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1.0 Abstract

Icewine is an intensely sweet, unique dessert wine fermented from the juice of grapes that have

frozen naturally on the vine. The juice pressed from the frozen grapes is highly concentrated,

ranging from a minimum of 35° Brix to approximately 42° Brix. Often Icewine fermentations are

sluggish, taking months to reach the desired ethanol level, and sometimes become stuck. In

addition, Icewines have high levels of volatile acidity. At present, there is no routine method of

yeast inoculation for fermenting Icewine. This project investigated two yeast inoculum levels, 0.2

g/L and 0.5 g/L. The fermentation kinetics of inoculating these yeast levels directly into the sterile

Icewine juice or conditioning the cells to the high sugar levels using a step wise acclimatization

procediire were also compared. The effect of adding GO-FERM, a yeast nutrient, was also assessed.

In the sterile fermentations, yeast inoculated at 0.2 g/L stopped fermenting before the required

ethanol level was achieved, producing only 7.8% (v/v) and 8.1% (v/v) ethanol for the direct and

conditioned inoculations, respectively. At 0.5 g/L, the stepwise conditioned cells fermented the

most sugar, producing 12.2% (v/v) ethanol, whereas the direct inoculum produced 10.5% (v/v)

ethanol. The addition of the yeast nutrient GO-FERM increased the rate ofbiomass accumulation,

but reduced the ethanol concentration in wines fermented at 0.5 g/L. There was no significant

difference in acetic acid concentration in the final wines across all treatments. Fermentations using

unfiltered Icewine juice at the 0.5 g/L inoculum level were also compared to see if the effects of

yeast acclimatization and micronutrient addition had the same impact on fermentation kinetics and

yeast metabolite production as observed in the sterile-filtered juice fermentations. In addition, a fiiU

descriptive analysis of the finished wines was carried out to fijrther assess the impact of yeast

inoculation method on Icewine sensory quality. At 0.5 g/L, the stepwise conditioned cells fermented

the most sugar, producing 1 1.5% (v/v) ethanol, whereas the direct inoculum produced 10.0% (v/v)

ethanol. The addition of the yeast nutrient GO-FERM increased the peak viable cell numbers, but

reduced the ethanol concentration in wines fermented at 0.5 g/L. There was a significant difference
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in acetic acid concentration in the final wines across all treatments and all treatments affected the

sensory profiles of the final wines. Wines produced by direct inoculation were described by grape

and raisin aromas and butter flavour. The addition ofGO-FERM to the direct inoculation treatment

shifted the aroma/flavour profiles to more orange flavour and aroma, and a sweet taste profile. Step-

Wise acclimatizing the cells resulted in wines described more by peach and terpene aroma. The

addition ofGO-FERM shifted the profile to pineapple and alcohol aromas as well as alcohol flavour.

Overall, these results indicate that the addition ofGO-FERM and yeast acclimatization shortened the

length of fermentation and impacted the sensory profiles of the resultant wines.
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2.0 Introduction

2.1 Introduction to theproblem

Icewine is an intensely sweet, unique dessert wine fermented from the juice of grapes that have

frozen naturally on the vine. The juice pressed from the frozen grapes is highly concentrated in

soluble solids, ranging from a minimum of 35°Brix (VQAO., 2000) to approximately 42°Brix.

Yeast consume about half of the available sugar during Icewine fermentation, resulting in a dessert

wine high in residual sugar but balanced by high acidity (Nurgel et al, 2004). Often Icewine

fermentations are sluggish, taking months to reach the desired ethanol level, and sometimes become

stuck. The hyperosmotic stress placed on fermenting yeast from the concentrated juice results in;

cell shrinkage, reduced peak cell concentration, reduced yeast biomass accumulation throughout the

fermentation and high levels of glycerol and volatile acidity in the final wines (Pitkin et al,

2002;Pigeau and Inglis, 2003;Nurgel et al, 2004). Acetic acid is the main volatile acid in table

wine, which can impart an undesirable vinegar like aroma at relativity low concentrations in table

wine. In Canadian Icewine, the levels of acetic acid range from 0.49 to 2.29 g/L (Nurgel et al,

2004). The sensory threshold of acetic acid in Icewine is not known, but in table wine it ranges

between 0.7 to 1.3g/L (Corison et al, 1979). The primary source of acetic acid in Icewine is the

fermenting yeast strain, S. cerevisiae or S. bayanus and it is secreted during fermentation (Mottiar,

1999;Pitkin et al, 2002;Pigeau and Inglis, 2003). The production of acetic acid during Icewine

fermentation may be related to the well-characterized salt-induced yeast hyperosmotic stress

response resulting in increased internal glycerol production to combat the osmotic stress and acetic

acid production (Blomberg and Adler, 1989); reviewed by Hohmann, (2002). The metabolic reason

for acetic acid production during Icewine fermentation has yet to be determined, but most likely

involves the metabolic struggle to maintain a redox balance within a yeast cell during glycerol

production (Blomberg and Adler, 1989).
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Although Icewine has been made for over 200 years reviewed by Schreiner (2001), there are

few articles which describe the kinetics of Icewine fermentation, yeast growth and yeast metabolite

production throughout the fermentation. Fuleki initiated studies on Canadian Icewine fermentation

to investigate yeast strain effects (Fuleki, 1994;Fuleki and Fisher, 1995). Riesling Icewine

fermentations inoculated with commercial yeast required 91 days to ferment, and were influenced by

sugar concentration, yeast strain and sulfur dioxide addition (Fuleki, 1 994).

The quality of the finished product is an overriding key to Icewine's success in the market place,

but fermenting this juice into wine offers many challenges to local winemakers through length of

fermentation and acetic acid levels. More specifically, methods to reduce stress on the fermenting

yeast to lower the concentration of unwanted yeast metabolites in Icewine and to reduce the overall

time required to reach a target ethanol value in the wine of 10% v/v have not been investigated. At

present, there is no routine method of yeast inoculation for fermenting Icewine. The appropriate

yeast inoculation rate is not known, nor is it known if acclimatizing the yeast cells to the highly

concentrated Icewine juice is required to reduce stress on the yeast to improve cell viability, increase

biomass accumulation, reduce the production ofimwanted metabolites in the wine and reduce the

time required to reach the target ethanol value of 10% in Icewine.

2.2 Objective ofthe study

The objective of this study was to investigate methods to rehydrate and inoculate yeast for

Icewine fermentation, methods that may lead to a reduction in time required to reach a target ethanol

value of 10% v/v in the final wine while also reducing stress on the fermenting yeast, as measured

through the reduction ofimwanted yeast metabolites in the wine were tested. In addition, a sensory

panel was used to correlate chemical findings with sensory attributes to determine the impact that

yeast inoculation method had on final Icewine quality.
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2.3 Hypothesis

There are three hypotheses to this research project. The first one is higher yeast inoculation rates

in Icewine juice will result in fermentations consuming a set amount of sugar in a shorter time

period. The second hypothesis is that a yeast acclimatization method used before inoculation into

Icewine juice will decrease the amount of acetic acid produced by the yeast and increase the rate of

the Icewine fermentation. The third hypothesis is that the addition ofGO-FERM, a mixture of yeast

micronutrients, will decrease the production of acetic acid and increase the rate of fermentation.

2.4 Project outline

To investigate these hypotheses, the study was divided into two stages. Stage one of the project

used 500mL sterile filtered Vidal Icewine juice fermentations trials. The juice, at 37°Brix, was

inoculated with Saccharomyces cerevisiae wine yeast Kl-Vl 1 16. Eight different fermentation

treatments were investigated using two yeast inoculum levels of 0.2 g/L or 0.5 g/L; yeast directly

inoculated into juice after rehydration or yeast conditioned to the juice in a step-wise fashion; and

yeast rehydrated in the presence or absence of a yeast micronutrient preparation called GO-FERM.

These fermentations were monitored daily for reducing sugars, total and viable cell concentrations

and biomass. Samples were removed at set time-points for glycerol, acetic acid and ethanol

determination.

Stage two used unfiltered Vidal Icewine juice fermentations on the four higher inoculation rate

(0.5g/L) treatments that were set-up and monitored as described in stage one. In addition to the

chemical analysis carried out in stage one, descriptive analysis of the finished Icewines were

performed by a trained sensory panel comprising 10 trained subjects.
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3.0 Literature Review

3.1 Saccharomyces cerevisiae

Saccharomyces cerevisiae wine yeast Kl-Vl 1 16 was used for this project since it is a

commercial strain that most Ontario wineries currently use for Icewine fermentations. This yeast

strain originates from the Institut Cooperartif du Vin, located in Montpellier, France, where is was

isolated and studied by Pierre Barre (ONI, 1994). Several oenological properties of Kl-Vl 116

make it an attractive wine yeast including; Killer strain phenotype, low foam production, rapid

fermentation and the ability to survive stressful environments (ONI, 1994).

The strain Kl-Vl 1 16 is a killer yeast strain. Such a strain will secrete a toxin that binds to

the cell wall of sensitive S. cerevisiae strains causing membrane permeability by inserting a toxin

protein into the plasma membrane and creating a cation channel through which ions can flow out of

the cell (Shimizu, 1993). The oenological properties ofKl-Vl 1 16 that are reported by Lallemand in

set table wine conditions include:

^K Sulfur dioxide production

H Acetaldehyde production

I
Glycerol production

Ethanol tolerance

-113 mj

57 mg/L^

5.5 g/L

18%

Therefore, this strain is hardy and will carry out a rapid, complete and consistent

fermentation with low hydrogen sulfide production and low foam production (Lallemand, 2004).

Kl-Vl 1 16 is one of the more flowery ester producers (isoamyl acetate, hexyl acetate, phenyl ethyl

acetate). These esters bring fresh floral aromas to neutral varieties or high yield grapes. Among the

high ester producers, Kl-Vl 1 16 is recommended for the fermentation of Icewines. It can also be

used for rose or basic red wines (Lallemand, 2002).
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3.2 Vidal grape variety

Three-quarters of all Canadian Icewine is made from Vidal grapes (Schreiner, 2001). Vidal

is a French hybrid known as Vidal Blanc or Vidal 256, containing 75% Vinifera parentage. Vidal

hybrid parentage is between the vinifera Ugni Blanc and the hybrid Seibel 4986, which is known as

Rayon D'Or a parent of Seyval Blanc (Robinson, 1996). Vidal was imported into Canada and the

eastern United States in the 1940's to help replace some ofthe native American varieties (Schreiner,

2001). Vidal is still widely grown in Ontario, were it is valued for its winter hardiness, disease

resistance and thick skinned grape. All of these attributes make Vidal grapes suitable for use in Late

Harvest wines and Icewines (Robinson, 1996;Schreiner, 2001). It is the only hybrid grape variety

that is allowed for Icewine production in Canada (VQAO., 2000). Vidal yields frill-flavoured

Icewines with aromas of tropical froiit and flavours ranging from ripe pineapple to caramel (Cliff e/

al. , 2002; Nurgel et al. , 2004)

3.

3

Commercial wine yeast rehydration and must inoculation

Commercial yeast used for wine production are sold to the winemaker in a dehydrated state.

Yeast rehydration and inoculation methods for table wine have varied across the years; some users

add the dry yeast into the fermentor, while others rehydrate the yeast in warm water or must prior to

inoculation (Kraus etal,\9U; Van Dijikin and Scheffers, 1 986; Monk, 1 995).

The recommended inoculation rate for table wine fermentation is 25 g active dried wine yeast

(ADWY)/hL which will provide an initial cell density of approximately 5X10^ cells/mL and a peak

cell density of 1.2 to 1.5 X 10^ cells/mL (Monk 1995). The rate of cell growth, peak cell density and

biomass accumulation is significantly lower during Icewine fermentation as compared to a table

wine fermentation, when both juice types are inoculated to the same rate (Pitkin et al, 2002). From

this, the question arises whether Icewine fermentations would benefit from a higher yeast inoculum

level to produce the desired target ethanol concentration in a reasonable (1 month) fermentation

period. Increasing yeast inoculation rates were found to overcome the problem of sluggish
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fermentation caused by limited available nitrogen in high gravity worts during beer production

(O'Conner-Cox and Ingledew, 1991) and during table wine production (Ingledew and Kunkee,

1985).

In addition to ensuring a sufficient level of yeast inoculum, proper yeast rehydration can also

affect the number of viable cells during fermentation and thus affect the time required for a

fermentation to be completed. Freeze-dried yeast have been on the market for a number of years.

The final stage of drying is the removal of water from the cells which yields a product of 96% solids

(Monk, 1995). Bakers and brewers have know for years that dry yeast need to be rehydrated in

warm water if the yeast are to be successfully revitalized (Leslie et al, 1994). At rehydration, the

main concern is damage to the cell membrane, which may make it leaky thus, negatively affecting

recovery ofnormal cell function (Monk 1995). S. cerevisiae rehydrated below 38-40°C will have

imbibitional damage, and lose cell cytoplasmic contents into the rehydration water which will cause

a high mortality rate in the yeast population (Leslie et al, 1994). The solids lost from dried yeast

during the rehydration process can be significant depending on the temperature of rehydration.

Rehydration at 43°C caused a 4.9% loss of solids, while at 4.5°C a loss of 21.4% was seen. The

main component lost is carbohydrates while cellular enzymes are retained (Monk, 1 995).

Trehalose, a non-reducmg disaccharide found widely in fungi, has been found in organisms

capable of surviving extended periods of dehydration (Crowe et al, 2001). Trehalose was initially

thought of as a reserve of carbohydrate in yeast, but in the last few years it has been associated with

stress protection in yeast (Leslie et al, 1994). Rehydration of commercial freeze-dried yeast

preparations in ten times the yeast weight of clean water at 38 to 42°C is important to maintain cell

viability (Leslie et al, 1994; Monk, 1995; Henschke, 1995). The loss of cytoplasmic contents

during rehydration, which decreases cell viability, is due to a phase transition of the lipid bilayer

from the dry gel to liquid crystal phase (Van Steveninck and Ledeboer, 1974; Leslie et al, 1994;

Crowe et al, 2001). Trehalose within the yeast cell lowers the temperature of this transition in the

lipid bilayer from 60°C down to 40°C, thus improving cell viability when yeast are rehydrated with
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water at 40°C since the phase transition is avoided (Leslie et al, 1994). Regardless of the level of

trehalose in the freeze-dried yeast cell, rehydration below 38 to 40°C results in the loss of

cytoplasmic contents into the rehydration media causing high mortality rates (Leslie et al, 1994,

Crowe era/., 2001).

In addition to the roles that internal trehalose and water rehydration temperature play on cell

viability, inclusion of a commercially available vitamin and mineral supplement (GO-FERM) at the

yeast rehydration stage has recently been shown to improve cell viability and reduce off-odours and

volatile acidity production during table wine fermentation (Julien and Dulau, 2002).

Acclimatization of the rehydrated yeast to the juice temperature is another important factor to

improve yeast fermentation performance. Inoculating rehydrated yeast into a juice, that has more

than a 10°C difference in temperature from the yeast starter culture temperature, can result in

temperature shock.. In the brewing industry, this shock can lead to the formation of petit mutants in

the yeast population. Such mutants have impaired respiration, poor sugar uptake and cause poor

fermentation characteristics (Monk, 1 995).

3.4 Alcoholicfermentation

The alcoholic fermentation is the means by which the yeast cell metabolizes the hexose

sugars, such as glucose and fructose, to pyruvate through glycolysis and then further to ethanol and

carbon dioxide. If there is greater than 2 g/L of hexose sugars, yeast will undergo anaerobic

fermentation regardless of whether they are in an anaerobic or aerobic environment (Postman et al,

2002). This phenomenon is known as the "Crabtree effect". As glycolysis occurs, the cofactor

NAD^ is reduced to NADH. Pyruvate is then converted to ethanol in a two-step process. Initially

the pyruvate is decarboxylated to acetaldehyde by the enzyme pyruvate decarboxylase. The

acetaldehyde will then be reduced to ethanol by alcohol dehydrogenase, simultaneously regenerating

the oxidized coenzyme NAD^ from NADH. The regeneration ofNAD^ allows glycolysis to
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continue and the fermentation is thus a redox neutral pathway. At the beginning of the

fermentation when pyruvate decarboxylase and alcohol dehydrogenase are not present at a great

enough concentration to carry out the alcoholic fermentation, NADH that is produced during

glycolysis must still be oxidized to NAD"^ so that glycolysis may continue. A transhydrogenase, if

present, could transfer the reducing equivalents from NADH to NADP"^ to regenerate the oxidized

cofactor, but S. cerevisiae lacks such a transhydrogenase. Glycerol production occurs as a means of

regenerating the NAD^ (Van Dijikin and Scheffers, 1986), as outlined below in section 3.5 Glycerol

production.

Generally during tablewine fermentation, 47% of the sugar will be converted to ethanol,

while 45% of the sugars will be converted to carbon dioxide. Other byproducts such as succinic

acid, glycerol, acetic acid and lactic acid account for 5% of the sugar converted, while 2.5% is

consumed by the yeast for biomass production. The remaining 0.5% is left as unfermented sugar

(Margalit, 1997). Due to the highly hyperosmotic environment present during Icewine fermentation,

as well as the initial high sugar concentration, the ratios stated earlier may not hold true for an

Icewine fermentation. Namely, more than 0.5% of the initial sugar concentration will be left as

imfermented sugar and there will be higher levels ofminor metabolites such as glycerol and acetic

acid in Icewine (Green, 2002).

3 .5 Glycerolproduction

Glycerol is a primary trialcohol present in wine that is produced by yeast during

fermentation. Although it was thought by many winemakers in the past that glycerol had a

perceived effect on wine consistency, body and mouthfeel, it has now been shown that glycerol can

only be perceived in wine at concentrations greater than 25 g/L, concentrations that are higher than

typically present in table wine or in Icewine (Noble and Bursick, 1984). Glycerol is produced by the

reduction of dihydroxyacetone phosphate to glycerol-3-phosphate by NADH-dependant cytosolic

glycerol-3-phosphate dehydrogenase. Glycerol 3-phosphate is then dephosphorylated by glycerol-3-
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phosphatase to form glycerol. As stated in section 3.4 Alcoholicfermentation, glycerol production

plays a role in maintaining redox balance for the NAD^/NADH cofactor system in the early stages of

wine fermentation while yeast are upregulating the expression ofpyruvate decarboxylase and

alcohol dehydrogenase (Ribereau-Gayon et al, 2000).

The NADH dependency of glycerol-3-phosphate dehydrogenase and the lack of a

transhydrogenase in yeast to convert reducing equivalents between NADPH and NAD^ suggest that

the pentose phosphate pathway, which generates NADPH, is not the primary donor of reducing

equivalents for glycerol biosynthesis (Van Dijikin and Scheffers, 1986). The conversion of sugars

into biomass and other metabolites such as acetic acid and succinic acid may lead to a surplus of

NADH (Anderlund et al, 1999). Therefore, the yeast must use an alternate metabolic pathway as a

means of regenerating the NAD'^^to maintain redox balance. This pathway is indeed the production

of glycerol from DHAP.

