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Introduction 

Vineyard mechanization has become common practice in response to rising labor costs, but 

has inadvertently resulted in a greater amount of materials other than grapes (MO in harvest 

loads. The presence of some MOG, such as stems, is well known to be important for the quality 

and composition of red wine. However, some grape cultivars (e.g. Cabernet Sauvignon) are 

more prone to sensory taints introduced by these materials. Climate change effects have 

resulted in harvest delays of cultivars, such as Cabernet Sauvignon, into late November, when 

foliage has typically been killed by frost. There is a growing concern that undesirable aroma 

compounds are being introduced by the presence of frozen leaves, and post-frost machine-

harvesting is a significant contributor to this problem.  

 

To address the growing concerns of sensory taints and enable grape growers to adapt to the 

changing environmental conditions, there is an immediate need for the wine industry to 

understand the effects contributed by frozen MOGs. New mechanical harvesting technologies 

have optical sorting capabilities that will eject leaves, petioles and unripe fruit. However, it is 

unclear whether upgrading this equipment is the best option for grape growers to avoid sensory 

taints. Adapted vineyard management strategies may also provide suitable interventions (e.g. 

time or method of harvest, hand-picking specific grape varieties) that can be used to minimize 

their effects. This will allow equipment companies to customize their services to satisfy 

customer needs, depending on the purchasing ability, types of grape varieties in the vineyard, 

and the importance of wine quality to the grape grower. For instance, for a smaller grape 

grower with only a portion of grape varieties sensitive to these sensory taints, custom 

harvesting services using new equipment with sorting capabilities may be preferable to 

purchasing entirely new harvesters. 

 

At the advent of widespread mechanical harvesting in the 1970’s, numerous studies were 

conducted in wine-growing regions worldwide (Johnson 1977; Christensen et al. 1973, 

Peterson 1979, Petrucci and Siegfried 1976; Clary et al. 1990). Under most circumstances, 

these studies demonstrated that mechanized harvest was equal to hand harvesting in terms 

of ultimate wine quality; however, early mechanical harvesters typically were not able to expel 

all the MOG produced during harvest. Recent harvesting technology has largely eliminated the 

problem except under anomalous circumstances such as in the case with frost- damaged 

canopies. Recent work in California with Pinot noir using optical berry sorting in conjunction 

with mechanized harvest demonstrated positive impacts of method of mechanized harvest as 

well as post-harvest optical sorting (Hendrickson and Oberholster 2017, Hendrickson et al. 

2016). Mechanically-harvested grapes had higher concentrations of β-damascenone, linalool, 

β-myrcene, and α-terpinene, presumably caused by glycosidic hydrolysis triggered by berry 
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damage during harvest. Differences in wine composition attributable to harvest treatment were 

diminished or eliminated by post-harvest optical sorting. 

 

Given that the sensory taints observed in Ontario’s commercial red wines have been 

associated with mechanically-harvested grapes, we hypothesized that an increased 

concentration of undesirable aroma compounds is being introduced by terpenes in frozen 

leaves. Terpenes are a large class of organic compounds produced by plants with floral 

sensory attributes. Despite being present in very small concentrations, terpenes can have a 

considerable impact on the organoleptic properties of grapes and wines. Characteristic floral 

and fragrant aromas are typical and desirable in white wines, such as Muscat, Riesling, and 

Gewürztraminer. Many studies have been performed on white wine cultivars that have 

quantified terpenes (e.g. Marais 1983). However, monoterpenes are atypical aroma 

compounds in red table wines (Ferreira et al. 2000). One study in Australia reported that > 5% 

of petioles were required to significantly alter sensory qualities, such as increasing floral 

aromas and reducing bitterness, in Cabernet Sauvignon (Ward et al. 2015). 

 

Our initial hypotheses based on largely anecdotal evidence were that MOG would be 

associated with: Increased terpenes and other odorants; bitter taste compounds; malic acid 

increases from leaves and petioles; changes in metal cation concentration (e.g., Na, K, Mg, 

Fe); decreased anthocyanins and color intensity.  We also hypothesized that there might be 

reduced methoxypyrazines due to light freezing of grapes that could occur along with late 

harvesting, and, breakdown of glycosides in leaves, petioles, and fruit—and subsequent 

release of terpene and norisoprenoid aglycones.  

