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Pinot noir has a reputation for lower color stability than other red wine varieties. 

Because it has relatively low anthocyanin and phenolic content and lacks acylated 

anthocyanin pigments compared to other red vinifera varieties, color extraction and 

stability are particularly important. Varying the processing during fermentation of red 

wine can produce high quality wines. Pectolytic enzymes are used in wine processing for 

many purposes from increasing juice yield and filtering rates to improving color and 

phenolic extraction. 

Macerating enzymes used in this study, Scottzyme Color Pro (Scott 

Laboratories), Scottzyme Color X (Scott Laboratories), Lallzyme EX (Lallemand), GB 

Rapidase EX Color (Gist Brocades), and Vinozyme G (Cellulo) were added to 1997 

Oregon Pinot noir must prior to fermentation to observe color, aroma and flavor changfes. 

These commercial enzymes have been reported to increase color and improve aroma and 

flavor of red wines. The effect of these enzymes had not previously been investigated on 

Oregon Pinot noir but the manufacturers reported increased polymeric phenols, polymeric 

anthocyanins, tannins, color stability, red hue and saturation of red wine varieties. These 

enzymes have varying manufacturer recommended usage levels and it is not known how 



the dosage levels and the enzymes themselves affect Oregon Pinot noir. Sensory 

evaluations of these wines, at a high and low dosage level, were conducted through free- 

choice profiling by winemakers and descriptive analysis from a trained panel. In addition, 

chemical analyses were performed and related to sensory panel results. 

Overall the addition of these enzymes to Oregon Pinot noir produced wines with greater 

purple, red descriptors and higher color intensity than the control wine from trained 

descriptive panel and winemaker panel results. In aroma, the enzyme treated wines were 

higher in vegetative and earthy descriptors compared to the control. GB Rapidase EX 

Color (Gist Brocades) was higher in bitterness flavor compared with other samples. 

Low enzyme wine treatments separated wine samples more from the control then high 

enzyme wine treatments. The color and appearance, aroma and flavor axes of the profile 

maps were not significant in the high enzyme treated wines as determined from the 

winemaker panel. Furthermore, the winemaker panel found acidity the only aroma or 

flavor descriptor significant in the high dosage ANOVA results. Whereas six descriptors 

in the low enzyme ANOVA results were significant in separating aroma and flavor 

samples. Except for Lallzyme EX (Lallemand) treated wine, the hunter colorimeter results 

showed all low enzyme treated wines were significantly (p<0.05) more red-purple (lower 

hues) than the high enzyme treated wines. 
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SENSORY AND CHEMICAL ANALYSIS OF 1997 OREGON PINOT 

NOIR ENZYME TREATED WINES 

1.   INTRODUCTION 

As a young wine, Pinot noir creates a wine with cherry, raspberry and strawberry 

character yet when aged, the flavor becomes more complex, resembling chocolate, pnme 

and violets (Herbst and Herbst, 1995).   Many different clones of Pinot exist (noir, gris 

and blanc) and require long and cool growing seasons. Pinot noir has a reputation for 

lower color stability than other red wine varieties. This wine has relatively low 

anthocyanin and phenolic content and lacks acylated anthocyanin pigments compared to 

other red vinifera varieties. Consequently, color extraction and stability are particularly 

important (Watson et al., 1996). Varying wine processing during fermentation through 

addition of enzymes may create greater color extraction and stability components in the 

wine. 

Pectolytic enzymes are used in wine processing for many purposes from increasing 

juice yield and filtering rates to improving color and phenolic extraction (Wightman et al., 

1992; Ough and Berg, 1974; Watson et al., 1996). Experimentation with enzymes began 

with anthocyanases and pectinases. Yang and Steele (1958) used anthocyanases to 

decrease pigment content in blackberries because of problems with processing 

concentrates and resultant precipitation. Cruess et. al. (1955) and Ough et. al. (1975) 

studied the effectiveness of pectic enzymes in producing favorable processing qualities in 



wines such as increased filtration rates and greater juice yield, respectively. Later studies 

showed not only increased juice yields, filterability, clarity, and rate of settling but also 

increased tannins, color intensity and stability, and aromatic character (Grassin and 

Bayonove, 1992; Haight and Gump, 1994; Ough and Crowell, 1979; Brown and Ough, 

1981; Sims et al, 1988; Sims and Morris, 1985). 

Macerating enzymes used in this study, Scottzyme Color Pro (Scott 

Laboratories), Scottzyme Color X (Scott Laboratories), Lallzyme EX (Lallemand), GB 

Rapidase EX Color (Gist Brocades), and Vinozyme G (Cellulo) were added to 1997 

Oregon Pinot noir to observe color, aroma and flavor changes. The effect of these 

enzymes had not previously been investigated on Oregon Pinot noir but the manufacturers 

reported increased polymeric phenols, polymeric anthocyanins, tannins, color stability, red 

hue and saturation of red wine varieties. These enzymes have varying manufacturer 

recommended usage levels, and it is not known how the dosage levels and the enzymes 

themselves affect Oregon Pinot noir. Sensory evaluation through free-choice profiling and 

trained descriptive analysis of these wines were conducted along with chemical analyses to 

determine the effect and optimal usage level of these enzymes. 



2.   LITERATURE REVIEW 

2.1 Introduction 

Wine is judged by quality which as defined by Zoecklein et al. (1995) is, ".. .the 

degree to which the wine is satisfying and balanced and reflects the character of the 

grape." Wine quality may be assessed by the color, aroma and flavor and mouthfeel 

characteristics of the wine (Jackson et al., 1978). There are two main approaches into 

measuring these characteristics: chemical and sensory. Chemical methods involve high 

performance liquid chromatography, spectrophotometer readings, hunter colorimeter 

measurements, and sensory analysis, through trained descriptive panels as well as free- 

choice panels. These panels rate the attribute intensities of the wine. The condition of the 

winegrape during growth as well as processing parameters affect the phenolic composition 

and consequently, the sensory and quality of the finished wines. Thus, viticulturists and 

enologists can alter parameters, somewhat, to improve or refine the wine. 

2.2 Wine Processing 

The condition of the grapevine during the growth period affects the final color and 

phenolic composition, and the sensory character of the finished wine. For instance. Price 

et al. (1995) reported increased total phenolic content in skin extracts with sun exposed 

clusters compared to shaded clusters yet no significant increase was reported in total 

phenols of the finished Pinot noir wine. In addition, anthocyanin concentration increased 

60% in sun exposed versus shaded clusters in the finished wine. Mathews et al. (1990) 



found low vine watering increased anthocyanin content in finished wines compared to 

more heavily watered vines. The anthocyanin concent in Price et al. (1995) and Mathews 

et al. (1990) were likely related to the skin juice ratios; Price et al. (1995) sun exposed 

berries were smaller and in Mathews et al. (1990) less juice was produced because of 

lower vine watering changing the skin and juice ratio consequently increased the level of 

anthocyanins from decreasing the berry size. Morrison and Noble (1990) stated that 

shaded clusters of Cabernet Sauvignon produced less anthocyanin and phenolic content 

then fruit developed with sun exposure. It was concluded that light and temperature likely 

caused these differences. Freeman (1983) reported increased vine watering caused an 

increase in berry size and pH, reducing the proportion of pigment in the colored phase. 

Furthermore, Crippen and Morrison (1986) determined that before harvest, sun exposed 

berries differed in phenolic and anthocyanin content (per berry) compared to shaded 

berries. However, at harvest there were no significant differences. It was concluded that 

berry size needs to be considered when comparing berry component concentrations. 

In addition to vineyard variables, processing techniques also can alter the chemical 

composition and the resultant sensory properties of the finished wine. Compounds like 

phenols and anthocyanins are extracted from the grape during wine processing and 

alteration of parameters like fermentation temperatures, skin-juice contact time and 

ethanol content will affect compounds which contribute to the sensory character of the 

wine (Sims et al., 1995; Somers and Evans, 1986; Somers and Verette, 1988). 

Furthermore, harder crushing and pressing may break the seeds increasing extraction of 

phenolics in the seeds, in turn intensifying the astringent and bitter character of wine. 

Press temperature and skin-juice contact time resulted in quantitatively different phenolics 



as found by Auw et al. (1996). It was determined that immediate pressed juices from 

Cabernet Sauvignon, Chambourcin and Noble wines resulted in less phenolics while skin 

fermented wines had higher levels of phenols than either hot pressed wine or juice. Sims 

and Bates (1994) also reported that immediate pressed muscadine wines had lower 

phenolic levels then wines pressed at two, four or six days. Schmidt and Noble (1983) 

stated that in Cabernet Sauvignon longer skin contact time (two to three days) decreased 

vegetative character, while fruitiness increased. Moreover, addition of enzymes and 

tannins, at crush, can alter the amount of components extracted from the winegrape. 

Pectinases and carbohydrases like hemicellulases, cellulases and glycosidases, not only 

affect the sensory character of finished wines through greater breakdown of the winegrape 

structure but cause greater extraction of compounds which aid in processing wine (Plank 

and Zent, 1992; Zoecklein et al., 1995; Zent and Inama, 1992). Higher juice yield, better 

filtration rates and easier pressing are all accomplished from a more thorough breakdown 

of the winegrapes' components (Plank and Zent, 1992; Haight and Gump, 1994). Zent 

and Inama (1992) reported enzymes increased the rate of color and tannins extraction 

while and Grassin and Bayonove (1992) showed that glycosidases hydrolyzed bound 

compounds and released aromatics thereby intensifying fruity flavors and aromas. 

2.3    Wine Components 

2.3.1    Phenols 

Phenols are secondary plant metabolites that contain an aromatic ring and one or 

more hydroxyl groups (Macheix et al.,1990): Phenols are of great interest in many 



research fields because of functional capabilities such as protecting flower and fruits 

against the sun's ultraviolet rays, ensuring seed dispersal by animals and as natural food 

colorants (Mazza and Miniaiti, 1993). Phenols and their components, flavonols, 

anthocyanins, and flavan-3-ols, are present in fruits and flowers in varying concentrations 

(Macheixetal., 1990). 

In wines, phenols are present as either nonflavonoid or flavonoids. In red grapes 

flavonoids are primarily located in the winegrapes skin, seeds and a low quantity in the 

pulp. Therefore, flavonoids are present at a greater concentration because of the skin juice 

contact during fermentation. Nonflavonoids are located in the winegrapes' pulp and 

therefore in white wines the quantities of nonflavonoids are higher than flavonoids 

(Amerine and Ough, 1980). Nonflavonoids can also be extracted into wine from oak. 

Nonflavonoid and flavonoid estimated concentrations are 165 to 35 mg/L in white wines 

and 200 - 1000 mg/L in red wines, respectively (Amerine and Ough, 1980 Jackson, 1994). 

Nonflavonoids like benzoic or cinnamic acids are derived from the grape cell 

vacuole with little quantitative differences between red and white grapes, 183 - 322 mg/L 

gallic acid equivalents (GAE), respectively (Jackson, 1994; Amerine and Ough, 1980). 

Nonflavonoids such as benzaldehyde and cinnamaldehyde derivatives can also be extracted 

into wine if in contact with oak. 

There are different groups of flavonoids found in wines: flavonols, anthocyanins, 

flavan-3-ols and small amounts of flavan-3,4-diols. All the flavonoids have the same basic 

chemical structure, two aromatic rings joined by a central pyran ring. They vary through 

their bonding with hydroxyls, hydrogen and ketone groups at the 2, 3, or 4 position 



(Zoecklein et al, 1995). The flavonols, quercetin, kaempferol and myricetin are 

distinguished from the others by a ketone group attached at the 3 position of the pyran 

ring. In ripe white grapes they give a golden yellow color. They are primarily located in 

the winegrapes' skins and are found in red wines from trace amounts to 30 mg/L (Price et 

al., 1995; Jackson, 1994). Anthocyanins are predominate in the skins, while the flavan-3- 

ols such as catechins, epicatechins, procyanidins, and condensed tannins, are concentrated 

in the seeds and stems of the grape. The concentration of anthocyanins and flavan-3-ols in 

young white and red wines are estimated at 0 and 400 mg/L, and 25 and 150 mg/L, 

respectively (Amerine and Ough, 1980). Unlike the flavonols, the flavan-3-ols have a 

hydroxyl group at the 3 position of the pyran ring. The flavan-3-ols, procyanidins, are 

present as monomers in grapes but polymerize in wine to form condensed tannins which 

are covalently bonded (Jackson 1994). Condensed tannins may also be present in the 

winegrapes' seeds. 

Anthocyanins predominately exist as glycosides; without the sugar moiety they are 

called anthocyanidins. The sugar component at the three position and with diglycosides at 

the five position of the pyran ring, adds chemical stability and water solubility to the 

anthocyanin. The sugar is also commonly acylated with either cinnamic and/ or acetic 

acids that leads to greater stability except in Pinot noir which has no acylations (Jackson, 

1994). There are 5 anthocyanidin pigments found in wines: cyanidin, delphinidin, 

petunidin, peonidin and the predominate winegrape pigment, malvidin. The structural 

difference between them is based on the position of hydroxyl and/or methyl groups on the 



B-ring (Hutchings, 1994). Their concentrations vary among cultivars and they influence 

color hue and stability of the finished wine. The glycosides of Vitis vinifera exist only as 

monoglycosides, whereas in native American species, mono and diglycosides are present. 

For example, Vitis vinifera varieties, have glycosides present and are commonly acylated 

to acids, malvidin - 3-monoglycoside-acetate and a native American species: malvidin - 

3,5-diglycoside-acetate. 

Anthocyanins are located in the cell vacuole as an aqueous solution and are 

naturally found in slightly acidic solutions (Ribereau-Gayon, 1982). The anthocyanin 

stability and color are primarily a function of pH. At a low pH, a greater percent of the 

anthocyanin is in the flavylium ion form, and is red in color. As the pH rises, the 

proportion of anthocyanin in the flavylium ion form decreases and there is an increase in 

the colorless carbinol form. With an even higher pH, less carbinol and even less flavylium 

forms are present but an increase in the quinoidal form creates a bluish hue (Jackson, 

1994). The color of red wine is not only dependent on anthocyanin content but also on 

chemical changes that occur with pigments and phenols (Zoecklein et al., 1995; Somers 

and Verette, 1988). Free anthocyanins polymerize with tannins creating a copigmentation 

effect that occurs during fermentation and aging. The anthocyanins' phenol rings are 

planar and stack on each other and other structurers similiar to flavonoids increasing the 

color intensity of wine (Mazza and Miniaiti, 1993). The reaction of tannins condensing 

with anthocyanin stabilizes the anthocyanin against pH changes and decolorization by 

sulfur dioxide (Zoecklein et al., 1995; Somers and Verette, 1988). Color stability of a 

wine is partially dependent on the anthocyanin-tannin ratio. Sims and Morris (1985) 

reported that when comparing Cabernet Sauvignon (Via'.? vinifera, monoglycosides) and 



Noble (Vitis rotundifolia, diglycosides), the Noble wines, at a higher pH, had greater 

browning and color loss. This was presumed to be caused from less anthocyanin-tannin 

polymerization existing in the Noble wines. In the Noble wines, there was a larger amount 

of free anthocyanins and at a higher pH, there were less proportions in the red flavylium 

ion form. These researchers also showed that red Muscadine {Vitis rotundifolia) wines 

treated with acetaldehyde after 8 months were less brown than other wines and had more 

polymerization of anthocyanins and tannins. As a result, the acetaldehyde promoted more 

anthocyanin-tannin bonding (Sims and Morris, 1986). Once this polymerization becomes 

extensive, large molecular weight compounds begin to precipitate out of solution forming 

a brownish-red colored wine (Zoecklein et al, 1995; Baldy, 1993). For this reason tannins 

play an essential role in the color of aged wine (Ribereau-Gayon, 1982). 