In addition to glycerol production in yeast as a means of maintaining redox balance, it can

also be produced as an internal osmolyte when cells are placed under hyperosmotic stress. (See

section 3.6 Osmotic stress response)

3.6 Osmotic stress response and the biosynthesis ofacetic acid

Osmotic stress caused by salt causes yeast cells to overproducte glycerol to serve as an

internal osomolyte to balance the osmotic pressure placed on the yeast cell (Blomberg and Adler,

1989;Brewster et al., 1993;Nevoigt and Stahl, 1 997;Blomberg, 2000). The rate limiting step in

osmotically induced glycerol formation is the expression of glycerol-3-phosphate dehydrogenase

(GPDl) (Remize et al., 2001). This product catalyses the formation of glycerol-3-phosphate from

dihydroxacetone phosphate (DHAP) and oxidizes NADH to NAD*. Glycerol-3-phosphatases (GPPl

and GPP2) then complete the reaction to produce glycerol. The highly homologous glycerol-3-

phosphate dehydrogenase encoded by GPD2 is not involved in the osmoregulatory response of yeast

cells under salt sfress, but plays a role in redox balance during anaerobic conditions (Albertyn et al.
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1 994;Ansell et al. , 1 997;Pahlman et al. , 200 1 ;Remize et al. , 2003). Yeast cells lack a

transhydrogenase to convert reducing equivalents between the NAD^/NADH and the

NADP"*^/NADPH cofactor systems. Therefore the yeast must rely on metabolite production to

maintain the intracellular redox balance for the coenzyme systems (Van Dijikin and Scheffers,

1986). One main theory has been suggested; the production of acetic acid is the mechanism in

which yeast cells maintain the balance of excess NAD"^ produced for glycerol formation during the

salt-induced hyperosmotic stress response (Blomberg and Adler, 1989;Miralles and Serrano,

1995;Navarro-Avinoe/a/., 1999).

(NADP^) (NADPH+ft)
NAD* NADH + lT NAD* NADH + H*

ethanol v^ >/ acetaldehyde \. > acetic acid

CH3-CH2-OH -^^ ^ CH3-CHO J^ CH3-COOH
Alcohol dehydrogenase H2O ^

—
"^Aldehyde dehydrogenase

It has been suggested that a cytosolic, NAD* dependant aldehyde dehydrogenase, which

reduces NAD* to NADH, while oxidizing acetaldehyde to acetic acid, may restore internal redox

balance. There are three cytosolic aldehyde dehydrogenases known in S. cerevisiae, two of which

are NAD* dependent (encoded by ALD2 and ALD3) (Navarro-Avino et al, 1999) and the last one

which is NADP* dependent (ALD6) (Meaden et al., 1997). Several studies have shown that Ald6p is

the aldehyde deydrogenase responsible for acetic acid production in S. cerevisiae strains during

fermentation of glucose media (Radler, 1993;Eglinton et al., 2002). Under salt stress ALD6 has been

shown to be upregulated (Akhtar et al., 1997;Rep et al., 2000). Due to the high homology between

ALD2 and ALD3, it is difficult to independently measure the expression of these genes (Aranda and

del Olmo, 2003). However, it is now accepted that^LDi, notALD2 is responsive to salt stress.

Ald2p is reported to have a specialized function in forming P-alanine required for pantothenic acid

production by oxidizing 3-amino propanal (White et al., 2003). Although Ald3p can partially

compensate for Ald2p in ALD2 deletion mutants, full compensation only occurs when deletion

mutants are placed under salt stress, conditions known to stimulate ALD3 expression. Although
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Ald3p has been shown to use acetaldehyde as a substrate (Navarro-Avino et al, 1999) and

ALD2/3 expression is upregulated when yeast are subjected to acetaldehyde stress (Aranda and del

Olmo, 2003), a clear role ofALD3 in acetic acid production had not been demonstrated. Pigeau and

Inglis (2005) have now shown upregulation ofALD3 in fermenting yeast that corresponds to the

increase in acetic acid production during Icewine fermentation.

In addition to oxidation of acetaldehyde to acetic acid via aldehyde dehydrogenases, there are

several other pathways that could also lead to acetic acid production. These include; acetyl CoA

synthase catalyzing a reversible reaction between acetyl CoA and acetyl adenylate (Jost and Piendl,

1976), pyruvate dehydrogenase converting pyruvate into acetate (Jost and Piendl, 1976), and lactate

oxidase oxidizing L-lactate into acetate (Jost and Piendl, 1976;McCabe, 1999).

3.7 TTie allowable limits ofvolatile acidity in Icewine

Acetic acid is an important component in wine due to its association with wine spoilage

when present at high levels because it imparts a vinegar aroma to wines. Acetic acid is the main

volatile acid (VA) in wines. Therefore, countries legislated an upper allowable limit of volatile

acidity in wines, measured in units of acetic acid. The Canadian FDA has set a limit for VA in table

wine at 1 .3 g/L but there is not a specific category for Icewine or dessert wines.

In Canada, according to the VQA regulations, the maximum allowable content ofVA in

Icewine is 2.1 g/L measured as acetic acid (VQAO., 2000). A recent survey of 51 commercial

Canadian Icewines showed a large range of acetic acid concentration, with an average value of 1.30

± 0.48 g/L, ranging fi-om 0.49 to 2.29 g/L (Nurgel et al., 2004). Although it was previously

discovered the acetic acid in Icewine is from the yeast fermenting this sterile juice as opposed to

bacterial contamination (Mottiar, 2000), the yeast metabolic reaction used for its production and the

reason for its production in Icewine is still not completely understood, but appears to involve ALD3

(Pigeau and Inglis, 2005).
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3 . 8 Descriptive sensory analysis

The food industry started to develop systems to evaluate the sensory properties of their

products in the 1940's (Heymann and Lawless, 1998). Today, this science continues to evolve and

be refined by expanding into other sensory analysis techniques (Bennett et al, 1956;Merrit,

1997;Heymann and Lawless, 1998). Descriptive Analysis (DA) is an example of one technique that

arose from this expansion. DA is one that is heavily based on the properties of the Flavour Profile

Method (Heymann and Lawless, 1998). Since its development steps have been taken to increase its

range of use, by expanding the method to encompass food and beverage taste and texture (Heymaim

and Lawless, 1998).

The use of sensory analysis in the field of wine research has been invaluable. No other

method is currently available that can simultaneously inform the experimenter of both qualitative

and quantitative variables of a wine/grape product. The analytical assessment of food and beverage

products by trained sensory panels is a valuable and widely accepted technique in food research

(Bennett et al, 1956;Guedes de Pinho et al, 1994;Heymann and Lawless, 1998). The employment

of relatively complex statistical analysis, in concert with DA, for the treatment of chemical and

sensory data to differentiate wines by vineyard location and/or vinification procedures have become

commonplace to ascertain how specific variables impact wine quality (Guedes de Pinho et al,

1994).

Sensory descriptive analysis attempts to elucidate the individual characteristics ofwine in

terms of colour, aroma, and flavour. The organoleptic characteristics ofwine are derived fi-om

individual and synergistic interactions among the numerous chemical constituents found in wine. A

glossary of terms has been developed (Guedes de Pinho et al, 1994;Merrit, 1997). Perhaps the most

well-known of these is the lexicon of terms embodied in the Wine Aroma Wheel (Noble, 1984). In

any descriptive analysis, the most important component is judge selection. Judges are selected based

upon their motivation, verbal ability, taste acuteness, and health. Once selected, the panellists are
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trained as a group for their ability to repeatedly identify specific attributes (i.e. odour and taste).

After training, the selected panel is used during formal qualitative and quantitative sensory

evaluation of a selection ofproducts.

Problems that can arise when relying on a human sensory panel for qualitative and

quantitative analysis ofwine include; individual judge inconsistency and factors that influence judge

performance (e.g. health, attitude, motivation), physiological factors, psychological factors, judge

habituation, language and communication (Merrit, 1997). Physiological problems that can arise are

simply the inability of the judge(s) to differentiate between wines and/or the inability to identify

selected wine aromas and tastes (Merrit, 1997). The utilization of a reasonable number ofjudges

(i.e. 7-15) can lessen the effect of any one judge on the overall result. Those judges who are unable

to produce reproducible results and/or identify important tastes and aromas should be excluded

(Merrit, 1997).

The use of descriptors (i.e. colour, aroma, flavour) by the panellists to produce a quantifiable

resuh depends on the selected terms. All panellists involved must agree and recognize the selected

descriptors to describe the sensory properties of the samples being evaluated (Merrit, 1997).

Reference samples of each descriptor enable the panellists to agree upon a common vocabulary, and

to maintain accuracy when qualitative and quantitatively measuring individual sensory attributes.

This process allows one to create a panel that applies terms in a similar and reproducible fashion

(Merrit, 1997;Heymann and Lawless, 1998).

3.8.1 Principal Components Analysis

Principal component analysis (PCA) is a variation of factor analysis, which is used to

simplify and/or describe interrelationships among multiple dependent variables and objects, such as

between wines based on origin (Heymann and Lawless, 1998). PCA transforms original, dependent

variables into new uncorrelated variables (Heymann and Lawless, 1998;Arvanitoyannis et al, 1999).

Sensory descriptive data can sometimes show that several descriptors significantly discriminate
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samples, however some descriptors may describe similar characteristics of a product (Heymann

and Lawless, 1998;Arvaiiitoyannis et al, 1999). PCA eliminates such redundancies by transforming

the data into a new set of variables that are called principle components (Heymann and Lawless,

1998;Arvanitoyannis et al, 1999). PCA graph is plotted in a two dimensional space by projecting

samples of a data set onto the graph based upon the remaining principal components (Heymann and

Lawless, 1998). The samples furthest apart on the PCA plot are perceptually more different from

samples that are found closer together (Heymann and Lawless, 1998). PCA is a powerful statistical

method that can clarify the existence of relevant, scientific differences among samples (Heymaim

and Lawless, 1998).
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4.0 Materials and Methods

4.1 Materials

Vidal Icewine juice (40.0° Brix) was obtained from Inniskillin Wines in Niagara-on-the-Lake

dxiring the 2001 Icewine harvest. The juice was then stored in 20L buckets at -40°C until use. Juice

filtration was done with a Bueno Vino Mini Jet Filter using filter appropriate pads required for the

Bueno Vino Mini Jet filtration apparatus (coarse, medium, fine) and was obtained from Vineco

International. Membrane cartridges (Millipore Optiseal) 0.22 \im were used for sterile filfration,

which were ordered from Fisher Scientific. The S. cerevisiae yeast strain Kl-Vl 116 was used to

inoculate the juice, which was supplied by Lallemand Inc. A bench top refractive index AO ABBE

unit, model 10450 from American Opical was used to determine the °Brix of the juice. Boehringer-

Mannheim glycerol, ammonia and acetic acid enzyme assay kits were purchased from Xygen

Diagnostics Inc. 0.22 |xm 47 mm diameter filter pads were used for the Nalgene Schott bottle

filtration were obtained from Fisher Scientific. Membrane cartridges (Opticap XL, Millipore) 0.5 ^im

nominal filters, Polygard CN 3 ^m, 1 ^m and 0.5 nm and Duropore optiseal 0.45 |xm and 0.22 nm

membrane were used for filtration of the completed 6 L fermentations and were purchased from

Fisher Scientific and Millipore Canada. Malt extract, Bacto agar and Yeast peptone extract were

supplied by Difco. Alkaline hypochlorite, phenol nitroprusside and orthophthaldialdehyde were

obtained from Sigma. Small scale fermentation vessels were 500 mL glass bottles, and 6 L

fermentation vessels were Pyrex 9 L fermentation vessels obtain from Fisher scientific. The 375 mL

Icewine bottles, 750 mL hock bottles and corks were supplied by Inniskillin wines. Compusense

five version 4.6, Guelph, Ontario was used during sensory data collection Statistical analysis was

done with SPSS 1 1.5.2, from SPSS Inc. and Senstools 3.14 from OP&P Inc.
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4.2 Methods

4.2. 1 Icewinejuicefiltration

The Vidal Icewine juice was first removed from the -40°C freezer and allowed to completely

thaw at room temperature. Once thawed, one pail containing approximately 20 L ofjuice was stirred

to ensure homogeneity and then 1 mL of Scottzyme Cinn-free pectinase was added in order to break

down the pectins to improve the ease of filtration. Fifteen, IL glass bottles were sterilized by

autoclaving and used to store one pail of sterile filtered Icewine juice. The juice was then racked off

into one pail and went through a series of filtration steps using the Bueno Vino Mini Jet filter.

Coarse (5 \im), medium and fine (0.5 jxm nominal) filter pads were sterilized by autoclaving at 15

psi, 121°C for 15 minutes before use in the Bueno Vino Mini Jet filter. The juice was then sterile

filtered using a Millipore membrane cartridges 0.22|j,m filtration unit into sterile 1 L glass bottles.

The Millipore filtration apparatus was autoclaved at 15 psi, 121°C for 15 minutes before use. Before

autoclaving the Millipore filtration apparatus was prepared by passing through deionized water and

the outlet tubing was wrapped in aluminium foil and the entire apparatus was then placed into the

autoclave. Sterile water was then passed through the clean, sterile unit before use to ensure that no

air was present and then the 0.5|im nominal filter juice was pump through into the sterile 1 L glass

bottles. Prior to the collection ofjuice, approximately 300 mL of filtrate was discarded to ensure that

no water was present in the juice. Juice samples were tested for sterility after each step of the

filtration process by plating onto YPD Agar, as outlined in section 4.2.2. The Millipore filtration

unit was washed with cold water for 10 minutes, followed by hot water for 20 minutes upon

completion of the filtration. The 1 L bottles of sterile filtered juice were then stored in the -40°C

cooler until they were required.
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4.2.2 Sterility check offilteredjuices

To determine the existence ofmicrobes in the unfiltered juice and sterility of the filtered

juice was plated onto YPD agar plates. Twenty plates were prepared. Media solution was prepared

by adding 22.5 g ofMEA to 400 mL of deionized water in a one-litre glass bottles. Upon complete

mixing, the solution was made up to 500 mL using MilliQ water. Ten g (2% w/v) of Bacto agar was

then added and the entire solution was autoclaved at 15 psi, 121°C for 15 minutes. Plates were

poured aseptically (approximately 25 mL/plate) and allowed to cool at room temperature overnight.

The next day they were packaged into the original sleeve and stacked in the 4°C cooler. Four

dilutions of each juice sample were plated (10°, 10"', 10'^, 10'^). Plating was done by transferring

0.100 mL of each dilution onto the plate aseptically and then distributing the samples with sterile

spreaders. A control plate was prepared by passing a sterile spreader across a plate under aseptic

condition. The plates were incubated at 30°C until growth could be observed.

4.2.3 Prefitlered andfilteredjuice composition analysis

4.2.3.1 Soluble solids CBrix)

The Brix level of the sterile and unfiltered juice was determined using a bench top

refi-actometer. The refractometer was calibrated using distilled water that read Brix. All juice

o

samples were all tested at room temperature. The sugar concentration was measured in Brix, which

corresponds to grams soluble solids / 100 g solution.

4.2.3.2 pH

The pH of the sterile and unfiltered juice samples were measured using a pH meter calibrated

at pH 4.0, pH 7.0 and pH 10.0.

4.2.3.3 Titratable acidity

Titratable acidity (T.A.) in the sterile and unfiltered juice was determined by titration with

standard NaOH (0. IN). Juice and water samples were degassed by heating in a 60°C water bath and
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cooled to room temperature prior to the titration procedure to remove any dissolved CO2 in the

samples. The NaOH was normalized using standardized liquid potassium biphthalate. The cooled,

degassed juice was then transferred in 5 mL aliquots into Erlenmeyer flasks containing 100 mL of

degassed deionized water, and 5 drops of 1% (w/v) of phenolphthalein endpoint indicator was added

to each flask. Titrations were performed to a end point ofpH 8.2. A duplicate analysis of the

Icewine juice was performed. The following formula was used to calculate the concentration of

titratable acid expressed in tartaric acid equivalents in the juice:

TA (g/L) = NK«^rmeq/mL) X Vhgc^(mL) X 0.075g tartaric acid X 1000 mL
Vacid (mL) meq L

4.2.3.4 Suljur dioxide (SO2)

Sulfur dioxide is added to grape juice after grapes are pressed to act as a protectant against

microbial spoilage and browning prior to inoculation with commercial yeast. The SO2 levels were

checked prior to fermentation to ensure that they were not excessive, as that may affect the onset of

fermentation. The iodine solution used during the SO2 determination was standardized with sodium

thiosulphate (0.0181 N). To standardize the iodine solution, lOmL of sodium thiosulphate solution

and 5 mL of starch indicator were transferred into a 250 mL flask, and titrated with iodine to a blue

endpoint. The iodine normality was then calculated using the following formula:

N= (lOmL sodium thiosulphate) (0.01 8IN sodium thiosulphate)

Volume iodine (mL)

4.2.3.4.1 FreeS02

The 'Ripper' method was used to determine the free sulphite concentration in the sterile and

unfiltered Icewine juice. The free sulphite concentration is composed of molecular SO2, HSO3' and

SOs^", which are in equilibrium and unbound in the juice. The method is based on the

oxidation/reduction reaction between imbound sulphites and iodine (Zoecklein et al, 1995). In a 250

mL flask, 5 mL of 1% (w/v) potato starch indicator, a pinch of bicarbonate soda and 5 mL of5%
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(v/v) sulfuric acid were added to 25 mL ofjuice sample and titrated with the standardized iodine

solution to a blue endpoint.

4.2.3.4.2 Total SO2

The total sulphur dioxide is a measure of the free and bound sulphites in the juice. In order

to measure this, the bound sulphites must be hydrolysed and this was accomplished by treating the

sample with NaOH. In a 250 mL flask, 25 mL of 1 N NaOH was added to a 25 mL sample ofjuice

to hydrolyze the bound sulphites, the reaction was allowed to progress for 10 minutes. After 10

minutes a pinch ofbicarbonate soda, 5mL ofpotato starch indicator and 10 mL of 25% (v/) sulphuric

acid was added and titrated with standardized iodine. The free and total SO2 (mg/L) were then

calculated using the following formula:

S02(mg/L)= NinHin. (meq/mL) X VinHin. (mL) X 64.06 mg X 1 mmol SO? X 1000 mL
Vsampie (mL) mmol SO2 2 meq L

4.2.3.5 Nitrogen

The ammonia and yeast assimilable amino acid concentrations were determined separately

and then added together to determine the total nitrogen in the Icewine juice prior to filtering and

after sterile filtration.

4.2.3.5.1 Ammonia assay

Juice ammonia was determined by derivatization of ammonia with alkaline hypoclorite and

phenol in the presence of a sodium nitroprusside (catalyst) to form an indophenol. Indophenol

concentration can be measured spectrophotometrically at 570 nm. The concentration of indophenol

is directly proportional to the concentration of ammonia in the sample (Zoecklein et al,

1995;Margalit, 1997). The solutions for the assay included Phenol Nitroprusside, Alkaline

Hypochlorite solution, 100 mM ammonia sulphate solution in water, 4 mM ammonia sulphate

solution and 20 mM potassium phosphate buffer (pH 8.0). The standard curve was generated
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through the recovery ofknown concentrations added to water. The nitrogen content of the juice

sample was calculated from the equation of the line found on the standard curve:

Nitrogen Standard
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in 250 itiL deionized water. NOPA solution A was made by combining 50 mL stock OPA with

450 mL stock NAC while NOPA solution B was comprised of 50 mL 95% ethanol with 450 mL

stock NAC. A standard curve (see Appendix) was generated from known concentrations of

isoleucine from which isoleucine from the assimilable amino acid nitrogen content of a juice sample

determined. The lOmM isoleucine stock solution was diluted with deionized water in 1.5 mL

eppendorf tubes and vortexed for 10 seconds: The solutions were added into clean glass test tubes in

the following amounts:

Nitrogen Standard
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4.2.4 Fermentation

4.2.4.1 Small scalefermentations

A total of eight fermentation treatments were studied as outlined in Figure 1 below.

