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1.0 ABSTRACT. 

This study investigated the effects of picking date and simulated frost treatments at -2 degrees Celsius (°C) 

and -10°C on Syrah (Shiraz) grape and table wine composition.  In 2014, a vineyard in the southern 

Okanagan Valley, B.C Canada was chosen for the study.  This experiment was in the form of a 2x3 factorial 

with two picking dates based on sugar concentration (Brix), and three temperature treatments giving six 

combinations.  Commercial quantities of grapes were harvested from an Osoyoos vineyard 10 days apart and 

the 6 different treatments were vinified identically at the Daydreamer winery on the Naramata Bench.  These 

wines were stored in 228 litre barriques for 6 months prior to bottling with sensory and chemical analysis 

then undertaken. The wines were subjected to a 12-judge descriptive analysis sensory panel and analysed 

using a fixed model three-way analysis of variance (ANOVA).  

Picking date appeared to show significant differences in the final wines. Very little differences were seen in 

the control versus -2°C treatments. Significant effects were found in the physical attributes of the -10°C 

treatments.  Sensory analysis also showed significant differences in “jammy, pepper, earth and gamey 

aromas”.  There were also differences in “jammy, prune and pepper flavours”, as well as differences in 

perceived sweetness and acidity.  There were no significant differences in likeability observed between the 

treatments.  Spectrophotometric analysis showed significant differences in colour and phenolic 

measurements between the treatments, with the -10°C treatment from the 2
nd

 pick showing the least overall 

colour/phenolics.  Chemical analysis showed significant differences in acidity.  The -10°C treatment from the 

2
nd

 pick measured the highest in acidity.  The significant findings of this research were that there were no 

major differences in the final wines of the controls versus the grapes subjected to light frost (-2°C).   

Therefore, the composition of Shiraz/Syrah wines is unlikely to be affected if an early (light) frost occurs. 

This study also showed that despite differences in overall composition of the hard frost (-10°C) treatments, 

the nuances might provide winemakers with a new set of tools to increase potential complexity and quality of 

wines in the future. 
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2.0 INTRODUCTION   

Late season frost occurs in marginal continental climates such as the Okanagan Valley (British Columbia, 

Canada) when nighttime temperatures drop below 0°C causing leaf drop and potential changes to fruit 

composition.  This phenomenon is common in other North West American viticultural regions such as inland 

Washington and Oregon as well as many European cool climate vineyards.  Despite the potentially damaging 

effects of autumn (fall) frost on grapevines, many wineries are looking towards planting in more marginal 

climates in the context of climate change.   

According to studies by Seguin and Gaudillere (2007) pulling statistics from the “Intergovernmental Panel on 

Climate Change (2001 & 2007)” temperatures have risen by 1°C over the last 50 years and 2°C in most wine 

regions.  These temperatures are set to rise by at least 2°C by 2049.  However, in the same study it was 

predicted that: 

 “This would be accompanied by a greater contrast in precipitation levels, tending to increase in wet regions 

and seasons and to decrease in dry situations; with a trend towards an increase in variability and to extreme 

episodes.”   

Therefore, despite a warming trend it is unclear whether early fall frost events will become more frequent or 

less frequent in these marginal regions.  However, climate modeling (Lee Hannah 2013) suggests that wine 

regions such as California, South Australia, South Africa, Spain, Southern France and Southern Italy may see 

declines of 74-85% in production by 2050. If this is the case then regions such as the north west of North 

America, Canada, Britain, Northern Europe, Tasmania and Central China may see corresponding increases in 

production.  Therefore, it is important to investigate the effects of some of these marginal climate events 

given the potential for future change in world vineyard distribution. 
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2.1 The Okanagan Valley 

The Okanagan Valley is a north to south running valley 300km east of the Pacific Ocean with land suitable 

for growing vitis vinifera grapes ranging from Kelowna (49.8801° N, 119.4436° W) in the north down 

123km to Osoyoos (49.0325° N, 119.4661° W) along the U.S border in the south.  See Fig. 1a and 1b. 

                 

      Fig. 1a.  British Columbia’s wine regions. Map courtesy of the British Columbia Wine Institute. 
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                      Fig. 1b.  Okanagan Valley sub-regions.  Map courtesy of the British Columbia Wine Institute. 

According to the Amerine/Winkler scale, Kelowna has 1200°C growing degree-days while Osoyoos has 

1493 °C degree-days. (British Columbia Wine Institute (BCWI) “Wines of BC” website) This places 

Research Vineyard (X)  

(X) Research Winery 
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Osoyoos in Region II albeit with a higher Mean July Temperature of 22.9 °C (Environment Canada).  See 

Table 1. 

 

 

                     

 

 

 

 

 

 

 

 

 

 

 

            Table 1. Data Obtained from Amerine and Winkler (1944) and Pirie (2007). 

 

The Okanagan wine region is home to 131 wineries and grows almost 82% of British Columbia’s wine 

grapes (Wines of BC website 2015).  British Columbia has seen staggering growth over the last 25 years with 

19 wineries licensed in 1990 and 248 wineries licensed by 2015. (Wines of BC website 2015). 

The south end of the Okanagan valley is marked by a deeply continental climate. Osoyoos is the warmest city 

in Canada and sits at the northern tip of the Sonoran Desert. It has hot dry summers with an average July 

daytime high of 29.0°C and very cold winters with a January daytime high of 0.1°C (Environment Canada).  

Precipitation is very low (317mm) with most occurring between April and October.  See Graph 1. 

 

Region Celsius 

Degree 

Days 

Mean July 

Temp. °C 

Suitable Varietals Regions 

Region I <1390 <19.8 Pinot Noir, Riesling, 

Chardonnay, Pinot Gris, 

Sauvignon Blanc 

Kelowna, Naramata, 

Chablis, Champagne, 

Tasmania, Marlborough 

Region II 1391 to 

1670  

19.9 to 21.3 Cabernet sauvignon, 

Cabernet Franc, 

Chardonnay, Merlot, Syrah 

Osoyoos, Golden Mile, 

Yarra Valley, Bordeaux, 

Alsace 

Region 

III 

1671 to 

1940 

21.4 to 22.8 Grenache, Barbera, 

Semillon 

Syrah,Tempranillo  

Clare Valley, Lower 

Hunter, Rioja, Piemonte 
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 Graph 1. (Environment Canada). 

Irrigation is essential in the region and the large glacial lakes draining the surrounding Columbia, Cascade 

and Coastal mountains provide the ideal water source.  These deep mountain fed lakes (Okanagan, Skaha, 

Vaseux and Osoyoos) also provide the perfect moderating influence.  Vineyards tend to be planted in close 

proximity to these lakes and benefit from the convection currents that increase average winter temperatures 

and provide cooling currents in the evenings during the growing season. 
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                                                    Fig. 2. Syrah Grape Bunch. 

2.2 Okanagan Syrah  

Syrah is a late ripening, highly coloured, moderately tannic, high acid red grape with origins in the Northern 

Rhone France. See Fig 2. This variety is classified as Group 5 along with Merlot and Cabernet Franc (John 

Gladstones) or Region II/III according to the Winkler Scale. Amerine et al (1944). See Table 1. Therefore, 

based on climactic data it appears very suitable for the area. This variety shows tremendous potential in the 

region, as evidenced by a wine from the region winning “The World’s Best Shiraz” at the 2006 International 

Wine & Spirit Competition.  This variety tends to grow well in the warm summer temperatures, low rainfall 

and deep gravel, silt and sands of the southern valley.  There is low disease pressure due in part to the low 

relative humidity and organic viticulture is possible.  The grapes ripen easily in most years producing a 

distinctive peppery, black fruit driven, gamey, full-bodied wine not dissimilar to those found in cool-climate 

Australia or the Northern Rhone Valley. 
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 However, the major threats to growing this variety successfully in the Okanagan are: 

i) The potential of winterkill.  

In December 1990 it reached -26.1°C and in Jan/Feb1996 it reached -20.9°C. (Environment Canada). 

Syrah is listed (along with Merlot) as 8/10 susceptibility when it comes to bud winterkill.  (Grape 

Growers Council of Ontario).  Syrah is thought to have an average LTE50 (50% of buds survive) of 

-21.0°C (Cool Climate Oenology and Viticulture Institute. (CCOVI) Wilwerth et al 2014)  However, 

Osoyoos has a mean January temperature of 0.1°C and extreme cold events have not reached below  

-20.9°C since 1996.  (Environment Canada) 

Winters tend to be colder as one heads further south in the valley, and further from the deep lakes. 

However, temperatures are still within economic thresholds for growing this variety.  There has been 

some excellent work published on cold hardiness by CCOVI and the Pacific Agricultural Research 

Centre (PARC) and these predictive models will help decide the best strategies to minimize the 

effects of this challenge. 

ii) Early Fall Frost.   

Syrah is generally one of the last varieties to ripen in the Okanagan, and harvesting can occur 

anywhere from early October through to mid November. Early fall frost is a relatively common 

occurrence in this valley.  Over the last 15 years in Osoyoos, the average date of the first Fall frost 

was October 15
th

 at a mean temperature of -1.0°C.  See Table 2. (Environment Canada). This weather 

station is located on the lower part of the valley and therefore many of the elevated vineyards with 

good air drainage experience warmer conditions 1 to 3°C degrees above those recorded at the weather 

station.  Therefore aspect and slope play an important role in the ability of a vineyard to ripen this 

variety in the Okanagan Valley. 
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                        Osoyoos CS Weather Station 

Year First Frost Date Temperature °C 

1999 28-Sep -0.8 

2000 23-Sep -1.3 

2001 13-Oct -0.1 

2002 11-Oct -0.5 

2003 15-Oct -0.5 

2004 23-Oct -0.8 

2005 27-Oct -1.5 

2006 09-Oct -0.7 

2007 21-Oct -0.1 

2008 15-Oct -2.5 

2009 08-Oct -0.1 

2010 17-Oct -1.1 

2011 24-Oct -0.2 

2012 21-Oct -1.1 

2013 11-Oct -0.5 

2014 11-Nov -4.0 

Table 2. 1999-2014. Dates of the first Fall frost.  (Data obtained from Environment         

Canada Osoyoos CS Weather Station). 

