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Abstract 14 

Developmental changes in the carotenoids and volatile compounds of Pinot noir grape berries 15 

were studied. Grapes were collected weekly from pea size to harvest during 2011–2012 season. 16 

The fastest degradation for all the carotenoids happened a week before véraison. Neochrome b 17 

and violaxanthin were synthesized until véraison and then degraded from véraison to maturity. 18 

Lutein, β-carotene, neochrome a and neoxanthin continued to decrease during berry development. 19 

The biosynthesis of C13-norisoprenoids in the grape berries was compound dependent. Total β-20 

damascenone increased dramatically during grape ripening while total α-ionone and β-ionone 21 

slowly decreased. Total C13-norisoprenoids increased during grape berry development, correlated 22 

with carotenoid breakdown. C6-alcohol accumulated before véraison and decreased towards 23 

maturation. 3-Isobutyl-2-methoxyprazine decreased with increasing maturity. Other volatile 24 

compounds were generally presented at concentration levels lower than their odor threshold 25 

through the growing season.  26 

 27 

Keywords: carotenoids, C13-norisoprenoids, aroma and aroma potential, Pinot noir grape  28 
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1. Introduction 29 

Grape-originated flavor makes an important contribution to wine flavor and characteristics. 30 

Changes in secondary metabolism during berry development may provide predictive information 31 

about the link between grape and wine aroma. The evolution of volatile compounds during berry 32 

development was found to be cultivar dependent (Kalua & Boss, 2010). Previous studies on 33 

evolution of volatile compounds in grapes were mostly focused on terpenols and their glycosides, 34 

especially in Muscat/floral varieties (Gunata, Bayonove, Baumes, & Cordonnier, 1985; Wirth, 35 

Guo, Baumes, & Günata, 2001). For nonfloral grape varieties such as Pinot noir, the free form 36 

volatile compounds generally are very low except for the six-carbon (C6) compounds (Gomez, 37 

Martinez, & Laencina, 1995; Kalua & Boss, 2010), which do not have a particular contribution 38 

to the “varietal aroma” for most of the wines (Coelho, Rocha, Delgadillo, & Coimbra, 2006; 39 

Moio, Ugliano, Gambuti, Genovese, & Piombino, 2004). Most of the compounds associated with 40 

the varietal aroma characteristic of non-aromatic wines were presented as odorless precursors in 41 

grapes. Monoterpenes, norisoprenoids, benzenoids, and lactones can be present in grapes as 42 

glycosides or precursors (Sefton, Francis, & Williams, 1994). Many of these compounds, 43 

especially C13-norisoprenoids such as β-damascenone and β-ionone, could play an important role 44 

to the wine aroma even present at very low concentration (Crupi, Coletta, & Antonacci, 2010; 45 

Fang & Qian, 2006; Loscos, Hernandez-Orte, Cacho, & Ferreira, 2007). The C13-norisoprenoid 46 

precursors include not only glycoconjugates but also non-glycosidic compounds (carotenoids and 47 

its degradation products) (Winterhalter, Sefton, & Williams, 1990). The precursors could 48 

transform to free volatile compounds in wine by enzyme hydrolysis, slow acid hydrolysis and 49 

complex chemical rearrangements (Baumes, Wirth, Bureau, Gunata, & Razungles, 2002; Humpf, 50 

Winterhalter, & Schreier, 1991; Strauss, Dimitriadis, Wilson, & Williams, 1986). It has been 51 



 
 

5 
 

documented that formation of C13-norisoprenoids in grape berry is corresponding to the 52 

carotenoid breakdown (Coelho, Rocha, Delgadillo, & Coimbra, 2006; Salinas, Zalacain, Pardo, 53 

& Alonso, 2004). For example, β-ionone can be formed as a cleavage product of β-carotene 54 

(Kanasawud & Crouzet, 1990) and zeaxanthin (Mathieu, Terrier, Procureur, Bigey, & Gunata, 55 

2005). β-Damascenone can be formed directly from neoxanthin (Bezman, Bilkis, Winterhalter, 56 

Fleischmann, Rouseff, Baldermann, et al., 2005). However, the detailed formation mechanisms 57 

of these compounds were still not clear, especially for Pinot noir grapes.  58 

Pinot noir wine has very subtle but unique small fruit aromas. Previous study showed that the 59 

characteristic Pinot noir aroma could be a complex formulation of wide range of aroma 60 

compounds (Fang & Qian, 2005), part of which is closely associated with C13-norisoprenoids 61 

and their nonvolatile precursors in the grapes. This study provides the information on changes of 62 

carotenoid and C13-norisprenoid formation during grape development.  63 

2. Materials and methods 64 

2.1 Reagents and chemical standards 65 

Standards of volatile compounds were purchased from commercial sources: Sigma-Aldrich 66 

(Milwaukee, WI), Alfa Aesar (Ward Hill, MA), Firmenich (Princeton, NJ), and J &T Baker 67 

(Phillipsburg, NJ), with purity higher than 98% in all cases, unless indicated otherwise. DL-68 

malic acid (>99.0%) was purchased from Spectrum, L-(+)-tartaric acid (99%) was purchased 69 

from Alfa Aesar (Ward Hill, MA, USA), citric acid (>99.0%) was purchased from EM Chemical 70 

Ltd.Co., Turkey. β-Carotene was from TCI, Japan. β-apo-8’-carotenal (>99.0%), (-)-epicatechin 71 

and caffeic acid were purchased from Sigma Aldrich (St. Louis, MO, USA). Reagents were 72 
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purchased at HPLC grade or higher, including ethyl acetate (EMD, Gibbstown, NJ), acetonitrile 73 