Details of each step of the inoculation procedure (yeast rehydration, direct inoculation and stepwise

acclimatization) are outlined in separate sections below. Kl-Vl 1 16 was rehydrated either in the

absence or presence of the yeast nutrient GO-FERM. After rehydration, the cells were either

directly inoculated into Icewine juice or stepwise acclimatized to increasing juice concentrations

prior to inoculation. Two yeast inoculum levels were tested at inoculation rates of either 0.2 g/L or

0.5 g/L. All eight fermentation treatments were carried out at 17°C in 500 mL fermentation vessels

fitted with airlocks. Fermentations continued until the yeast stopped consuming sugar as determined

by no change in the sugar concentration for three continous days. Daily sampling of the

fermentations occurred after stirring the fermentations for 5 minutes to ensure a homogenous

mixture. The four treatments carried out at the 0.5 g/L level were fermented in triplicate, whereas the

four treatments carried out at the 0.2 g/L level were fermented in duplicate.
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Yeast Rehydration

Plus Nutrient No Nutrient

Direct Stepwise

Inoculation Acclimatization

Direct Stepwise

Inoculation Acclimatization

0.2gfL 0.5g/L 0.2g/L 0.5g/L 0.2g/L 0.5g/L 0.2g/L 0.5g/L

Figure 1: Small scale Icewine fermentation design.

Figure 2: Photographs of experimental sterile Vidal Icewine fermentation. 500mL Schott

bottles with airlocks fermented at 17°C
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4.2.4. 1 .

1

Yeast rehydration with and without GO-FERM

A starter culture of 5". cerevisiae Kl-Vl 1 16 was prepared by rehydrating 5.0 g of commercial

yeast in 50 mL of40°C sterile water for 15 minutes, swirling gently every 5 minutes producing a

starter culture with a yeast concentration of 100 g/L. GO-FERM at 0.3 g/L was either present or

absent in the rehydration water. To maximize cell viability, yeast rehydration in our procedure was

conducted at 40°C to avoid a lipid phase transition that could result in high cell mortality due to loss

of cytoplasmic contents into the rehydration media (Van Steveninck and Ledeboer, 1974;Leslie et

al, 1994;Crowe et al, 2001). After the 15 min rehydration stage, the temperature of the culture

dropped from 40°C to 30°C, which is consistent with that reported for rehydration of commercial

yeast preparations using 40°C water (Monk 1997). The temperature difference between the yeast

culture and the Icewine juice for the direct inoculation procedure was always within 10°C to avoid

the formation of respiratory deficient (petite) mutants, which have poor sugar uptake and

fermentation characteristics (Monk 1997).

4.2.4. 1 .2 Direct inoculation method at two inoculation rates.

For direct inoculation of rehydrated yeast (with and without GO-FERM) into Icewine juice at

the 0.2 g/L inoculation rate, 1 mL of the starter cultures were added into 500 mL of Icewine juice,

which was prewarmed to 20°C, resulting in a starting yeast cell concentration of approximately 3.8

X 10^ cells/mL. For direct inoculation of rehydrated yeast at the 0.5 g/L inoculation rate, 2.5 mL of

the starter culture was added into 500 mL of Icewine juice, which was preheated to 20°C resulting in

a starting yeast cell concentration of approximately 1 X 10^ cells/mL.

4.2.4. 1 .3 Stepwise acclimatization and inoculation at two inoculation rates.

To acclimatize the rehydrated yeast (with and without GO-FERM) to increasing

concentrations ofjuice, an equal volume (45 mL) diluted to, 25°C Icewine juice at 20°Brix with

sterile water was added to the starter cultures (45 mL) resulting in a starter culture soluble solids
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measurement 10°Brix. The cultures were then placed in a 25°C water bath for one hour. The

cultures were stirred every 30 minutes. After the hour incubation, an equal volume ofroom

temperature Icewine juice (90 mL) was added to the cultures (90 mL) to achieve 20°Brix. The

cultures were placed in a 20°C water bath for two hours stirring every 30 min afterwhich 10 nL of

cells were removed and the cells were examined under the microscope for budding. Total time for

acclimatization was 3 hours and 1 5 minutes, resulting in a yeast concentration in the acclimatized

starter culture of 25 g/L. For the 0.2 g/L inoculation rate, 4 mL of the acclimatized starter cultures

(with and without GO-FERM) were added to 500 mL aliquots of Icewine juice preheated to 20°C

resulting in a starting yeast cell concentration of approximately 3.8 X 10^ cells/mL. For the 0.5 g/L

inoculation rate, 10 mL of the acclimatized starter cultures (with and without GO-FERM) were

added, resulting in a starting yeast cell concentration of approximately 1 X lO' cells/mL.

4.2.4.2 Large scalefermentations using unfiltered Icewinejuice

Only the fermentation treatments at the higher yeast inoculation rate of 0.5 g/L were scaled

up to the 6 L scale. The four treatments included; using yeast rehydrated with and without GO-

FERM, and then either directly inoculated into Icewine juice or step-wise acclimatized to the juice

prior to inoculation, as outlined in Figure 3 below.
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Yeast Rehydration

Rus Nutrient

Direct

Inoculation

0.5g/L

Stepwise

Acclimatization

0.5g/L

No Nutrient

Direct Stepwise

Inoculation Acclimatization

0.5g/L 0.5g/L

Figure 3: Large Scale Icewine fermentation design.

i

4.2.4.2.

1

Yeast rehydration with and without GO-FERM

A starter culture of 5. cerevisiae Kl-Vl 1 16 was prepared by rehydrating 20g of commercial

yeast in 200 mL of40°C sterile water for 15 minutes, swirling gently every 5 minutes producing a

starter culture with a yeast concentration of 100 g/L. GO-FERM at 0.3 g/L (60 mg to 200 mL of

water) was either present or absent in the rehydration water.

4.2.4.2.2 Direct inoculation method at one inoculation rate using unfiltered Icewinejuice

Three x 6 L vessels containing unfiltered Icewine juice that was prewarmed to 20°C were

inoculated with 30 mL of the + GO-FERM starter culture, resulting in a starting yeast cell

concentration of approximately 1X10 cells/mL (Figure 4). For the direct inoculation method

using yeast rehydrated without GO-FERM, three x 6 L vessels containing unfiltered Icewine juice

that was preheated to 20°C were inoculated with 30 mL of the without GO-FERM starter culture

resulting in a starting yeast cell concentration of approximately 1X10^ cells/mL.
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Figure 4: Photographs of experimental unfiltered Vidal Icewine fermentation.

4.2.4.2.3 Stepwise acclimatization and inoculation at one rate using unfiltered Icewinejuice.

To acclimatize the rehydrated yeast (with and without GO-FERM) to increasing

concentrations of the unfiltered Icewine juice, an equal volume (1 10 mL) of diluted, 25°C Icewine

juice at 20 Brix was added to the starter cultures (110 mL) resulting in a soluble solids measurement

in the starter culture of approximately 10 Brix. The cultures were then placed in a 25°C water bath

for one hour. The cultures were stirred every 30 minutes. After the hour incubation, an equal

volume of room temperature unfiltered Icewine juice (220 mL) was added to the cultures (220 mL)

to achieve 20°Brix. The cultures were placed in a 20°C water bath for two hours stirring every 30

minutes after which 10 jiL was removed and the cells were examined under a microscope for

budding. Total time for acclimatization was 3 hours and 15 minutes, resulting in a yeast
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concentration in the acclimatized starter cultures, of 25 g/L. For the 0.5 g/L inoculation rate, 120

mL of the acclimatized starter cultures (with and without GO-FERM) were added to 6L of 20°C

prewarmed unfiltered Icewine juice resulting in a starting yeast cell concentration of approximately

1X10^ cells/mL. Six fermentations in total were set up, 3 x 6L using the acclimatized yeast

rehydrated in the absence ofGO-FERM and 3 x 6 L using the acclimatized yeast rehydrated in the

presence ofGO-FERM.

4.2.5 Daily Fermentation Analysis

4.2.5.

1

Determination ofcell concentrations

Each day of fermentation, viable and total cell counts were done in duplicate with each of the

fermentation treatments. The total cell count was determined by diluting 100 |iL ofjuice into 900

\iL of potassium phosphate buffer and then pipeting 10 |J.L of the sample onto a haemocytometer

where it was counted at 40X magnification. The viable cell count was determined using a methylene

blue staining procedure. This procedure involved pipeting 100 jiL of sample into 400 p,L ofpH 7.0

potassium phosphate buffer and adding 500 |xL of methylene blue stain (0.4% methylene blue, 10%

ethanol, 0.2M potassium phosphate buffer). The cells were counted at a 40X magnification and a

lOX dilution was accounted for.

4.2.5.2 Determination ofreducing sugars using Lane-Eynon procedure

The reducing sugars were determined each day of fermentation (including the day of

inoculation). The Lane-Eynon method was used to measure the reducing sugars. This method is

based on a reaction of reducing sugars with the excess alkaline cupric sulfate. (Zoecklein, et

a/., 1995). The reducing sugars are oxidized in this reaction and copper (II) is reduced to copper (I)

oxide under alkaline conditions by the following reaction:
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Reducing sugar + Cu^* -^ Oxidized products + Cu^

3Cu^ + BOH" ^ CuOH + CU2O + H2O

In this procedure, a standard glucose solution (0.5M) reacts with a known volume of alkaline cupric

sulfate and sodium potassium tartrate to an endpoint signaled is the appearance of red copper oxide

precipitate in solution, as well as and the disappearance ofblue from the methylene blue indicator

reaction. The reaction with glucose is the blank reaction and the procedure is then repeated with 1

mL ofwine or a standard glucose solution. The volume of the standard sugar solution required to

complete the standard or wine titration is then subtracted from the blank titration and then directly

related to the reducing sugar content of the wine sample (Zoecklein et al, 1995).

Following the procedure outlined by Zoecklein et al., 1995, the blank reaction is carried out

by adding 70 mL of deionized water to a 500 mL wide-mouth Erlenmeyer flask. A stir bar is added

and then 10 mL of Fehling's solution A (69.3 g cupric sulfate pentahydrate in IL deionized water)

and 10 mL of Fehling's solution B (346 g sodium potassium tartrate, 100 g sodium hydroxide in IL

deionized water) are added to the flask. The flask is then placed on a preheated hotplate/stirrer

underneath the burette of 0.5% dextrose solution (5 g dextrose in 1 L deionized water). 18 mL of the

dextrose solution is then tifrated in and the solution is allowed to come to a boil, at which time 5

drops of methylene blue indicator (5 g methylene blue in 100 mL deionized water) are added. The

solution is then titrated to an endpoint indicated by the disappearance of the blue indicator and the

appearance of a red precipitate in the boiling solution.

The tifration of the standards and wine samples are carried out exactly the same except that 1

mL ofwine is added before the Fehlings solution A and B and the initial addition of dextrose to the

flask is 2 mL less than the expected amount required to carry out the tifration. Samples were diluted

as necessary with water to keep the range of samples to be tested between 0-5 g/L. The reducing

sugars in the wine are then determined using the following formula:

Reducing sugar (g/L) = (B - S) X 0.005 g/mL X F
ImL
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where B is the volume of dextrose required to titrate the blank, S is the volume of dextrose required

to titrate the sample and F is the dilution factor, if there is one.

4.2.5.3 Biomass assessment

Yeast biomass was determined on the day of inoculation, and every day of the fermentation.

Biomass was determined by filtering 5 mL of fermenting must through a 0.45|i sterile, pre-weighed

filter in a bottle top filter unit. The test tube containing the must was then washed three times with 5

mL of water to assure quantitative removal of yeast. The filter was then dried in a drying oven at

60°C for 48 hours. The initial weight of the filter was subtracted fi-om the final weight to determine

how much biomass had been produced. The filtered juice was collected and fi-ozen at -40°C for

acetic acid, glycerol analysis and ethanol at the end of the fermentation.

4.2.6 Postfermentation analysis

4.2.6.1 Acetic AcidAssay

The acetic acid concentration in the wine was determined via an acetic acid enzyme kit that

was obtained fi-om Boehringer-Mannheim (Cat No. 148 261). The four solutions that were required

to carry out the assay were included in the kit. Solution 1 was comprised of (32mL) triethanolamine

buffer (pH 8.4), L-malic acid (134mg) and magnesium chloride (67mg) and stabilizers. Solution 2

consisted of lyophilisate, which was comprised of CoA, NAD"^ and ATP dissolved in 7 mL of

deionized water. Suspension 3 (0.4mL) consisted of L-malate dehydrogenase and citrate synthase.

Three bottles of solution 4 contained lyophilisate acetyl-CoA-synthetase, which was dissolved in

0.25 mL of deionized water prior to use. As well, an acetic acid standard of 0.384 g/L was provided.

Samples at 48 hours interval were from the fermentation were analyzed for acetic acid

concentrations.
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4.2.6. 1 . 1 Theory behind enzyme assay

Fundamentally, the enzyme assay consumed the acetic acid present in a sample

generating NADH, which was spectophotometrically monitored by recording the absorbance at 340

nm. The following formula accounts for the overall reaction:

(1) Acetate + ATP + NAD^ + L-Malate -> Citrate + ADP + NADH + H^ Pi + AMP

Reaction (1) requires 3 reactions to account for the acetic acid dependant NADH formation. The

oxidation ofmalate to oxaloacetate by malate dehydrogenase (MDH) reducing NAD* to NADH is

the indicator reaction of the assay, which is depicted in equation (2)

MDH
(2) L-malate + NAD"^ <^ ^ oxaloacetate + NADH + H*

Reaction (2) is the first to be initiated and comes to equilibrium. An unrelated reaction catalyzed by

acetyl CoA synthase (ACS) generates acetyl CoA from acetate according to equation (3).

ACS
(3) Acetate + ATP + CoA A acetyl CoA + AMP + pyrophosphate

The products of equation (2), oxaloacetate and (3), acetyl CoA are used by citrate synthase to form

citrate according to equation (4).

CS
(4) Acetyl CoA + oxaloacetate + H2O A citrate CoA

The consumption of oxaloacetate in equation (4) drives the indicator equation (2) forward to produce

more oxaloacetate, which corresponds to increasing the reduction ofNAD"*" to NADH. Light

absorbance increases in proportion to NADH concentration (Bergmeyer, 1974). Since the formation

ofNADH is determined by the consumption of oxaloacetate, and oxaloacetate consumption by

citrate synthase depends on acetyl CoA formed fi^om acetate the acetic acid concentration in a juice

or wine sample can be accurately determined.
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4.2.6.1.2 Preparation ofsamples

The selected samples were removed from the freezer and allowed to thaw to room

temperature. If necessary, samples were diluted appropriately with water as per the chart provided

by Boehringer-Mannheim.

4.2.6.1.3 Assayprocedure

The assay was carried out in standard 1 cm path length UV cuvettes. The reaction cuvettes

were prepared according to the fr)llowing table provided by Boehringer-Mannheim:

Pipette into Cuvettes
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where V is the final volume in the cuvette (1.615 mL), MW is the molecular weight of acetic acid

(60.05 g/mol), F is the dilution factor (if there is one), E is the extinction coefficient forNADH at

340 nm (6.3 nunol'cm"'), d is the light path distance of the cuvette (1.0 cm) and v is the volume of

juice sample added (0. 1 mL).

4.2.6.2 Glycerol Assay

The glycerol concentration in the wine was determined via a glycerol enzyme kit that was

obtained from Boerhinger-Mannheim. The three reagents that were required to carry out the assay

were present in the kit. Solution 1 was a coenzyme/buffer mixture comprised of glycine buffer (pH

7.4), NADH, ATP, phosphoenylpyruvate (PEP) and magnesium phosphate. The solution was

dissolved in 1 1 mL of deionized water when it was used. Solution 2 suspension consisted of lactate

dehydrogenase (LDH) and pyruvate kinase (PK). Solution 3 suspension consisted of contained

glycerol kinase (GK). As well, a glycerol standard of 0.394 g/L was provided. Only some of the

samples that were removed fi-om the fermentation were analyzed for glycerol concentrations.

4.2.6.2.1 Theory behind enzyme assay

Fundamentally, the enzyme assay consumed the glycerol present in a sample oxidizing

NADH to NAD*, which was spectophotometrically monitored by recording the absorbance at 340

nm. The following reactions represent the enzymatic principles of the assay :

Glycerokinase

(1) Glycerol + ATP L-glycerol -3-phosphate + ADP

In reaction 1 glycerol is phosphorylated by adenosine-5'-triphosphate to L- glycerol-3-phosphate,

which is catalyzed by glycerokinase.

Pyruvate kinase

(2) ADP + PEP ^ ATP + pyruvate
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In reaction 2 the ADP formed in reaction (1) is converted back ATP by phosphoenolpyruvate

(PEP) in the presence ofpyruvate kinase forming pyruvate.

L-lactate dehydrogenase

(3) Pyruvate + NADH + H! ^ L-lactate + NAD^

In reaction 3, pyruvate is reduced to L-lactate by L-lactate dehydrogenase and oxidizing NADH to

NAD^. The amount ofNADH oxidized in the above reaction is stoichiometric to the amount of

glycerol in the sample.

4.2.6.2.2 Assayprocedure

The assay was carried out in standard 1 cm path length UV cuvettes. The reaction cuvettes

were prepared according to the following table provided by Boehringer-Mannheim:

Pipette into Cuvettes
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(6.3 mmor'cm"'), d is the light path distance of the cuvette (1 .0 cm) and v is the volume ofjuice

sample added (0. 1 mL).

4.2.6.3 Ethanol determination with Gas Chromatography

Ethanol can be determined via capillary gas chromatography (GC). Gas chromatography

consists of two phases. The stationary phase, which is the first phase, is held in a narrow tube of

varying length and the mobile phase, which is the second phase, is forced through the tube under

pressure. The sample to be analyzed is introduced into the machine through an injector port into the

continually flowing mobile phase. A tight band of solute molecules is formed at the head of the

column. The sample is then carried down the column by the mobile phase, usually helium or

hydrogen. The components of the sample create partitions between the mobile phase and the

stationary phase. The separated bands from the sample will emerge from the column in order of

increasing interaction with the stationary phase. Therefore, components that have weak interactions

will move more quickly down the column than those that are strongly retained by the stationary

phase, such as methanol. There are two main types of interactions that exist between solute

molecules and the stationary and mobile phase: (1) Polar interactions and (2) dispersion forces. The

former arises from permanent or induced dipoles and an example of such an interaction would be

hydrogen bonding. The latter gives rise to the interaction where the nonpolar molecules interact

preferentially with the nonpolar phases. Once the components in the sample have separated, they

elute from the column into the detector, which will send a response to the computer terminal. Two

examples of detectors are a thermal conductivity detector (TCD) and a Flame Ionizing Detector.