2.3.2    Bitterness 

Bitterness is a taste sensation experienced from an interaction of polar molecules 

and lipids in the mouth and is sensed primarily on the back and sides of the tongue 

(Thomgate, 1997). Metals, terpenes, amino acids and phenolic's polar molecules all can 

evoke this bitter sensation (Fischer and Noble, 1994). The basic form of flavonoids which 

are monomers, are the main cause of red wine bitterness and are extracted from wine 

grapes skin and seeds (Fischer and Noble, 1994). Red wines are fermented with their 

skins and seeds extracting many flavonoids, which are not extracted in white wines. 

Therefore, the main bitterness sources in white wines are nonflavonoids since there is little 

seed and skin contact where many flavonoids exist (Fischer and Noble, 1994). Gallic acid 

and catechin are flavonoid monomers naturally found in wine juice and seeds, respectively. 
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Gallic acid has been reported as bitter and astringent, however, Robichaud and Noble 

(1990) found it only to elicit bitter qualities. Additionally, previous studies showed 

catechins to bring about only bitter sensations, while Robichaud and Noble (1990) found it 

bitter and astringent. As grape seed fractions increase in size from monomers to polymers, 

bitterness decreases in relation to astringent sensations (Robichaud and Noble, 1990). 

Bitterness can be increased by addition of sugar, ethanol or a buffer (Macheix et al., 1990; 

Thomgate, 1993). Yet, Lea and Arnold (1978) found that increased sugar and buffer 

lowered bitterness and that higher ethanol content increased bitterness and decreased the 

astringency in cider. 

2.3.3.   Astringencv 

Astringency is a tactile sensation commonly experienced when drinking wine. 

Polyphenols in wine form hydrogen bonds with saliva proteins in the mouth leading to 

their precipitation which produces a drying sensation (Naish et al., 1993; Robichaud and 

Noble, 1990; Guinard et al., 1986b). Chemically astringent compounds spontaneously 

precipitate saliva proteins when introduced and are technically defined as having a 

molecular weight greater than 500 (Thomgate, 1993). Robichaud and Noble (1990) and 

Arnold et al. (1980) found some monomeric flavonoid compounds, like catechins, may 

elicit astringent sensations without actually meeting the technical definition of an 

astringent compound. As a result, this definition contains obvious contradictions. 

Compounds that are highly astringent may also have bitterness qualities, yet the sensation 

of astringency masks the bitterness taste (Amerine and Roessler, 1983; Arnold and Noble, 

1978). 
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Astrmgency was found to be related to acidity and pH by Rubico (1993) and 

Straub (1989) in acid solutions. Both studies reported that stronger acid solutions (lower 

pH) produced more astringent mouthfeel then weaker acidic solutions. Additionally, 

Rubico and McDaniel (1992) found the relationship between astringency and pH was 

stronger than between sourness and pH. 

The amount of tannin in wine affects the intensity of astringency. Guinard et al. 

(1986a) showed as pH decreases, tannins in the phenol form increases and then dihydroxy 

groups likely form hydrogen bonds with mouth proteins resulting an increase in 

astringency. However, when tannin concentration is high, the same lowering of pH elicits 

no increase in astringent sensation indicating either the wines' astringency is very high and 

the acid change is just not detected or the limiting factor in hydrogen bonding is not 

tannins any longer but saliva proteins (Guinard et al., 1986a). So, increasing acidity can 

significantly affect the astringent properties of medium to low tannic wines. Guinard et al. 

(1986b) showed astringency intensity to increase with recurrent drinking in moderately 

phenolic wines. As wine ages astringency is lowered because of grape seed tannins and 

tannic acids that cause astringency, polymerize forming more stable high molecular weight 

compounds that precipitate out of solution lowering astringency which softens the wines' 

flavor (Fisher and Noble, 1994). 

Lea and Timberlake (1974) found that in ciders, oxidation that occurred during the 

juice extraction reduces condensed tannins due to precipitation, therefore lowering the 

bitterness and astringent sensory character. 
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2.3.4   Enzymes 

The history of enzyme use in wine is an extension from use in apple juice where 

pectin enzymes were useful in clarification and quality improvements (Plank and Zent, 

1992). When pectinases, derived mainly from Aspergillus species, are utilized they break 

down pectin in the structural middle lamella and cell wall of the wine grape, preventing 

suspended particles, colloids, from causing turbidity, clarification and filtering problems 

(Plank and Zent, 1992). 

The galacturonic acid polymer, pectin, can be broken down by various pectinases. 

The following pectinase enzymes are all contained in various amounts in commerical 

enzyme preparations. Pectin methyl esterase (PME) is seldom used because it releases 

methanol into the must causing bad wine quality. Pectin lyase (PL) hydrolyzes the 

glycosidic link while polyglacturonase (PG) randomly breaks the glycosidic linkages. 

Pectin lyase and polyglacturonase are widely used since they are efficient in decreasing 

juice and must viscosity from degradation of polygalacturonic acid (Zoecklein et. al., 

1995; Plank and Zent, 1992). 

Experimentation with enzymes began with anthocyanases and pectinases. Yang 

and Steele (1958) used anthocyanases to decrease pigment content in blackberries because 

of problems with processing concentrates and resulting precipitation. Cruess et. al. (1955) 

and Ough et. al. (1975) studied the effectiveness of pectic enzymes in producing favorable 

processing qualities in wines such as increased filtration rates and greater juice yield, 

respectively. Later, Sims et. al. (1988) showed pectinases and the combination of 

pectinases, cellulases and hemicellulases could increase amount of juice product and 
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proportion of compression of hard to press grape varieties. Plank and Zent (1992) studied 

pectinases for use in wines in order to expedite the processing of hard to press juices, 

increase clarification and filtration rates, expand free run and pressed juice yields, and to 

facilitate the extraction of color, flavor and aroma compounds. 

Improved technology led to the discovery that pectin was not the only structural 

component of the grape causing turbidity; other colloidal material also played a part. 

Carbohydrases, hemicellulases, cellulases, were found to counteract turbidity by giving a 

more complete breakdown of the structure of the middle lamella and cell wall in the grape 

leading to greater quality wines through development of macerating enzymes. Macerating 

enzymes are composed of pectinases and these new carbohydrases (hemicellulases, 

cellulases and glycosidases) enabling greater hydrolysis of colloidal substances in grapes 

(Plank and Zent, 1992). Usefulness of macerating enzymes depends on the ability to 

breakdown the middle lamella and cell wall structure (Zoecklein et al., 1995). Haight and 

Gump (1994) and Zent and Inama (1992) showed macerating enzymes increased wine 

juice yield and color extraction, respectively. 

Wine quality improvements consisted of higher settling, lower viscosity of must 

and juice causing better filtration from compaction of yeast lees. Additional improvements 

occurred from easier pressing in hard to press grape varieties, use of less fining and 

filtering material, and improved color, flavor, and aroma extraction (Plank and Zent, 

1992). Compaction of lees occurs from a more complete breakdown of structural 

portions of the grapes middle lamella and cell wall that causes the lees to settle better and 

decreases the amount of lost wine juice and must (Plank and Zent, 1992). Lower viscosity 
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of juice improves the ability to downstream process the wine. Hard to press grape 

varieties are easier to process since pectin, cellulose and hemicelluloses, are broken down 

from macerating enzymes (Plank and Zent, 1992). Cost of filtration and fining is 

decreased because destruction of the structural grape, middle lamella and cell wall, yield 

less insoluble solid material. Color is also increased because destruction of the structural 

grape allows more pigments to be extracted (Plank and Zent, 1992). Furthermore, the 

flavor and body of red wines increased due to a 10 - 20% increase in the amount of 

tannins and proanthocyanidins (Zent and Inama, 1992). Greater aroma and flavor 

compounds resulted in wines when treated with glycosidic enzymes, which are present in 

macerating enzyme preparations (Zoecklein et al., 1995; Plank and Zent, 1992). Free 

compounds are already volatile, whereas the bound precursors are conjugated to sugars 

and only become volatile upon hydrolysis of compounds like terpenes. There are free 

aromatic compounds and bound aromatic precursors of various chemical groups including 

terpenes, glycosides, phenolic acids, shikimic acid derivatives etc. present in grapes. 

When glycosidases are employed, the bound compounds are hydrolyzed off increasing 

volatility which results in an increase in aromatic and flavor compounds (Grassin and 

Bayonove, 1992). 

When choosing a type of macerating enzyme, the style of wine needs to be 

considered. For instance, white wines with high aromas and flavors, or red wines with 

high color will affect the specific choice. The processing conditions, skin-juice contact 

time, temperature of fermentation and wine pH will affect enzyme activity. When enzyme 

activity is high, the must is at an optimal pH (~pH 4 - 5) and temperature (50 - 60° C), 
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while if the temperature or pH is too low or too high the enzyme is very low or inactive 

(Plank and Zent, 1992). 

2.3.5    Colorimetrv 

Consumers have always judged food by color. Detection of spoiled fruit, the 

redness of meat in cooking and the vividness of tomatoes or the expectation that cherry 

jello should be red are specific examples of the importance of color. If the color of food 

improves consumers will be more likely to purchase the product. The measurement of 

color, referred to as colorimetery, not only involves quantifying pigments but also 

considers perception and the quality of light. Color is defined by Francis and Clydesdale 

(1975) as a, "sensation experienced by an individual when visible light strikes the retina." 

Without light, luminosity, there is no perception, hence light is needed for color to exist. 

Color measurement responses from humans are affected by many psychological and 

physiological parameters such as area of the retina stimulated, observer's mental attitudes, 

energy variation of the stimulus etc. (Hutching, 1994; Francis and Clydesdale, 1975). 

Before instruments were developed to measure color other methods were 

employed. Munsell, the first well known system, was developed in the early 1900's, and 

was based on identification of colors using three attributes: hue, value and chroma. The 

first, hue, is the dominant wavelength or attribute of color, the second, value, is the degree 

of lightness or darkness based on a scale with white as one-hundred and black as zero, and 

the third attribute, chroma, is the percentage of hue in color. Clydesdale (1984) described 

chroma as the "degree of departure of a given hue." Percentage purity or saturation is 
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comparable to chroma. These attributes explain how color specification was the location 

of a point in a three dimensional space, where value is the vertical dimension, hue the 

horizontal, and chroma designates the depth. This system of measurement was 

advantageous because of its linearity and its ability to accommodate any color (Francis and 

Clydesdale, 1975). However, human judges are affected by environmental and 

physiological factors and therefore another means of measurement that was 

mathematically based was developed. The CIE (Commission Internationale de 

I'Eclairage), the international organization that deals with light, color, standardized light 

sources and tables that relate measurements to visual responses, in 1931 began developing 

a more objective system (Francis and Clydesdale, 1975). The new mathematical based 

CIE tristimulus colorimeters use an illuminate as the standard observer. Since light affects 

the colorimetery of objects greatly the following is a list of standard sources: 

Source A tungsten filament lamp at a color temperature of 2854K 

Source B direct sunlight obtained by modifying Source A with a liquid filter to give a 

color temperature of 4870K 

Source C average daylight (not including ultraviolet light) obtained in the same manner 

as Source B except because of the filter used results in a slightly bluer 

light with a color temperature of 6740K 

Source D average daylight (including ultraviolet light) with a color 

temperature of 6504K 

CIE tristimulus colorimeters that resulted were both mathematical and linear. 

Hunter Color Solid, Gardner Color Meter and CIE L*a*b*, are examples of many 

colorimeters that evolved (Francis and Clydesdale, 1975). These colorimeters were very 
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effective in measuring color differences, and are used in quality control, and for research 

purposes (Ballinger et al.,1974; Little, 1977; Sims and Morris, 1986). Tristimulus 

colorimetry provides a good description of wine color compared to spectral absorbency 

(Somers and Verette, 1988). Additionally, Bakker et al. (1986a) used tristimulus 

colorimetry for port wine color description. 

Other methods, sensory testing, spectrophotometer and the Hunter colorimeter can 

measure wine color, while high performance liquid chromatography (HPLC) can qualify 

and quantify pigments. As seen in Mathews and Ishii (1990) and in Ough and Amerine 

(1967), colorimetry was measured through sensory testing of trained and untrained 

panelists. In Ough and Amerine (1967) sensory testing of color preferences and 

consistency of experienced and inexperienced panels were monitored. Further exploration 

involved correlating their preferences with tristimulus values. Sims and Morris (1985) 

studied browning of wine visually with a sensory panel. 

Spectrophotometers measure the reflection or absorption of light from an object in 

different wavelengths of the visible spectrum. Since spectrophotometers measure light in 

a defined region of the visible spectrum it views colors the human eye cannot see and has 

ability to show results in the tristimulus numerical system or in spectral reflectance graphs. 

Additionally, it is capable of changing light sources (Clydesdale, 1984; Wrolstad, 1997). 

Spectrophotometry is commonly used to measure wine hue and density, enological 

colorimetric indexes, in dealing with color and aging (Somers and Verette, 1988). Hue or 

tint of diluted red wine is the ratio of absorbance at 420nm/520nm. The color density, 

intensity, of diluted red wine is measured at absorbancies 420nm + 520nm. Sudraud 
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(Sudraud, 1958) developed these methods and levels for color measurement and Ough et 

al. (1962) showed these levels of absorbance were satisfactory for most color changes. 

These levels are used to compare color of wines during the vinification, processing, 

storage and aging conditions (Crippen and Morrison, 1986). The indices are not always 

optimal for young red wines since the hue range is broad (Somers and Verette, 1988). 

Ough and Amerine (1967), found hue to have the highest quality ratings from sensory 

testing when between 595-620m|j., brightness 35-50% and purity 25-40%. Negueruela et 

al. (1995) compared the correlation of CIE parameters and enological indexes in red wines 

and found the best control of color measurement of wines is observed by Intensity of 

Color from Glories Index (Glories, 1984) and with Sudraud's (Sudraud, 1958) tint index. 

Bakker et al. (1986b) showed in young red wines determination of total 

anthocyanins was more accurate using HPLC then spectral methods. Spectral methods 

require bleaching of anthocyanins which also causes some partial bleaching of polymeric 

pigments producing too high of a result (Bakker et al., 1986b). HPLC is frequently 

applied for measuring quality and quantity of pigments (Hong and Wrolstad, 1990; Wulf 

and Nagel, 1978). An inability to detect polymeric pigments, which increase during aging 

wines, was a disadvantage, yet measuring residual anthocyanins was very accurate 

(Somers and Verette, 1988). Kantz and Singleton (1991) effectively measured polymeric 

phenols (condensed tannins) by HPLC in young and aged wines and Sims and Bates 

(1994) quantified anthocyanins during fermentation and year old wines using the same 

instrument. 
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2.4    Descriptive Analysis 

Descriptive analysis evolved from the evaluation of beers, spirits, wines and 

perfumes (Pangbom, 1964). One or two experts would smell or taste the product and 

determine the proper action for quality control and product development settings 

(Pangbom, 1964). Eventually, there were too many products and few experts to evaluate 

them. Furthermore, this form of evaluation was thought to be statistically invalid and may 

not even mirror consumers markets (Pangbom, 1964). At this point, studies on food 

characteristics were beginning to be qualified and quantified through intensity ratings 

(Sweetman, 1931; Platt, 1931; Mazzola, 1930). This lead to researchers employing 

panelist's or judges to evaluate food properties. Realization of the importance of selection 

of judges and training was discovered and applied (Pangbom, 1964). In 1947, the first 7- 

point hedonic scale was used and later adapted to the 9-point hedonic scale currently used 

(Pangbom, 1964). 

