

Umano, Hagi, et al., 1995 
(E)-9-Octadecenoic acid ethyl 
ester 

2476[f] 
 

Ledauphin, Saint-Clair, et al., 2004 

Linoleic acid ethyl ester 2521 
 

Umano, Hagi, et al., 1995 
Vanillin 2561-2602 

 
Lee and Noble, 2003; Lin, Rouseff, et al., 2002 

9,12,15-Octadecatrienoic acid, 
ethyl ester, (Z,Z,Z)- 

2613[c] 
 

Kaya, Baser, et al., 1999 

Ethyl vanillate (Benzoic acid, 4-
hydroxy-3-methoxy-, ethyl ester) 

2676 
 

Ferreira, Aznar, et al., 2001 

n-Hexadecanoic acid 2899-2946   Moio and Addeo, 1998; Shiratsuchi, Shimoda, et al., 
1994 

[a] He carrier gas, DBWax column, temperature ramp.  
[b] N2 carrier gas.  
[c] Innowax column.  
[d] Supelcowax-10 column.  
[e] Carbowax 20M column.  
[f] ZB-Wax column. 
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Supplemental Table 5  Attributes and detailed composition of the standards used during the training and formal evaluation sessions of the wines of the 2016 harvest.  

Attributes Description/ Definitions 
included in each attribute Standard composition Solution 

Brown hue Brown color hue of the wines Cal Poly Pinot Noir 2010 750 mL Cal Poly Pinot Noir 2010 

Red hue Red color hue of the wines 3 mL Red Food Coloring 
McCormick® (Baltimore, MD) 747 mL Franzia® Chillable Red 

Herbal 

Tea 1.0  g Guayuan Green Tea (dried) 

750 mL Franzia® (Ripon, CA) Chillable Red 
Dust 1.0  g culinary sage (dried) 
Hay 0.5 g fennel (dried) 
Sage   
Fennel   

Oak 

Tobacco 

250 mL DC 190 Boise Kit® with 
(Cabernet Sauvignon experimental 
wine produced at Cal Poly)  

500 mL Franzia® Chillable Red 

Vanilla 
Campfire 
Maple 
Sawdust 
Molasses 

Vegetal 

Fresh Vegetable 6.0 grams Carignane Tendrils (green, 
fresh) 

750 mL Franzia® Chillable Red Stemmy 1.0 g Carignane tendrils dried in the 
oven (350*F, 10 minutes) 

“Green”   

Red Berry 

Fresh Cherry 
100 mL Trader Joe’s® (Monrovia, 
CA) 100% Cranberry Juice (not from 
concentrate) 

550 mL Franzia® Chillable Red Dried Cherry 100 mL Trader Joe’s® 100% Cherry 
Juice (from concentrate) 

Strawberry   
Cranberry   
Raspberry   

Cooked Vegetal   
Cal Poly Experiment wine Cabernet 
Sauvignon 2016 200% Microwaved 
Stem addition 

750 mL Cal Poly Experiment wine Cabernet Sauvignon 2016 200% 
Microwaved Stem addition 

Astringency   3.5 g Alum McCormick®  750 mL Cal Poly Pinot Noir 2015 
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Supplemental Table 6  Attributes and detailed composition of the standards used during the training and fromal evaluation sessions of the wines of the 2017 harvest.  
Attribute Descriptor Standard Composition 

Colora 

Low brown hue Low intensity of brown hue L*= 80.1; C*= 13.38; H*= 33.02; a*= 15.41; b*= 10.02   
High brown hue High intensity of brown hue L*= 86.6; C*= 12.42; H*= 45.85; a*= 8.65; b*= 8.91 
Red hue Intensity of red hue L*= 78.7; C*= 22.24; H*= 6.8; a*= 22.09; b*= 2.63 
Purple hue Intensity of purple hue L*= 31.5; C*= 41.05; H*= 6.41; a*= 68.75; b*= -6.92 

Saturationb 
Low Low color overall saturation C*= 7.40 
High High color overall saturation C*= 22.24 

Aroma 

Red fruitc 

Red Fruit 100 mL Trader Joes ® (Monrovia, CA) 100% Cranberry Juice (not from concentrate) 

Tart Cherry   

Bubble-Gum 70 mL Trader Joes ® (Monrovia, CA) 100% Red Tart Cherry Juice (not from concentrate) 