The results are plotted in the form of a detector response versus the time taken for each component

to be eluted. This plot is called a chromatogram.

Ethanol was measured using a GC from Agilent equipped with a Carbowax column (30m x

0.23nim x 0.25um). For the ethanol determination, standards were first prepared with an internal

standard present such that a standard curve could be generated. The internal standard allows one to
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prepare a calibration graph by plotting the ratio of the analyte peak area to the internal standard

peak area against the standard concentrations. This internal standard possesses similar properties,

such as boiling point and polarity, to the analyte. The concentration of the analyte in the sample is

then determined from the calibration curve. For this experiment, 1-butanol was used as the internal

standard. Therefore, 10 |iL of 1-butanol was added to 4.99 mL of the sample to be analysed, and

then 0.5 ^L of the mixture was injected into the GC. The sample was injected into the heated port.

The oven temperature was set at 60°C increase to 125°C at 6°C/ min and then increased at 225°C at

20°C/min.

4.2.6.3.

1

Ethanol standard curve generation using GC

A 9-point calibration curve (see Appendix) was generated using 0.2%, 0.4%, 0.6%-1.3%

ethanol standards (v/v). An internal standard of2% (v/v) 1-butanol was added to each volumetric

flask. All of these standards were injected into the column in triplicate to ensure accuracy.

4.2.6.3.2 Determination ofethanol in the wine using GC

The samples that were to be used for ethanol determination were taken out of the

fermentation vessels at selected times and then frozen down at -30°C until they were used. Prior to

ethanol determination, the sample was then thawed. Icewine juice and wine samples were first

diluted 10 fold in water (1 mL ofjuice/wine sample with 9 mL of Milli-RO water), then 10 fiL of

internal standard was added to 4.99 mL ofjuice (or wine) to make a final 5 mL volume. The 20°

Brix and 40° Brix fermentation were monitored throughout while the other fermentations were only

determined at the beginning and end of the fermentation. All samples were injected in duplicate, the

ratio of the analyte peak area to the internal standard peak area was then calculated and the ethanol

concentration in the sample was then determined by interpolation using the peak area ratio for the

sample and the ethanol standard curve.
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4.2.6.4 Filtration and bottling ofmicrofermentation Icewines

Once fermentations were determined to be finished, the Icewines were racked and

centrifuged at 10 OOOrpm@ 4°C for 10 minutes. Then potassium sorbate was added at 200 mg/L

and potassium metabisulfite was added at 100 mg/L. The wines were then sterile filtered with a 45

^m 47 mm diameter membrane into sterile one-liter bottles. After the wines were sterile filtered,

they were aseptically transferred into sterile 375 mL Icewine bottles, sparged with CO2 and corked

with natural corks. The wines were stored in the wine cellar at CCOVI, Brock University, Canada

until required for sensory evaluation.

4.2.6.5 Organoleptic evaluation ofmicrofermentations

The higher inoculation rate microfermentation trials were organoleptically evaluated using a

discrimination test. A triangle test was used for this purpose. In a triangle test 2 samples are

compared to each other. Panelists receive 3 coded samples and are told 2 of the samples are the

same, while one is different. In this study the panelists were instructed to smell only each sample, in

the order presented (all three samples are presented at the same time), and indicate which sample is

the different one. Nine panelists were recruited to evaluate each pair of samples twice, for a total of

1 8 observations per paring. Six pairs were evaluated. The test was designed so that each of the 6

pairs was randomized in presentation order to eliminate an order or carry over effect. Prior to the

discrimination test, within treatment replications were assessed at the bench level for similarity.

Replications, which were the same, were then blended together to mcrease the volume ofwine per

treatment. Blending of the 500 mL replicate treatments was required for discrimination test.

Significant differences between each pair of wines were determined based on the number of correct

responses out of 1 8.
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4.2.6.6 Filtration and bottling oflarge scalefermentation Icewines

Once the fermentations stopped and were racked, 100 ppm ofpotassium metabisulfite was

added and the wines were placed in a -2°C cooler. After 5 days of settling the wines were racked,

then left to settle for 5 more days then racked again. The wines were filtered through a 3 p.m

polyguard prefilter, then l^m polyguard prefilter, then 0.5 ^m polyguard prefilter, and 0.3^m

polyguard prefilter. After the prefilter stages, the wines were filtered through a 0.5 |j,m nominal

Opticap XL with a 1 .2 ^m prefilter after which potassium sorbate was added at 200 mg/L and

potassium metabisulfite was added at 100 mg/L. The wines were then sterile filtered with a

Millipore Durapore 0.45|im membrane filter into 750mL sterile wine bottles, sparged with CO2 and

corked with natural corks. The wines were stored in the wine cellar at CCOVI, Brock University,

Canada until required for sensory evaluation.

4.2.6.7 Organoleptic evaluation oflarge scalefermentations

4.2.6.7.1 Panel Training

The panel was trained during 3 two-hour sessions, one session per day, for three consecutive

days. The training was followed by 3 days of product evaluation, resulting in 3 replications of 12

Icewines. Each session was approximately 2 hours in length. A high protein snack was provided to

the panelists at the conclusion of each session.

During training and evaluation sessions, 20 mL wine samples were served at approximately

20°C in ISO glasses. Each glass was covered with a Petri dish bottom.

At the first training session, panelists encoiuitered 6 Icewine samples from the various

fermentation trials (samples 1, 2, 3, 4, 7, 8 and 10 as listed in table 2), from which many descriptive

terms were elucidated for aroma taste and flavour assessment. Each panelist was provided with a

paper ballot (see appendix). Wine samples were coded. Panelists were asked to evaluate each of the

6 wines for aroma first. Aroma evaluation was conducted both before and after stirring the wine
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glass for approximately 3 seconds. Stirring is equivalent swiriing the wine in the glass via

clockwise or counterclockwise manner. Panelists were encouraged to evaluate wines independently

and record aroma attributes for each product. After independent work, the wines were removed, new

recoded samples were presented and the same exercise repeated but for aroma in mouth (flavour),

taste and texture. After independent work, panelists debriefed with the panel leader to discuss the

products and attributes. All wines were present during the debriefing and panelists were encouraged

to discuss similarities and differences among the wines.

Aroma quality references for frequently used terms were then made available to panelists to

help learn and align the developing Icewine vocabulary. The qualitative references were made in

30mL cups with lids. Some quality references were prepared from real natural products (e.g. Apple=

apple juice) while others were from aroma kit standards (e.g. Melon= Q-tip dip from melon

reference of the Wine Awaking Inc. Chardonnay aroma kit.). Listings of all references are included

m Table 1 . References from aroma kits (Wine Awakenings Inc. and FlavorSense Inc.) were prepared

by dipping a Q-Tip into the aroma vial and then placing the Q-Tip into the reference cup.

Approximately 5mL of other liquid standards were placed into the cup, as well as about 1 tablespoon

of solid references were placed into the cups. All references were made fresh and in triplicate to

provide enough available references for each panelist to review. Each cup was labeled with the

aroma represented.

During the second fraining session, aroma quality references were available. Panelists

evaluated 8 of the 12 Icewines (3, 5, 6, 7, 9, 10, 1 1, and 12) from table 2 using Compusense five

version 4.6 software. At this point the panelists were presented with the samples on various aroma

and flavour attributes, which were determined after session 1 discussion and review of each panelists

ballot. The attributes were evaluated on a to 100 point scale (note: scale values were not provided

to panelists). The scale was a structured line scale with 4 intervals and end marks. In addition to the

line scale, panelists were provide with a checklist of additional attributes that the could check off it

detected as well as a comment question was provided for each sample in the event panelists required
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to make further notes on the product. Session 3, the final training session, was similar to session 2

but panelists evaluated all 12 Icewine samples monadically. The same experimental conditions

during this session followed for the remaining evaluation sessions.

After the 3"* training session, data from the training session 2 and 3 on replicated samples

was used to confirm a satisfactory level of training and panelist reproducibility. This was

statistically supported by a repeated measures analysis of variance, (i.e. p value of the interaction

term for the majority of the attributes was < 0.05).

4.2.6.7.2 Icewine evaluation

After panel training, the 12 Icewines were evaluated in triplicate over 3 days. Each panellist,

each day evaluated 12 wines (Table 2). During the evaluation sessions, (as with training sessions)

samples were served monadically to each panellist according to a 12 sample Williams design. All

data collection was done using Compusense five version 4.6 software. Each attribute was rated on a

to 1 00 point scale with the verbal anchor NONE on the far left, to INTENSE on the far right, with

the exception of the 'viscosity' attribute, which was labelled THIN on the far left to THICK on the

far right. A structured linescale was used for all attributes. The 4 intervals of the scale were

demarkated at 0, 25, 50, 75 and 100 points, (see Appendix 1 for sample ballots)

The 12 samples consisted of a bottle from each of the 3 experimental replications for the No-

GO-FERM treatment, Step-wise with no GO-FERM treatment, GO-FERM treatment and Step-wise

with GO-FERM treatment, respectively (Table 2). Breaks between each sample were timed and

mandatory. During the breaks panellists were encouraged to rinse with water and unsalted crackers

to reduce fatigue and carry over effects. Between samples 1 and 2, 2 and 3, 3 and 4 there was a 1.5-

minute break. Between samples 4 and 5 there was a 10-minute break. Between samples 5 and 6, 6

and 7, 7 and 8 there was a 1 .5-minute break. Between samples 8 and 9 there was a 10-minute break.

Finally, between samples 9 and 10, 10 and 11,11 and 12 there was a 1.5-minute break. These

breaks were determined by the panel leader and the panellist during training sessions to minimize
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fatigue and carry over between each sample evaluation. Evaluations were conducted at

Compusense Inc. in Guelph, in their computerized sensory lab. Each panelist conducted their

evaluations in a isolated sensory booth to avoid any environmental distractions. Aroma standards

developed during the previous training sessions were available to the panelists prior to and during

each session for reference.

Table 1 : Reference standards used by descriptive panel to describe the aroma and oral

sensations elicited by Icewines

Aroma / Flavour Attributes

APPLE (Allen's canned apple juice) 5 mL in

jar

PEAR (Vita Sana pear nectar) 5mL in

plastic SOLO cup with lid

PEACH (Equally peach juice) 5mL in plastic

SOLO cup with lid

MELON (Wine Awakenings Inc. melon std)

Q-tip in plastic SOLO cup with lid

APRICOT (Dried apricot) 3 whole pieces in

^astic SOLO cup with lid

PINEAPPLE (Dole juice 100% pure) 5mL
in plastic SOLO cup with lid

BANANA (Club house imitation extract) Q-

tip in plastic SOLO cup with lid

GRAPE (Muscat std) 5mL in plastic SOLO
cup with lid

CITRUS (FlavorSense Inc. white wine kit)

^-tip in plastic SOLO cup with lid

ORANGE / MARMALADE (PC Seville

^

orange marmalade) 1 tbsp in plastic SOLO
cup with lid

FLORAL / ELDERFLOWER (Bottle

green elderflower presse) 5mL in plastic

SOLO cup with lid

BUTTER (FlavorSense Inc. white wine kit) Q
tip in plastic SOLO cup with lid

HONEY (No Name Buckwheat/clover

1tbsp in plastic SOLO cup with lid

SWEET AROMATICS (Vanilla /Carame
Brown Sugar) (Vanilla & Caramel FlavorSense

white wine kit, Brown sugar) Q-tip and 1tbsp in

_plastic SOLO cup with lid ____________________

SPICY / CLOVES (FlavorSense Inc. red win*

kit) Q-tip in plastic SOLO cup with lid

ALCOHOL 5mL of Alcool in plastic SOLO cup
j

with lid

RED CURRANT (PC redcun-ant jelly)

Itbsp in plastic SOLO cup with lid

TURPENES / RESINOUS / PINE
RESIN (Malamatina retsina) 5mL in plastic

^OLO cup with lid

RAISIN (Thompson seedless raisins) ten

raisin in plastic SOLO cup with lid

jyiouthfeel

Viscosity (thin to thick)- resistance to movement around the mouth._
(Carboxymethlycellulose 4 g/L)
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Table 2: Variety and yeast treatment used for large scale Icewine fermentations

Yeast treatment jSample

number
1

2
'3

4

5

6

7

S

9

10

Variety

Vidal

Vidal

VidaT

Vidal ^
Vidal"

Vidal

Vidal

Vidal

Vidal

Vidal

i

Vidal

! Vidal

Direct inoculation without the addition ofGO-FERM rep#l

^irect inoculation without the addition ofG0-FERMrep#2

Direct inoculation without the addition ofGO-FERM rep#3

Step-wise inoculation without the addition ofGO-FERM rep#l

Step-wise inoculation without the addition ofGO-FERM rep#2

Step-wise inoculation without the addition ofGO-FERM rep#3

Direct inoculation with the addition ofGO-FERM rep#l

JDirect inoculation with the addition ofGO-FERM rep#2

Direct inoculation with the addition ofGO-FERM rep#3

^ejp-wi^e inoculation with the addition ofGO-FERM rep#l^

-«mm

Step-wise inoculation with the addition ofGO-FERM rep#2

Step-wise inoculation with the addition ofGO-FERM rep#3

4.3 Statistical Analysis

SPSS statistical software package release 1 1 .5 (SPSS, Chicago, 111.) was used for data analysis.

Statistical methods used for data analysis were analysis of variance (ANOVA) with mean separation

by Fisher's Least Significant Difference (LSD).

Sensory data was analysed using Senstools Ver.3.1 (OP&P, Netherlands) and Compusese five

version 4.6. Initially the 12 wines analyzed with multivariate analysis to determined if any

wine*replication interaction was significant (p=0.825), and data analysis was retested using

combined data within treatment replication using analysis ofvariance with mean separation by

Fisher's Least Significant Difference. PCA analysis was performed on the combined data using a

correlation matrix, and an unrotated solution.
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5.0 Results

5.1 Pre-fermentation analysis

5.1.1 Sterility testing offilteredjuice

To confirm the sterility of the filtered Vidal Icewine juice, samples of unfiltered and filtered

juices were plated out onto malt extract media and observed for microbial growth. Figure 1 displays

a photograph of the three plates used to validate the juice sterility. The photograph shows the

growth or the lack of microorganisms on the (100 fold) coarse filtered plate, (100 fold) medium

fihered plate, and (100 fold) fine filtered plate and sterile filtered plate inoculated with Icewine juice.

Coarse fihered juice contained a variety of organisms able to grow on malt extract media at various

dilutions, but juice filtered through 0.22nm filter did not show any microbial growth.

Figure 5: Microbial population in Icewine juice during filtration. Photograph ofYPD agar

plates spread with juice after 2 days of inoculation with lOOjiL of 100 fold diluted Vidal Icewine

juice. (A) coarse filtration, (B) medium filtration, (C) fine filtration, and (D) sterile filtration.
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5. 1 .2 Juice analysis

The Icewine juice was analyzed for "Brix, pH, T.A, free and total SO2, total assimilable nitrogen

and acetic acid content before freezing at -40°C, after the juice was thawed and after sterile filtration.

It is apparent that processing of the juice had no significant effect on the juice composition (Table 3).

The loss of titratable acidity upon thawing the frozen juice was most likely due to potassium

bitartrate precipitation. The slight dilution of Icewine juice through the extensive pad filtration

process resulted in the final sterile-filtered juice being slightly less concentrated. All parameters

were adequate to allow a healthy fermentation to proceed. The sterile juice had a low initial acetic

acid concentration, sufficient total assimilable nitrogen of 322 mg N/L to support yeast growth and

low sulfur dioxide levels to avoid fiirther stress on the wine yeast (Hein and Inglis, 2002). The high

soluble solids, high titratable acidity and low pH of the Icewine juice provided a stressful

environment for the yeast growth and fermentation, as observed overall by the lengthy fermentations

(Figure 6A, and B), low biomass accumulation (Figure 7A, and B), low peak cell concentrations

(Figure 8A and, B) and high glycerol (Table 4) and acetic acid production (Table 4).

Table 3: Prefermentation assays of the unfiltered and sterile filtered Vidal Icewine juices.

"Brix, pH, titratable acidity, free and bound S02, assimilable nitrogen and acetic acid were tested in

the Icewine juice before and after freezing at -40''C and sterile filtration. All tests were done in

duplicate except for the °Brix and pH. nd*: not detectable

Parameters

mm:
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5.2 Sterile Icewinefermentation analysis

5.2. 1 Sugar consumption in sterilefermentations

In comparing the sugar consumption rates for the various sterile fermentations, the

fermentations carried out at the lower yeast inoculum rates resulted in slower sugar consumption and

less total sugar consumed, regardless of the inoculation method or the presence of the added

micronutrients (Figure 6A,B). As outlined in Table 4, in the absence of GO-FERM, acclimatizing

yeast cells to Icewine juice versus direct inoculation for both inoculation rates, resulted in a

significant increase in sugar consumed. In the presence ofGO-FERM, yeast acclimatization showed

no significant increase in sugar consumption over that found using the direct method (Table 4).

However, the inclusion ofGO-FERM during yeast rehydration increased the sugar consumption rate

and resulted in the fermentations stopping after approximately 300 hours across all treatments

opposed to requiring 400-450 hours in the absence ofGO-FERM.

Table 4: Yeast metabolites in final Icewines (+ standard deviation)

Yeast





450
-0.2 g/L No GO-Ferm added

- 0.5 g/L No GO-Fennti added

- 0.2 g/L Step-wise No GO-Ferm added
- 0.5 g/L Step-wise No GO-Ferm added
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100 200 300 400

Time (hours)

500 600 700

B 450

400

-0.2 g/L GO-Ferm added

- 0.5 g/L GO-Ferm added

- 0.2 g/L Step-wise GO-Ferm added

- 0.5 g/L Step-wise GO-Ferm added

300 400

Time (hours)

700

Figure 6: Sugar consumption during Vidal Icewine fermentation. Icewine juice was inoculated

with K1-V1116 rehydrated in the absence (A) or presence (B) ofGO-FERM yeast nutrient.