Although the average temperature for the first frost of the year is quite mild, the data does not tell the 

complete story.  For example in 2009 the first frost was only -0.1°C which did not de-foliate most vineyards. 

Defoliation of grapevines usually occurs at around -2.0°C (Prof. Andy Reynolds pers.comm.). However, on 

October 10, 11
th

 and 12
th

 the temperature dropped to -5.6°C, -7.1°C and -5.9°C respectively in Osoyoos.  
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Over the same period, temperatures dropped to -8.3°C, -9.0°C and -9.1°C in Penticton, just 60km north of 

Osoyoos (Environment Canada).  

 This meant that many of the wineries in the Okanagan Valley had not picked their late ripening varieties yet, 

and were forced to make wine out of grapes that had been completely frozen.  The saving grace was that the 

late growing season had been extremely warm up until that point and most of the grapes were ripe anyway.   

Wines from the 2009 season were made in the cellars and despite initial hesitation, most winemakers and 

critics hailed the vintage as a success, particularly for red wines. (John Schreiner Pers. Comm.) 

This begs the question:   

“What happens when you make red table wine from grapes that have been through a mild 

(0 to -2°C) or hard (-6°C to -10°C) frost? What will happen to the final wine quality, 

potential and style?”  

3.0 BACKGROUND AND CONTEXT 

The question of whether to pick Syrah grapes before, or after light and heavy frost has not been answered 

adequately.  In particular, what are the effects of freezing the grapes on: 

1) Mechanical processing, fermentation and pressing? 

2) Chemical composition? e.g. pH, titratable acidity (T.A), alcohol, colour and phenolics. 

3) Oxidation e.g. volatile acidity (V.A) and aroma changes. 

4) Aromatic and taste qualities of the wines? 

5) Overall perceived quality of the wines? 

Up until this point most research that has involved frost, has looked at the effects of spring frost on grapevine 

physiology.  Research on the effects of autumn/fall frost has tended to look specifically at the effects on the 

canopy, with far less emphasis on fruit.  Some recent research on the effects of picking dates on icewine 

production provides an excellent point of reference, but the nuances of red table wine offer different 

challenges.  (Dr Andy Reynolds, pers. comm.) 
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Interesting research by the team at CCOVI in Niagara is looking at the effects of leaving a number of red and 

white varieties for i) 3 weeks and ii) 6 weeks after the first frost, and then making table wines out of them.  

This may shed some light on the issue but the results are as yet unpublished (Dr Andy Reynolds, Pers. 

Comm.) 

There has been some very good research on the effects of freezing grapes/juice for future analysis. e.g. 

Garcia et al. (2011) but very little has been done on the effects on finished wines, especially on a commercial 

scale. This project offers the possibility to provide winemakers in regions with autumn/fall frost a predictive 

model which may be used when deciding the date of harvest, particularly when making Syrah/Shiraz table 

wine.  This protocol could then be transferred to other varieties providing further opportunities for research.   

There have been numerous pieces of research looking at the effects of using frozen grapes versus fresh 

grapes for research trials e.g. Cynkar et al (2004), Santesteban et al (2013). These studies have shown that 

there can be changes to malate, tartrate, pH levels and total phenolics.   

There is also a reasonable body of work looking at alternative methods of icewine production with relevant 

information. e.g. Skurray (2001), Brown (1975). Research done by Brock University on the effects of picking 

dates on Riesling and Vidal for icewine production also yields a good foundation for further work. (Bowen et 

al (2010)). There has been a detailed study in Australia on freezing Shiraz berries, and the resulting sensory 

effects. This research showed that there were changes in perceived bitterness, astringency and flavour of the 

grapes but more work was recommended. Mantilla et al (2013). In particular, there is a distinct lack of 

research in the effects of frozen berries on the resulting wines, particularly in commercial trials.   

A commercial vinification trial is proposed using simulated “frost-affected” grapes (versus controls).  The 

grapes and resulting wines would be analysed chemically.  Descriptive analysis via a trained sensory panel 

would occur using the resulting wines.  A short questionnaire would also be presented to a panel of 

Okanagan winemakers to record their experience when working with grapes that had been through a frost. 
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4.0 EXPERIMENTAL DESIGN 

                                    

                                    Fig. 3. The Osoyoos Research Vineyard. 

A single vineyard of Syrah in the Okanagan Valley was chosen for this research trial.  It was located 

49°03'"N 119°30'"W 4.5km NW of the town of Osoyoos.  It is an eastern sloping vineyard approximately 

1km west of Osoyoos lake sitting at around 400 metres elevation.   0.5 acres of land on the upper slopes of 

the vineyard was sectioned off for the chosen experiment.  See Fig. 3. 

The vines were 10 years old and utilize a vertical shoot positioned trellis system.  See Fig 4 
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                                   Fig. 4. The 0.5 acre Section of the Research Block. 

 

The vineyard is irrigated and sits on silty, sandy gravels.  See Fig 5. 

                                

                               Fig. 5. Osoyoos Research Vineyard Soils. 

Temperature data loggers would be placed in the vineyard in the 3
rd

 week of September at the lowest points 

on either end of the block.  These data loggers would be placed to ensure that frost did not occur before the 

grapes were picked.  The data loggers would be checked and grape samples taken every two days until 

harvest.  
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The experiment would be in the form of a 2x3 factorial with two picking dates based on sugar concentration 

(Brix), and three temperature treatments giving six combinations. i.e. When the Syrah reached ~22.0 Brix 

maturity it would be hand harvested into 3 x 450kg lots.  (450kg would represent the smallest commercially 

viable fermentation size).  The first treatment would constitute the control; the second batch of grapes would 

be exposed to around 0 to -2°C in a commercial laboratory freezer, while the third treatment would be 

exposed to around -8 to-10°C until completely frozen. These cooling temperatures would represent an 

average first frost (0 to-2 °C) and a hard frost (-8 to-10°C). Each batch would then be thawed to at least 

10°C+ and de-stemmed/crushed into 1000 litre capacity fermenters.  Each treatment would be inoculated 

with the same strain of commercial yeast/malolactic bacteria and vinified identically.  This would include 

maturation in identical (second fill) American oak barriques (to minimize oak impact) for at least 6 months. 

This protocol would be duplicated with an additional 3 batches picked at ~24.5 Brix.  Ideally this second pick 

would occur before the historical first frost i.e. October 15th.   

 

The reasons for the two sets of treatments (at different ripeness levels) are twofold: 

 1) Picking an early batch reduces the risk of an early fall frost that would be detrimental to the experiment.  

2) Using two different ripeness levels allows for two different flavour profiles in the resulting wines further 

increasing experimental soundness.   

The grapes initially would be measured for sugar (Brix), pH, titratable acidity (T.A) and malic acid. 

The resulting wines would be analysed for alcohol, pH, T.A, V.A, residual sugar, free SO2, total SO2, colour 

and phenolics. The wines would be analysed spectrophotometrically for colour and total phenolics as per the 

Glories method. Saint-Cricq, et al (1998). Samples would be drawn and bottled in April 2015, for sensory 

analysis in May 2015. 

The sensory testing would be in the form of descriptive analysis.  This format allows a manageable panel 

number (8-14 panelists) with meaningful statistical significance. Lawless (2010). Initial profiling of the 

wines (blind) would be done with sensory staff at the Pacific Agricultural Research Centre (PARC) in 



© Institute of Masters of Wine 2015.  

 

18 

Summerland B.C (January 2015) to generate 10-15 aroma qualities and 10-15 taste parameters that could be 

used for experimental design.  In May 2015, at a chosen sensory laboratory, a panel of trained winemakers 

would be asked to taste the wines (blind) and rate the different aromas and taste attributes using an 

unstructured line scale.  

They would be asked to separately rank the colour of the samples, using petri dish visual analysis. (Kareen 

Stanich pers. comm.). Additionally, they would be asked to rate their overall liking of the wine on a Hedonic 

scale (1-10).  The presentation of treatments would be randomized and replicated. Three way analysis of 

variance (ANOVA) of the tasting results would then be undertaken.   

Using trained winemakers would reduce the time taken to train the panel, as they would already be familiar 

with profiling unfinished wines.   After the sensory session the winemakers would also be asked to fill in a 

short questionnaire enquiring into their own personal experience dealing with making table wine from frozen 

grapes.  

 

 

5.0 RESULTS AND OBSERVATIONS 

5.1 Vinification. 

On October 1
st
 2014 grape samples (Merlot) were picked into four of the 15kg perforated picking crates that 

would be used for the Syrah experiment.  These picking crates were chosen because the numerous holes and 

relatively small size would decrease thermal mass and speed up temperature transfer in the berries. The 

Merlot grapes were chosen as they were already 24.0 Brix and it was decided that a “freezing test” would be 

prudent before the main Syrah experiment commenced.  The grapes were placed in the commercial freezer at 

the Pacific Agricultural Research Institute (PARC) with thermocouples placed in the centre of each picking 

crate.  The freezer was set to -2°C, as this was the temperature at which it was estimated would represent a 

mild “first” frost that would defoliate a grapevine.  These samples were tested overnight and the grapes did 
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not freeze, as expected.  The internal temperature measured in the middle of each crate was -1°C after 12 

hours.  This setting appeared adequate for the “mild frost treatment”. Additional Merlot grapes were then left 

overnight in the freezer set to -8°C.  This temperature was chosen, as it is the legal minimum temperature 

used in making icewine, and would represent a “hard” frost where the grapes froze completely.  However, 

the grapes still did not freeze completely.  It was not until the freezer was lowered to -10°C that the internal 

temperature in the middle of each crate reached -8°C and freezing point was reached after approximately 18 

hours.  Therefore it was decided that for the main Syrah experiment that the freezer would be set at -10°C to 

ensure the grapes reached ice nucleation point after 18 hours.   

