
 
 

 

 

 

The Pennsylvania State University 

The Graduate School 

Department of Food Science 

 

INVESTIGATING THE INADVERTENT TRANSFER OF VITIS LABRUSCA ASSOCIATED 

ODORS TO VITIS VINIFERA WINES 

 

A Thesis in 

Food Science 

by 

Jared C. Smith 

 

© 2014 Jared C. Smith 

 

Submitted in Partial Fulfillment 

of the Requirements 

for the Degree of 

 

 

Master of Science 

 

December 2014 

 



ii 
 

The thesis of Jared C. Smith was reviewed and approved* by the following: 

 

 Ryan J. Elias 

 Associate Professor of Food Science 

 Thesis Co-Advisor 

 

 

  

 John E. Hayes 

 Assistant Professor of Food Science 

 Thesis Co-Advisor 

  

 

  

 Gregory R. Ziegler 

 Professor of Food Science 

  

 

 

 Ms. Denise Gardner 

 Extension Enologist 

 

 

 

 Robert F. Roberts 

Professor of Food Science 

Head of the Department of Food Science 

 

*Signatures are on file in the Graduate School 

 

 

 

 

 

 

 

 

 

 



iii 
 

Abstract 

 

Methyl anthranilate (MA) and 2-aminoacetophenone (2AAP) are volatile compounds 

present in certain Vitis labrusca grapes, such as Concord and Niagara. Reportedly, MA is 

responsible for the distinct grapey odor of Concord wines and 2AAP is responsible for the 

“foxy” character of Niagara wines. For the vast majority of Vitis vinifera wines, these odors are 

not expected to be present at any detectable level; however, in recent years, there have been 

anecdotal reports in northeastern U.S. wine regions of these odors appearing in wines prepared 

solely from V. vinifera varieties. MA and 2AAP also have low sensory detection thresholds    

(300 µg/L and 0.5-2 µg/L, respectively) therefore even trace levels of these compounds in V. 

vinifera wines are perceptible by human assessors. The sources and modes of carryover of 

foxy/native odors into V. vinifera wines is currently unknown, and we hypothesizes that the 

major mechanism by which V. vinifera wines accumulate V. labrusca-associated character is 

through scalping by winery equipment during juice and wine processing.  

As it is common for V. labrusca and V. vinifera varieties to be processed in the same 

facilities in the northeastern U.S., certain materials used during winemaking may be capable of 

transferring these volatile compounds between wines and juices. In order to test this, I developed 

procedures to access the ability of various polymeric materials widely used during wine 

production to scalp MA and 2AAP from spiked model solutions (100mg/L). Following scalping, 

I subjected those resins to un-spiked model solutions, measuring the desorption of the odorants 

over a 144h period. I then tested the polymers that transferred MA and 2AAP in model solutions 

in real wine and juice, using spiked (5mg/L) Concord wine and juice in the scalping study, and 

V. vinifera wine (Chablis) and juice (Muscat) to investigate desorption. 
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I found MA and 2AAP were scalped from both model and real systems at various rates 

by polymeric materials relevant to winemaking. I also found that scalped MA and 2AAP 

desorbed from polymers upon introduction to new solutions. I found that the levels of scalping 

and desorption was largely dependent on the structural characteristics of the polymers. PVC and 

rubber allowed for significantly (p<0.05) larger amounts of MA and 2AAP to be transferred 

between solutions in comparison to HDPE, LDPE and polysulfone. This likely results from the 

higher amorphous content of PVC and rubber which allows for greater sorption and desorption 

of the odorants. I also found that polymers containing a higher degree of crystallinity, like LDPE 

and HDPE, led to transfer of the odorants to a lesser extent, while polysulfone failed to transfer 

any MA or 2AAP between solutions.  

I observed no definitive trends based on the solution (wine or juice) MA and 2AAP were 

being scalped from or desorbed into. This is likely due to the wines weakly ethanolic (12%) 

content which does not drastically affecting the polarity of the solutions and varying effects of 

components of the systems acting as either copermeants or competitors during sorption and 

desorption of 2AAP. Copermeants are molecules that increase the levels of sorption of other 

molecules, while competitors do the exact opposite as their presence minimizes the amount of 

sorption of the analyte of interest. I observed the same trends for all of the tested polymers 

between model and real systems. These results suggests that the model study was a relatively 

successful means for screening the majority of the polymers in terms of their ability to transfer 

MA and 2AAP between real wines and juices. In addition, polymeric materials may act as a 

vehicle for the inadvertent introduction of native odorants into wines produced solely from        

V. vinifera varieties. Further investigation should be carried out to confirm the validity of these 

findings in an actual wine production environment.  
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I also tested the ability for various cleaning solutions affiliated with commercial wine 

production to remove MA and 2AAP from polymers as potential means to prevent this 

inadvertent transfer in wineries that use the same equipment for V. labrusca and V. vinifera 

processing. As I expected, increasing both ethanol content and temperature of the cleaning 

solutions lead to greater desorption of MA and 2AAP from the polymers. Even at the highest 

ethanol content (80%) and higher temperature (75°C) treatment only up to 40% of the odors were 

desorbed after 60 minutes of exposure to the cleaning solution. This suggests that while these 

odorants can be desorbed, the exact protocol for removing the compounds needs to be optimized 

in order to ensure that they are removed at levels which render the polymer suitable for 

processing V. vinifera varietals.  

Lastly, I performed human sensory evaluation in order to determine the rejection 

threshold for 2AAP in wines. I found that even at the highest concentration tested, which was 

almost 50 times above its detection threshold (.5 µg/L), the spiked 2AAP wines were not 

significantly (p>0.05) preferred over the un-spiked control. This suggests that 2AAP may not be 

offensive to certain common V. vinifera wine consumers in certain regions of the country. 

However, other factors need to also be considered when interpreting this result as the presence of 

2AAP in V. vinifera wines may affect preference in other populations. 
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Chapter 1: Literature Review 

1.1 Introduction 

One of the critical factors that dictate the quality of wines is their odor. For the purposes 

of this thesis, odor is described as the overall perception comprised of various volatile odorants 

(individual compounds). Odor is not only important to quality in terms of liking, but also in 

terms of its ability to function as an identity for varietals. The role of odors as varietal identifiers 

is crucial because if wines do not match their expected profile, they may be rejected by 

consumers. This is especially an issue for emerging wine markets, such as Pennsylvania, that are 

seeking to enhance their recognition or reputation. 

Wine odor is a complex mixture of various odorants. The depth of wine odor chemistry is 

highlighted by the fact that there are over 1300 odor active compounds that have been identified 

in wine (Ebeler et al., 2001). These compounds lead to various descriptors for wine that are 

generally categorized into terms such as floral, vegetal, fruity, woody, yeasty, sulfur-like and 

petrol. The odorants responsible for these odors are derived from grapes, winemaking practices, 

environmental factors, ageing and microorganisms (yeast and bacteria). 

 In order to produce wines that contain desirable odor it is critical to understand the major 

classes of odorants in wine and the factors that impact their presence and perception. Several of 

the major classes of odorants in wine include terpenes, methoxypyrazines, thiols, lactones and 

esters. The first portion of this literature review will discuss these major classes of odorants and 

how they specifically influence the odor of wines.    
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1.2 Wine Odorants 

1.2.1 Terpenes  

 Terpenes are a group of odorants synthesized in the grape comprised of 10 carbon 

isoprene units (Marais and Wyk, 1986). Common mono-terpenes in wine include linalool, 

citronellol, nerol and terpineol (Marais and Wyk, 1986). Odors associated with terpenes are 

fruity and floral by nature, such as lemony and rose. Terpenes are ubiquitous in wines, but some 

such as Gewurtztraminer and Muscats have been shown to contain elevated levels (Marais and 

Wyk, 1986).  

 Besides mono-terpenes, there are several C-13 norisoprenoids such as 1,1,6-trimethyl-

1,2-dihydronapthalene (TDN) and beta-damascenone that significantly affect the odor of certain 

wines (Razungles et al., 1996). TDN is especially critical to German Rieslings as it is considered 

a unique note to the varietal (Black et al., 2012). A third important class of terpenes is 

sesquiterpenes. These are made up of 1.5 isoprene units and are a sub-class that contains 

important compounds such as rotundone, which is responsible for the black pepper character in 

Syrah and Noiret (Caputi et al., 2011). Terpenes generally have a sensory detection threshold 

between 20-200 µg/L, but some such as TDN and rotundone have very low thresholds (1-2 ng/L) 

(Caputi et al., 2011). Most terpenes are bound to sugar moieties in the grape deeming them non-

aromatic, and must be liberated in order for them to contribute to the odor of wines. Beta-

glucosidases can either be directly added to the juice pre-fermentation through supplements or 

generated by the yeast during fermentation in order to liberate terpenes. 
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1.2.2 Methoxypyrazines 

Methoxypyrazines represent an important class of grape-derived odorants. 

Methoxypyrazines are the group of odorants responsible for the bell pepper odor in Bordelaise-

associated grapes (e.g., Sauvignon blanc, Cabernet sauvignon) (Lacey et al., 1991). They are also 

present in native grape species such as V. cinerea and V. riparia species, and documented at 

sensory relevant levels (Qun et al., 2011). At low levels, methoxypyrazines (<0.5 ng/L) 

positively impact the odor profile of certain wines (e.g., Cabernet sauvignon and Sauvignon 

blanc), while high levels become overpowering and mask desirable floral or fruity odors in 

others (Winter, 2002). The most common methoxypyrazines in wines are 2-alkyl-

methoxypyrazines, such as isobutyl-methoxypyrazine, sec-butyl-methoxypyrazine and isopropyl-

methoxypyrazine. Multicolored-Asian lady beetle taint is generated by methoxypyrazines that 

are endogenously synthesized in these insects (Botezatu et al., 2013).  

1.2.3 Thiols 

Thiols are sulfur based compounds generated during reductive winemaking processes. 

Important thiols derived from grapes include 3-mercapto-2-methylpropanol (boxtree odor),       

3-mercaptohexyl acetate (passion fruit odor) and 3-mercaptohexan-1-ol (guava, gooseberry) 

(Makhotkina et al., 2013). Grape derived thiols, like terpenes, are in a conjugated form that must 

be liberated in order for them to affect the odor profile (Roland et al., 2011). Instead of a 

glycoside conjugate they are conjugated via an s-cysteine linkage that is cleaved by enzymes 

produced by the yeast during fermentation (Makhotkina et al., 2013). Thiols generally have low 

sensory thresholds (5-60 ng/L) and are primarily present in, and important to, the odor of the 

varietal Sauvignon blanc (Makhotkina et al., 2013). 
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1.2.4 Lactones 

Lactones are the most important oak-derived compounds in wine (Chira and Teissedre, 

2013). Common examples include (E) and (Z)-whiskeylactone (3-methyl-4-octanolide). These 

lactones elicit a coconut, celery and fresh wood odor at a sensory threshold of 1 µg/L (Chira and 

Teissedre, 2013). Factors that influence the levels of these lactones in the wine include the type 

of wood used to make the barrel, the level of toasting and the length of time the wine macerates 

with the wood (Chira and Teissedre, 2013). Lactones are generally only associated with reds 

since they are more commonly oaked, but they can also impact the odor of certain white varietals 

that are commonly oaked such as Chardonnay (Chira and Teissedre, 2013) 

1.2.5 Odor Defects-Microbial Based 

Some of the most common odor defects in wines come from microbial contamination. 

The two main microbial contaminants that affect wine odor are Brettanomyces and acetic acid 

bacteria. The genus Brettanomyces are yeast that are prevalent throughout nature and especially 

like to harbor themselves in wood, making them a major issue in terms of sanitizing barrels 

(Yap, 2009). Brettanomyces are problematic because they are able to survive at high ethanol 

levels where they can metabolize non-aromatic phenols into aromatic compounds such as          

4-ethylphenol and 4-ethylguaicol, and fatty acids into isovaleric acid (Kheir et al., 2013).           

4-Ethylphenol has a low sensory threshold of 140 µg/L and is said to have a barnyard, band-aid 

and antiseptic like odor (Kheir et al., 2013). 4-Ethylguaicol also has a low sensory threshold, 

around 600 µg/L, and is said to have a smoky or clove-like odor (Kheir et al., 2013). Isovaleric 

acid has a sensory threshold around 1-2.5 mg/L and has an odor comparable to sweaty feet 

(Kheir et al., 2013).  
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Acetic acid bacteria generate acetic acid in either the juice or wine; yielding a distinct 

vinegar like odor (Bartowsky and Henschke, 2008). Acetic acid has an sensory detection 

threshold of 700 mg/L and becomes offensive around a concentration of 1.2-1.3 g/L (Bartowsky 

and Henschke, 2008). The legal limit for acetic acid in the United States is 1.1 and 1.2 g/L in 

white and red wine respectively (Bartowsky and Henschke, 2008).  

1.2.6 Esters 

Esters are a group of fruity, floral and varnish-like odorants present in all wines (Marais 

and Wyk, 1986). Esters are especially prevalent in white wines such as Muscat, Viognier, 

Vignoles and Gewürztraminer (Marais and Wyk, 1986). Esters are generated by both the grape 

and yeast, but the yeast account for the vast majorities of esters present in wines. Formation of 

esters occurs when the acyl-group of acetyl-coA, generated from lipid metabolism, reacts with an 

alcohol side group from an alcohol (Rojas et al., 2003). This synthesis pathway leads to a range 

of esters in wine because the initial acyl side chain on acetyl-coA can be derived from a range of 

fatty acids. Examples of common esters in wine include ethyl acetate (nail polish-like), isoamyl-

acetate (bananas), ethyl-hexanoate (fruity) and ethyl-octanoate (waxy/soapy odor) (Antalick et 

al., 2014).  

1.3 Native Wine Odor 

 Previously discussed odorant classes are found in some capacity in the vast majority of 

wines produced throughout the world. However, there are also other species of grapes such as V. 

labrusca and V. rotundifola that are often used to make wines in Northeastern United States due 

to their cold hardiness and resistance to pests (Pinney, 2005). These grapes are native to the 

Northeastern U.S. and southern Canada and have an odor profile that significantly differs from 
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classical V. vinifera varieties. Two odorants that have been documented to account for a 

significant portion of the unique odor associated with these wines are methyl anthranilate (MA) 

and 2-aminoacetophenone (2AAP) (Nelson et al., 1977; Rapp, 1998). 

1.3.1 Methyl Anthranilate (MA) 

MA is responsible for the strong grapey odor that is associated with grapes native to 

America (V. labrusca and V. rotundifola) (Nelson et al., 1977). MA is not expected to be 

perceived in the vast majority V. vinifera wines and its presence in these wines is considered by 

some to be a flaw. MA is an ester that has consistently been documented as the character impact 

compound of Concord grapes, a common V. labrusca varietal grown throughout the Northeastern 

U.S. (Nelson et al., 1977). Levels of MA in Concord wines can range between 0.8-3 mg/L, well 

above its sensory detection threshold of 300 µg/L (Nelson et al., 1977). Niagara grapes, another 

common V. labrusca variety, also contain similar amounts of MA (Nelson et al., 1977). MA 

levels have also been inconsistently associated with the sensory descriptor foxy, which is a 

musky animal-like odor, as studies have shown there to be a weak correlation between MA 

concentration and perceived foxiness in V. vinifera wines (Nelson et al., 1977).  