Today in descriptive analysis, a trained panel of assessors is used as an analytical 

instrument to accurately analyze the attributes of a food. It is a technique of sensory 

analysis involving both quantitative and qualitative aspects of a product. The qualitative 

side encompasses describing sensory attributes for appearance, aroma, flavor and/or 

texture of a product while the quantitative half represents rating these qualities with 

intensity levels (Meilgaard et al., 1991; Noble, 1984). Rutledge and Hudson (1990) 

provide a detailed account of their method for training a descriptive panel. In training, the 

panel leader works with the panelist to identify important attributes of the product. 

Continual evaluation of the product is needed to control variation between panelists which 
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is achieved through reference standards of different intensities depicting the scale and 

emphasizing the attributes. Descriptive analysis includes training the panel, testing, data 

collection and analysis. Many different methods of descriptive analysis have been 

developed: Flavor Profile Method, Texture Profile Method, Quantitative Descriptive 

Analysis and The Spectrum Method (Pangbom, 1964; Meilgaard et al., 1991; Szczesniak, 

1963; Noble, 1984; Stone and Sidel, 1993). Furthermore, unlike the common language 

descriptive analysis methods, Free-choice Profiling panelists use their own terms to 

describe samples (Williams and Langron, 1984). 

2.4.1    Flavor Profile Method 

The first official method of descriptive analysis, Flavor Profile Method, was 

developed by Arthur D. Little (Cambridge, MA) in the late 1940's (Pangbom, 1964). The 

panel consisted of 4-8 screened and selected panelists who had open discussions of the 

product to be evaluated. The panel leader directs the conversations and at conclusion of 

training, the groups' intensity ratings and discussions are summarized and a consensus 

report written. This method is useful qualitatively, however because no statistics are used 

in the analysis, quantitatively the results are of little value (Meilgaard et al., 1991; Stone 

and Sidel, 1993). Additional disadvantages are time consumption in training the panel and 

a relatively small intensity scale (Pangbom, 1964). Also, this method did not have a 

protocol to evaluate product texture, therefore. General Foods Research Center developed 

the Texture Profile Method. 
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2.4.2 Texture Profile Method 

The Texture Profile Method was based on the Flavor Profile Method focusing on 

the detailed sensory of texture (Meilgaard et al., 1991; Brandt et al., 1963). The main 

objective was to form a process to evaluate texture, i.e. which teeth to bite down on, how 

many times to chew down etc. Basic differences from the previous method were more 

selective screening process and wider range of reference standards. These high and low 

references were initiated to decrease variability among panelist's' ratings. Yet, as in the 

Flavor Profile Method, the limited information gained by qualitative responses and the 

panel leader determining descriptors were still problematic (Stone and Sidel, 1993). 

2.4.3 Quantitative Descriptive Analysis 

Quantitative Descriptive Analysis was a subsequent development, by Tragon 

Corporation, from the Flavor Profile Method (Stone et al., 1974). It focused on 

quantifying the products attributes. In this method, language development was based on a 

consensus and the panel leader was more of a facilitator than an instructor. The analysis 

emphasizes statistics and a non-referenced intensity scale with the purpose of preventing 

limitations for the panelist (Meilgaard et al., 1991; Stone and Sidel, 1993). Zook and 

Wessman (1977) practiced this method and proved its success. Inconsistent results may 

evolve from one panelist or no formal instruction from a panel leader and the non- 

referenced intensity scale (Meilgaard et al., 1991). 



22 

2.4.4 Spectrum Method 

This system was developed by Gail Civille (Sensory Spectrum, Chatham, NJ) to be 

practical and to overcome the previous methods' faults (Meilgaard et al., 1991). In the 

Spectrum Method the panel leader has a more active role in training panelist's and the 

language evolution requires technical knowledge from the judge. The idea of the training 

process is to have the same reference standards for multiple panels, an absolute reference 

scale, therefore, the references are not specific for the product tested. Additionally, the 

intensity scale has many points of reference for greater accuracy in relating data to 

instrumental measurements (Meilgaard et al., 1991). 

2.4.5 Free-Choice Profiling 

Free-choice profiling (FCP) was first utilized by Williams and Langron (1984) to 

evaluate ports, whereby panelists developed their own terms to describe the products. 

This method is based on the theory that judges do not differ in how they perceive sensory 

characteristics but in how they describe products (Jack and Piggott, 1993). 

FCP only requires minimal training and panelists to be objective and consistent in 

their use of terms (Williams and Langron, 1984). Free-choice profiling saves money and 

extensive training of conventional descriptive analysis. Panelists may be more comfortable 

and consistent using their own terms. FCP has been employed successfully in consumer 

research (Guy et al., 1989; McEwan and Colwill., 1989) as well as in descriptive analysis 

(Rubico and McDaniel, 1992; Dumont, 1994; Stucky, 1996; Vaia, 1995). 
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The panel leader must weight the advantages and disadvantages of each method, 

possibly using a combination, when deciding which method to employ. 

2.5    Sensory Analysis of Wine 

Wine is subjectively judged on its sensory character, therefore, it is important to 

produce high quality wines, which Zoecklein et al. (1995) describes as, "...satisfying, 

balanced wines that reflects the character of the grape." Many sensory studies have been 

carried out on wine to evaluate their attributes through discriminate and affective tests as 

well as through free-choice profiling and conventional descriptive analysis. 

Sims et al. (1995) studied muscadine wines through discrimination tests. Triangle 

tests were carried out to determine how fining agents affected the chemical and sensory 

attributes of the wines. High levels of fining agents were compared to the control in white 

muscadine wines and found there were no sensory changes when casein and 

polyvinylpolypyrolidone (PVPP) were used. However, when gelatin was applied there 

were sensory differences. In red muscadine wines, gelatin and casein produced no sensory 

changes, yet PVPP did alter the sensory character. Furthermore, Wightman et al. (1992) 

carried out a difference from control test to determine differences between strains of 

genetically engineered yeast, S. cerevisiae. Some strains showed significant differences 

while with others none were detected. Matthews et al. (1990) performed affective tests, 

paired comparisons, to detect the effects of vine watering during the.growth of the 

winegrape. This studied reported that concentrations of anthocyanins and phenolics were 

higher in low watered vines. Also, vines that were watered more were discriminated from 

early and late season under-watered vines in appearance, aroma, flavor and mouthfeel 
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characteristics. The early and late season deficit vines also contrasted each other in all 

sensory properties. 

Free choice profiling (FCP) was applied and found effective in describing port 

wines. Williams and Langron's (1984) purpose was to show the relationship between 

eight various ports without using a defined vocabulary. It was statistically shown that a 

majority of panelists could use their own terms to describe the ports through individual 

profiles that were generated and evaluated through generalized procrustes analysis (GPA). 

Rubico and McDaniel (1992) used FCP to demonstrate differences of various acids in 

sensory character. Then, in 1993, Bakker and Arnold used this technique to profile the 

color of thirty-nine port wines using nine panelists. The color results were then related to 

the spectrophotometer color readings through regression analysis, which exhibited a 

positive correlation. 

Conventional descriptive analysis was conducted to compare different grape 

growing regions, to study wine processing and aspects of vine growth. McCloskey et al. 

(1996) ran a FCP panel followed by a quantitative descriptive analysis (QDA) panel. The 

most common terms used in the FCP were chosen as the descriptors for the QDA panel. 

This study compared and indicated differences in wine aroma quality between regions of 

Cameros American Viticulture Areas and California growing regions (Napa and Central 

Coast) of Chardonnay wines. Cameros region wines separated the greatest and were 

described as rating high in terms, citrus, fruitiness, Muscat and green apples/pears. 

Moreover, Zinfandel, grown in various regions of California, was profiled through sensory 

and chemical analysis (Noble and Shannon, 1987). In this experiment, levels of ethanol 
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(low, 12.60 - 13.70 % v/v, medium, 13.71 - 14.50 % v/v, and high, 14.51 - 15.60% v/v) 

were varied and when comparing the three levels of ethanol, low ethanol wines were 

perceived as low in the flavor and mouthfeel characteristics of viscosity, bitterness, berry 

and black pepper. There were no aroma differences directly due to ethanol concentration. 

Yet, when different vintages were contrasted, 1980 and 1981, it was reported that 1980 

vintage Zinfandels, were rated higher in ethanol concentration by a trained panel, were 

positively correlated with the aroma and mouthfeel of black pepper and viscosity. Also, 

Noble et al. (1984) studied twenty-four Bordeaux wines with a trained descriptive panel 

and assigned quality ratings by Masters of Wine. It was shown in aroma, the 'green 

bean/green olive' character was the main difference between wines; in flavor and 

mouthfeel, astringency and bitterness was differentiated. No significant differences were 

observed in quality from the Masters of Wine. Another descriptive panel profiled 

commercial California Cabernet Sauvignon wines (Heymann and Noble, 1987). This 

study found that younger vines and cooler temperatures produced wines with low 

fruitiness and high vegetative qualities. Additional descriptive analysis panels were held by 

Guinard and Cliff (1987) and McDaniel et al. (1987) to evaluate differences in Napa, 

Sonoma and Cameros Pinot noir and to compare the effect of different strains in 

malolactic bacteria in Pinot noir wines, respectively. Guinard and Cliff (1987) reported 

that the Napa and Sonoma wines differed from Cameros wines which were rated high in 

fresh berry, berry jam, cherry and spice aromas; while McDaniel et al. (1987) found 

twenty of the thirty-three aroma descriptors were significant in showing differences among 

different malolactic bacteria strains. GC chromatographics were used in conjunction with 

conventional descriptive analysis and with an expert winemaker panel to evaluate Pinot 
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noir aroma at different maturity levels (McDaniel et al., 1989). The descriptive panel had 

five terms significant that differentiated the wines, however, no single wines' character 

was overall distinguished from any other. Experts were able to differentiate the early and 

middle harvest dates from the latest which rated high in quality ratings, overall quality, 

varietal character and complexity. 

To summarize, discrimination and affective tests as well as free-choice profiling 

and conventional descriptive analysis are good tools to find statistical differences and 

relationships in the sensory characteristics of wines. These methods of analysis have been 

used and are continually practiced in conjunction with or as an alternative to traditional 

chemical analysis of wines. 
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3.   MATERIALS AND METHODS 

3.1    Sample Production 

Pinot noir grapes were harvested in 1996 from the Woodhall Vineyard in Alpine, 

Oregon. Fermentation treatments consisted of control and five enzyme additions at 

crushing, including, Scottzyme Color Pro (Scott Laboratories), Scottzyme Color X 

(Scottzyme Laboratories), GB Rapidase EX Color (Gist Brocades), Color, Lallzyme EX 

(Lallemand), and Vinozyme G (Cellulo). Each treatment was added at a high and low 

usage level as listed in Table 3.1. These levels were determined from the high and low 

range of the manufacturers recommended dosages. All treatments were made in triplicate 

using 16 kg lots of fruit. The enzymes were added after the addition of sulfur dioxide at 

50mg/l, which preceded the inoculation of 0.264g/l (2 lbs/1000 gal) of Bourgorouge 

RC212 (Lalvin) rehydrated yeast. The caps were mixed into the fermenting wines twice 

daily. The control wine and the enzyme treated wines were pressed at cap fall after 12 

days of skin contact time at approximately -1.5 "Brix. Fermentation temperature for all 

treatments began at 180C (64.4^) and reached a maximum of 29.40C (SST) for 24 hours 

prior to cap fall after 12 days of maceration. After settling and racking, new wines were 

inoculated with 0.007g/1 (26.5 g/1000 gal) OSU Leuconostoc oenos (Lalvin) rehydrated 

malolactic bacteria. After completion of malolactic fermentation the wines were cold 

stabilized at 5.60C (42<,F) then racked and bottled. 
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Table 3.1. Commercial enzymes and the low and high usage levels added to 1997 
Pinot noir must. 

Enzyme                                                                           Usage Level 
        LOW HIGH 
Scottzyme Color Pro (Scott Laboratories) 0.059ml/kg     0.0985ml/kg 
Scottzyme Color X (Scott Laboratories) 0.059ml/kg     0.0985ml/kg 
Rapidase EX Color (Gist-Brocades) 0.015mg/kg    0.030mg/kg 
Lallzyme EX (Lallemand) 0.015mg/kg    0.030mg/kg 
Vinozyme G (Cellulo) 0.025mg/kg    0.050mg/kg 
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3.2       Sensory Assessment 

3.2.1    Descriptive Analysis 

3.2.1.1 Sample Preparation 

For evaluation, all samples were served at 21 - 23 0C (70 - 73°?) and poured, 

~30ml, into 240 ml INAO clear wine glasses (St. George Crystal, Inc., Jeanette, PA) and 

labeled with three-digit random codes. 

3.2.1.2 Panel 

The trained descriptive panel consisted of eleven student and faculty volunteers, 

five men and six women, from Oregon State University. The training consisted of eight 

one-hour sessions over three weeks. The panelists were trained according to the 

Spectrum method (Meilgaard et al. 1991) to describe the color and appearance, aroma, 

flavor and mouthfeel characteristics of all treated wines. The terms used to describe and 

rate the wines along with the reference standards are listed in Table 3.2. A 16-point 

intensity scale, where 0=none, 3=slight, 7= moderate, 1 l=large and 15=extreme, was 

used to rate each sample. Panelists were required to review all standards before testing 

each day and were screened for color blindness with standard Ishihara color plates 

(Ishihara 1980). 
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Table 3.2. Descriptors, standards,* and intensity scale values for the descriptive panel of 1997 Oregon Pinot noir wine 
 Descriptor Standard Intensity Scale" 
Appearance 

10 ml Hinman Pinot noirb + 15ml spring water 5 
15 ml Hinman Pinot noirb + 15ml spring water 9 
10 ml stock solution0 + 20 ml spring water+ 10ml Hinman Pinot noirb 7 
20 ml stock solution' + 25 ml Hinman Pinot noirb 13 

None none 
1 fresh strawberry + 3 frozen raspberries + 3 frozen marion 

blackberries in 20 ml Hinman Pinot noirb none 
1/8 cup dried current in 20 ml Hinman Pinot noirb none 
4 slices of fresh rhubarb in 10 ml Hinman Pinot noirb none 

None none 
1/8 teaspoon basil + 2 bay leaves + 5 fennel seeds in 10 ml Hinman Pinot noirb none 
1 sliced fresh mushroom soaked for 20 minutes in Hinman Pinot noirb and removed + 

4 grams of soil in 20 ml Hinman Pinot noirb none 
None none 
None none 
1/4 teaspoon vanilla extract none 
1 /4 teaspoon black pepper in 20 ml Hinman Pinot noirb none 
Fragrance testing filter dipped, 1.3 cm, into ethanol none 
4 hazelnuts cut in halves + 1 butterscotch candy dissolved in 20 ml Hinman Pinot noirb     none 
0.25% solution of sulfur dioxide none 
4 ml white vinegar in 20 ml Hinman Pinot noirb none 
1/8 cup cooking sherry in 20 ml Hinman Pinot noirb none 

0.5ml Purac's Lactic Acid in 500 ml water 7 
0.062ml Purac's Lactic Acid in 500 ml water 2 
0.07 gm caffeine in 500 ml spring water 3 
0.23 gm caffeine in 500 ml spring water 7 
0.28 gm caffeine in 500 ml spring water 13 
0.30 gm alum in 500 ml spring water 4 
0.60 gm alum in 500 ml spring water 7 
0.90 em alum in 500 ml spring water 15 

Flavor & Mouthfeel 

Light Red 
Dark Red 
Light Purple 
Dark Purple 

Fruity Overall Intensity 
Berry 

Black Current 
Green Fruit 
Vegetative Overall Intensity 
Herbal 
Earthy 

Floral Overall Intensity 
Spice Overall Intensity 
Vanilla 
Black Pepper 
Alcohol/Pungent 
Nutty 
Sulfur 
Vinegar 
Oxidized 

Sour 
Sour 
Bitter 
Bitter 
Bitter 
Astringent 
Astringent 
Astringent  

"Intensity Scale, 0=none, 3=slight, 7=moderate, ll=large and 15=extreme 
bHinman 1997 Oregon Pinot noir 
040ml spring water + 1 drop red color dye + 1 drop blue color dye 
'presented in 240ml clear wine glasses with aluminum lid 

O 
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3.2.1.3   Presentation of Samples and Experimental Design 

All wine samples were presented at room temperature, 21-230C (70-73°?), in 

three-digit coded wineglasses. 

