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ABSTRACT 

This research evaluated simulated accumulated summer temperature conditions in 

grape shipping containers during transportation from vineyard to winery in Texas. 

Temperature treatments were applied to five batches of destemmed grapes comprised of 

three batches of red varieties and two batches of white varieties. After 0 to 15 hr 

treatments, the berries were processed and fermented to wines in micro scale. Phenolic 

constituents important to wine quality sensory perception, including total phenolics, 

anthocyanins, tannins and polymeric pigments, as well as color intensity, hue and 

standard wine parameters were quantified to evaluate the effects of heat at post-harvest 

stage on the subsequent wines. The results indicate that long distance transportation of 

berries in Texas may result in high phenolic extraction and elevated browning in white 

wines, while red wines tended to change red color intensity, tannin concentrations and red 

pigment profiles, which might not affect red wines sensorily. Heat treatment did not 

affect pH, titratable acidity, ethanol concentrations, browning, total phenolic 

concentrations or anthocyanin concentrations compared to the wines made from the low 

heat treated berries. The composition of phenolic constituents in red wines is relatively 

stable after the heat treatment before vinification. 

   

Key words: winegrapes, temperature, post-harvest, phenolics, pigments 
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CHAPTER I 

INTRODUCTION 

1.1 Summary 

The Texas wine and grape industries contributed a total economic impact of about 

1.7 billion in 2009, a 26% increase over 2007 (MKF Research LLC Report 2009). Wine 

production in Texas continues to grow each year. Texas ranks fifth in the United States of 

America in wine production with over 3.2 million gallons in 2011  (Texas Wine & 

Grape Growers Association). Texas has over 245 bonded commercial wineries (Texas 

Wine & Grape Growers Association). Texas has approximately 3,400 acres of family 

owned vineyard land with eight American Viticulture Areas (AVAs). Over 90% berries 

are harvested by machine and delivered to wineries in Texas. 

The growing demand for Texas grown wine grapes in Texas provides several 

challenges to growers and purchasers. Texas is the largest state in the continental United 

States and it is common for long delivery time for grapes from vineyards to wineries. For 

instance, it takes at least 5, 8, and 11 hours driving time respectively on public roadways 

to transport machine harvested grape berries from Plains, Yoakum County in Texas High 

Plains (American Viticulture Area) to wineries located in the Hill County (500 km), 

College Station (800 km), and Santa Fe (1,000 km). This time does not include on ground 

delays or loading times before the truck leaves the vineyard. To satisfy the wineries’ 

demand for berries, interstate delivery, such as shipping from California, the largest wine 

grape growing state in tonnage and acreage, to Texas, takes an even longer time. 

Additional factors, like the winery processing capacity and the accumulated time for 

harvesting, loading and unloading berries, can also extend the time for berries sitting in 
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the shipping containers. Since wines are made from perishable fresh fruit, delays in 

processing after harvest is suspected to result in changes in berry composition, especially 

sensory important phenolics that may affect the wine sensorialy. 

The State of Texas is a typical hot climate region (Region V, UC Davis Heat 

Summation Scale) for wine grape cultivation with average growing degree days of 

2,500-2,900°C in the eight American Viticulture Areas in the state (Appendix I-II). The 

peak harvest season for wine grapes in Texas is from late July to the end of September, 

which is also the hottest period with an average monthly maximum temperature 34°C in 

July and August and 31°C in September (Table 1, data source: National Climatic Data 

Center, U.S. Department of Commerce National Oceanic & Atmospheric Administration). 

Extremely hot weather occurs occasionally in Texas. Previous work has shown that 

temperature variations within a commercial refrigerated shipping container can vary up to 

8°C above the set point and that the sun-exposed roof of a container is usually the 

warmest area due to solar radiation absorption effects (Rodríguez-Bermejo et al. 2007). 

During the summer months in the United States, the temperature can fluctuate up to 13°C 

inside wine shipping containers on a daily basis (Robinson et al. 2010). During long 

distance transportation, shipping containers exposed to direct sunlight in hot weather can 

act like greenhouses, which can cause increasing temperatures in the container and its 

contents. Heat is also generated by yeast fermentation such as from wild yeast present on 

the berries. The temperature of must from berries picked in the afternoon can be 13°C 

higher than must from berries picked in the morning (Ramey et al. 1986). This increased 

heat is suspected to affect the composition of quality important phenolic compounds in 

the subsequent wines, including pigments (monomeric pigments, small polymeric 
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pigments, and large polymeric pigments), tannins, anthocyanins, and total phenolics. The 

influence of the accumulated heat on the resultant wine color (browning and red color 

intensity) and the pigment polymeric rate were also evaluated in this study.  

Table 1 Monthly climatological summary
1
 (2001-2011) 

Month Mean 
Max. (°C) 

Mean 
Min. (°C) 

Mean 
(°C) 

Highest 
(°C) 

Lowest 
(°C) 

Number Of Days 
Max>32°C 

 Lubbock2 
July 34 20 27 39 17 23 
August 33 20 27 38 16 22 
September 29 15 22 36 9 8 
       
 Plains3 
July 34 19 26 38 15 21 
August 33 18 26 38 15 21 
September 30 14 22 35 9 9 
       
 Hill County4 
July 34 22 28 37 19 24 
August 35 23 29 39 19 27 
September 31 19 25 36 13 14 
       
 Santa Fe5 
July 33 24 28 36 21 21 
August 33 24 28 36 21 23 
September 31 21 26 35 16 10 
       
 College Station6 
July 34 23 29 37 19 23 
August 36 23 29 39 19 28 

September 32 19 26 36 12 18 

                                                        
1 Data source: National Climatic Data Center, U.S. Department of Commerce National Oceanic & 
Atmospheric Administration. Originally expressed as °F. 
2 Station:GHCND:USW00023042, LUBBOCK INTERNATIONAL AIRPORT, TX US; Elev. 3253.94ft. 
above sea level; Lat. 33.666°, Lon. -101.823°. 
3 Station:GHCND:USC00417074, PLAINS, TX US; Elev. 3674.87ft. above sea level; Lat. 33.187°, Lon. 
-102.828°. 
4 Station:GHCND:USC00415757, MC GREGOR, TX US; Elev. 723.10ft. above sea level; Lat. 31.435°, 
Lon. -97.401°. 
5 Station:GHCND:USC00415477, MADISONVILLE, TX US; Elev. 251.97ft. above sea level; Lat. 
30.939°, Lon. -95.920°. 
6 Station:GHCND:USC00414333, HOUSTON NATIONAL WEATHER SERVICE OFFICE, TX US; Elev. 
19.03ft. above sea level; Lat. 29.472°, Lon. -95.083°. 
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1.2 The contribution of phenols to sensory aspects 

Phenolics, sometimes called phenols in organic chemistry, are a class of 

compounds consisting of a hydroxyl group (-OH) bonded directly to an aromatic 

hydrocarbon group. Phenolics naturally occur in berries and can be extracted into wines 

during winemaking. In wines, phenolics are the most abundant constituents after water, 

ethanol, glycerol and organic acids. The total amount of phenolics may vary from 0.5 g/L 

to 3.0 g/L in red wines, and 0.05 g/L to 0.3 g/L in white wines (Somer 1998). They are a 

fundamental quality component of grapes and wines, contributing to several sensory 

aspects of wines, including color, aroma, taste and mouth feel. 

Color is probably the most easily recognized aspect of wines. Red wine color is 

mainly contributed by the flavylium form of anthocyanins (Figure 1) and the 

anthocyanin-derived or structurally undefined polymeric pigments (Kennedy et al. 2006). 

The proportion of anthocyanins presenting red color is generally less than 10% of total 

anthocyanins in wine (Kennedy et al. 2006). The absorption maxima of the flavylium 

form of anthocyanins is 520 nm, which can elicit more color at lower pH while their 

polymerized forms are less dependent with the change of wine pH (Somers 1971). 

Flavylium forms of monomeric anthocyanins are easily decolorized by the addition of 

bisulfite, a common additive in wineries while the anthocyanin-derived polymeric 

pigments are bisulfite resistant (Kennedy et al. 2006). Although the formation of these 

bisulfite resistant pigments is associated with polymeric material, some non-polymeric 

compounds are also resistant to bisulfite bleaching (Harbertson and Spayd 2006).  
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Figure 1 Anthocyanin equilibrium forms found in red wine (Kennedy et al. 2006). 
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The principal compounds responsible for coloration of white wines are the 

catechins and hydroxycinnamates, which are initially colorless but can be oxidized either 

enzymatically or chemically to form yellow and brown phenolic derivatives (Singleton et 

al. 1985, Es-Safi et al. 2000, Harbertson and Spayd 2006). The brown pigments form 

from the polymerization of quinones, derivatives of reactive aromatic compounds such as 

colorless phenols and catechols in the presence of polyphenol oxidase and oxygen 

(Figure 2, Singleton et al. 1985). In model wine systems, catechin was observed to react 

with glyoxylic acid to form a yellow xanthylium compound (Es-Safi et al. 2000). 

Cheynier et al. (1990) showed that the browning susceptibility of grape musts was 

essentially related to their hydroxycinnamic acid initial concentration.  

 

Figure 2 The oxidation of phenols with the presence of polyphenol oxidase 

 

The sensations of wine in mouth can be mainly classified into sweetness, sourness, 

bitterness and astringency. Although the threshold is unknown, saltiness and umami are 

likely present in some wines if sodium ion concentration and glutamate concentration are 

high (Walker et al. 2003, Desportes et al. 2001). Sweetness is contributed by sugars, 

glycerol, minor polyols and ethanol. Acid taste is from organic acids primarily tartaric 

acid and malic acid in grape wines, while bitterness and astringency are contributed by 

phenolics. Bitterness is associated with flavan-3-ol monomers (catechins) and oligomeric 

procyanidins (Rossi and Singleton 1966; Singleton and Esau 1969; Lea and Arnold 1978; 
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Delcour et al. 1984). Bitterness in cider has been shown to be associated with oligomeric 

procyanidins whereas astringency was likely characteristic of higher molecular weight 

procyanidins (Lea and Arnold 1978). Singleton and Rossi (1966) reported a bitterness 

threshold value of 20 mg/L in water for a phenolic fraction obtained by chromatography 

of an aqueous ethanol grape seed extract containing mainly monomeric catechins. 

Increasing ethanol concentration in wines likely decreases the sensory threshold of 

detection for oligomeric procyanidins and increases sensitivity to bitterness in wines 

(Delcour et al. 1984).  

Tannins responsible for astringency comprise a significant portion of the phenolic 

material in red wine (Gawel 1998). Polymerization of tannins with the other molecules, 

such as salivary proteins and polysaccharides tends to reduce astringency and the 

perception of bitterness (Cheynier et al. 2006). Tannins are polymers of flavan-3-ol 

subunits, and as a result a wide range in molecular weight is possible (Kennedy et al. 

2006). Tannins interact with monomeric pigments, primarily colored anthocyanins, and 

affect red color intensity in red wines (Harbertson and Spayd 2006). 

Once berries have been pressed, the phenolic profile, and hence wine quality, 

changes constantly (Somer 1998). Phenolic concentration in wines are affected by the 

fermentation temperature, the use of sulfur dioxide, maceration techniques such a rotary 

fermenters, thermovinification, or pump-overs, the pressure applied when pressing, the 

addition of enzymes and the storage conditions (Sacchi et al. 2005; Netzel et al. 2003; 

Auw et al. 1996; Wagener 1981).  
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1.3. The health benefits of consuming wines 

Wine phenolics also react with free radicals carrying one unpaired electron, which 

make them potent antioxidants in wine as well as in vivo. In the early 1990s, the 

identification of the French Paradox stimulated research into potential human health 

benefits of red wine consumption (Renaud and De Lorgeril 1992). The French Paradox is 

based on epidemiological studies that report a comparatively lower incidence of coronary 

heart disease in France despite high levels of saturated fat in the traditional French diet 

(Renaud and Gueguen 1998). Phenolic compounds found in grapes with known health 

benefits include melatonin, catechins, ellagic acid, lutein, quercetin, and resveratrol 

(Leifert and Abeywardena 2008, Pezzuto 2008). These compounds act as potent 

antioxidants, reduce harmful low-density lipoprotein (LDL) cholesterol oxidation, 

modulate cell signaling pathways, and reduce platelet aggregation.  

The antioxidant effects of red wine and of its major polyphenols have been 

demonstrated with in vitro systems, in cell culture, and in human subjects (Soleas et al. 

1997, Fernandez-Pachon et al. 2006, Modun et al. 2008). In five samples of red wines 

from Spain, total antioxidant activity correlated with polyphenol content (Lopez-Velez et 

al. 2003). In humans, wine polyphenols taken at physiologically relevant concentrations 

interacted synergistically to produce antioxidant effects (Pignatelli et al. 2006). 

Resveratrol has been extensively studied as a critical constituent that contributes 

to the health benefits of red wine. Resveratrol, which alters lipid metabolism, inhibits 

LDL oxidation, and inhibits platelet aggregation, has exhibited both cardioprotective and 

chemopreventive effects in animal studies (Guerrero et al. 2009). Resveratrol also inhibits 
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the growth of some tumor types and exhibits anti-inflammatory, antibacterial, antifungal, 

antiviral, neuroprotective, antiproliferative, and antiangiogenic activities (Nassiri-Asl and 

Hosseinzadeh 2009). Wine procyanidins have been shown to be especially active in 

preventing lipid oxidation of foods while in the digestive tract, indicating that red wine 

consumption with a meal affords the most protection (Ursini and Sevanian 2002). 

Overall, red wine was more effective than white wine to exhibit cardioprotective 

and chemopreventive effects, suggesting that polyphenols in red wine play a role to 

benefit human health. Improved phenolic extraction during wine making is likely to 

provide an increase in health benefits. Moderate daily consumption of red wine has been 

proposed to contribute to human health (Renaud and Gueguen 1998). 