MA is believed to be synthesized in order to repel birds from damaging the fruit (Mason 

et al., 1991). In fact, MA is such an efficient repellent that it is currently utilized as a means for 

deterring birds on a host of agricultural and horticultural crops throughout the world (Mason et 

al., 1991). MA is able to repel birds due to its actions as an irritant not an odorant (Mason et al., 

1991).  

MA’s synthesis pathway in the grape berry has been well identified. Briefly, alcohol 

acyltransferase catalyzes the formation of MA by facilitating the reaction between anthraniloyl-
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coenzyme A and methanol (Wang et al., 2005). Methanol is not an ideal substrate for the 

synthesizing MA via this pathway, but it is present in high enough concentrations to interact with 

a range of acyltransferases to generate significant levels of MA in vivo (Wang et al., 2005). This 

pathway has never been identified in the V. vinifera species. 

While there has been no definitively characterized mechanism for the synthesis of MA in 

V. vinifera wines, it has been reported that MA is present in certain V. vinifera varieties, 

specifically Pinot noir. One study found that while MA is present in Pinot noir produced 

throughout the Burgundy region, all of them contain MA at levels well below (.6-4.8 µg/L) the 

sensory detection threshold of 300 µg/L (Moio and Etievant, 1995). These same claims have also 

been anecdotally made for Pinot noirs produced in the Russian River Valley of Northern 

California. In conclusion, there are currently no reports that have shown that MA significantly 

affects the sensory profile of the vast majority of V. vinifera wines. 

1.3.2 2-Aminoacetophenone (2AAP) 

2AAP is a carbonyl (ketone) compound that is responsible for the foxy odor associated 

with V. labrusca varieties such as Niagara and Concord (Acree et al., 1990). Interestingly, 2AAP 

is also found in other foods such as tortilla chips and spray dried milk (Buttery and Ling, 1994). 

Like MA, 2AAP is generally associated with grapes native to America, but has been shown to 

not be present in other American based grape species such as V. cinerea, V. rupestris and V. 

riparia species (Qun et al., 2011). Descriptors for 2AAP’s odor include naphthalene-like, foxy, 

moth balls, musky and rotten grapes (Christoph et al., 2000). 2AAP is thought to be synthesized 

in native grapes in order to repel birds for the same reasons previously mentioned for MA 

(Mason et al., 1991).  
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2AAP is synthesized in grapes; however the pathway by which it is synthesized has yet to 

be fully elucidated. 2AAP is also synthesized in the bacterium Pseudomonas aeruginosa, via 

tryptophan degradation involving the interaction of various enzymatic pathways with 

kynurenine, a vitamin B metabolite (Cox and Parker, 1979). Other characterized avenues for 

biosynthesis of 2AAP in P. aeruginosa include a pathway by which 2AAP is synthesized in by 

this bacterium through a non-enzymatic conversion that also involves kynurenine as a substrate 

(Cox and Parker, 1979). 

2AAP has been associated with various defects in V. vinifera wines. In German Rieslings 

there is a defect known as untypical ageing (UTA) (Hoenicke, Simat, et al., 2002). This defect is 

described as the development of a naphthalene-like, mothball or acacia blossom odor (Christoph 

et al., 2000). Research shows there are possible mechanisms for 2AAP development in wines 

during ageing (Christoph et al., 1999). Christoph’s group found that before vinification, the 

levels of 2AAP in wine were below sensory threshold, but after sulfur addition and storage there 

were sensory relevant levels in the wine (>1.5 µg/L). These researchers suggest that the resultant 

2AAP synthesis occurs due to the interaction of indole-3-acetic acid metabolites, a plant 

hormone, with sulfurous acid from sulfite addition (Christoph et al., 1999). The first step 

involves indol-3-acetic acid reacting with sulfite to form two degradation products; skatole and 

2-oxindole-3-acetic acid. These degradation products can then lead to the formation of 2AAP by 

two pathways. In one pathway the degradation products are decarboxylated before pyrrole ring 

oxidation in order to form 2-formamidoacetophenone via the intermediate 2-oxoskatole. In the 

second pathway the degradation products are decarboxylated after pyrrole ring oxidation in order 

to form 2-formamidoacetophenone via the intermediate 3-(2-formylamino)-phenyl-3-

oxopropionic acid. Following this, 2-formamidacetophenone can be converted to 2AAP through 
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decarboxylation by the same enzymes that decarboxylate the pyrrole ring in the previous steps 

(Christoph et al., 1999).  

Another proposed method for 2AAP formation follows the same pathway described 

above for P. aeruginosa through the metabolism of tryptophan into kynurenine (Cox and Parker, 

1979). Briefly, this pathway involves the transformation of kynurenine into kynurenic acid 

through transamination, during which 4-(2-aminophenyl)-2,4-dioxobutanoic acid is formed. 4-

(2-Aminophenyl)-2,4-dioxobutanoic acid is believed to be a possible precursor due to its similar 

structure which could hypothetically be converted to 2AAP through decarboxylases present in 

wine. 

The evidence for 2AAP formation in wine has not been consistently supported by the 

literature. Later work by Hoenicke’s group found that the precursors (kynurenine and indole-3-

acetic acid) involved in the proposed 2AAP synthesis pathway did not always lead to the 

formation of 2AAP during ageing (Hoenicke, Simat, et al., 2002). They did find that sulfuration 

could form 2AAP from indole-3-acetic acid, but the pathway by which this works is unclear. 

This was also all performed in model systems and the presence of metals and antioxidants in real 

wines are likely to significantly limit this pathway of 2AAP synthesis (Hoenicke, Simat, et al., 

2002).   

Researchers have also investigated the effects of viticultural practices on the levels of 

UTA and 2AAP in wines. German researchers have found that water stress and a lack of nitrogen 

occasionally increased UTA perception, but could not consistently establish this correlation 

(Linsenmeier et al., 2007). This same study found that 2AAP levels did not correlate with UTA 

(Linsenmeier et al., 2007). This led them to conclude that other factors were affecting perception 
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when changing viticultural practices. These factors include the development of fruity flavors that 

mask 2AAP and the development of other odorants that may also contribute to UTA perception 

(Linsenmeier et al., 2007). In conclusion, no study has clearly indicated the mechanisms by 

which 2AAP establishes itself in Rieslings. 

2AAP has not only been found in Rieslings, but also in various V. vinifera and French 

hybrids produced throughout the world. A study on Pinot Grigio, Pinot Blanc and Chardonnay 

varietals produced throughout Oregon found that 2AAP was present in concentrations ranging 

from <1 to 13 ng/L (Fan et al., 2007). This study also found that the sensory detection threshold 

for 2AAP was between 0.5 and 1.5 µg/L for these wines, leading them to conclude that the levels 

of 2AAP detected would be inconsequential to the odor of these wines. Another study found that 

wines made from Malvasian grapes had levels of 2AAP ranging from 0.02 µg/L to 0.72 µg/L 

(Kosmerl and Zlatic, 2009). These levels could be significant from a sensory perspective since 

they do reach the lower detection threshold of 0.5µg/L. A third study found there to be 

concentrations between 0.2-15.4 µg/L in varieties such as Clinton (hybrid), Seibel (hybrid) and 

Chardonnay (Panighel et al., 2010). In conclusion, 2AAP is rarely associated with wines 

produced from V. vinifera species or French-American hybrids, but its presence in these wines 

has been documented. 

1.4 Odorant Scalping 

 For the purposes of this study, odorant scalping is defined as the ability for a polymeric 

material to bind to a specific compound (i.e. odorant) that contributes to the odor of foods. In the 

case of wine, most odorants are thought to be from the grapes or produced through fermentation. 

However, during wine processing, wine routinely comes in contact with polymeric materials 

which may allow for scalping. The idea that wine odor can be lost or gained due to scalping 
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during processing is poorly understood due to a lack of research. Understanding and minimizing 

the degree of odor scalping is critical to winemaking because it can lead to the loss of odors that 

typify varietals, as well as gain of undesirable odors during desorption from polymers that 

decrease the quality of the wine.  

Odor scalping occurs in several steps. The mass transport of odorants through polymeric 

materials can be described by Fick’s First Law (Sajilata et al., 2007). Fick’s First Law is shown 

below: 

Equation 1-1: Fick’s First Law: 

𝑱=−𝑫(𝝏∅/𝝏𝒙) 

J (mol/(m
2
/s)) is the diffusion flux or amount of substance that will move over a small area 

during a short period of time, D (m
2
/s) is the diffusion coefficient for the odorant into the 

polymer, 𝝏∅ (mol/m
3
) is the concentration difference between the phases in which transport is 

occurring between (odorant between polymer and food) and 𝝏𝒙 (m) is the length over which the 

transport is occurring. 

Fick’s First Law displays how the rate at which odorants migrate from a food into a 

polymer is dictated by diffusion. The rate at which these odorants diffuse from the food into the 

polymers affected by the concentration of the odorants in each phase (i.e. food verses polymer) 

(Brody, 2002), temperature (Mauricio-Iglesias et al., 2011), the viscosity of the food it is 

diffusing through (Willige et al., 2000), and the size of the odorant molecule (Nielsen et al., 

1992). As the concentration gradient of the odorant between the food and polymer increases so 

will the rate of diffusion of the odorant into the polymer (Brody, 2002). However, this assumes 

that migration will always occur from areas of high to low concentration. This assumption does 
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generally hold true, but does not always, so the activity of the odorant in each phase is actually 

what drives diffusion of the odorants into the polymers. Activity is defined as the “effective 

concentration” of the odorant in the food or polymer and is dictated by the chemical affinity of 

the odorant for each system (i.e. food or polymer). What this practically means is that the 

polymer needs to provide a more thermodynamically favorable environment for the odorant in 

order for diffusion of the odorant from the food into the polymer to occur (opposite for 

desorption) (Sajilata et al., 2007). As temperature increases so will the rate of diffusion of the 

odorants into the polymers as this provides increased energy to allow the odorants to more 

quickly travel through the food into the polymer (Mauricio-Iglesias et al., 2011). As viscosity 

increases diffusion decreases due to the ability of the viscous forces within the food to slow the 

transport of the odorant through food into the polymer (Willige et al., 2000). As the size of the 

odorant decreases, the diffusion of the odorant will increase since smaller molecules will move a 

faster rate than larger ones at the same temperature (Nielsen et al., 1992).  

The scalping of odorants into polymers involves two steps. In one step the odorant is 

adsorbed onto the material (i.e. sorption). Adsorption involves some type of bonding between the 

surface of the polymer and the odorant (van der Waals, hydrophobic interactions, electrostatic 

interactions caused by ions or hydrogen bonding) (Sajilata et al., 2007). Following adsorption the 

compound migrates between the polymer and food (i.e. becomes absorbed) until a chemical 

equilibrium is established. This process is known as partitioning (Sajilata et al., 2007). Levels of 

partitioning into the polymer are determined by the chemical affinity of the odorant for each 

phase. Chemical affinity can be defined as the amount of favorable interactions (e.g. hydrogen 

bonding, ionic interactions etc.) that occur between the odorant and phase it is currently in (i.e. 

food or polymer).  
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The main physical factor that affects partitioning is surface area (Sajilata et al., 2007). As 

the surface area of materials increases so will the opportunity for partitioning. This has been 

especially well documented in carbohydrate chemistry where they have shown the ability for 

starch materials with extensive surface area to rapidly scalp odorants (Boutboul et al., 2002). 

Greater surface areas also allow for more physical adsorption, so even if the polymers are unable 

to absorb the compound it still may result in the loss of odor from foods. Absorption is defined 

as the ability for the polymer to uptake the odorant into the polymer, while adsorption refers to 

the phenomena when odorants are only associated with the surface of the polymer. A second 

driving factor for partitioning is the difference in activity for the aroma in the polymer verses the 

food (Sajilata et al., 2007). As differences in the activity of the odorant increase between the 

food and polymer the odorant will migrate to the system in which it has a lower activity in. For 

scalping to occur the activity of the odorant would have to be lower in the polymer than that of 

the food. Therefore, the concentration of the odorant in the material at equilibrium (solubility, S) 

is a function of how thermodynamically favorable the polymer is for the odorant (Sajilata et al., 

2007). 

Cohesive energy density (CED) is a value used to define how thermodynamically 

favorable an environment is for a compound (Paik and Tigani, 1993). CED is defined as the 

amount of energy required to remove a unit volume of molecules far enough away from each 

other (into a gas state) so that no intermolecular interactions between the molecules can occur 

(Paik and Tigani, 1993) . The CED for any compound can be determined by using the following 

equation: 
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Equation 1-2: Cohesive Energy Density (Paik and Tigani, 1993): 

𝑪𝑬𝑫= (𝑯𝑽 – 𝑹𝑻)/ 𝑽𝒎,  

Hv is the heat of vaporization, R is the ideal gas constant (8.314 J/molK), T is temperature and 

Vm is the molar volume of the odor compound. 

Differences in CED between the odorant and polymer affect the degree to which they are 

miscible (Paik and Tigani, 1993). Substances with similar CED’s are more miscible. As the CED 

differential of the odorant and polymer increases, so will the enthalpy of mixing (∆Hm) (Sajilata 

et al., 2007). Increasing enthalpy of mixing causes scalping to occur less readily according to 

Gibbs free energy (∆G=∆H-T∆S) because ∆G becomes less negative as ∆H increases (Sajilata et 

al., 2007). The exact increase in enthalpy of mixing can be determined through Hildebrand’s heat 

of mixing approximation as shown below: 

Equation 1-3: Enthalpy of Mixing (Sajilata et al., 2007): 

𝑯𝒎 = 𝒗𝟏(𝜹𝟏 −𝜹𝟐)𝝋𝟐
𝟐 

Hm is the enthalpy of mixing, V1 is the partial molar volume of the odorant, δ1 and δ2 are the 

Hildebrand constants (square root of the CED) for the odorant (1) and polymer (2) and φ2 is the 

volume fraction of the polymer in the mixture. 

 Hildebrand constants are generally calculated by matching a compound (polymer or odor 

compound) to a nonpolar analog leading to miscibility only being measured as a function of 

similarity in chemical structure as cited by (Hansen, 2012) from (Hildebrand, 1916). Other 

methods for determining this parameter, such as Hansen’s approximation, include other aspects 

that also effect scalping and are, therefore, considered a more comprehensive assessment of 
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miscibility (Hansen, 2012). Hansen’s approximation is based on three parameters; permanent 

dipole-dipole interactions, hydrogen bonding character and dispersivity (van der Waals 

interactions). These three values can be plotted in three dimensional space to solve for a radius of 

interaction (Ra) as shown in  

Equation 1-4: Hansen’s Solubility (Hansen, 2012) 

𝑹𝒂𝟐=𝟒(𝜹𝒅𝒑−𝜹𝒅𝒂)
𝟐−(𝜹𝒑𝒑−𝜹𝒑𝒂)

𝟐−(𝜹𝒉𝒑−𝜹𝒉𝒂)
𝟐 

Ra is the distance between Hansen parameters, 𝛅𝐝𝐩 is the dispersion parameter for the polymer 

and 𝛅𝐝𝐚 is the dispersion parameter for the odor compound, 𝛅𝐩𝐩 is the dipole character parameter 

for the polymer and 𝛅𝐩𝐚 is the dipole character parameter for the odor compound, 𝛅𝐡𝐩 is the 

hydrogen bonding parameter for the polymer and 𝛅𝐡𝐚 is the hydrogen bonding parameter for the 

odor compound  

 Ra’s can then be compared to known interaction radii (Ro) for the substance being 

dissolved into the polymer. Interaction radii for substances are solved for by randomly testing the 

solubility of the substance in various polymers and plotting their interaction profile based off 

known parameters for the polymers (three Hansen parameters) (Hansen, 2012). Substances that 

are more miscible with the polymer will therefore have Ra values that are lower than their Ro’s. 