For color evaluation, the samples were seen in a MacBeth lighted viewing box 

(model BBX-324). Four samples were seen together for the first four days and six 

samples on the fifth testing day in a randomized design as depicted in Table 3.3. In the 

MacBeth viewing box, the range of illumination was between 150-160 footcandles. 

For aroma, flavor & mouthfeel evaluation, a warm-up sample was provided to 

acclimate the mouth before sample testing. Samples were served, covered with an 

aluminum lid, two at a time to panelists seated in individual testing booths. A 

randomized, complete block design was used, modified from Cochran & Cox (plan 11.4a, 

1994), with 2 replications (Table 3.3). Samples for all replications originated from each 

trial and were from different batches. The first four days panelists evaluated four 

samples and the fifth day, they evaluated six samples with an approximate 10-minute 

break between each set of two samples. 

3.2.1.4   Statistical Analysis 

Data were collected in the testing booths with Computerized Sensory Analysis 

(CompuSense, Inc., Guelph, Ontario, Canada). Interaction plots between sample and 

panelists were made for each individual descriptor and replication plots for each attribute 

and panelists were evaluated. The interaction plots were screened for individual panelists 



Table 3.3. Descriptive analysis testing design for 1997 Oregon Pinot noir modified from Cochran & Cox, Plan 11.4a 
(1994) 

Panelists 
Day     Session 123456789 10       11 

 SAMPLES SETS  

1 1 1,2       2,1        1,3       3,1       1,4       4,1       3,11      11,3     3,4       4,3       1,2 
2                      2,11     11,2     4,11     11,4     2,3       3,2       2,4       4,2       1,11      11,1     2,11 

2 3 9,10     10,9     5,9       9,5       6,9       9,6       6,10     10,6     8,9       9,8       9,10 
4 5,6      6,5       6,8      8,6      8,10     10,8     9,11     11,9     5,8       8,5       5,6 

5 8,11     11,8     7,9       9,7       7,11     11,7     2,9       9,2       6,11      11,6     8,11 
6 6,7       7,6       2,7       7,2       2,8       8,2       7,8       8,7       2,5       5,2       6,7 

7 3,10     10,3     3,5       5,3       3,7       7,3       1,10     10,1     4,7       7,4       3,10 
8 1,7       7,1       4,10     10,4     5,10     10,5     5,7       7,5       7,10     10,7     1,7 

9 4,5       5,4       2,6       6,2       4,6       6,4       3,6       6,3       1,6       6,1       4,5 
10 3,8       8,3       1,8       8,1        1,9       9,1       4,8       8,4       3,9       9,3       3,8 
11 4,9      9,4       10,11   11,10   5,11     11,5     1,5       5,1       2,10     10,2    4,9 
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inconsistencies, judges whose intensity rating trends were opposing the panel as a whole, 

while the replication plots were evaluated for the ability of the panelists to replicate their 

scores. Standard deviations of each descriptor for each judge were also inspected and 

panelists whose deviation was greater than double the panel as a whole were considered 

outliers and removed. From these methods of panelists' monitoring, no panelists were 

found to be ineffective performers and none removed. 

Data were analyzed in Statistical Analysis System (SAS, Inc., Gary, NC) through 

principal component analysis (PCA). The samples were separately analyzed by 

descriptor sets; appearance, aroma, flavor & mouthfeel. The significant axes of the PCA 

were then analyzed through Analysis of Variance (ANOVA) and Tukey's HSD to 

determine significant groupings of samples. Individual descriptors were also analyzed 

through ANOVA and Tukey's HSD to determine separation of samples independently. 

The ANOVA model included panelists, replication, sample and all two-way interactions 

with panelists treated as random effects (Lundahl and McDaniel, 1988). 

3.2.2    Winemaker Evaluation 

3.2.2.1   Sample Preparation 

For evaluation, all samples were served at 21 -230C (70 - ll0?) and poured, 

~30ml, into 240 ml INAO clear wine glasses (St. George Crystal, Inc., Jeanette, PA) and 

labeled with three-digit random codes. 
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3.2.2.2 Panel 

The panel consisted of three women and thirteen men all associated with the State 

of Oregon winemaking industry. The amount of winemaking experience varied 

throughout the group but consisted of a representative cross-section of winemaker 

experience in the Oregon wine industry. Winemakers volunteered by responding to an 

open invitation sent to all wineries within Oregon. The panelists were trained on three 

wines that were selected to cover the range of all attributes. The panelists used these 

wines to familiarize themselves with the ballot and rating system and to develop their 

own language for describing the wine. The descriptors generated by individual 

winemakers were discussed among the group and used to expose all panelists to possible 

attributes; panelists then finalized their ballots. Panelists were directed to rate all sensory 

characteristics listed on the predetermined ballot (Table 3.4), and were also given the 

option of adding their own terms. The terms and the panelists that used each term 

generated are listed in Table 3.5. A 16-point intensity scale, where 0=none, 3=slight, 7= 

moderate, 1 l=large and 15=extreme, was used to rate each descriptor. 

3.2.2.3 Presentation of Samples and Experimental Design 

All wine samples were presented at room temperature, 21 - 230C (70 - 73°?) in 

three-digit coded wineglasses. 

For color and appearance evaluation, one replication was seen by all panelists and 

all samples were served together and evaluated in a room with 24-5000K daylight 

lightbulbs, at 40-60 footcandles (ftc). Samples for all replications originated from each 
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Table 3.4. Predetermined ballot descriptors of 1997 Oregon Pinot noir rated by all 
winemaker panelists 

Color & Appearance 
Clarity 
Color Intensity 
Purple 
Garnet/Red 

Aroma 
Overall Intensity 
Overall Fruitiness 
Overall Floral 
Overall Spiciness 
Overall Vegetative 
Earthy/Musty 

Flavor/Mouthfeel 
Overall Intensity 
Overall Fruitiness 
Overall Floral 
Overall Spiciness 
Overall Vegetative 
Acidity 
Bitterness 
Astringency 
Body 
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Table 3.5. Descriptors generated by winemaker panelists in free-choice profiling for 
1997 Oregon Pinot noir 

Descriptor 
Panelists 
4 5 

Color & Appearance 
Brown/Orange 
Orangish 
Brick Red 

X 

X 

Aroma 
Cherry 
Strawberry 
Jammy 
Cranberry 
Berry 
Blackberry 
Caneberry 
Burned Raisin 
Black Fruit 
Red Fruit 
Roses 
Black Pepper 
Clove 
Cinnamon 
Camphor 
Mint/Menthol 
Green 
Stewed 
Black Tea 
Phenol/Volatile Acidity 
Sulfur 
Alcohol 
Chemical 
Acetic 

X 
X 

X 
X 

X 
X 
X 

X 

X 

X 

X 

X 

X 
X 
X 
X 
X 

X 

Flavor 
Cherry 
Black Cherry 
Berry 
Stewed 
Alcohol 
Paper 

X 

X 

X X 

X 

X 
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Table 3.5. (continued) Descriptors generated by winemaker panelists in free-choice 
profiling for 1997 Oregon Pinot noir 

Panelists 
Descriptor 10 11 12 13 14 15 16 

Color & Appearance 
Brown/Orange 
Orangish 
Brick Red 

Aroma 
Cherry XXX X 
Strawberry X 
Jammy X 
Cranberry 
Berry 
Blackberry X 
Caneberry 
Burned Raisin 
Black Fruit 
Red Fruit 
Roses X 
Black Pepper X X 
Clove 
Cinnamon X 
Camphor X 
Mint/Menthol X 
Green X 
Stewed 
Black Tea X 
Phenol/Volatile Acidity 
Sulfur 
Alcohol X 
Chemical X 
Acetic X 

Flavor 
Cherry X X 
Black Cherry 
Berry X 
Stewed 
Alcohol 
Paper X 
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trial and were from different batches. For aroma and flavor/mouthfeel evaluation, six of 

eleven samples were seen at a time with one replication. The low enzyme usage levels 

were evaluated the first day and all the high enzyme usage levels were seen the second 

day. A control was seen with each set both days. There were no lights illuminated and 

there was 2.0-3.5 ftc due to natural daylight. 

3.2.2.4   Statistical Analysis 

Data were entered into a spreadsheet and analyzed by Generalized Procrustes 

Analysis using PC version 2.1 and by Statistical Analysis System for Personal Computer 

(SAS, Gary, NC). 

The samples were separately analyzed by sets; color & appearance, aroma and 

flavor/mouthfeel. Interaction plots between samples and panelists for each 

predetermined descriptor, and replication plots for each predetermined descriptor and 

panelists, were evaluated. The interaction plots were screened for individual panelists 

inconsistencies, judges whose intensity rating trends were opposing the panel as a whole 

while the replication plots were evaluated for the ability of the panelists to replicate their 

scores. From these methods of panelists monitoring, no panelists were found to be 

ineffective performers and none removed. 

The significant axes of the principal components were then analyzed through 

Analysis of Variance (ANOVA) and Tukey's HSD to determine significant groupings of 
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samples. The pre-determined ballot descriptors (Table 3.4) were also individually 

analyzed through ANOVA and Tukey's HSD to determine separation of samples 

independently. The ANOVA model included panelists, replication, sample and all two- 

way interactions with panelists treated as random effects (Lundahl and McDaniel, 1988). 

3.3      Chemical Materials and Methods 

3.3.1 High Performance Liquid Chromatographv (HPLQ 

A complete phenolic chromatographic analysis was run following the procedure 

described by Price et al. (1995). HPLC analysis was provided by ETS Laboratory, St. 

Helena, CA. Peaks were identified by spectral comparisons to known standards and to 

published spectra times (Hong and Wrolstad, 1990; Macheix et al., 1990; Markham, 

1982; Mazza and Miniati, 1993). 

3.3.2 Hunter Colorimeter 

3.3.2.1 Color Measurements 

Wine samples taken at the time of panel evaluation were held at 5.50C (42°?) for 

7 days at which time they were measured on a HunterLab 45/0 ColorQUEST (Hunter 

Associates Laboratories, Inc. Reston, Virginia). 

3.3.2.2 Sample Preparation 

A glass plate was placed over the light port of the Hunter colorimeter and was 

standardized using black and white reference plates. The representative samples were 
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placed in a 1.0 cm diameter cell to a depth of 5 cm using illuminant C, transmittance 

readings for L*, a*, b*, hue and chroma were taken in duplicate for each batch (two) of 

each treatment (one) evaluated by the sensory panels. 

3.3.2.3   Statistical Analysis 

These hunter readings were analyzed in S AS through ANOVA and Tukey HSD to 

determine separation of samples. The ANOVA model included sample, batch, and 

batches nested in samples (sample (batch)), with batch treated as random effects 

(Lundahl and McDaniel, 1988). 

3.3.3    Spectrophotometer 

3.3.3.1 Total Phenols 

The total phenol levels (ppm) were determined in duplicate by the Folin- 

Ciocalteau assay (Zoecklein et al., 1995).   For each batch of each treatment the results 

were averaged by batch (3 batches * 2 replications * 11 treatments). A Shimadzu UV 

160U visible spectrophotometer (Shimadzu Corp.) with a 1cm pathlength disposable cells 

was used to measure absorbance at 725 nm. 

3.3.3.2 Statistical Analysis 

The total phenolic content (ppm) were analyzed in SAS through ANOVA and 

Tukey HSD to determine separation of samples. The ANOVA model included sample 

and replication. 
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3.3.3.3 Total Anthocyanins 

Total anthocyanin content was determined following the method used by Price et. 

al. (1995). The total anthocyanin color measurements were determined in duplicate by 

measuring absorbance at 520nm on a Shimadzu UV 160U visible spectrophotometer 

(Shimadzu Corporation). 

3.3.3.4 Sample Preparation 

The wine samples were filtered through a 0.45^1 Millipore filter, type HV. The 

filtered samples were then volumetrically diluted, 1:25, with pH 1 buffer and then 

absorbance readings were taken at 520 nm using a cell pathlength of 1cm. The total 

anthocyanin content (ppm) was calculated by multiplying the absorbance at 520nm * 25 / 

0.038 (Price etal 1995). 

3.3.3.5 Statistical Analysis 

The total anthocyanin content (ppm) were analyzed in S AS through ANOVA and 

Tukey HSD to determine separation of samples. The ANOVA model included sample 

and replication. 

3.4       Correlating Sensory and Chemical Data 

3.4.1    Principal Component Analysis (PCA-) 

To examine a relationship between the winemaker sensory panel and the chemical 

data, the sets of data were combined and analyzed in S AS through PC A. The pre- 

determined descriptors were used from the winemaker panel data with the intensity 
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ratings averaged across panelists for each sample. The samples were separately analyzed 

by descriptor sets; color & appearance, aroma, flavor & mouthfeel. The eigenvectors 

were graphed separately from the samples and relationships were determined by relating 

the samples and the eigenvectors in each quadrant. 

3.4.2 Canonical Correlation Analysis (CCA) 

Another method to explore a relationship between the winemaker sensory panel 

and the chemical data is CCA. The sets of data were combined and analyzed in SAS 

through CCA. The pre-determined descriptors were used from the winemaker panel data 

with the intensity ratings averaged across panelists for each sample. The samples were 

separately analyzed by descriptor sets; color & appearance, aroma, flavor & mouthfeel. 

Individual descriptors were one set of data and the chemical analysis data was the second 

set. Relationships between these two sets were then investigated. 

3.4.3 Multiple Regression Analysis 

To find the simplest and most useful model stepwise variable selection procedure 

was used, with significance p<0.10, for each winemaker predetermined descriptor. The 

samples were separately analyzed by descriptor sets; color & appearance, aroma, and 

flavor. The best fitting and reduced model are listed in Table 3.6. Winemaker panel pre- 

determined sensory descriptors were regressed onto the reduced model of the chemical 

data. 
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Table 3.6. Best fitting reduced regression models* for color & appearance, aroma 
and flavor of the pre-determined descriptors from the winemaker panel 
and chemical data of enzyme treated 1997 Oregon Pinot noir wine. 

Color & Appearance 
Clarity = chroma + b* + gallic acid + caffeic acid 
Color Intensity = total anthocyanin 
Purple = L* 
Red = total anthocyanin + quercetin glycoside 

Aroma 
Overall Intensity* 
Fruitiness* 
Floral* 
Spice = monomeric anthocyanin 
Vegetative = quercetin aglycone + quercetin glycoside + polymeric anthocyanin 

+ total anthocyanin + malvidin + polyphenol + epicatechin + catechin + caftaric 
acid + caffeic acid 

Earth = total anthocyanin 

Flavor 
Overall Intensity* 
Fruitiness = caffeic acid 
Spice = quercetin glycoside + quercetin aglycone + total anthocyanin 
Vegetative* 
Acidity* 
Bitterness* 
Astringencv = quercetin glycoside + epicatechin + catechin + caftaric acid + 

polymeric anthocyanin 
Body* 

No chemical data significant 
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4.   RESULTS AND DISCUSSION 

Many compounds affect wine color, aroma and flavor. Monomeric anthocyanin 

contents are high in new wines and decrease as the wine ages while polymeric 

anthocyanin content is the reverse (Ribereau-Gayon, 1982). Monomeric anthocyanins' 

color is affected by pH, however, polymeric anthocyanins are not. Polymeric 

anthocyanins are formed during fermentation and aging from the bonding of monomeric 

anthocyanins and tannins during aging (Ribereau-Gayon, 1982). Therefore, polymeric 

anthocyanins help stabilize color in both young and aged red wines from bonding with 

phenolic material, like tannins. Furthermore, the primary winegrape pigment is malvidin 

and high levels of this pigment may contribute to a more intense colored red wine. 