Carbonic   

Dark fruitd 

Prune 58.5 g Driscoll's ® (Watsonville, CA) Blackberries  
Blueberry   
Black Currant 0.75 g Torani ® (San Francisco, CA) Blackberry Syrup 
Plum   
Blackberry 0.45 g Smirnoff ® (Norwalk, CT) Twist of Blue Berry 

Dried fruitd 

Dried Fruit 30 g Sunsweet ® (Yuba City, CA) Amazin Prunes (pitted, chopped) 

Dried Apricot   
Fruit Leather 25 g P$$T ™ (Cincinnati, OH) Raisins (chopped) 
    
  

10 g Made in Nature ™ (Boulder, CO) Apricots in the Buff (organic dried fruit) (chopped) 

 Vegetalc 
Vegetal 22 g Green Bell Pepper (chopped) 
Green   
Stemmy 10 g red Bell Pepper (chopped) 

  Clovec Clove 0.15 g Frontier ® (Norway, IA) Cloves (ground) Spice 

Astringency Low   34 mg/L protein precipitable tannins (Harbertson et al. 2003) 
High    446 mg/L protein precipitable tannins (Harbertson et al. 2003) 

aLow brown standard wine: 500 mL Cal Poly Pinot noir 2015 added with 250 mL Cal Poly Pinot noir 2010; High brown standard wine: Cal Poly Pinot noir 2010. Red hue standard wine: 750 mL Cal Poly Pinot noir 
2015 added with 850 µL HCL; Purple hue standard wine: 750 mL Cal Poly Pinot noir 2015 added 50 mL Mega Purple diluted stock solution. Units expressed in CIE L*a*b* tri-stimulus colorimetry values. 
bLow saturation standard wine: 750 mL Cal Poly Pinot noir 2015 added with 15 mL 50 mg/L SO2; high saturation standard wine: 750 mL Cal Poly Pinot noir 2015 added with 850 µL HCL. Units expressed in CIE 
L*a*b* tri-stimulus colorimetry values. 
cAroma standards prepared with 500 mL Vella ® Burgundy. 
dAroma standards prepared with 750 mL Vella ® Burgundy. 
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Supplemental Table 7  Detailed volatile composition determined by GC-MS of Pinot noir wines of the 2016 vintage after 24 months of bottle aging. Also shown is a one-way analysis of variance (ANOVA). Values 
represent the mean of three tank replicates with each sample injected three times and are expressed as relative internal standard (ISTD) abundance.  
Compound/Treatment C 50% WCa 100% WC DS p-value 

Alcohols           
Isobutanol   0.037 bb   0.119 ab    0.195 a       0.130 ab 0.106 
1-Pentanol   2.248 a   1.254 a    0.695 a       1.083 a 0.564 
1-Butanol   0.028 a   0.027 a    0.038 a       0.031 a 0.340 
1-Hexanol   0.384 a   0.283 b    0.187 c       0.370 a 0.001 
1-Heptanol   0.016 a   0.018 a    0.015 a       0.016 a 0.307 
1-Octanol   0.020 a   0.023 a    0.022 a       0.021 a 0.293 
1-Nonanol   0.021 ab   0.018 b    0.019 b       0.027 a 0.039 
1-Octen-3-ol   0.036 b   0.126 ab    0.355 a       0.111 ab 0.105 
Benzyl alcohol   0.100 a   0.103 a    0.103 a       0.122 a 0.312 
3-Octanol   0.004 b   0.009 b    0.018 a       0.007 b 0.032 
Phenylethyl alcohol   2.137 a   2.341 a    2.117 a       2.259 a 0.811 
Isoamyl alcohol   3.575 a   3.738 a    3.103 a       3.457 a 0.547 
Aldehydes, thiols and others        
Acetoin 0.034 a   0.022 a   0.021 a     0.028 a 0.181 
2,3-Butanediol 0.416 a   0.364 a   0.451 a     0.615 a 0.224 
Glycerin 0.521 a   0.576 a   0.577 a     0.802 a 0.728 
Melonal 0.004 a   0.003 ab   0.002 b     0.004 a 0.045 
Benzaldehyde 0.028 a   0.020 ab   0.015 b     0.023 ab 0.072 
Methionol 0.015 a   0.012 b   0.011 b     0.012 b 0.020 
2-Propenal, 3-(2,6,6-trimethyl-1-cyclohexen-1-yl) 0.033 a 0.038 a 0.041 a 0.035 a 0.805 
Esters           
Ethyl-lactate   2.040 a   1.990 a   1.622 a     2.093 a     0.346 
Ethyl 9-hexadecenoate   0.218 ab   0.102 b   0.027 b     0.369 a 0.020 
9-Octadecenoic acid ethyl ester   0.030 a   0.023 a   0.027 a     0.044 a 0.536 
1-Butanol, 3-methyl-, acetate (isoamyl acetate)   0.102 b   0.174 a   0.199 a     0.147 ab 0.064 
Octadecatrienoic acid, ethyl ester (lenolenic acid, ethyl ester)   0.004 b   0.001 b   0.003 b     0.009 a 0.017 
Linoleic acid, ethyl ester   0.032 ab   0.007 b   0.016 b     0.052 a 0.017 
Ethyl-oleate   0.051 a   0.025 ab   0.022 b     0.045 ab 0.083 
Hexanoic acid, ethyl ester (ethyl caproate)   0.535 a   0.560 a   0.464 a     0.490 a 0.384 