In other words a substance needs to be able to interact over a distance that crosses into the area 

over which the polymer can interact with them through various forces (e.g. dipole interactions, 

hydrogen bonding, London dispersion) in order for them to be miscible (Hansen, 2012).  
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1.4.1 Characteristics of Polymers and Foods That Dictate Odor Scalping 

1.4.1.1 Polarity 

 In the food and beverage industry, there are a range of polymeric materials with varying 

degrees of polarity utilized in processing equipment and packaging. These materials include 

polyethylene (low density, linear low density and high density), polyvinyl chloride (PVC), 

polysulfones, polyethylene terephthalate (PET), rubber-like materials (ex. butylated), silicone, 

neoprene, polypropylene and polyether ether ketone (PEEK) (Baner, 2000). Polyethylene, 

rubber, silicone, and neoprene are nonpolar polymers, while PVC and PET are polar (Baner, 

2000). Nonpolar polymers are made of repeating saturated carbon monomeric units (Peacock, 

2000). These units vary in length and side chains. In general, as the length of the side chains 

increases so does the nonpolar nature of the polymer (Baner, 2000). Polar polymers contain 

double bonds and electronegative atoms (oxygen chlorine and nitrogen) that result in dipole 

interactions as well as hydrogen bonding between segments within the polymer (Sperling, 2006). 

  Odorants are more miscible in polymers with similar polarities (Paik and Tigani, 1993). 

From a thermodynamic standpoint, this can be described by the fact that odorants with similar 

levels of polarity will have similar CED’s, making them more likely to mix with one another 

(“like-dissolves like” principle) (Sajilata et al., 2007). There are 6 basic functional groups that 

affect the polarity of odorants; aldehydes, alkanes, acids, ketones, esters and alcohols. Acids are 

the most polar, followed by alcohols, aldehydes, esters, ketones and alkanes (Charara et al., 

1992). The effect of these functional groups on scalping has been well documented. Nonpolar 

alkanes (e.g. terpenes like limonene) have been shown to be scalped by nonpolar polymers at 

rate one million times that at which polar esters, aldehydes and acids are (Baner, 2000). In 
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contrast, alcohols are reported to be scalped at a rate one thousand times higher than that of 

alkanes by polar polymers such as PET (Baner, 2000).  

1.4.1.2 Crystallinity and Size/Structure 

 Polymeric materials are made up of hydrocarbon base units of various lengths, 

composition and structure (Peacock, 2000). Many polymers contain crystalline structures. These 

crystalline structures consist of linear stacked chains (e.g. HDPE and LLDPE) that layer on top 

of one another to form a strong intermolecular network (Peacock, 2000). As chain length 

increases so will the strength of the network since it allows for more sites for interactions 

segments of the chains (Peacock, 2000). Other polymers are branched, fold back on themselves 

or are cross-linked. An example of a branched polymer that folds back on its self is LDPE 

(Peacock, 2000). LDPE contains side chains that cannot create a uniform orientation. Uniform 

orientation refers to the ability for the chains to orderly form a network with one another. Lack of 

uniformity creates a structure that folds back on its self in order to form a more stable structure 

via hydrophobic and van der Waal interactions (Peacock, 2000). Folding results in free volume 

throughout the structure allowing for odorants to more easily diffuse through the polymer 

(Vrentas and Duda, 1977). This also increases the total levels of scalping of odorants in these 

types of polymer (Sajilata et al., 2007). Due to this phenomenon, less-uniform polymers like 

LDPE have been documented to more readily scalp odorants than denser ones such as HDPE 

(Sadler and Braddock, 1991; Gavara et al., 1997; Mauricio-Iglesias et al., 2011). 

Another common class of polymers is cross-linked elastomeric polymers such as rubber-

like materials (e.g. polybutadiene, polychloroprene (neoprene) and polyisobutylene) (Sperling, 

2006). Cross-linking allows for rubber to stretch when stressed and then return to its native 
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structure once the stress is relieved (Sperling, 2006). Rubber-like materials also lack any 

crystalline structure as they are completely amorphous (Sperling, 2006). This physical 

characteristic leads to elastomeric polymers containing a large amount of free volume which 

allows them to readily scalp odorants. Cross-linking at higher levels leads to extremely durable 

polymers. A common example of this is cross-linked high density polyethylene (XLPE) 

(Sperling, 2006). XLPE is extremely strong and can be used as replacement for durable alloys 

and wires due to its high tensile strength. Cross-linking in this case leads to a denser, more 

viscous structure with close units that will not move in the presence of stressors because of the 

large number of stabilizing linkages between the chains (Sperling, 2006). These tighter structures 

make it harder for diffusion to occur which in theory correlates with reduced levels of odorant 

scalping (Sajilata et al., 2007).  

Other polymers, like PVC, lack any crystallinity and are completely amorphous 

(Summers, 1981). As the amorphous content of polymers increases so does their ability to uptake 

odorants due to the large amounts of free volume created by their non-uniform structure (Vrentas 

and Duda, 1977; Nielsen and Jaegerstad, 1994). Amorphous polymers are not commonly used 

for packaging materials for this reason, but are used in some applications such as microwavable 

packaging (Sajilata et al., 2007). 

The degree of crystallinity of a polymer can be measured through the use of Differential 

Scanning Calorimetry (DSC) (Kong and Hay, 2002). DSC works by monitoring the heat flow 

required to maintain the temperature increase in a sample in comparison to a reference cell 

(Kong and Hay, 2002). As the temperature increases, changes in the state of the polymer will be 

depicted by the heat flow output. These changes include glass transition temperature, 

crystallization temperature and melting temperature (Kong and Hay, 2002). Glass transition 
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involves the amorphous regions of the polymer moving from a solid to rubbery state where they 

are mobile. Mobility increases the heat capacity of the polymer by increasing the free volume, 

which is indicated by an increase in the slope of heat flow vs. temperature (Kong and Hay, 

2002). Following this the polymer segments orient themselves into a crystalline structure due to 

reorganization from the rubbery state. The temperature at which this occurs is known as the 

crystallization temperature and it is indicated by a change in heat flux associated with the 

exothermic processes involved with the crystallization process (Kong and Hay, 2002). The last 

process that occurs is the melting of the crystalline structure, which is indicated by a change in 

heat flux associated with the endothermic processes required for melting to occur (Kong and 

Hay, 2002). The area of the melting curve is also proportional to the degree of crystallinity in the 

polymer (Kong and Hay, 2002). The total change in heat flux for both the melting and 

crystallization process should equal 0 if the analysis is properly performed as all of crystalline 

structure should be depleted during melting and restored during crystallization (Kong and Hay, 

2002).   

Previous work has utilized DSC in order to explain the scalping behavior of polymers. 

Work on copermeation found that as water vapors infuse Ethyl-Vinyl Alcohol (EVOH) and 

LDPE the crystallinity drastically decreases, as determined by DSC, resulting in up to 500,000 

fold increases in the scalping of odorants (Lopez-Carballo et al., 2005). Other studies have 

utilized DSC to determine changes in glass transition temperatures due to additives or the uptake 

of plasticizers. Work by Nestorson and others found that as you increase carboxylic acid content 

of styrene-acrylate films increases, glass transition temperature increases, leading to a decrease 

in the uptake of odorants (Nestorson et al., 2007).  
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 The physical structure of odorants also determines the levels at which they are scalped by 

polymeric materials. Smaller planar molecules are generally scalped at higher rates compared to 

bulky non-planar ones due to their ability to avoid steric hindrances associated with the branched 

chains in certain polymers such as LDPE (Jasse et al., 1994). Generally, smaller molecules also 

have higher vapor pressures, which leads to greater degrees of scalping because odorants can 

more readily travel through foods into the polymers (Nielsen et al., 1992). 

1.4.1.3 Temperature  

 Increasing temperature has also been shown to increase the rate at which odorants are 

scalped by polymeric films from aqueous solutions (Nielsen et al., 1992). The main reason 

increasing temperature enhances scalping is because it plasticizes polymers. Plasticizing involves 

the shifting of polymers from a solid glassy state to a more fluid-like one where segments of 

their chains become mobile and can move past one another. The temperature at which this occurs 

is known as the glass transition temperature (Tg) (Kong and Hay, 2002). Glass transition 

temperatures vary based on factors such as the presence of side chains, crystallinity of the 

polymer and sorption of solvents that result in swelling (Duda et al., 1994). Above the Tg, the 

diffusion of odorants into the polymer rapidly increases due to an increase in free volume 

allowing odorants to more readily transport through the entire polymer (Duda et al., 1994). 

Raising temperatures also increase the rate of scalping of by increasing the volatility of the 

odors, leading to higher rates of diffusion into the polymers (Mauricio-Iglesias et al., 2011).  

1.4.1.4 Effects of Food Components 

 The presence of components that alter the polarity of the food will also affect the degree 

to which odorants are scalped by polymers (Dury-Brun et al., 2007). In general, as the foods 
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environment becomes more polar the CED’s of theses primarily nonpolar odorants shift farther 

away from the foods and closer to that of the nonpolar polymers (Paik and Tigani, 1993). This 

decreases the enthalpy of mixing (based on Hildebrand’s approximation) causing there to be a 

thermodynamically driven shift of the odorants into the more stable nonpolar environment of the 

polymer (Sajilata et al., 2007). Components that increase the polarity of the matrices include 

hydrophilic materials such as sugars, acids and salts. A previous study has shown that as levels 

of polar compounds (e.g. salts and sugars) increase the rate of odorant scalping by LLDPE 

significantly increases (Willige et al., 2000). As the matrix becomes more nonpolar less scalping 

will occur since the CED of the odorants and matrix are closer to one another. Components that 

decrease the polarity of food matrices include lipids, ethanol, fat soluble vitamins, phytosterols 

and hydrophobic proteins (Dury-Brun et al., 2007). This has been well documented in the dairy 

industry where hydrophobic rich proteins such as casein and fat globules throughout the milk 

have been shown to bind odorants (Landy et al., 1995). Additionally, lipids affinity for these 

odorants has been employed in the encapsulation industry where they are utilized as a means to 

deliver nonpolar compounds such as bioactive molecules and fat-soluble vitamins (Madene et 

al., 2006).  

As the density of the food increases the rate of scalping will decrease. This decrease is 

caused by viscous forces that physically impede the odorant from migrating through the matrix 

and into the polymer. Common food components that significantly affect density include sugars, 

carbohydrates, proteins, gelling agents (e.g. pectin) and thickening agents (e.g. modified starch, 

xantham gun, carrageenan etc.). This is consistent with previous work that showed that as you 

increase the levels of carboxymethyl cellulose and pectin in solutions the rate of odor scalping 

significantly decreases (Willige et al., 2000).   
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 Components that act as plasticizers will increase the levels of diffusion and partitioning 

of odorants into polymeric materials (Dury-Brun et al., 2007). Plasticizing is the effect of 

softening the structure by creating new weaker bonds throughout the network that create a more 

pliable structure. Plasticizing solvents, such as oils and other nonpolar materials, swell polymers 

since they physically take up space and push the polymer chains farther away from one another 

(Johansson and Leufven, 1994b; Hernandez-Munoz et al., 1999). This creates more free volume, 

increasing the rate and amount of scalping. In order for a compound to act as a plasticizer it must 

be miscible with the polymer (have a similar CED) (Paik and Tigani, 1993). The most common 

plasticizing solvents in food matrices are ethanol and oils. Previous work has shown that ethanol 

can increase the rate of scalping by acting as a co-permeant that plasticizes polymers such as PE 

(Peyches-Bach et al., 2012). Another study found that oils can act as co-permeants that infiltrate 

polymers causing them to swell and sorb higher levels of certain odorants (Hernandez-Munoz et 

al., 1999). This is contrary to the common belief that nonpolar matrices will reduce levels of 

scalping into nonpolar polymers. On the other end of the spectrum, polar polymers such as 

polyvinyl alcohol (EVOH) are plasticized by hydrophobic materials (e.g. water) leading to the 

same outcomes described above (Kucukpinar and Doruker, 2004).  

 Polymers also commonly contain plasticizers that reduce their Tg in order for them to be 

used in applications that require them to pliable at low temperatures (Sperling, 2006). The most 

commonly used plasticizers in the polymer industry are phthalate esters (Graham, 1973). 

Phthalate esters vary in their ability to plasticize polymers based on the number of carbons on the 

ester side chain. Low molecular weight phthalates (3-6 carbon chain) are useful plasticizers 

because they can fit in between more chains, weakening the interaction throughout more areas in 

the polymer (Graham, 1973). Low molecular weight phthalates are also more polar and volatile 
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so they can migrate out of polymers into foodstuffs (Frankhauser-Noti et al., 2005). This issue 

has become a controversial topic in due to substantial amounts of research linking phthalates to 

various health issues such as endocrine disruption, breast cancer and obesity (Autian, 1973). 

Higher molecular weight esters (carbon chain greater than 6 units) are more nonpolar and less 

volatile, so they diffuse out of the polymer at much lower rates. Due to this property, high 

molecular weight plasticizers are replacing low molecular weight ones in polymers that they are 

commonly used in such as PVC (Frankhauser-Noti et al., 2005).   

1.5 Odorant Desorption from Polymeric Materials 

 Desorption is dictated by the same principles as scalping (Sajilata et al., 2007). As a food 

becomes more favorable (has similar CED’s) for a compound it will move out of the polymer 

into the food. Polymers that allow for faster diffusion will also enhance desorption as this allows 

the molecules to more readily move through the polymers into foodstuffs (Sajilata et al., 2007). 

The majority of the research into odorant desorption has looked into the efficacy of cleaning 

solutions at removing scalped odorants, as well as the ability for undesirable compounds, such as 

plasticizers and off-odors, to be leached into foodstuffs (Frankhauser-Noti et al., 2005). For 

example, research has shown that small amounts of citrus related odorants such as limonene can 

be desorbed from PET upon introduction of water based solutions (Safa and Bourelle, 1999). 

Others have also shown that both plasticizers and organic odorants can be removed from 

polymer based screw caps into lipid based foodstuffs (Frankhauser-Noti et al., 2005; Pedersen et 

al., 2008). 
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1.6 Methods for Assessing Odorant Transfer into Polymeric Materials 

 The most commonly utilized method for monitoring odorant scalping is gas 

chromatography (GC) (Nielsen and Jaegerstad, 1994; Peyches-Bach et al., 2012). Typically, 

polymers will be introduced to a matrix containing the odorants or pure standards. Levels of 

scalping or desorption will then be measured over time by introduction of either an aliquot of the 

food (Qun et al., 2011), a sample of organic solvent (e.g. ethyl acetate) used to extract the 

odorants from the polymer (Nielsen and Jaegerstad, 1994; Yoon-Hee et al., 2000; Peyches-Bach 

et al., 2012) or measuring through headspace analysis (Licciardello et al., 2009). In the first case, 

the amount that is scalped or desorbed is assumed to be the difference between the initial 

concentration of the compound and the levels at the time of analysis (Qun et al., 2011). This 

method is valid as long as the compounds are stable in the food over the course of the analysis. 