Phenolic compounds such as, gallic acid, catechins, and epicatechins are extracted during 

wine processing, yet with pectolytic enzymes their extraction is elevated. These phenolic 

compounds may increase bitterness and astringency of wine (Guinard et al., 1986; 

Robichaud and Noble, 1990). Wines with high tannins produce wines with high levels of 

polymeric anthocyanin creating darker, more stable colored red wines. Yet, high levels 

of phenolics also produce wines with greater bitterness and astringency. 

4.1       Colorimetry 

At the beginning of alcoholic fermentation, at crush, there were significant 

differences between samples (p=0.0082) in total anthocyanin content (ppm) (Figure 4.1). 

The samples were taken 6 hours after enzyme addition. Although there were statistical 

sample differences, the multiple comparison procedure, Tukey HSD, found no 

differences. 



Figure 4.1. Total anthocyanin content* (ppm) for low and high dosage enzyme treated 1997 Pinot noir 
wines (n=3). 
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The measurements ranged from 56 ppm for Scottzyme Color X (Scott Laboratories) 

(high) to 113 ppm for Lallzyme EX (Lallemand) (low). There was a trend for the control 

to be lowest in total anthocyanin content when compared with both levels of Lallzyme 

EX (Lallemand), GB Rapidase EX Color (Gist Brocades), and Vinozyme G (Cellulo). 

At the end of alcoholic fermentation, 12 days after crush, there were no 

significant sample differences in total anthocyanin content (p=0.1242) (data not shown). 

The data ranged from 161 ppm for Scottzyme Color Pro (Scott Laboratories) (high) to 

189 ppm for Lallzyme EX (Lallemand) (low). 

Ninety days after crush, the end of malolactic fermentation, Vinozyme G 

(Cellulo) (low) was significantly lower in anthocyanin content than Scottzyme Color Pro 

(Scott Laboratories) (low) and the control (p=0.0022) (Figure 4.1). Furthermore, the 

control and Scottzyme Color Pro (Scott Laboratories) (low) were significantly higher 

then all samples except both levels of Scottzyme Color X (Scott Laboratories). 

Vinozyme G (Cellulo) (low) data was lowest at 139 ppm and Scottzyme Color Pro (Scott 

Laboratories) (low) was highest at 165 ppm. 

The day of sensory testing, 244 days after crush, there were no samples 

statistically significant in total anthocyanin content (p=0.5076) (data not shown). The 

data ranged from 155 ppm for Scottzyme Color X (Scott Laboratories) (high) to 168 ppm 

for Scottzyme Color Pro (Scott Laboratories) (low). 
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The control was most yellow (b*, hue), blue-green (a*), had the least color 

saturation (chroma) and was the most white (L*) as determined by hunter colorimeter 

measurements (Table 4.1). Consequently, all enzyme treatments, low and high, increased 

the amount of color in the wine at 8 months, the time of sensory testing. Comparing each 

enzyme, low and high treatments, the low enzyme treatments created wines with more 

red-purple hues and higher saturation compared to the control and their high enzyme 

counterparts. The one exception was Lallzyme EX (Lallemand) (high) had a more red- 

purple hue than its low enzyme treatment. 

The largest significant different (p<0.05) in CIE L* value demonstrated that 

Scottzyme Color X (Scott Laboratories) (low), was significantly lower than all samples 

while the control was significantly higher (p=0.0458). The high level for the L* value 

indicates that the control was most white, whereas a low L* value represents the most 

black. The control was significantly highest (p=0.0015) of all samples for the b* indice, 

most yellow. The result for a* was the reverse where the control was significantly lower 

(p=0.0087) then all samples, and Scottzyme Color X (Scott Laboratories) (low) was 

significantly the highest. A positive value for the a* index indicates the most red-purple, 

and a negative value, a blue-green color. The saturation index, chroma, showed that 

Scottzyme Color X (Scott Laboratories) (low) was significantly highest (p=0.0054) of all 

samples and GB Rapidase EX Color (Gist Brocades) (low) and the control the lowest. 

Scottzyme Color X (Scott Laboratories) (low) was significantly lowest (p=0.0001) in hue 

and therefore, the most red-purple (0° = red-purple, 90°= yellow, 180° = blue-green, and 

270° = blue) and least blue-green. The control was highest in hue index and the most 

yellow, least red-purple color. 
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Table 4.1. Means* (standard deviation) of hunter colorimeter 
indices of low and high dosage enzymatic treated 1997 
Pinot noir wines (n=4). 

Sample L a b Chroma Hue 
Control 68.9a (0.12) 21.2'(0.05) 6.7a (0.21) 25.19(0.10) 15.6a(0.44) 
Scottzyme Color Pro 

(low) 

(high) 

64.4' (0.26) 
64.89 (0.39) 

28.1c (0.05) 
27.9d (0.36) 

4.9f(0.31) 
5.5d (0.47) 

28.5C (0.10) 
28.4C (0.45) 

9.9h(0.60) 
11.1e(0.78) 

Scottzyme Color X 

(low) 

(high) 

62.4j (0.56) 
64.5h (2.23) 

30.1a (0.34) 
28.7b(1.91) 

4.5h (0.60) 
5.1e (0.57) 

30.4a (0.24) 
29.1b(1.97) 

8.4j(1.21) 
10.19h(0.50) 

LallzymeEX 

(low) 

(high) 

64.89(2.01) 
67.3C(0.04) 

27.8e(1.08) 
26.3h (0.29) 

5.8C (0.90) 
4.79 (0.22) 

27.2e(0.15) 
26.4f(.014) 

11.7d(1.35) 
10.29(0.37) 

GB Rapidase EX Color 

(low) 

(high) 

67.9b (0.96) 
66.2e (0.75) 

24.9i (0.89) 
26.4h (0.49) 

5.5d (0.19) 
6.0b (0.37) 

25.19 (0.79) 
27.1e (0.40) 

12.4° (0.07) 
12.8b(1.00) 

Vinozyme G 

(low) 

(high) 

65.6f(2.11) 
66.6d (0.04) 

27.5f(1.33) 
26.79 (0.09) 

4.3i (0.04) 
5.0f(0.35) 

27.8d(1.30) 
27.2e (0.03) 

8.8'(0.49) 
10.5f(0.76) 

p-value 0.0458 0.0087 0.0015 0.0054 0.0001 

'Samples with the same superscript letter in the same column are not significantly different (p>0.05) 
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Furthermore, a* and chroma were highly correlated indices, +0.9646, while L* 

had high negative correlation with chroma and a* indices (-0.9296, -0.9740, 

respectively). Samples high in chroma, Scottzyme Color X (Scott Laboratories) (low), 

were also high in a*, and the control which had high L* values had low a* and chroma 

ratings. In addition, the hue index was strongly correlated to the b* value (+0.9444). 

These findings agreed with Bakker et al. (1986) who reported a high positive correlation 

between a* and chroma, likewise, hue and b*, and strong negative correlations between 

a* and chroma with L*. 

4.2       Phenols 

At the beginning of alcoholic fermentation, at crush, the total phenolic content 

(ppm) of Scottzyme Color X (Scott Laboratories) (high), was significantly lower 

(p=0.0086) than Lallzyme EX (Lallemand) (low), Vinozyme G (Cellulo), (low and high) 

(Figure 4.2). The samples were taken 6 hours after enzyme addition. There were no 

other samples significantly different from each other. The range of phenolics was lowest 

in Scottzyme Color X (Scott Laboratories) (high), 287 ppm, and highest in Vinozyme G 

(Cellulo) (high) at 423 ppm. 

At the end of alcoholic fermentation, day 12 after crush, the control was 

significantly lower (p=0.0001) than all other enzymatic treated samples in total phenolic 

content (Figure 4.2). The data ranged from 1312 ppm in the control to 1922 ppm in 

Vinozyme G (Cellulo) (high). 



Figure 4.2. Total phenolics* (ppm) for low and high dosage enzyme treated 1997 Pinot noir 
wines {n=6). 
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At the end of malolactic fermentation, day 90 after crush, there were many 

significant sample differences (p<0.05) (Figure 4.2). The control had the least total 

phenolics, 1591 ppm and Scottzyme Color X (Scott Laboratories) (high) the most, 2108 

ppm. The control wine was significantly lower than Vinozyme G (Cellulo) (low and 

high), Scottzyme Color X (Scott Laboratories) (low and high), and Scottzyme Color Pro 

(Scott Laboratories) (low). This concurred with the phenolic profile obtained through 

HPLC with the control lower in the phenolics; caffeic and gallic acids, catechins, 

epicatechins and polymeric phenols compared to all other wine samples (Table 4.2). 

Many researches have utilized HPLC to qualify and quantify phenolic in wines (Sims and 

Bates, 1994; Bakker et al., 1986b; Price et al., 1995; Auw et al., 1996). Scottzyme Color 

X (Scott Laboratories) (high) had the highest amount of total phenolics and was 

significantly higher than the control, Scottzyme Color Pro (Scott Laboratories) (high), 

Lallzyme EX (Lallemand) (low and high) and GB Rapidase EX Color (Gist Brocades) 

(high). Scottzyme Color X (Scott Laboratories) (high) also had the highest amount of 

gallic acid and catechins (Table 4.2). 

At the time of sensory testing, 244 days after crush, no statistically significant 

sample differences were found (p=0.3685) (data not shown). The data ranged from 1754 

ppm in the control to 2116 ppm in Scottzyme Color X (Scott Laboratories) (high). The 

total phenols was determined through the Folin-Ciocalteau assay (Zoecklein et al., 1995). 



Table 4.2. Phenolic profile* through HPLC (high performance liquid chromatography) on 1997 Oregon 
Pinot noir wines. 

Total Monomeric Polymeric Polymeric Caftaric Caffeic Gallic Quercetin Quercetin 
Sample Anthocyanins Anthocyanins Anthocyanins Malvidin Phenols Acid Acid Acid Catechin Epicatechin Glycosides Aglycone 

mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l mg/l 
Control 90.0 81.0 8.0 58.0 195.0 15.0 1.0 21.0 120.0 52.0 23.0 3.0 
Scottzyme Color Pro 

(low) 83.0 72.0 11.0 54.0 258.0 12.0 4.0 27.0 152.0 67.0 15.0 3.0 

(high) 84.0 73.0 11.0 53.0 268.0 8.0 6.0 27.0 163.0 79.0 11.0 5.0 

Scottzyme Color X 

(low) 83.0 71.0 12.0 50.0 277.0 13.0 3.0 27.0 144.0 65.0 13.0 5.0 

(high) 84.0 73.0 11.0 52.0 274.0 9.0 6.0 28.0 164.0 72.0 6.0 5.0 

Lallzyme EX 
(low) 89.0 78.0 11.0 57.0 276.0 6.0 10.0 26.0 156.0 66.0 21.0 3.0 

(high) 89.0 79.0 10.0 59.0 271.0 6.0 9.0 26.0 158.0 67.0 19.0 4.0 

GB Rapidase EX Color 
(low) 88.0 78.0 10.0 59.0 250.0 6.0 10.0 26.0 158.0 66.0 20.0 2.0 

(high 89.0 78.0 10.0 57.0 264.0 1.0 16.0 26.0 154.0 62.0 18.0 4.0 

Vinozyme G 

(low) 85.0 74.0 11.0 53.0 273.0 5.0 10.0 26.0 155.0 66.0 19.0 3.0 

(high) 94.0 83.0 11.0 58.0 283.0 6.0 10.0 27.0 163.0 70.0 16.0 5.0 

'Measurements taken at the end of malolactic fermentation (day 90 after crush) 

*n=1, pooled sample of 3 wine batches 

en 
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4.3       Winemaker Evaluation 

The sample replications were averaged and split into two sets of low and high 

enzyme dosage levels and then further separated in terms of color & appearance, aroma, 

and flavor (Figures 4.3-4.8). The sensory panel for aroma and flavor of the low and high 

enzyme treated wines were performed on two different days (low, day 1 and high, day 2); 

and the results were analyzed separately. Color & appearance ratings were performed the 

same day. Yet, for consistency in the analysis, the low and high enzyme treatments were 

analyzed separately as well as together. The results did not differ, therefore only the 

separate analyses of color & appearance were discussed. For the ANOVA analysis, the 

color & appearance low and high enzyme results were analyzed and reported together 

(Table 4.3). 

4.3.1    Low Enzymes 

In the color & appearance map of Pinot noir low dosage enzymatic treated wines, 

neither principal axis 1 or 2 were significant in separating samples (p=0.0771 and 

p=0.0851, respectively) (Figure 4.3). However, the following trends were observed: the 

control clustered at the negative end of axis 1, which was rated low in color intensity, 

purple and red, Scottzyme Color Pro (Scott Laboratories) at the positive end of axis 1 

rated high in those terms. On axis 2, Scottzyme Color X (Scott Laboratories) clustered at 

the negative end, high in color intensity and purple, and the control and GB Rapidase EX 

Color (Gist Brocades) fell on the positive end of axis 2, low in those terms. The control 

had less phenolic materials that contribute to color stability, like polymeric anthocyanins, 

when compared to all other enzyme treated wines (Table 4.2). High levels of polymeric 



Figure 4.3. Color & appearance profile map* of low dosage enzyme treated 1997 Pinot noir wines from a 
winemaker panel (n=2). 

cvi, 

9-   Q- o c 

0.25 

0.2 

0.15 

0.1 ■• 

0.05 - - 

0- 

-0.05 • - 

-0.1   - 

fl)   C   -0.15 + 

Q. *i 
S-E   -o.2 + 

O   -0.25 
O -0.5 

/ontrol 

-0.4 

GB Rapidase 
EX Color* 

-0.3 

Vinozyme G 

Scottzyme 
Col^r Pro 

-0.2 -0.1 

Principal Axis! (42.5 %) 
p=0.0771 

* Axes 1 and 2 are not signficant in separating samples (p>0.05) 

Lallzyme EX 

Scottzyme 
Color X 

0.1 0.2 0.3 

Purple, Red 
Color Intensity 



55 

Table 4.3. Means* (standard deviations) from ANOVA of color 
predetermined descriptors from winemaker panel of 
low and high dosage enzyme treated 1997 Pinot 
noir (n=2). 