1.4. The role of temperature in wine industry 

The effect of temperature on the final wine quality starts from the very beginning 

of grape vine growth in the vineyards (Roubelakis-Angelakis and Kliewer 1986; Spayd et 

al. 2002). The period of slow anthocyanin accumulation in the skins was shortened as the 

cluster temp increased from 14°C to 35°C under light exposure (Roubelakis-Angelakis 

and Kliewer 1986). In the same study, the activity of phenylalanine ammonia-lyase (PAL) 

was determined at 22°C, as it is the enzyme purported to regulate the biosynthesis of 

anthocyanin and other phenolic compounds in berry skins, however, the author did not 

determine and explain whether the heat on clusters affected PAL activity. In the study to 

separate the effect of temperature and sunlight radiation on grape color synthesis, Merlot 

grapes accumulated more anthocyanins when heat was moderated by cooling, shade or 

air circulation near clusters (Spayd et al. 2002).  
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Thermovinification has been around since 1970s (Humbert and Mignonac 1975, 

Sernagiotto 1974). Thermovinification is a procedure that uses heat, from 55°C to 70°C, 

for the preparation of must before inoculation (Wagener 1981, Sacchi et al. 2005). A short 

period of heat may disrupt the hypodermal cell membranes thereby facilitating 

anthocyanin extraction. The heat also denatures oxidative enzymes, such as polyphenol 

oxidase, and prevents browning. 

Thermoflash maceration, also known as Flash Détente, is a technique, similar to 

thermovinification, which has been used since the 1990’s. Must is heated up to 85°C and 

then rapidly cooled under vacuum to cause massive damage to the grape cell wall thereby 

yielding maximal pigment extraction before fermentation (2011 Rieger). While peer 

reviewed scientific literature on the method is currently nonexistent and more research is 

needed, this technique offers additional benefits over thermovinification such as the 

option to remove pyrazines vaporized in the flash chamber and removed in the flash 

water. The method may also prevent many enzymatic decay reactions and permit cooler 

fermentation temperatures. A study on the effect of pH on the thermal inactivation of 

Thompson Seedless grape polyphenol oxidase was influenced by the buffer solution used, 

however, at typical wine pH values thermal inhibition of the enzyme occurred at 

temperatures above about 40°C; with complete inactivation at 70°C within 10-min 

treatment (Zheng et al. 2012). 

Girard et al. (1997) reported that thermovinification resulted in more than a 2-fold 

increase in anthocyanin concentration in Pinot noir wine than did fermentation on the 

skins at 20°C and 30°C. However sensory study results by 12 trained judges indicated 
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that the wines that had undergone thermovinification did not show greater color intensity 

compared to the 20°C and 30°C fermented wines with skin contact. From this study, the 

thermovinification facilitated the anthocyanin extraction but did not enhance color 

intensity. Instead, the thermo vinification treated wines were rated higher in bitterness 

taste, even though the differences were not significant. The same conclusion about color 

intensity and bitterness strength was drawn by Amerine and Ough (1957) in a study on 

Zinfandel grapes. Temperature increase (unheated, 43°C and 60°C) on Zinfandel grapes 

before fermentation, resulted in decreased wine color intensity, although the tannin 

content was not significantly changed (Amerine and Ough 1957). Higher bitterness score 

and less color might be due to the polymerization of phenols such as if the wines had 

been aged before sensory analysis. 

In another study, the effects of thermovinification were compared for Pinot noir, 

Lemberger and Cabernet franc with or without skin contact (Netzel et al. 2003). The must 

was heated to 65°C, cooled for 24 hr and then inoculated. The treatment of must heating 

followed by fermentation on skins improved anthocyanin extraction and showed the 

greatest antioxidant capacity. For all three varieties, the greatest increase in flavan-3-ols, 

flavonols and stilbenes was found in this treatment. The varietal differences on the effect 

of heating and skin contact during fermentation decreased phenolic acid and tyrolsol in 

heat treated Lemberger and Cabernet franc compared with the unheated skin fermentation 

treatment, while the greatest increase of phenolic acid and tyrolsol was found in Pinot 

noir.  
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The effect of low storage temperature on the berries and the resultant wines has 

been evaluated (Takeda et al. 1983; Spayd et al. 1987). Takeda et al. (1983) compared the 

total phenolic concentrations in table grapes that underwent low temperature treatments 

(4.5 and 0°C) against room temperature (20°C) treatments. The low temperature 

treatment was completed within 24 days while the room temperature treatment was 

completed in 6 days due to decay. With the extended storage time, the interaction of 

storage time and storage temperature was observed and the concentration of total 

phenolics in skins and pulp did not continuously increase (Figure 3). White wines made 

from frozen musts were compared for composition and sensory quality to wines made 

from fresh grapes from the same batch (Spayd et al. 1987). Freezing (18 – 24 hours) 

resulted in lower total phenol concentrations, however, had similar color compared to 

wines made from fresh grapes. Freezing of grapes prior to vinification was not found to 

adversely affect the sensory preference of the resultant wines.  
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Figure 3 Changes in the phenol content (mg/g fresh weight) in the skin and pulp of 

Fry muscadine grapes during storage at three different temperatures (Takeda et al. 

1983) 

There is a range of temperatures (20°C-55°C) that is between low storage 

temperatures and thermovinification temperatures that has not been studied in depth. 

Within this temperature range, most of the common microorganism, such as the 

indigenous yeast on the grape skins and various spoilage bacteria, may establish and 

propagate actively. For example, Acetobacteraceae, known as acetic acid bacteria, 

comprises a group of aerobic microorganisms that is often associated with the spoilage of 

wines through the production of acetaldehyde and acetic acid from ethanol (Drysdale and 

Fleet, 1988). This temperature range may either promote or inhibit the enzyme activity or 

inhibit berry metabolism and decay reactions after harvest. Current reported data is very 
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limited, nevertheless prevailing wine industry attitudes suggest that elevated temperatures 

on wine grapes at the post-harvest stage decrease the quality of subsequent wines. Wine 

grapes are traditionally processed as soon as possible after harvest in order to prevent 

berry decomposition and microbial spoilage.  

An early study (Ough et al 1971), investigated the effect of simulated machine 

harvest and gondola transportation on the resultant young wine quality. The study 

included a 4 -12 hr heat treatment between 32 - 35°C at the post-harvest stage on two 

white wine grapes. The authors suggested that elevated holding temperature and the 

holding time before berry processing could characteristically change the young wine 

quality. Two white wines were analyzed to determine the effects of heat while heat effects 

were not determined in red wines. The effect of extended holding time was measured in 

red varieties under ambient temperature. Total phenolics in juice were observed to 

increase with the extended holding time, however, the increase was not found in the final 

wines, possibly due to the 3-day skin contact fermentation on red varieties. During the 

skin contact maceration, more ethanol soluble phenolics, such as tannins, are likely 

extracted from the disrupted grape tissues with increase in ethanol concentrations during 

fermentation and result in the higher total phenolics in wines than in juice (Sacchi et al. 

2005), further, although the result of sensory analysis indicated that the extended holding 

time decreased wine quality in some varieties, other varieties were perceived higher 

quality by judges. Since recent data is limited, the effect of simulated long distance berry 

transportation and the accumulated heat on berries during the ripening period on the final 

wine quality is still not clear. 
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1.5. The objectives of the study 

Temperature is one controllable factor in winemaking (Wagener 1981; Girard et al. 

1997; Netzel et al. 2003). Temperature control failure during the whole production chain 

may result in significant economic loss if the wine becomes unsellable due to the 

production or extraction of uncharacteristic flavors or spoilage. In Texas, it is a common 

strategy to machine harvest wine grapes at night or early in the morning to avoid daytime 

heat, nevertheless elevated heat condition on berries will probably occur afterward, while 

waiting for enough fruit to ship and during the actual transportation. Refrigerated trucks 

and flat-bed trailers are the most common delivery methods. In Texas, long distances 

from a contracted vineyard to the designated winery means hours of transportation that 

may allow heat to accumulate in the shipping containers from direct sunlight radiation or 

ambient conditions, especially during the hot summer season, even when refrigerated 

containers are used (Weiskircher 2008; Leinberger 2006; Laffer 2004; Meyer 2002). The 

accumulated heat on the berries is suspected to change the composition of the berries, 

including phenolics, important quality constituents in wines that may result in higher 

degrees of browning, higher bitterness and higher astringency in wines.  

This study was conducted to mimic the effect of accumulated heat on machine 

harvested fruit by using partially crushed hand harvested fruit and a temperature 

controlled plant growth chamber. The influences of the high heat treatment on the 

resultant wines were evaluated. The source of the fruit and whether it was representative 

of the vineyard was relatively irrelevant. The research hypothesized that accumulated 

heat on berries before processing after harvest would: 
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1. Increase pH and ethanol concentration in white and red wines; 

2. Decrease titratable acidity in white and red wines 

3. Increase total phenolic concentrations and browning in white wines; 

4. Increase total phenolic, anthocyanin and pigment concentrations in red wines and 

introduce more browning and red color intensity in red wines; 

5. Increase tannin and polymeric pigment concentrations and introduce more 

astringency in red wines. 
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CHAPTER II 

MATERIAL AND METHOD 

2.1. Materials 

All of the grapes were hand harvested from vineyards on the Texas High Plains, 

an American Viticulture Area (AVA). Whole vine clusters of grapes were harvested from 

representative random whole vines that did not include end rows or ends of rows. 

Sunburnt or rotten clusters were discarded if present, however, represented less than 5% 

of the harvested fruit. Five different batches of grapes with 4 varieties from 3 vineyards 

were collected, prepared and underwent heat treatments. All berry clusters were shipped 

in shallow, lidless, porous picking bins made of high-density polyethylene plastics 

(60cm×40cm×15cm, DURA PROD, Norseman Plastics Ltd. Toronto, Ontario, Canada). 

Each bin contained approximately 7 to 10 kg of whole cluster grapes. These container 

bins were used to avoid the accumulation of heat during transportation before the 

treatments were conducted. Grape samples from 2010 were harvested at the Texas 

Agri-Life Extension, Lubbock vineyard, a 15 minute drive from the laboratory. Samples 

included Viognier (about 100 kg) at 23.1°Brix, pH 3.7, and 6.7 g/L titratable acidity, 

Cabernet Sauvignon (about 100 kg) at 24.5°Brix, pH 4.0, and 7.5 g/L titratable acidity, 

and Aglianico (about 70 kg) at 27.2°Brix, pH 4.0, and 6.2 g/L titratable acidity. 2011 

Chardonnay (about 80 kg) with 21.0°Brix, pH 3.7, and 7.2 g/L titratable acidity was 

acquired from the vineyard of Pheasant Ridge Winery, a 20 minute drive to the laboratory. 

2011 Cabernet Sauvignon (about 80 kg) with 27.4°Brix, pH 3.7, and 6.5 g/L titratable 

acidity was acquired from Newsom Vineyard, a 100 minute drive to the laboratory (Table 

2).  
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While the 70-100 kg samples in each batch of grapes may not represent the 

vineyards’ total crop, it is largely unimportant since this work was not interested in the 

geographic location and the viticultural management of the berries, but on the effects of 

heat on a sample of berries. Before the heat treatments, each sample was homogenized by 

destemming and mixing all berries in one large plastic bucket by hands before being 

divided into nine equal and representative lots. One lot was randomly selected from the 9 

lots as the experimental control. Each lot was representative of the gross batch of berries. 

Table 2 The standard berry parameters upon receipt 

Vintage Variety °Brix pH Titratable acidity 
(g/L tartaric acid) 

2010 Viognier(Juice) 23.1 3.7 6.7 
 Cabernet Sauvignon(Must) 24.5 4.0 7.5 
 Aglianico (Must) 27.2 4.0 6.2 
2011 Cabernet Sauvignon(Must) 27.4 3.7 6.5 
 Chardonnay(Juice) 21.0 3.7 7.2 
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2.2. Preparation and treatments  

To simulate machine harvest, all of the whole cluster grapes were destemmed by 

hand without sulfur dioxide addition in a room at 12-14 °C. Some berries were crushed 

during destemming to mimic machine harvest. The ratio of crushed volume to total 

volume was approximately 20-30%. Every batch of berries contained a small portion of 

juice from crushing. The berries with juice were poured into one large bucket made of 

food grade plastic. The berries and juice were mixed thoroughly by hands. The mixture 

was evenly distributed into 9 containers. Each of 9 lots from every batch was randomly 

assigned a different treatment (Table 3). 

The high heat treatment (38°C ± 1°C) was performed in the dark in a growth 

chamber (Conviron® F15, Controlled Environment Ltd., Winnipeg, Manitoba, Canada). 

The low heat treatment was completed in a thermostatically controlled laboratory at 18°C 

± 1°C in the dark. One lot was randomly selected as the control and processed as soon as 

possible. Four lots were randomly selected and moved to the growth chamber for the high 

heat treatment. The remaining four lots received the low heat treatment in the 18°C 

laboratory and served as the base line. After 3, 6, 9, and 15 hours, one lot that had 

undertaken the high heat treatment and one lot that had undertaken the low heat treatment 

were randomly selected and processed, following the same procedure as the control. The 

set of 9 treatments were repeated five times on the five batches of grapes: 2010 Cabernet 

Sauvignon, 2010 Aglianico, and 2011 Cabernet Sauvignon for red varieties, and 2010 

Viognier and 2011 Chardonnay for white varieties. Each treatment on the 2010 Cabernet 

Sauvignon and the 2010 Viognier were fermented in triplicate by evenly dividing the lot 
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into three parts, while each treatment on 2010 Aglianico, 2011 Cabernet Sauvignon, and 

2011 Chardonnay were fermented in duplicate by evenly dividing the lot into two parts 

due to limited available quantity.  

Table 3 The treatment index table 

ID Actual 
temperature  

Treatment time 

(hour) 
1 Control 
2 18°C ± 1°C 3 
3 18°C ± 1°C 6 
4 18°C ± 1°C 9 
5 18°C ± 1°C 15 
6 38°C ± 1°C 3 
7 38°C ± 1°C 6 
8 38°C ± 1°C 9 
9 38°C ± 1°C 15 

2.3. Temperature control  

The temperature during the treatments was monitored by HOBO® U12 4-External 

Channel Data Loggers (Onset, Bourne, MA) coupled with Water/Soil Temp sensors 

(Onset, Bourne, MA). Every 2 hours, both the surface temperature and the internal 

temperature of the lots were logged by attaching probes to the surface of the berries, or 

by inserting probes to the center of the berry lots. The results were expressed in °C in 

HOBOware® Software (Onset, Bourne, MA). 