Organic extractions work by allowing the solvent and polymer to remain in contact with one 

another for a set amount of time (Nielsen and Jaegerstad, 1994). The time frame can range from 

hours to days depending on the odorants and polymers. After the extraction time is completed, a 

sample of the extract can be directly injected into the GC for analysis to measure levels of 

scalping or desorption (Nielsen and Jaegerstad, 1994; Peyches-Bach et al., 2012). Headspace 

analysis through solid-phase microextraction (SPME) can also be employed to measure the 

levels of odorants scalped or desorbed from polymers (Licciardello et al., 2009). SPME works 

by heating a sample (food or polymer) in a contained vial and introducing a fiber coated with 

materials that have an affinity for the odorants to the headspace of the vial. This method is 

suitable for odorants since they are volatile, but can be unreliable for quantitation if the 

parameters for extraction are not carefully chosen.   
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 Parameters such as solubility and diffusion are monitored utilizing sheets of polymers 

with known geometric specifications (Sajilata et al., 2007). Solubility can be determined by 

placing the polymers into pure odorants and allowing for them to remain in contact with one 

another until equilibrium is established (Peyches-Bach et al., 2012). Equilibrium is determined 

when the concentration of the aroma compound in the polymer is unchanged over time 

(Licciardello et al., 2009). Once equilibrium is achieved the solubility can simply be expressed 

by measuring the amount of the odorant that is scalped per unit area (kg/m
3
) through one of the 

methods described above (Nielsen and Jaegerstad, 1994). Diffusion coefficients can also be 

determined through the use of these scalping graphs used for determining the solubility of 

odorants in polymers. This generally done by plotting the rate at which the odorants are sorbed 

and calculating the diffusion coefficient from the slope over a short time range (Peyches-Bach et 

al., 2012).  

 Fourier-Transform infrared (FTIR) spectroscopy is used to show how changes in the 

polymers structure correlate to the sorption of odorants (Cava et al., 2004). FTIR works by 

looking at how changes in the polymers structure associated with specific bonds (-OH, -CH, etc.) 

are altered due to disruption from the presence of odorants (Cava et al., 2004). Quantitation of 

odorant sorption can then be measured by monitoring a specific shift that occurs when odorants 

are sorbed into the polymers (Cava et al., 2004). FTIR can also be used to determine the 

crystallinity of polymers. As the segments of the polymer separate from each other the 

vibrational energies associated with bonds are altered. This can be detected by FTIR at various 

wavelengths, which can then be correlated to the amount of crystallinity in the polymer 

(Peyches-Bach et al., 2012).  
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1.7 Odorant Scalping and Wine  

 Retaining wine odor is critical to maintaining quality. Retaining wine odor does not only 

involve the loss of odorants but also gaining compounds that significantly alter it. Wine odorants 

range in terms of their polarity and can be scalped from the product by polymeric processing and 

packaging materials (Licciardello et al., 2009). In recent years, this has become more thoroughly 

studied due to the increased use of polymeric materials by the wine industry (bag in a box, tetra-

packed wine, polymeric screw caps and polymeric processing materials (Licciardello et al., 

2009; Peyches-Bach et al., 2012). 

 The composition of wine makes it a somewhat unique food since it contains a large 

amount of ethanol (10-16%). Higher ethanol content should hypothetically reduce the rate of 

scalping of nonpolar odorants since it provides a more thermodynamically favorable 

environment for the odorants to remain in (Hernandez-Munoz et al., 1999). However, previous 

research has shown that even with higher ethanol content, significant levels of nonpolar wine 

odorants, such as linalool and ethyl octanoate, can be scalped from model wine solutions by 

polymeric materials (Licciardello et al., 2009). Other studies have found that ethanol can actually 

act as a copermeant that increases the levels of scalping of nonpolar odorants from polar matrices 

(Fukamachi et al., 1996; Peyches-Bach et al., 2012). These studies found that odors were 

absorbed at significantly higher rates as the ethanol content increased up to 20%, after which 

increasing ethanol content decreased sorption (Fukamachi et al., 1996; Peyches-Bach et al., 

2012).   

 Other studies have found that wine closures are able to scalp a range of odorants 

including sulfides, methoxypyrazines and volatile phenols (Pickering et al., 2010; Silva et al., 
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2012). Polymeric closures scalp volatile, slightly nonpolar compounds (such as ethyl esters) at 

significantly higher rates than less volatile nonpolar (ex. terpenes) and more polar volatile 

compounds (ex. alcohols) (Capone et al., 2003). Sulfides are a group of the most volatile 

odorants in wine. Sulfides are generally considered a defect and controlling their generation in 

wines can be challenging because a host of factors affect their synthesis. A study on sulfides 

found that wine closure scalping may be responsible for the unexplained variability in sulfide 

levels when they do not correlate with the reducing nature of the environment around the wine 

(Silva et al., 2012; 2013). This study also found that natural, agglomerated and synthetic corks 

scalp hydrogen and dimethyl sulfide at significantly higher levels than screw cap closures such 

as Saran or Saranex (Silva et al., 2012; 2013). Other studies on methoxypyrazine loss found that 

polyethylene based materials scalped methoxypyrazines at levels higher than that of synthetic 

corks, natural corks and screw caps (Blake et al., 2009).  

 Previous work has documented the ability for certain materials used during processing or 

as direct additives to remove odorants from wines and juices (Voilley et al., 1990). Fining agents 

are materials added to remove proteins and tannins from wines. In most white wines, proteins 

can remain in solution resulting in an undesirable haze (Hung et al., 2014). Haze is dealt with 

through the addition of bentonite; an acid activated clay (Hung et al., 2014). Bentonite lacks 

binding specificity, allowing it to remove odorants from aromatic white wines as previous work 

has found that bentonite can directly bind odorants and reduce the aromatic character of white 

wines (Voilley et al., 1990; Lubbers et al., 1996).  

 Few studies have looked into adding polymeric materials in order to selectively remove 

odorants from wine (Ryona et al., 2012). One class that has been looked at being reduced 

through this avenue is methoxypyrazines (Ryona et al., 2012). Addition of polymeric materials 
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that can preferably remove methoxypyrazines, while not effectively removing other odorants that 

are important to the varietals odor is of great interest. Ryona and others (2012) found silicone 

effectively removed methoxypyrazines from juice and wine, while only removing a minimal 

amount of other important odorants to the wine. Other researchers have looked into using oak 

chips, yeast strains, and activated charcoal to remove methoxypyrazines, but they all lack 

specificity and impart off-flavors into wines (Pickering et al., 2006). 

 In conclusion, the scalping of wine odorants by polymeric materials has been well 

documented in the literature. As polymeric materials continue to be used for packaging materials 

and processing equipment, understanding their effects on wine odor in order to ensure quality is 

critical.  

Purpose and Significance 

Every year Americans consume 3.24 billion liters of wine, making the United States the 

largest wine market in the world (Wine Institute, 2014). According to recent reports, California 

accounts for 88% of total wine production in the United States of America (Wine Institute, 

2014). Other states that contribute significant amounts to total wine production include; 

Washington (2.7%), Oregon (2.4%) and New York (1.74%) (Wine Institute, 2014). In recent 

years wine production has rapidly increased in other states such as Pennsylvania, North Carolina, 

Florida, Texas, Indiana and Michigan (Wine Institute, 2014).  

The growth of the wine markets in new emerging wine regions poses several challenges 

for producers. One major challenge is dealing with environmental factors that limit the amount, 

quality and type of grapes that can be grown (Pinney, 2005). Classical wine grapes belong to the 

V. vinifera species, which mostly evolved in a Mediterranean climate that was generally 
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tempered, meaning that they are not adapted to climates that experience extremes in temperatures 

throughout the growing season. This accounts for why states with Mediterranean climates (e.g., 

California) have become suitable environments for the mass production of V. vinifera wines 

(e.g., Cabernet sauvignon, Chardonnay, Pinot grigio, Pinot noir etc.). Some V. vinifera varieties 

are adaptable to cooler climates and more rigorous conditions such as Riesling, Gruner vetliner 

and Chardonnay, allowing them to be grown in cooler, maritime and continentals regions 

throughout America such as the Mid-Atlantic and portions of the Northeast (e.g., New York, 

Pennsylvania).   

 Other species of grapes that evolved in the United States may be more suitable for wine 

production in cooler humid regions of the country due to their resistance to environmental 

conditions and biological pathogens (Pinney, 2005). Native grape species include V. labrusca, V. 

rotundifola, V. cinerea, V. aestivalis, V. rupestris and V. riparia (Pinney, 2005). V. cinerea, V. 

aestivalis, V. rupestris and V. riparia species are used to make rootstocks because of their 

resistance to phylloxera (Schmid et al., 19988). Phylloxera is an infectious aphid that is able to 

rapidly destroy rootstocks (Schmid et al., 1998). Phylloxera is not just an issue in America or for 

native grapes, as it was the cause of the depletion of the wine-grape population in Europe in the 

1880’s (Schmid et al., 1998). Resistance to phylloxera is the reason why cinerea, aestivalis, 

rupestris and riparia rootstocks are ubiquitously used for grapevine production throughout most 

of the world with the exception of portions of New Zealand and Australia (Schmid et al., 1998).  

V. labrusca and V. rotundifola species have been used for hundreds of years to make 

juices and jams throughout North America . Concord and Niagara are the two most commonly 

produced members of the V. labrusca species used for juice and jam production. In terms of wine 
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production, V. labrusca and V. rotundifola are used to make sole varietal wines and hybrids with 

V. vinifera species.  

French-American hybrids are made through crossing native species with V. vinifera 

varieties. Hybrid varieties are believed to have a similar odor to V. vinifera species, while also 

having the cold hardiness and disease resistance suitable for more extreme growing conditions. 

Commonly grown French-American hybrids include Seyval blanc, Vidal blanc, Noiret, 

Traminette and Chambourcin (Dombrosky and Gajanan, 2013).   

Pennsylvania’s wine industry continues to grow. In the last 10 years the number of 

documented wineries in Pennsylvania has increased from 104 to 204 (U.S. Department of 

Alcohol and Tobacco, 2012). Along with this growth in number of wineries has come an 

increase in total production to over 922,632 gallons in 2013 (U.S. Department of Alcohol and 

Tobacco, 2012). Of the wines produced, 71% are V. labrusca (67% Concord and 4% Niagara), 

12% are hybrids, 9% are V. vinifera, and 8% are others (ex. fruit wines) (Dombrosky and 

Gajanan, 2013).  

V. labrusca wines are an integral part of the Pennsylvania wine industry, as they are 

easily grown throughout the state due to their resistance to pests and cold hardiness (Pinney, 

2005). This is highlighted by the fact that Pennsylvania is the fourth largest producer of grapes in 

the country, driven in part by the large amount of V. labrusca grapes grown in the Northwest 

corner of the state for juice production (Dombrosky and Gajanan, 2013). V. labrusca wines are 

inexpensive to produce due to the prevalence of these grapes throughout the state and the 

utilization of mechanization and the simplicity of production, which allows producers to 

consistently produce profitable wines (sole varietals and blends). V. labrusca varieties are 
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generally made into sweet wines that are in high demand with many consumers, although these 

wines do not command the premium prices affiliated with V. vinifera wines (Dombrosky and 

Gajanan, 2013). This combination of inexpensive grapes and high demand allows producers to 

utilize these wines as their main source of income within the state. This also allows winemakers 

to subsidize the production of other types of wines (V. vinifera) that are more expensive to 

produce.       

In recent years, Pennsylvania winemakers have put a considerable amount of effort into 

successfully producing V. vinifera varietals, due to the market premium these varietals 

command. V. vinifera wines have been consumed for thousands of years, so wine drinkers are 

familiar with their names and how they are expected to taste. Recognition of these V. vinifera 

varietals carries a level of quality expectation. Increased perceived quality allows retail prices of 

the wines to increase, and these wines also generate prestige for the wineries that successfully 

produce them. Successfully producing V. vinifera wines may be critical for emerging wine 

industries, such as Pennsylvania, as it can help gain footing and a positive reputation for 

Pennsylvania wines in other regions of the country and world.  

Producing profitable V. vinifera varietals poses several challenges for Pennsylvania 

winemakers. V. vinifera varieties are hard to grow in Pennsylvania for several reasons. These 

include poor cold hardiness among many V. vinifera varieties, a low number of heating degree 

days, unsuitable soils/terrain, and presence of pathogens native to the region. Poor yields can be 

made into a smaller amount of high quality wine, but under-ripened fruit is a much bigger issue 

since under ripe grapes often contain overpowering herbaceous notes that are currently difficult 

to remove (Ryona et al., 2012). V. vinifera grapes are also more susceptible to damage during 

harvesting than native species of grapes. This requires additional care during harvest, leading to 
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higher labor costs and lower profit margins. Another major issue is that V. vinifera wines are 

familiar varieties to consumers. If V. vinifera wines do not meet the current expectations of 

consumers, they will be hard to sell and may generate a negative perception for the region from 

which they are produced. 

 Recently, there has been anecdotal reports that V. vinifera varietals produced in 

Pennsylvania and New York may contain foxy and grapey notes that are associated with native 

grape species (V. labrusca). These odors are distinct and can completely overpower the expected 

varietal notes of V. vinifera wines. The Pennsylvania wine industry is strongly concerned about 

this issue because they want to ensure these foxy/grapey odors stay out of their high value V. 

vinifera wines, while having the flexibility to continue native varietal wine production.  

The two compounds that are largely responsible for the grapey and foxy odors associated 

with V. labrusca wines are methyl anthranilate (MA, grapey) and 2-aminoacetophenone (2AAP, 

foxy) (Nelson et al., 1977; Acree et al., 1990), although many other compounds may also 

contribute to these “native” odors. MA and 2AAP are not expected to be present at any 

perceivable level in V. vinifera wines and their presence may be considered a flaw. MA and 

2AAP also have low sensory detection thresholds (300 and 1-2 µg/L, respectively); therefore, 

they can be perceived by humans at exceedingly low concentrations (Nelson et al., 1977; Fan et 

al., 2007). Both MA and 2AAP are thought to be synthesized by V. labrusca grapes as a means 

to repel birds (Mason et al., 1991).  

One possible means for the introduction of MA and 2AAP to V. vinifera wines is through 

direct addition. Direct addition could come through directly blending native grapes or wine with 

V. vinifera grapes or wine, picking up the odors from the environment (the transfer of volatiles 
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odors through the air) or inadvertently transferring them during vinification. The most plausible 

mechanism by which native odors could be transferred to V. vinifera wines is through 

inadvertent introduction during processing, as many PA wineries use the same equipment to 

process both native and V. vinifera wines. This makes sense since the majority of PA wineries 

are small to mid-sized and cannot afford purchasing a separate set of equipment to process only a 

small amount of V. vinifera wines. Winery equipment is made of various polymeric materials 

that have been documented to be able to scalp nonpolar odorants such as MA and 2AAP from 

wine (Capone et al., 2003; Licciardello et al., 2009; Peyches-Bach et al., 2012). Examples of 

these polymers include HDPE (fermentation and holding tanks), LDPE (flexible tubes and bags), 

rubber (bladder presses, O-rings, crusher, bottle filling lines and de-stemmer paddles), PVC 

(transfer tubing), polysulfone/polyethersulfone (membrane presses and filters) and silicone 

(bottle filling lines). These materials come in contact with both V. labrusca and V. vinifera wines 

at various times throughout the winemaking process. This could potentially allow for the 

polymeric materials to scalp MA and 2AAP during V. labrusca wine processing and later allow 

for them to transfer to V. vinifera varietals upon exposure during subsequent production. 