Samples Color Descriptors 

Color Intensity Clarity1* Purple Redns 

Control 7.1 ^"(l .46) 9.19(1.94) 4.42,(2.60) 7.55(1.77) 

Scottzyme Color Pro 

(low) 

(high) 

9.23ab(1.48) 

7.81 "'"(2.24) 

8.61(2.54) 

8.97(2.33) 

6.87ab,:d(2.81) 

e^^zsi) 
7.26(2.16) 

7.10(2.16) 

Scottzyme Color X 

(low) 

(high) 

9.45a(1.46) 

8.32bcd(2.07) 

8.74(2.35) 

9.19(2.17) 

7.74a(2.66) 

e^^s.oi) 
6.58(1.95) 

7.65(2.06) 

Lallzyme EX 

(low) 

(high) 

8.Sadbc('\.'\7) 

7.52de'9(2.13) 

8.90(2.23) 

8.74(2.54) 

7.35^(2.78) 

6.52bcd(2.22) 

7.06(2.13) 

6.97(1.64) 

GB Rapidase EX Color 

(low) 

(high) 

6.719(2.28) 

6.77,s(2.49) 

9.32(2.10) 

8.94(2.39) 

5.87^(2.49) 

5.^(2.68) 

6.90(1.78) 

6.90(2.13) 

Vinozyme G 

(low) 

(high) 

8.97^(1.76) 

7.87,:de(1.88) 

8.97(2.33) 

8.90(2.52) 

7.00abc(2.89) 

6.23cd(2.47) 

7.42(1.73) 

7.32(1.60) 

'Intensity scale, 0=none, 3=slight, 7=moderate, 11=large, and 15=extreme 

•Samples with the same superscript letter in the same column are not significantly different (p>0.05) 

"^not significant 
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anthocyanins produce a more stable colored wine because of the formation of 

anthocyanin-tannin hydrogen bonds during aging. These molecules are planar which 

allows them to stack causing copigmentation (Zoecklein, 1995). At the positive end of 

axis 1, Scottzyme Color Pro (Scott Laboratories), Lallyzme EX and Scottzyme Color X 

(Scott Laboratories) clustered toward and rated high in purple, red and color intensity. 

These results coincide with the colorimetry readings, the control wine having 

significantly (p<0.05) the highest hue (most yellow) and Scottzyme Color X (Scott 

Laboratories) the lowest (most red-purple) (Table 4.1). All enzyme treated wines had 

more polymeric anthocyanins then the control wine (Table 4.2). More specifically, the 

HPLC phenolic profile indicated Scottzyme Color X (Scott Laboratories) highest, yet not 

significantly, and the control lowest in polymeric anthocyanins contributing to greater 

color stability. Furthermore, the ANOVA analysis showed the control significantly lower 

(p<0.05) in color intensity and purple compared to all low dosage enzyme wines except 

GB Rapidase EX Color (Gist Brocades) which was not significantly higher than the 

control in purple (Table 4.3). Along axis 2, Scottzyme Color X (Scott Laboratories) was 

gathered at the negative end and rated high in color intensity and purple while GB 

Rapidase EX Color (Gist Brocades) followed by the control were clustered at the 

opposite end (positive side) of axis 2, low in purple and color intensity. The ANOVA 

corroborates that the control and GB Rapidase EX Color (Gist Brocades) were lower in 

both these terms compared to all low enzyme treated wines (Table 4.3). 
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In the low enzyme treated wine aroma map, axis 1 was significant in separating 

samples, p=0.0437, while principal axis 2 was not (p=0.1603) (Figure 4.4). Scottzyme 

Color X (Scott Laboratories) followed by Scottzyme Color Pro (Scott Laboratories) fall 

at the positive end of axis 1 in the aroma profile map. Scottzyme Color X (Scott 

Laboratories) was significantly higher than Lallzyme EX (Lallemand), GB Rapidase EX 

Color (Gist Brocades) and the control in floral, spice, vegetative and earthy as shown 

through the ANOVA analysis of the GPA scores. Scottzyme Color Pro (Scott 

Laboratories) was only significantly higher than the control in those terms. At the 

negative end of axis 1, the control was significantly higher than Scottzyme Color Pro 

(Scott Laboratories) and Scottzyme Color X (Scott Laboratories) in cherry and 

significantly lower in floral, spice, vegetative and earthy attributes followed by Lallzyme 

EX (Lallemand) and GB Rapidase EX Color (Gist Brocades). Vinozyme G (Cellulo) fell 

in the middle of axis 1 and was not significantly different from any samples. Overall, 

intensity and fmitiness were the only significant terms (p<0.05) in the individual 

descriptor analysis (Table 4.4). Lallzyme EX (Lallemand) treated sample was 

significantly higher than GB Rapidase EX Color (Gist Brocades) in overall intensity and 

no sample differences occurred in fruitiness. 

The low enzymes in the flavor profile map were significantly separated 

(p=0.0l31) along the first principal axis (Figure 4.5). Principal axis 2 was not significant 

in separating samples (p=0.5257). GB Rapidase EX Color (Gist Brocades) fell at the 

negative end of axis 1, clustered toward bitterness and was significantly higher in that 

descriptor than all other samples. This was also exemplified in the ANOVA analysis, 



Figure 4.4. Aroma profile map* of low dosage enzyme treated 1997 Pinot noir wine from a winemaker 
panel (n=2). 
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Figure 4.5. Flavor profile map* of low dosage enzyme treated 1997 Pinot noir wine from a winemaker 
panel (n=2). 
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Table 4.4. Means* (standard deviations) from ANOVA of aroma and 
flavor predetermined descriptors from winemaker panel of 
low dosage enzyme treated 1997 Pinot noir (n=2). 
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Descriptors Samples                                                                                      | 

Control Scottzyme Scottzyme Lallzyme EX GB Rapidase Vinozyme G 

(low) Color Pro (low) Color X (low) (low) EX Color (low) (low) 

Aroma 

Overall Intensity 7.78ab(2.30) 7.41^(2.20) 7.50ab(1.67) 8.38a(1.36) 7.03b(2.33) 8.19ab(1.73) 

Fruitiness 6.16(1.87) 6.19(2.35) 6.31(2.15) 6.94(2.11) 5.94(2.03) 6.78(1.98) 
Florar 4.38(3.01) 5.56(2.98) 5.06(2.90) 5.72(3.12) 4.97(2.93) 5.38(2.71) 
Spice"* 5.47(3.21) 5.38(2.70) 5.72(2.52) 5.81(3.08) 5.81(3.25) 5.75(3.11) 
Vegetative"3     - 4.03(2.71) 4.38(3.19) 4.59(3.33) 3.78(2.77) 4.23(3.42) 3.91(3.18) 
Earth/8 3.94(3.35) 4.25(3.37) 4.47(3.83) 3.38(3.12) 4.16(3.62) 3.75(3.17) 

Flavor 

Overall Intensity 7.53b(1.67) 7.88ab(2.28) 8.44ab(1.76) 8.69a(1.79) 7.50b(2.68) 8.66a(1.98) 

Fruitiness 6.38ab(1.81) 6.78ab(2.11) 6.94ab(2.40) 7.38a(2.14) 6.00b(2.41) 7.25a(2.31) 

Spice"5 5.28(2.53) 5.44(2.63) 5.81(2.21) 5.25(2.49) 5.78(3.20) 6.19(2.71) 

Vegetative"8 4.31(2.69) 4.41(2.77) 4.03(3.08) 3.66(2.38) 4.56(3.17) 3.72(2.75) 
Acidity"5 6.03(1.64) 5.97(2.06) 6.38(2.23) 5.97(1.98) 6.97(2.78) 6.28(2.10) 

Bitterness 4.72b(2.82) 4.69b(3.04) 5.22ab(3.05) 4.75b(2.96) 5.75a(3.41) 5.00ab(2.79) 

Astringency"5 5.44(2.94) 6.03(2.99) 6.50(3.02) 6.38(2.96) 6.38(3.06) 6.00(3.26) 

Body 6.78^.75) 6.94ab(2.15) 7.28ab(2.20) 7.50a(1.90) 6.34b(1.93) 7.19ab(1.62) 

•Samples within the same column 

•Intensity Scale, 0=none, 3- slight, 
"* Not Significant, p>0.05 

with the same superscript are not significantly different (p>0.05) 

7=moderate, 11=large and 15=extreme 
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where GB Rapidase EX Color (Gist Brocades) was rated significantly higher in bitterness 

than all samples except Scottzyme Color X (Scott Laboratories) and Vinozyme G 

(Cellulo) (Table 4.4). The phenolic profile measurements indicated that GB Rapidase EX 

Color (Gist Brocades) was higher in catechins, phenolics that are know to contribute to 

bitterness, when compared to all other low enzyme treated wines (Table 4.2) (Robichaud 

and Noble, 1990; Lea and Arnold, 1978; Arnold et al., 1980). Yet, there is not much 

variablity between enzyme treated samples. The control wine did show lower amounts, 

of catechins and epicatechins, gallic acid and polymeric phenols compared to the enzyme 

treated wines. Lallzyme EX (Lallemand), Scottzyme Color Pro (Scott Laboratories) and 

Vinozyme G (Cellulo) gathered at the positive end of axis 1, and were most pronounced 

in overall intensity, fruitiness, spice, vegetative and body (Figure 4.5). Of these samples, 

only Lallzyme EX (Lallemand) was significantly higher in those terms from Scottzyme 

Color X (Scott Laboratories), the control and GB Rapidase EX Color (Gist Brocades). 

Scottzyme Color X (Scott Laboratories) and the control grouped in the middle of axis 1. 

Likewise, Lalllzyme EX was rated significantly higher (p<0.05) through ANOVA 

analysis than the control and GB Rapidase EX Color (Gist Brocades) in overall intensity. 

Yet, in fruitiness Lallzyme EX (Lallemand) was only significantly higher than GB 

Rapidase EX Color (Gist Brocades). 

4.3.2    High Enzymes 

Contrasting the aroma and flavor low enzyme profiles, none of the high enzyme 

profile maps showed any principal axes significant (p>0.05) in separating samples 

(Figures 4.6-4.8). 
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In the high enzyme color & appearance profile map, neither principal axis, 1 nor 

2, were significant in separating samples (p=0.1174 and p=0.7724, respectively) (Figure 

4.6). Although neither axes were significant, the sample trends were similar to the low 

enzyme wine profile map. The trends along axis 1, of the control and GB Rapidase EX 

Color (Gist Brocades), clustered at the positive end of axis 1, were rated low in color 

intensity and purple. Scottzyme Color X (Scott Laboratories), at the negative end of axis 

1, favored purple and color intensity attributes. This agrees with the individual descriptor 

analysis, ANOVA, with the control and GB Rapidase EX Color (Gist Brocades) rated 

low in color intensity and purple and Scottzyme Color X (Scott Laboratories) rated high 

in these terms (Table 4.3). Scottzyme Color Pro (Scott Laboratories), Lallzyme EX 

(Lallemand) and Vinozyme G (Cellulo) also gathered toward the negative end of axis 1, 

but were not as high in color intensity and purple as Scottzyme Color X (Scott 

Laboratories). These winemaker ratings concur with the colorimetry measurements; GB 

Rapidase EX Color (Gist Brocades) and control having significantly higher (p<0.05) hue 

readings (most yellow) than all other high dosage treated enzyme wines (Table 4.1). 

The aroma profile map of the high enzymes did not significantly separate samples 

along axis 1 or 2 (p=0.1256 and p=0.2172, respectively) (Figure 4.7). Trends of the high 

enzymes wines were similar to the low enzyme wine aromas, with the control, followed 

by GB Rapidase EX Color (Gist Brocades), at the negative end of axis 1 and rated low in 

overall intensity, fruitiness, spice, floral, vegetative and earthy. Meanwhile, Scottzyme 

Color Pro (Scott Laboratories) fell at the positive end of axis 1, and tended toward a 

rating high in the same terms. The ANOVA analysis agreed with these results of 

Scottzyme Color Pro (Scott Laboratories) rated high with respect to fruitiness, spice and 



Figure 4.6. Color & appearance profle map* of high dosage enzyme treated 1997 Pinot noir wines 
from a winemaker panel (n=2). 
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earthy descriptors compared to all other high enzyme treated wines (Table 4.5). All other 

enzyme samples (Scottzyme Color X (Scott Laboratories), Vinozyme G (Cellulo), and 

Lallzyme EX (Lallemand)) gathered in the middle of axis 1. 

As with the other high enzyme profile maps, neither axes of the flavor map were 

significant in separating samples (p=0.0839 and p=0.1742, respectively) (Figure 4.8). 

Scottzyme Color X (Scott Laboratories) had a tendency to be high in acidity, bitterness, 

astringency and body, and gathered at the positive end of axis 1. It was found to be high, 

although not significantly higher, in catechins and polymeric phenols, from the HDPLC 

phenolic profile, which reportedly contributes to bitterness and astringency (Table 4.2) 

(Robichaud and Noble, 1990; Lea and Arnold, 1978; Arnold and Noble, 1978; Arnold et 

al., 1980). At the opposite end of the axis, Scottzyme Color Pro (Scott Laboratories) 

followed by Lallyzme EX clustered toward the negative end and tended to be high in 

vegetative attributes. The ANOVA results support these findings with Scottzyme Color 

Pro (Scott Laboratories), not significantly higher, but rated highest in vegetative and 

Scottzyme Color X (Scott Laboratories) rated higher in bitterness, astringency and body 

than all other samples (Table 4.5). In acidity, GB Rapidase EX Color (Gist Brocades) 

was significantly higher (p<0.05) than the control. 

4.3.3    Replication Effect 

The winemakers rated the first and second replication of wine samples differently. 

The replication effect in the ANOVA model of the color & appearance map was 

significant along axis 2 (p=0.0001) but was not significant along axis 1 (p=0.5159) 

(Figure4.9). This replication effect probably kept the samples from showing significance 



Figure 4.7. Aroma profile map* of high dosage enzyme treated 1997 Pinot noir wine from a winemaker 
panel (n=2). 
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Figure 4.8. Flavor profile map* of high dosage enzyme treated 1997 Pinot noir wine from a winemaker 
panel (n=2). 
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Table 4.5. Means* (standard deviations) from ANOVA of aroma and 
flavor predetermined descriptors from winemaker panel 
of high dosage enzyme treated 1997 Pinot noir (n=2). 

Descriptors Samples                                                                                      | 
Control Scottzyme Scottzyme Lallzyme EX GB Rapidase Vinozyme G 

•Aroma 
lOverall Intensity"5 

(high) Color Pro (high) Color X (high) (high) EX Color (high) (high) 
7.61(1.87) 8.45(1.96) 7.79(1.93) 8.03(1.72) 7.63(1.81) 7.79(1.80) 

Fruitiness"5 6.71(2.27) 7.10(2.13) 6.69(2.19) 7.00(2.02) 6.93(1.96) 6.66(2.07) 
Floral"5 4.96(3.05) 4.76(2.95) 5.03(2.83) 5.00(2.65) 5.10(2.71) 5.28(2.63) 
Spice"5 4.48(2.42) 5.50(2.80) 5.11(2.42) 4.96(2.47) 4.93(2.66) 4.39(2.17) 
Vegetative"5 3.68(2.88) 3.59(2.69) 3.10(3.07) 2.83(2.05) 3.33(2.71) 2.86(2.53) 
Earthy"5 

F/avor 
Overall Intensity"5 

3.29(3.30) 3.93(3.43) 3.93(3.58) 3.41(3.70) 3.43(3.46) 3.24(3.60) 

7.84(1.69) 8.22(1.39) 8.13(1.93) 7.75(1.48) 7.75(2.11) 7.47(2.19) 
Fruitiness"5 6.66(1.73) 6.88(1.64) 6.84(1.80) 6.66(1.56) 6.59(1.90) 6.53(1.95) 
Spice"5 5.00(2.08) 5.56(2.29) 5.78(2.69) 5.41(2.12) 5.44(2.77) 5.41(2.00) 
Vegetative"5 3.69(2.90) 4.19(2.46) 3.78(3.13) 3.88(2.64) 3.81(2.82) 3.88(2.73) 
Acidity 5.34b(1.62) 5.59^(1.70) 5.91ab(1.55) 5.47ab(1.92) 6.03a(1.82) 5.56ab(1.78) 
Bitter™ 4.66(3.00) 5.22(3.12) 5.31(3.38) 4.94(3.05) 5.31(3.17) 5.28(2.84) 
Astringency"5 5.75(2.85) 6.31(2.89) 6.91(2.89) 6.25(2.83) 6.41(2.85) 6.25(2.66) 
Body"5 

6.69(1.35) 6.84(1.74) 7.00(1.69) 6.63(2.00) 6.88(1.74) 6.38(1.50) 

'Samples within the same column with the same superscript are not significantly different (p>0.05) 
'Intensity Scale, 0=none, 3-slight, 7=moderate, 11=largeand 15=extreme 
1,5 Not Significant, p>0.05 
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on principal axis 2 (p=0.1102). Panelists rated the color & appearance descriptors of the 

first set of wines high in garnet/red and color intensity (Figure 4.9, negative side of axis 

2) and rated the second set of samples high in purple (positive side of axis 2). Possible 

causes for this replication effect are, lighting change, panelist effect, bottle to bottle 

differences or the time the wine was exposed to air before evaluation. Lighting can be 

eliminated since standardized daylight light bulbs were used, replication effect is 

accounted for in the ANOVA model Although there maybe still be a replication effect, 

the unknown error is not due to replication. Bottle differences are unlikely since the wine 

was made in one batch and bottle shortly before sensory testing. The panelists can be 

eliminated as a possibly cause since all the judges, not just a few, rated the wines 

simliarily. The only explanation would be the first replicate was evaluated within 5 

minutes of pouring, whereas the second was exposed to air for a longer time, 10-15 

minutes before evaluation. These results contradict the fact that young red wines may 

create a more intense red hue, not purple as this panel rated with the second set of 

samples. The cause of a more intense red hue may be due to the colorless anthocyanin- 

sulfur dioxide complex combining with oxygen upon exposure to air after pouring and 

before sensory evaluation. The combination of oxygen and anthocyanin sulfate complex 

may yield a sulfate compound and the flavylium anthocyanin red colored molecule 

(Boulton et al., 1996). Consequently, there is no clear explanation for this replication 

effect. 