 

To investigate the impact of MOG on wine quality in Niagara’s cool climate region, we 

addressed three main goals: 

 

1) Identify and quantify key odor-active compounds in several commercial Ontario wines 

(Cabernet franc, Cabernet Sauvignon, blends) produced from grape loads containing MOG 

and non-MOG- affected wines. These sensorial and chemical analyses were ultimately used 

to identify the source material. A related goal using controlled fermentations was to investigate 

threshold frozen MOG levels that result in undesirable sensory characteristics of wines.  

2) Evaluate several harvesting strategies for their ability to negatively impact wine flavor. It is 

possible that climate change, resulting in harvests taking place later in the season, allow for 

odor-active compounds to develop to undesirable concentrations in mature fruit, or are 

introduced through processes such as post- frost machine-harvesting.  

3) Determine whether potential interactive effects exist between MOG levels and yeast strain 

and whether post-harvest mitigating strategies can be used to counteract undesirable aromas. 

Controlled experiments were therefore conducted based on replicated fermentations of 

Cabernet franc and Cabernet Sauvignon.  
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Materials and Methods 

 

Identification of undesirable odor-active compounds in wines from post-frost harvested 

grapes.  

To initially identify and ascertain concentrations of key odor-active compounds associated with 

floral taint, MOG-affected (machine harvested) and comparable non-affected (hand harvested) 

replicate samples of commercial Cabernet franc and/or Cabernet Sauvignon wines from the 

2015 and 2016 vintages from two different wineries were analyzed using GC-MS with Gerstel 

thermal desorption technology (Bowen and Reynolds 2012). These data were used to 

generate concentrations of aroma compounds for comparative analysis. A list of these 

compounds and their aroma descriptors is found in Appendix Table 1. Conventional chemical 

analysis (e.g. ethanol, acetic acid, titratable acidity, pH, total anthocyanins, total phenols) was 

also performed using standard methods.  

 

Investigation of threshold frozen MOG levels that result in undesirable sensory 

characteristics of wines. 

The purpose of these trials was to replicate commercial wine production with variable amounts 

and types of frozen MOG added, to ascertain odor-active compounds and their respective 

threshold levels (Guth 1997). Source material was collected in the 2016-2018 seasons from 

the Carlton St. Cabernet franc and Cabernet Sauvignon vineyards in Niagara-on-the-Lake, 

ON. Following a hard frost, ≈1500 kg. of fruit were obtained from each cultivar. Replicated 

treatments were imposed including five levels of MOG based upon either leaves or petioles 

only. Leaf addition treatments were: 0, 0.25, 0.5, 1, and 2% weight/volume, and petiole 

additions were 0, 0.5, 1, 2, and 5% weight/volume. Three replicate wines (20-L) were produced 

from each treatment. Chemical analysis was carried out for each treatment using the same 

techniques as previously described. 

 

Investigation of interactive effects of MOG levels and yeast strain.  

Controlled fermentations on Cabernet franc (20-L three replicate fermentations) were carried 

out in 2017 and 2018 using three different yeast strains (CSM, EC1118, FX10) in combination 

with three leaf levels (0, 0.5, 2%) and three petiole levels (0, 1, 5%).  

 

Investigation of MOG levels resulting from different harvest methods.  

Field trials were conducted on Cabernet franc in 2017 and 2018, following a hard frost, to 

determine the MOG contribution of five different harvest methods utilizing mechanical 

harvesters. Treatments were: i. Hand harvest; ii. Conventional machine harvest; iii. Leaf 

removal prior to mechanical harvest; iii. Opti-Harvest (Braud New Holland) machine harvest; 

iv. Gregoire G8 mechanical harvest (2018 only); v. Conventional machine harvest followed by 

optical sorting table (provided by Vineland Estates Winery, Vineland, ON). Three replicate 

wines (40-L) were produced from each treatment. Chemical analysis was carried out for each 

treatment using the same techniques as previously described. 

 

Sensory analysis. 

Sensory analysis of all experimental wine replicates was conducted to assess: i) MOG impacts; 

ii) MOG x yeast combinations and; iii) harvest treatments. The 12 panelists were trained using 

sensory standards (Reynolds et al. 2018) for 6 hours prior to data collection. All sensory 
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analyses were conducted under controlled conditions that included individual booths and red 

lighting. Compusense software (Compusense, Guelph, ON) was utilized for data acquisition. 