Determining if this is the route of this inadvertent native odor carryover is not only critical to an 

individual wine or winery, but also the Pennsylvania wine community as they attempt to expand 

their market, especially in the V. vinifera wine market. 
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Hypothesis: We hypothesize that the major mechanism by which V. vinifera wines accumulate 

V. labrusca-associated character is through odorant scalping by polymeric winery equipment 

during V. labrusca juice and wine processing, followed by desorption into V. vinifera wines upon 

exposure to that same equipment to which the V. labrusca-associated odors are scalped. 

Objectives:  

1. To determine if polymeric materials relevant to winemaking are able to scalp MA and 2AAP 

from model wine and juice. 

2. To determine if MA and 2AAP can be desorbed from the polymeric materials upon 

introduction to MA- and 2AAP-free model wines and juices (wine-to-wine and juice-to-juice). 

3. To determine if polymers capable of transferring MA and 2AAP in the model systems could 

also do so in real wine and juice. 

4. To assess the efficacy of various cleaning solutions in removing MA and 2AAP from 

polymeric materials 

5. To determine the rejection threshold for 2AAP in V. vinifera wines. 
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Chapter 2: Understanding Carryover of V. labrusca Associated Odorants in V. vinifera 

Wines 

2.1 Abstract 

 I hypothesize that polymeric materials can act as a vehicle for transferring V. labrusca 

associated odorants (MA and 2AAP) to V. vinifera wines in facilities that utilize the same 

equipment for processing both types of wine. In order to test this, I developed procedures to 

access the ability of various polymeric materials (Table 2-1) widely used during wine production 

to scalp MA and 2AAP from spiked model solutions (100 mg/L). Following scalping, I subjected 

the resins to un-spiked model solutions and desorption of the odorants was measured over 144 h 

period. I then tested the polymers that were capable of transferring MA and 2AAP in the model 

solutions in real wine and juice, using spiked Concord wine and juice in the scalping portion 

(MA and 2AAP concentration, 5 mg/L), and V. vinifera wine (Chablis) and juice (Muscat) for 

investigating desorption. I found that various polymers are not only able to scalp MA and 2AAP, 

but that the polymers also allow for their desorption upon introduction to fresh solutions that are 

free of MA and 2AAP. I observed similar trends for both the model and real systems. The degree 

to which transfer occurred was dependent on the structure of the polymers, polarity of the 

odorants and components of the solutions. This provides a plausible mechanism for the 

inadvertent transfer of V. labrusca associated odors to V. vinifera varietals. I also tested a 

cleaning protocol as a potential means for mitigating this carryover issue. As I expected, 

increasing ethanol content and temperature increased desorption of the odors from the polymer. 

However, even at the highest ethanol content (80%) and temperature (75°C), only up to 40% of 

the odors were removed over a 60 minute period, suggesting that protocols need to be carefully 

designed in order to achieve odor removal to acceptable levels.  
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2.2 Introduction 

 V. labrusca and French-American hybrids are an integral part of Northeastern U.S. wine 

production due to their ability to withstand environmental and pathogenic stresses (Pinney, 

2005). For example, in Pennsylvania (PA) V. labrusca and French-American hybrids account for 

71% (67% Concord and 4% Niagara) and 12% of total wine production respectfully 

(Agriculture, 2011). V. labrusca grapes are generally made into sweet wines containing unique 

foxy and grapey odors. Concord wines elicit strong grapey notes associated with the compound 

methyl anthranilate (MA) (Sale and Wilson, 1926). MA has also been linked to the foxy 

character of V. labrusca wines, but reports have shown that MA’s presence does not always 

correlate with perceived foxiness (Nelson et al., 1977). Niagara wines contain distinct foxy notes 

associated with the odor compound 2-aminoacetophenone (2AAP) (Acree et al., 1990). 2AAP 

has been more consistently associated with foxiness than MA and can be found at sensory 

relevant levels in a range of V. labrusca wines (Acree et al., 1990). Others have also reported 

2AAP to be present in common French-American hybrid grape varietals such as Seyval Blanc 

and Cayuga-White (Chisholm et al., 1994). MA and 2AAP are believed to be synthesized by V. 

labrusca grapes in order to attract mammals for proliferation and as a deterrent for birds in order 

to protect themselves from damage (Mason et al., 1991). 

The vast majority of V. vinifera varietals are not expected to contain any MA or 2AAP 

and their perception in these wines may be considered a flaw. In recent years there has been 

anecdotal evidence in the Northeastern U.S. of foxy and grapey notes in wines prepared solely 

from V. vinifera grapes. Determining the source of this issue is critical for Northeastern U.S. 

winemakers as the demand for lucrative wines prepared solely from V. vinifera varietals, such as 

Chardonnay and Riesling, increases. Resolving this problem is not only important from an 
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economic standpoint but also has significant bearing on the reputation of the entire region in its 

attempt to expand its market for V. vinifera wines.  

Studies have quantitatively found 2AAP and MA in various V. vinifera varietals 

produced throughout the world at or below their sensory detection thresholds (2AAP: 1.5µg/L, 

MA: 300µg/L) (Rapp, 1998; Christoph et al., 2000; Fan et al., 2007). The source of MA and 

2AAP introduction to V. vinifera varietals is unknown. Some have reported possible mechanisms 

for the formation of 2AAP during ageing involving the oxidative degradation of indole-3-acetic 

acid following sulphuration, but the exact mechanism for 2AAP synthesis by this process is not 

fully understood (Hoenicke, Simat, et al., 2002). Others have looked into potential viticultural 

reasons that may cause the grapes to synthesize 2AAP, but once again there are no clear trends 

indicating what definitively leads to the development of 2AAP (Linsenmeier et al., 2007).  

Polymeric materials are ubiquitous to all winemaking operations (Table 2-1). Polymeric 

materials have also been shown to be able to scalp a range of odorants at various rates based on 

factors such as polarity, chemical structure and volatility (Sajilata et al., 2007). Odor scalping by 

polymers has been especially well documented in the juice industry where the sorption of citrus-

based odors (e.g.. limonene) into polymeric packaging materials has been thoroughly studied 

(Sheung et al.; Haugaard et al., 2002). Others have shown that various polymeric materials are 

able to scalp wine associated odorants such as terpenes, thiols, esters and alcohols from model 

and real wine (Capone et al., 2003; Licciardello et al., 2009; Peyches-Bach et al., 2012). 

Previous studies have also documented that desorption of odorants from polymers occurs upon 

introduction to new solutions. The majority of the research into odor desorption has looked into 

the efficacy of cleaning solutions at removing scalped odors, as well as the ability for undesirable 

compounds, such as plasticizers and off-odors, to be leached into foodstuffs. For example, 
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studies have shown that citrus related odors such as limonene can be desorbed from polymeric 

materials upon introduction to new environments (e.g. air and water) (Cava et al., 2005). Others 

have shown that both plasticizers and lipid based “off odors” can be removed from polymers into 

foodstuffs (Frankhauser-Noti et al., 2005; Pedersen et al., 2008). Wineries in the Northeastern 

United States often process V. labrusca and V. vinifera varietals with the same equipment. 

Therefore we hypothesize that the major mechanism by which V. vinifera wines accumulate V. 

labrusca-associated character is through odor scalping by polymeric equipment during juice and 

wine processing. 

Table 2-1: Polymers Used in the Wine Industry 

Polymer Uses 

Polyethylene (High and Low Density) Totes, Fermentation Tanks, Bag Packaging for 

Boxed Wine 

Polyvinylchloride (PVC) Transfer Tubing, Hoses 

Rubber-like Materials (Neoprene, Butadiene) Bladder Presses, O-Rings, Paddles on 

Destemmers, Presses, Bottling Line Hoses 

Polysulfone and Polyethersulfone Filters, Membrane Press Materials 

Silicone Bottling Line Hoses 

 

The objective of this study was to determine if polymeric materials relevant to the wine 

industry were able to transfer V. labrusca associated odors (methyl anthranilate (MA) and 2-

aminoacetophenone (2AAP)) between model wines and juices. In order to test this, I developed 

procedures to access the ability of various polymeric resins to scalp MA and 2AAP from model 

juice and wine. Following absorption (scalping), I subjected those resins to un-spiked model 

solutions and desorption of MA and 2AAP were measured.  Polymers that were able to transfer 
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odorants in the model solutions were then tested in commercial wine and juice systems. MA and 

2AAP in model systems were measured by UV-vis spectroscopy and in real systems (i.e., juice 

or wine) by gas chromatography linked to a mass selective detector (GC-MS) coupled with 

sampling via solid phase microextraction (SPME). Lastly, a cleaning study was performed in 

order to assess the efficacy of various solutions in removing scalped MA and 2AAP from 

polymers as potential means for mitigating this carryover issue. The outcome of this study is 

critical for the Northeastern United States wine market as it may provide insight into the route of 

V. labrusca-associated odor carryover into high value V. vinifera wines.    

2.3 Materials and Methods 

Materials 

Tartaric acid, 95% ethanol, fructose, sucrose, sodium chloride and 10N NaOH were purchased 

from VWR (Radnor, PA). Analytical grade (99% purity) methyl anthranilate (MA) and              

2-aminoacetophenone (2AAP) were purchased from Sigma-Aldrich (St. Louis, MO). High-

density polyethylene was donated by Dr. Gregory Ziegler’s lab at The Pennsylvania State 

University and polyvinyl chloride resins were donated by Axiall (Prairie, MS). Rubber tubing 

(butadiene, 6 mm ID by 10 mm OD) was purchased from Presque Isle Wine Cellars (Northeast, 

PA) and was cut into 5 mm rings weighing 0.50 +/- 0.06 g. Low-density polyethylene and 

polysulfone resins were purchased from Sigma-Aldrich. SPME fibers (DVB/CAR/PDMS),       

10 mL headspace vials and PTFE/silicone screw capes were supplied by Supelco          

(Bellefonte, PA). 
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Absorption of MA and 2AAP by polymers from model juice and wine  

Model juice or wine (450 mL) was added to an Erlenmeyer flask with a tapered ground glass 

penny stopper to which 20 g of polymer (PVC, HDPE, rubber, LDPE or polysulfone) was added. 

Glass beads were used as a negative control. Model wine was composed of 12% ethanol (v/v),    

8 g/L tartaric acid and was adjusted to a pH of 3.6 with 10 N NaOH, which was then spiked with 

either MA or 2AAP to achieve a final concentration of 100 mg/L. This same process was 

repeated with model juice which contained 80 g/L fructose, 80 g/L sucrose and 8 g /L tartaric 

acid adjusted to a pH of 3.6 with 10N NaOH. The flasks were then placed on a multi-position 

magnetic stir plate and allowed to spin at room temperature at a speed that fully immersed the 

entire polymer within the liquid. Sample aliquots (1 mL) were removed for analysis at t=1, 4, 24, 

48, 96 and 144 h after polymer addition. All analyses were performed in duplicate. 

Desorption of MA and 2AAP from polymers into model juice and wine 

Following the scalping study, the polymers were removed from model solutions and dried with 

paper towels. The dried resins were then added to un-spiked model solutions (500 mL) and the 

above-described protocol was followed in ordered to monitor desorption of MA and 2AAP into 

fresh solutions. The resins from model juice were added to un-spiked model juice and the resins 

from un-spiked model wine were added to model wine. All analyses were performed in 

duplicate. 

Scalping and Desorption in Commercial Wine and Juice 

The same procedures previously described for scalping and desorption were followed, except 

Concord wine (Mazza Vineyards, Northeast PA) and Welch’s Concord grape juice were used in 

place of the model solutions for the scalping study. Concord wine and juice were spiked to         
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5 mg/L of 2AAP and MA with a 10 mg/L stock solution before scalping analysis in order to 

allow for adequate quantitation. The amount of MA and 2AAP that needed to be added to the 

Concord wine and juice to reach 5mg/L was determined by analyzing the wine and juice for 

baseline, endogenous MA and 2AAP by SPME-GC-MS, as described below. During the 

desorption portion of this study, Chablis wine (Almaden Vineyards, CA) and Muscat of 

Alexandria juice (Presque Isle, North East, PA) were used as V. vinifera wine and juice, 

respectively. Both of these V. vinifera varietals were analyzed by SPME-GC-MS before use and 

were shown to contain an undetectable level (<0.1 µg/L) of both 2AAP and MA. 

Quantification of MA and 2AAP Concentrations  

In model solutions, MA and 2AAP concentrations were determined through the use of UV-vis 

spectroscopy (Genesys 10S, Thermo Fisher Scientific, Waltham, MA). MA and 2AAP were 

measured at 330 and 362 nm, respectively. In Concord wine and juice, MA and 2AAP levels 

were determined by GC-MS coupled with SPME as previously described (Qun et al., 2011). 

SPME was performed with a 50/30 μm fiber coated with 

divinylbenze/carboxen/polydimethylsiloxane (DVB/CAR/PDMS; Supelco Bellefonte, PA). 

SPME fibers were thermally conditioned before initial use at 270°C for 1 h. Samples were 

analyzed by placing 2 mL of sample and 2 mL of water into a 10 mL SPME vial (Gerstel) along 

with 1 g of NaCl. An internal standard (200 mg/L of 2-octanol in acetonitrile, 50 mL) was then 

added to the vial. The samples were then screw capped with a Teflon/silicone septum and mixed 

by vortex until the salt was fully dissolved. Following this step, the samples were incubated at 

40°C for 10 minutes. After incubation, the fiber was exposed to the headspace of the sample for 

50 minutes at 40 °C while under agitation at 250 rpm. Compounds extracted by the fiber were 

then identified through the use of GC-MS by utilizing a 7890 Agilent GC coupled with a 5975C 
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Agilent MS. Compounds were separated on a DB-5MS column (0.25 mm x 30 m x 0.25 um). 

Analysis was initiated by inserting the exposed SPME fiber to an inlet containing an inert 

splitless SPME liner held at 250°C. The fiber was exposed to the inlet under these conditions for 

5 minutes. Helium was used as a carrier gas at 1 mL/min and at 2 minutes the purge was 

activated. The oven profile started at 35°C for 3 min and was then programmed to ramp to 250°C 

at 6°C/min, it then remained at 250°C for an additional 5 minutes. Mass spectra were acquired in 

scan (m/z 25-250) and SIM mode (m/z 65, 92, 120, 135, 151). The identity of MA and 2AAP 

were confirmed by retention times with known authentic standards (Sigma Aldrich, Milwaukee, 

WI) as well as well as the mass spectral output. All concentrations for MA and 2AAP in both the 

model and real systems were determined through the use of a 5 point calibration curve 

(Appendix). In model wine and juice the curves ranged from 0 to 100 mg/L (0, 10, 25, 50 and 

100 mg/L) and in commercial wine and juice the curves ranged from 0 to 5000 ug/L (0, 100, 

250, 500, 1000 and 5000 ug/L).   

Sorption Study 

A sorption study was performed in order to determine if HDPE was able to sorb ethanol from 

model wine. In order to test this, 5 g of the HDPE resins were added to a 20 mL test tube along 

with 10 mL of either water, model wine (12% ethanol) or 100% ethanol. The test tubes were then 

capped and held at room temperature for 144 h. Following this, the resins were removed from 

these solutions, dried with paper towels and re-weighed. The total amount sorbed was then 

calculated as shown below: 

Total Sorption = (Final Weight)-(5 g, Initial Weight) 

                Volume of Polymer (m
3
) 
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Differential Scanning Calorimetry (DSC) 

DSC was performed on LDPE and HDPE post scalping in order to determine changes in their 

degree of crystallinity. Analyses were performed on a Pyris 1 DSC system (Boston, MA). The 

temperature profile was held at 30°C for 5 minutes and then ramped to 200°C at 10° C/minute. 