2.4. Vinification 

The grapes were made into wine according to the micro scale fermentation 

method (Sampaio et al. 2007), with modification as described. For all three red varieties, 

the berries with juice from each lot were moved to a new Ziploc® Brand Big Bags (size 

XL, Racine, WI) bag made of food grade plastic after the heat treatments. The berries 

were pressed with the palms of the hands until almost all the berries were crushed. For 
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the two white varieties, the berries were pressed by a 20-L bladder press (Hydro 20, 

Zambelli Enotech s.r.l., Camisano Vicentino, VI, Italy) at 4 bar pressure for 30 minutes 

and the juice was allowed to drain and was collected. The pomace was discarded. The 

juice of the white grapes and the must of red grapes containing the juice, grape skins and 

seeds, were poured into separate 4 L wide neck glass jars with at least 1 L head space. An 

aqueous yeast culture (Lalvin® EC 1118, Danstar Ferment Ag, Switzerland) was prepared 

following the manufacture’s instruction: Dry yeast (10.0 g) was mixed with 40°C tap 

water in a clean 100 mL beaker and held for 20 min. The addition rate for fermentation 

was 1 mL yeast culture (equal to 0.25 g dry wine yeast) per liter must or juice. SO2 (50 

mg/L, as potassium disulfite, K2S2O5, CAS 16731-55-8, minimum 98%; Sigma-Aldrich, 

St. Louis, MO) was added. The additions were made by a micro-pipette and stirred gently. 

The skins of red grape samples were submerged and soaked in the juice during the whole 

fermentation process by a polyethylene plastic plate containing about 20 x 5mm diameter 

randomly located holes that was wedged inside the glass jar. After inoculation, the jars 

were sealed with lids into which air locks were fitted through a hole drilled in the center 

of the lid and secured with a gumrubber bung. The air locks were filled with deionized 

water to the fill line. All the parts of micro-fermentors were sanitized by 70% (v/v) 

aqueous ethanol and air-dried before use. 

The sugar content and the temperature during fermentation were monitored every 

other day. The sugar content (°Brix) was monitored by a temperature compensated 

hand-held refractometer (Reichert, Inc., Depew, NY) until the readout was negative and 

constant for at least 3 days. The fermentation was completed below 24°C, which was 
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monitored by using a spirit filled glass thermometer. The residual reducing sugars in all 

fermentation lots contained less than 1.25g/L by Clinitest® reagent tablets (Bayer 

Corporation, Elkhart, IN) following the manufacturer’s instructions for the 5-drop 

method: each young wine sample, 5 drops, and 10 drops of ultra-filtered water (purified 

by Milli-Q® Advantage A10 Ultrapure Water Purification System, Millipore Corporation, 

Billerica, MA) were pipetted into a glass test tube. One Clinitest® reagent tablet was 

unsealed and added to the tube and allowed to react for 15 seconds without shaking, 

mixed and allowed to react an additional 15 seconds, then the color of the liquid was 

compared against a reference color scaled chart provided by the manufacture.  

On the 14th day after yeast inoculation, all the fermentations were completed with 

the residue sugar concentration tested not higher than 1.25 g/L. The red wine was drained 

and the remaining marc (solids) was pressed under a vacuum before racking off the lees 

by siphoning. The vacuum press apparatus used a large ceramic funnel and two filtration 

flasks connected by rubber bungs or plastic tubes (Figure 4). The remaining marc was 

transferred to the funnel, covered by a food grade plastic sheet from regular supermarket. 

Vacuum was applied maximum and the juice was allowed to drain for 10 minutes. The 

retained liquid that included particulates was allowed to gravity settle for another two 

days after vacuum press. The white wines were racked off the lees by siphoning on the 

14th day after yeast inoculation. SO2 (50 mg/L) was added to each sample before bottling. 

Young wines were transferred to 375-mL (with screwcaps) or 750-mL (with toppers) 

wine bottles, sparged for 15 seconds with a 20 kPa stream of nitrogen gas from 
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commercial cylinders before capping. The bottles were then stored in a 4°C refrigerator 

for at least 6 month before analysis. 

 

Figure 4 The apparatus for red wine press. 

2.5. Wine analysis 

2.5.1. Standard wine parameters 

2.5.1.1. pH 

The pH was determined using an Accumet® Excel XL 60 Dual Channel 

pH/Ion/Conductivity/DO meter coupled with Accumet® Liquid-Filled Mercury-Free 

pH/ATC Epoxy Body Combination Electrodes (Fisher Scientific®, Pittsburg, PA) 

calibrated at pH 4.0, 7.0, and 10.0 (pHydrion® Tri-Chek Buffer Set, Micro Essential 

Laboratory Inc., Brooklyn, NY).  
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2.5.1.2. Titratable acidity 

Titratable acidity (TA) was determined by titrating 0.10 M sodium hydroxide 

(NaOH, CAS 1310-73-2, reagent grade, minimum 98%; Sigma-Aldrich, St. Louis, MO) 

standardized solution into 10.00 mL of degassed wine sample with 3 drops of 1% (w/v) 

phenolphthalein color indicator (in 70% (v/v) ethanol) to a pH 8.2 endpoint with results 

expressed as g tartaric acid/L of sample. NaOH solution (0.10 M) was prepared by 

bringing 100 mL of 1.00 M NaOH stock solution (40g anhydrous NaOH was dissolved in 

0.8 L ultra-filtered water) to 1.00L with water at room temperature (23°C±1°C). Each 

wine sample (10 mL) was degassed by adding and mixing approximately 100 mL 

ultra-filtered hot water (above 90°C) in a 250-mL Erlenmeyer flask and then allowed to 

cool to room temperature (23°C) before analysis. 

2.5.1.3. Ethanol concentration 

Ethanol concentration in samples was determined by an ebulliometer 

(Laboratoires Dujardin-Salleron, ARCUEIL Cedex, France). The readout disk of the 

ebulliometer was calibrated at 0.0% (v/v) ethanol against the boiling point of 

ultra-filtered water (15 mL). The ethanol concentration (% v/v) of each diluted wine 

sample (15 mL wine adjusted to the final volume 50 mL by ultra-filtered water) was 

calculated by the matching point at boiling point on the readout disk. Before use, the 

ebulliometer was rinsed thoroughly by ultra-filtered water and the diluted samples, 

drained, and filled the condenser jacket with cold water (4°C). The final results were 

calculated from the ethanol concentration (% v/v) of the diluted samples.  
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2.5.2. Color intensity and browning 

The color intensity and hue in red wines were determined by absorbance of the 

diluted wine samples at 420 and 520 nm against a water blank on a UV-vis 

spectrophotometer (8433 system coupled with Peristaltic pump 1FS, G1811A 

XY-sampler, controlled by UV-visible ChemStation Software, Rev. B. 01. 01. [21], 

Agilent Technologies, Inc., Santa Clara, CA) through a 10-mm quartz cuvette (80-µl flow 

cell, Agilent Technologies, Inc., Santa Clara, CA). The color intensity was reported as the 

sum of absorbance at 420 nm and absorbance at 520 nm by multiplying the dilution factor. 

The hue was reported as the ratio of absorbance at 420 nm to absorbance at 520 nm. The 

hue of white wines was determined as the absorbance of the diluted wine samples at 420 

nm against a water blank and reported as absorbance at 420 nm multiplied by the dilution 

factor. 2010 Viognier and 2011 Chardonnay were 5-fold diluted with water. 2010 

Cabernet Sauvignon was 10-fold diluted with water. 2010 Aglianico and 2011 Cabernet 

Sauvignon were 25-fold diluted with water.  

2.5.3. Total phenols by Folin-Ciocalteu method 

Total phenolic concentration in wines was determined by the Folin-Ciocalteu 

method as described by Waterhouse (2001). Calibration standards (0, 50, 100, 150, 250, 

and 500 mg/L) were prepared by bringing 0.0, 1.0, 2.0, 3.0, 5.0, and 10.0 mL of 5.00 g/L 

gallic acid (gallic acid monohydrate, C6H2(OH)3COOH•H2O, Fisher Scientific, New York, 

NY) stock solution (containing 10.0% v/v ethanol) volumetrically to 100 mL with 

ultra-filtered water. The stock solution was stored in a glass stock bottle and kept air-tight 

in a 4°C refrigerator for no more than 14 days. Sodium carbonate solution was prepared 

by dissolving 200 g sodium carbonate (Na2CO3, CAS 497-19-8, 99.95%, extra pure 
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anhydrous, Acros-Organics, NJ) in 800 mL of ultra-filtered water. The mixture was 

heated until boiling and cooled to the room temperature. A few crystals of Na2CO3 were 

then added and the solution was settled for 24 hours. The solution was then filtered 

through a number 1 filter paper. The final volume was adjusted to 1.00 L with ultrapure 

water. 

Each calibration standard, sample, or blank (20 µL) was transferred into 

disposable glass culture tubes (13 mm diam x 100 mm, Fisherbrand®, Fisher Scientific, 

New York, NY) using a 0.1-20 µL micropipette. Ultra-filtered water (1.58 mL) and the 

Folin-Ciocalteu reagent (100 µL, Spectrum Chemical MFG. Corp., Gardena, CA) were 

added into each tube, mixed well, and allowed to react for 5 min. Sodium carbonate 

solution (300 µL) was added, mixed well, and allowed to react for 2 hours at room 

temperature. The absorbance was measured at 765 nm against the blank on UV-vis 

spectrometer. The results were calculated from the calibration curve and expressed as mg 

gallic acid equivalent/L (GAE).  

Diluted samples were prepared before the total phenolic determination: the 2010 

Cabernet Sauvignon was diluted by a factor of 10 (dilute 1 part wine to 9 part water), and 

the 2010 Aglianico and 2011 Cabernet Sauvignon were diluted by a factor of 20. No 

dilution was prepared for the 2010 Viognier and 2011 Chardonnay. 

2.5.4. Total iron-reactive phenols 

The determination of total iron-reactive phenolic concentration (IRP) estimated 

the dilution factors prior to pigment quantification (Harbertson et al. 2002). A 

resuspension buffer (1 L) was prepared containing 50 g sodium dodecyl sulfate (SDS, 
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C12H25O4SNa, CAS 1151-21-3, 95%, Sigma-Aldrich, St. Louis, MO), and 50 mL 

triethanolamine (C6H15NO3, CAS 102-71-6, minimum 98%, Sigma-Aldrich, St. Louis, 

MO) at pH 9.4. Ferric chloride reagent was prepared by dissolving 675 mg iron(III) 

chloride hexahydrate (FeCl3•6H2O, CAS 10025-77-1, minimum 98%, Sigma-Aldrich, St. 

Louis, MO) with 200 μL hydrochloric acid (CAS 7647-01-0, 37%, Sigma-Aldrich, St. 

Louis, MO) in ultra-filtered water in a 250-mL volumetric flask. 

The (+)-catechin standards were prepared by bringing 0, 50, 100, 150, 200, 250, 

and 300 μL aqueous solutions (1.0 mg/mL, as (+)-catechin hydrate, C15H14O6•xH2O, 

CAS 225937-10-0, Sigma-Aldrich, St. Louis, MO) to 875 μL by adding resuspension 

buffer in disposable polystryrene cuvettes (1.5-mL, 10-mm pathlength, Fisher Scientific, 

New York, NY), mixed well using IKA® vortex 3 at speed 5 (Wilmington, NC) and 

incubated for 10 min at room temperature. Ferric chloride reagent (125 μL) was pipetted 

into each cuvette to get a final concentration of 0-300 mg (+)-catechin/L of standard. 

Absorbance measurements were made spectrophotometrically at 510 nm after mixing and 

incubating for 10 min at room temperature. A large volume of 1.0 mg/mL (+)-catechin 

stock solution could be prepared and transferred into 5-mL borosilicate tubes that were 

capped, sealed, and then frozen for no longer than 60 days, as catechin degradation can 

occur with a longer storage time (Heredia et al. 2006). 

Red wine samples were diluted 10 or 20 times with water to reduce the IRP 

content below 300 mg/L. For the 2010 Cab (10 times dillution factor), each cuvette 

received a 100 μL wine sample and 775 μL of resuspension buffer. For 2010 Aglianico 

and 2011 Cabernet Sauvignon (20 fold dilution factor), each cuvette received a 50 μL 
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wine sample and 825 μL of resuspension buffer. The mixture was incubated for 10 min at 

room temperature before the absorbance measurement at 510 nm (IRPb) against the blank 

(875 μL resuspension buffer). Each cuvette then received 125 μL of ferric chloride 

reagent, mixed well and incubated for 10 min. The absorbance was measured at 510 nm 

(IRPf) against the blank (875 μL resuspension buffer + 125 μL ferric chloride reagent). 

IRP was calculated from the (+)-catechin calibration curve (Equation 1) and expressed as 

mg (+)-catechin equivalent/L (CCE).  

Equation 1 

IRP = (IRPf - 0.875 × IRPb) × dilution factor 

2.5.5. Pigment measurements 

The wine was diluted with a pre-prepared aqueous model wine solution 

containing 11.5% v/v ethanol and saturated potassium bitartrate (C4H5O6K, CAS 

868-14-4, 99%, Sigma-Aldrich, St. Louis, MO) at pH 3.3. The 2010 Aglianico and 2010 

Cabernet Sauvignon were diluted 2.5 times, while the 2011 Cabernet Sauvignon was 

diluted by a factor of 8.33, which was estimated according to the result of IRP from the 

previous step (Harbertson et al. 2002).  

Diluted samples (500 μL) were pipetted into disposable polystyrene cuvettes 

(1.5-mL, 10-mm path length) with 1.0 mL washing buffer (9.86 g/L sodium chloride and 

12 mL acetic acid at pH 4.9; sodium chloride, NaCl, 99%, CAS 7647-14-5, 

Sigma-Aldrich, St. Louis, MO; acetic acid, CH3COOH, 99%, CAS 64-19-7, 

Sigma-Aldrich, St. Louis, MO) by repeating pipette. The mixture was mixed well and 

incubated for 10 min at room temperature. The absorbance measurement (Measurement 

A) was made at 520 nm against the blank (1.0 mL washing buffer).  



 
 

Texas Tech University, Yanmei Zhang, December 2012 

29 
 

Bleaching reagent (120 μL of 80 g/L potassium bisulfite, prepared fresh before 

each analysis) was pipetted into each cuvette from the last measurement, mixed well and 

incubated for 10 min at room temperature. The absorbance measurement (Measurement 

B) was made at 520 nm against the blank (1.0 mL washing buffer). The cuvettes were 

then discarded after use. 