(EMD, Gibbstown, NJ), and methanol (EMD, Gibbstown, NJ). 74 

2.2 Sampling and sample preparation 75 

Pinot noir grapes (clone 115) were collected randomly from the vineyard block under normal 76 

vineyard conditions from Stoller Family Estate Vineyard (Dayton, OR, latitude 45° 13’ N, 77 

longitude 123° 4’ E). Ten clusters of grapes were collected weekly from random grapevines from 78 

August 3rd to October 9th (harvest) in year 2012 ( 79 

Table 1). The whole clusters were frozen at -80ºC immediately. After 2 days, the grapes were 80 

manually destemmed while frozen. Berries from different clusters were pooled and sealed in 81 

storage bags and stored at -80°C until analysis.  82 

2.3 Total soluble solids (TSS) 83 

Approximately 100 gram of frozen grape berries were randomly selected and placed in a clean 84 

zip-lock bag. After thawed, the berries were pressed manually to collect the juice. TSS (°Brix) 85 

was measured at room temperature using a PAL-1 pocket refractometer (Atago USA, Inc., 86 

Bellevue, WA). Rests of the juice were used for organic acid analysis. 87 

2.4 Organic acid analysis  88 

Grape juice (5 mL) was pre-purified by passing through a preconditioned Sep-Pak C18 cartridge 89 

(360 mg, 125 Å, Waters, MA). The first 2-3 mL of filtrate was discarded and the remainder was 90 

collected. One mL of C18 SPE-treated juice was diluted with 9 mL milli-Q water. Twenty mL of 91 

sample was injected onto a Shimadzu HPLC system which consist of a LC-6A pump, SPD-6AV 92 
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UV-Vis detector, CTO-6A column oven and a SCL-6B auto-injector. The column used was a 93 

Bio-Rad Aminex ion exclusion column (HPX-87H, 9 µm, 300 × 7.8 mm, Richmond, CA) 94 

maintained at 65ºC. A mobile phase of 0.005 M sulfuric acid was programmed at a constant flow 95 

rate of 0.5 mL/min. A UV-Vis spectrophotometric detector was set as the wavelength of 210 nm. 96 

Each sample was analyzed in duplicate. 97 

2.5 Carotenoid analysis  98 

Carotenoids were extracted according to literature with some modifications (Mendes-Pinto, 99 

Ferreira, Caris-Veyrat, & de Pinho, 2005; Oliveira, Barbosa, Ferreira, Guerra, & Guedes, 2006; 100 

Oliveira, Ferreira, Pinto, Hogg, Alves, & de Pinho, 2003). Approximately 100 g of fresh berries 101 

were blended with liquid nitrogen. Thirty gram of homogenized sample was spiked with 100 µL 102 

of internal standard (β-apo-8’-carotenal). Extraction was carried out with 100 mL of ethyl acetate 103 

contain 0.1% BHT, agitating for 30 min. After centrifuged at 1500 rpm for 5 min, the resulting 104 

upper layer was collected. The lower layer was extracted one more time with 50 mL of ethyl 105 

acetate contains 0.1% BHT. The combined upper layer extracts were evaporated to dryness at 30 106 

ºC under vacuum (BÜCHI R205, Labortechnik AG). The residue was re-suspended in 1 mL of 107 

acetone/hexane (1:1, v/v, w/0.1% BHT) and centrifuged at 11000 rpm for 5 min. Clear extract 108 

were injected to HPLC. Each sample was extracted in triplicates. Sample handling, 109 

homogenization, and extraction were carried out under dim light and kept cold to minimize light-110 

induced isomerization and oxidation of carotenoids.  111 

The concentration of carotenoids was determined on a Hewlett-Packard 1090 series HPLC with a 112 

model 1090 series diode array detector and HP ChemStation software (Hewlett-Packard Inc, 113 

Palo Alto, CA). A Prodigy C18 column (100 Å, 5 µm, 250×4.6 mm, Phenomenex) was used. 114 
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The eluents were 100% ethyl acetate (solvent A) and 90% acetonitrile in milli-Q water (v/v) 115 

(solvent B). Total flow rate was 1 mL/min. The following binary gradient system was employed: 116 

0-1 min (100% B); 1-30 min (to 40% B); 31-40 min (40% B); 41-45 min (to 0% B); 46-55 min 117 

(0% B). Diode array detection was between 300 and 600 nm. Sample injection volume was 20 118 

µL, and absorbance at 447 nm was used for quantification. 119 

Positions of absorption maxima (λmax) were used for qualitative analysis. β-Carotene was 120 

identified by comparison with retention time and UV spectra of commercial β-carotene standard 121 

(95% purity, Sigma, St. Louis, MO). Identification of the other carotenoids was performed by 122 

comparison retention time and UV visible photodiode array spectra with literature references 123 

(Mendes-Pinto, Ferreira, Caris-Veyrat, & de Pinho, 2005; Oliveira, Ferreira, Costa, Guerra, & de 124 