An empty pan was used as a blank for all analyses. Data analysis was performed on the Pyris 

software and all analyses were performed in duplicate. Percent (%) crystallinity was solved for 

by dividing the measured enthalpy of melting ∆𝐻 by the enthalpy of 100% crystalline 

polyethylene (290 J/g). 

Cleaning Study   

In order to test the efficacy of cleaning solutions, PVC was allowed to scalp MA and 2AAP from 

model juice solutions (spiked to 100 mg/L) as previously described. The dried resins (1 g) were 

then placed into test tubes filled with 5 mL of cleaning solution. The cleaning solutions tested 

included, 3% HCl, 3% NaOH, 20% ethanol, 40% ethanol, and 80% ethanol on a w/w basis. The 

tubes were then capped and allowed to remain at either room temperature or 75°C. The tubes 

were held at these temperatures for 1 hour and shaken every 5 minutes. Aliquots (1mL) were 

removed at 15 m, 30 m and 1 h for analysis by UV-vis as described above. After analysis the 

aliquots were immediately placed back into the test tubes to maintain constant volume. All 

analyses were performed in triplicate.    
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Calculations 

Total Scalping: Total levels of scalping were determined through difference from the starting 

concentration in the solution (100 mg/L for model and 5 mg/L for commercial wine and juice) 

compared to levels in the solution after 144 h of scalping. Values were normalized to the total 

volume of the 20 grams of polymer added to the solutions. This assumed that all of the odorants 

lost from solutions were scalped into the polymers.  

Total Scalping = (Initial Amount in Solution (g)-Amount in Solution at 144 h (g))         

            Volume of Polymer (m
3
)    

 

Total Desorption: Total levels of desorption were determined through the difference from the 

initial amount in the polymer (Total Scalping) and amount desorbed into solution after a 144 h of 

introduction to the new solutions. This value was once again normalized to the volume of the 

polymers. 

Total Desorption = (Initial Amount in Polymer (g)-Amount Desorbed (in Solution) after 144 h (g))  

      Volume of Polymer (m
3
) 
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Diffusion Coefficients 

Diffusion coefficients where calculated using the equation below: 

Equation 2-5: Diffusivity of Odorants 

𝑴𝒕
𝑴𝐨
=
𝑨

𝑽
 √𝑫 √𝒕 

Where, 𝑀o= the initial amount of the odorant in the polymer at time 0s, 𝑀𝑡= the amount in the 

polymer at time t (seconds, 14400s), 𝐴= the surface area of the material (m
2
), 𝑉= the volume of 

the material, 𝐷= the diffusion coefficient (m
2
/s) and t= the time (seconds).  

Diffusion coefficients were determined through the use of graphical analysis. This was done by 

plotting Mt/Mo verses the square root of time. The slope of this graph between time 0 h and 4 h 

was then substituted into Equation 2-5 above ((Mt/Mo)/√𝒕) and D was solved for with known 

areas and volumes of the 20 g of polymer used in this study.  

Partitioning Coefficients (Log K) 

Partitioning coefficients were calculated for all the scalping and desorption studies. These values 

were determined through measuring the difference in the solution by the detection methods 

described above once equilibrium was reached (144 h). The levels in the polymer were then 

calculated by difference and partitioning coefficients were calculated as shown below: 

Log K = Log [(g in polymer/ volume of polymer m
3
)/(g in solution/volume of solution m

3
)] 
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Statistical Analysis 

Statistical analyses of the values were compared using ANOVA (Minitab, State College, PA) 

and Tukeys HSD. Values were considered significantly different at a level of p<0.05. 

2.4 Results and Discussion 

2.4.1 Absorption of MA and 2AAP from Model Juice and Wine  

 The purpose of this portion of the study was to assess the ability for various polymeric 

materials relevant to winemaking to scalp MA and 2AAP from model solutions. This was done 

by introducing the polymeric materials to spiked solutions (100 mg/L of either MA or 2AAP) in 

an Erlenmeyer flask and monitoring the levels that where lost from the solution into the polymer 

over a 144 h period while under constant magnetic spinning. The use of model solutions was 

chosen in order to screen the polymers in solutions in excess of the odorants before they would 

be tested in commercial wine and juice. 

2.4.1.1 Results 

 The plots of MA and 2AAP scalping from model juice (Figures 2-1 and 2-2) and wine 

(Figures 2-3 and 2-4) are shown below. PVC, rubber, LDPE and HDPE were capable of 

significantly (p<0.05) scalping MA and 2AAP from model juice and wine (Figures 2-5 and 2-6). 

The control and polysulfone were both unable to scalp any MA or 2AAP from either model wine 

or juice solution. PVC was by far the most effective material at scalping as it removed up to 2.8 

times the amount of MA and 2AAP from model wine or juice solutions in comparison to rubber, 

which was the next most effective scalping material. Rubber and LDPE scalped similar amounts 

to one another for all the combinations, with the exception that rubber removed 2.7 times more 
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2AAP from model juice. HDPE was the least efficient scalping material across all of the 

treatments.  It is worth noting that while the majority of the combinations scalped significantly 

(p<0.05) different amounts from one another, HDPE was the only polymer that clearly scalped 

more from one of the model solutions as it removed MA and 2AAP at a rate 4.5-6.2 times higher 

from model wine in comparison to model juice. MA was also scalped at a higher rate than 2AAP 

by all of the polymers. 

Another way to examine the behavior of MA and 2AAP in the polymers is to calculate 

the rate at which they diffuse into the polymers. As shown in Table 2-2, the polymers that 

scalped the most also allowed MA and 2AAP to diffuse within those polymers at a higher rate. 

This was expected, as greater sorption of odorants requires for there to be greater diffusion into 

the polymers. These values are within the range for other volatile compounds with similar 

structures which range in diffusion rates between 10
-9

 and 10
-13

 m
2
/s (Dury-Brun et al., 2007). 

 

Figure 2-1: Scalping of Methyl Anthranilate from Model Juice (Note that error bars are 

approximately the size of each symbol and polysulfone and control overlap on x-axis) 
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Figure 2-2: Scalping of 2-Aminoacetophenone from Model Juice (Note that error bars are 

approximately the size of each symbol and polysulfone and control overlap on x-axis) 
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Figure 2-3: Scalping of Methyl Anthranilate from Model Wine (Note that error bars are 

approximately the size of each symbol and polysulfone and control overlap on x-axis) 
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Figure 2-4: Scalping of 2-Aminoacetophenone from Model Wine (Note that error bars are 

approximately the size of each symbol and polysulfone and control overlap on x-axis) 
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Figure 2-5: Total Scalping of Methyl Anthranilate by Polymers (g/m

3
) after 144 h of Contact with 

Spiked (100 mg/L) Model Solutions  
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Figure 2-6: Total Scalping of 2-Aminoacetophenone by Polymers (g/m
3
) after 144 h of Contact with 

Spiked (100 mg/L) Model Solutions Values with different upper case letters indicate significant 

differences (p<0.05) in scalping across the polymers for the same odor compound. Values with 

different superscript numbers indicate significant differences (p<0.05) in scalping between model 

solutions for the same odor compound and polymer.  

Bolded text represent statistics for model juice and non-bolded text represents statistics for model 

wine. (Note that error bars are approximately the size of each symbol) 

Table 2-2: Diffusivity (m
2
/s) of Methyl Anthranilate and 2-Aminoacetophenone from Model 

Solutions into Polymers 

 

  MA 2AAP 

Polymer Model Wine Model Juice Model Wine Model Juice 

HDPE 3.60x10
-11A,1 

3.24x10
-12D,5 

1.60x10
-11H,9

 1.60x10
-13L,11

 

LDPE 5.09x10
-11A,2 

2.04x10
-10E,6 

1.76x10
-10I,10

 5.09x10
-13L,12

 

Rubber 1.44x10
-08B,3 

1.54x10
-08F,7

 1.25x10
-08J,11

 2.66x10
-10M,13

 

PVC 4.84x10
-10C,4 

2.70x10
-09G,8

 1.02x10
-09K,12

 3.46x10
-10M,14

 

Polysulfone nd
V,17 

nd
V,17 

nd
W,18 

nd
W,18 

Control nd
V,17 

nd
V,17 

nd
W,18 

nd
W,18 

Values with different superscript lower case letters indicate significant differences (p<0.05) in 

scalping across the polymers for the same odor compound and solution (down each column). Values 

with different superscript numbers indicate significant differences (p<0.05) in scalping between 

model solutions for the same odor compound and polymer. 
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Figure 2-7: Total Sorption of Solutions by HDPE  

(Error bars represent +/- 1 SD from the mean) 

 

2.4.1.2 Discussion 

 

Two of the major factors that influence odorant sorption are the structural characteristics 

of the polymer and the chemical affinity of the odorants for the polymer (Sajilata et al., 2007). 

As the amorphous content of a polymer increases (i.e., crystallinity decreases) so will the rate of 

diffusion and solubility of odorants in the polymer (Charara et al., 1992; Letinski and Halek, 

1992). PVC and LDPE contain amorphous regions while HDPE does not. HDPE is denser 

polymer with a higher degree of crystallinity which decreases its rate of scalping (Sajilata et al., 

2007). PVC is a completely amorphous polymer, while LDPE is semi-crystalline (i.e., less 

amorphous), allowing PVC to more efficiently adsorb odorants. Previous studies have shown 

that rubber is able to scalp volatile organic compounds (Gilliver and Nursten, 1972). Rubber is 



52 
 

an elastomeric polymer containing weak cross-linking units that create a loose flexible structure 

with a significant amount of free volume. Free volume increases the area over which 

hydrophobic interactions between the polymer and odorants occur, increasing the rate and 

amount of scalping (Sajilata et al., 2007). Polysulfone is a rigid polymer used in the wine 

industry to make wine presses and filters. Polysulfones rigidity comes from its extensive 

crystallinity, bulky side groups limiting segments from rotating and dense nature, which account 

for its inability to scalp odorants (Aitken et al., 1992).  

The polarity of the odorants and polymers has a significant effect on scalping (Baner, 

2000). Previous studies have shown that odorants with similar polarities to polymers are sorbed 

at significantly higher rates based on the hydrophobic effect (Ikegami et al., 1987; Paik and 

Tigani, 1993). In this study, HDPE scalped MA and 2AAP at significantly lower rates than all 

the other tested polymers, while previous studies have reported that HDPE was able to scalp 

significant amounts of nonpolar odorants, such as limonene (log p = 4.45) (Charara et al., 1992). 

MA (Figure 2-8, log KOW of 2.04) and 2AAP (Figure 2-9, log KOW of 1.63) are more polar 

compounds which may account for their reduced levels of scalping by HDPE. MA and 2AAP’s 

intermediate polarity may also account for their increased levels of scalping into PVC since it 

contains chloride groups that make it a more polar polymer (Baner, 2000). MA was scalped at a 

higher rate than 2AAP by all of the polymers from both model wine and juice. This is probably 

due to its more nonpolar nature causing it have a greater affinity for the nonpolar polymers.  
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  Figure 2-8: 2-Aminoacetophenone         Figure 2-9: Methyl Anthranilate 

We hypothesized that MA and 2AAP would be scalped at higher levels from model juice. 

This was expected due to the presence of ethanol in model wine, which should reduce the 

amount of scalping since it provides a more thermodynamically stable nonpolar environment for 

nonpolar odorants to remain in. However, we did not observe any distinct trend for increased 

levels of scalping from model juice (Figures 2-5 and 2-6). Others have reported that increasing 

ethanol content (from 5-15%) actually increases the rate of scalping of certain odorants by 

polymeric materials (Fukamachi et al., 1996; Peyches-Bach et al., 2012). Increased levels of 

scalping from ethanolic solutions has been reported to occur due to the fact that weakly ethanolic 

(<20%) solutions do not significantly affect the dielectric constant and polarity of the solutions 

(Fukamachi et al., 1996). Another study has found similar findings and shown that different 

odorants are scalped at various rates (increased or decreased) with increasing ethanol content (0-

80%) depending on the structure of the aroma compounds (Yoon-Hee et al., 2000).  

HDPE was the only polymer that clearly scalped MA and 2AAP at higher levels from 

model wine in comparison to model juice (Figures 2-5 and 2-6). Results from DSC analysis 

(Table 2-3) showed that there was no statistically significant effect within the model solutions on 

reducing the crystallinity of HDPE by model wine or juice. This suggests that no structural 

changes in the polymer account for the increased levels of scalping. Previous work has shown 
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that polyethylene is able to absorb ethanol from 12% v/v solutions similar to the one used in this 

study (Peyches-Bach et al., 2012). Ethanol may have acted as a copermeant in this case, leading 

to increased scalping from model wine (Dury-Brun et al., 2007; Sajilata et al., 2007). This is 

supported by Figure 2-7 above which shows that ethanol is sorbed by HDPE from both model 

wine and pure ethanol solutions. This is further validated by previous work mentioned above that 

has shown that as ethanol content increases up to approximately 20% so does the levels of 

sorption of odorants into certain polymeric materials (Fukamachi et al., 1996).  

Table 2-3: Differential Scanning Calorimetry (DSC) Analysis of LDPE and HDPE  

Polymer Treatment ΔH (J/g) % Crystallinity Area (mJ) 

 Control  109.66
A 37.8

A 
3202.08

A 

LDPE Model Wine 61.76
B 21.2

B 
1803.40

B 

 Model Juice 66.14
B
 22.8

B 
1931.51

B 

 Control 122.66
C 42.3

C 
3066.53

A 

HDPE Model Wine 122.59
C 42.3

C 
3106.75

A 

 Model Juice 123.78
C 42.7

C 
2992.81

A 

Values that have difference upper case superscript letters within the same column are considered 

significantly (p<0.05) different from one another. 

Diffusion is a measure of the physical space available for the odorants to move 

throughout the polymer (Dury-Brun et al., 2007; Sajilata et al., 2007). Therefore, diffusion 

should increase with the following parameters; increasing free volume, decreasing density and a 

reduction in the crystallinity of the polymer (Vrentas and Duda, 1977; Zielinski and Duda, 1992; 

George and Thomas, 2001). Free volume is defined as the space available for a molecule to jump 

from one location to another (Zielinski and Duda, 1992). Free volume is dictated by both the 

physical space available for migration and the difference in activity between the molecules 

current and new position (i.e. occupying void volume) (Zielinski and Duda, 1992).  As expected, 

MA and 2AAP diffused most quickly into PVC and rubber (Table 2-2). Rubber and PVC are 

completely amorphous polymers that have a large amount of free volume allowing for the 
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odorants to diffuse faster into them. HDPE and LDPE contain crystalline regions resulting in a 

more uniform, tightly packed structure which minimizes diffusion into the polymer. As 

previously documented, LDPE is less dense and contains a greater amorphous content in 

comparison to HDPE, resulting in faster diffusivity of the odorants into LDPE which was also 

found in this study (Table 2-2) (Johansson and Leufven, 1994a).  