Diluted samples (500 μL) were pipetted into 1.5 mL polypropylene Eppendorf 

Safe-Lock Tubes™ (Eppendorf AG, Hamburg, Germany). 1.0 mL protein solution (1 

mg/mL as albumin from serum bovine, CAS 9048-46-8, minimum 98%, electrophoresis, 

Sigma-Aldrich, St. Louis, MO) was added, mixed well, incubated for 15 min at room 

temperature with occasional inversion (every 5 minutes), centrifuged (13,500 rpm × 5 

min, Legend 14, Thermo Fisher Scientific, New York, NY) to form a pellet. The 

supernatant solution (1.0 mL) was transferred into a disposable polystryrene cuvette 

(1.5-mL, 10-mm pathlength) using a 1,000-μL micropipette with 80 μL bleaching reagent, 

mixed well and incubated for 10 min at room temperature. The absorbance measurement 

(Measurement C) was made at 520 nm against the blank (1.0 mL washing buffer). The 

cuvettes were then discarded. 

The results of the monomeric pigments (MP), small polymeric pigments (SPP), 

the large monomeric pigments (LPP) and the total polymeric pigments (TPP) were 

calculated with the equations listed below (Equation 2- Equation 5): 

Equation 2 

MP = (Measurement A - Measurement B) × dilution factor 

Equation 3 

SPP = Measurement C × dilution factor 
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Equation 4 

LPP = (Measurement B - Measurement C) × dilution factor 

Equation 5 

TPP = Measurement B × dilution factor 

2.5.6. Tannin measurement 

The pellet formed from Measurement C was carefully collected by aspirating the 

remaining supernatant using a micropipette. Washing buffer (500 μL) was added into 

each centrifuge tube. The lid was closed and the tube was gently inverted, this mixture 

was centrifuged (13,500 rpm × 5 min). The supernatant was carefully aspirated. 

Resuspension buffer (875 μL, from the IRP measurement) was added to each centrifuge 

tube, incubated for 20 min at room temperature without mixing. The mixture was 

vortexed to resuspend the pellet. The mixture was transferred to a disposable polystyrene 

cuvette (1.5-mL, 10-mm path length), and incubated for 10 min at room temperature.  

One incubated absorbance measurement (Tannin(b)) was made at 510 nm against 

the blank (875 μL resuspension buffer). Ferric chloride reagent (125 μL, from the IRP 

measurement) was added to each cuvette. The mixture was vortexed and incubated for 10 

min at room temperature. The absorbance measurement (Tannin(f)) was made at 510 nm 

against the blank (875 μL resuspension buffer + 125 μL ferric chloride reagent). 

The tannin concentration was calculated by using the calibration curve from IRP 

measurement and expressed as mg (+)-catechin equivalent / L (Equation 6). 

Equation 6 

Absorbance (Tannins) = (Tannin(f) - Tannin(b) × 0.875) × dilution factor  
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2.5.7. Anthocyanin measurement 

Red wine samples (100 μL) were transferred into disposable polystyrene cuvettes 

(1.5-mL, 10-mm path length) with 400 μL model wine (from the IRP measurement). 

Anthocyanin buffer (1.0 mL, prepared by dissolving 23.0 g maleic acid and 9.93 g NaCl 

in 800 mL ultra-filtered water at pH 1.8 and adjusting the final volume to 1.00 L by water; 

maleic acid, HO2CCH=CHCO2H, CAS 110-16-7, 99.0%, Sigma-Aldrich, St. Louis, MO) 

was then added. The mixture was incubated for 5 min at room temperature. The 

absorbance measurement (Measurement D) was made at 520 nm against the blank (1.0 

mL anthocyanin buffer). The results were calculated by using the calibration table from 

the Harbertson-Adams Assay (Skogerson-Boulton Model_Assay Input_v1.3.xls, 

http://boulton.ucdavis.edu/uv-vis/adamsassay.htm) and expressed as mg 

malvidin-3-glucoside equivalent/L (MGE, Equation 7).  

Equation 7 

Absorbance (Anthocyanins) = Measurement D × 5 - Measurement A × dilution factor(Measurement 

A) 

2.6. Statistical analysis 

Sample measurements by UV-vis spectrophotometer, pH, titratable acidity, and 

ethanol concentration were prepared and analyzed in replicate and the results were 

expressed as the average of each treatment from the same batch. The treatments on 2010 

Viognier and 2010 Cabernet Sauvignon were replicated in triplicate (n = 3 × 9). The 

treatments on 2010 Aglianico, 2011 Cabernet Sauvignon, and 2011 Chardonnay were 

replicated in duplicate (n = 2 × 9). The results from 5 batches were analyzed and reported 

separately.   
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Analysis of variance (ANOVA) was performed using the Statistical Analysis 

System PROC GLM procedure (release 9.2; SAS Institute Inc., Cary, NC). The heat 

treatment was the fixed factor with 2 levels, which are the high heat treatment and the 

low heat treatment. The treatment time was the fixed factor with 5 levels (0, 3, 6, 9, and 

15 hours). The two-factor factorial model including interaction was used. The time series 

plots were generated by Microsoft Excel, Microsoft Office Professional Plus. 
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CHAPTER III  

RESULTS AND DISCUSSION 

3.1. Temperature change during the treatment  

The temperature during the heat treatments is plotted (Figure 5) as the average 

temperature of the treatments on the 2010 Aglianico, 2010 Viognier, 2011 Cabernet 

Sauvignon, and 2011 Chardonnay. The temperature for the 2010 Cabernet Sauvignon 

during treatment was not monitored by the data loggers, however, it was conducted in the 

same growth chamber as the other batches and the growth chamber worked properly 

throughout the treatments, whereas all the low heat treatments were completed in the 

same lab with the same setup. The surface temperature of the lots that underwent the high 

heat treatments was 38°C ± 1°C whereas the surface temperature of the lots that 

underwent the low heat treatments was 18°C ± 1°C. The lots under the high heat 

treatments were at a slightly lower average internal temperature (35.5°C) than the surface 

temperature. The temperature differences between the surface and the interior of the lots 

were greater during the first few hours of the high heat treatments, but this difference 

became negligible after 6 hours when the interior reached the high heat treatment 

temperature. The slightly larger differences between surface and internal temperatures in 

the first 6 hours might introduce measurement errors from the lots that underwent the 

high heat treatments. The surface area with air contact, the tightness of the berries and 

any other uncontrolled factors may also affect the mass-heat exchange during the 

treatments and introduce errors. The lots that underwent low heat treatments, however, 

had no significant differences between surface and internal temperatures. The 

temperature conditions during the treatments satisfied the experimental design. 
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Figure 5 The average temperature during the treatments 
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3.2. The effect of heat on white wine varieties 

The effects of temperature and treatment time on the resultant wines’ standard 

chemistry variables (including pH, titratable acidity and ethanol concentration), browning 

(hue at absorbance 420 nm) and total phenolic concentration were analyzed for white 

varieties (Table 4-Table 5). The 2010 Viognier and 2011 Chardonnay each had 

significantly higher pH, total phenolic concentrations and browning in the wines made 

from the berries stored at 38°C than the lots at 18°C. The 38°C treatment significantly 

increased the titratable acidity in the 2010 Viognier wines, while it did not affect the 

titratable acidity in the 2011 Chardonnay wines. The 2011 Chardonnay had significantly 

higher ethanol concentration after the 38°C treatment than the 18°C treatment, while no 

significant differences in ethanol concentration was determined in 2010 Viognier wines.  

The means of all the variables at different temperatures are shown as a function of 

the treatment time to confirm the results from analysis of variance (Figure 6 through 

Figure 15), since the p-values in table alone are not able to indicate the changes caused 

by the effect of extended holding time clearly. Although the treatment time was found to 

significantly change pH, titratable acidity, ethanol concentration, browning and total 

phenolic concentration in two white varieties, except for ethanol concentration in 2010 

Viognier by the analysis of variance, each variable responded differently (discussed 

below) with increased holding time at different treatment temperature.  

In the 2010 Viognier, the higher holding temperature at 38°C resulted in 

significant increases in pH (from pH 3.3 at 0 hour to pH 3.7 at 15 hours, Figure 6) and 

ethanol concentration (from 13.1% at 0 hour to 13.6% at 15 hours, Figure 10) with 
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decreases in titratable acidity (from 7.11 g/L at 0 hour to 5.87 g/L at 15 hours, Figure 8), 

while the lower holding temperature (18°C) was not found to result in significant changes 

in those variables.  

The 38°C treated 2011 Chardonnay wines tend to have higher pH (p=0.0241, 

Table 4) than the 18°C treated ones with ΔpH=0.01 (Table 5), but this difference is 

practically insignificant to commercial wineries and is unlikely to trigger an actionable 

quality control or winemaking decision reaction. Similarly, horizontal trend lines in 

Figure 9 clearly indicates no significant practical effect of holding time on titratable 

acidity in 2011 Chardonnay, although time effects on titratable acidity is significant by 

analysis of variance (p=0.0149, Table 4).  

At 18°C, the increases in total phenolic concentration and browning with the 

increases of holding time were not as significant as at 38°C for both 2010 Viognier and 

2011 Chardonnay. The results from the 18 °C treatment are different from previous white 

wine studies, in which increased pH and total phenolic concentration with decreased 

titratable acidity were reported from longer skin contact time at 15°C (Test et al. 1986). It 

is perhaps because berries were only partially crushed (20-30%) to mimic machine 

harvested berries in this study, which is different from cold soaking process with 100% 

crushed berries in their study. Mechanically harvested berries are stable in pH, titratable 

acidity, total phenolic concentration and browning in a cool environment compared to the 

completely crushed berries (Test et al. 1986). But at 38°C each tested variable in white 

wines tends to have greater change (some components increased, while others decreased), 

with the increased berry holding time than at18°C. Total phenolic concentration and 
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browning would likely increase in the mechanically harvested berries in a hot 

environment.  

The increase in wine pH and decrease in titratable acidity are associated with 

higher amounts of potassium ions extracted from the grape skins (Test et al. 1986). 

Although this study did not measure potassium ion concentration, the accumulated heat 

on post-harvest berries likely increased enzymatic grape skin tissue softening that 

facilitated higher amount of potassium ions in skins to move into juice resulting in the in 

higher pH and lower titratable acidity observed at 38°C. Sediments consistent with 

potassium bitartrate precipitation were observed. Most wines are supersaturated with 

respect to potassium bitartrate, especially after fermentation since the ethanol produced 

by fermentation would decrease potassium bitartrate solubility. 

In the 2010 Viognier, accumulated heat on berries at 38°C resulted in higher 

ethanol concentration than 18°C treatment (13.41% vs. 13.03% v/v). Although the 

difference between 38°C and 18°C treatment was not highly significant (p=0.0519, Table 

4), a continuous increase in ethanol concentration with increasing time was shown in 

38°C treated 2010 Viognier (Figure 10). In 2011 Chardonnay, the overall average ethanol 

concentration at 38°C is significantly higher than at 18°C (11.74% vs. 11.44% v/v, 

p=0.0063), however, the increase in ethanol concentration seemed not related to holding 

time but to environment temperature (Figure 11). The increase in ethanol concentrations 

in the final wine samples suggests that more sugar was extracted into the juice during 

pressing (Test et al. 1986). Post-harvest decay reactions might be more active at higher 

treatment temperatures and result in skin softening and increased soluble solids extraction 
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at crush. Another, although much less likely explanation for the increase in ethanol 

concentration, may be due to carbonic maceration like reactions. Carbonic maceration is 

a winemaking process that occurs when whole clusters of red grapes are fermented in a 

sealed vessel that has first been filled with carbon dioxide. Under anaerobic conditions, 

fresh intact berries continue to metabolize, changing from oxidative to fermentative 

metabolism, catabolizing malic acid and forming ethanol (1.5-2% v/v). Anaerobiosis of 

ethanol affects mitochondrial proton permeability and likely leads to cellular death 

(Romieu et al 1992). Since the treatments in this study were conducted in an aerobic 

environment, it is unlikely that much ethanol was produced by anaerobic metabolism of 

malic acid; however, this study only measured titratable acidity and did not measure 

changes in malic acid.  

The changes in total phenolic concentration and browning (hue, absorbance at 420 

nm) for two batches of white wines were plotted as a function of the treatment time 

(Figure 12-Figure 15). Increased browning was reported with the increased skin contact 

time (Ough et al 1971). In this study, total phenolic concentration and browning in both 

2010 Viognier and 2011 Chardonnay was not significantly affected by the extended 

holding time in a cool environment (18°C). For the 2010 Viognier, significant increases 

in total phenolic concentration and browning were seen with the increased treatment time 

at 38°C. Wines made from the berries that underwent the 15 hour treatment at 38°C had 

47% more total phenolics and 45% higher hue than the control. For the 2011 Chardonnay, 

the resultant wines that underwent the 15 hour treatment at 38° C had 14% more total 

phenolics and 12% higher hue than the control. Although the increases in browning due 
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to higher temperature were not highly significant (p=0.0424, Table 4) in the 2011 

Chardonnay by analysis of variance, there was an increasing trend in the 38°C treatment 

(Figure 13). More intense brown color in the 38°C treated 2011 Chardonnay wines was 

observed by eye in the laboratory. The increased total phenolic concentration suggests a 

larger pool of hydroxycinnamic acids, compounds responsible for browning, and 

catechins, the compounds responsible for bitterness (Kennedy et al. 2006). 

Polyphenoloxidase is an enzyme largely responsible for browning in wine in the presence 

of oxygen, but the activity is not correlated to the total phenolic concentration 

(Wissemann and Lee 1980). Laccase is another oxidative enzyme that can cause 

browning in wines (Shraddha et al. 2011). Laccase is created by the fungus Botrytis 

cinerea, although incidence of infection on grapes from arid West Texas wine growing 

regions likely occurs rarely. The simulated machine harvest treatment in this study likely 

facilitated reaction between polyphenol oxidase and phenolic compounds resulting in 

browning. Enzymatic activity likely increased with increasing treatment temperatures and 

may have promoted browning, but was not tested directly. White wines made from the 

berries held in a hot environment are likely to have more bitterness and brown color. This 

suggests that during the harvest season in Texas, effective temperature management 

during long distance transportation of white wine berries is beneficial in order to reduce 

browning in the resultant wines, especially if the fruit is machine harvested.
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Table 4 P values from the analysis of variance (ANOVA) of the white wine chemistry. 