 

 

 

 

 

 

 

 

On October 6
th

 harvesting started by hand early in the morning and finished by midday.  The data logger was 

checked and it had not recorded a frost in the vineyard so the experiment was allowed to proceed.  See Fig 6. 
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                                    Fig. 6. Minimum vineyard temperature recorded leading up to the experiment. 

Thirty (15kg) picking crates were harvested for each treatment  (ninety picking crates in total).  See Fig 7. 

                         

            Fig. 7. Harvest Day.                                Fig. 8. Delivery to PARC for freezing Oct 6 2014. 

Representative samples were taken from all the crates and sent to Penticton Wine Laboratory for analysis. 

See Table 3. 
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Syrah grape analysis October 6 2014   

Brix 22.9   

pH 3.23  

titratable acidity 10.8 g/L 

malic Acid 3.5  g/L 

                        Table 3. Syrah grape analysis at harvest October 6 2014. 

 

The crates that represented the control were taken to the Daydreamer winery on the Naramata Bench, 

approximately 70km north of the Osoyoos vineyard site.  They were left in the cellar (ambient 15°C) and 

placed in a 500 kg capacity harvest bin with a lid.  The remaining 60 crates were taken to PARC in 

Summerland on the afternoon of October 4 2014.  See Fig 8. 

30 crates were placed in the commercial freezer set to -10°C.  The remaining crates went into a cool room set 

to 10°C while the 1
st
 batch froze.  See Fig 9. 

                             

     Fig. 9. Syrah Grapes in freezer with thermocouples. 

 

 

 

After 18 hours the -10°C treatment grapes were completely frozen. See Fig 10. 
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                         Fig. 10. Syrah grapes frozen after 18 hours at -10°C. 

The crates were moved to a 10°C cool room on the afternoon of October 7 2014. The second treatment was 

then moved into the commercial freezer and it was set to -2°C for the next 12 hours.  On the morning of 

October 8 2014 the grapes involved in the freezing treatments were transported back to the Daydreamer 

winery to warm up for processing. 

On the afternoon of October 8 2014 all treatments were weighed (See Table 4.), samples taken and the grapes 

were destemmed and lightly crushed using a commercial destemmer/crusher. 

 

Treatment Number of crates  Weight (kg) 

RP1 Control (C) 30 463 

RP1 -2°C  30 438 

RP1-10°C 30 438 

                         Table 4. Record of weights for the first 3 treatments of the 1
st
 pick. 
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Visually there appeared very little difference between the control grapes and the grapes exposed to -2°C.  

These treatments also went through the destemmer/crusher without incident, with high quality must and low 

levels of material other than grapes (MOG).  The -10°C treatment however was physically very different.  

The grapes were very soft/mushy and the stems appeared brown and lignified.  When the grapes went 

through the destemmer/crusher they released a lot of colour.  The must also had more stems in it and many of 

the pedicels broke off attached to the berry.  See Fig 11 & 12.

                

Fig. 11. Stems of RP1 Control.                                   Fig. 12. Stems of RP1 -10°C. 

After the grapes were destemmed/crushed they were pumped to 3 x 1000 Litre fermentation vessels.  No 

sulfur dioxide was added.  Lids were placed on the tanks and the must was allowed to sit overnight for 18 

hours.  The following day (October 9 2014) at 12pm all three treatments were inoculated with Lalvin “Syrah” 

commercial yeast strain.  Yeast nutrients were added to the hydrating yeast (GoFerm). After 18 hours the 

wines received their first punch down and 200ppm of diammonium phosphate was mixed into the must to 

prevent potential nitrogen deficiency. See Fig 13. The wines were then punched down three times a day until 

dryness. See Fig 14. 
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Fig. 13. Treatments prior to inoculation.  Fig. 14. Punching down the treatments. 

                          

  Chart 1. Fermentation curves (Brix) between treatments 

                         

  Chart 2. Temperature (°C) curves during fermentation between treatments. 
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The 3 treatments were all measured by hydrometry at the same Brix levels (23.0) prior to fermentation.  The 

initial temperature of the control treatment was 18°C compared to 13°C in both the RP1-10 and RP1-2 frozen 

treatments.  As a result the fermentation began more quickly and finished earlier in the control wine.  All 

fermentations proceeded predictably and to dryness.  See Chart 1 & 2. There were no major differences in the 

treatments observed apart from higher initial colour in the -10°C treatment.  At the end of fermentation the 

berries in the -10°C treatment seems to be less intact compared to the -2°C and control treatments. 

On the afternoon of October 15
th

 2014 when all treatments had finished primary fermentation, they were 

pressed to 0.2 Bar using a 1 tonne basket press.  See Fig 15. and 16. 

                                                                                                                          

                         Fig. 15. Basket Pressing.               Fig. 16. The cake left after pressing to 0.2 bar. 

   

Each treatment was pressed to a different tank. Free run and press fractions were sent to this same tank for 

settling overnight. All treatments seemed to press in the same manner with no observable differences 

between the treatments.  On the morning of October 16
th

 the treatments were racked to their own barrels and 

malo-lactic bacteria (Lalvin “VP41”) was added.  See Fig 17. 
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          Fig. 17. The two frozen treatments from the 1
st
 pick in barrel. 

The wines were stored in a warm (22°C) cellar and malo-lactic fermentation was allowed to proceed.  At this 

stage the only major differences appeared to be that the -10°C treatment visually was much darker in colour 

than the other two treatments. 

On the morning of October 14
th 

2014 the grapes for the 2
nd

 set of treatments were picked.  The data loggers 

were checked and they showed that no frost had occurred.  See Fig 18. 
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      Fig. 18. The data logger on October 14 2015. 

 

Ninety (15kg) crates were again picked and the grapes were sent to Penticton Labs for analysis. See Table 5. 

Syrah grape analysis October 14 2014   

Brix 25.1   

pH 3.30  

titratable acidity 11.0 g/L 

malic Acid 3.34  g/L 

        Table 5. Analysis of 2
nd

 pick October 14 2014. 

The grapes were then submitted to the same protocol as the 1
st
 set of treatments. See Fig 19.                                

                                                           

                            Fig. 19. The 2
nd

 treatments on the afternoon of Oct 16 2015 before processing. 

 

Treatment Number of crates  Weight (kg) 

RP2 Control (C) 30 469 

RP2 -2°C  30 452 

RP2-10°C 30 461 

  Table 6. Record of weights for the first 3 treatments of the 2nd pick. 

The three treatments (RP2C, RP2-2 & RP2-10 ) were crushed/destemmed and pumped to the 1000 Litre 

fermentation tanks.  The fruit appeared very similar to the first round of treatments with very little difference 
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seen between the -2°C and control treatments.  The -10°C grapes however were very soft, and the stems were 

lignified.   

Many of the pedicels also broke off attached to the berries after they went through the crusher/destemmer.  

The colour of the RP2-10 must also appeared significantly darker than the other two treatments.   

The treatments were inoculated on October 17
th

 with Lalvin “Syrah” commercial yeast, and nutrient 

(GoFerm) was added to the re-hydration water.  The wines then underwent fermentation according to the 

same protocol as the earlier treatments.  See Chart 3. and Chart 4. 

                             

Chart 3. Fermentation curves (Brix) between treatments. 

                          

                          Chart 4. Temperature (°C) curves during fermentation between treatments. 
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There appeared to be very little difference between the treatments except at the end of fermentation the  

RP2-10 skins appeared to be less intact than the other two treatments, and the colour appeared much more 

dense.  See Fig 20.  

                          

  Fig. 20. Punching down RP2-10 on Oct 22 2015 towards the end of fermentation. 

The wines were pressed on October 24 2015 with the same protocol as the earlier treatments.  All wines 

appeared to press in the same manner with no observable differences. The wines were racked to barrel on 

October 25 2014 and malo-lactic bacteria (Lalvin “VP41”) were added.  See Fig 21. 
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            Fig. 21. The racks of barrels containing the final 6 wine treatments. 

The only noticeable differences in the wines from the 2
nd

 pick were that the -10°C treatment appeared to have 

deeper colour than the other 2 treatments. 

Over the next few months the wines were kept topped up with topping wine left over from the initial 

pressing, for each treatment.  On December 14 2015 samples were sent to Penticton Wine Lab for analysis.  

This analysis confirmed that primary and malo-lactic fermentation had completed for all treatments and that 

the V.A was in check. See Table 7.  30ppm of SO2 was then added to all treatments. 

Syrah # 1 Control  malic Acid    0  g/L 

     volatile acidity  0.54  g/L 

      residual sugar  0.90  g/L 

       

Syrah # 1 (-2 °C)  malic Acid    0  g/L 

      volatile acidity  0.54  g/L 

      residual sugar  0.80  g/L 

       

  Syrah # 1 (-10 °C)  malic acid    0  g/L 

      volatile acidity  0.54  g/L 

      residual sugar  1.0  g/L 

       

  Syrah # 2 Control  malic acid    0  g/L 

      volatile acidity  0.54  g/L 

      residual sugar  1.5  g/L 

      

 Syrah # 2 (-2 °C)  malic acid    0  g/L 

      volatile acidity  0.42  g/L 

     residual sugar  1.1  g/L 

      

  Syrah # 2 (-10 °C)  malic acid    0  g/L 
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      volatile acidity  0.42  g/L 

      residual sugar  1.0  g/L 

       

      Table 7. Syrah analysis for Penticton Wine Laboratory Dec 14 2015. 