 

Statistical analysis. 

All data were analyzed using XLStat (Addinsoft, Paris, France). Experiments with MOG levels 

were analyzed using regression to ascertain impacts of increasing MOG levels. The yeast trial 

was analyzed as a factorial whereby yeast strains were separated by Tukey’s test (p<0.05) 

and MOG levels were analyzed by linear and polynomial contrasts. The harvest strategy trial 

was analyzed by Tukey’s test (p<0.05). Data were also subjected to principal components 

analysis (PCA) and partial least squares analysis. 

 

Results and Discussion 

 

Investigation of threshold frozen MOG levels that result in undesirable sensory 

characteristics of wines. Commercial wines. 

Commercial red wines from the 2015 vintage that were rated as medium to high in floral taint 

were associated with several aroma compounds through PCA (Fig. 1). Several aroma 

compounds were substantially higher in concentration in the medium/high-rated wines (Table 

1). These included several terpenes (citronellol, geraniol, cis-rose oxide, trans-rose oxide, γ-

terpinene, limonene,), norisoprenoids (β-damascenone, α-ionone, β-ionone), alcohols 

(heptanol, octanol, phenethyl alcohol) and esters (ethyl hexanoate, ethyl heptanoate, ethyl 

octanoate, ethyl nonanoate, ethyl decanoate, phenethyl acetate). Several were detected at 

concentrations considered odor-active. 

 

Figure 1.  Principal components analysis of several commercial Ontario red wines with various levels of 

MOG-induced floral taint, 2015.    
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Table 1.  Means of several aroma compounds of several commercial red wines from Ontario with various 

levels of MOG-induced floral taint.   

Sample β-Ionone α-Ionone 

β-Damas-

cenone Citronellol Geraniol 

cis-Rose 

oxide 

trans-Rose 

oxide 

γ-

Terpinene Limonene 

Threshold 0.09 2.6 0.05 100 30 0.2 450 --- 15 

Mean low1 0.175 2.95 2.47 1.08 5.14 0.027 0.007 0.100 0.185 

Mean 

med-high2 0.257* 1.40 3.43* 1.20* 6.16* 0.082* 0.031* 0.097 0.160 

OAV 2.86 0.538 68.6 0.012 0.205 0.410 0.155 --- 0.011 

Sample 

Ethyl 

hexanoate 

Ethyl 

heptanoate 

Ethyl  

octanoate 

Ethyl 

nonanoate 

Ethyl 

decanoate Heptanol Octanol 

Phenethyl 

acetate 

Phenethyl 

alcohol 

Threshold 5 2.2 5 --- 200 3 110 250 10000 

Mean low1 176.8 1.17 202.8 0.52 47.1 33.2 13.56 39.2 42310 

Mean 

med-high2 229.9* 1.61* 332.5* 0.93* 100.5* 39.7* 15.75* 41.6* 45902* 

OAV 45.98 0.73 66.5 --- 0.5 13.2 0.143 0.167 4.59 

1Low floral taint; 1Medium to high floral taint. OAV= Odor-activity value. 

 

 

Investigation of threshold frozen MOG levels that result in undesirable sensory 

characteristics of wines. Controlled fermentations. 

Several aroma compounds increased, mostly linearly with increased additions of leaves and 

petioles in 2016 and 2017 (Fig. 2; Appendix Fig. 1). These included terpenes (linalool, geraniol, 

nerol, citronellol, citral, cis-rose oxide, eugenol); norisoprenoids (β-damascenone, α-ionone, 

β-ionone); higher alcohols and salicylates (hexanol, octanol, methyl salicylate, ethyl salicylate). 

In most circumstances, terpenes were increased more by petiole additions, whereas alcohols 

and norisoprenoids increased more with addition of leaves. Methyl and ethyl salicylate 

increased to a greater degree by petiole additions than by leaves. Most, but not all compounds 

were present at odor activity values > 1 based on thresholds established by Guth (1997). 

These data are overwhelmingly indicative of the significance and role played by terpenes and 

norisoprenoids in the determination of MOG-induced floral taint in late-harvested red wine 

varieties. 

 

Investigation of interactive effects of MOG levels and yeast strain.  