Factor pH Titratable acidity Ethanol Hue (Abs 420 nm) Total phenolics 
  2010 Viognier 

Heat <.0001 **1 <.0001 ** 0.0519 ns <.0001 ** 0.009 ** 
Time <.0001 ** <.0001 ** 0.6799 ns <.0001 ** 0.0186 * 

Time × Heat <.0001 ** <.0001 ** 0.6099 ns  <.0001 ** 0.3133 ns 
           
 2011 Chardonnay 

Heat 0.0241 * 0.965 ns 0.0063 ** 0.0424 * 0.0072 ** 
Time <.0001 ** 0.0149 * 0.0094 ** 0.0215 * <.0001 ** 

Time × Heat 0.0164 * 0.1601 ns 0.3289 ns 0.2206 ns 0.0953 ns 
                                                        
 
1 **, *, and ns indicate significance at p ≤ 0.01, p ≤ 0.05, and not significant, respectively. 
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Table 5 The effect of heat treatment on the white wine chemistry. 

Heat treatment pH 
Titratable acidity Ethanol Hue Total phenolics  
(g tartaric acid/L) (% v/v) (Abs 420 nm) (mg gallic acid equivalent / L) 

 2010 Viognier 
38°C 3.51 a1 6.54 b 13.41 a 0.13 a 239 a 
18°C 3.39 b 6.87 a 13.03 a 0.11 b 204 b 

           
 2011 Chardonnay 

38°C 3.67 a 6.03 a 11.74 a 0.17 a 197 a 

18°C 3.66 b 6.02 a 11.44 b 0.16 b 188 b 

                                                        
 
1 Means with the same letter are not significantly different at the 0.05 significance level. 
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Figure 6 Means of pH in 2010 Viognier 

 
Figure 7 Means of pH in 2011 Chardonnay 

3 

3.1 

3.2 

3.3 

3.4 

3.5 

3.6 

3.7 

3.8 

0 3 6 9 12 15 

p
H

 

Treatment time (hour) 

2010 Viognier 

18°C 

38°C 

3 

3.1 

3.2 

3.3 

3.4 

3.5 

3.6 

3.7 

3.8 

0 3 6 9 12 15 

p
H

 

Treatment time (hour) 

2011 Chardonnay 

18°C 

38°C 



 
 

Texas Tech University, Yanmei Zhang, December 2012 

43 
 

 
Figure 8 Means of titratable acidity in 2010 Viognier 

 
Figure 9 Means of titratable acidity in 2011 Chardonnay 
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Figure 10 Means of ethanol concentration in 2010 Viognier 

 
Figure 11 Means of ethanol concentration in 2011 Chardonnay 
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Figure 12 Means of browning in 2010 Viognier 

 
Figure 13 Means of browning in 2011 Chardonnay 
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Figure 14 Means of total phenolic concentration in 2010 Viognier 

 
Figure 15 Means of total phenolic concentration in 2011 Chardonnay 
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3.3. The effect of heat on red wine varieties 

The effects of temperature and time on the resultant wines’ standard chemistry 

(including pH, titratable acidity and ethanol concentration), red color intensity 

(absorbance 420 nm +520 nm), browning (ratio of absorbance 420 nm to absorbance 520 

nm), total phenolic concentration, tannins and anthocyanins were analyzed for the three 

red varieties.  

Results from analysis of variance (Table 6) indicates significantly higher pH (Δ = 

0.05) in the 2010 Aglianico wines that underwent the 38°C treatment (p=0.0044) 

compared to the18°C treatments. This increase may significantly reduce the 

concentration of molecular SO2, the form effective at inhibiting spoilage microorganisms. 

The significant effects of treatment time on pH in 2010 Cabernet Sauvignon (p=0.0032) 

and 2011 Cabernet Sauvignon (p=0.0019) were analyzed by analysis of variance, 

however, from the time series plots (not reported), neither the environment temperature 

nor the extended holding time was responsible for the change in pH in the red wines. 

Titratable acidity decreased with increased holding time in the 2010 Cabernet 

Sauvignon (p<0.0001). It decreased from an initial 5.1 g/L at 0 hour to 3.7 g/L (at 38°C) 

and 3.9 g/L (18°C) at 15 hour (Figure 16). No changes in titratable acidity were found in 

the 2010 Aglianico and 2011 Cabernet Sauvignon by analysis of variance (Table 6). 

These results were summed in time series plots (not reported), and showed horizontal 

trend lines indicating no significant effect of treatment time on titratable acidity. The 

extraction of potassium ions from skins increased the buffer capacity and is responsible 

for the increase in pH and decrease in titratable acidity due to precipitation of potassium 
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bitartrate (Test et al. 1986). The exception exists at the acid-ionization constant (pKa) of 

tartaric acid at 3.65 pH. Titratable acidity may decrease significantly with potassium 

bitartrate precipitation while pH remains constant at about 3.65. The reason for decreased 

titratable acidity with extended holding time in the 2010 Cabernet Sauvignon is not clear 

as potassium concentration was not determined. As titratable acidity contributes the 

sensory attribute of sourness in wine (Boulton 1998), the significant decrease in titratable 

acidity in 2010 Cabernet Sauvignon would affect the tartness of the wine. 

Ethanol concentration was significantly influenced by the extended holding time 

by analysis of variance (Table 6). However unexpected trends in alcohol concentration 

were observed (Figure 17-Figure 19), as significant increase in 2010 Aglianico (p=0.0003) 

and 2011 Cabernet Sauvignon (p<0.0001) and significant decrease in 2010 Cabernet 

Sauvignon (p<0.0001) were determined with increasing treatment time. Ethanol 

concentration increased from an initial 15.8% v/v to 16.3% v/v in 2010 Aglianico, and 

from an initial 14.3% v/v to 14.8% v/v in 2011 Cabernet Sauvignon at 15 hours after 

38°C treatment, while it decreased from an initial 14.2% v/v to 13.2% v/v in 2010 

Cabernet Sauvignon at 15 hours after 38°C treatment. These unexpected trends indicated 

that the decay reactions in red berries might not occur or be as active as in white berries 

although the pH of all three batches of red wines were significantly higher than the two 

white wines. Higher amount of phenolic compounds, as nature preservative and 

antioxidant, may play a role inhibiting enzymatic or microbial spoilage in red wines. 

Ethanol contributes alcoholic flavor and sweetness in wine (Boulton 1998). The change 

in ethanol concentration indicates potential sensory affects, however these were not 
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measured. In wineries, an ethanol concentration above 14% v/v in table wine means 

higher taxation rate in the United States. The taxation rate for wines containing 14-21% 

v/v ethanol is $0.31 USD per 750 mL bottle, which is $0.10 higher than the same bottled 

wine containing less than 14% v/v ethanol, according to the code of Alcohol and Tobacco 

Tax and Trade Bureau (TTB), U.S. Department of the Treasury. The unexpected trends in 

this study are different from the maceration study in red varieties (Harbertson et al. 2009, 

Gómez-Plaza et al. 2001, Miller and Howell 1989). The results are also different from the 

simulated transportation study by Ough et al. (1971). No significant increase or decrease 

in ethanol concentration was reported in those previous studies; however, if carbonic 

maceration like conditions existed in some of the berries in this study, some ethanol may 

have been produced by the catabolism of malic acid and contributed to the total ethanol 

concentration (Tesniere and Flanzy 2011). 

At 38°C, an increase in red color intensity (absorbance 420 nm + absorbance 520 

nm) was observed in the 2010 Aglianico (Figure 20), while decreases were seen in the 

2010 Cabernet Sauvignon (Figure 21) and 2011 Cabernet Sauvignon (Figure 22). The 

trends can be seen clearly in these figures, although the analysis of variance results were 

not significant (Table 7). These dissimilar trends might be due to varietal or batch 

differences in pigment compositions and the interactions with the other phenolic and 

non-phenolic substrates. The differences in red color intensity were noticeable by casual 

visual observation (not conducted and tested statistically).  

Browning (absorbance 420 nm / absorbance 520 nm) and total phenolic 

concentration were not found to be influenced by different temperatures or treatment 
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times among the three batches of red varieties (Table 6-Table 7), which was confirmed by 

observing the time series plots (not shown) and by casual visual observation (browning 

only). The small differences in total phenolic concentration in the 2010 Cabernet 

Sauvignon due to the treatment time is practically negligible in commercial winemaking 

(Table 16), although analysis of variance indicates it is significant (p=0.0432). 

The wines from all three batches of red varieties tended to contain more tannin, a 

class of compounds responsible for astringency (Kennedy et al. 2006), at 38°C than at 

18°C, although some changes in tannin concentration in the three batches of red varieties 

were not highly significant (Table 6). Tannin concentration tended to increase with the 

increased holding time in the first few hours (Figure 23-Figure 25). It tended to decrease 

after being held longer than 9 hours. This might indicate that the delayed berry processing, 

especially when in a hot environment, facilitated the extraction of proanthocyanidins, the 

precursor of tannins, from skins to must. The decrease in tannins is perhaps due to the 

precipitation of larger polymerized tannin molecules. The tannin concentrations among 

the three batches ranged between 200-2,900 mg / L. 

Accumulated heat on post-harvested berries is not likely to increase the 

concentration of anthocyanins in the subsequent red wines (Table 6). Anthocyanin 

concentration in 2010 Cabernet Sauvignon decreased significantly from 68 mg/L to 37 

mg/L at 38°C after 15 hours treatment, while the same trends were not found with 

increased treatment time in the 18°C treatment. No significant anthocyanin concentration 

change was found in the 2010 Aglianico or 2011 Cabernet Sauvignon during the extended 

holding time (Table 6). These results are different from thermovinification, in which red 
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wines that were thermovinified (55-70°C) had increased anthocyanin concentrations 

(Girard et al. 1997). Although the reason to cause the decrease in anthocyanin 

concentration in the 2010 Cabernet Sauvignon is not clear, delayed processing either in a 

hot or cool environment is not likely to facilitate anthocyanin extraction and result in a 

more intensely colored red wine. 

Different techniques have been discussed in an effort to facilitate the phenolic 

extractions in red wine production, but only a few have been successful, including 

extended maceration and alteration of maceration temperature (Netzel et al. 2003; Sacchi 

et al. 2005). Bringing the temperature of the crushed berries to 65°C following a 24 hour 

cool down period at 30°C was shown to be an effective practice to facilitate the 

extraction of total phenolics of three red wines fermented on the skins (Netzel et al. 2003). 

Heat treatment of red wines applied after fermentation, before dejuicing or after bottling, 

however, seemed not to affect the total phenolics in Cabernet Sauvignon (Mansfield and 

Zoecklein 2003). 
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16 Means of titratable acidity in 2010 Cabernet Sauvignon 

 
Figure 17 Means of ethanol concentration in 2010 Aglianico 
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Figure 18 Means of ethanol concentration in 2010 Cabernet Sauvignon 

 
Figure 19 Means of ethanol concentration in 2011 Cabernet Sauvignon 
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Figure 20 Means of red color intensity in 2010 Aglianico 

 

 
Figure 21 Means of red color intensity in 2010 Cabernet Sauvignon 
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Figure 22 Means of red color intensity in 2011 Cabernet Sauvignon 

 
Figure 23 Means of tannin concentration in 2010 Aglianico 
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Figure 24 Means of tannin concentration in 2010 Cabernet Sauvignon 

 
Figure 25 Means of tannin concentration in 2011 Cabernet Sauvignon 

 

  

0 

100 

200 

300 

400 

500 

600 

700 

800 

0 3 6 9 12 15 

Ta
n

n
in

 c
o

n
ce

n
tr

at
io

n
 (

m
g 

(+
)-

ca
te

ch
in

 
e

q
u

av
e

la
n

t 
/ 

L)
 

 

Treatment time (hour) 

2010 Cabernet Sauvignon 

18°C 

38°C 

0 

100 

200 

300 

400 

500 

600 

700 

800 

900 

1000 

0 3 6 9 12 15 

Ta
n

n
in

 c
o

n
ce

n
tr

at
io

n
 (

m
g 

(+
)-

ca
te

ch
in

 
e

q
u

av
e

la
n

t 
/ 

L)
 

 

Treatment time (hour) 

2011 Cabernet Sauvignon 

18°C 

38°C 



 
 

Texas Tech University, Yanmei Zhang, December 2012 

57 
 

Table 6 P values from the analysis of variance (ANOVA) of the red wine chemistry. 

 
  

Factor   pH   Titratable  
acidity   Ethanol   

Color intensity    Hue    Total  
phenolics   Tannins   Anthocyan ins   (Abs 420 nm + Abs  

520 nm)   
(Abs 420 nm / Abs  

520 nm)   
    2010 Aglianico   

Heat   0.0044   ** 1   0.7354   ns   0.0033   **   0.2834   ns   0.2884   ns   0.5569   ns   0.1621   ns   0.544   ns   
Time   0.198   ns   0.679   ns   0.0003   **   0.1316   ns   0.7834   ns   0.4115   ns   0.0461   *   0.8666   ns   

Time   × Heat   0.1839   ns   0.6942   ns   0.0089   **   0.2271   ns   0.2482   ns   0.0697   ns   0.0348   **   0.2999   ns   
                                  
  2010 Cabernet Sauvignon   

Heat   0.9787   ns   0.8731   ns   0.2159   ns   0.8883   ns   0.4896   ns   0.5809   ns   0.0812   ns   0.9693   ns   
Time   0.0032   **   <.0001   **   <.0001   **   0. 0025   **   0.2631   ns   0.0432   *   0.1678   ns   0.0247   *   

Time × Heat   0.1592   ns   0.2313   ns   0.0012   **   0.9565   ns   0.23   ns   0.4852   ns   0.5197   ns   0.0872   ns   
                                  
  2011 Cabernet Sauvignon   

Heat   0.6329   ns   0.3348   ns   0.5913   ns   0.3777   ns   0.4442   ns   0.0918   ns   0.0248   *   0.1438   ns   
Time   0.0019   **   0.541   ns   <.0001   **   0.2345   ns   0.3392   ns   0.5639   ns   0.0633   ns   0.5414   ns   

Time × Heat   0.197   ns   0.4087   ns   <.0001   **   0.5619   ns   0.6531   ns   0.2486   ns   0.5226   ns   0.3836   ns   
  
                                                           
1   **, *, and ns  indicate significance at p  ≤   0.0 1,  p  ≤   0.0 5, and not significant,  respectively.   
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Table 7 The effect of heat treatment on the red wine chemistry. 