The wines were monitored and topped up over the next few months with no additional racking taking place. 

All wines appeared sound and no obvious faults or problems were observed.  On April 24 2015 the wines 

were racked and 20ppm SO2 was added to each treatment. See Fig 22. The wines were sparged with 

nitrogen, then each treatment was membrane filtered and bottled separately using a counter pressure filler 

into 750ml bottles.  See Fig 23. They were then sealed with DIAM 10 ™ cork using a semi-automatic 

vacuum corker. See Fig. 24. 

 

                                              

             Fig. 22. Racking the Syrah treatments April 24 2015. 
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Fig. 23. Sparging, membrane filtering and bottling.                Fig. 24. Corking, April 24 2015. 

The bottled wines were stored in a cool cellar until sensory and chemical analysis was undertaken. 

5.2 Sensory Analysis.                        ` 

In January 2015 samples of the treatments were taken to PARC for initial sensory profiling to generate aroma 

and flavour descriptors for the sensory assessment.  The author and a PARC sensory scientist (Kareen 

Stanich) randomized the samples and tasted the wines blind to generate a number of flavour and aroma 

attributes common to the wines.  After the sensory session, 11 aroma attributes and 13 flavour attributes 

were chosen to investigate for the study.  They were: 

Aroma (nose): red berry, black berry, jammy, prune, vegetative, black & white pepper, earthy, gamey, 

floral, baking spices and savoury. 

Flavour (palate): red berry, black berry, jammy, prune, vegetative, black & white pepper, earthy, sweetness, 

acidity, astringency, bitterness, body and length. 

See Appendix 1. for full descriptors. 

Sensory Assessment 

A pool of 12 judges consisting of trained winemakers with over 5 years experience in the wine industry and 

previous sensory training were selected for the panel.  The panel was made up of 9 males and 3 females 

between the ages of 30 and 65.  The sensory analysis was undertaken at the Okanagan College Sensory 
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Laboratory in Penticton on May 11 2015, approximately 7 months after the treatments were first harvested.  

Most panelists had done some sort of descriptive analysis before, but a short training session explaining the 

use of the line scale and structure of the tasting was given before they began.  The panelists were not told 

anything about the wines they were about to taste except that they were “Okanagan Syrah from the 2014 

growing season”.  The panelists were asked to assess the intensity of the 11 aroma attributes and 13 flavour 

attributes according to descriptive analysis procedures outlined in Lawless and Heyman (2010). See 

Appendix 1.  The 6 treatments were randomized and presented to the panel for assessment.  The wines were 

once again randomized and presented to the panel a second time. They were also asked to visually rank the 

colour intensity (1-6) of each of the 2 flights of 6 wines using 7ml of wine in petri dishes as per protocol 

suggested by sensory scientist Kareen Stanich from PARC. 

The sensory evaluation took approximately 90 minutes for all respondents to complete the forms.  The 

panelists appeared to have no difficulty completing the aroma and flavour assessment for the study.   

However, a number of panelists commented that “it was difficult to tell the difference between the colour of 

some of the samples”. After the sheets were collected, the panelists were informed about the nature of the 

experiment.  They were then given a brief questionnaire asking about their own personal experiences with 

making wine from grapes that had been through a frost. 

Statistical Analysis for the Sensory Assessment 

A Three-factor analysis of variance (ANOVA) was conducted using S.A.S on the sensory data from each 

treatment.  The main effects  (judge, replicate and treatment) as well as all two-factor interactions (judge x 

replicate, judge x treatment and replicate x treatment) were assessed using fixed effects ANOVA.  If judge 

inconsistencies occurred i.e. “judge x treatment effects” then these interactions were graphed and new F 

values were calculated using a more conservative model.  These new F values utilized the mean square of the 

(judge x treatment) effects as the error term and constituted a mixed effects ANOVA model for treatments, as 

per King et al. (2013). This allowed treatment differences to be determined despite judge inconsistency. 

Sensory Panel Performance 
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3600 responses were received from the panelists.  Each response was measured on the 100mm line scale and 

recorded.  See Fig 25. 

                                          

                            Fig. 25. Measuring the responses from the sensory panel. 

The effects of judge, treatment and replicate were examined as well as the 2 way interactions.  

Despite a solid performance by the panel overall, there was still some (judge x treatment) effects affecting 

potentially significant results.  The responses of the panel were graphed and it appeared that Judge 9 and 

Judge 11 were creating some of the inconsistencies.  These panelists were removed from the data and the 3 

way ANOVA was run on SAS once again.  This new set of data showed much greater judge consistency and 

it revealed some significant treatment effects.   

Aroma 

Table 8a. Summary of F values for 3 factor analysis of 11 aroma attributes of 6 wine treatments.  

 Aroma              

  df 

Red 

Berry 

Black 

Berry Jammy Prune Vegetative Pepper 

          

Judge 9 3.34 ** 11.08*** 5.60*** 6.51*** 7.04*** 17.5*** 

Replicate  1 2.03 0.84 0.02 1.45 0.08 0.3 

Treatment 5 1.54 2.46* 3.29* 0.81 2.33t 3.6** 

Judge x 

Replicate 9 0.81 0.99 0.63 1.05 0.49 1.06 

Judge x 

Treatment 45 0.82 1.23 0.59 0.93 0.66 0.78 

Replicate x 

Treatment 5 1.37 0.24 0.84 0.27 0.75 2.38 
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F values followed by *, ** and *** represent significant effects at P <= 0.05, P <=0.01 and p <=0.001 respectively. 

F values followed by "t" represent a possible trend at P <=0.1 

F values followed by "a" represent an adjustment due to judge x treatment error. 

 

Table 8b. 

Aroma df Earthy Gamey Floral Baking spice Savoury 

       

Judge 9 25.47*** 7.78*** 17.45*** 13.58*** 14.55*** 

Replicate 1 0.06 0.16 2.04 3.94 0.22 

Treatment 5 4.67** 5.2*** 2.12t 1.26 0.8 

Judge x 

Replicate 

9 1.82 1.29 0.75 1.59 0.48 

Judge x 

Treatment 

45 1.45 1.21 1.6 1.31 1.31 

Replicate x 

Treatment 

5 2.45 1.12 0.76 0.4 1.57 

F values followed by *, ** and *** represent significant effects at P <= 0.05, P <=0.01 and p <=0.001 respectively. 

F values followed by "t" represent a possible trend at P <=0.1 

F values followed by "a" represent an adjustment due to judge x treatment error. 

 

All attributes showed significant differences in how they were perceived and expressed on the line scale by 

the judges, as expected (Judge). There were no significant differences in the replicates (Replicate) or the way 

the judges perceived the samples between replicates (Judge x Replicate).  This showed the panel performed 

well in terms of consistency and reproducibility.  There were also no (Replicate x Treatment) effects further 

reinforcing the solid results. 

The results showed significant treatment effects for black berry, jammy, pepper, earthy and gamey aroma 

with potential trends seen in vegetative and floral aromas.   

There were no significant treatment effects for red berry, prune, baking spice and savoury aromas.  The lack 

of treatment effects for baking spice are encouraging because flavours such as vanilla, cinnamon, cloves and 

nutmeg are commonly associated with barrel derived compounds such as vanillin and lactones.  Therefore 

this shows that there was no significant barrel variation between the treatments. 
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         Chart 5. Black berry aroma means for all treatments. 

Black Berry Aroma – there was a significant difference between the treatments for this attribute. 

The highest mean aroma for this attribute was seen in the wine made from the 2
nd

 pick stored at -2°C   

(RP2-2), although this was not statistically significantly different from all other treatments, except the control 

from the 2
nd

 pick (RP2 C).  RP2 C scored the lowest intensity for this attribute but it was statistically no 

different from (RP1 C) or (RP1-2).   

 

                        

  Chart 6. Jammy aroma means for all treatments. 
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The highest mean aromas for this attribute were seen in the 2
nd

 pick frozen treatments RP-2 and RP-10.  The 

lowest mean was seen in RP2 C, but this was not significantly statistically different from all the other 

treatments except the two most intense.   

                         

  Chart 7. Vegetative aroma means for all treatments. 

The analysis showed an F value of 2.33 at a confidence level of 94.19% suggesting a potential trend in the 

data seen assessing vegetative aroma. The highest mean aromas for the attribute were seen in RP2 C and 

were statistically no different from RP2-10 and RP1 C.  The lowest vegetative scores came from RP2-2 and 

these were no different statistically from everything except RP2 C. 
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Chart 8. Pepper aroma means for all treatments. 

The highest mean intensity for black and white pepper aroma came from the -10°C frozen treatment from the 

2
nd

 pick (RP2-10) although this was not statistically different from the control from the second pick (RP2 C).  

The lowest pepper aroma came from the control of the 1
st
 pick (RP1 C), but this was not statistically different 

to every treatment except the two most intense treatments. 

                           

  Chart 9. Earthy aroma means for all treatments. 

The highest mean intensity for earthy aroma came from the RP2 C treatment that was also statistically no 

different from the RP1-2 treatment.  The lowest mean Earthy aromas came from the -10°C frozen treatments 

which were statistically similar to all but the two highest mean treatments. 