Pinho, 2004; Oliveira, Ferreira, Pinto, Hogg, Alves, & de Pinho, 2003). All the compounds were 125 

run in triplicates and calculated as β-carotene equivalent. 126 

2.6 Analysis of free C13-norisoprenoids and other volatiles  127 

A 50/30 µm DVB/CAR/PDMS fiber (Supelco Inc., Bellefonte, PA) was used for C13-128 

norisoprenoids and other volatile extraction. Approximately 30 g of grape berries were blended 129 

with liquid nitrogen, and 1 g berry powder was weighed into a 20 mL autosampler vial. Four mL 130 

of citrate buffer (0.2 M, pH 3.2, saturated with NaCl) and 20 µL of internal standard (50 mg/L 4-131 

octanol) and a small magnetic stir bar were added. The vials were tightly capped and equilibrated 132 

at 50 °C in a thermostatic bath for 15 min and extracted by SPME fiber for 30 min at the same 133 

temperature with stirring (500 rpm). After extraction, the fiber was inserted into the injection 134 

port of GC (250 °C) to desorb the analytes. The extraction and injection was conducted by 135 

autosampler (Gerstel, Linthicum, MD).  136 
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An Agilent 6890 gas chromatograph equipped with an Agilent 5973 mass selective detector 137 

(Agilent, Santa Clara, CA) was used. Compound separation was achieved with a ZB-WAX 138 

column (30 m × 0.25 mm i.d., 0.5 μm film thickness, Phenomenex, Torrance, CA). A constant 139 

helium column flow rate of 1.0 mL/min was used. The chromatographic program was set at 35 140 

ºC for 4 min, raised to 150 ºC at 20 ºC/min, and then raised to 230 ºC at 4 ºC/min, hold for 10 141 

min. MS transfer line and ion source temperatures were 280 and 230 ºC, respectively. Electron 142 

ionization mass spectrometric data from m/z 35~350 were collected using a scan model with an 143 

ionization voltage of 70 eV.  144 

2.7 Analysis of total C13-norisoprenoids  145 

Extraction of hydrolytically liberated volatile compounds were followed the published method 146 

with some modification (Ibarz, Ferreira, Hernández-Orte, Loscos, & Cacho, 2006). Briefly, one 147 

gram of powdered berry and 4 mL of citrate buffer (0.2 M, pH 2.5, saturated with NaCl) were 148 

added into 20 mL autosampler vial. The vial was tightly capped and kept in water bath (99 °C) 149 

for 1 hour. After cooling down to room temperature in cold water, 20 µl of internal standard (50 150 

mg/L, 4-octanol) was added. The acid hydrolyzed samples were analyzed using SPME-GC-MS 151 

method described previously.  152 

2.8 Analysis of benzene derivatives  153 

A SBSE-GC-MS method with ethylene glycol-silicone (EG) coated stir bar (0.5 mm film 154 

thickness, 10 mm length, Gerstel Inc., Baltimore, MD) was employed for the quantification of 155 

benzene-derived compounds such as volatile phenols, vanillin and methyl anthranilate. Grape 156 

sample was blended in liquid nitrogen, and 1 g grape powder was mixed with 10 mL of citrate 157 
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buffer solution (0.2M, pH 2.5) and heated at 99°C for 1 hour. After the mixture was cool down 158 

to room temperature, an aliquot of 20µL internal standard (50 mg/L, 4-octanol) was added. EG 159 

stir bar was placed into the vial and stirred for 2 h at room temperature at 1000 rpm. After 160 

extraction, the EG stir bar was removed from the sample, rinsed with milli-Q water, dried with 161 

Kimtech wipers (Kimberly-Clark Professional Inc., Roswell, GA), and transferred into a thermal 162 

desorption tube for GC-MS analysis.  163 

Analysis of volatile compounds were performed on a an Agilent 7890 gas chromatograph 164 

coupled with a 5975 mass selective detector, and a Gerstel MPS-2 multipurpose TDU 165 

autosampler with a CIS-4 cooling injection system (Gerstel Inc.). The analytes were thermally 166 

desorbed at the TDU in splitless mode, ramping from 25 to 220 °C at a rate of 100 °C/min, and 167 

held at the final temperature for 2 min. The CIS-4 was cooled to -80 ºC with liquid nitrogen 168 

during the sample injection, and then heated at 10 °C/s to 250 °C for 10 min. Solvent vent mode 169 

was used during the injection with a split vent flow of 50 mL/min. A ZB-wax-plus capillary 170 

column (30 m × 0.25 mm i.d., 0.5 µm film thickness, Agilent, Wellington, DE) was used. The 171 

oven temperature program was set at 35 ºC for 4 min, raised to 150 ºC at 20 ºC/min, and then 172 

raised to 230 ºC at 4 ºC/min, hold for 10 min. A constant helium flow of 2 mL/min was used. 173 

The MS transfer line and ion source temperature were 280 °C and 230 °C, respectively. The 174 

mass selective detector in the full scan mode was used for acquiring the data. Electron ionization 175 

mass spectrometric data from m/z 35 to 300 were collected, with an ionization voltage of 70 eV.  176 

2.9 Analysis of 3-alkyl-2-methoxypyrazines (MPs) 177 

MP contents were determined using a stable isotope dilution method in accordance with the 178 

previously published HS-SPME procedures (Blake, Kotseridis, Brindle, Inglis, Sears, & 179 
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Pickering, 2009; Kotseridis, Spink, Brindle, Blake, Sears, Chen, et al., 2008) with some 180 

modification. Briefly, grape samples were blended with liquid nitrogen, and 2 g of grape powder 181 

were mixed with 20 μl internal standard (10 μg/L of [2H3]-IBMP in methanol). Eight ml of 182 

citrate buffer (0.2M, pH 6.5, saturated with NaCl) was added. The vials were tightly capped and 183 

equilibrated at 50 °C in a thermostatic bath for 10 min and extracted by SPME fiber for 30 min at 184 

the same temperature with stirring (500 rpm). After extraction, the fiber was inserted into the 185 

injection port of GC (250 °C) to desorb the analytes. The extraction and injection was conducted 186 

by autosampler (Gerstel, Linthicum, MD).  187 

Compound separation was achieved with a HP-5MS 5% Phenyl Methyl Siloxane column (30 m 188 