 
 

Heat  
treatment   pH   

Titratable  
acidity   Ethanol   Color intensity    Hue    Total phenolics    Tannins   Anthocyanins   

(g tartaric  
acid/L)   (% v/v)   (Abs 420 nm +  

Abs 520 nm)   
(Abs 420 nm /  
Abs 520 nm)   

(mg gallic acid  
equivalent / L)   

(mg (+) - 
catechin / L)   

(mg malvitin - 3 - 
glucoside equivalent  

/ L)   
  2010 Aglianico   

38°C   4.24   a 1   5.52   a   16.01   a   5.82   a   0.61   a   1 ,695   a   2,856   a   169   a   
18 °C   4.19   b   5.49   a   15.75   b   5.52   a   0.6 0   a   1,758   a   2,670   a   165   a   

                                  
  2010 Cabernet Sauvignon   

38 °C   4.35   a   4.4 0   a   13.69   a   6 .0 0   a   0.84   a   1,316   a   442   a   59   a   
18 °C   4.35   a   4.38   a   13.57   a   5.95   a   0.83   a   1,285   a   276   a   59   a   

                                  
  2011 Cabernet Sauvignon   

38 °C   3.94   a   5.69   a   14.48   a   9.77   a   0.8 0   a   4,422   a   644   a   138   a   
18 °C   3.94   a   5.62   a   14.44   a   8.97   a   0.7 6   a   4,033   a   474   b   118   a   

  
                                                           
1   Means with the same letter are not significantly different   at the 0.05 significa nce level.   
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3.4. The effect of heat on red wine pigments 

The differences between the high and low heat treatments on the pigment 

compositions, including the monomeric pigments, small polymeric pigments, large 

polymeric pigments, total polymeric pigments, and total pigments, were compared for the 

three batches of red wines (Table 8-Table 9). The changes in these variables due to the 

environmental temperature differences were not significant except for the total polymeric 

pigment concentration in 2010 Aglianico (p=0.0059); however, most results in the 38°C 

treatment are slightly higher than the 18°C treatment, which implies that higher holding 

temperature tends to increase monomeric, small polymeric and large polymeric pigments 

and inherently increase total polymeric pigments and total pigments in red wines.  

The treatment time was a critical factor (p values ≤ 0.05) that influenced the 

monomeric pigment concentration in the 2010 Cabernet Sauvignon, the small polymeric 

pigment concentration in the 2010 and 2011 Cabernet Sauvignon, and the total pigment 

concentrations in the wines made from the 2010 Aglianico and Cabernet Sauvignon. 

Interactions of treatment temperature and treatment time were seen in some tested 

pigment variables (Table 8). All these variables were analyzed in time series plots. 
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Table 8 P values from the analysis of variance (ANOVA) of pigment composition in red wines. 

Factor 
Monomeric 
pigments 

Small polymeric 
pigments 

Large polymeric 
pigments 

Total polymeric 
pigments Total pigments 

Portion of polymeric 
pigments to total 

pigments 
 2010 Aglianico  

Heat 0.1095 ns1 0.0845 ns 0.1225 ns 0.0059 ** 0.0546 ns 0.0419 * 
Time 0.3032 ns 0.2579 ns 0.7537 ns 0.2231 ns 0.0318 * 0.4293 ns 

Time × Heat 0.4559 ns 0.0861 ns 0.6377 ns 0.0363 * 0.0034 ** 0.4254 ns 
            
 2010 Cabernet Sauvignon  

Heat 0.8746 ns 0.5563 ns 0.3542 ns 0.1406 ns 0.2918 ns 0.2702 ns 
Time 0.0199 * 0.0021 ** 0.8675 ns 0.1357 ns 0.0154 * 0.125 ns 

Time × Heat 0.7654 ns 0.9044 ns 0.438 ns 0.2329 ns 0.7933 ns 0.1262 ns 
            
 2011 Cabernet Sauvignon  

Heat 0.6663 ns 0.137 ns 0.8309 ns 0.1627 ns 0.2306 ns 0.4267 ns 
Time 0.2903 ns 0.0424 * 0.1154 ns 0.78 ns 0.7905 ns 0.3989 ns 

Time × Heat 0.2756 ns 0.1172 ns 0.0423 * 0.098 ns 0.4677 ns 0.1654 ns 
                                                        
1 **, *, and ns indicate significance at p ≤ 0.01, p ≤ 0.05, and not significant, respectively. 
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Table 9 The effect of heat treatment on the pigment composition in red wines. 

Heat 
treatment 

Monomeric 
pigments 

Small polymeric 
pigments 

Large polymeric 
pigments 

Total polymeric 
pigments Total pigments  

Portion of 
polymeric pigments 

to total pigments 
  2010 Aglianico 

38°C 0.49 a1 0.52 a 0.41 a 0.93 a 1.35 a 0.68 a 
18°C 0.43 a 0.48 a 0.33 a 0.81 b 1.30 a 0.62 b 

            
  2010 Cabernet Sauvignon 

38°C 0.26 a 0.10 a 0.20 a 0.30 a 0.56 a 0.54 a 
18°C 0.26 a 0.09 a 0.17 a 0.25 a 0.52 a 0.49 a 

            
  2011 Cabernet Sauvignon 

38°C 0.70 a 1.16 a 0.36 a 1.52 a 2.19 a 0.69 a 
18°C 0.69 a 1.06 a 0.34 a 1.40 a 2.10 a 0.67 a 

 

                                                        
1 Means with the same letter are not significantly different at the 0.05 significance level. 
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At 38°C, monomeric pigment concentration decreased (from an initial 0.39 AU to 

0.22 AU at 15 hours) in the 2010 Cabernet Sauvignon with the extended holding time 

compared to the control at 0 hour (Figure 26). The same trends occurred in the 2010 

Aglianico (from an initial 0.53 AU to 0.42 AU at 15 hours) and 2011 Cabernet Sauvignon 

(from an initial 0.80 AU to 0.54 AU at 15 hours) at 38°C (Figure 27-Figure 28), although 

they were not significant by analysis of variance (Table 8). For the 2010 Aglianico, 2010 

Cabernet Sauvignon, and 2011 Cabernet Sauvignon, the monomeric pigment 

concentration decreased 31%, 47%, and 38% respectively after the 38°C heat treatment 

compared to the respective controls at 0 hour (Figure 26-Figure 28). For the 18°C 

samples, lower monomeric pigment concentrations were determined for the 2010 

Cabernet Sauvignon compared to the control at 0 hour, while not all the treated lots in 

2010 Aglianico and 2011 Cabernet Sauvignon had significant decreases in monomeric 

pigment concentrations compared to their respective controls. At 18°C, the monomeric 

pigment concentrations were higher in the 2010 Aglianico at 15 hours and in the 2011 

Cabernet Sauvignon at 3 hours. No consistent trend was observed about the effect of 

18°C treatment on monomeric pigment in red wines. No sensory attribute of monomeric 

pigments in wines has been reported except for the depth of red color. Higher absorption 

due to monomeric pigment indicates it contributes more red color in a wine, however, 

monomeric pigments are considered unstable as they can be bleached in the presence of 

bisulfite anion, a common additive in wineries (Somers 1971). Monomeric pigments 

become bisulfite resistant and stabilized by polymerizing with larger molecules, mainly 

other phenolic compounds to form polymeric pigments.  
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Figure 26 Means of monomeric pigment in 2010 Cabernet Sauvignon 

 

Figure 27 Means of monomeric pigment in 2010 Aglianico 
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Figure 28 Means of monomeric pigment in 2011 Cabernet Sauvignon 
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samples and at 9 hours in 18°C samples (Figure 29). No significant change in small 

polymeric pigment concentration was found in the 2010 Aglianico in time series plot (not 

shown), which confirms the insignificant results in analysis of variance (Table 8). 

Small polymeric pigments develop from the polymerization of monomeric 

phenolics with tannins and the other unidentified large molecular constituents in wines 

(Harbertson et al. 2003). At the same time they can be considered the precursors of large 

polymeric pigments. The constant change in small polymeric pigment concentration in a 

wine complex underscores their importance as they are important components in red 

wines to indicate color stability and some sensory aspects, such as bitterness and 

astringency (Landon et al. 2008). Neither bitterness nor astringency seemed to correlate 

with small polymeric pigment concentrations (Villamor et al. 2009), more work is 

warranted to understand the contributions of small polymeric pigments on the sensory 

aspects of red wines.  

 
Figure 29 Means of small polymeric pigment in 2010 Cabernet Sauvignon 
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Figure 30 Means of small polymeric pigment in 2011 Cabernet Sauvignon 
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influenced by the treatment time by analysis of variance (Table 8), however, an 

increasing trend with the increased holding time is observed clearly in the 38°C group 
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Sauvignon was not significant by analysis of variance and confirmed by the time series 

plot (not reported). In the 2011 Cabernet Sauvignon, there was significant interaction 
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Sauvignon, large polymeric pigment concentration reached the highest concentration at 3 
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and non-polymeric tannins, since they may contribute to increased perception of 

astringency.  

 
Figure 31 Means of large polymeric pigment in 2010 Aglianico 

 
Figure 32 Means of large polymeric pigment in 2011 Cabernet Sauvignon 
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rates. To get a better understanding of the effect of the heat treatments on the pigment 

compositions, the total polymeric pigment concentration, the total pigment concentration, 

and the ratio of the total polymeric pigment concentration to the total pigment 

concentration were calculated (Table 8). In the 2010 Aglianico, the heat (38°C) on 

post-harvested berries increased the total polymeric pigment concentration significantly 

(p=0.0059), but did not increase the total pigment concentration (p=0.0546). With the 

increased holding time at 38°C, the portion of polymeric pigment in total pigment was 

increased inherently with the increase of total polymeric pigment concentration 

(p=0.0419). The time series plots confirmed these trends (Figure 33-Figure 35). Total 

pigment concentration significantly decreased in the 2010 Cabernet Sauvignon with the 

extended holding time (Figure 36), which is related to the significant decreases in 

monomeric pigment concentration and small polymeric pigment concentration with no 

significant change in large polymeric pigment concentration. As both monomeric and 

small polymeric pigment concentrations decreased with increased treatment time, no 

significant change was found in the portion of polymeric pigments in total pigments (plot 

not shown) in the 2010 Cabernet Sauvignon. It is necessary to keep in mind that the 

causes of the extremely small concentration of small polymeric pigments in the 2010 

Cabernet Sauvignon was not clear. In the 2011 Cabernet Sauvignon, no significant 

difference in total polymeric pigment concentration, total pigment concentration or 

portion of polymeric pigment in total pigment was found, which was confirmed by 

observing the time series plots (not shown). 
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Figure 33 Means of total polymeric pigment in 2010 Aglianico 

 
Figure 34 Means of total pigment in 2010 Aglianico 
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Figure 35 Portion of polymeric pigment in total pigment in 2010 Aglianico 

 
Figure 36 Means of total pigment in 2010 Cabernet Sauvignon 
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pigment increases. The increased temperature would likely facilitate the extraction of 

pigments by encouraging decay reaction and softening berry tissue. With increased 

holding time before vinification, monomeric pigment concentration in wines tended to 

decline, but the polymeric pigment concentration may not increase. This indicates that 

red color intensity may decrease with increased holding time although decay reactions at 

higher temperatures may encourage pigment extraction. Sensory analysis was not 

conducted to investigate the contribution of the total polymeric pigments on the sensory 

aspects of the wines, however, the polymeric pigments are a class of polymerized 

phenolics in wines and they are suspected to contribute to bitterness and astringency 

when in high concentrations. Further study is warranted to solve these questions.  
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3.5. Sources of error 

This study was conducted to mimic the effect of accumulated heat on machine 

harvested fruit. The source of the fruit and whether it was representative of the vineyard 

was irrelevant. All three batches of grape samples in the 2010 vintage were collected 

from the Texas Agri-Life Extension Vineyard, a newly established vineyard. The vines 

were 4 years old upon sample collection. The grape berry composition might be different 

from mature commercial wine grape vineyards. In 2011 summer, Texas suffered the 

severest drought in the past 100 years during the vine growing season (Table 14). Long 

term hot weather and low water precipitation resulted in a small berry size and a 

significant reduction in grape crop yield during that year. The chemical composition of 

the fruit was also influenced by the weather conditions. It is noteworthy that the 

compositions of the grape varieties varied between the vintage years due to the climatic 

conditions and the vineyard management practices, including but not limited to canopy 

management, irrigation, fertilization, and pesticide application.  

While the 70-100 kg samples in each batch of grapes may not represent the 

vineyards’ total crop it is largely unimportant since this work was not interested in the 

geographic location and the viticultural management of the berries, but on the effects of 

heat on a sample of berries. Before the heat treatments, each sample was homogenized by 

destemming and mixing all berries in one large plastic bucket by hands before being 

divided into nine equal and representative lots. One lot was randomly selected from the 9 

lots as the experimental control. Each lot was representative of the gross batch of berries.  
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The 2010 Cabernet Sauvignon and 2010 Viognier were fermented in triplicate by 

evenly separating each lot of berries into three parts after the treatments. The 2010 

Aglianico, 2011 Cabernet Sauvignon and 2011 Chardonnay were fermented in duplicate 

by evenly separating each lot of berries into two parts after the heat treatments. Replicate 

fermentations are necessary to eliminate the variability introduced during the vinification. 

The factors include but are not limited to the yeast population, changes in fermentation 

temperature, and nitrogen nutrition levels among others (Boulton et al. 1996). Ideally 

each treatment lot of berries should be fermented in triplicate to improve the precision of 

analyses; however, the limited volumes of these three batches permitted only duplicated 

fermentations. Duplicated fermentations, while less desirable, are acceptable (Guide to 

Authors, 2010). Chemistry analysis precision may vary between triplicate and duplicate 

batches; nevertheless, the wine samples in each batch of berries were statistically 

analyzed separately to determine the effects of heat on berries and wines within the same 

batch. The experiment was repeated 3 times using 3 independent batches of red grapes 

and twice in 2 independent batches of white grapes to evaluate the effects of post-harvest 

heat on the resultant wines relative to their type (red or white). Some analytes did not 

show consistent trends among batches in the same wine type, which indicates these 

analytes may not be affected by accumulated heat after harvest. 