                          

0

10

20

30

40

50

60

RP2 C RP1-2 RP2-2 RP1 C RP1-10 RP2-10

Earthy Aroma 

Mean

0

10

20

30

40

50

60

70

RP2 C RP2-2 RP2-10 RP1-2 RP1 C RP1-10

Gamey Aroma 

Mean



© Institute of Masters of Wine 2015.  

 

39 

 Chart 10. Gamey Aroma means for all treatments. 

The control from the 2
nd

 pick (RP2 C) was clearly showing strong gamey aromas and was statistically higher 

than any other of the treatments..  The lowest gamey aromas were seen in the -10°C treatment from the 1
st
 

pick, along with the other wines from the first pick.  Although, these were not significantly different from 

anything except RP2 C. 

                           

  Chart 11. Floral Aroma means for all treatments. 

The analysis showed an F value of 2.12 at a confidence level of 91.91% suggesting a potential trend in the 

data seen assessing floral aroma. The least floral treatment was (RP2 C) which was statistically lower than 

everything else. The most floral treatment was the -10°C treatment from the 1
st
 pick (RP1-10) but this was 

not statistically different from all except the RP2 C treatment.  

Flavour 

Table 9a. Summary of F values for three-factor analysis of 14 flavour attributes of 6 treatments of 2014 

Okanagan Syrah wine.  Likeability was also measured using the same technique. 

  df Red Berry Black Berry Jammy Prune Vegetative Pepper Earthy 

           

Judge 9 10.7*** 34.47*** 12.06*** 11.11*** 16.94*** 11.51*** 24.51*** 

Replicate 1 3.43 0.23 2.29 1.54 0.06 5.31* 0.09 

Treatment 5 0.51 1.68a 3.31a* 2.92* 0.44 2.72* 1.36a 

Judge x Rep 9 0.61 2.55* 1.1 1.72 0.83 1.6 3.73** 

Judge xTreat 45 0.9 3.2*** 2.04** 0.78 1.16 1.1 2.27** 

Rep x Treat 5 1.24 1.24 0.98 0.12 0.56 1.12 0.72 

F values followed by *, ** and *** represent significant effects at P <= 0.05, P <=0.01 and p <=0.001 respectively. 
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F values followed by "t" represent a possible trend at P <=0.1 

F values followed by "a" represent an adjustment due to judge x treatment error. 

 
Table 9b. 

  df Sweetness Acidity Astringency Bitterness Body Length Likeability 

           

Judge 9 22.13*** 8.97*** 8.11*** 12.55*** 8.6*** 5.66*** 4.28*** 

Replicate 1 0.67 0.28 2.45 0.75 2.01 0.36 0.49 

Treatment 5 4.04a** 3.26* 0.27 1.45 2.23at 1 0.96a 

Judge x Rep 9 1.31 0.89 1.93 2.31* 1.62 0.89 1.13 

Judge x Treat 45 2.95** 0.99 0.94 1.18 3.32 1.6 1.67* 

Rep x Treat 5 0.43 0.47 1.3 0.53 1.13 1.58 0.97 

F values followed by *, ** and *** represent significant effects at P <= 0.05, P <=0.01 and p <=0.001 respectively. 

F values followed by "t" represent a possible trend at P <=0.1 

F values followed by "a" represent an adjustment due to judge x treatment error. 

 

All attributes showed significant differences in how they were perceived and expressed on the line scale by 

the judges, as expected (Judge). There were no significant differences in the replicates (Replicate) except for 

pepper flavour. The panel appeared to rate pepper intensity higher the first time they perceived it. The panel 

was slightly more inconsistent when assessing the flavour attributes of these wines compared to the aroma 

attributes.  There were some (Judge x Replicate) effects for black berry, earthy and bitterness, however no 

treatment effects were significant for these attributes. There were (Judge x Treatment) effects on black berry, 

jammy, earthy, sweetness and likeability.  However, only jammy aroma proved to be significant after these 

effects were taken into consideration. This showed the panel performed quite well in terms of consistency 

and reproducibility.  There were no (Replicate x Treatment) effects. 

 

 

The results showed significant treatment effects for jammy, prune, pepper, sweetness and acidity. 

There were no significant treatment effects for red berry, black berry, vegetative, earthy, astringency, 

bitterness, body, length and likeability.   
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                    Chart 12. Jammy flavour means for all treatments. 

Jammy flavour was statistically highest in the two 2
nd

 pick wines (RP2 C) and (RP2-2).  It appeared lowest in 

the -10°C treatment from the first pick, which was statistically lower than any other of the wines. 

                     

                     Chart 13. Prune flavour means for all treatments. 

RP2 C showed prune flavour statistically higher than any other treatment.  The two -10°C frozen treatments 

showed the lowest prune (date, fig, raisin) flavours. 
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                     Chart 14. Pepper Flavour means for all treatments. 

Pepper flavour was highest in the wine from the 2
nd

 pick exposed to the -10°C treatment (RP2-10).  However 

it was also statistically no different from RP1-2, RP2-2 and RP2 C.  The lowest Pepper flavour was seen in 

the wine from the 1
st
 pick also exposed to the -10°C treatment (RP1-10) however this was statistically no 

different from RP1 C, RP2 C and RP2-2. 

                      

                     Chart 15. Sweetness means for all treatments. 

 

The control and -2°C treatments from the 2
nd

 pick (RP2 C & RP2-2) statistically showed the highest mean 

scores for Sweetness.  The lowest scores statistically both came from the -10°C treatments. (RP1-10 &  
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RP 2-10). 

                        

                       Chart 16. Acidity means for all treatments. 

The lowest acidity was perceived in the control wine from the 2
nd

 pick. (RP2C) which was statistically 

different to all the other treatments. The highest acidity was perceived in the -10°C treatment from the 2
nd

 

pick (RP2-10), although it was statistically similar to all wines except RP2 C. 

                       

                        Chart 17. Likeability means for all treatments 

There was no statistical difference in how much people liked the various treatments using the 10-judge model 

(omitting judge 9 & 11).  A two way ANOVA was also run using the full 12 judge panel and producing an F 
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value of 0.59 and a Pr>F value of 0.7052 indicating there was still no significant difference between the 

treatments. 

 

It must be stressed that likeability is usually measured using a large (100+) sample group and the results 

obtained are for discussion purposes only.  However, it is interesting to note that there was a large variation 

in perceived “likeability” between the judges.  Some judges liked some treatments strongly, while other 

judges disliked those same treatments equally strongly.  There was also no significant preference between 

picking dates, with some judges preferring the lower alcohol style and some the higher alcohol style.  

 

Comments 

The judges were also asked to make comments on the wines if there was anything concerning or particularly 

unique. It is interesting to note that 5 out of 12 panelists made at least one comment regarding the control 

wine from the second pick (RP2 C) treatment.  These comments all mentioned that the wine was showing 

“signs of reductivity” or was “reduced”.  Given these comments, the author proceeded to do a “copper” trial 

at a later date (after the tasting) and the RP2 C treatment tested positive for reductivity.   

 

5.3 Colour and phenolics measures 

280nm (Gallic Acid standard)     320nm (Caffeic acid standard) 

   ppm     ppm 

RP1 C 4116  RP1 C 892 

RP2 C 4584  RP2 C 972 

RP1 -2   4505  RP1 -2   993 

RP2 -2   3803  RP2 -2   827 

RP1 -10  4017  RP1 -10  861 

RP2 -10  3528  RP2 -10  717 

       

       

       

 360nm (Quercitin standard)    520nm (Malvidin Chloride standard) 

   ppm     ppm 

RP1 C 672  RP1 C 1151 

RP2 C 745  RP2 C 1378 

RP1 -2   766  RP1 -2   1400 

RP2 -2   626  RP2 -2   1259 
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RP1 -10  663  RP1 -10  1255 

RP2 -10  553  RP2 -10  1099 

 

Table 10. Spectrophotometric Analysis of treatments using the Glories Method. Saint-Cricq, (1998) 

 

Colour and phenolics measurements for each treatment 

                       

                       Chart 18. Shows the concentration (ppm) at 280, 320, 360 and 520nm for each treatment. 

The wine was measured at the Pacific Agricultural Research Centre (PARC) spectrophotometrically using 

the Glories method. Saint-Cricq, et al (1998). The measurements were taken in duplicate and a mean score 

(ppm) was attributed to each treatment. See Table 10.  & Chart 18. 

The measurements taken at the 280 nm wavelength would represent “Total Phenolics”.  Somers et al (1977). 

The results show a significant difference between the treatments.  The highest score came from the control 

wine from the 2
nd

 pick (RP2C).  Both the frozen treatments from the 2
nd

 pick (RP2-2 & RP2-10) showed 

progressively lower scores compared to the control.  The wines from the 1
st
 pick showed less overall 

variation, however the -2°C frozen treatment showed significantly more absorbance at this wavelength, and 

had the second highest concentration overall. The absorbance at 320nm (Caffeic acid standard) and 360nm 

showed similar distribution and would give an indication of the presence of co-factors such as Quercitin 
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(360nm). (Boulton pers. comm.) Interestingly wines from the first pick had a higher average concentration 

than wines from the 2
nd

 pick.  i.e. 915 ppm vs. 838ppm @320nm.  & 700ppm vs. 641ppm @ 360nm.  The 

frozen treatments from the second pick also seemed to have progressively less co-factors at these 

wavelengths following a similar pattern to that seen at 280nm and 520nm. 

The measurements taken at 520nm (Malvidin Chloride Standard) are a good indication of Anthocyanin 

concentration or “Purpleness”.  R. Boulton (2001).  