The winemaker panel showed similar replication effects in their evaluation of 

aroma and flavor (data not shown). Both aroma, low and high enzyme dosages, axes 1 

were significant in replication effects (p=0.0001 and p=0.0004, respectively). For flavor. 



Figure 4.9. Replication effect" of low and high dosage enzyme treated 1997 Pinot noir of the predetermined 
color descriptors from a winemaker panel (n=1). 
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the low and high enzyme dosage wines, also had replication effects significant along axes 

1 (p=0.0207 and p=0.0197, respectively) and additionally the high enzyme dosage along 

axis 2 (p=0.0114) (data not shown). 

4.3.4    Additional descriptors 

All panelists rated the predetermined descriptors (Table 3.4) but were urged to 

add their own terms. Four of the 16 panelists added their own terms, brown/orange, 

orangish and brick red, to characterize the wines' color & appearance. The number of 

added aroma descriptors was much greater than the flavor or color & appearance terms. 

Eleven of the 16 panelists added 1 to 8 descriptors and they were largely spice and fruity 

in character. Aroma is more difficult to describe and perhaps the panelists felt they 

needed more terms to discriminate the wines. Lastly, 9 panelists added 6 extra terms to 

profile the flavor and they were cherry, black cherry, berry, stewed, alcohol and paper. 

4.4       Descriptive Analysis 

4.4.1    Low Enzymes 

The trained descriptive panel found that color & appearance principal axes 1 and 

2 were not significant in separating samples (p=0.2022 and p=0.8304, respectively) 

(Figure 4.10). Comparing the descriptive panel and the winemaker panel in color and 

appearance low enzymes, both panels agreed concerning Scottzyme Color X (Scott 

Laboratories), Scottzyme Color Pro (Scott Laboratories) and Lallzyme EX (Lallemand) 

clustered near purple and color intensity terms, at the positive end of axis 1. The 
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ANOVA analysis of the trained descriptive panel corroborates these findings with 

Scottzyme Color Pro (Scott Laboratories) and Scottzyme Color X (Scott Laboratories) 

significantly higher (p<0.05) than the control in color intensity and purple terms (Table 

4.6). 

Like the aroma winemaker panel results, in the descriptive panel results principal 

axis 1 was found significant in separating samples (p=0.0026) (Figure 4.11). However, 

principal axis 2 did not significantly separate samples (p=0.6931). The low dosage 

enzyme Scottzyme Color Pro (Scott Laboratories) wine sample in the descriptive analysis 

panel agreed with the winemaker panel, which rated it high in vegetative and earthy 

aromas (Figures 4.4 and 4.7), gathered at the positive end of axis 1. Likewise, the control 

in both panels, clustered toward the negative end of axis 1, rated low in earthy and 

vegetative aromas. 

In the flavor profile neither axes 1 or 2 were able to statistically separate samples 

(p>0.05) (Figure 4.12). The second principal axis was close to separating samples 

(p=0.0621), so trends can be observed. The low level enzyme treated wines did not show 

many similarities in flavor between the two panels. The winemaker panel, at the negative 

end of axis 1, rated GB Rapidase EX Color (Gist Brocades) low in vegetative flavor but 

high in bitterness (Figure 4.5). In the descriptive panel, this enzyme clustered toward the 

negative end of axis 2, and tended to be high in vegetative and low in bitterness flavors. 

Moreover, in the winemaker panel, Lallzyme EX (Lallemand) gathered to the positive 

end of axis 1 and rated high in overall intensity, fruitiness, spice, vegetative and body, yet 



Figure 4.10. Principal component map* of the color & appearance of low and high dosage enzyme 
treated 1997 Pinot noir wine from a descriptive panel (n=2). 
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Figure 4.11. Principal component map* of the aroma of low and high dosage enzyme treated 1997 
Pinot noir wine from a descriptive panel (n=2). 
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Table 4.6. Means* (standard deviations) from ANOVA of the descriptive panel color and appearance 
and aroma terms for low and high dosage enzyme treated 1997 Pinot noir wines (n=2). 

Descriptors Samples 
Scottzyme Scottzyme Scottzyme Scottzyme Lallzyme EX Lallzyme EX 

Control Color Pro (low) Color Pro(high) Color X(low) Color X(high) (low) (high) 
Color 
Color Intensity 9.08b(1.87) 10.45a(1.65) 10.27ab(1.20) 10.68a(1.49) 9.91ab(1.77) 10.09ab(1.63) 9.45ab(1.65) 
Clarity"9 10.41(1.37) 10.00(1.63) 10.32(7.82) 10.36(1.68) 10.36(1.50) 10.18(1.79) 10.36(1.68) 
Purple 6.18c(2.48) 8.18ab(1.74) 7.85ab(2.22) 8.68a(1.64) 7.86ab(2.27) 7.95ab(2.46) 7.14bc(1.88) 
Redns 8.50(1.30) 8.00(2.05) 7.27(2.03) 7.14(2.25) 7.91(2.00) 7.68(2.10) 7.82(1.47) 
Aroma 
Overall Intensity"5 8.77(1.38) 8.77(1.34) 8.73(1.52) 9.05(1.53) 9.09(1.60) 8.59(1.40) 8.91(1.48) 
Fruitiness"5 

6.50(1.57) 6.64(1.99) 6.32(1.52) 6.59(1.62) 6.36(1.65) 6.27(1.67) 6.86(1.73) 
Berry"8 5.09(1.93) 4.95(2.19) 4.77(2.18) 5.00(2.12) 4.86(2.17) 4.82(2.32) 5.55(2.24) 
BlackCurrent"5 2.14(1.49) 2.23(1.57) 2.05(1.33) 2.09(1.23) 2.36(1.56) 1.77(1.48) 2.36(2.06) 
Green Fruit"5 2.05(2.21) 2.09(1.95) 2.41(1.59) 2.68(2.12) 2.55(1.99) 2.41(1.68) 2.27(1.67) 
Vegetative"3 2.68(1.67) 3.18(1.26) 3.14(1.88) 2.91(1.34) 3.27(1.78) 2.73(1.32) 2.59(1.53) 
Herb"5 1.27(1.24) 1.50(1.26) 1.27(1.35) 1.14(1.36) 1.73(1.61) 1.23(1.23) 1.18(1.26) 
Earthy"5 1.00(1.23) 1.95(1.76) 2.14(2.08) 1.50(1.54) 2.23(2.14) 1.05(1.36) 1.05(1.59) 
Floral"5 1.32(1.78) 1.00(1.48) 1.18(1.62) 0.91(1.63) 0.91(1.38) 1.23(1.57) 1.23(1.54) 
Spice"5 2.77(1.38) 2.59(1.33) 2.91(1.31) 2.77(1.60) 2.68(1.25) 2.59(0.91) 2.73(1.42) 
Vanilla"5 1.27(1.32) 1.09(1.11) 1.41(1.40) 1.41(1.40) 1.73(1.52) 1.41(1.44) 1.45(1.30) 
Pepper"5 1.68(1.59) 1.82(1.62) 1.45(1.57) 1.82(1.59) 1.41(1.62) 1.23(1.41) 1.50(1.41) 
Alcohol"5 5.91(1.63) 5.68(1.78) 6.09(1.93) 6.55(1.95) 5.50(2.24) 5.55(1.60) 5.64(1.73) 
Nutty"5 1.14(1.58) 1.64(1.92) 1.36(1.73) 1.18(1.65) 1.86(1.78) 1.23(1.80) 1.27(1.45) 
Sulfur"5 0.23(0.75) 0.82(1.40) 0.27(0.70) 0.36(0.79) 0.91(1.48) 0.55(1.22) 0.23(0.53) 
Vinegar"5 0.86(1.83) 1.18(1.53) 0.68(1.21) 0.64(1.79) 0.64(1.09) 1.14(1.86) 0.73(1.49) 
Oxidized"5 1.18(1.71) 0.86(1.55) 0.68(1.21) 1.14(1.28) 1.14(1.28) 1.36(1.47) 1.32(1.67) 
•Intensity Scale, 0=none, 3=slight, 7=moderatel 11=large, and 15=extreme 

"Samples within the same column with the same superscript letter are not significantly different (p>0.05) 
"5 not significant 



Table 4.6. (continued) Means* (standard deviations) from ANOVA of the descriptive panel color and 
appearance and aroma terms for low and high dosage enzyme treated 1997 Pinot noir wines (n=2). 

Descriptors Samples 
GB Rapidase GB Rapidase Vinozyme G Vinozyme G 

EX Color (low) EX Color (high) (low) (high) 
Color 
Color Intensity 9.05b(1.56) 9.91 ""(1.60) lo.iB^ciie) 10.27a,,(1.67) 
Clarity"5 10.64(1.59) 10.68(1.62) 10.14(1.58) 10.14(1.83) 
Purple e.gs^i.se) 7.36abc(1.94) 7.82ab(2.58) 7.6Babc(2.23) 
Red"5 7.68(1.49) 8.09(1.90) 7.73(1.91) 7.59(2.34) 

Aroma 
Overall Intensity^ 8.64(1.87) 8.68(1.49) 9.05(1.53) 9.05(1.29) 
Fruitinessns 6.36(1.87) 6.64(1.79) 6.73(1.75) 6.45(1.97) 
Berry"5 4.86(2.38) 5.05(2.10) 5.18(2.22) 4.95(2.54) 
BlackCurrent"5 1.82(1.87) 2.00(2.02) 1.95(1.68) 2.23(2.09) 
Green Fruit"5 2.36(1.89) 2.64(1.81) 2.77(1.88) 2.55(1.87) 
Vegetative"5 3.36(1.40) 2.86(1.73) 2.50(1.47) 2.32(1.96) 
Herb"5 1.55(1.41) 1.64(1.43) 0.95(1.29) 1.00(1.27) 
Earthy"5 1.45(1.53) 1.50(1.41) 1.41(1.40) 0.91(1.15) 
Floral"5 1.00(1.75) 1.05(1.40) 0.91(1.19) 1.32(1.49) 
Spice"5 2.77(1.38) 2.77(1.15) 2.95(1.33) 2.91(1.31) 
Vanilla"5 1.36(1.71) 1.23(1.38) 1.86(1.52) 1.59(1.47) 
Pepper"5 1.82(1.53) 1.91(1.41) 1.41(1.65) 1.64(1.50) 
Alcohol"5 6.00(1.80) 6.14(1.96) 5.82(1.99) 6.05(2.03) 
Nutty"5 1.59(2.02) 1.14(1.55) 1.41(1.53) 1.14(1.67) 
Sulfur"5 0.36(0.85) 0.45(0.91) 0.36(0.79) 0.23(0.61) 
Vinegar"' 0.77(1.23) 0.95(1.36) 0.73(1.35) 0.68(1.70) 
Oxidized"5 1.27(1.91) 1.09(1.51) 0.59(1.22) 1.00(1.27) 
"Intensity Scale, 0=none, 3=slight, 7=moderate, 11=large, and 15=extreme 

'Samples within the same column with the same superscript letter are not significantly different (p>0.05) 
"5 not significant 
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in the descriptive panel the enzyme clustered in the middle of axis 2, not high in any 

terms. The control and Scottzyme Color X (Scott Laboratories) enzyme treated wines 

grouped in the middle of axis 1, not high or low in any descriptors for the winemaker 

panel. In the descriptive panel, the control clustered to the negative end of axis 2, high in 

vegetative flavors, while Scottzyme Color X (Scott Laboratories) grouped toward the 

positive end of axis 2, and tended to be high in bitterness and green fruit. Scottzyme 

Color X (Scott Laboratories) was rated significantly higher (p<0.05) in astringency than 

the control in the ANOVA analysis from the descriptive panel (Table 4.7). This 

coincided with the phenolic profile and the ANOVA analysis of the winemaker panel of 

Scottzyme Color X (Scott Laboratories) higher, not significantly, in polymeric phenols 

and astringency (Table 4.2 and 4.4). 

4.4.2    High Enzymes 

When comparing the color of the high dosage enzyme wine results of the two 

panels, the descriptive panel trends, overall, concurred with the winemaker panel but 

there were some differences (Figures 4.6 and 4.10). The control sample trends of the 

descriptive panel did agreed with the winemaker panel and clustered toward the negative 

end of axis 1, low in color intensity and purple. The trend of Scottzyme Color Pro (Scott 

Laboratories) also conformed with the winemaker panel and clustered toward the positive 

end of axis 1, near purple and color intensity. However, the winemaker panel rated 

Scottzyme Color X (Scott Laboratories) high in purple and color intensity, while the 

control and GB Rapidase EX Color (Gist Brocades) were at the opposite end of the axis. 



Figure 4.12. Principal component map* of the flavor of low and high dosage enzyme treated 1997 
Pinot noir wine from a descriptive panel (n=2). 
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Table 4.7. Means* (standard deviations) from ANOVA of the descriptive panel flavor terms for low and high 
dosage enzyme treated 1997 Pinot noir wines (n=2). 