× 0.25 mm i.d., 0.5 μm film thickness, Phenomenex, Torrance, CA). A constant helium column 189 

flow rate of 1.2 mL/min was used. The chromatographic program was set at 50 ºC for 1 min, 190 

raised to 120 ºC at 3 ºC/min, and then raised to 230 ºC at 8 ºC/min, hold for 5 min. An Agilent 191 

6890 gas chromatograph equipped with an Agilent 5973 mass selective detector (Agilent, Santa 192 

Clara, CA) was used. MS transfer line and ion source temperatures were 280 and 230 ºC, 193 

respectively. Quantification was achieved using selected ion monitoring. For IBMP, selected 194 

mass channels were m/z 109 and 124, and Ions 124 was used for quantification. For [2H3]-IBMP, 195 

selected mass channels were m/z 112 and 127, and 127 was used for quantification.  196 

2.10 Identification and quantification of volatile compounds 197 

Volatile compounds were identified by comparing their mass spectra with the Wiley-275 library 198 

and by comparing the mass spectra and retention time with authentic standards. Standard 199 

calibration curves were developed using pure chemical standards and calculated through 200 

GC/MSD ChemStation software (Agilent Technologies, Santa Clara, CA).  201 
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2.11 Statistical Analysis 202 

Volatile compounds that significantly changed (p <0.05) during berry development were 203 

determined using one-way analysis of variance (ANOVA) with post hypothesis of Tukey’s HSD. 204 

ANOVA and correlation coefficient were all carried out using SPSS 20.0 (IBM, Armonk, NY).  205 

 206 

3. Results and discussion 207 

3.1. Basic parameters of berry development  208 

The maturity parameters of grape berries during Pinot noir grape development was presented in  209 

Table 1. The onset of ripening (véraison) occurred in late August. Véraison (day 0) was the 210 

inception of ripening stage, at which time berry became soft with color changes, total soluble 211 

solids increased dramatically, and juice pH decreased. In this study, TSS increased until harvest, 212 

together with a berry weight loss, indicating the water loss at harvest time. Oregon is a cool 213 

wine-producing region where grapes characteristically contain high concentrations of organic 214 

acids (Henick-Kling, Sandine, & Heatherbell, 1989). Unlike many other grape varieties, malic 215 

acid in Pinot noir ended up with a higher concentration than tartaric acid at harvest time. 216 

3.2. Formation of C13-norisoprenoids  217 

C13-norisoprenoids, such as β-damascenone and β-ionone, contribute to the berry, tobacco, honey, 218 

and violet aroma in wine. Since they presented in grape berry as both free and glycosidically 219 

bounded form, acid hydrolysis were selected to monitor the C13-noirsoprenoid potential (or total 220 

C13-norisoprenoids) because it has been reported that acid hydrolysis was more suitable to 221 

predict red grape aroma potential than enzyme hydrolysis (Loscos, Hernández-Orte, Cacho, & 222 
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Ferreira, 2009). There were five C13-norisoprenoids quantified in this study (β-damascenone, β-223 

ionone, α-ionone, TDN and vitispirane), among which TDN and vitispirane were only detected 224 

in the hydrolysates. Free form β-damascenone, β-ionone and α-ionone concentration in Pinot 225 

noir grape berries was low and did not show much changes during the growing season (Figure 226 

2b). C13-norisoprenoid concentrations in hydrolysates were around ten times higher compared to 227 

the free form, indicated that they were occurring in grapes dominantly as non-volatile precursors. 228 

It is interesting that although C13-norisoprenoids were derived from carotenoid breakdown 229 

(Baumes, Wirth, Bureau, Gunata, & Razungles, 2002; Kanasawud & Crouzet, 1990; Razungles, 230 

Bayonove, Cordonnier, & Sapis, 1988), their evolution pattern was quite different. Only total β-231 

damascenone increased dramatically during grape ripening while total α-ionone and β-ionone 232 

slowly decreased during ripening (Figure 2a). We also calculated the free and total C13-233 

norisopreoids on per berry basis (Figure 2 c & d) considering the possible impact of dilution 234 

effect on aroma compounds during the berry enlargement. When calculated as per berry basis, 235 

the increment of total β-damascenone, vitispirane and TDN became more obvious. For α and β-236 

ionone, their content in berry were relatively constant on per berry basis, which indicated that the 237 

decreasing in concentrations were more likely due to the dilution effect by the quick berry 238 

volume increase after véraison.  239 

3.3. Degradation of carotenoids and their relationship with C13-norisoprenoids 240 

Since C13-norisoprenoids were the degradation products of carotenoids, the compositions of 241 

carotenoids were further investigated. In this study, carotenoids in Pinot noir grape berries were 242 

extracted and separated by reverse phase HPLC-DAD (Figure 1). The major carotenoids in Pinot 243 

noir grapes were lutein and β-carotene. Other minor compounds are neochrome a, neochrome b, 244 
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neoxanthin, violaxanthin, flavoxanthin. Large decrease in the level of major carotenoids was 245 

observed from véraison to maturity (Figure 3a). It was clear that β-carotene and some 246 

xanthophylls such as neoxanthin, flavoxanthin, and lutein, were abundant at pea-size stage and 247 

subsequently degraded toward harvest. Furthermore, the fastest degradation for all the 248 

carotenoids happened a week before véraison, while only neochrome b and violaxanthin showed 249 

a short accumulation before véraison (Figure 3b). Similar accumulation at pre- véraison was 250 

also found for β-carotene in some Italian grape varieties (Giovanelli & Brenna, 2007). Our 251 

results showed that neochrome b and violaxanthin were synthesized from pea-size stage until 252 

véraison and then degraded after véraison. Formation of violaxanthin may come from the 253 

conversion of β-carotene due to the activation of the xanthophyll cycle (Baumes, Wirth, Bureau, 254 