The most highly coloured wine appeared to be the -2°C treatment from the 1
st
 pick (RP1-2) followed closely 

by the control wine from the second pick (RP2 C).  Once again there seemed less overall variation in the 

wines from the 1
st
 pick.  However, the wines from the 2

nd
 pick showed progressively less colour from the 

control to the -2°C  & -10°C treatment. 

Human vs Chemical wine colour rankings

 

              Chart 19. Shows the colour rank from l (least colour) to 6 (most colour). 

The sensory panel was also asked to rank the colour of the treatments from 1 (least) to 6 (most colour). See 

Appendix 2. The results from the sensory panel follow a similar distribution to the chemical analysis at 

520nm.  The panel and the spectrophotometer both showed that RP#1-2 and RP#2 C were the most highly 

coloured wines.  The panel and spectrophotometer also showed that RP#2-10 was the least coloured wine.  
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The panel had more difficulty-differentiating colour in the RP#2-2, RP#1-10 and RP#1 C treatments.  The 

actual ranking was 4.0, 4.1 and 4.3 respectively, showing how close the results were. See Chart 19. 

5.4 Chemical Analysis 

A series of analysis were undertaken (after bottling) at the Penticton Wine Laboratories.  These samples were 

run in duplicate and the results were averaged. pH was measured via pH meter. The “Titration method” was 

used to obtain titratable acidity.  Measurements for Free SO2 and Total SO2 were taken using the 

“Aspiration method”.  Volatile Acidity was measured using the “Steam Distillation method”.  Alcohol 

(ethanol) was measured by “Ebulliometry”. “Enzymatic assay” was used to obtain residual sugar readings.     

                       

                     Chart 20. Final pH of all treatments after bottling. 

The frozen treatments both showed lower pH than the controls of the same pick.  The 2
nd

 Pick at -10°C 

showed the lowest value of 3.70.  The highest pH was seen in the control wine of the 2
nd

 pick (RP2C) 3.93.   
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                         Chart 22. Final Titratable Acidity (g/L) of all treatments after bottling. 

The frozen treatments both showed higher titratable acidity (T.A) than the controls of the same pick.  The 

lowest T.A was seen in the control wine of the 2
nd

 pick (RP2C) at 5.7g/L. However the 2
nd

 Pick at -10°C 

showed the equal highest acidity of 6.5 g/L.   

 

         

          Free and Total SO2 

                        

5.2

5.4

5.6

5.8

6

6.2

6.4

6.6

RP1 C RP1-2 RP1-10 RP2 C RP2-2 RP2-10

Titratable Acidity 

Titratable Acidity

0

10

20

30

40

50

60

RP1 C RP1-2 RP1-10 RP2 C RP2-2 RP2-10

Free S02

Total S02



© Institute of Masters of Wine 2015.  

 

49 

                       Chart 23. Final Free and Total SO2 of all treatments after bottling (ppm). 

All treatments did not show significant differences in free and total SO2 levels. 

 

                         

                        Chart 24. Final V.A of all treatments after bottling (g/L). 

All treatments did not show significant differences in Volatile acidity. 

 

                   

                      Chart 25. Final alcohol percentage of all treatments after bottling abv. 
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There were some significant differences in alcohol between the two picking dates.  There also appeared to be 

slight variation in RP1-2 within the first pick.  The alcohol in RP1-2 appeared 0.6% higher than the other two 

treatments from the first pick. 

                        

                       Chart 26. Final residual sugar (g/L) of all treatments after bottling. 

All wines fermented to dryness and the treatments ranged from 0.8 g/l to 1.8 gl/l final residual sugar.  All 

wines possessed residual sugar levels below human tasting threshold and did not show significant variation.   

 

 

 

5.5 Processing Questionnaire 

Question Yes No 

1) Have you ever made red 

table wine from grapes that 

had been through a Fall 

frost? 

 

 11/12 1/12 

2) Did you notice any 

physical differences when 

processing the grapes or 
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3) Did you notice any 

differences in the resulting 

wines? 

 

*9/11 *1/11 

4) Do you believe that 

picking grapes after a 

single frost will reduce the 

quality of the resulting 

wine? 

 

**5/12 **10/12 

Table 11. Winemaker panel responses to Questionnaire. 

10 panelists noticed physical differences when processing frost affected fruit. If the panelist had noticed any 

physical differences  they were asked what those differences were.  Their observations included: 

1) “Brown leaves in the bins that lead to higher levels of MOG (Materials other than grapes) in the 

ferments.” 

2) “Soft/mushy fruit. A higher number of petioles and pedicels in the must. MOG.” 

3) “Difficulty sorting.” 

4) “Different colour. Colour had leaked into the pulp.” 

5) “Dehydration.” 

6) “Stems kept breaking in the destemmer”. 

7) “The stems were brown/lignified.”   

8) “Stems were sweet with nice tannins.” 

*9 panelists noticed differences in the final wines, 1 panelist did not, 1 panelist did not respond. If the 

panelist had noticed any differences in the finished wines they were asked what those differences were.  

Their observations included 

1) “Very intense fruit and early complexing tannins” 

2) “Dill aromas (from the leaf matter)” 

3) “Colour differences” 

4) “Oxidative characters, less fresh fruit character” 

5) “Accelerated ageing, less primary fruit and softer tannins” 
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6) “The wines appeared older than they were.” 

7) “Differences to sweetness, acidity and fruit flavour.” 

 

** The panelists were asked if they believed that the quality of the wine would be reduced if grapes were 

picked after a single frost.  7 panelists responded with “No”, 2 panelists responded with “Yes” and 3 

panelists responded with “Yes” and “No”.   The panelists were given some space to justify their answers.  

Their observations included: 

1) “Fruit character is lost and there is less ageability” 

2) “It could be variety specific” 

3) “It depends how soon you pick after the frost.” 

4) “It depends on the severity of the frost and length of time of the vine before picking” 

5) “Vines can still accumulate sugar through dehydration after a frost, phenolic maturity can still 

improve when the leaves are gone.” 

6) “Wine isn’t affected, but it is a huge pain going through the destemmer.” 

 

 

 

 

 

6.0 DISCUSSION 

6.1 Physical . 

Based on the results of this study and the responses to the questionnaire it appears that frost can have a 

significant effect on the physical characteristics of the fruit and how the winery is able to process this fruit.  

In this study there were no differences seen in the physical characteristics of the control versus the -2°C  

treatments.  In both the -2°C treatments, the grapes were sound and fresh.  They performed identically 
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through the destemmer/crusher, fermented well and pressed well.  Since the grapes themselves did not appear 

to freeze it is unlikely that they sustained any cellular damage.  This scenario mimics an average “first frost” 

and it appears not to have affected the grapes outwardly.  In a vineyard situation the leaves would likely have 

turned brown and begun to fall off.  Many winemaker panelists mentioned that one of the main issues with 

processing fruit that had been through a frost was dealing with the leaves in the bins.  This problem would be 

greater in machine-harvested fruit.  A potential solution to the problem is being trialed in some Canadian 

icewine vineyards where they run a mechanical leaf blower or a sprayer fan (without water) to defoliate the 

vines (brown leaves) before harvesting.  In this way the leaves are less likely to enter the harvesting bins and 

increase MOG in the must. (pers. comm.). The -10°C treatments both appeared outwardly different to the 

other treatments.  The fruit was softer and tended to come off the stems easily or attached to the pedicel.  

This meant that there were a higher number of pedicels in the must.  The fruit also seemed to release colour 

more readily into the must, with the colour bleeding into the pulp.  The fermentations did not seem to behave 

any differently than the other treatments and although the skins appeared more desiccated at the end of 

primary fermentation. Pressing appeared no different.  It is uncertain whether or not one could undertake post 

fermentation maceration on grapes that had been through a severe frost.  At the end of the fermentation the 

skins were totally spent and it is unlikely that they would be able to handle any extended time in the must 

without totally falling apart.  Both the -10°C  treatments seemed much darker than the other treatments at the 

start and end of primary fermentation.  It appeared that the cellular structure had completely broken down 

inside the berry, releasing colour much more readily than the other wines.  This is not unlike what happens 

when grapes are flash pasteurized or thermo-vinified.   

The main difficulties in processing frost-affected grapes appear to be the increase in pedicels, petioles and 

leaves than enter the fermentations.  Winemaker panelists reported that sorting the grapes is both necessary, 

but also very difficult, due to the tendency for the grapes to come away from the stems or break off with the 

pedicel attached and leak highly coloured juice on the sorting table.   

An obvious difference in the grapes that had been through the -10°C  treatments were the brown/lignified 

stems.  These stems seemed less bitter when chewed than the control stems.  It would be interesting to see the 
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effects of incorporating these lignified stems into fermentations e.g. whole bunch fermentations in 

comparison with the greener “control” stems.  One panelist remarked that they liked working with fruit that 

had been through a hard frost because “the stems were sweet with nice tannins”.   This could be an interesting 

avenue for future research as this study utilized must that had been completely destemmed.  It may be an 

additional technique for winemakers to use to increase complexity, or to provide another blending option. 

6.1 Sensory  

a) Aroma 

This study found significant treatment effects for black berry, jammy, pepper, earthy and gamey aromas with 

potential trends seen in vegetative and floral Aromas.   

The differences in black berry aroma were mainly due to the low score awarded to the RP2 C wine, which 

incidentally was showing reduced character.  Therefore it is uncertain whether any significant differences 

would have been seen if RP2 C were less reductive.   