The error introduced during the whole experiment operation is another main 

source of error. The berries were destemmed by hands in the cool room at 12°C to 

eliminate the occurrence of decay reaction. Because of the labor limitation, this process 

took 10 – 12 hours until all the lots were moved to the thermo-controlled growth chamber. 
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While there was no generation of visible gas bubbles nor perception of fermentation or 

spoilage aromas from the beginning of berry preparation until the berries were inoculated 

for fermentation, enzymatic or microbial activity might have occurred right after harvest 

and may have resulted in increased microbial populations and volatile acid (acetic acid) 

production that might give an indication to the extent of these reactions if they were 

present. Nevertheless, neither the microbial population nor the production of volatile 

acidity was monitored in this study. If acetic acid is present at the start of fermentation, it 

may be lost similar to ethanol due to entrainment in carbon dioxide evolved during 

fermentation resulting in post fermentation concentrations that are less than 

prefementation concentrations (Zimmermann et al 1964). Volatile acidity may be 

monitored by cash still, high performance liquid chromatography or gas chromatography 

analyses. 

The pressure applied for white grape press, at 4 bar, was higher than the pressure 

used in commercial wineries to ensure the adequate juice yield for fermentation in this 

micro-scale experiment. The press for red wines was completed by applying maximum 

vacuum in the lab without pressure regulation. The varied pressure might increase the 

deviations in wine composition. Press pressures could have been regulated with a gas 

regulator. 

The winemaking process and handling, including but not limited to pressing, 

racking, filtration and bottling, likely allowed oxygen exposure to the wines despite the 

reductive handling techniques employed, which may cause wine oxidation and browning. 

Although nitrogen gas was used to protect the wines during most handling procedures 
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including bottling, it was very difficult to completely eliminate oxygen exposure since 

the volumes of wines were very small and even less than atmospheric concentrations of 

oxygen may have significant effects on the given wine volumes. 

Other errors could be caused by instrumental error, for example, pH readings may 

vary depending on room and sample temperature differences. The solutions for chemistry 

analysis may vary among batches. These operational errors were reduced or eliminated 

by using the pH meter ATC probe and frequently recalibrating instruments, as well as 

repeating measurements and measuring the standard deviation of the results. In this 

research, pH and titratable acidity in each wine was measured three times and reported as 

an average of the determinations. Within the same batch, results may be significantly 

different between treatments if the differences within treatment replicates were small. For 

instance, pH Δ=0.01 between the 18°C treatment and the 38°C treatment in the 2011 

Chardonnay (Table 5) was significant at the 0.05 significance level statistically (N=18). 

Operational and instrumental errors always exist regardless of the number of repeated 

measurements. In enological study, pH and titratable acidity may influence various 

described wine quality attributes. For example, differences of 0.05 pH units for the four 

acids malic, citric, tartaric and lactic acids were easily detected sensorily and may be 

accompanied by differences in titratable acidity of 0.02 to 0.05% (Amerine et al. 1965). 

Such a change in pH could influence the potassium bitartrate stability in wines, for 

instance, the partition of bitartrate ions may decrease 4.4% when pH increases from 4.04 

to 4.14 in a model wine containing 12% v/v ethanol (Berg and Keefer 1958). One should 
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always be cautious interpreting statistically significant results to determine if they are 

actually relevant in wine industry practice. 
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CHAPTER IV  

CONCLUSIONS 

The accumulated heat on post-harvested white berries tended to increase pH, 

ethanol concentration, total phenolic concentrations and browning, and decrease titratable 

acidity in white wine. The white berry composition was relatively stable during the 

treatment times in a cool environment. This suggests that during the harvest season in 

Texas, effective temperature management is beneficial in order to reduce total phenolic 

concentration, browning, pH, and ethanol concentration, and increase the titratable 

acidity and likely make less bitter and brown white wines, especially if the fruit is 

machine harvested. 

Red grapes were less likely to change some of their final wine sensory important 

constituents after the extended holding treatment compared to white grapes. No change in 

pH, titratable acidity, ethanol concentration, total phenolic concentration and browning 

were determined in the heat treatments. No increase in anthocyanin concentration was 

found. Postponed processing tended to facilitate tannin extraction and potentially increase 

the astringency in wines if the time is no more than 9 hours, however tannin 

concentration is likely to decrease if the extended holding time is longer than 9 hours in a 

hot environment. Unexpected trends in red color intensity were found among batches, 

possibly due to the batch or variety differences.  

Heat on berries tends to increase monomeric, small polymeric, large polymeric, 

total polymeric and total pigment concentration in red wines. The treatment time is a 

critical factor influencing the pigment composition. Monomeric pigment concentration in 
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red wines tends to decrease if berries were held in hot environment for long time. The 

effect of heat and extended holding time on small polymeric pigments and large 

polymeric pigments were complex, which implies the impact of post-harvest heat on 

wine sensory effects is complicate and unpredictable.  

This study, for the first time, investigated the effects of heat and time on the 

pigment profile based on their molecular weight and size in red wines. It is noticeable 

that the treatments on berries were similar to the conventional pre-fermentation 

maceration technique proceeding skin-contact fermentation, but red berries were only 

partially (20-30%) crushed to mimic machine harvest condition. The trends in this study, 

although not significant, imply that the pre-fermentation maceration temperature and 

maceration time may affect the pigment profile in red wines, and inherently affect the red 

wine sensory quality. The change of wine compositions might be influenced by the berry 

decay reactions with the presence of microorganisms on the skins or the enzymatic 

activities, but it is noteworthy that the length of the treatment time may affect the extent 

of these reactions. The red wines were analyzed when they were young without aging 

process in oak barrels or with the presence of oak chips compared to the commercially 

available wines in the market. Although the tested variables in red wines were relatively 

stable, the trends may become significant after longer aging. This study did not conduct 

sensory analysis due to insufficient wine sample volumes based the micro-scale in which 

the study was conducted. The delayed vinification of machine harvested berries, 

macerated with grape stems and the other vegetal tissues, has been proposed to affect the 

volatile compound composition in both white and red wines and responsible for the 
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increase in undesirable vegetal odorants, including 3-isobutyl-2-methoxypyrazine (IBMP) 

and 3-isopropyl-2-methoxypyrazine (IPMP). These results will be reported separately. 

The results of this work may shed light on the effects of heat on post harvested red and 

white grapes, particularly as they relate to the current wine industry practices in Texas.  
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APPENDIX A 

THE TEMPERATURE PROFILE DURING TREATMENTS  

Table 10 The temperature data file of heat treatment 2010 Viognier 

Time 
(hour) 

High-Surface 
(°C) 

High-Internal 
(°C) 

Low-Surface 
(°C) 

Low-Internal 
(°C) 

0 38.2 30.0 20.8 20.1 

2 38.9 35.6 21.9 20.1 

4 39.4 36.5 21.6 21.4 

6 39.3 36.8 19.5 17.1 

8 39.4 37.2 19.9 18.2 

10 39.5 39.9 20.3 19.0 

12 39.4 39.4 20.7 19.7 

14 39.8 39.9 20.9 20.0 

 

Table 11 The temperature data file of heat treatment 2011 Chardonnay 

Time 
(hour) 

High-Surface 
(°C) 

High-Internal 
(°C) 

Low-Surface 
(°C) 

Low-Internal 
(°C) 

0 39.6 30.5 14.3 14.9 

2 39.7 35.5 13.9 14.0 

4 39.8 36.3 13.8 13.9 

6 39.8 37.0 13.7 13.7 

8 39.7 38.0 13.6 13.7 

10 39.5 39.3 13.5 13.6 

12 39.2 39.4 13.4 13.5 

14 39.5 39.6 13.4 13.4 

 

Table 12 The temperature data file of heat treatment 2010 Aglianico 

Time 
(hour) 

High-Surface 
(°C) 

High-Internal 
(°C) 

Low-Surface 
(°C) 

Low-Internal 
(°C) 

0 31.7 24.9 n/a1 n/a 

2 36.6 34.3 17.0 16.6 

4 36.8 35.0 17.2 16.9 

6 36.9 35.3 17.5 17.2 

8 36.5 35.3 17.6 17.4 

10 36.5 34.7 17.7 17.7 

12 36.1 34.6 17.7 17.7 

14 36.4 34.7 17.7 17.7 

  
                                                        
1 n/a indicates the data is not available. 
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Table 13 The temperature data file of heat treatment 2011 Cabernet Sauvignon 

Time 
(hour) 

High-Surface 
(°C) 

High-Internal 
(°C) 

Low-Surface 
(°C) 

Low-Internal 
(°C) 

0 38.9 30.2 16.3 15.5 

2 38.8 32.3 17.2 16.7 

4 39.1 33.8 18.3 17.9 

6 39.5 35.4 19.2 18.8 

8 39.5 35.9 20.0 20.1 

10 39.8 36.5 20.6 20.6 

12 39.7 36.8 21.0 20.9 

14 39.8 37.0 21.3 21.2 
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APPENDIX B 

THE TEMPERATURE MONTHLY SUMMARY 

Table 14 The temperature monthly summary of the hours above 35°C and 30°C 

during peak harvset season (2001-2011)
1
 

Year Month Total 
hours  
≥ 35°C 

Total hours  
≥ 32°C 

Total hours  
≥ 30°C 

Hours per 
day  
≥ 35°C 

Hours per 
day 
≥ 32°C 

Hours per 
day 
≥ 30°C 

2001 July 199 330 425 6.4 10.6 13.7 
 August 38 154 224 1.2 5.0 7.2 
  September 3 29 77 0.1 1.0 2.6 

2002 July 38 117 231 1.2 3.8 7.5 
 August 43 186 295 1.4 6.0 9.5 
  September 2 27 100 0.1 0.9 3.3 

2003 July 109 255 353 3.5 8.2 11.4 
 August 97 219 322 3.1 7.1 10.4 
  September 0 25 51 0.0 0.8 1.7 

2004 July 53 162 255 1.7 5.2 8.2 
 August 5 55 111 0.2 1.8 3.6 
  September 0 18 68 0.0 0.6 2.3 

2005 July 26 154 278 0.8 5.0 9.0 

 August 2 51 186 0.1 1.6 6.0 

  September 13 67 147 0.4 2.2 4.9 

2006 July 118 240 341 3.8 7.7 11.0 

 August 31 143 248 1.0 4.6 8.0 

  September 0 8 42 0.0 0.3 1.4 

2007 July 0 42 162 0.0 1.4 5.2 

 August 13 119 230 0.4 3.8 7.4 

  September 4 16 75 0.1 0.5 2.5 

2008 July 19 84 177 0.6 2.7 5.7 

 August 30 87 159 1.0 2.8 5.1 

  September 0 7 20 0.0 0.2 0.7 

2009 July 98 206 311 3.2 6.6 10.0 

 August 70 205 315 2.3 6.6 10.2 

  September 5 28 70 0.2 0.9 2.3 

2010 July 0 20 133 0.0 0.6 4.3 

 August 46 195 282 1.5 6.3 9.1 

  September 10 60 120 0.3 2.0 4.0 

2011 July 208 359 462 6.7 11.6 14.9 

 August 220 363 459 7.1 11.7 14.8 

  September 9 70 127 0.3 2.3 4.2 

Average July 78.9 179.0 284.4 2.5 5.8 9.2 

 August 54.1 161.5 257.4 1.7 5.2 8.3 

 September 4.2 32.3 81.5 0.1 1.1 2.7 

                                                        
1 Station:GHCND:USW00023042, LUBBOCK INTERNATIONAL AIRPORT, TX US; Elev. 3253.94ft. 
above sea level; Lat. 33.666°, Lon. -101.823°. Data source: National Climatic Data Center, U.S. 
Department of Commerce National Oceanic & Atmospheric Administration. 



 
 

Texas Tech University, Yanmei Zhang, December 2012 

90 
 

APPENDIX C 

ORIGINAL DATA 

Table 15 Original data of 2010 Aglianico 

 
 

Treatment  
temperature   

Treatment  
duration   pH   

Titratable  
acidity   Ethanol   

Red  
color  
intensity   

Brown  
color  
(hue)   

Monom eric  
pigment   

Small  
polymeric  
pigment   

Large  
polymeric  
pigment   

Total  
polymeric  
pigment   

Total  
pigment   

Percentage  
of  
polymeric  
pigment in  
total  
pigment   

Tannin   Anthocyanin   
Total phenoic  
concentration   

    
(hour)   

    (g tartaric  
acid  

equivalent  
/L)   

(% V/V)   
(Abs  
420  +  

520 nm)   

(Abs  
420  
nm /  
520  
nm)   

(Abs 520 nm)   
(mg (+) - 
catechin  

equivalent /  
L)   

(mg  
malvitin -   3 - 
glucoside  

equivalent /  
L)   

(mg gallic  
acid  

equivalent /  
L)   

Control   4.21   5.33   15.8   5.92   0.58   0.59   0.49   0.32   0.81   1.40   57.84%   2,098   147   1,961   
Control   4.24   5.37   15 .8   5.12   0.63   0.47   0.49   0.34   0.82   1.29   63.71%   2,515   183   1,489   

18°C   3   4.11   5.55   15.5   5.60   0.59   0.38   0.47   0.48   0.95   1.33   71.32%   2,501   153   1,403   
18°C   3   4.17   5.56   15.3   5.78   0.59   0.63   0.50   0.28   0.78   1.41   55.12%   3,313   153   1,603   
18°C   6   4.24   5.63   15.5   5.50   0.65   0.39   0.52   0.31   0.83   1.22   67.93%   2,518   171   1,416   
18°C   6   4.18   5.75   15.5   4.61   0.62   0.39   0.41   0.33   0.74   1.13   65.27%   2,156   194   1,445   
18°C   9   4.22   5.12   15.8   5.50   0.66   0.41   0.40   0.43   0.83   1.24   66.72%   3,074   183   2,211   
18°C   9   4.22   5.78   16.3   5.43   0.66   0.55   0.53   0.1 9   0.73   1.27   57.08%   2,954   179   1,661   
18°C   15   4.18   5.60   16.0   6.24   0.58   0.55   0.48   0.39   0.87   1.42   61.25%   2,827   156   2,261   
18°C   15   4.15   5.57   16.0   5.56   0.60   0.55   0.47   0.28   0.75   1.30   57.74%   2,744   174   2,132   
38°C   3   4.24   5.45   15.3   4.23   0.56   0.46   0.45   0.26   0.70   1.16   60.64%   3,005   177   1,506   
38°C   3   4.25   5.44   15.5   5.32   0.67   0.32   0.38   0.50   0.88   1.20   73.35%   2,605   181   1,799   
38°C   6   4.24   5.80   16.3   5.94   0.59   0.45   0.57   0.34   0.91   1.36   67.10%   3,538   169   1,957   
38°C   6   4.24   5.17   16.5   5.51   0.59   0.43   0.55   0.42   0.97   1.39   69.22%   3,464   157   1,781   
38°C   9   4.25   5.41   16.0   6.45   0.57   0.35   0.55   0.52   1.07   1.42   75.34%   2,885   145   1,779   
38°C   9   4.26   6.02   16.3   6.17   0.58   0.36   0.63   0.41   1.04   1.40   74.01%   2,846   174   1,514   
38°C   15   4.27   5.36   16.3   7.63   0.63   0.39   0.52   0.58   1.10   1.49   73.77%   3,025   170   1,728   
38°C   15   4.19   5.52   16.3   5.93   0.56   0.45   0.54   0.43   0.97   1.43   68.12%   2,582   145   1,437   
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Table 16 Original data of 2010 Cabernet Sauvignon 