Descriptors Samples 
Scottzyme Scottzyme Scottzyme Scottzyme Lallzyme EX Lallzyme EX 

Control Color Pro (low) Color Pro(high) Color X(low) Color X(high) (low) (high) 

Flavor 
Overall Intensity"' 8.23(1.27) 8.82(1.05) 8.18(1.01) 8.82(1.65) 8.68(1.32) 8.27(0.98) 8.68(1.46) 

Sour"5 3.45(1.79) 3.64(1.33) 3.32(1.43) 3.45(1.60) 3.68(1.52) 3.27(1.32) 3.14(1.21) 

Bitter" 1.68(1.43) 2.00(1.63) 1.95(1.29) 2.18(1.59) 2.00(1.45) 1.86(1.39) 2.14(1.49) 

Astringency 5.41b(1.94) 6.41ab(2.20) 5.73ab(2.37) 6.77a(2.74) 6.32ab(2.51) 5.73ab(2.27) 6.18ab(2.24) 

Fruitiness"* 6.00(1.80) 6.05(1.73) 6.18(1.68) 6.14(1.67) 6.05(1.59) 5.91(1.41) 6.00(1.80) 

Berryns 4.45(2.46) 4.64(2.50) 4.59(2.42) 4.82(2.08) 4.18(2.32) 4.45(1.97) 4.68(2.12) 

BlackCurrenr 1.32(1.62) 1.64(1.43) 1.41(1.40) 1.59(1.62) 1.55(1.57) 1.23(1.15) 1.41(1.56) 

Green Fruit"5 1.91(2.02) 2.68(2.17) 2.41.(1.89) 2.55(1.77) 2.77(1.80) 2.50(1.60) 2.73(1.58) 

Vegetative"5 2.55(1.68) 2.82(1.44) 2.14(1.67) 2.23(1.60) 2.32(1.39) 2.55(1.47) 2.32(1.52) 

Herb"5 1.32(1.29) 1.64(1.36) 1.09(1.31) 1.14(1.36) 1.45(1.30) 1.00(1.38) 1.41(1.40) 

Earthy"5 1.23(1.23) 1.41(1.33) 1.18(1.50) 1.05(1.33) 1.18(1.40) 0.86(1.21) 0.86(1.32) 

Spice"5 2.95(1.17) 3.50(1.26) 2.86(1.25) 2.91(1.41) 3.14(0.77) 2.77(1.45) 2.91(1.31) 

Vanilla"5 1.18(1.44) 1.36(1.40) 1.00(1.20) 1.09(1.38) 1.14(1.28) 0.95(1.25) 1.23(1.23) 

Black Pepper 1.77b(1.38) 2.73a(1.88) 1.77b(1.72) 1.86ab(1.61) 2.18ab(1.47) 1.86ab(1.49) 1.64b(1.81) 

Alcohol"5 5.27(1.45) 5.77(1.88) 5.82(1.71) 5.59(2.09) 5.55(2.11) 5.36(1.87) 5.64(1.47) 

Nutty"5 1.00(1.54) 0.95(1.29) 0.91(1.44) 1.00(1.66) 1.14(1.32) 0.55(1.01) 0.86(1.42) 

Oxidized 1.27a(1.49) 1.09ab(1.57) 0.50b(1.10) 0.59b(1.22) o.gs^i^g) 0.68ab(1.09) 0.77ab(1.34) 

'Intensity Scale, 0=none, 3=slight, 7=moderate, 11=large, and 15=extreme 

'Samples within the same column with the same superscript letter are not significantly different (p>0.05) 

"s not significant 



Table 4.7. (continued) Means* (standard deviations) from ANOVA of the descriptive panel flavor 
terms for low and high dosage enzyme treated 1997 Pinot noir wines (n=2). 

Descriptors Samples 
GB Rapidase GB Rapidase VinozymeG VinozymeG 

EX Color (low) EX Color (high) (low) (high) 

Flavor 
Overall Intensity"5 8.50(1.63) 8.77(1.15) 8.86(0.99) 8.50(1.10) 

Sour"8 
3.41(1.68) 3.41(1 53) 3.41(1.62) 3.82(1.40) 

Bitter"5 1.68(1.13) 2.36(1.59) 2.36(1.81) 1.86(1.21) 

Astringency 6.09ab(1.90) e.M^.I?) 6.32ab(2.25) 6.45ab(2.54) 

Fruitiness"5 
5.77(2.05) 6.09(1.72) 5.91(1.74) 6.09(1.77) 

Berry"5 
4.50(2.58) 4.59(2.15) 4.86(2.08) 4.82(2.04) 

BlackCurrent"5 1.09(1.44) - 1.68(1.43) 1.50(1.19) 1.68(1.49) 

Green Fruit"5 
2.27(1.80) 2.73(1.98) 2.45(1.63) 2.55(1.87) 

Vegetative"5 2.64(1.71) 2.23(1.34) 2.27(1.67) 2.09(1.51) 

Herb"5 
1.59(1.62) 1.23(1.31) 1.14(1.39) 0.91(1.15) 

Earthy"5 
1.45(1.50) 0.91(1.15) 1.32(1.43) 0.91(1.02) 

Spice"5 2.95(1.70) 2.95(1.33) 3.00(1.20) 2.82(1.26) 

Vanilla"5 1.45(1.37) 1.05(1.29) 1.55(1.41) 1.23(1.48) 

Black Pepper 2.09ab(1.85) 2. ^"f 1.42) 1.64b(1.59) 2.00ab(1.72) 

Alcohol"5 6.23(2.20) 6.23(1.90) 5.86(1.70) 5.77(1.72) 

Nutty"5 1.23(1.51) 0.77(1.07) 1.14(1.46) 1.09(1.51) 

Oxidized 0.91al>(1.66) 0.82ab(1.10) 0.73ab(1.16) 1.00a>,(1.31) 

'Intensity Scale, 0=none, 3=slight, 7=moderate, 11=large, and 15=extreme 

'Samples within the same column with the same superscript letter are not significantly different (p>0.05) 

"5 not significant 
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low in those terms. However, in the trained descriptive panel, GB Rapidase EX Color 

(Gist Brocades) grouped in the middle of axis 1, neither high or low in those terms. 

The descriptive and winemaker panels did not agree in ratings of the high enzyme 

dosage wine aromas (Figures 4.7 and 4.12). Scottzyme Color Pro (Scott Laboratories) 

treated wine from the winemaker panel was rated at the positive end of axis 1, high in 

earthy and vegetative aromas (Figure 4.7); whereas in the descriptive panel, Scottzyme 

Color Pro (Scott Laboratories) clustered in the middle of axis 1, not high or low in those 

terms. Furthermore, the descriptive panel rated Scottzyme Color X (Scott Laboratories) 

high in herb, nutty, earthy, and vegetative aromas, while in the winemaker panel it fell in 

the middle of axis 1, rated neither high nor low in overall intensity, fruitiness, spice, 

floral, vegetative and earthy. 

Although the ratings of the samples' flavors in the low enzyme treated wine did 

not agree in both panels, the high enzyme dosages did agree on some samples (Figures 

4.8 and 4.12). GB Rapidase EX Color (Gist Brocades), in both the descriptive panel 

(positive end of axis 2) and the winemaker panel (positive end of axis 1) clustered near 

bitterness. In addition, the descriptive panel had a tendency to rate GB Rapidase EX 

Color (Gist Brocades), positive end of axis 2, high in green fruit. The panels did not 

agree with respect to the control and Scottzyme Color Pro (Scott Laboratories). The 

control was rated high in vegetative by the trained descriptive panel but was not rated 

high or low in any terms in the winemaker panel. Furthermore, Scottzyme Color Pro 
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(Scott Laboratories) was rated high in vegetative by the winemaker panel while it 

clustered in the middle of axis 2, not rating high or low in any descriptors, for the 

descriptive panel. 

4.5       Correlating chemical data and sensory data 

4.5.1    Principal Component Analysis 

Principal component analysis was used to analyze the predetermined descriptors 

from the winemaker panel and the chemical data (Figures 4.13-4.18). The samples were 

plotted on one graph (Figures 4.13, 4.15 and 4.17) without eigen value descriptors. Eigen 

values were mapped on a separate graph (Figures 4.14, 4.16 and 4.18) and relationships 

between the wine samples and eigen values were determined based on the location or 

quadrants of each sample and eigen value. 

. The color & appearance map was statistically significant on both axes 1 and 2 in 

separating samples (p<0.05) (Figure 4.13). The control sample clustered at negative end 

of axis 1 and 2, and related with the hunter eigen values of hue and b*, which also 

grouped toward the negative axes of 1 and 2 (Figure 4.14). Scottzyme Color Pro (Scott 

Laboratories) (low) and Scottzyme Color X (Scott Laboratories) (low), clustered toward 

the positive end of axis 1 and the negative end of axis 2, which correlated highly with the 

eigen value sensory terms, color intensity and purple, and with the hunter indices, a* and 

chroma. These results of control, Scottzyme Color Pro (Scott Laboratories) (low) and 

Scottzyme Color X (Scott Laboratories) (low) correspond to the hunter colorimetry 
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readings (Table 4.1) and the winemaker panel (Figure 4.3, Table 4.3). The PCA maps 

clearly distinguish the control wine from the enzyme treated samples. The differences 

between the enzyme treatments were more subtle. Furthermore, the control 

measurements were different than all other enzyme treated samples in the phenolic 

profile (Table 4.2). There were no large differences between the control and all enzyme 

treated wines with respect to total anthocyanin concentration (Table 4.2). Furthermore, 

there were not many differences among the enzyme treatments with respect to phenolic 

compounds. Therefore, the higher color intensity measurement, chroma (Table 4.1), and 

the sensory panel ratings (Tables 4.3, 4.6 and Figure 4.3), of the enzyme treated wines 

compared to the control may be due to a copigmentation effect. During copigmentation, 

the anthocyanins' phenol rings, which are planar, stack on each other and other structures 

similar to flavonoids increasing the color intensity of red wine (Mazza and Miniaiti, 

1993). 

Principal axes 1 and 2 were both significant (p<0.05) in separating samples in 

aroma terms (Figure 4.15). Most of the enzyme treatments gathered toward the positive 

end of axis 1 and were most described by phenolics and the sensory terms, spice, earthy, 

fruitiness, overall intensity and floral (Figure 4.16). The controls (one for each 

winemaker panel session) and GB Rapidase EX Color (Gist Brocades) (low), clustered to 

the negative end of axis 1 were best correlated to the eigen values caftaric acid and the 

descriptor, vegetative. Generally, the control wines and GB EX Color (Gist Brocades) 

(low) grouped closely together and separately from all other enzyme treated wines. 

Scottzyme Color Pro (low) and Scottzyme Color X (low) gathered to the positive end of 
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Figure 4.13. Principal component map of the color & appearance of 
the predetermined winemaker descriptors and analytical 
analysis of enzymatically treated 1997 Pinot noir wines. 
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Figure 4.14. Eigenvectors from the principal component analysis of 
of the color & appearance predetermined terms of the 
winemaker panel, hunter data and phenolic analysis on the 
enzymatically treated 1997 Pinot noir wines (n=2). 
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Figure 4.15. Principal component map of the aroma of the 
predetermined winemaker panel descriptors and 
analytical analysis of enzymatically treated 1997 Pinot noir 
wines (n=2). 
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Figure 4.16. Eigenvectors from principal component analysis of the 
aroma predetermined terms in the winemaker panel and 
phenolic analysis onenzymatically treated 1997 Pinot noir 
wines (n=2). 
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Figure 4.17. Principal component map of the flavor of the 
predetermined winemaker panel descriptors and 
analytical analysis of enzymatically treated 1997 Pinot 
noir wines (n=2). 
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Figure 4.18. Eigenvectors from principal component analysis of the 
flavor predetermined terms of the winemaker panel 
and phenolic analysis on enzymatically treated 1997 
Pinot noir wines (n=2). 
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axis 1 and the negative end of axis 2, and were most described by the sensory terms, 

spice and earthy. 

The flavor and mouthfeel profile map was significant (p<0.05) in separating 

samples along axis 1 and 2 (Figure 4.17). At the far negative end of axis 1 and 2 were the 

controls and most correlated to caftaric acid (Figure 4.18). The enzyme treatments may 

have hydrolzed the caftaric acid into caffeic and tartaric acids whereas the control did 

not. This agreed with the HPLC analysis of the samples (Table 4.2). The quercetin 

glycoside eigenvector fell at the negative end of axis 1 (Figure 4.18) closer to the control 

wine (Figure 4.17), whereas quercetin aglycone grouped toward the positive end of axis 1 

near the enzyme treated wines. Enzyme treated wines appeared to hydrolyze the 

quercetin glycosides to the quercetin aglycone. Scottzyme Color Pro (low and high), and 

Scottzyme Color X (low and high) clustered at the positive end of axis 1 and the negative 

end of axis 2 and were most described by the sensory terms, overall intensity, fruitiness, 

body, spice, acidity and bitterness. All other enzyme treated samples did not separate 

among each other as clearly as the from controls. 

4.5.2    Canonical Correlation Analysis (CCA) 

CCA was performed with the winemaker panel predetermined sensory descriptors 

and the chemical data (data not shown). None of the results added more information then 

was already found through PCA analysis. 
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4.5.3    Multiple Regression Analysis 

Chemical terms were not correlated or significant in determining sensory 

descriptors (data not shown). 
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5. THESIS SUMMARY 

Overall, the control wine differed the most from all low and high enzyme treated 

wines. The enzyme treated wines had subtle differences amongst each other. Scottzyme 

Color X (Scott Laboratories) enzyme created wines high in color intensity and purple. 

This was confirmed through sensory panels, hunter colorimeter and HPLC 

measurements. In contrast, the control and wines treated with GB Rapidase EX Color 

(Gist Brocades) enzyme produced wines low in color intensity and purple as determined 

through sensory panels and chemical analyses. The control had the second highest level 

of monomeric anthocyanins and total anthocyanins at the end of malolactic fermentation, 

indicating greater initial color; however, the control had less color stability during aging. 

Scottzyme Color X (Scott Laboratories) and Scottzyme Color Pro (Scott 

Laboratories) enzymes created wines with high aroma sensory panel ratings of 

vegetative, and earthy character. The control and wines treated with GB Rapidase EX 

Color (Gist Brocades) were not rated differently and were low in these same descriptors. 

In flavor, Lallzyme EX (Lallemand) treated wines rated high in overall intensity, 

fruitiness, spice, vegetative and body descriptors, while the control, GB Rapidase EX 

Color (Gist Brocades) and Scottzyme Color X (Scott Laboratories) were lower in these 

descriptors as determined by the winemaker panel. GB Rapidase EX Color (Gist 

Brocades) treated wine rated highest in bitterness compared to all other wine samples 

from both sensory panels and was also high in phenolic compounds known to cause 

bitterness. 

Low enzyme treatments separated wine samples more from the control then high 

enzyme treatments. The color & appearance, aroma and flavor axes of the profile maps 
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were not significant in the high enzyme treated wines as determined by the winemaker 

panel. Furthermore, the winemaker panel found acidity the only aroma or flavor 

descriptor significant in the high dosage ANOVA results. Whereas six descriptors in the 

low enzyme ANOVA results were significant in separating aroma and flavor samples. 

Except for Lallzyme EX (Lallemand) treated wine, the hunter colorimeter results showed 

all low enzyme treated wines were significantly (p<0.05) more red-purple (lower hues) 

than the high enzyme treated wines. This may be due to more enzymatic activity from 

glycosidase enzymes which may cleave sugars from anthocyanins producing less stable 

anthocyanidins. Some Bulgarian wines using Zartchine grapes showed higher color than 

a control when a lower enzyme dosage was applied instead of a high dosage (Neubeck, 

1975). 

The total anthocyanin extraction did not increase in the enzyme treated wines 

compared to the control, however there was more color intensity as determined through 

sensory panels and analytical assesments. The increased color may be due mostly to a 

copigmentation effect. 

The two sensory panels concurred in low enzyme treated wines' color & 

appearance and aroma and the flavor high enzyme treated wine profiles. However, the 

panels had many contradictions in the low enzyme flavor terms and the high enzyme 

treated wines' color & appearance and aroma descriptors. Wine is complex and difficult 

to profile thus extended training for the descriptive panel may have been helpful. The 

winemakers' experience varied from novice to expert, therefore use of more experienced 

winemakers may lessen discrepancies between panels in the future. 
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