Jammy aroma seemed to be affected by the treatments.  The second pick wines (RP 2-2 and RP2-10) 

showed this character highest.  This is not surprising as the grapes were riper than the wines from the first 

pick.  The reductive wine (RP2 C) showed this trait the least, this is consistent with how this fault can mask 

fruit aroma.  There were significant differences in pepper aroma between the treatments.  RP 2 -10 and RP 

2C showed the highest levels of this character.  According to work done by the AWRI , Rotundone (pepper 

aroma), is thought to increase in cool years and increase during late stage ripening. Francis et al (2013). The 

earlier picks all showed less pepper aroma than the most peppery wines consistent with these findings.   

The -10°C treatment seemed to show this aroma stronger than the other treatments for each pick. Rotundone 

is only present in the skin and it may be possible that the compound is more readily extracted from the skins 

when there is complete cellular degradation.  Further analysis of the Rotundone compound using Gas 

Chromatography Mass Spectrometry is recommended.   
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It is also interesting to note that pepper flavour was not perceived by approximately 25% of the panel (3 

panelists appeared anosmic).  This is consistent with Australian Wine Research Institute (AWRI) findings 

that suggest Rotundone cannot be perceived by up to 20-25% of the population. (L. Francis et al 2013) 

Earthy aroma was affected by the different treatments, with the -10°C treatments both showing the lowest 

mean scores.  It did not appear to be affected by picking date, however it is uncertain where these differences 

came from. Gamey aroma was affected by the different treatments.  The reductive wine (RP2C) was 

showing the strongest gamey aroma.  The wines from the 1
st
 pick all showed less gamey character than the 

wines from the 2
nd

 pick. The -10°C  treatments all showed lower gamey character than the control wines of 

the same pick, but these differences were not significant.  It is uncertain whether gamey aroma is affected by 

freezing. 

b) Flavour 

Jammy flavour was affected by the treatments.  The most jammy wines appeared to be the control and -2°C 

treatments from the 2
nd

 pick.  The fact that the riper wines are more jammy is not surprising, however the 

least jammy wine appeared to be the -10°C  treatment from the 2
nd

 pick!  This may have been due to the 

lower pH and higher titratable acidity in this frozen treatment.  See discussion on acidity. 

Prune flavour didn’t appear to be affected by picking date with the two control wines from each pick 

scoring highest.  However, both the -10°C  treatments scored lowest in this attribute.  It is uncertain why 

these differences exist.  Pepper flavour was affected by the treatments.  However, it did not appear to be 

affected by picking date.  Once again the -10°C  treatment rated highest for this flavour.  However, the -10°C  

treatment from the 1
st
 pick scored lowest for this attribute.  It is uncertain the mechanism that is causing these 

differences except to say that they are significant. Sweetness was definitely affected by the treatments.  Both 

the control and -2°C  treatments from the 2
nd

 pick showed highest perceived sweetness.   

This is not surprising, as the alcohol was significantly higher in these wines than the 1
st
 pick and alcohol is 

known to increase perceived sweetness in wine.  However, the -10°C  treatments both showed the lowest 

scores for sweetness.  This may be due to the higher acidity and lower pH of these wines compared to the 
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controls.  Higher acidity is known to decrease the perception of sweetness, and this may be the mechanism 

here. See discussion on acidity below. Perceived acidity was affected by the treatments.  Picking date had an 

effect as the wines from the 1
st
 pick were generally more acidic than the wines from the 2

nd
 pick.  However, 

the wine which scored the highest for acidity was actually the -10°C  treatment from the 2
nd

 pick.  This was 

confirmed by chemical analysis.  The reasons for this result are explored later in the Chemical discussion on 

pH and titratable acidity. 

Likeability. As mentioned earlier there was no difference in the way the judging panel liked the wines from 

the various treatments.  Although this was a very small panel, it is an interesting result given the large range 

of treatment effects already observed.  It was clear that some judges preferred the early picked style while 

some preferred the later pick.  There was also equal preference for the various freezing treatments that 

indicated that some judges liked whatever differences were occurring.  Generally there was very little 

difference in preference between the control wines and those from the -2°C treatments.  There was more 

difference in opinion between these wines and the -10 treatments.  Perhaps wines that go through a hard frost 

may provide winemakers with another blending option appealing to a different segment of the population? 

6.2 Colour and Phenolics 

As mentioned, the sensory panel mirrored the results obtained spectrophotometrically for the two most 

coloured wines and the least coloured wine. The highest levels of colour were found in the RP1-2 treatment 

and the RP2 C treatment.  It is interesting to see that a wine from the first pick would have the highest 

colour/phenolics as one would expect higher colour in grapes that had hung longer exposed to the UV light.  

Perhaps the low UV levels in October in the Okanagan Valley and the short time between picks was not 

significant enough to make a large difference in anthocyanin production? Despite visibly early colour in both 

the -10°C treatments, they both ended up with lower colour/phenolics measurements than the controls.   

There was no significant difference between the control and -2°C treatments. The lowest colour/phenolics 

recorded between all the treatments was for the RP2 -10°C treatment.  Although this wine had deep colour 

early in the fermentation (and early post fermentation), the colour appeared to drop rapidly over the 
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subsequent months.  One possible mechanism to explain this phenomenon was suggested by Dr Roger 

Boulton from UC Davis (pers. Comm.).  Although initial extraction was high due to total cell rupture, the 

wine matrix may not have been unable to hold this additional colour, due in combination to a lack of 

cofactors e.g. quercitin/procyanidins, as well as precipitation with potassium bitartrate, proteins, pectins, and 

other polysaccharides.  This colour drop has also been observed in thermovinification/flash vinification 

which causes similar cell rupture.  It appears that colour stability may require longer periods of polymeric 

building to sustain dense colour in the long term. Céline et al (2002). 

6.2 Chemical. 

pH and titratable acidity (T.A) 

The acidity for the 1
st
 pick generally appeared slightly higher than the acidity seen in the 2

nd
 pick.  This is 

expected as the grapes ripen pH increases and T.A generally decreases.  The chemical analysis mirrored the 

sensory panel with the least acidic wine (RP 2 C) and the most acidic wine was (RP 2-10). 

However, in the RP2 -10°C treatment chemical analysis showed the pH decreased and the T.A increased 

after the freezing process.  A possible mechanism for this would be that as the grapes froze they precipitated 

out Potassium Hydrogen Tartrate/Potassium Bitartrate (KHT).  These crystals did not re-dissolve into 

solution as they would have complexed with the proteins and polysaccharides in the initial 24.5% sugar grape 

solution.  This would explain the drop in pH but not the increase in T.A that normally decreases as the total 

pool of tartrate diminishes in normal wine cold stabilisation.  The complete cellular degradation may have 

also have released more tartaric acid than would normally be extracted, thereby raising T.A. (Dr R. Boulton 

pers. comm.) The precipitation of KHT will lower the pH because the initial pH of the grapes in the second 

pick (3.34) were lower than the pH at which the bitartrate ion reaches its’ maximum concentration in juice 

(pH 3.56) (or 3.65 in wine) according to the following equilibrium. (Juan Moreno et al) 

H2T   HT- + H+ 
  T2- + H+ 
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This can be expressed in the following chart 27. 

 

Chart 27. Tartrate equilibrium and concentration at varying wine pH. Boulton et al (1996). 

 

If the juice pH is less than around pH 3.56, then leaving grapes out after a hard frost may give winemakers 

another blending tool to decrease their wine pH and increase their T.A.  

Sulfur dioxide (SO2) , volatile acidity (V.A) and residual sugar did not appear to be affected by the 

freezing trials.  

Alcohol generally did not appear to be affected by the freezing trials.  However there did appear to be a slight 

difference (0.6%) in alcohol between the RP1-2 and the other wines from the 1
st
 pick.  The most logical 

explanation appears to be natural vineyard variation.  
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7.0 CONCLUSIONS. 

This research looked at the effects of simulated fall frost treatments on Okanagan Syrah grapes from the 2014 

growing season.  

7.1 Primary Processing  

i) This study showed that there were no significant differences in processing grapes from the  

-2°C treatments versus the controls.   

ii) There were significant differences in the way the -10°C treatments behaved during primary processing.  

These included: i) The grapes were softer and tended to come of attached to the pedicel more readily ii) The 

grapes leaked colour into the pulp and the must was more highly coloured initially.  iii) The stems were more 

brown, lignified and tasted less bitter in the -10°C treatments .  

7.2 Aroma Effects 

 There were also significant sensory treatment effects on aroma (nose) in the resulting wines.  There was 

generally very little difference seen between the control wines vs. the -2°C treatments. Jammy aroma 

appeared to increase with ripeness, with the frozen treatments showing the character most strongly.  Pepper 

aroma also increased in the wines from the 2
nd

 pick with the -10°C treatment showing this character most 

strongly.    Earthy aroma did not appear to be affected by picking date, however both -10°C treatments 

showed the lowest earthiness.  Gamey aroma seemed to increase in the wines from the 2
nd

 pick.  The -10°C 

treatments also showed less gamey aroma than the controls of the same picks.   

7.3 Flavour Effects 

i) There were significant sensory treatment effects on flavour (palate). Jammy flavour appeared to 

increase in wines from the 2
nd

 pick.  However, the -10°C treatment from the 2
nd

 pick scored lowest for 

jammy flavour.  Pepper flavour did not appear to be affected by picking date.  The -10°C treatment from the 

2
nd

 pick scored highest for this attribute. The perception of sweetness was affected by the treatments.  The 

control and -2°C treatments scored highest for this attribute while both the -10°C treatments scored lowest.  
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Perceived acidity was generally lower in wines from the second pick. However the -10°C treatment from the 

2
nd

 pick scored the highest for acidity.   

ii) There was no difference in Likeability between the treatments, with panelists preferring differing styles.   

7.4 Effects on colour and phenolics 

The study showed that there were significant differences in colour and phenolics between the treatments.  