Gunata, & Razungles, 2002).  255 

3.4. Correlation between C13-norisoprenoids formation and carotenoids breakdown 256 

The correlation between C13-norisoprenoids formation and carotenoid breakdown during berry 257 

development were shown in Table 2. Only β-damascenone was strongly and negatively 258 

correlated to carotenoids in this study (Table 2). The other C13-norisoprenoids showed either 259 

positive or no correlation with the carotenoids although total C13-norisoprenoids still increased 260 

after véraison. Specifically, α-ionone positively correlated with carotenoids except for neochrom 261 

b and violaxanthin. β-Ionone also showed a positive correlation with carotenoids except for 262 

neochrom b and violaxanthin, vitispirane only positively correlated with neoxanthin (R2=0.510, 263 

p<0.05), while TDN didn’t show any significant correlation with any of the carotenoids. It was 264 

interesting that α-ionone and β-ionone were closely correlated to each other (R2=0.887, p<0.01) 265 

as well as TDN and vitispirane (R2=0.903, p<0.01), suggesting that α-ionone might share the 266 
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same metabolic pathways with β-ionone, while TDN might share the same metabolic pathways 267 

with vitispirane. It is widely recognized that carotenoid degradation occurs either via non-268 

specific mechanisms such as (photo) chemical oxidation or oxidation by non-specific enzymes 269 

including lipoxygenases and peroxidases, but the mechanisms are still poorly understood (Carail 270 

& Caris-Veyrat, 2006; Walter & Strack, 2011). Our observation supports that the carotenoid 271 

cleavage is more likely to be enzyme-involved and gene-regulated. The sharp increase of C13-272 

norisoprenoids was possibly associated with the CCD gene expression after véraison (Mathieu, 273 

Terrier, Procureur, Bigey, & Gunata, 2005). In addition, a recent study has also observed that 274 

grape cell cultures were able to metabolize the C13-norisoprenoids β-ionone and 275 

dehydrovomifoliol to secondary norisoprenoid volatiles (Mathieu, Wirth, Sauvage, Lepoutre, 276 

Baumes, & Gunata, 2009). The possible transformation of β-ionone to other norisoprenoids 277 

during berry development might be the reason why β-ionone didn’t increase as the other C13-278 

norisoprenoids in Pinot noir grapes such as β-damascenone, vitispirane and TDN.  279 

3.5. Change of other volatile compounds 280 

3.5.1. C6- aldehydes and alcohols  281 

The changes of other volatile compound during berry development were present in Table . C6-282 

aldehydes and alcohols were the most abundant compounds in Pinot noir grape. Two C6-283 

aldehydes (hexanal and E-2-hexenal) and three C6-alcohols (1-hexanol, Z-3-hexenol and E-2-284 

hexenol) were investigated in this study. The highest C6-alcohol concentration was detected 285 

around véraison and decreased towards maturation, whereas C6-aldehydes increased after 286 

véraison. We did not see a decrease of aldehyde at late stage of ripening in this study although 287 

our previous study showed that C6-aldehydes slowly decreased at late ripening stage in some 288 
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warmer years (Fang & Qian, 2012). This discrepancy could be related to the particular vintage, 289 

the decrease of aldehyde probably only occurred at late stage in warmer years. The different 290 

accumulation time of C6-alchohols and aldehydes was assumed to be related to different 291 

hydroperoxidelyase and dehydrogenase activities in lipoxygenase (LOX) pathway (Kalua & 292 

Boss, 2010).  293 

3.5.2. Monoterpenoids  294 

The concentrations of linalool oxide, limonene, linalool, α-terpinene and α-terpineol were 295 

generally decreased during the growing season, whereas citronellol, geraniol and nerol were 296 

slightly increased. Free terpenols present only at a small portion in grape musts and the majority 297 

are present as glycosides (Mateo & Jiménez, 2000). Total monoterpenes were more abundant 298 

before véraison. After véraison, monoterpene content quickly decreased. Due to the complicated 299 

chemical rearrangement of monoterpenes during acid hydrolysis, the individual concentration for 300 

each compound was not discussed. 301 

3.5.3. Volatile phenols  302 

Three volatile phenols (phenol, 4-vinylphenol, 4-vinyl-2-methoxy-phenol) were quantified in 303 

Pinot noir grape berries, and the last two were considered to be important odorants in red wines 304 

(Aznar, López, Cacho, & Ferreira, 2001). The maximum concentration of volatile phenols was 305 

observed at véraison, followed by a quick drop within one week after véraison, and slowly 306 

increased during ripening. The concentrations of volatile phenols found in the grape berries were 307 

much lower than their sensory threshold. The contribution of grape-derived volatile phenols to 308 
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the wine is limited since major volatile phenols will be generated during fermentation and 309 

extracted from oak barrels during aging.  310 

3.5.4. 3-Isobutyl-2-methoxyprazine (IBMP) 311 

The 3-alkyl-2-methoxypyrazines (MPs) are a class of odorants contributes to the herbaceous, 312 

musty, and unripe aromas in wine (Maga, 1990). 3-Isobutyl-2-methoxyprazine (IBMP) was the 313 

most prevalent MPs present in grape that associates with “bell pepper” aroma. IBMP content 314 

found in Pinot noir grape was low during the entire growing season (3.6~5.6 ng/L). The 315 

concentration of IBMP in Pinot noir was very close to its sensory threshold (2 ng/L, in wine) 316 