2.4.1.3 Conclusion 

In conclusion, there is evidence to support that the structural characteristics of the 

polymer and polarity of the odorant had the largest effect on the rate of scalping. This was 

concluded since polymers with a greater amorphous content, extensive free volume and similar 

polarities to MA and 2AAP scalped higher levels from both model solutions. MA was also 

scalped at higher levels than 2AAP, which may be due to its slightly more nonpolar nature. The 

rate of scalping from model wine versus juice did not follow any definitive trends. This may be 

due to the variable effects of ethanol on scalping or lack of a significant difference in the 

behavior of the odorants between model juice and wine. 

2.4.2 Desorption of MA and 2AAP from Polymers into Model Juice and Wine 

 The purpose of this portion of the experiment was to assess the ability for MA and 2AAP 

 to be desorbed from the polymers over a 144 h period. This portion of the study was necessary to 

 investigate because in order for these V. labrusca-associated odors to be inadvertently 

 transferred to V. vinifera wines desorption from the polymeric materials needs to occur upon 

 introduction to a new solution. The set up for the desorption experiment was the exact same as 

 that of the scalping study with the exception  that the resins from the scalping study were dried 

 before introduction to un-spiked model solutions.    
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2.4.2.1 Results 

The plots of MA and 2AAP desorption into model juice (Figures 2-10 and 2-11) and 

model wine (Figures 2-12 and 2-13) is shown below. Total levels of desorption (Figures 2-14 

and 2-15) followed the same trend as scalping as the polymers that were able to scalp more 

odorants also resulted in more desorption. One exception was that while LDPE scalped the 

odorants at significantly higher rates than HDPE, desorption occurred at higher levels from 

HDPE (Figures 2-14 and 2-15). It should be noted that since polysulfone was unable to scalp 

MA and 2AAP, it did not allow for them to be transferred through desorption. Diffusion of MA 

and 2AAP in the polymers followed the same trend as total desorption, as the odors diffused 

faster rate in polymers that allowed for higher amounts of desorption (Table 2-4). 

 
Figure 2-10: Desorption of Methyl Anthranilate from Polymers into Model Juice (Note that error 

bars are approximately the size of each symbol and polysulfone and control overlap on x-axis) 
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Figure 2-11: Desorption of 2-Aminoacetophenone from Polymers into Model Juice (Note that error 

bars are approximately the size of each symbol and polysulfone and control overlap on x-axis) 

  

 
 

 

Figure 2-12: Desorption of Methyl Anthranilate from Polymers into Model Wine (Note that error 

bars are approximately the size of each symbol and polysulfone and control overlap on x-axis) 
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Figure 2-13: Desorption of 2-Aminoacetophenone from Polymers into Model Wine (Note that error 

bars are approximately the size of each symbol and polysulfone and control overlap on x-axis) 
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Figure 2-14: Total Desorption: Change in Concentration (g/m

3
) of Methyl Anthranilate in Polymer 

After 144 h of Contact with Un-Spiked Model Solutions 

Values with different superscript numbers indicate significant differences (p<0.05) in scalping 

between model solutions for the same odor compound and polymer. Bolded text represent statistics 

for model juice and non-bolded text represents statistics for model wine. (Note that error bars are 

approximately the size of each symbol) 
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Figure 2-15: Total Desorption: Change in Concentration (g/m

3
) of 2-Aminoacetophenone in 

Polymer After 144 h of Contact with Un-Spiked Model Solutions. 

Values with different upper case letters indicate significant differences (p<0.05) in scalping across 

the polymers for the same odor compound. Values with different superscript numbers indicate 

significant differences (p<0.05) in scalping between model solutions for the same odor compound 

and polymer. Bolded text represent statistics for model juice and non-bolded text represents 

statistics for model wine. (Note that error bars are approximately the size of each symbol) 

 
Table 2-4: Diffusivity (m

2
/s) of Methyl Anthranilate and 2-Aminoacetophenone from Polymers into 

Model Solutions 

 

  MA 2AAP 

Polymer Model Wine Model Juice Model Wine Model Juice 

HDPE 3.60x10
-11A,1

 1.60x10
-13D,5

 1.00x10
-12H,6 

2.56x10
-10L,10

 

LDPE 9.35x10
-14B,2

 4.15x10
-14E,2

 4.58x10
-14I,7

 4.15x10
-12M,11

 

Rubber 1.02x10
-09C,3

 5.76x10
-10F,3

 2.30x10
-09J,8

 9.22x10
-09N,8

 

PVC 6.40x10
-11A,4

 1.00x10
-10G,4 

1.44x10
-10K,9

 1.76x10
-09N,12

 

Polysulfone ND
V,17 

ND
W,17 

ND
X,18 

ND
Y,18 

Control ND
V,17 

ND
W,17 

ND
X,18 

ND
Y,18 

Values with different superscript upper case letters indicate significant differences (p<0.05) in 

scalping across the polymers for the same odor compound and solution (down each column). Values 

with different superscript numbers indicate significant differences (p<0.05) in scalping between 

model solutions for the same odor compound and polymer.  
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2.4.2.2 Discussion 

 

Greater levels of total desorption of the odorants from PVC and rubber was somewhat 

expected because they were able to scalp larger amounts of odorants for reasons previously 

discussed (Section 2.4.1.2). This afforded PVC and rubber the opportunity to allow for more 

migration of the odorants into model solutions. However, this trend did not always hold to be 

true as some polymers that were able to scalp the odorants did not allow for any desorption (e.g. 

LDPE). This suggests that other factors besides total levels of scalping also dictated the amount 

of desorption such as the ability for the odorants to have a greater affinity for certain polymers 

once the odorants were scalped into them. 

Diffusion of MA and 2AAP from the test polymers (Table 2-4) into model solutions 

followed the same trends found for scalping (Table 2-2), with the exception that the odors 

diffused more quickly in HDPE in comparison to LDPE. This may have occurred once again due 

to structural characteristics dictating the rates of diffusion of MA and 2AAP. PVC and rubber are 

completely amorphous polymers so sorption of MA and 2AAP should not alter their structures. 

DSC data (Table 2-4) also showed that the crystallinity of HDPE did not change during the 

scalping study, suggesting that its structure remained largely intact, resulting in similar rates of 

diffusion.  

LDPE is a semi-crystalline polymer that also contains amorphous regions through which 

diffusion should readily occur. This is supported by previous studies which showed that odor 

molecules, such as limonene, can be absorbed into LDPE and also be desorbed from LDPE upon 

introduction to a new environment (ex. water or air) (Charara et al., 1992; Cava et al., 2005). 

Based on this, it was expected that LDPE would allow for less diffusion than completely 

amorphous polymers like rubber or PVC, but more than highly crystalline ones such as HDPE. 
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This study did not support this theory, and the reasons for the lack of desorption for LDPE in this 

study are not fully understood. One possibility is that the morphology of the structure allowed for 

diffusion into the polymer (scalping), but not desorption since the structure of the polymer did 

change over the course of the scalping study (Table 2-3). Previous work has supported this by 

showing that different morphologies of polyethylene affect the diffusivity of odorants in 

polymers (Cava et al., 2005).  

2.4.2.3 Conclusion 

In conclusion, MA and 2AAP were desorbed at the highest levels from PVC, followed by 

rubber, HDPE and LDPE. This result was somewhat predictable based off the levels of scalping 

and polymers structures with the exception of HDPE allowing more desorption than LDPE. 

LDPE only allowed for minimal amounts of desorption, which may be related to structural 

changes that needs to be further investigated 

2.4.3 Absorption of MA and 2AAP from Concord Juice and Wine 

 The purpose of this portion of the experiment was to assess the ability for the polymeric 

materials to scalp MA and 2AAP from spiked Concord wine and juice (total concentration of 

MA and 2AAP each at 5 mg/L). Besides the use of Concord wine and juice in the place of spiked 

model solutions (100 mg/L), the procedures for this experiment were performed in the exact 

same manner as they were in the study in model solutions. Exposing polymers to the commercial 

wine and juice was done in order to confirm aroma scalping and desorption previously 

documented in model solutions and evaluate if other components (e.g. odors, phenolic materials 

glycerol etc.) present in the commercial product alter the scalping process.     
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2.4.3.1 Results 

 Results of the scalping study for Concord juice (Figures 2-16 and 2-17) and wine 

(Figures 2-18 and 2-19) are shown below. In terms of total scalping, the same trends observed in 

the model solutions were found for the real systems as PVC scalped the most MA and 2AAP, 

followed by rubber, LDPE and HDPE (Figures 2-20 and 2-21). All of the polymers scalped 

significant (p<0.05) levels of both odorants in comparison to the control. Differences in levels of 

scalping between polymers were noticeably reduced in the real systems (Figures 2-20 and 2-21) 

compared to the model systems (Figures 2-5 and 2-6). In the model solution experiment PVC 

scalped around 2-3 times as much as rubber and LDPE, while in commercial products the 

difference was reduced to 1 or 2 times. In the model studies HDPE scalped 2-15 times less than 

rubber and LDPE and up to 33 times less than PVC, while in the real systems HDPE scalped on 

the same order of magnitude (Figures 2-20 and 2-21). Diffusion in the real systems (Table 2-5) 

followed the trends found for model system, as MA and 2AAP diffused at a higher rate into 

rubber and PVC in comparison to HDPE and LDPE. 

Another way to compare the model and real systems is by comparing calculated 

partitioning coefficients. Partitioning coefficients varied between the model and real systems for 

all of the polymers as the values were higher in the commercial wine and juice systems (Figures 

2-22 to 2-25), suggesting that components of the real systems enhanced the rate of scalping.   
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Figure 2-16: Scalping of Methyl Anthranilate from Concord Juice   

(Error bars represent +/- 1 SD from the mean) 

 

 

 

 

 

 
Figure 2-17: Scalping of 2-Aminoacetophenone from Concord Juice 

(Error bars represent +/- 1 SD from the mean) 
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Figure 2-18: Scalping of Methyl Anthranilate from Concord Wine 

(Error bars represent +/- 1 SD from the mean) 

 

 

 

 

 

 
Figure 2-19: Scalping of 2-Aminoacetophenone from Concord Wine 

(Error bars represent +/- 1 SD from the mean) 
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Figure 2-20: Total Scalping of Methyl Anthranilate by Polymers (g/m

3
) after 144 h of Contact with 

Spiked (5mg/L) Concord Wine (CW) and Juice (CJ) (Error bars represent +/- 1 SD from the mean) 

P o ly m e r

g
/m

3
o

f 
2

A
A

P
 i

n
 P

o
ly

m
e

r

C o ntro l H D P E L D P E R ubbe r P V C

0

1 0 0

2 0 0

3 0 0

C o n c o rd  W in e

C o n c o r d  J u ic e

A ,1

A ,1

B ,3

B C ,3

C ,4

C ,4

C ,5

C ,5

D ,6

D ,6

 
Figure 2-21: Total Scalping of 2-Aminoacetophenone by Polymers (g/m

3
) after 144 h of Contact 

with Spiked (5mg/L) Concord Wine (CW) and Juice (CJ). Values with different upper case letters 

indicate significant differences (p<0.05) in scalping across the polymers for the same odorant. 

Values with different numbers indicate significant differences (p<0.05) in scalping between model 

solutions for the same odor compound and polymer. Bolded letters represent statistics for model 

juice and non-bolded letters represents statistics for model wine. (Error bars represent +/- 1 SD 

from the mean) 
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Figure 2-22: Partitioning Coefficients for Methyl Anthranilate Scalping from Concord and Model 

Wine (Error bars represent +/- 1 SD from the mean) 

 

 
Figure 2-23: Partitioning Coefficients for 2-Aminoacetophenone Scalping from Concord and Model 

Wine 

 

Values with different capital letters are considered significantly different (p<0.05) from one another 

for Figures 2-22 and 2-23 above. Note that all partitioning coefficients were significantly different 

(p<0.05) between model and real solutions within the same polymer. ND indicates that no 

partitioning into the polymer occurred. (Error bars represent +/- 1 SD from the mean) 
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Figure 2-24: Partitioning Coefficients for Methyl Anthranilate Scalping from Concord and Model 

Juice (Error bars represent +/- 1 SD from the mean) 

 

 

 
Figure 2-25: Partitioning Coefficients for 2-Aminoacetophenone Scalping from Concord and Model 

Juice 

Values with different capital letters are considered significantly different (p<0.05) from one another 

for Figures 2-24 and 2-25 above. Note that all partitioning coefficients were significantly different 

(p<0.05) between model and real solutions within the same polymer. Note that ND indicates that no 

partitioning into the polymer occurred. (Error bars represent +/- 1 SD from the mean) 
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Table 2-5: Diffusivity (m
2
/s) of Methyl Anthranilate and 2-Aminoacetophenone from Concord Wine 

(CW) and Juice (CJ) into Polymers 

 

  MA  2AAP 

Polymer CW CJ CW CJ 

HDPE 1.16x10
-10A,1 

6.76x10
-10C,1 

9.00x10
-10F,5

 7.84x10
-10H,5

 

LDPE 3.37x10
-10A,2 

4.15x10
-10C,2 

3.00x10
-10F,6

 2.66x10
-10H,6

 

Rubber 8.46x10
-09B,3 

7.06x10
-09D,3 

6.40x10
-09G,7

 6.40x10
-09I,7

 

PVC 1.44x10
-09B,4 

2.92x10
-09E,4 

1.60x10
-09G,8

 1.30x10
-09I,8

 

Polysulfone ND
V,17 

ND
W,17 

ND
X,18 

ND
Y,18 

Control ND
V,17 

ND
W,17 

ND
X,18 

ND
Y,18 

Values with different superscript upper case letters indicate significant differences (p<0.05) in 

scalping across the polymers for the same odor compound and solution (down each column). Values 

with different superscript numbers indicate significant differences (p<0.05) in scalping between 

model solutions for the same odor compound and polymer.  

 

2.4.3.2 Discussion 

Similar trends for scalping observed in the model system were also found in commercial 

wine and juice. This is supported by other wine scalping studies which have found similar results 

between comparable systems (Qun et al., 2011). This may be due to the fact that structural 

characteristics of the polymers appeared to be the main factor that dictated the degree to which 

scalping occurred. In both the model and commercial systems MA was scalped at a higher rate 

than 2AAP, which is likely once again due to its slightly more hydrophobic nature that makes it 

have a greater affinity for hydrophobic polymers.  

Diffusion of the odorants in commercial systems into the polymers followed similar 

trends observed in the model systems with the exception that diffusion in HDPE increased in the 

commercial wine and juice (Table 2-5). This suggests that the structural characteristics of HDPE 

may have been altered during scalping from real wine and juice. Structural changes may be due 

to the presence of other nonpolar components (e.g. odorants, ethanol, phenolics etc.) in wine and 
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juice that can be absorbed into HDPE, leading to a swelled amorphous structure which allows for 

greater diffusion of the odorants (Johansson and Leufven, 1997; Hernandez-Munoz et al., 1999).  

The higher observed partitioning coefficients in commercial systems versus model 

systems suggest that some endogenous components of wine and juice are capable of augmenting 

the scalping of the odors by all of the polymers (Figures 2-22 to 2-25). One of the major 

differences between the model systems and real ones is the presence of other odorants. These 

odorants have varying affinities for the polymers based on factors such as their size, volatility, 

shape and polarity (Dury-Brun et al., 2007; Sajilata et al., 2007). Previous studies have found 

that sorption of these odors can lead to a copermeation effect, that increases the partitioning 

coefficient of the analyte of interest (Johansson and Leufven, 1997; Peyches-Bach et al., 2012). 