Yeast strain had an impact on MOG-containing fermentations, with FX10 reducing 

concentrations of numerous compounds (Fig. 3,4). In the control treatments (non-MOG), trans-

linalool oxide was decreased by CSM and EC1118, while both myrcene and geraniol were 

lowest in EC1118 and FX10 (Appendix Fig. 2). In wines containing 2% leaves, 12 compounds 

were highest in CSM wines, including nine terpenes (linalool, geraniol, nerol, nerol oxide, 

nerolidol, α-citral, α-terpineol, eugenol, myrcene) and three norisoprenoids (β-damascenone, 

α-ionone, β-ionone)(Fig. 3). In wines containing 5% petioles, trans-linalool oxide was lowest in 

CSM and EC1118 wines, whereas myrcene, and geraniol were lowest in both EC1118 and 

FX10 wines (Fig. 4). These data are indicative of the possibility that choice of yeast such as 

EC1118 and FX10 might mitigate floral taint issues in circumstances where frozen MOG has 

been incorporated into fermentations. 
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A-LINALOOL B-GERANIOL C-NEROL 

D-CITRONELLOL E-CITRAL F-CIS-ROSE OXIDE 

G-EUGENOL  H-β-IONONE I-HEXANOL 

J-OCTANOL K-METHYL SALICYLATE L-ETHYL SALICYLATE 

Figure 2.  Relationships between several leaf and petiole levels added to Ontario Cabernet franc wine 

fermentations vs. aroma compound concentrations, 2017. Odor-activity values (OAVs) are indicative of 

highest leaf or petiole level. 
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A B 

C D 

Figure 3.  Impact of three yeast strains on aroma compounds in Ontario Cabernet franc wines to which 

2.5% frozen leaves were added pre-fermentation. A-C: Terpenes; D: Norisoprenoids. 

A B 

C D 

Figure 4.  Impact of three yeast strains on aroma compounds in Ontario Cabernet franc wines to which 

5% frozen petioles were added pre-fermentation. A-C: Terpenes; D: Norisoprenoids. 
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A B 

C D 

Figure 5.  Impact of harvest protocols on aroma compounds in Ontario Cabernet franc wines 2017. A-

B: Terpenes; C-D: Esters. 

 

Investigation of MOG levels resulting from different harvest methods.  

Opti-Harvest and/or optical sorting reduced concentrations of cis- and trans-linalool oxides, β-

citral, and cis- and trans-rose oxide equal to or less than hand-harvesting, but trans-linalool 

oxide, ethyl nonoate and ethyl isobutyrate were highest for in Opti-Harvest wines (Fig. 5). The 

conventional mechanical harvest treatment that was preceded by mechanical leaf removal 

inexplicably had highest concentrations of cis- and trans-linalool oxides, cis- and trans-rose 

oxides, and ethyl nonanoate. Hand harvesting, as expected, had lowest concentrations of all 

compounds. It appears that Opti-Harvest or similar harvesting technology, as well as optical 

sorting have potential for reducing MOG-induced floral taint in late harvested red wines. 

 

 

Conclusions 

“Floral taint” associated with frozen MOG is due primarily to several terpenes (linalool, geraniol, 

cis- and trans-rose oxide, citronellol, nerol), methyl and ethyl salicylate, and β-ionone. Several 

esters and other aliphatic compounds also appear to be related—including phenethyl alcohol; 

ethyl heptanoate, octanoate, nonoate and decanoate; hexanol, and octanol. However—some 

of these, although very responsive, may be below sensory threshold. But, (a) Most thresholds 

have been measured in water (Guth 1997) and are much lower in alcohol, and (b) There are 

several interactions between chemicals that we don’t fully understand (Ferreira 2010).   
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A 

B 

Appendix Figure 1. Principal components analysis of A: Cabernet franc and B: Cabernet Sauvignon, 

Ontario, Canada, 2016.  
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A B 

C D 

Appendix Figure 2.  Impact of three yeast strains on aroma compounds in Ontario Cabernet franc wines 
to which no MOG was added pre-fermentation. A-C: Terpenes; D: Norisoprenoids. 
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Appendix Table 1.  Major aroma compounds associated with MOG in Cabernet franc wines in Ontario 
and their typical sensory attributes. Sources: Flavornet (http://www.flavornet.org), The Good Scents 
Company Information System (http://www.thegoodscentscompany.com). 