(Allen, Lacey, Harris, & Brown, 1991), which may have an impact on wine quality. The fastest 317 

decreasing of IBMP occurred before véraison, and its concentration continually decreased during 318 

late ripening. Our results were consistent with previous observations in other grape varieties, in 319 

which the IBMP content decreased with increasing grape maturity (Hashizume & Samuta, 1999; 320 

Ryona, Pan, Intrigliolo, Lakso, & Sacks, 2008; Sala, Busto, Guasch, & Zamora, 2004).  321 

3.5.5. Vanillin and other benzenoid compounds 322 

Since most of the esters, alcohols and volatile acids are generated during fermentation, their 323 

presence at a small amount in grape berry will not have direct contribution to wine flavor. But 324 

the evolution pattern of these compounds still provides some useful information on the volatile 325 

production of wine grapes. In this study, aromatic alcohols (benzyl alcohol and 2-phenylethanol) 326 

reached the highest amount two weeks after véraison and slightly decreased until harvesting. 327 

Vanillin and methyl anthranilate concentrations reached the highest amount at véraison, 328 

decreased in about one week, and then slowly increased during ripening. Vanillin had a typical 329 
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vanilla aroma. Although the odor threshold of vanillin is quite high in wine (200 μg/L in 10% 330 

ethanol solution) (Guth, 1997), its characteristic flavor could influence aroma by retronasal 331 

perception (López, Ezpeleta, Sánchez, Cacho, & Ferreira, 2004). Methyl anthranilate imparts a 332 

sweet-fruity, grape-like taste with a distinctly floral perfumery character, which was found in the 333 

Pinot noir wines with important sensory impact (Moio & Etievant, 1995). However, in the 334 

present study, the concentration of methyl anthranilate in Pinot noir berry was much lower than 335 

its sensory threshold. Overall, the sensory contribution of these compounds from grape berry to 336 

wine flavor could be very limited.  337 

4. Conclusions 338 

Our result showed that véraison was the most important incept during Pinot noir berry 339 

development. Neochrome b and violaxanthin were synthesized until véraison and then degraded 340 

from véraison to maturity.  Lutein, β-carotene, neochrome a and neoxanthin continued to 341 

decrease during berry development. Total C13-norisoprenoids increased during grape berry 342 

development, correlated with carotenoid breakdown. The biosynthesis of C13-norisoprenoids in 343 

the grape berries was compound–dependent. Much more β-damascenone was in grape berries 344 

than the other C13-norisoprenoids.  345 
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 483 

Table 1 Change of berry weight, TSS and juice pH, and organic acid in juice during Pinot noir berry development 484 

Datea Daysb Description 
Days post 

50% bloom 

Berry 

weight  

(g/berry) 

TSS  

(°Brix) 

Juice 

pH 

Citric 

acid 

(g/L) 

Malic 

acid 

(g/L) 

Tartaric 

acid 

(g/L) 

3-Aug -27 Small green (pea-like) berries 43 0.52 4.0 2.36 0.35 18.2 11.3 

10-Aug -20 Small green (pea-like) berries 50 0.53 3.9 2.3 0.52 21.4 9.86 

16-Aug -14 Green berries 56 0.53 4.0 2.2 0.64 25.4 8.82 

23-Aug -7 Green berries 63 0.5 4.7 2.18 0.65 25.1 8.25 

30-Aug 0 Berry softening and changing color-véraison 70 0.68 9.6 2.32 0.52 20.0 5.13 

6-Sep 7 About 90% berries turned pink 75 0.91 15 2.61 0.32 8.58 3.28 

14-Sep 15 About 80% berries turned dark red 85 1.02 17 2.75 0.33 7.82 2.63 

24-Sep 15 Dark red berries 95 1.12 19 3.02 0.33 4.84 2.91 

9-Oct 40 Harvest, dark red berries 110 1.05 26 3.01 0.32 4.62 3.93 

Means presented (n=30 independent berries).  a Sampling date. b Days before (-) or after (+) véraison (0).  485 
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Table 2 Correlation coefficients between C13-norisoprenoids and carotenoids during berry development 486 

 
Time Brix Neo a Neox Neo b Vio Flav Lut β-Car TDN Vit t-β-Da α-Ion β-Ion 

Time 1 
             

Brix .971** 1 
            

Neo a -.873** -.782** 1 
           

Neox -.752** -.642** .922** 1 
          

Neo b -.587* -.716** 0.263 0.069 1 
         

Vio -.690** -.801** 0.394 0.192 .983** 1 
        

Flav -.831** -.722** .922** .890** 0.2 0.314 1 
       

Lut -.846** -.769** .900** .900** 0.288 0.396 .960** 1 
      

β-Car -.943** -.947** .864** .731** .627** .719** .783** .817** 1 
     

TDN 0.091 0.153 0.304 0.4 -0.392 -0.297 0.152 0.164 -0.021 1 
    

Vit 0.05 0.15 0.307 .510* -0.466 -0.371 0.203 0.256 -0.022 .903** 1 
   

t-β-Da .825** .855** -.620** -.538* -.543* -.608** -.621** -.626** -.751** 0.252 0.235 1 
  

α-Ion -.724** -.654** .861** .695** 0.29 0.388 .795** .703** .791** 0.21 0.121 -.533* 1 
 

β-Ion -.751** -.613** .901** .829** 0.085 0.216 .874** .783** .712** 0.287 0.332 -.480* .887** 1 

** Correlation is significant at the 0.01 level (2-tailed). 

         * Correlation is significant at the 0.05 level (2-tailed). 