 
American Journal of Enology and Viticulture (AJEV). doi: 10.5344/ajev.2020.20037 

AJEV Papers in Press are peer-reviewed, accepted articles that have not yet been published in a print issue of the journal  
or edited or formatted, but may be cited by DOI. The final version may contain substantive or nonsubstantive changes. 

 
 

48 
 

Heptanoic acid, ethyl ester (ethyl enanthate)   0.009 a   0.010 a   0.008 a     0.010 a 0.349 
Octanoic acid, ethyl ester (ethyl caprylate)   1.160 b   1.703 a   1.795 a     1.130 b 0.019 
Decanoic acid, ethyl ester (ethyl caprate)   0.423 b   0.587 b   0.946 a     0.644 b 0.013 
Dodecanoic acid, ethyl ester (ethyl laurate)   0.045 a   0.049 a   0.066 a     0.066 a 0.318 
Tetradecanoic acid, ethyl ester (ethyl myristate)   0.101 ab   0.081 b   0.087 ab     0.149 a 0.141 
Pentadecanoic acid, ethyl ester (ethyl pentadecanoate)   0.023 b   0.024 b   0.030 ab     0.044 a 0.083 
Hexadecanoic acid, ethyl ester (ethyl palmitate)   1.896 ab   1.474 b   1.211 b     2.928 a 0.055 
Heptadecanoic acid, ethyl ester (ethyl heptadecanoate)   0.928 a   0.513 a   0.330 a     0.976 a 0.393 
Octadecanoic acid, ethyl ester (ethyl stearate)   0.641 a   0.496 a   0.498 a     0.877 a 0.406 
Benzeneacetic acid, ethyl ester (ethyl phenyl acetate)   0.025 a   0.023 a   0.027 a     0.028 a 0.557 
Butanedioic acid, diethyl ester (diethyl succinate)   2.582 c   3.583 a   3.296 ab     2.824 bc 0.041 
Acetic acid, 2-phenylethyl ester (phenethyl acetate)   0.047 b   0.062 ab   0.078 a     0.060 b 0.024 
Succinic acid, butyl ethyl ester (butyl ethyl succinate)   0.024 a   0.030 a   0.031 a     0.025 a 0.304 
Butanedioic acid, ethyl 3-methylbutyl ester (ethyl isoamyl succinate)   0.105 b   0.156 a   0.132 ab     0.108 b 0.098 
2-Propenoic acid, 3-phenyl-, ethyl ester (ethyl cinnamate)   0.003 c   0.019 b   0.026 a     0.007 c < 0.0001 
Undecanoic acid, ethyl ester   0.000 a   0.000 a   0.001 a     0.001 a   0.652 