 

Treatment  
temperature   

Treatment  
duration   pH   Titratable  

acidity   Etha nol   
Red  

color  
intensity   

Brown  
color  
(hue)   

Monomeric  
pigment   

Small  
polymeric  
pigment   

Large  
polymeric  
pigment   

Total  
polymeric  
pigment   

Total  
pigment   Percentage  

of  
polymeric  
pigment in  

total  
pigment   

Tannin   Anthocyanin   Total phenoic  
concentration   

    (hour)       
(g   tartaric  

acid  
equivalent  

/L)   

(%  
V/V)   

(Abs  
420 +  

520 nm)   

(Abs  
420  
nm /  
520  
nm)   

(Abs 520 nm)   
(mg (+) - 
catechin  

equivalent /  
L)   

(mg  
malvitin -   3 - 
glucoside  

equivalent /  
L)   

(mg gallic  
acid  

equivalent /  
L)   

control   4.33   4.91   14.6   8.09   0.81   0.48   0.07   0.10   0.16   0. 65   25.56%   264   58   1,198   
control   4.29   5.34   13.7   7.22   0.82   0.49   0.24   0.11   0.35   0.83   41.74%   635   52   1,314   
control   4.32   4.92   14.3   5.58   0.85   0.20   0.13   0.27   0.40   0.60   66.87%   135   94   1,552   

18°C   3   4.36   4.37   14.6   5.68   0.86   0.23   0.21   0.09   0.30   0.53   57.14%   681   65   1,5 05   
18°C   3   4.29   4.58   14.2   6.97   0.84   0.21   0.16   0.03   0.19   0.39   47.74%   270   88   1,586   
18°C   3   4.31   4.88   14.8   6.12   0.84   0.22   0.07   0.29   0.36   0.58   62.47%   546   84   1,268   
18°C   6   4.48   3.89   14.4   5.76   0.83   0.22   0.15   0.06   0.21   0.43   49.57%   199   44   1,306   
18°C   6   4.22   4.85   1 3.7   6.20   0.85   0.07   0.01   0.36   0.37   0.44   84.61%   162   61   1,555   
18°C   6   4.27   5.16   13.9   6.60   0.87   0.29   0.09   0.21   0.30   0.59   51.15%   531   38   1,195   
18°C   9   4.48   3.59   13.0   4.97   0.88   0.25   0.00   0.28   0.28   0.53   53.66%   35   6   1,007   
18°C   9   4.33   4.27   12.8   5.50   0.81   0.23   0.16   0.09   0.25   0.47   52.08%   36   51   1,310   
18°C   9   4.31   4.35   13.0   4.85   0.92   0.20   0.03   0.16   0.19   0.39   48.81%   412   49   1,111   
18°C   15   4.39   3.69   12.7   5.69   0.84   0.37   0.00   0.17   0.17   0.54   31.68%   59   54   1,200   
18°C   15   4.39   3.85   13.0   5.63   0.83   0.25   0.00   0.11   0.11   0.36   31.37%   91   72   1,076   
18°C   15   4.46   3.41   12.7   4.97   0.81   0.30   0.00   0.14   0.14   0.44   32.53%   78   68   1,100   
38°C   3   4.30   4.70   13.7   6.71   0.81   0.23   0.32   0.20   0.52   0.75   69.43%   1,122   72   1,543   
38°C   3   4.36   4.36   13.9   7.03   0.80   0.26   0.20   0.07   0.28   0.54   51.80%   394   61   1,441   
38°C   3   4.35   4.46   13.9   6.20   0.81   0.17   0.10   0.37   0.47   0.64   73.59%   523   67   1,352   
38°C   6   4.32   4.35   13.1   6.40   0.74   0.27   0.09   0.13   0.21   0.49   43.96%   147   90   1,213   
38°C   6   4.18   5.31   13.3   5.79   0.83   0.31   0.07   0.20   0.27   0.58   45.98%   670   56   1,145   
38°C   6   4.14   5.18   13.3   5.79   0. 80   0.20   0.15   0.04   0.19   0.39   48.41%   - 51   100   1,345   
38°C   9   4.42   3.63   13.5   3.44   0.97   0.10   0.02   0.14   0.16   0.26   61.20%   265   17   1,130   
38°C   9   4.52   3.42   13.4   6.07   0.82   0.28   0.05   0.26   0.30   0.59   51.81%   641   45   1,355   
38°C   9   4.48   3.46   13.3   5.41   0.80   0.20   0.07   0.32   0.4 0   0.60   66.50%   678   64   1,539   
38°C   15   4.44   3.94   13.1   5.32   0.85   0.29   0.02   0.32   0.34   0.64   54.01%   472   31   1,356   
38°C   15   4.36   4.10   13.1   5.27   0.85   0.25   0.01   0.28   0.29   0.54   54.17%   448   52   1,133   
38°C   15   4.41   3.68   13.3   4.90   0.93   0.16   0.00   0.22   0.22   0.38   58.54%   293   2 9   1,137   
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Table 17 Original data of 2011 Cabernet Sauvignon 

 
  

Treatment  
temperature   

Treatment  
duration   pH   Titratable  

acidity   Ethanol   
Red  

color  
intensity   

Brown  
color  
(hue)   

Monomeric  
pigment   

Small  
polymeric  
pigment   

Large  
polymeric  
pi gment   

Total  
polymeric  
pigment   

Total  
pigment   Percentage  

of  
polymeric  
pigment in  

total  
pigment   

Tannin   Anthocyanin   Total phenoic  
concentration   

    (hour)       
(g tartaric  

acid  
equivalent  

/L)   

(%  
V/V)   

(Abs  
420 +  

520 nm)   

(Abs  
420  
nm /  
520  
nm)   

(Abs 520 nm)   
(mg (+) - 
c atechin  

equivalent /  
L)   

(mg  
malvitin -   3 - 
glucoside  

equivalent /  
L)   

(mg gallic  
acid  

equivalent /  
L)   

control   3.94   5.51   14.4   9.73   0.92   0.71   1.16   0.22   1.38   2.09   65.86%   375   116   4,056   
control   3.94   5.73   14.2   10.86   0.76   0.89   1.37   0.00   1.37   2.26   60.55%   422   166   4,8 93   

18°C   3   3.82   5.96   13.7   8.90   0.78   0.91   0.99   0.37   1.36   2.27   59.85%   461   94   3,520   
18°C   3   3.90   5.57   14.2   15.90   0.91   0.79   1.05   0.11   1.16   1.95   59.61%   615   137   4,169   
18°C   6   3.98   5.48   14.7   8.62   0.79   0.73   1.05   0.59   1.65   2.38   69.33%   391   117   3,467   
18°C   6   4.00   5.5 6   14.8   7.73   0.84   0.38   0.96   0.67   1.64   2.01   81.27%   494   169   4,297   
18°C   9   3.99   5.42   15.4   11.60   0.81   0.81   0.84   0.63   1.48   2.29   64.57%   578   145   3,097   
18°C   9   3.96   5.63   15.3   8.60   0.67   0.69   0.94   0.35   1.29   1.98   65.07%   503   197   3,947   
18°C   15   3.93   5.79   13.7   7.59   0.64   0.41   1.18   0.41   1.59   2.00   79.63%   526   128   4,864   
18°C   15   3.95   5.60   14.0   8.20   0.82   0.69   1.10   0.00   1.10   1.79   61.25%   370   114   4,024   
38°C   3   3.90   5.69   13.9   9.91   0.76   0.29   0.88   1.08   1.97   2.26   87.07%   686   94   4,142   
38°C   3   3.91   5.83   14.1   7.94   0.67   0.70   0.79   0.68   1.47   2.17   67.76%   1,019   128   3,899   
38°C   6   3.95   5.87   15.0   10.34   0.86   0.67   0.94   0.47   1.40   2.07   67.70%   391   147   4,355   
38°C   6   3.97   5.72   15.0   8.34   0.72   0.84   1.31   0.00   1.31   2.15   60.85%   825   114   4,889   
38°C   9   3.94   5.67   14.4   9.94   0.83   0.83   1.24   0.11   1.34   2.17   61.86%   751   113   4,837   
38°C   9   3.95   5.67   14.2   8.22   0.75   0.67   1.34   0.27   1.61   2.29   70.52%   905   82   4,678   
38°C   15   3.91   5.56   14.8   6.47   0.70   0.47   1.15   0.53   1.68   2.15   78.33%   452   106   4,133   
38°C   15   3.95   5.65   14.8   7.98   0.66   0.61   1.47   0.21   1.68   2.29   73.43%   611   116   4,340   
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Table 18 Original data of 2010 Viognier 

Treatment 

temperature 

Treatment 

duration 
pH 

Titratable 

acidity 
Ethanol 

Brown 

color 

(hue) 

Total phenoic 

concentration 

  (hour)   

(g tartaric 
acid 

equivalent 
/L) 

(% 
V/V) 

(Abs 
420 
nm) 

(mg gallic 
acid 

equivalent / 
L) 

control 3.33 7.10 12.3 0.10 218 
control 3.33 7.08 13.5 0.10 163 
control 3.33 7.15 13.5 0.11 166 

18°C 3 3.41 7.01 12.3 0.10 236 
18°C 3 3.40 6.93 13.5 0.11 232 
18°C 3 3.40 7.01 12.7 0.10 164 
18°C 6 3.39 6.85 13.5 0.11 200 
18°C 6 3.38 6.74 13.5 0.10 169 
18°C 6 3.36 6.83 13.3 0.11 200 
18°C 9 3.42 6.82 12.5 0.11 172 
18°C 9 3.42 6.71 12.3 0.11 231 
18°C 9 3.42 6.70 13.7 0.12 225 
18°C 15 3.40 6.76 13.3 0.12 194 
18°C 15 3.41 6.71 12.7 0.12 249 
18°C 15 3.41 6.70 12.9 0.12 247 
38°C 3 3.44 6.82 13.5 0.11 246 
38°C 3 3.43 6.80 13.0 0.11 197 
38°C 3 3.47 6.77 13.5 0.12 210 
38°C 6 3.52 6.53 13.1 0.12 292 
38°C 6 3.48 6.74 13.3 0.12 217 
38°C 6 3.51 7.31 14.0 0.12 276 
38°C 9 3.61 5.99 13.5 0.13 282 
38°C 9 3.59 6.17 13.7 0.13 280 
38°C 9 3.60 6.05 13.3 0.14 219 
38°C 15 3.68 5.83 13.2 0.16 279 
38°C 15 3.68 5.84 14.0 0.15 235 
38°C 15 3.68 5.94 13.8 0.16 312 

  



 
 

Texas Tech University, Yanmei Zhang, December 2012 

94 
 

Table 19 Original data of 2011 Chardonnay 

Treatment 

temperature 

Treatment 

duration 
pH 

Titratable 

acidity 
Ethanol 

Brown 

color 

(hue) 

Total phenoic 

concentration 

  (hour)   

(g tartaric 
acid 

equivalent 
/L) 

(% 
V/V) 

(Abs 
420 
nm) 

(mg gallic 
acid 

equivalent / 
L) 

control 3.73 5.99 12.0 17.93% 194 
control 3.71 6.29 11.8 15.31% 187 

18°C 3 3.59 5.66 11.4 14.51% 168 
18°C 3 3.58 5.74 10.8 13.14% 170 
18°C 6 3.61 6.11 11.4 15.55% 185 
18°C 6 3.62 6.05 11.0 17.14% 178 
18°C 9 3.63 6.01 11.4 15.61% 202 
18°C 9 3.64 6.16 11.4 15.96% 211 
18°C 15 3.71 6.10 11.8 14.81% 196 
18°C 15 3.74 6.14 11.4 16.38% 186 
38°C 3 3.65 5.85 11.4 14.33% 169 
38°C 3 3.62 5.93 11.4 14.65% 183 
38°C 6 3.62 6.02 11.8 17.06% 187 
38°C 6 3.60 6.26 11.8 15.22% 188 
38°C 9 3.68 6.03 11.8 17.98% 207 
38°C 9 3.71 6.23 11.8 17.76% 220 
38°C 15 3.70 5.85 11.8 18.71% 218 
38°C 15 3.72 5.80 11.8 18.84% 216 
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APPENDIX D 

THE CLIMATOLOGY SUMMARY OF THE AMERICAN VITICULTURE AREA IN TEXAS 

Table 20 The climatology summary of the American Viticulture Area in Texas
1
 

 
                                                        
1 Data source: The Winegrowing Regions of Texas, http://txwineregions.tamu.edu/default.html, last access on June 3, 2010. Original data was reported as °F. 

AVA region Growing Degree 
Days (°C) 

The maximum highest temperature (°C) The average temperature (°C) 

July August September July August September 

Texas High Plain 2,045 - 2,670 33 -35 28 -31 28 -30 24 -28 24 -27 20 -23 

Hill County 2,676 - 3,395 33 -36 33 -36 30 -33 26 -29 26 -29 23 -27 

Texas Davis Mountains 1,447 - 2,690 27 -34 26 -33 23 -31 19 -27 19 -26 17 -23 

Texoma 2,786 - 2,988 34 -36 34 -36 30 -31 28 -29 28 -29 24 -24 

Mesilla Valley 2,500 - 2,866 34 -36 33 -34 30 -37 27 -28 26 -27 22 -24 

Fredericksburg 2,760 - 2,970 33 -34 34 -34 31 -31 27 -28 27 -28 23 -24 

Escondido Valley 2,785 - 3,052 34 -36 33 -34 30 -32 27 -28 26 -28 23 -24 

Bell Mountain 2,777 - 2,892 33 -34 34 -34 31 -31 27 -27 27 -27 24 -24 

Average 2,472 - 2,940 33 -35 32 -34 29 -32 26 -28 25 -28 22 -24 

 

http://txwineregions.tamu.edu/default.html