Four different inoculation methods included 0.2 g/L yeast directly inoculated after rehydration, 0.2

g/l. yeast step-wise conditioned to the juice prior to inoculation, 0.5 g/L yeast directly inoculated

after rehydration and 0.5 g/L yeast step-wise conditioned to the juice prior to inoculation. Reducing

sugar values represent the average ± standard deviation of the mean of triplicate fermentations for

the 0.5 g/L trials and duplicate fermentations for the 0.2 g/L trials.
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5.2.2 Biomass determination in sterilefermentations

Dry biomass was measured daily throughout the course of the fermentations as an indicator

ofyeast growth. Lower yeast inoculum rates into Icewine juice resulted in lower biomass

accumulation, regardless of the addition ofGO-FERM to the rehydration water or yeast

acclimatization (Figure 7 A and B). The addition ofGO-FERM to the rehydration water increased

the rate of biomass buildup for each condition tested, but was most noted at the 0.5 g/L inoculation

rates (Figure 7 B). Acclimatizing yeast to juice with and without the addition ofGO-FERM, in

comparison to direct inoculation, increased the peak yeast biomass attained (Figure 7 A and B)
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0.2 S(/L No GO-Ferm added

0.5 g/L No GO-Ferm added

0.2 g/L Step-wise No GO-Ferm added

0.5 g/L Step-wise No GO-Ferm added

100 200 300 400

Time (hours)

500 600 700

100 200 300 400

Time (hours)

500 600 700

Figure 7: Biomass accumulation during Vidal Icewine fermentation. Icewine juice was

inoculated with Kl-Vl 1 16 rehydrated in the absence (A) or presence (B) ofGO-FERM yeast

nutrient. Four different inoculation methods included 0.2 g/L yeast directly inoculated after

rehydration, 0.2 g/L yeast step-wise conditioned to the juice prior to inoculation, 0.5 g/L yeast

directly inoculated after rehydration and 0.5 g/L yeast step-wise conditioned to the juice prior to

inoculation. Biomass values represent the average ± standard deviation of the mean of triplicate

fermentations for the 0.5 g/L trials and duplicate fermentations for the 0.2 g/L trials
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5.2.3 Total cell concentration in sterilefermentations

Similar trends to those found for yeast biomass throughout the Icewine fermentations were

also observed for total cell growth. Lower yeast inoculum rates into Icewine juice resulted in lower

peak cell concentrations regardless of the addition ofGO-FERM to the rehydration water or yeast

acclimatization. The addition ofGO-FERM to the rehydration water allowed the cells to reach a

higher cell concentration in a shorter time period, observed through the increased exponential growth

rate. For cells rehydrated in the presence ofGO-FERM, cells stopped dividing and entered

stationary phase 100 hours into the fermentation, but reached a higher cell concentration in

comparison to the cells lacking GO-FERM (Figure 8 A and B).
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Figure 8: Total cell accumulation during Vidal Icewine fermentation. Icewine juice was
inoculated with Kl-Vl 1 16 rehydrated in the absence (A) or presence (B) ofGO-FERM yeast

nutrient. Four different inoculation methods included 0.2 g/L yeast directly inoculated after

rehydration, 0.2 g/L yeast step-wise conditioned to the juice prior to inoculation, 0.5 g/L yeast

directly inoculated after rehydration and 0.5 g/L yeast step-wise conditioned to the juice prior to

inoculation. Cell count represent the average ± standard deviation of the mean of triplicate

fermentations for the 0.5 g/L trials and duphcate fermentations for the 0.2 g/L trials.
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5.2.4 Viable cell concentrations during sterilefermentations

The viable cell counts resembled a typical yeast growth curve; an exponential phase, short

stationary phase and decline phase. However, between the fermentations, the number of viable cells

differed. Higher inoculation rates showed a higher population of viable cells (Figure 9A and B).

Step-wise conditioning the cells at either inoculum level demonstrated a higher population of viable

cells (Figure 9A and B). The addition ofGO-FERM to the rehydration water caused a higher

population of viable cells than without GO-FERM (Figure 9A and B). Based on peak cell

concentration (Figure 9A and B) at the 0.2 g/L inoculation rates, cells doubled 3 to 4 times before

entering stationary phase, whereas at 0.5 g/L, the cells only doubled 2 to 3 times.
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Figure 9: Viable cell accumulation during Vidal Icewine fermentation. Icewine juice was
inoculated with Kl-Vl 1 16 rehydrated in the absence (A) or presence (B) ofGO-FERM yeast

nutrient. Four different inoculation methods included 0.2 g/L yeast directly inoculated after

rehydration, 0.2 g/L yeast step-wise conditioned to the juice prior to inoculation, 0.5 g/L yeast

directly inoculated after rehydration and 0.5 g/L yeast step-wise conditioned to the juice prior to

inoculation. Cell count values represent the average ± standard deviation of the mean of triplicate

fermentations for the 0.5 g/L trials and duplicate fermentations for the 0.2 g/L trials.
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5.2.5 Yeast metabolite analysis in sterilefermentations

5.2.5. 1 Metabolites in Final Wines

The concentrations of ethanol, glycerol and acetic acid in the final wines are recorded in

Table 4. The lower inoculum level of 0.2 g/L, regardless of cell acclimatization or addition of GO-

FERM, only produced 60-65 g/L of ethanol (7.5-8.1% v/v) before the cells stopped consuming

sugar. At the higher inoculum level of 0.5 g/L, step-wise acclimatizing the cells to Icewine juice

without the inclusion ofGO-FERM during rehydration consumed the highest amount of sugar at 238

± 4 g/L and produced the highest amounts of ethanol 95.5 ± 4. Ig/L (12% v/v) and glycerol at 1 1 .9

g/L in comparison to the other treatments (Table 4). The concentration of acetic acid in the final

wines did not differ significantly across all treatments and ranged between 1.11 and 1.25 g/L (Table

4).

Since yeast consumed varying amounts of sugar under the different experimental treatments,

to compare the effect that the treatments had on yeast metabolite production, metabolites were

determined at time points where the same amount of sugar had been consumed for each treatment.
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5.2.5.2 Metabolites after 165 g/L sugar consumed

To compare all the treatments, metabolites were compared after 165 g/L sugar was consumed

(Table 5). After this amount of sugar was consumed, inoculation rate and acclimatization showed

little effect on altering ethanol, glycerol or acetic acid values. However, GO-FERM did lower acetic

acid production for each treatment tested.

Table 5: Yeast metabolites in Icewines after 165g/L sugar consumed (± Std dev)

Yeast
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5.2.5.3 Metabolites after 200 g/L sugar consumed

For wines inoculated at 0.5 g/L, the metabolites produced after 200 g/L of sugar was

consumed were measured (Table 6). In the absence ofGO-FERM, step-wise acclimatization of the

cells did not result in any significant difference in ethanol, glycerol or acetic acid concentration in

the wines, although step-wise conditioned cells consumed 200 g/L of sugar in 336 hours, in

comparison to the 408 hours required by the cells directly inoculated into the juice (Figure 6 A). For

both the step-wise acclimatized cells and cells directly inoculated into juice, the presence of GO-

FERM during yeast rehydration significantly reduced the time required to ferment 200 g/L of sugar,

to only 288 hours for both conditions and reduced the ethanol concentration in the wines by 1 1 .9 and

13.5 g/L respectively (Table 6). Glycerol and acetic acid concentrations were not affected (Table 6).

There were no significant differences in glycerol and acetic acid concentration across all four

treatments of the sterile fermentations (Table 6).

Table 6: Yeast metabolites in Icewines after 200g/L sugar consumed (± Std dev)

Yeast
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5.2.5.4 Acetic acidproduction as afunction oftime or as afunction ofsugar consumed

In addition to yeast consuming varying amounts of sugar in each treatment, the yeast also

consumed sugar at varying rates (Figure 6A and B). To determine the effect that rehydrating the

cells in the presence or absence of GO-FERM, and the effect that inoculation method had on acetic

acid production, acetic acid was measured throughout the course of the fermentations and plotted as

a function of time as well as a function of sugar consumed for each inoculation treatment. At both

the 0.2 g/L (Figure lOA-D) and 0.5 g/L (Figure 1 1A-D) inoculum levels, the total amount of acetic

acid in the final wines did not differ across all treatments. The rate of acetic acid production as a

function of time was faster at the higher inoculum level, as observed by comparing acetic acid

production without GO-FERM in Figure lOA and B to Figure 1 1A and B. The rate of acetic acid

production for cells directly inoculated into juice was not changed by the presence, or absence, of

GO-FERM during rehydration for both the 0.2 g/L (Figure lOA) and the 0.5 g/L (Figure 1 1A)

inoculimi level. Similarly, GO-FERM had no impact on the rate of acetic acid production as a

function of time for the step-wise acclimatized cells at both the 0.2 g/L (Figure lOB) and the 0.5 g/L

(Figure lOB) inoculum level. There were no significant three-way interaction of inoculum level x

inoculation method x GO-FERM observed for any yeast metabolites.

However, the inclusion ofGO-FERM reduced acetic acid production as a fiinction of sugar

consumed for each treatment tested. For the 0.2 g/L treatments of direct inoculation or step-wise

acclimatization, acetic acid was lower in the GO-FERM samples for a given amount of sugar

consumed, up to approximately 165 g/L sugar consumed, after which, no significant differences with

and without GO-FERM were observed (Figure IOC, D). For the 0.5 g/L treatments of direct

inoculation or step-wise acclimatization, acetic acid was lower in the GO-FERM samples up to

approximately 1 80 g/L sugar consumed, after which no significant differences with and without GO-

FERM were observed (Figure 11C,D). For the direct inoculation of yeast into Icewine juice at both

0.2 and 0.5 g/L, there was a sharp increase of acetic acid released into the wine once the cells
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stopped consuming sugar but before they were removed from the wines (Figure IOC and Figure



rr
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Figure 10: Production of acetic acid during Icewine fermentation at the 0.2 g/L inoculum rate.

Acetic acid production was plotted versus time (A,B) and versus sugar consumed (C,D) for yeast

directly inoculated into juice (A,C) or step-wise conditioned to juice prior to inoculation (B,D). The

yeast nutrient GO-FERM was either absent (-GO-FERM) or present (+GO-FERM) during yeast

rehydration for each condition tested. Values represent the average ± standard deviation of the mean
from dupUcate fermentations.
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Figure 11. Production of acetic acid during Icewine fermentation at the 0.5 g/L inoculum rate.

Acetic acid production was plotted versus time (A,B) and versus sugar consumed (C,D) for yeast

directly inoculated into juice (A,C) or step-wise conditioned to juice prior to inoculation (B,D). The

yeast nutrient GO-FERM was either absent (-GO-FERM) or present (+GO-FERM) during yeast

rehydration for each condition tested. Values represent the average ± standard deviation of the mean

from triplicate fermentations.
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5.3 UnfiUered Icewinefermentation analysis

Icewine juice that was not sterile filtered (unfiltered) was used to assess the impact that

inoculation method and micronutrients would have on the fermentation kinetics, yeast metabolites

released into the wine and on the sensory profile of the resultant Icewines under conditions that more

closely resembled those found in industry. These fermentations differed from the previous

fermentations in that the juice was unfiltered, to more closely match commercial conditions, only the

treatments at the 0.5 g/L inoculation rate were tested, and the fermentation volumes were 6 L to

provide a sufficient volume ofwine to perform a descriptive analysis on the resultant wines. The

fermentation treatments were as follows: fermentations were inoculated with 0.5 g/L of yeast that

were rehydrated with or without GO-FERM, and then either directly inoculated into warmed juice or

step-wise acclimatized to the juice prior to inoculation. The fermentations were monitored daily for

the first six days then every 48 hours until fermentations were determined to be complete, with

200g/L sugar consumed targeting 10% v/v ethanol in the wines.

5.3.1 Sugar consumption in unfilteredfermentations

In the absence ofGO-FERM, acclimatizing yeast cells to Icewine juice, versus direct

inoculation resulted in a significant decrease in the time required to consume 200 g/L of sugar

(Figure 12). When GO-FERM was present during yeast rehydration, the fermentation time was

further reduced between the two inoculation methods, with the step-wise acclimatized cells

consuming 200 g/L of sugar in approximately 350 hours, 100 hours earlier then the cells directly

inoculated into the juice.
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Figure 12: Sugar consumption during unfiltered Vidal Icewine fermentation. Icewine juice was

inoculated with Kl-Vl 1 16 rehydrated in the absence or presence ofGO-FERM yeast nutrient. Two
different inoculation methods included 0.5 g/L yeast directly inoculated after rehydration and 0.5 g/L

yeast step-wise conditioned to the juice prior to inoculation. Reducing sugar values represent the

average ± standard deviation of the mean of triplicate fermentations for the 0.5 g/L.
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5.3.2 Biomass determination in unfilteredfermentations

Dry biomass was to be monitored daily throughout the course of the fermentation as an

indicator of yeast growth. Due to additional particulate material in the unfiltered juice, the

fermentation samples were impossible to filter through the membrane filter in one step to be able to

collect yeast biomass. Therefore, biomass measurement was not determined for the unfiltered

fermentations.

5.3.3 Total cell concentration in unfilteredfermentations

Total cell concentrations were followed throughout the fermentations and are presented in

Figure 13 for each treatment. The exponential growth phase occurred during the first 100 hours of

the fermentation, after which cells entered stationary phase. Yeast that were rehydrated with GO-

FERM and step-wise acclimatized to the juice showed the highest cell concentration. Cells directly

inoculated into the juice showed lower peak cell concentrations, although the differences across all

treatments were not very large (Figure 13).
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Figure 13: Total ceU accumulation during unfiltered Vidal Icewine fermentation. Icewine juice

was inoculated with Kl-Vl 1 16 rehydrated in the absence or presence ofGO-FERM yeast nutrient.

Two different inoculation methods, 0.5 g/L yeast directly inoculated after rehydration and 0.5 g/L

yeast step-wise conditioned to the juice prior to inoculation. Cell counts represent the average ±
standard deviation of the mean of triplicate fermentations for the 0.5 g/L trials.
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5.3.4 Viable cell concentration in unjilteredfermentations

The highest viable cell concentrations were found in fermentations using yeast rehydrated

with GO-FERM that were step-wise acclimatized (Figure 14A and B), which also corresponds to the

treatment consuming 200 g/L of sugar in the shortest time. The viable cell concentrations

throughout the fermentations showed the same trends whether the viable cells were measured by

methylene blue staining and counting with a haemocytometer or by plating out a sample and

counting the colony forming units per plate. Step-wise acclimatization of the cells increased the

viable cell concentration over that found with the direct inoculation method. The positive effect of

GO-FERM on increasing the viable cell concentration was observed for both the direct and step-wise

acclimatization inoculation methods.
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Figure 14: The change in the viable cell concentrations in four fermentations using unfiltered

Icewine juice. Unfiltered Vidal Icewine juice was inoculated with Kl -VI 1 16 at 0.5 g/L using two

inoculation methods (direct and stepwise acclimatized) and yeast rehydrated in the presence or

absence ofGO-FERM. Viable cell counts were monitored microscopically using methylene blue

staining and a haemocytometer (A). Colony forming units were determined by plating out a sample

of the fermentation on YPD and counting colonies (B).
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5.3.5 Yeast metabolite analysis in unfilteredfermentations

5.3.5. 1 Yeast metabolite data after 200 g/L sugar consumed

In the absence ofGO-FERM, during rehydration, cells directly inoculated into unfiltered

Icewine juice at 0.5 g/L reached the target ethanol level of 10 % v/v, but produced the highest

amount of acetic acid (1.7 g/L) and glycerol (10 g/L). Step-wise acclimation of the cells further

increased the ethanol concentration, while reducing the amount of sugar converted to acetic acid and

glycerol, indicating that the cells had a reduced yeast stress response after the acclimatization

procedure (Figures 16 and 17). For both inoculation methods, rehydrating the cells with GO-FERM

reduced the ethanol, acetic acid and glycerol concentrations in the wines (Figures 15, 16, and 17).

However, the treatments did not reduce each metabolite by the same factor. In comparing the ratio

of acetic acid to ethanol (Figure 18) and the ratio of glycerol to ethanol (Figure 19), step-wise

acclimatized cells had a large, significant impact on reducing both these metabolites relative to

ethanol, indicating that the yeast stress response had been reduced by acclimatizing the cells.

However, the GO-FERM treatment only significantly reduced the acetic acid produced relative to

ethanol, but had little effect on reducing glycerol (Figure 18 and 19).
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Figure 19: Ratio of glycerol produced to lOOg of ethanol produced in four unfiltered Icewine

fermentations. Unfiltered Vidal Icewine juice was inoculated with Kl-Vl 1 16 at 0.5 g/L using two

inoculation methods (direct = 0.5g/L and stepwise acclimatized = O.Ssw g/L) and yeast rehydrated in

the presence ( ) or absence ofGO-FERM («). Significance is indicated by lower case for all

conditions, and by * or NS for individual treatments, using ANOVA and LSD at p<0.05.
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5.3.5.2 Acetic acidproduction as aJunction oftime or as aJunction ojsugar consumed

Acetic acid production as a function of time (Figure 20 A) and as a function of sugar

consumed (Figure 20 B) was monitored for each of the treatments. For a given amount of sugar

consumed, the unfiUered juice treatments contained less acetic acid produced by the yeast when the

yeast was rehydrated with GO-FERM. This is contrary to what was found in the small

microfermentations, the acetic acid values remained significantly lower in the GO-FERM treatments

throughout the entire fermentation.





80

A





81

5.3.6 PCA ofchemical data ofunfilteredlcewinefermentations

The first two components of the chemical mean data of the bottled Icewines (Table 7)

accounted for 98% of the variation exhibited by the Icewines (Figiire 21). Acetic acid and glycerol

were highly correlated, as indicated by the small angles separating their eigenvectors. The

approximate 1 80° angle separation between sugar consumed and TA indicates that these measures

were negatively correlated. The relative length of all eigenvectors in Figure 21 indicated that the

attributes all contribute equally to the explanation of variation of the Icewines.