         Time refers to days before (-) and after (+) véraison (0). Neo a: neochrome a; Neox: (9'Z)-neoxanthin; Neo b: neochrome b; Vio: violaxanthin; Flav: flavoxantin; 487 
Lut: lutein; β-Car: β-carotene; Vit: vitispirane; t-β-Da: (E)-β-damascenone; α-Ion: α-Ionone; β-Ion: β-Ionone. Carotenoids were showed in bold and C13-488 
norisoprenoids were showed in Italic. 489 
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Table 3 Major volatile compounds in Pinot noir grape berries during berry development 490 

Date 3-Aug 10-Aug 16-Aug 23-Aug 30-Aug 6-Sep 14-Sep 24-Sep 9-Oct 

Days -27 -20 -14 -7 0 (Véraison) 7 15 25 40 

C6 alcohols & aldehydes 
         

1-hexanol 162±3 e 156±4 e 160±2 e 163±7 e 312±10 d 381±0 b 433±10 a 317±1 cd 344±12 c 

1-hexanal 102±10 d 61.0±5.6 d 54.4±5.0 d 41.2±3.6 d 94.7±5.1 d 203±4 c 299±10 b 310±19 b 550±40 a 

(E)-2-hexenal 133±11 d 74.4±2.5 d 78.5±5.4 d 76.2±2.3 d 157±0 d 387±12 c 628±7 b 725±17 b 907±79 a 

(E)-2-hexenol 56.5±0.4 d 41.9±0.4 d 44.8±0.5 d 57.9±4.9 d 275±8 ab 304±9 a 257±21 b 152±3 c 133±7 c 

(Z)-3-hexenol 212±5 c 29.0±0.2 e 28.1±0.3 e 174±15 d 536±15 a 298±5 b 200±14 cd 31.6±0.4 e 31.1±0.2 e 

Monoterpenes 
         

limonene 1.79±0.42 a 0.65±0.03 b 0.80±0.02 b 0.57±0.04 b 0.55±0.04 b 0.57±0.05 b 0.71±0.04 b 0.76±0.18 b 0.80±0.04 b 

α-terpinene 0.08±0.01 a 0.04±0.01 ab 0.08±0.01 a 0.03±0.001 ab nd nd nd nd nd 

α-terpineol 2.06±0.15 a 1.76±0.01 b 1.73±0.15 b 1.47±0.07 b 1.14±0.28 b 0.75±0.05 b 0.74±0.04 b 0.60±0.01 b nd 

(Z)-linalool oxide 18.7±0.3 a 10.1±0.11 b 7.73±0.58 c 6.00±0.48 cd 4.90±0.68 de 3.30±0.85 ef 2.22±0.11 f 1.79±0.46 f 2.19±0.90 f 

(E)-linalool oxide 8.79±0.35 a 8.02±0.64 a 8.52±0.62 a 4.15±0.47 b 2.72±0.18 bc 2.30±0.86 bc 0.84±0.10 c 0.72±0.02 c nd 

linalool 2.00±0.09 a 1.54±0.08 b 1.28±0.28 bc 1.08±0.06 cd 0.89±0.04 cd 0.74±0.10 d 0.72±0.04 d 0.65±0.05 d 0.76±0.01 d 

citronellol 1.58±0.02 a 0.94±0.03 ab nd nd 1.12±0.49 a 1.03±0.03 a 1.84±0.04 a 1.54±0.07 a 1.08±0.23 a 

nerol nd nd nd nd 0.58±0.04 0.80±0.11 0.71±0.03 0.43±0.03 1.02±0.06 

geraniol 2.88±0.54 ab 1.82±0.10 ab 2.00±0.06 ab 1.87±0.20 ab 1.83±0.14 ab 1.09±0.01 ab 0.86±0.11 b 2.17±0.80 ab 4.62±0.49 a 

Volatile phenols          

phenol 3.27±0.21 abc 2.78±0.36 bc 2.02±0.12 c 3.57±0.40 abc 4.68±0.83 a 3.21±0.15 abc 2.51±0.62 c 3.28±0.45 abc 4.46±0.06 ab 

4-vinyl-2-methoxy-phenol 4.67±0.70 c 5.03±0.58 c 7.09±0.07 bc 11.9±1.68 b 17.4±1.94 a 7.69±0.83 bc 8.22±1.93 bc 8.16±1.58 bc 12.0±0.89 b 

4-vinylphenol 141±2 ab 142±28 ab 113±3 abc 164±14 a 151±10 ab 78.1±17.2 cd 53.0±14.8 d 69.0±0.8 cd 101±8 bcd 

Methoxypyrazines          

3-isobutyl-2-

methoxypyrazinea 5.6±0.6 5.9±0.1 4.8±0.3 3.9±0.4 3.8±0.8 3.6±0.5 4.1±0.5 4.3±0.4 3.8±0.5 

Miscellaneous compounds          

1-heptanal 4.47±0.54 ab 2.54±0.37 cd 1.98±0.10 d 2.13±0.01 d 2.91±0.76 bcd 4.73±0.06 a 4.34±0.64 ab 4.10±0.10 abc 5.71±0.43 a 