Compound Sensory descriptor Compound Sensory descriptor 

Linalool  Floral, lavender Hexanol Resin, flower, green 

Geraniol Rose, geranium Heptanol Chemical, green, 
mushroom 

Nerol Sweet Octanol Moss, nut, mushroom 

α-Citral Lemon Phenylethyl alcohol Honey, spice, rose, 
lilac 

β-Citral  Ethyl isobutyrate Sweet, rubber 

Citronellol Rose Isoamyl acetate  Banana 

α-Terpineol Oil, anise, mint Isoamyl hexanoate  Fruity banana apple 
pineapple green 

cis-Rose oxide Green, floral, rose, 
lychee 

Ethyl hexanoate Apple peel, fruit 

trans-Rose oxide Floral Ethyl heptanoate Fruity, wine, cognac 

cis-Linalool oxide Floral, wood Ethyl octanoate Fruit, fat 

trans-Linalool oxide Floral, wood Ethyl nonanoate Fruity, rose, waxy, 
rum, wine, natural 
tropical 

Nerol oxide Oil, flower Ethyl decanoate Grape 

Nerolidol Wax Diethyl succinate Wine, fruit 

γ-Terpinene 
Oily, woody, terpene, 
lemon/lime, tropical, 
herbal 

Isobutyl acetate Sweet, fruity, 
ethereal, banana, 
tropical 

Terpinolene Fresh, woody, sweet, 
pine, citrus 

Phenylethyl acetate Rose, honey, tobacco 

Myrcene Balsamic, must, 
spice 

Hexyl acetate Apple, fruity, pear, 
sour 

Limonene Citrus, mint Methyl salicylate Peppermint 

Eugenol Clove, honey Ethyl salicylate Wintergreen, mint 

β-Damascenone Apple. rose, honey  

α-Ionone Wood, violet 

β-Ionone Seaweed, violet, 
flower, raspberry 
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Abstract 

An undesirable note called “floral taint” has been detected in red wines in North America 

caused by large volumes of frozen leaves and petioles (materials-other-than-grapes (MOG)) 

introduced during mechanical harvest and subsequent winemaking late in the season. The 

responsible volatiles, we hypothesized, are primarily terpenes, norisoprenoids, and esters. Our 

objectives were to investigate volatile compounds and their glycosidic precursors that may 

cause the floral taint problem, and explore threshold concentrations above which the problem 

might manifest itself. All replicate fermentations (2016, 2017, 2018) were based on 40-kg of 

Cabernet Franc (CF) and Cabernet Sauvignon (CS). MOG treatments were (by wt): 0, 0.5%, 

1%, 2% and 5% petioles, and 0, 0.25%, 0.5%, 1%, and 2% leaf blades. In 2017 and 2018, 

different yeast strains (CSM, EC1118, FX10) and harvest strategies (conventional machine 

harvesting (MH), Braud-New Holland Opti MH, Gregoire 8 MH, MH + optical sorting, and MH 

with pre-harvest leaf removal) were included in the CF treatments. Concentrations of key odor-

active compounds were quantified by GC-MS with stir bar sorptive extraction. cis- and trans-

Rose oxides, β-ionone, citronellol, linalool, eugenol, methyl and ethyl salicylate were higher in 

MOG treatments for both CF and CS and their concentrations increased linearly with 

increasing levels of petioles or leaves. PCA showed petiole and leaf treatments were 

separated from the controls with the 5% petioles and 2% leaves as the extremes. Petiole and 

leaf treatments were likewise separated, reflecting large differences in volatile compositions. 

Results from 2017 showed that more terpene compounds were found in the standard MH 

treatment preceded by leaf removal than the control, and the least in the Opti Harvest and 

optical sorting treatments. The yeasts EC1118 and FX10 produced the least terpenes out of 

three different yeasts among all leaf and petiole addition treatments in most cases, while CSM 

produced the highest terpenes. In general, petioles contributed more to the floral taint problem 

than leaves. Specifically, petioles contributed terpenes and salicylates (floral notes) to the wine 

and leaves contributed norisoprenoids and C6 alcohols (green notes). 

 

 

 

 

 

 

 