Table 7: Yeast metabolites in Icewines after bottling (± Std dev)

Yeast
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PCA Results (Correlation) : dimension 1 versus 2 on chemical measurements
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Figure 21: Principal component analysis of mean chemical data of bottled Icewines from the

yeast rehydration and inoculation treatments (n=12)

Hac= Acetic acid

TA= Titratable acid

EtOH= Ethanol

SW= Step-Wise acclimated rehydration

SW GO= Step-Wise acclimated rehydration with GO-FERM
Direct= Direct inoculation

Direct G0= Direct inoculation with GO-FERM
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5.4 Sensory data ofunfilteredlcewinefermentations

5.4. 1 Effect ofyeast treatments on unfiltered Icewine attributes

Wines resulting from the direct inoculation treatment tended to have more spice, raisin and

orange/orange marmalade aroma intensities (Figure 22, Table 8). Wines resulting from the Step-

wise inoculation treatment were characterized by peach and resinous aromas, and less orange/orange

marmalade aroma (Figure 22). Wines resulting from the direct inoculation treatment using GO-

FERM rehydrated cells, were primarily described having a higher alcohol aroma intensities whereas

the wine resulting from the Step-wise inoculation treatment, using GO-FERM rehydrated cells were

determined to have more intense peach, alcohol, spice and orange/orange marmalade aromas (Figure

22, Table 8).
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Figure 22: Mean sensory profile of descriptive analysis of unfiltered Icewine yeast rehydration

and inoculation treatments (n=12). Only significant attributes are shown. b= aroma before stirring,

a= aroma after stirring, t=taste. *, **, ***: significant at p<0.05, 0.01, and 0.001 respectively.
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Table 8: Effect of yeast treatment on mean sensory data of unfiltered Icewine fermentations

(n=90). Intensity score ratings from Icewine panel

Sensory variable Direct Step-wise (SW) Direct GO Step-wise GO (SfV GO)
6.8b

12.6a

44.6a

6.8a

18.7b

20.2a

19.0a

4.7a

6.6a

6.1a

5.3a

13.3a

7.9a

9.1a

19.6a

4.8a

11.8a

25.0a

13.5a

18.7a

18.6a

5.5a

5.9a

6.6a

5.1a

6.0a

8.6a

19.1a

3.9a

11.8a

24.0a

7.3a

55.3a

13.8a

20.5b

10.3a

66.4a

29.2a

64.9a

Means within rows with different letters are significantly different, p<0.05, LSD
b= aroma before stirring

a= aroma after stirring

t?=taste

m= mouthfeel

b Peach
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Table 9: Effect of yeast treatment on mean sensory data of unfiltered Icewine fermentations

(n=90). Intensity score ratings from Icewine panel

Sensor}' variable Direct Step-wise (SW) Direct GO Step-wise GO (SW GO)
24.6a

23.0a

9.8a

6.9a

12.4a

10.4a

6.0a

17.0a

17.1a

20.4a

18.7a

6.2a

12.4a

33.7a

15.5a

35.1a

22.2a

9.8a

56.0a

Means within rows with different letters are significantly different, p<0.05, LSD
f= flavour in mouth

f Apple
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5.4.2 PCA ofsensory data

All four treatments were fermented in triplicate, producing 12 wines that were each evaluated

in triplicate by 1 panelists. A MANOVA on all twelve products verified no wine by replication

interaction (p>0.82), which confirmed that the three replicates for each treatment were similar and

allowed the creation of a Principle Component Analysis (PCA) on mean scores for the four

treatments. The PCA in Figure 23 is a combination of the means. The first two factors ofPCA

mean sensory scores accounted for 85% of the variation in the wines (Figure 23). Raisin aroma,

sour taste, pineapple aroma, grape aroma, and alcohol aroma were found along dimension 1 . Sweet

taste, honey flavour and peach aroma were found along dimension 2. The length of each eigenvector

indicated the amount of variation explained by the attribute in question with loading over 0.4

considered to be meaningful (Hatcher and Stepanski, 1994). Small angles between eigenvectors

indicate the relative correlation of the attributes. Small angles between grape and raisin aroma;

raisin aroma before and after stirring; alcohol aroma and sour taste; alcohol aroma and alcohol

flavour; orange aroma and orange flavour; grape aroma and butter flavour reflected a great deal of

correlation between these respective pairs of sensory attributes (Figure 23). Attributes at 90° angles

are uncorrelated, for example, spicy and orange (Figure 23). Raisin, grape and butter were

negatively correlated with sour, pineapple and alcohol as indicated by a 1 80° angle separation.

Direct inoculated wines were described by grape, raisin aromas and butter flavour. The addition of

GO-FERM to the direct inoculation shifted the aroma/ flavour profiles to more orange flavour and

aroma, and a sweet taste profile. Step-Wise inoculated wines were described more by peach and

terpene aroma. The addition ofGO-FERM shifted the profile to pineapple and alcohol aroma, as

well as alcohol flavour.
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PCA Results : dimension 1 versus 2
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Figure 23: Principal component analysis of mean unfiltered Icewine sensory data of yeast

rehydration and inoculation treatments (n=12)
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6.0 Discussion

6. 1 Effect ofinoculation rate on Icewinefermentation

In the small-scale fermentations using sterile-filtered juice, two yeast inoculation rates were

tested at 0.2 g/L and 0.5 g/L to determine if a higher inoculation rate was required for Icewine

fermentations to reach a target ethanol value of 10% v/v. Our results have shown that the lower rate

of 0.2 g/L resulted in an insufficient amount of sugar consumed to produce the target ethanol

concentration of 10% v/v (79 g/L) before the Icewine fermentations stopped, regardless of the

inoculation method or the presence of added micronutrients during yeast rehydration. Therefore, the

lower inoculation rate was not suitable for these fermentations but the higher inoculation rate was

sufficient to reach the target ethanol concentration.

Although the inoculation rate had no impact on lowering the acetic acid and glycerol

concentration in the wines, fermentations at the lower inoculation rate consumed less sugar.

Therefore, cells at the lower inoculation rate converted a higher proportion of sugar consumed to

acetic acid and glycerol, in comparison to cells at the higher inoculation rate. Since glycerol and

acetic acid production in yeast are known to be related to their hyperosmotic stress response

(Blomberg, 1997;Blomberg, 2000), it appears cells at the lower inoculation rate have a larger stress

response than cells at the higher inoculation rate.

The peak cell concentrations reached during the Icewine fermentations at either inoculation

rate were well below the typical peak cell density of 2 X 10 cells/mL found in a table wine

fermentations (Reed and Nakagawa, 1991;Degre, 1993;Monk, 1995). When comparing peak cell

concentrations, at the 0.2 g/L inoculation rate, the cells only doubled 3 to 4 times before entering

stationary phase, whereas at the 0.5 g/L rate, the cells only doubled 2 to 3 times. The average

number of doublings found during a table wine fermentation is 6 to 7 (Monk, 1995). A high
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percentage of dead cells were observed during the course of the fermentation, which is agreement

with what has been reported in higher sugar fermentations (Nishino et al, 1985;Pitkin et al, 2002)

The increased concentration of soluble solids in Icewine juice likely impaired the yeasts

ability to double during exponential growth, as there was sufficient assimilable nitrogen in the juice

for yeast growth, with 132-176 mg N/L remaining in the wines across all the treatments. It is not

clear what limited cell division in the Icewine fermentations for cells at the higher inoculation rate as

compared to cells at the lower inoculation rate, but a similar trend was also observed by O'Connor-

Cox and Ingledew (1991) during the fermentation of high gravity wort, although in their study, the

wort was deficient in nitrogen. Overall, the lower cell concentration and biomass recorded during

Icewine fermentation are in agreement with the strong negative correlation observed between

Icewine juice concentration and peak biomass formation during fermentation (Pitkin et al, 2002). It

has been widely reported that increasing sugar concentration in fermentative media reduces yeast

cell size, cell grov^th, viable cell concentration and fermentation activities (Nishino et al,

1985;D'Amore et al, 1988;Charoenchai et al, 1998). The smaller yeast cell size observed under the

microscope when the yeast were placed in Icewine juice along with high glycerol and acetic acid

production indicates that the concentrated juice evoked the yeast high osmolarity glycerol response

allowing the yeast to survive a hyperosmotic environment. It is not clear if the response was only

evoked by the high sugar concentration in the Icewine juice or if additional solutes concentrated in

Icewine juice contributed to the response.

6.2 Effect ofstep-wise acclimatizing yeast cells to Icewinejuice

The main impact of stepwise acclimatization of the yeast over directly inoculating rehydrated

yeast into Icewine juice was to achieve a higher biomass and higher viable cell concentration, which

allowed for more sugar consumption in a shorter time fi-ame and higher ethanol production. This

trend was observed for both the small-scale fermentations performed using sterile Icewine juice and

also for the larger volume fermentations carried out with the non-filtered juice. Using data fi"om the
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sterile filtered juice, for the four treatments in the absence of added micronutrients, there was a

linear correlation between peak biomass attained and sugar consumed (r = 0.954, p<0.001) and also

between peak cell concentration and sugar consumed (r = 0.910, p<0.001). These same trends were

evident for cells rehydrated with the micronutrient addition, (r = 0.877, p<0.001 and r = 0.867,

p<0.01 respectively). For both the small-scale fermentations using sterile juice and the larger-scale

fermentations using unfiltered juice, an inoculation rate of 0.5 g/L with stepwise acclimatization of

the cells to Icewine juice without the inclusion of micronutrients resulted in the highest amount of

sugar consumed with the highest conversion of sugar to ethanol.

However, the step-wise acclimatization method had a different impact on yeast acetic acid

and glycerol production between fermentations using sterile juice in comparison to those using the

unfiltered juice. Using the sterile filtered juice, for the same amount of sugar consumed, stepwise

acclimatizing the cells in comparison to directly inoculating them after rehydration did not result in

less acetic acid or glycerol production (Table 4), two metabolites which are associated with the

hyperosmotic stress response ofyeast (Blomberg and Adler 1989). Therefore, it appeared the

stepwise acclimatization procedure did not reduce the yeast hyperosmotic stress response in terms of

metabolite production. However, when the fermentations were carried out using the unfiltered juice,

step-wise acclimatization did reduce the acetic acid and to a lesser extent, glycerol production after

normalizing for the amount of sugar consumed (Figures 16 and 17) and after normalizing for the

amount of ethanol produced (Figures 18 and 19). Therefore, in the unfiltered juice, the step-wise

acclimatization procedure did appear to reduce the yeast stress response. Sterile filtering the juice

may have removed or limited other important components in the juice, resulting in an increased

stress response fi-om the yeast that could not be overcome by step-wise acclimatization of the cells to

the juice. It has been noted in past research that over clarifying white wine juice results in increased

volatile acidity production by the fermenting yeast reviewed by (Ribereau-Gayon et al, 1999). Must

lees is a source of long-chain unsaturated fatty acids that are thought to affect the fluidity of the yeast
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cell membrane and aid in the uptake of amino acids into the cells, thus limiting the formation of

acetic acid, although the exact mechanism is not known reviewed by Ribereau-Gayon et al, (1999).

6.3 Effect ofadding micronutrients in theform ofGO-FERM duringyeast rehydration

Overall, the commercially available yeast micronutrient supplement GO-FERM did have an

impact on reducing the fermentation time, increasing the rate of biomass accumulation in the sterile

fermentations, increasing the peak viable cell numbers in the unfiltered fermentations and reducing

yeast metabolite production for a set amount of sugar consumed. GO-FERM is an inactive yeast

preparation enriched in vitamins (pantothenate and biotin) and minerals (magnesium, zinc and

manganese). Past studies have shown that magnesium supplementation can improve yeast viability,

stimulate growth and provide protection against ethanol toxicity (Walker, 1998). Zinc

supplementation has been shown to improve fermentation rates (Bromberg et al, 1997). Yeast

peptide addition to fermentation media can increase the biomass accumulation (Dillemans et al,

2001). Our results are in partial agreement with these observations. Although the inclusion of

micronutrients increased the rate ofbiomass formation and gave higher viable cell concentrations,

sugar metabolism was diverted away from ethanol production resulting in lower ethanol values in

the Icewines when equal amounts of sugar were consumed. However, using the stepwise

acclimatization procedure, along with micronutrient addition during rehydration still produced

sufficient ethanol to reach the target value and reduced the time of the fermentation.

In the unfiltered juice fermentations, GO-FERM was observed to have a specific effect on

reducing acetic acid relative to ethanol production without having a similar effect on glycerol

production (Figures 1 8 and 1 9). The reduction of acetic acid in this study is in accordance with

other studies in which GO-FERM has decreased the amount of acetic acid produced in table wine

production (Mien et al, 2002). The reactions yeast use to form acetic acid during Icewine

fermentation and the reasons for acetic acid production have not been completely elucidated to date.

Recently, two yeast cytosolic aldehyde dehydrogenases have been found to be expressed during

Icewine fermentation, but only the NAD^-dependent isoform encoded by ALD3 was found
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differentially upregulated during Icewine fermentation in comparison to diluted juice fermentation

(Pigeau and Inglis, 2005). The role that ALD3 expression plays during icewine fermentation appears

linked to yeast producing glycerol as an internal osmolyte to maintain the redox balance for the

NAD'^/NADH cofactor system, when yeast produce glycerol with the oxidation ofNADH to NAD"^,

in turn, acetic acid is produced with the reduction ofNAD^ to NADH. However, since GO-FERM

did not specifically lower glycerol relative to ethanol as was observed for acetic acid, the effect that

GO-FERM has on specifically lowering acetic acid production by yeast may not be linked to the

yeast hyperosmotic stress response unless GO-FERM was supplying NADH that could be taken up

by the cells, thus reducing the cells need to produce acetic acid.

6.4 Chemical PCA plot

From the chemical data plotted using PCA for the unfiltered fermentations, acetic acid and

glycerol were highly correlated, as indicated by the small angle between their eigenvectors. The

correlation of acetic acid to glycerol was also observed by Pitkin et al (2002) with increasing

Icewine juice concentration and appears in agreement with the role that acetic acid and glycerol

serve in the yeast hyperosmotic stress response (Blomberg and Adler, 1989; Pigeau and Inglis,

2005).

6.5 Sensory evaluation ofIcewine

Two sets of wine descriptors were used during the sensory evaluation portion of the study, one

specific to aroma which facilitated the evaluation of the volatile components of the wine through the

sense of smell, the second set specific to wine flavour, thus allowing assessment ofboth volatile and

non-volatile chemical constituents contributing to oral and retronasal stimulation of the wines

(Noble, 1996). Eight descriptors were found to be significantly different at the 5% level (p<0.05).

A PCA plot of sensory data indicated that the perception of several related individual attributes were

highly correlated, as shown by the small angles between eigenvectors, regardless of whether aroma

or flavour evaluation was used (e.g. raisin aroma and raisin flavour) Eigenvector length for
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individual attributes indicates that the mode of evaluation (aroma vs flavour) may not have

affected the variation among the wines, shown by the similar lengths ofthe eigenvectors. It has been

demonstrated that various factors can influence the aroma compounds ofwine (Rapp, 1998). Wines

inoculated directly at a rate of 0.5 g/L without the addition ofGO-FERM, were determined to be

significantly higher in raisin aroma. Raisin aroma and flavour are common sensory descriptors of

commercially produced Vidal Icewines (Cliff e/ al., 2002). The directly inoculated wine treatments

with GO-FERM added were found to have significantly higher orange aroma and flavour intensities.

It is possible that these sensory results were due to the relative lowering of yeast stress response by

the addition ofGO-FERM as all other fermentation and environmental factors were accounted for by

the experimental design. Step-Wise acclimated yeast, without the addition of GO-FERM, produced

wines that were higher in peach aroma versus directly inoculated wines without GO-FERM. Higher

alcohol aroma and flavour described the wines from the GO-FERM Step-Wise yeast acclimatization

treatment, however chemically these wines were determined to be lower in alcohol than this

treatment in the absence ofGO-FERM. The sensory data suggests that these wines were sensorially

less complex than the others. A less complex wine matrix may not hide the aroma and flavour of the

alcohol. Overall, rehydration with GO-FERM and acclimatization of the yeast showed significant

sensory effects. This may relate to the yeast being less metabolically stressed as indicated by the

decreased concentrations of glycerol and acetic acid in the aforementioned wines. However, it

should also be noted that no attributes considered as defects (i.e. vinegar) were used to describe the

wines, suggesting that the treatments did not negatively impact wine quality.

6.6 Industry impact

Winemakers have frequently reported Icewine fermentation to be sluggish, sometimes taking

months to reach a desired ethanol concentration and often containing high levels of acetic acid. We

have shown, through our experimental results that increasing the yeast inoculum level from 0.2 to

0.5 g/L significantly reduced fermentation time, which would allow winemakers to complete

Icewine ferments in a shorter time, which in turn would permit the product release to the market
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sooner. The acetic acid levels of the sterile Icewine juice experimental trials were very close to

the Canadian Food and Drug Act limit of 1 .3 g/L acetic acid. The unfiltered Icewine fermentations

were also close and some even exceeded this limit. However, none of the wines produced exceeded

the VQA limitation of 2.1 g/L acetic acid in Icewine. The Canadian wine industry is relatively

young and the quality standards ofwine production are continually evolving. Therefore it is

important for winemakers to minimize the level of acetic acid produced during the fermentation due

to the variable standards regarding acetic acid content between regulatory agencies. As an example,

ifan Icewine produced in Ontario is to be sold in Quebec, the Icewine acetic acid level must fall

below 1 .3 g/L as Quebec follows the FDA regulations, even though the wine passed the VQAO

regulations. As Canadian wineries sell their products internationally, their wines will also need to

comply with other regulations found around the world. Also, the sensory threshold of acetic acid

and ethyl acetate are not known in Icewine. Excess acetic acid could lead to the formation of ethyl

acetate, which from a sensory standpoint, is very important to consider since the sensory threshold of

ethyl acetate is one order ofmagnitude lower then that of acetic acid. Furthermore, ethyl acetate

appears to be correlated to acetic acid concentrations in wine (Cliff and Pickering, 2005). A certain

amount of acetic acid may prove beneficial to Icewine flavour profile, but this is dependant on the

complexity of the wine in question. During the course of these fermentations, the acetic acid

production caused an increase in the TA by 2-3 g/L which may aid wine balance. Acetic acid at

these levels may contribute to wine balance, however minimizing acetic acid would likely not lead to

unbalanced wine as commercial winemakers prefer methods, such as a tartaric acid addition, to

balance a wine sugar to acid ratio. This project has given industry a protocol to follow for setting up

Icewine fermentations with confidence to reach a target ethanol concentration, while minimizing

acetic acid production and stress on the fermenting yeast. Our results have also shown industry

winemakers how inoculation method can impact the sensory profile of the resultant Icewines.
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7.0 Conclusion and Future Research

All three hypotheses were fully supported by the data. An inoculation rate of 0.2 g yeast dry

weight/L is an insufficient inoculum to achieve the yeast cell numbers and biomass to produce the

desired ethanol concentration for Icewine. An inoculation rate of 0.5 g yeast dry weight/L was

shown to be a sufficient inoculum rate for Icewine fermentation and does results in a shorter

fermentation period. Step-wise acclimatization of yeast cells resulted in higher ethanol production

and lower acetic acid production in comparison to directly inoculating rehydrated cells into juice.

The addition ofGO-FERM during yeast rehydration lowers acetic acid production for a given

amount of sugar consumed. Inoculation method can have an impact on the sensory profile of the

Icewine and should be considered if a winemaker desires a specific Icewine profile.

One area of research to be fiirther investigated is the comparison of yeast strains for the purpose of

Icewine fermentations. In addition, a better understanding of the impact that GO-FERM has on the

fermentation kinetics and resultant sensory profile of Icewine may be further elucidated by

determining the composition ofGO-FERM in terms of the concentration and types of vitamins,

minerals and other unlisted components present in the formulation. Research regarding the sensory

threshold of acetic acid in Icewine has yet to be reported. Determination of the sensory limit of

acetic acid for various types of Icewine would further validate, or challenge the FDA and VQA

standards set for allowable volatile acid concentrations in Canadian Icewines. Also, once the sensory

threshold level has been established for acetic acid in Icewine, it would also be useftil to know the

preference ofconsumers for Icewine varying in acetic acid levels. Until it is investigated, it is

possible that Icewine benefits sensorially from a certain concentration of acetic acid in Icewine.
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9.0 Appendix

9.1 Methods

9.1.1 Standard curvesfor ethanol determination and amino acid determination
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9. 1 .2 Organoleptic evaluation ofmicrofermentation results (Section 4.2. 6.5)

103

Two tailed Triangle test carried out with small scale fermentations.

Samples i0.5g/L 0.5g/L 0.5g/L 0.5swg/L
ivs vs vs vs

0.5 GF g/L 0.5sw g/L 0.5 sw GF 0.5 GF g/L

JS^L

0.5GF g/L
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9.2 Descriptive analysis outlines

9.2. 1 Training session 1 (Section 4. 2. 6. 7. 1)

Icewine DA: Training Outline

Session #1

November 18th, 2003

Outline

Parti:

• Introduction to the project

• Descriptionof the sensory modalities

• Review of wine sensory evaluation protocol

Sample Number





105

o Glass of water. Pen

o Crackers, Spit cup

o Napkin, Questionnaire

SAMPLE BALLOT: PARTI
Name: Date:

Aromatic descriptors

A set of 6 coded samples is presented. Please start by evaluating the first sample on you left. Describe

the aroma you perceive before stirring the glass and after stirring it.