1-nonanal 7.23±0.49 e 7.35±0.29 e 5.48±1.55 e 38.3±2.1 d 169±1.00 a 175±8.56 a 141±9.48 b 80.0±1.77 c 8.48±0.86 e 

(E)-2-octenal 45.4±5.2 a 17.7±0.1 bc 15.8±1.9 c 14.6±0.4 c 26.1±5.7 bc 22.0±2.1 bc 20.9±0.3 bc 19.0±1.0 bc 28.9±2.6 b 

1-octen-3-ol 20.8±1.1 a 16.0±0.1 ab 12.8±2.0 bc 13.0±0.3 bc 21.6±2.2 a 13.1±2.6 c 8.46±0.54 bc 11.8±2.0 bc 21.8±1.4 a 

2-ethyl-hexanol 9.83±0.52 a 5.06±0.49 b 5.61±0.83 b 5.69±1.67 b 3.16±0.18 bc 5.02±0.69 bc 4.33±0.21 bc 3.68±0.28 b 1.97±0.21 c 

2-phenylethanol 155±47 a 87.2±9.6 ab 74.4±5.7 b 59.5±2.1 b 80.6±13.0 b 94.0±10.8 ab 103±9 ab 85.4±18.7 ab 75.3±5.3 b 

benzyl alcohol 189±28 bc 123±13 c 133±19 c 134±2 c 249±23 ab 304±31 ab 454±59 a 411±102 ab 271±20 ab 

hexanoic acid 69.3±4.3 b 35.5±2.3 c 34.8±2.5 c 36.4±5.0 c 77.3±8.4 b 135±2 a 143±9 a 118±19 a 126±2 a 

octanoic acid 19.9±0.6 a 8.94±2.72 b 5.48±0.69 4.53±2.04 b 3.24±1.85 b 3.07±0.90 b 2.32±0.30 b 2.59±0.28 b 2.54±0.04 b 

nonanoic acid 3.60±0.66 a 1.12±0.70 ab 1.77±0.31 ab 1.74±0.23 ab 1.56±0.05 ab 1.24±0.59 ab 1.44±0.05 ab 0.77±0.17 b 0.61±0.08 b 

methyl anthranilate nd nd 0.32±0.03 bc 1.81±0.20 a 1.78±0.31 a 0.58±0.08 b 0.38±0.02 bc 0.17±0.02 bc 0.43±0.03 bc 

(Z)-3-hexenyl acetate 5.07±0.20 a 3.43±0.08 c 2.97±0.35 c 1.83±0.02 d 4.18±0.01 b 0.82±0.06 e 0.65±0.05 e 0.15±0.02 f 0.14±0.02 f 

vanillin 17.3±1.4 d 31.7±1.1 cd 40.0±3.5 bc 134±3.3 a 136±3.3 a 40.9±3.6 bc 29.5±11.0 cd 35.2±4.4 cd 59.7±6.3 b 

Mean value  ± SD (n=3) presented (µg/kg berry). nd-not detected. Different letters in a row represent significantly (Tukey HSD, p<0.05) different in means. aConcentration were 491 
presented as ng/kg berry492 
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 493 

 494 

 495 
Figure 1 RP-HPLC chromatograph of carotenoids, chlorophylls, and chlorophyll derivatives isolated from Pinot Noir grapes. Conditions: column, Prodigy C18 496 
column (100 Å, 5 µm, 250×4.6 mm, Phenomenex). Flow rate, 1 mL/min. Binary gradient system of ethyl acetate (solvent A) and 90% acetonitrile (solvent B), 0-497 
1 min (100% B); 1-30 min (to 40% B); 31-40 min (40% B); 41-45 min (to 0% B); 46-55 min (0% B). Sample injection volume, 20 µL. Absorbance record at 447 498 
nm. Peaks and maximum absorption wavelengths (nm): 1, Neochrome a (400; 422; 450); 2, (9’Z)-Neoxanthin (415; 438; 466); 3, Neochrome b (400; 422; 450); 499 
4, Flavoxanthin (398; 422; 448); 5, Unknown ((406); 428; 454); 6, (all-E)-lutein ((420); 448; 476); 7,  (13Z or 13'Z)-lutein (331; (420); 440; 468); 8, IS, β-apo-500 
8’-carotenal (460); 9, Chlorophyll b (436; 528; 600); 10, Pheophytin b (436; 528; 600); 11, Pheophytin a ((322); 408; 505; 535); 12, (all-E)-β-carotene ((428); 501 
455; 481); 13, 13Z-β-carotene (338; 449; 478).502 
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 503 

 504 
Figure 2 Evolution of (a) hydrolytically released C13-norisoprenoids and (b) free C13-norisoprenoids in Pinot noir grape berries during berry development calculated on 505 
kg berry basis; Evolution of (c) hydrolytically released C13-norisoprenoids and (d) free C13-norisoprenoids in Pinot noir grape berries during berry development calculated 506 
on 1000 berries basis. TDN and vitispirane were not detected in free form. X-axis showed the days before (-) and after (+) véraison (0). The error bars reflect standard 507 
error for the three replicates. 508 
 509 

(c) 

(d) 
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Figure 3 Carotenoids concentration in berries during berry development. All the concentrations are presented as mg/kg berry of 

β-carotene equivalent. Lutein presented was sum of (all-E)-lutein and (13Z or 13'Z)-lutein. β-carotene presented was the sum of 

(all-E)- β-carotene and (13Z)- β-carotene. The error bars reflect standard error for the three replicates. 