Organic acids           
Acetic acid   0.707 b     0.812 ab    1.093 a       1.000 ab     0.135 
Hexanoic acid (caproic acid) 0.101 a 0.084 a 0.074 a 0.093 a 0.275 
Octanoic acid (caprylic acid) 0.360 a 0.432 a 0.452 a 0.318 a 0.200 
n-Decanoic acid (capric acid) 0.082 a 0.056 a 0.053 a 0.088 a 0.517 
n-Hexadecanoic acid (palmitic acid) 0.024 a 0.018 a 0.019 a 0.037 a 0.570 
Terpenes, terpenoids and nor-isoprenoids      
(2,6,6-Trimethyl-1,3-cyclohexadien-1-yl)-2-buten-1-one (ß-damascenone)    0.034 a    0.040 a     0.033 a       0.032 a     0.808 
Linalool   0.005 ab 0.004 b 0.006 a   0.005 ab 0.163 
1, 1, 5-Trimethyl-1, 2-dihydronaphthalene (TDN) 0.006 a 0.011 a 0.011 a 0.010 a 0.222 
Volatile phenols, lactones and oak aromatics           
Gamma-nonalactone 0.018 b   0.021 ab 0.020 b 0.031 a 0.095 
Whiskey lactone 0.048 a 0.084 a 0.059 a 0.045 a 0.517 
2-Cyclopenten-1-one, 3-ethyl-2-hydroxy- 0.006 b   0.010 ab   0.010 ab 0.011 a 0.189 
Ethyl-vanillate 0.019 a 0.029 a 0.047 a 0.059 a 0.322 
Vanillin 0.003 a 0.005 a 0.007 a 0.007 a 0.190 
aC: Control; WC: whole cluster; DS: Dried stems. 

 
   

 
bDifferent letters within wines of the different treatments indicate significant differences for Fisher's LSD Test and 
p < 0.05. Significant p values are shown in bold.  
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Supplemental Table 8  Detailed volatile composition determined by GC-MS of Pinot noir wines of the 2017 vintage after 12 months of bottle aging. Also shown is a one-way analysis of variance (ANOVA). 
Values represent the mean of three tank replicates with each sample injected three times, and are expressed as relative internal standard (ISTD) abundance.  
Compound/Treatment C 50% WCa 100% WC DS p-value 