To facilitate the discussion afterwards, please record any sample that could be use as a reference to describe a

particular descriptor.

CODE
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SAMPLE BALLOT: PART 3

Name: Date

Flavour attributes

6 coded wine samples are presented. Please evaluate each sample in the order presented, describe the

flavour attributes (i.e. Taste, Mouthfeel, Aromas in mouth) for each sample. Please rinse your mouth

thoroughly with water and a cracker between each sample.

Codes





107

9.2.2 Training session 2 (Section 4.2. 6. 7. 1)

Icewine DA: Training Outline

Session #2

November 19th, 2003

Outline

Part 1:

• Review Viscosity

• Review quality references

• Review line scale, scaling

Part 2:

• Computerized Booth work, 8 Icewine samples

• Aroma before and after swirling the glass (scaling, checklist)

• Flavour, taste and mouthfeel description (scaling, checklist)

• Debrief: review key attributes, align vocabulary

Sample

Number
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9.2.3 Training session 3 (Section 4.2. 6. 7. 1)

Icewine DA: Training Outline

Session #3

November 20th, 2003

Outline

Parti:

• Computerized booth work, 12 Icewine samples

• Aroma, Flavour, taste and mouthfeel (scaling, checklist)

Sample

Number
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Panelist Code:

Panelist Name:

Today you will be evaluating \2 Icewines for

Aroma BEFORE and AFTER stirring the glass

and

Taste / Mouthfeel and Flavour

You will receive wine sample code 1

.

Please DO NOT stir the wine glass.

Remove the lid and evaluate the following

AROMA attributes BEFORE stirring the glass.

Question # 2 - Sample

Please evaluate wine CODE 1 for the following AROMA attributes BEFORE stirring the glass.

Apple

I

NONE

I

NONE

I

NONE

I

NONE

+ +

Pear

—h-

Peach

—

I

Melon

-H

—

+
INTENSE

INTENSE

-I

INTENSE

-I

INTENSE

I

NONE

Apricot

1

—

4
INTENSE
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Question # 3 - Sample

Please evaluate wine code 1 for the following AROMA attributes BEFORE stirring the glass.

Pineapple

I

NONE

\-

NONE

I

NONE

I

NONE

+ +

Banana

—I

Grape

1

Citrus

—I

+
INTENSE

-4

INTENSE

-4

INTENSE

-I

INTENSE

I

NONE

Orange / Orange Marmalade

1

INTENSE

Question # 4 - Sample

Please evaluate wine code 1 for the following AROMA attributes BEFORE stirring the glass.

Floral / Elderflower

I

NONE

I

NONE

I

NONE

I

NONE

+ + +

Red Currant

1— +-J

Turpenes / Resinous / Pine Resin

-\ 1
1-

Raisin

—\

4
INTENSE

4
INTENSE

4
INTENSE

INTENSE
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Question # 5 - Sample

Please evaluate wine code 1 for the following AROMA attributes BEFORE stirring the glass.

Butter

I

NONE
+ +

I

NONE
+

Honey

—I

+

+

I

NONE

Sweet Aromatics (Vanillay brown sugar / Caramel)

1 1 h

I

NONE

Spicy / Cloves

1

INTENSE

^
INTENSE

^
INTENSE

-I

INTENSE

I

NONE

Butter

-J

INTENSE

Quesrion # 6 - Sample

Please select the aroma attributes BEFORE stirring the glass, ONLY if they are present in wine code

1.

D Blueberry

D Butyric

D Black Berry

n Black Cherry

D Candied Fruit

D Cinnamon

D Cheese

n Coconut

D Dry Hay

D Dry Flowers

D Earthy

D Fermented Fruit

D Fresh Cut Wood

D Hops

D Jam / Cooked Fruit

D Juniper

D Licorice

D Mango

D Molasses

D Mushroom

D Musty

D Nutty

D Oak

D Other Tropical Fruit

D Prune

D Pungent

n Polypropylene / plastic

D Raspberry

n Rotten Wood

D Smoke /Ash

D Strawberry

D Sulphur (brt match,rubber)

D Sulphur (cooked veg.)

D Solvent

D Tobacco

D Violet
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Question # 7 - Sample

Ifyou would like to make any additional comments on the AROMA before stirring

the glass for wine code 1, please type your comment below.

Please Stir the wine glass for sample code 1 for

3 seconds.

Remove the lid and evaluate the following

AROMA attributes AFTER stirring the glass.

Question # 9 - Sample

Please evaluate wine code 1 for the following AROMA attributes AFTER stirring the glasss.

Apple

I 1 1 1 J

NONE INTENSE

Pear

I
1 1 1 \

NONE INTENSE

Peach

I 1 1 1 1

NONE INTENSE

Melon

I 1 1 1 1

NONE INTENSE

Apricot

I
1 1 1 \

NONE INTENSE
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Question # 10 - Sample

Please evaluate wine code 1 for the following AROMA attributes AFTER stirring the glass.

Pineapple

h
NONE

I

NONE

I

NONE

I

NONE

I

NONE

+

+

+

Banana

—I

Grape

—I

Citrus

—I

+

+

Orange / Orange Marmalade

-i
1 1-

^
INTENSE

4
INTENSE

INTENSE

4
INTENSE

4
INTENSE

Question #11- Sample

Please evaluate wine code 1 for the following AROMA attributes AFTER stirring the glass.

Floral / Elderflower

I

NONE

I

NONE

I

NONE

I

NONE

+ + +

Red Currant

1 +H

Turpenes / Resinous / Pine Resin

H 1 h

Raisin

-H

4
INTENSE

INTENSE

4
INTENSE

-t

INTENSE



.-.%.
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Question # 12 - Sample

Please evaluate wine code 1 for the following AROMA attributes AFTER stirring the glass.

Butter

I

NONE
+ + +

I

NONE
+

Honey

-H +

I

NONE

Sweet Aromatics (Vanilla / Brown Sugar / Caramel)

1 1 H

I

NONE

Spicy / Cloves

1

4
INTENSE

4
INTENSE

INTENSE

4
INTENSE

I

NONE

Alcohol

—I
INTENSE

Question # 13 - Sample

Please select the aroma attributes AFTER stirring the glass, ONLY if they are present in wine code

1.

D Mango D Tobacco

D Molasses Violet

D Blueberry

D Butyric

D Black Berry

D Black Cherry

D Candied Fruit

D Cirmamon

D Cheese

D Coconut

D Dry Hay

D Dry Flowers

D Earthy

D Fermented Fruit

D Fresh Cut Wood

D Hops

D Jam / Cooked Fruit

D Juniper

D Licorice

Question # 14 - Sample

D Mushroom

D Musty

D Nutty

D Oak

D Other Tropical Fruit

D Prune

D Pungent

D Polypropylene / plastic

D Raspberry

D Rotten Wood

D Smoke /Ash

D Strawberry

D Sulphiu- (brt match,rubber)

D Sulphur (cooked veg.)

D Solvent

If you would like to make any additional comments on the AROMA after stirring the

glass for wine code 1, please type your comment below.
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Please take a sip ofwine sample %01.

Please evaluate the following

Taste / Mouthfeel and Flavour Attributes.

Question # 16 - Sample

Please evaluate wine code 1 for the following TASTE / MOUTHFEEL attributes.

Sweet

I

NONE INTENSE

Sour ( Acid / Tart )

I

NONE
+ +

INTENSE

I

THIN

Viscosity

H h- ^
THICK

Question # 17 - Sample

Please evaluate wine code 1 for the following FLAVOUR attributes.

Apple

I

NONE
Pear

INTENSE

I

NONE
4
INTENSE

I

NONE

Peacli

—

I

Melon

INTENSE

I

NONE

I

NONE

+
Apricot

-H

INTENSE

INTENSE





Question #18- Sample

Please evaluate wine code 1 for the following FLAVOUR attributes.

h
NONE

Pineapple

Banana

4
INTENSE

I

NONE INTENSE

Grape

I

NONE
4
INTENSE

Citrus

I

NONE
+

INTENSE

I

NONE

Orange / Orange Marmalade

1 -I

INTENSE

116





Question # 19 - Sample

Please evaluate wine code 1 for the following FLAVOUR attributes.

117

Floral / Elderflower

h
NONE INTENSE

Red Currant

I

NONE INTENSE

Turpenes / Resinous / Pine Resin

I

NONE
+

INTENSE

I

NONE

Raisin

-H
INTENSE

Question # 20 - Sample

Please evaluate wine code 1 for the following FLAVOUR attributes.

Butter

I

NONE
4
INTENSE

Honey

I

NONE
-i

INTENSE

Vanilla

I

NONE
+ + +

INTENSE

I

NONE

Sweet Aromatics (Brown Sugar / Caramel)

1 1 h ^
INTENSE

I

NONE

Spicy / Cloves

^ 1— 4
INTENSE





Question # 21 - Sample

Please evaluate wine code 1 for the following FLAVOUR attributes.
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Alcohol

\-

NONE
^
INTENSE

Question # 22 - Sample

Please select the FLAVOUR attributes, ONLY if they are present in wine code 1.

D Astringent

D Blueberry

D Bitter

D Butyric

D Burning

D Black Berry

D Black Cherry

D Candied Fruit

D Cinnamon

D Cheese

D Coconut

D Dry Hay

D Dry Flowers

D Earthy

D Fermented Friiit

D Fresh Cut Wood

D Hops

Question # 23 - Sample

D Jam / Cooked Fruit

D Jimiper

D Licorice

D Mango

D Molasses

D Mushroom

D Musty

D Nutty

D Oak

D Other Tropical Fruit

D Prune

D Polypropylene / plastic

D Raspberry

D Rotten Wood

Smoke /Ash

D Smooth

D Strawberry

D Sulphiu" (brt match, rubber)

D Sulphur (cooked veg.)

D Solvent

D Tobacco

D Violet

Ifyou would like to make any additional comments on the FLAVOUR and TASTE /

MOUTHFEEL for wine code 1, please type your comment below.

Break Between Each Sample:

Please take a break before evaluating your next sample.

Please rinse your mouth thoroughly with a cracker and some water.

THANK YOU!
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Effect of Yeast Inoculation Rate, Acclimatization, and
Nutrient Addition on Icewine Fermentation

Derek Kontkanen,' Debra L. Inglis,'* Gary J. Pickering/

and Andrew Reynolds '-^

Abstract: Fermentations of highly concentrated icewine juice (35 to 42 Brix) are often sluggish, taking months
to reach the desired ethanol level, and usually have high levels of volatile acidity. Two yeast inoculum levels

using commercially available strain Kl-Vl 1 16 were investigated in sterile-filtered icewine juice: 0.2 g of active

dried wine yeast/L and 0.5 g of active dried wine yeast/L. The fermentation kinetics of inoculating these levels

directly into icewine juice after yeast rehydration, or conditioning these cells to the concentrated juice using a

stepwise acclimatization procedure after rehydration before inoculation, were compared. The effect of adding a

yeast micronutrient supplement during yeast rehydration was also assessed. Yeast inoculated at 0.2 g/L stopped

fermenting before the required ethanol level was achieved regardless of the inoculation procedure, producing only

62.2 g/L (7.8% v/v) and 64.4 g/L (8.1% v/v) ethanol for the direct and stepwise acclimatized inoculations,

respectively. At 0.5 g/L, the stepwise acclimatized cells fermented the most sugar, producing 95.5 g/L (12.0%

v/v) ethanol, whereas the direct inoculum produced 82.0 g/L (10.5% v/v) ethanol. The addition of the yeast nutrient

during yeast rehydration increased the rate of biomass accumulation, reduced the fermentation time, reduced the

ethanol concentration in the icewines, and reduced the rate of acetic acid produced as a function of sugar consumed.

There was no difference in acetic acid concentration in the final wines across all treatments.

Key words: icewine fermentation, ice wine, inoculation rate, sluggish fermentations, volatile acidity, acetic acid

Icewine is an intensely sweet, unique dessert wine fer-

mented from the juice of grapes that have frozen naturally

on the vine. The juice pressed from the frozen grapes is

highly concentrated in soluble solids, ranging from a mini-

mum of 35 Brix (VQA 1999) to approximately 42 Brix. Yeast

consume about half of the available sugar during icewine

fermentation, resulting in a dessert wine high in residual

sugar but balanced by high acidity (Nurgel et al. 2004).

Icewine fermentations are often sluggish, taking months to

reach the desired ethanol level, and occasionally become

stuck. The hyperosmotic stress placed on the fermenting

yeast from the concentrated juice results in cell shrinkage,

reduced peak cell concentration, reduced yeast biomass

accumulation throughout the fermentation, and high levels

of glycerol and volatile acidity in the wines (Pitkin et al.

2002, Pigeau and Inglis 2003, Nurgel et al. 2004). Acetic acid

is the main volatile acid in table wine, which imparts an un-

desirable vinegar aroma at relativity low concentrations. In

Canadian icewine, the levels of acetic acid range from 0.49

to 2.29 g/L (Nurgel et al. 2004). The sensory threshold of

acetic acid in icewine is not known, but in table wine it
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ranges between 0.7 and 1.3g/L (Corison et al. 1979). The

source of acetic acid in icewine is predominately excreted

by the fermenting yeast strain of Saccharomyces cerevisiae

or S. bayanus (Mottiar 2000, Pigeau and Inglis 2003,

Leinemann 2003). The production of acetic acid during

icewine fermentation may be related to the well-character-

ized salt-induced yeast hyperosmotic stress response re-

sulting in increased internal glycerol production to combat

the osmotic stress and acetic acid production (Blomberg

and Adler 1989, Hohmann 2002). The metabolic reason for

acetic acid production during icewine fermentation has yet

to be determined but is most likely involved in maintaining

redox balance within the cell during glycerol production

(Blomberg and Adler 1989).

Although icewine has been made for over 200 years

(Schreiner 2001), there are few articles that describe the ki-

netics of icewine fermentation, yeast growth, and yeast

metabolite production throughout the fermentation. Studies

have been initiated on Canadian icewine fermentation to

investigate yeast strain effects (Fuleki 1994, Fuleki and

Fisher 1995). Riesling icewine fermentations inoculated with

commercial yeast required 91 days to ferment and were in-

fluenced by sugar concentration, yeast strain, and sulfur

dioxide addition (Fuleki 1994).

The quality of the finished icewine is an overriding key

to its success in the marketplace, but fermenting this juice

into wine offers many challenges to winemakers. More spe-

cifically, methods to reduce stress on the fermenting yeast,

and thus to lower the concentration of unwanted yeast me-

tabolites in icewine, and to reduce the overall time required
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to reach a target ethanol value in the wine of 10% v/v have

not been investigated. At present, there is no routine

method of yeast inoculation for fermenting icewine. The
appropriate yeast inoculation rate is not known, nor is it

known if acclimatizing the yeast cells to the highly concen-

trated icewine juice is required to reduce stress on the

yeast to improve cell viability, increase biomass accumula-

tion, reduce production of unwanted metabolites in the

wine, and reduce the time required to reach the target etha-

nol value in the wine.

The recommended inoculation rate for table-wine fer-

mentation is 25 g active dried wine yeast (ADWY)/hL,

which will provide an initial cell density of approximately 5

X 10" cells/mL and a peak cell density of 1.2 to 1.5 x 10*

LoILs/mL (Monk 1997). Since the rate of cell growth, peak

lcII density, and biomass accumulation is significantly lower

during icewine fermentation as compared to a table-wine

fermentation when both juices are inoculated at the same

rate (Pitkin et al. 2(X)2), the question arises whether icewine

fermentations would benefit from a higher yeast inoculum

level to produce the desired target ethanol concentration in

a reasonable (one month) fermentation period. Increasmg

yeast inoculation rates was found to overcome the problem

of sluggish fermentation caused by limited available nitro-

gen in high-gravity worts during beer production (O'Con-

nor-Cox and Ingledew 1991) and during table-wine produc-

tion (Ingledew and Kunkee 1985).

In addition to ensuring a sufficient level of yeast inocu-

lum, proper yeast rehydration can also affect the number of

viable cells during fermentation and thus affect the time re-

quired for a complete fermentation. At rehydration, the main

concern is damage to the cell membrane, which may render

it leaky, thus negatively affecting the ability of the cell to

recover normal function (Monk 1997). Rehydration of com-

mercial freeze-dried yeast preparations in 10 times the yeast

weight of clean water at 38 to 42°C is important to maintain

ceU viability (Leslie et al. 1994, Henschke 1997, Monk 1997).

The loss of cytoplasmic contents during rehydration,

which decreases cell viability, is due to a phase transition

of the lipid bilayer from the dry gel to liquid crystal phase

(Van Steveninck and Ledeboer 1974, Leslie et al. 1994,

Crowe et al. 2001). Trehalose within the yeast cell lowers

the temperature of this transition in the lipid bilayer from 60

to 40°C, thus improving cell viability when yeast are rehy-

drated with water at 40°C since the phase transition is

avoided (Leslie et al. 1994). Regardless of the level of treha-

lose in the freeze-dried yeast cell, rehydration below 38 to

40°C results in the loss of cytoplasmic contents into the

rehydration media, causing high mortality rates (Leslie et al.

1994, Crowe et al. 2001). In addition to the roles that internal

trehalose and water rehydration temperature play in cell vi-

ability, inclusion of a commercially available vitamin and

mineral supplement (GO-FERM, Lallemand, Inc.) at the

yeast rehydration stage has been shown to improve cell vi-

ability and reduce off-odors and volatile acidity production

during table-wine fermentation (Julien and Dulau 2002).

The goal of our study was to develop a yeast inocula-

tion protocol for icewine fermentation that achieves a target

ethanol concentration of 10% v/v in the wine while reducing

stress on the yeast and the time required for icewine fer-

mentation. Yeast inoculation rate, acclimatization of rehy-

drated cells to increasing juice concentrations before ice-

wine juice inoculation, and inclusion of a yeast supplement

at the rehydration stage were investigated to determine the

impact these factors have on yeast biomass accumulation,

cell viability, fermentation time, and yeast metabolite pro-

duction.

Materials and Methods

Yeast strain and yeast nutrient. The Saccharomyces

cerevisiae commercial yeast strain used for icewine fermen-

tation was KI-V1116 (Lallemand Inc., Montreal, Canada).

The commercial yeast nutrient GO-FERM (Lallemand) is a

vitamin and mineral supplement used during yeast rehydra-

tion and contains pantothenate, biotin, magnesium, zinc,

and manganese.

Icewine juice. Vidal icewine juice was provided by Innis-

killin Wines (Niagara on the Lake, ON, Canada). Prior to fer-

mentation, the juice was sterile-filtered through course-,

medium-, and fine-pore pad filters using a Bueno Vino Mini

Jet filter (Vineco, St. Catharines, Canada) followed by mem-

brane filtration through a 0.22-|jm membrane cartridge filter

(Millipore, Etobicoke, Canada) into sterile, 1-L bottles. The

sterile juice was stored at -40°C prior to the fermentation

experiments.