Picking date did not appear to affect these measurements. The -10°C treatment from the 2
nd

 pick showed 

significantly lower colour/phenolics than the other treatments despite high colour observed initially.  

7.5 Chemical Effects 

 pH and titratable acidity were affected by the treatments.  Acidity was generally lower in the riper treatments 

however the -10°C treatment from the 2
nd

 pick showed the highest levels of acidity overall.  Volatile acidity, 

sulfur dioxide levels and residual sugar concentration did not appear to be affected by the treatments. Alcohol 

was not generally affected by the treatments, although a variation in alcohol was observed in the -2°C 

treatment from the 1
st
 pick thought to be due to vineyard variation.  

As expected, this study has shown that significant treatment effects occur when Syrah is picked at different 

harvest dates.   

7.6 General Conclusions. 

The most interesting findings of this research were that there were almost no differences in the control wines 

from both picking dates versus the grapes exposed to a simulated mild (-2°C) frost.  These findings show that 

wineries don’t necessarily need to pick Syrah/Shiraz grapes before a mild frost (as long as dead leaves can be 

avoided).  Resulting wines are unlikely to show any major differences if the grapes are exposed to 

temperatures where ice nucleation within the berry does not occur.  It also shows that significant treatment 

effects occur when the grapes are exposed to a hard (-10°C) frost.  However, the differences were not 

necessarily detrimental to wine quality.  In the future these nuances may simply provide winemakers with 

blending options to increase final wine complexity and therefore quality.  Given that climate change is 
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predicted to change worldwide vineyard distribution significantly over the next 50 years, it was important to 

study the effects of some of these extreme events in marginal climates such as the Okanagan Valley.  
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10.0 APPENDICES.  

10.1 Sensory Descriptive Analysis Questionnaire (excerpt)  
 

Welcome to the Masters of Wine Student Research Project 
 

Profiling BC Syrah 
 

Aroma and Taste Assessment of 2014 Syrah 

 
Profiling BC wines  

- 2014 Syrah 
 
 

 
Instructions 

 
Please assess the wines in the order presented. First, SMELL the wine using 'small rabbit sniffs' 
and rate the intensity of the AROMA attributes. Second, TASTE the wine and rate the intensity of 
the FLAVOUR & MOUTHFEEL attributes. Have a bite of cracker and sip of water between 
samples. 
Aroma Attributes: 

 Red Berry Aroma:  All fresh red berry fruit notes (raspberry, strawberry, red currant, red 
cherry) detected by nose. 

 Black Berry Aroma: All fresh black berry notes (blueberry, blackberry, black currant) 
detected by nose. 

 Jammy Aroma:  All cooked/stewed berry notes (raspberry, strawberry, blueberry, 
blackberry or red currant jam) detected by nose. 

 Prune Aroma:  All prune, date, fig and raisin notes detected by nose. 
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 Vegetative Aroma:  All herbaceous (tomato vine, grassy) or stemmy, resinous, green notes 
detected by nose. 

 Black and White Pepper Aroma:  All black or white pepper notes detected by nose. 

 Earthy Aroma:  All earthy (mushroom, musty, soil, potato, decomposing plant matter) notes 
detected by nose. 

 Gamey –dried meats, salami, prosciutto, jerky notes detected by nose 

 Floral-potpourri, violets, rose, lilac notes detected by the nose 

 Baking Spices –vanilla, cinnamon, cloves, nutmeg detected by the nose 

 Savoury aromas-tobacco, leather, cigar box, cedar detected by the nose 
 

 
 
Flavour & Mouthfeel Attributes: 
 

 Red Berry Flavour:  All fresh red berry fruit notes (raspberry, strawberry, red currant, red 
cherry) detected by mouth. 

 Black Berry Flavour:  All fresh black berry notes (blueberry, blackberry, black currant, 
black cherry) detected by mouth. 

 Jammy Flavour:  All cooked/stewed berry notes (raspberry, strawberry, red currant jam, 
blueberry or blackberry) detected by mouth. 

 Prune Flavour:  All prune, date, fig and raisin notes detected by mouth. 

 Vegetative Flavour:  All herbaceous (tomato vine, grassy, herbal) or stemmy, resinous, 
green notes detected by mouth. 

 Black and White Pepper Flavour:  All black and white pepper notes detected by mouth. 

 Earthy Aroma:  All earthy (mushroom, musty, soil, potato, decomposing plant matter) notes 
detected by nose. 

 Sweetness:  The taste stimulated by sugars. 

 Acidity:  The taste stimulated by acids. 

 Astringency:  The sensation of drying/puckering in the mouth. 

 Bitterness: The perception of late acrid, biting or quinine like sensation in the mouth. 

 Body/Mouthfeel:  The feeling of fullness or viscosity in the mouth. 

 Length of Aftertaste:  The length of time that flavours persist in the mouth after 
expectoration. 
 

Overall Quality. 
 
 

 Please assess the overall quality of this wine. 
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Aroma Attributes: Wine 1. 
 
 
Red Berry Aroma 
 

Low       High 

          

          
 
 
Black Berry Aroma 
 

Low       High 

          

          
 
 
Jammy Aroma 
 

Low       High 

          

          
 
Prune Aroma 
 

Low       High 

          

          
 
 
Vegetative Aroma 
 

Low       High 
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Black/White Pepper Aroma 
 

Low       High 

          

          
 
Earthy Aroma 
 

Low       High 

          

          
 
 

 

Gamey Aroma 

 
Low       High 

          

          
 
Floral Aroma 

 
Low       High 

          

          
 
 
Baking Spice Aroma 

 
Low       High 

          

          
 
Savoury Aroma 

 
Low       High 

          

          
 
 

Flavour & Mouthfeel Attributes: Wine 1. 
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Red Berry Flavour: 
 

Low       High 

          

          
 
 
Black Berry Flavour: 
 

Low       High 

          

          
 
 
 
 
 
Jammy Flavour: 
 

Low       High 

          

          
 
Prune Flavour: 
 

Low       High 

          

          
 
Vegetative Flavour: 
 

Low       High 

          

          
 
 
Black/White Pepper Flavour 

 
Low       High 

          

          
Earthy Flavour 

 
Low       High 
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Sweetness 

Low       High 

          

          
 

Acidity 

Low       High 

          

          
 

 

 

Astringency   

Low       High 

          

          
 

Bitterness: 
 

Low       High 

          

          
 
Body/Mouthfeel   

Low       High 

          

          
 

Length of Aftertaste 

Low       High 

          

          
 

Overall Quality. Wine 1. 
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Overall Quality: 
 

Dislike       Like 

          

          
 
 
Comments: 
 

 
 
________________________________________________________________   
 
 
________________________________________________________________ 
 

 
 
 
 

 

10.2 Colour Questionnaire 

Welcome to the Masters of Wine Student Research Project 

Profiling BC Syrah 

Visual Assessment of 2014 Syrah 
 

 
 

Instructions 
Please assess the wines in the order listed. LOOK at the wine and rate the intensity of the RED 

COLOR.  
Wine 1 

 

 

 

     

 1 low  2  3  4  5  6 high 

Mark with an “x” where you would rank the intensity compared to the other 5 wines.  e.g. An 

“x” in box 6 would indicate the most intense wine. 

Low       High 
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Rate the overall colour intensity of this red wine using the line scale: 
 

Wine 2 

 

 

 

     

 1 low  2  3  4  5  6 high 

Mark with an “x” where you would rank the intensity compared to the other 5 wines.  e.g. An 

“x” in box 6 would indicate the most intense wine. 

Low       High 

          

          
Rate the overall colour intensity of this red wine using the line scale: 
 

 
 
 
 
Wine 3 

 

 

 

     

 1 low  2  3  4  5  6 high 

Mark with an “x” where you would rank the intensity compared to the other 5 wines.  e.g. An 

“x” in box 6 would indicate the most intense wine. 

Low       High 

          

          
Rate the overall colour intensity of this red wine using the line scale: 

Wine 4 
 

 

 

 

     

 1 low  2  3  4  5  6 high 
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Mark with an “x” where you would rank the intensity compared to the other 5 wines.  e.g. An 

“x” in box 6 would indicate the most intense wine. 

Low       High 

          

          
Rate the overall colour intensity of this red wine using the line scale: 
 

Wine 5 
 

 

 

 

     

 1 low  2  3  4  5  6 high 

Mark with an “x” where you would rank the intensity compared to the other 5 wines.  e.g. An 

“x” in box 6 would indicate the most intense wine. 

Low       High 

          

          
Rate the overall colour intensity of this red wine using the line scale: 
 

 
Wine 6 
 

 

 

 

     

 
Low       High 

          

          
Rate the overall colour intensity of this red wine using the line scale: 
 
General Comments: 
_______________________________________________________________ 
_______________________________________________________________   
_______________________________________________________________ 
_______________________________________________________________   
_______________________________________________________________ 
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10.3 Processing Questionnaire 
 
Welcome to the Masters of Wine Student Research Project 

Profiling BC Syrah 
The Effects of Fall frost -Questionnaire 

 

 
 

1)  Have you ever made red table wine from grapes that have been 
through a Fall frost? 

Yes   No 
 

2) Did you notice any physical differences when processing the 
grapes or making the wine? 

Yes    No 
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3) If so what were those differences? 

______________________________________________________________________________
______________________________________________________________________________ 
 

4) Did you notice any differences in the resulting wines? 
Yes   No 

 
5) If so what were the differences? 

______________________________________________________________________________
______________________________________________________________________________ 

6) Do you believe that picking grapes after a single frost will 
reduce the quality of the resulting wine? 

 
 
 

 
Yes   No 

______________________________________________________________________________ 
 
 

 