Alcohols           
Isobutanol  0.214 ab 0.199 a 0.065 a 0.178 a 0.386 
1-Pentanol 0.473 a 0.794 a 1.613 a 1.265 a 0.617 
1-Butanol 0.021 a 0.024 a 0.029 a 0.025 a 0.333 
1-Hexanol 0.352 a 0.299 a 0.324 a 0.348 a 0.506 
1-Heptanol   0.024 ab   0.024 ab 0.019 b 0.026 a 0.179 
1-Octanol 0.022 a 0.023 a 0.023 a 0.023 a 0.968 
1-Nonanol 0.027 a 0.026 a 0.026 a 0.029 a 0.259 
1-Octen-3-ol 0.045 a 0.014 a 0.017 a 0.016 a 0.341 
Benzyl alcohol 0.105 a 0.104 a 0.111 a 0.107 a 0.693 
3-Octanol 0.008 a 0.011 a 0.006 a 0.002 a 0.374 
Phenylethyl alcohol 2.810 a   2.736 ab   2.670 ab 2.250 b 0.167 
Isoamyl alcohol 3.781 a 3.625 a 3.578 a 3.350 a 0.865 
Aldehydes, thiols and others            
Acetoin 0.088 b   0.135 ab 0.160 a 0.153 a 0.066 
2,3-Butanediol 0.475 b 0.432 b 0.781 a 0.493 b 0.064 
Glycerin 0.905 a 0.619 a 1.178 a 0.633 a 0.444 
Melonal 0.002 a 0.002 a 0.002 a 0.002 a 0.796 
Benzaldehyde 0.034 b 0.044 b 0.082 a 0.045 b 0.007 
Methionol 0.016 a 0.016 a 0.015 a 0.015 a 0.854 
2-Propenal, 3-(2,6,6-trimethyl-1-cyclohexen-1-yl) 0.062 a   0.052 ab 0.032 b 0.038 b 0.051 
Esters           
Ethyl-lactate 1.793 a 1.766 a 1.773 a 1.852 a 0.989 
Ethyl 9-hexadecenoate 0.101 a 0.082 a 0.129 a 0.189 a 0.540 
9-Octadecenoic acid ethyl ester 0.070 a 0.082 a 0.061 a 0.149 a 0.234 
1-Butanol, 3-methyl-, acetate (isoamyl acetate) 0.183 a 0.194 a 0.186 a 0.152 a 0.378 
Octadecatrienoic acid, ethyl ester (lenolenic acid, ethyl ester) 0.025 c 0.065 b 0.028 c 0.114 a < 0.0001 
Linoleic acid, ethyl ester 0.148 c 0.287 b 0.138 c 0.421 a < 0.0001 
Ethyl-oleate   0.136 bc 0.186 b 0.089 c 0.247 a 0.001 
Hexanoic acid, ethyl ester (ethyl caproate) 0.384 a 0.377 a 0.310 a 0.406 a 0.416 
Heptanoic acid, ethyl ester (ethyl enanthate) 0.008 a 0.008 a 0.009 a 0.009 a 0.694 
Octanoic acid, ethyl ester (ethyl caprylate) 0.872 a   0.773 ab 0.621 b 0.789 ab 0.145 
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Decanoic acid, ethyl ester (ethyl caprate) 0.362 a 0.389 a 0.256 a 0.341 a 0.346 
Dodecanoic acid, ethyl ester (ethyl laurate)   0.038 bc   0.062 ab 0.027 c 0.075 a 0.008 
Tetradecanoic acid, ethyl ester (ethyl myristate) 0.104 b 0.183 a 0.086 b 0.237 a 0.004 
Pentadecanoic acid, ethyl ester (ethyl pentadecanoate) 0.034 b 0.050 a 0.027 b 0.058 a 0.003 
Hexadecanoic acid, ethyl ester (ethyl palmitate) 3.059 c 4.176 b 2.845 c 4.865 a 0.000 
Heptadecanoic acid, ethyl ester (ethyl heptadecanoate) 0.854 a 1.438 a 1.382 a 1.218 a 0.746 
Octadecanoic acid, ethyl ester (ethyl stearate) 1.068 a 1.141 a 0.895 a 1.162 a 0.244 
Benzeneacetic acid, ethyl ester (ethyl phenyl acetate) 0.035 a 0.033 a 0.026 a 0.028 a 0.198 
Butanedioic acid, diethyl ester (diethyl succinate) 3.179 a 2.743 a 1.608 b   2.318 ab 0.027 
Acetic acid, 2-phenylethyl ester (phenethyl acetate) 0.085 a 0.091 a 0.093 a 0.069 a 0.185 
Succinic acid, butyl ethyl ester (butyl ethyl succinate) 0.021 a   0.020 ab   0.014 bc 0.014 c 0.039 
Butanedioic acid, ethyl 3-methylbutyl ester (ethyl isoamyl succinate) 0.126 a 0.121 a 0.073 b   0.088 ab 0.053 
2-Propenoic acid, 3-phenyl-, ethyl ester (ethyl cinnamate) 0.005 c 0.011 b 0.014 a 0.010 b < 0.0001 
Undecanoic acid, ethyl ester 0.011 a 0.012 a 0.013 a 0.011 a 0.967 
Organic acids           
Acetic acid 0.966 a 1.055 a 1.352 a 1.034 a 0.327 
Hexanoic acid (caproic acid) 0.064 a 0.062 a 0.051 a 0.062 a 0.679 
Octanoic acid (caprylic acid) 0.318 a 0.312 a 0.239 a 0.209 a 0.206 
n-Decanoic acid (capric acid) 0.075 a 0.080 a 0.099 a 0.109 a 0.776 
n-Hexadecanoic acid (palmitic acid) 0.051 a 0.048 a 0.051 a 0.038 a 0.674 
Terpenes, terpenoids and nor-isoprenoids      

(2,6,6-Trimethyl-1,3-cyclohexadien-1-yl)-2-buten-1-one (ß-damascenone) 0.058 a   0.048 ab 0.039 b 0.043 b 0.061 
Linalool 0.003 b   0.005 ab 0.008 a   0.007 ab 0.079 
1, 1, 5-Trimethyl-1, 2-dihydronaphthalene (TDN) 0.021 a 0.023 a 0.013 a 0.019 a 0.212 
Volatile phenols, lactones and oak aromatics           
Gamma-nonalactone 0.036 a 0.037 a 0.033 a 0.040 a 0.371 
Whiskey lactone 0.080 a 0.087 a 0.034 a 0.078 a 0.196 
2-Cyclopenten-1-one, 3-ethyl-2-hydroxy- 0.011 a 0.011 a 0.010 a 0.012 a 0.836 
Ethyl-vanillate 0.059 a 0.051 a 0.054 a 0.047 a 0.747 
Vanillin   0.009 ab   0.009 ab 0.006 b 0.010 a 0.171 
aC: Control; WC: whole cluster; DS: Dried stems. 

 
    

bDifferent letters within wines of the different treatments indicate significant differences for Fisher's LSD 
Test and p < 0.05. Significant p values are shown in bold.  
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