Fermentation design. A total of eight fermentation treat-

ments were studied (Figure I). Details of each step of the

inoculation procedure (yeast rehydration, direct inocula-

tion, and stepwise acclimatization) are outlined below. Kl-

VI 1 16 was rehydrated either in the absence or presence of

the yeast nutrient GO-FERM. After rehydration, the cells

were either directly inoculated into icewine juice or stepwise

Yeast Rehydration

Plus Nutrient No Nutrient

Direct

Inoculation

Stepwise

Acclimatization

Direct Stepwise

Inoculation Acclimatization

0.2g/L 0.5g/L 2g/L 0.5g/L 0.2g/L 0.5g/L 0.2g/L 0.5g/L

Figure 1 Fermentation design for yeast rehydration, inoculation method,

and inoculation rate.

Am. J. Enol. Vltlc. 55:4 (2004)
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acclimatized to increasing juice concentrations before in-

oculation. Two yeast inoculum levels were tested at inocu-

lation rates of either 0.2 or 0.5 g/L. All eight fermentation

treatments were carried out at 17°C in 500-mL fermentation

vessels fitted with airlocks, and treatments continued until

the yeast stopped consuming sugar as determined by no

change in the sugar concentration in the fermentation for

three days. Daily sampling of the fermentations occurred

after stirring the fermentations for 5 min to ensure a homog-

enous mixture. The four treatments at the 0.5 g/L level were

fermented in triplicate whereas the four treatments at the

0.2 g/L level were fermented in duplicate.

Yeast rehydration. A starter culture of S. cerevisiae Kl-

VI 1 16 was prepared by rehydrating 5.0 g of commercial

' yeast in 50 mL of 40°C sterile water for 15 min, swirling gen-

tly every 5 min, producing a starter culture with a yeast

concentration of 100 g/L. GO-FERM at 0.3 g/L was either

present or absent in the rehydration water. To maximize cell

viability, yeast rehydration in our procedure was conducted

at 40°C to avoid a lipid phase transition that can result in

high cell mortality because of a loss of cytoplasmic con-

tents into the rehydration media (Van Steveninck and

Ledeboer 1974, Leslie et al. 1994, Crowe et al. 2001). After

the 15-min rehydration stage, the temperature of the culture

dropped from 40 to 30°C, which is consistent with that re-

ported for rehydration of commercial yeast preparations

using 40°C water (Monk 1997). The temperature difference

between the yeast culture and the icewine juice for the di-

rect inoculation procedure was always within 10°C to avoid

the formation of respiratory deficient (petite) mutants that

have poor sugar uptake and fermentation characteristics

(Monk 1997).

Direct inoculation at two rates. For direct inoculation of

rehydrated yeast into icewine juice at the 0.2 g/L rate, 1 mL
of the starter culture was added into 500 mL of icewine juice

that was prewarmed to 20°C, resulting in a starting yeast cell

concentration of -3.8 x 10* cells/mL. For direct inoculation

of rehydrated yeast at the 0.5 g/L rate, 2.5 mL of the starter

culture was added into 500 mL of icewine juice that was

prewarmed to 20°C, resulting in a starting yeast cell concen-

tration of -1.0 X 10^ cells/mL.

Stepwise acclimatization and inoculation at two rates.

To acclimatize the rehydrated yeast to increasing concen-

trations of juice, an equal volume (45 mL) of diluted, 25°C

icewine juice at 20 Brix was added to the starter culture (45

mL), resulting in a soluble solids measurement in the starter

culture of -10 Brix. The culture was then placed in a 25°C

water bath for 1 hr and stirred every 30 min. After the 1-hr

incubation, an equal volume of room temperature icewine

juice (90 mL) was added to the culture (90 mL) to achieve 20

Brix. The culture was placed in a 20°C water bath for 2 hr

with stirring every 30 min, after which 10 \iL of cells were

removed and examined under a microscope for budding.

Total time for acclimatization was 3 hr and 15 min, resulting

in a yeast concentration in the acclimatized starter culture of

25 g/L. For the 0.2 g/L inoculation rate, 4 mL of the acclima-

tized starter culture was added to 500 mL of icewine juice

prewarmed to 20°C, resulting in a starting yeast cell con-

centration of -3.8 X 10* cells/mL. For the 0.5 g/L inoculation

rate, 10 mL of the acclimatized starter culture was added,

resulting in a starting yeast cell concentration of -1.0 x 10'

cells/mL.

Fermentation parameters and biochemical determina-

tions. Soluble solids (Brix) in the icewine juice were deter-

mined with an ABBE bench-top refractometer (American

Optical, Buffalo, NY). Juice acidity was determined by mea-

suring pH using a Corning pH meter (model 445) and titrat-

able acidity (TA) by titration with 0.067 N NaOH to an end

point of pH 8.2 (Zoecklein et al. 1995). Free and total sulfur

dioxide in juice were determined using the Ripper method

by titration using 0.02 N iodine to a colorimetric end point

(Zoecklein et al. 1995). Assimilable amino acid and ammonia

nitrogen were determined in icewine juice using the nitrogen

by o-phthaldialdehyde (NOPA) method (Dukes and Butzke

1998) and an ammonia enzymatic test from Boehringer-

Mannheim (cat. no. 1112732; Germany), respectively. Fer-

mentations were monitored for reducing sugar content by

the Lane-Eynon titration method and viable cell concentra-

tions were determined using methylene blue staining and

cell counting with a haemocytometer, as outlined in

Zoecklein et al (1995). Yeast biomass was determined by a

filter retention assay. A 5-mL sample from each sampling

point from each replicate fermentation was removed and

passed through a sterile, preweighed 0.45-|jm Millipore

Durapore 45-mm filter. The membrane was washed three

times with MilliQ water, dried for two days at 60°C, and bio-

mass was determined by the difference in mass. Fermenta-

tion samples (5 mL) for metabolite analysis were taken from

the sterile-filtered sample left from the biomass assay. Glyc-

erol and acetic acid were determined using the glycerol and

acetic acid enzymatic tests from Boehringer-Mannheim (cat.

no. 148261 and 148270). Ethanol was measured by gas chro-

matography (GC) against an ethanol standard curve using a

6890 series gas chromatograph (Agilent, Palo Alto, CA)

equipped with a Carbowax (30 x 0.23 mm x 0.25 nm) column.

Samples were diluted 10-fold and contained 1-butanol as

the internal standard. All juice and wine measurements

were tested in duplicate for each sample, except for single

determinations of juice pH and biomass of each sample

from replicate fermentations.

Statistical analysis. SPSS statistical software package

(release 11.5; SPSS, Chicago, IL) was used for data analysis.

Statistical methods used for data analysis were analysis of

variance (ANOVA) with mean separation by Fisher's least

significant difference (LSD). Higher-order interactions were

examined using a general linear model (GLM).

Results and Discussion

Icewine juice. The chemical composition of Vidal

icewine juice is given in Table 1. The sterile juice had a low

initial acetic acid concentration, total assimilable nitrogen

(N) of 325 mg N/L to support yeast growth and low sulfur

Am. J. Enol. Vltlc. 55:4 (2004)
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dioxide levels to avoid further stress on the wine yeast

(Hein and Inglis 2002). The high soluble solids, high titrat-

able acidity, and low pH in the icewine juice provided a

stressful environment for yeast growth and fermentation,

as observed overall by the prolonged fermentations (Figure

2), low biomass accumulation (Figure 3), low peak cell con-

centrations (Figure 3), and high glycerol and acetic acid

production (Table 2).

Effect of inoculation rate. The lower yeast inoculation

rate of 0.2 g/L resulted in an insufficient amount of sugar

consumed to produce the target ethanol concentration of

10% v/v (79 g/L) before the icewine fermentation stopped,

regardless of the inoculation method or the presence of

added micronutrients during yeast rehydration (Figure 2,

Table 2). Although the inoculation rate had no impact on

lowering the acetic acid and glycerol concentration in the

Table 1 Vidal icewine juice parameters in sterile-filtered juice

(± standard deviation).

Parameter Value

Brix (g soluble solids/100 g liquid)

pH

Titratable acidity (g/L tartaric acid)

Assimilable amino acid nitrogen (mg N/L)

Ammonia nitrogen (mg N/L)

Free SO^ (mg/L)

Total SOj (mg/L)

Acetic acid (mg/L)

37.0

3.02

8.3 ±0.1

302 ± 9.0

22.7 ±

nd"

2±1.0

9.3 ± 0.1

>nd: not detectable

300 400

Time (hours)

450

400

350

a300

S.250
M
g'200
O

I 150
a.

100

50

B) Nutnent Addition
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final wines, fermentations at the lower inoculation rate con-

sumed less sugar (Table 2). Therefore, cells at the lower in-

oculation rate converted a higher proportion of sugar con-

sumed to acetic acid and glycerol in comparison to cells at

the higher inoculation rate. When using the direct inocula-

tion procedure in the absence of added micronutrients,

higher peak biomass and cell concentrations were attained

at the 0.5 g/L inoculation rate (Figure 3). in agreement with

the higher sugar consumption. The same effect of inocula-

tion rate was observed for stepwise acclimatized cells. The

presence of added micronutrients during rehydration did

not change these trends, except that stepwise acclimatized

cells did not show a significantly higher cell concentration

at the higher inoculum level (Figure 3). Based on peak cell

concentrations, at the 0.2 g/L inoculation rate, cells doubled

3 to 4 times before entering the stationary phase, whereas at

0.5 g/L, the cells only doubled 2 to 3 times. The peak cell

concentrations reached during icewine fermentation at ei-

ther inoculation rate (Figure 3C) were well below the 2x10*
cells/mL achieved during a typical table wine-fermentation

(Degrd 1993, Monk 1997). The increased concentration of

soluble solids in icewine juice likely impaired the ability of

the yeast to double during exponential growth, since there

was sufficient assimilable N in the juice for yeast growth,

with 132 to 176 mg N/L remaining in the wines across all the

treatments. It is not clear what limited cell division in the

icewine fermentations for cells at the higher inoculation rate

as compared to cells at the lower inoculation rate, but a

similar trend was also observed by O'Connor-Cox and

Ingledew (1991) during the fermentation of high-gravity

wort, although the wort was deficient in N in that study.

Overall, the lower cell concentration and biomass recorded

during icewine fermentation are in agreement with the

strong negative correlation observed between icewine juice

concentration and peak biomass formation during fermen-

tation (Pitkin et al 2002). It has been widely reported that in-

creasing sugar concentration in fermentative media reduces

yeast cell size, cell growth, viable cell concentration, and

fermentation activities (Nishino et al. 1985, D'Amore et al.

1988, Charoenchai et al. 1998). The smaller yeast cell size of

yeast grown in icewine juice, together with high glycerol

and acetic acid production, indicates that the concentrated

juice evoked the yeast high-osmolarity glycerol response

to hyperosmotic environments. It is not clear if the re-

sponse was only evoked by the high sugar concentration in

the icewine juice or if additional solutes contributed to the

response.

Effect of stepwise acclimatizing yeast cells. The main

impact of stepwise acclimatization in directly inoculating

rehydrated yeast into icewine juice was to achieve a higher

biomass and higher viable cell concentration (Figure 3),

which allowed for more sugar to be consumed in a shorter

time (Figure 2) and higher total ethanol production (Table

2). For the four treatments in the absence of added micro-

nutrients, there was a linear correlation between peak bio-

mass attained and sugar consumed (r = 0.954, p < 0.001)

and also between peak cell concentration and sugar con-

sumed (r = 0.910, p < 0.001). These same trends were evi-

dent for cells rehydrated with the micronutrient addition (r

= 0.877, p < 0.001 and r = 0.867, p < 0.01, respectively). For

all treatments tested, an inoculation rate of 0.5 g/L with

stepwise acclimatization of cells to icewine juice and with-

out the inclusion of micronutrients resulted in the highest

amount of sugar consumed (238 ± 4 g/L) and produced the

highest amounts of ethanol (95.5 ± 4.1g/L, 12% v/v).

For the same amount of sugar consumed, stepwise accli-

matization in comparison to direct inoculation after rehydra-

tion did not result in less acetic acid or glycerol production

(Table 3), two metabolites associated with the hyperosmotic

stress response of yeast (Blomberg and Adler 1989). There-

fore, the stepwise acclimatization procedure did not appear

to reduce the yeast hyperosmotic stress response in terms

of metabolite production.

Effect of adding micronutrients during yeast rehydration.

The inclusion of micronutrients during yeast rehydration

Yeast
inoculum*

Table 2 Yeast metabolites in final icewines (± standard deviation).

Nutrient"

Sugar consumed
(g/L)

Ethanol
(g/u)

Glycerol
(g/L)

Acetic acid
(g/L)

0.2 g/L D - 164 ±2 C 62.2 ± 1.5 c 9.4 ± 0.2 b 1.21 ±0.13 a

0.2 g/L D + 170 ±7c 59.9 ± 1.0 c 9.4 ± 0.4 b 1.12 ±0.06 a
j

0.2 g/L SW - 174±2c 64.4 ± 0.6 c 9.4 ± 0.2 b 1.13 ±0.10 a
'

0.2 g/L SW + 175 ±0c 65.7 ± 1.2 c 9.4 ± 0.3 b 1.11 ±0.05 a
'

0.5 g/L D - 210 ± 6b 83.0 ± 1.4 b 10.4 ± 0.8 b 1.25 ±0.05 a

0.5 g/L D + 208±2b 76.9 ± 1.4 b 9.8 ± 0.2 b 1.15 ±0.05 a

0.5 g/L SW - 238 ±4a 95.5 ±4. la 11.9 ±0.5 a 1.25 ±0.05 a

0.5 g/L SW + 218±6b 83.8 ± 2.4 b 9.7 ± 0.4 b 1.15 ±0.08 a

•D: direct inoculation of rehydrated yeast into icewine juice. SW: stepwise acclimatization of rehydrated yeast before inoculation into icewine

juice.

"-: no nutrient added; +: nutrient added.

'Average values within tfie same column followed by the same letter are not statistically different by LSD (p < 0.05).
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reduced the overall time required for fermentation from -500

to 350 hr (Figure 2A versus B). The micronutrients stimu-

lated the production of yeast biomass at a faster rate, with

cells reaching peak values much earlier in the fermentations

(Figure 3A versus B). Although the peak biomass attained

for any inoculation treatment with the micronutrients was

not significantly higher than the peak biomass attained for

the same inoculation treatment in the absence of these nu-

trients, the peak viable cell concentrations were higher ex-

cept for the 0.2 g/L direct treatment (Figure 3C). For both

the stepwise acclimatized cells and the rehydrated cells di-

rectly inoculated into juice at the 0.5 g/L rate, micronutrient

addition reduced the ethanol concentration in the wines by

11.9 and 13.5 g/L, respectively, even though glycerol and

acetic acid concentrations were not affected (Table 3). Al-

though the rate of acetic acid production was not altered by
the inclusion of micronutrients during rehydration, acetic

acid production as a function of sugar consumed was af-

fected (Figures 4 and 5). At the 0.2 g/L inoculation rate, ace-

tic acid was lower in the micronutrient-supplemented

samples for a given amount of sugar consumed up to -165

g/L, after which no significant differences with and without

Table 3 Yeast metabolites in icewines after 200 g/L sugar consumed (± standard deviation).

Yeast
inoculum' Nutrlento

Sugar consumed
(g/L)
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300 400

Tim«(houre)

100 150

Sugar consumed (g/L)

200 250

300 400

Time (hours)

100 150
Sugar consumed (g/L)

250

Figure 5 Production of acetic acid during icewine fermentation at the 0.5 g/L inoculation rate was plotted versus time (A,B) and versus sugar

consumed (C,D) for yeast directly inoculated into juice after rehydration (A,C) or stepwise acclimatized to juice before inoculation (B,D).

Micronutrients were either absent or present during yeast rehydration for each condition tested. Values represent the average ± SD of the mean

from triplicate fermentations.

the micronutreints were observed (Figure 4C, D). For the

0.5 g/L treatments, acetic acid was lower in the micronutri-

ent-supplemented samples up to -180 g/L sugar consumed,

after which no significant differences with and without the

micronutrients were observed (Figure 5C, D).

Overall, the yeast micronutrient supplement GO-FERM
did have an impact on reducing the fermentation time, in-

creasing the rate of biomass accumulation and reducing

yeast metabolite production for a set amount of sugar con-

sumed. GO-FERM is an inactive yeast preparation enriched

in vitamins (pantothenate and biotin) and minerals (magne-

sium, zinc, and manganese). Past studies have shown that

magnesium supplementation can improve yeast viability,

stimulate growth, and provide protection against ethanol

toxicity (Walker 1998). Our results are in partial agreement

with these observations. Although the inclusion of micronu-

trients increased the rate of biomass formation and gave

higher viable cell concentrations, sugar metabolism was di-

verted away from ethanol production resulting in lower

ethanol values in the icewines when equal amounts of sugar

were consumed. However, using the stepwise acclimatiza-

tion procedure together with micronutrient addition during

rehydration still produced sufficient ethanol to reach the

target value and reduced the time of the fermentation.

Significant interactions of inoculum level x inoculation

method x micronutrient addition were found for peak viable

cells and peak biomass (p = 0.008 and 0.021, respectively).

For peak biomass, at the higher inoculum level, the micronu-

trient addition reduced the impact of stepwise acclimatizing

the cells. For peak viable cell concentration, the micronutri-

ent addition did not have an impact at the lower inoculum

level for the direct inoculation method. There were no sig-

nificant three-way interactions of inoculum level x inocula-

tion method x micronutrient addition observed for any

yeast metabolites.

Future experiments are underway to determine whether

the same relationships hold for the inoculation treatments

and micronutrient addition using nonfiltered icewine juice

when the fermentations are stopped once the target ethanol

has been achieved as opposed to allowing the yeast to con-

tinue to ferment until they stop on their own.

Conclusions

In order to reach a target ethanol concentration of 10%

v/v (79 g/L) in icewine, it appears necessary to use a yeast

inoculum level higher than 0.2 g/L. When using an insuffi-

cient inoculum level, neither conditioning the yeast to

Am. J. Enol. Vltlc. 55:4 (2004)
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iccwinc juice nor adding micronutrients during yeast rehy-
dration extended the fermentation to reach the target etha-

nol concentration. In comparison, a yeast inoculation rate

of 0.5 g/L did result in higher yeast biomass accumulation,

more sugar consumed, and ethanol values close to or above
79 g/L (10% v/v) for all the treatments tested.

Using an inoculation rate of 0.5 g/L and stepwise accli-

matization of the yeast to increasing concentrations of ster-

ile-filtered icewine juice resulted in a sufficient viable cell

concentration and yeast biomass to reach the target etha-

nol value. Acclimatizing yeast to sterile-filtered icewine

juice did not impact the final concentration of acetic acid or

glycerol in the wine. The addition of GO-FERM during

yeast rehydration had a positive impact of increasing the

rate of biomass accumulation, increasing the viable cell

concentration, reducing the fermentation time, and reduc-

ing the rate of acetic acid produced as a function of sugar
' consumed up to 165 to 180 g/L sugar consumed. GO-FERM

reduced yeast ethanol production as a function of sugar

consumed.
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