In this case, copermeation is likely results from the uptake of nonpolar odorants causing the 

polymer to swell, resulting in more free volume and increased uptake of specific odorants of 

interest. 

Another factor that can help explain these differences in partitioning coefficients is that 

the level of the odorants in the model systems (100mg/L) was 20 times higher than that of the 

commercial systems (5 mg/L). Previous work has shown that increasing the concentration of 

odorants increases total sorption, while decreasing partitioning coefficients (Johansson and 

Leufven, 1997). Odorants have a limited solubility in polymers that is dictated by the number of 

sites for interactions within the polymer and its relative affinity for the compounds (Dury-Brun et 

al., 2007). Once the sorption sites are occupied and solubility is reached, increasing the 

concentration in the solution will only decrease partitioning coefficients because the 

concentration in the polymer remains the same, while the concentration in the solution increases. 
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2.4.3.3 Conclusion 

In conclusion, the model systems accurately identified polymers capable of scalping MA 

and 2AAP, as they acted similarly when exposed to commercial juice and wine. However, there 

were differences in the partitioning behavior of MA and 2AAP between model systems and 

commercial product matrices. These differences can be attributed to the presence of other 

substances in commercial systems, such as other odorants, tannins, alcohols and pigments that 

result in the structure of the polymers becoming more accessible to the analytes of interest. 

Higher concentrations of MA and 2AAP in model systems may have also accounted for the 

differences in partitioning coefficients.  

2.4.4 Desorption of MA and 2AAP from Polymers into V. vinifera Juice and Wine     

 The purpose for this portion of the study was to assess the ability for MA and 2AAP to be 

desorbed from the polymers into V. vinifera wine (Chablis) and juice (Muscat). The procedures 

were followed based on the experimental design for model study with the exception that V. 

vinifera wine and juice were used in place of model solutions. Desorption of polymeric materials 

exposed to MA and 2AAP was evaluated in juice and wine to evaluate commercial applications. 

2.4.4.1 Results  

 Results for the desorption study into Muscat juice (Figures 2-26 and 2-27) and Chablis 

wine (Figures 2-28 and 2-29) are shown below. Total desorption followed the similar trends 

observed in the model systems as PVC allowed for the most desorption, followed by rubber, 

HDPE and LDPE (Figures 2-30 and 2-31). Differences in total desorption levels between 

polymers were comparable between the model and commercial systems. In both systems rubber 

and PVC allowed for approximately 5-10 times more desorption of MA and 2AAP than HDPE. 
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However, while MA and 2AAP were desorbed from LDPE at significantly lower rates than 

HDPE in the model systems it was desorbed at similar levels into real wine and juice         

(Figures 2-30 and 2-31). Diffusion occurred at a remarkably similar rate to the model systems 

(Table 2-4) in real wine and juice (Table 2-6), with the exception that diffusion coefficients were 

slightly higher in the model study. As was the case in model solutions, there were no discernable 

differences between juice and wine in terms of desorption of MA or 2AAP from the polymers. 

This is likely due to similarities between the wine and juice in terms of their polarity, as 

previously mentioned in the section discussing scalping within model systems. The same trend 

for partitioning coefficients in the scalping study were also found for desorption, as the observed 

partitioning coefficients were higher in real wine and juice in comparison to the model solutions 

(Figures 2-32 to 2-35). 
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Figure 2-26: Desorption of Methyl Anthranilate into Muscat Juice  

(Error bars represent +/- 1 SD from the mean) 

 

 

Figure 2-27: Desorption of 2-Aminoacetophenone into Muscat Juice  

(Error bars represent +/- 1 SD from the mean) 
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Figure 2-28: Desorption of Methyl Anthranilate into Chablis Wine  

(Error bars represent +/- 1 SD from the mean) 

 

 

Figure 2-29: Desorption of 2-Aminoacetophenone into Chablis Wine 

(Error bars represent +/- 1 SD from the mean) 
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Figure 2-30: Total Desorption-Change in Concentration (g/m

3
) of Methyl Anthranilate in Polymer 

After 144 h of Contact with Un-Spiked V. vinifera Wine and Juice (Error bars represent +/- 1 SD 

from the mean) 
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Figure 2-31: Total Desorption-Change in Concentration (g/m

3
) of 2-Aminoacetophenone in Polymer 

After 144 h of Contact with Un-Spiked V. vinifera Wine and Juice. Values with different upper case 

letters indicate significant differences (p<0.05) in scalping across the polymers for the same odor 

compound. Values with different numbers indicate significant differences (p<0.05) in scalping 

between model solutions for the same odor compound and polymer. Bolded letters represent 

statistics for model juice and non-bolded letters represents statistics for model wine. (Error bars 

represent +/- 1 SD from the mean) 
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Figure 2-32: Partitioning Coefficients for Methyl Anthranilate Desorption into Chablis and Model 

Wine (Error bars represent +/- 1 SD from the mean) 

 

 
Figure 2-33: Partitioning Coefficients for 2-Aminoacetophenone Desorption into Chablis and 

Model Wine (Error bars represent +/- 1 SD from the mean) 

 

Values with different capital letters are considered significantly different (p<0.05) from one another 

for Figures 2-32 and 2-33 above. Note that ND indicates that no partitioning into the polymer 

occurred. 
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Figure 2-34: Partitioning Coefficients for Methyl Anthranilate Desorption into Muscat and Model 

Juice (Error bars represent +/- 1 SD from the mean) 

 

 
Figure 2-35: Partitioning Coefficients for 2-Aminoacetophenone Desorption into Muscat and Model 

Juice (Error bars represent +/- 1 SD from the mean) 

 

Values with different capital letters are considered significantly different (p<0.05) from one another 

for Figures 2-34 and 2-35 above. Note that ND indicates that no partitioning into the polymer 

occurred. 
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Table 2-6: Diffusivity (m

2
/s) of Methyl Anthranilate and 2-Aminoacetophenone from Polymers into 

V. vinifera Wine and Juice (CHW=Chablis Wine and MJ=Muscat Juice) 

 

  MA  2AAP 

Polymer CHW MJ CHW MJ 

HDPE 1.60x10
-11A,1

 3.24x10
-12E,5

 1.60x10
-13I,5

 3.60x10
-11M,5

 

LDPE 9.35x10
-12B,2

 8.41x10
-13F,6

 4.15x10
-12J,6

 9.35x10
-12N,6

 

Rubber 1.30x10
-09C,3

 1.02x10
-09G,3

 5.18x10
-09K,7

 1.64x10
-08O,9

 

PVC 1.00x10
-10D,4

 3.24x10
-10H,4

 3.60x10
-11L,8

 1.44x10
-09P,10

 

Polysulfone ND
V,17 

ND
W,17 

ND
X,18 

ND
Y,18 

Control ND
V,17 

ND
W,17 

ND
X,18 

ND
Y,18 

Values with different superscript upper case letters indicate significant differences (p<0.05) in 

scalping across the polymers for the same odor compound and solution (down each column). Values 

with different superscript numbers indicate significant differences (p<0.05) in scalping between 

model solutions for the same odor compound and polymer.  

2.4.4.2 Discussion 

 As documented within model systems, PVC and rubber allowed for the most and second 

largest amount of total desorption into commercial systems, respectively (Figures 2-30 and 2-

31). This was expected since the driving factors for MA and 2AAP desorption in this study 

appeared to be total levels of the odorants that were scalped and structural characteristics of the 

polymer. PVC scalped the most MA and 2AAP from commercial wine and juice followed by 

rubber, HDPE and LDPE (Figures 2-16 to 2-19). Greater levels of scalping increase the potential 

for more desorption because it provides a higher starting concentration of the odorants to be 

desorbed from polymers. This does not necessarily mean that they will be desorbed as they may 

have a high affinity for the polymer (e.g. LDPE), but it does mean that even if a small percentage 

partitions out of the polymers that scalped higher levels (PVC or rubber) it will result in greater 

total desorption. PVC and rubber are also completely amorphous polymers. The structure of 

amorphous polymers is not as drastically affected by nonpolar components of real wine and juice 

(ex. odorants, polyphenols, ethanol etc.) unlike other crystalline polymers such as polyethylene 
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(Cava et al., 2005). This means that the levels of desorption should not be affected by structural 

changes during scalping, which may account for why PVC and rubber also allowed for the most 

desorption into commercial systems.  

 HDPE and LDPE allowed for similar amounts of desorption of MA and 2AAP into 

commercial systems which is inconsistent results obtained from the model systems in which the 

odorants desorbed significantly more from HDPE (Figures 2-14 and 2-15). This may be caused 

by scalped aroma compounds that alter the crystallinity of HDPE to be more similar to that of 

LDPE. This change in HDPE’s structure could result in similar desorption behavior as LDPE 

(Cava et al., 2005). 

Trends found for diffusion of the odors in the model desorption study were also found in 

commercial wine and juice (Table 2-4 and 2-6). Rubber allowed for the fastest rate of diffusion 

followed by PVC, HDPE and LDPE. As described in the model solution, diffusion is largely 

dictated by the free volume for movement of the odors through the polymer (Vrentas and Duda, 

1977; Zielinski and Duda, 1992). This allows for MA and 2AAP to travel at faster rates from 

amorphous polymers with greater amounts of free volume, like rubber and PVC, in comparison 

to more crystalline polymers like HDPE and LDPE. Therefore, the quickest diffusion rate 

affiliated with rubber and PVC is not surprising as they are both amorphous polymers.  

Higher partitioning coefficients in the commercial verses model system were recorded 

(Figures 2-32 to 2-35). Partitioning coefficients varied between the model and real systems for 

various reasons. One reason for this deviation may be due to differences in the solutions that the 

polymeric materials were introduced to. In the model system the polymeric materials containing 

MA and 2AAP were introduced to a fresh solution free of any other odorants, while in real wine 
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and juice the solutions contained a range of other odorants. Previous studies have shown that 

partitioning from a mixture of odorants can decrease or increase partitioning coefficients for the 

analyte of interest depending on the system (Johansson and Leufven, 1997; Peyches-Bach et al., 

2012). Previous studies have also shown that the concentration of the odorants can affect 

partitioning of odors into polymers (Johansson and Leufven, 1997; Cava et al., 2005). In the 

model systems the polymers contained higher levels of MA and 2AAP upon introduction to the 

new solutions. These more saturated polymers may have allowed for more desorption into fresh 

model solutions. Both of these situations would result in lower partitioning coefficients in the 

model study, since larger amounts of the odorants would be desorbed from the polymers into the 

solutions.  

2.4.4.3 Conclusion 

In conclusion, for this portion of the experiment the same general trends observed for 

desorption into the model systems were also observed in commercial wine and juice. One 

exception was the behavior of HDPE, which had similar levels of desorption to LDPE. HDPE’s 

deviation may be due to structural changes such as a reduction in crystallinity resulting from the 

sorption of additional nonpolar components of real wine and juice, such as other natural odorants 

in commercial wine and juice. The partitioning coefficients for MA and 2AAP were higher for 

commercial wine and juice in comparison to the model study. Differences in the composition of 

the solutions and starting concentrations of the odors in the polymers may account for this 

outcome.   
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2.4.5 Cleaning Study  

 One means to minimize the inadvertent transfer of MA and 2AAP to V. vinifera wines is 

through the use of cleaning solutions. To test the efficacy of various cleaning solutions, PVC was 

exposed to MA and 2AAP from model juice using the same methods previously described for 

model scalping evaluation. PVC was chosen since it was able to scalp the largest amount of MA 

and 2AAP in the previous studies. After scalping, PVC was subjected to acidic (3%HCl), 

alkaline (3%NaOH) and ethanolic (20%, 40% and 80%) solutions. The acidic and alkaline 

solutions were chosen in order to mimic current sanitation protocols carried out in winery 

settings and ethanol solutions were chosen based off previous work that has shown them to be 

effective at removing odors from polymers (Fukamachi et al., 1996; Yoon-Hee et al., 2000). The 

use of the alkaline and acidic solution also allowed for us to determine any effects from 

differences in the pH of the cleaning solutions. The solutions were allowed to remain in contact 

with the polymers over three time periods (15, 30 and 60 minutes) and two temperatures (25°C 

and 75°C) in order to assess the effects of these parameters.  

2.4.5.1 Results and Discussion 

 The increase in temperature, time and ethanol content led to increased levels of 

desorption (Figures 2-36 to 2-39). Increasing temperature plasticizes polymers (Dury-Brun et al., 

2007), leading to more free volume and faster migration of the odors from the polymers into the 

cleaning solutions. Increasing temperature also increases the volatility of the odorants, which 

enhances the rate at which MA and 2AAP are desorbed from the polymers. Previous work has 

shown that increasing ethanol content leads to larger amounts of desorption (Yoon-Hee et al., 
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2000). This occurs due to an increase in the nonpolar nature of the solution, making it a more 

compatible solution for the odors to partition in to.  

 While 20% ethanol led to significantly (p<0.05) more desorption than 3% NaOH, the 

difference was not as drastic as predicted. This is in agreement with previous findings from the 

scalping and desorption studies described above that found that the behavior of the odorants was 

similar in both wine (12% ethanol) and juice. Others support the findings in this cleaning study 

by showing that odorant sorption behavior into polymers is similar for both 20% ethanol 

solutions and completely aqueous ones (Fukamachi et al., 1996). Fukamachi et al. (1996) also 

found that as ethanol concentrations increased to above 20% there was a sharp increase in the 

partitioning of the odors from the polymers into the ethanolic solutions, which was documented 

in this study. This is likely due to the increasing effects of ethanol on reducing the polarity of the 

cleaning solutions, making it a more thermodynamically favorable environment for the odorants 

to partition into (Yoon-Hee et al., 2000).  

 Unexpectedly, the alkaline solution allowed for more desorption of MA and 2AAP from 

PVC in comparison to the acidic solution. Other studies have found similar findings where basic 

solutions allowed for the desorption of odorants from polymeric materials, providing no direct 

explanation for why they were suitable to do so (Safa and Bourelle, 1999). One possible 

explanation they proposed was that these alkaline solutions can react with polymers leading to an 

altered structure that results in greater levels of desorption, but this would have to be further 

investigated in order to confirm the validity of this statement.   
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2.4.5.2 Conclusion  

 In conclusion, I observed that increasing time, temperature and ethanol content allowed 

for more extensive desorption of MA and 2AAP from PVC. The efficacy of these cleaning 

solutions on other polymers with different structures may vary and should be further 

investigated. Altering other parameters of the cleaning protocols, such as increasing time and 

temperature, performing multiple washings, and using other solvents (ex. more organic solvents) 

may alter the reported results and should be further evaluated.  
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Figure 2-36: Desorption of Methyl Anthranilate from PVC at 25°C 

Values with different capital letters are considered significantly (p<0.05) different from one another 

(Error bars represent +/- 1 SD from mean) 
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Figure 2-37: Desorption of 2-Aminoacetophenone from PVC at 25°C 

Values with different capital letters are considered significantly (p<0.05) different from one another 

(Error bars represent +/- 1 SD from mean) 
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Figure 2-38: Desorption of Methyl Anthranilate from PVC at 75°C 

Values with different capital letters are considered significantly (p<0.05) different from one another 

(Error bars represent +/- 1 SD from mean) 
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Figure 2-39: Desorption of 2-Aminoacetophenone from PVC at 75°C 

Values with different capital letters are considered significantly (p<0.05) different from one another 

(Error bars represent +/- 1 SD from mean) 
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Chapter 3: Determining the Rejection Threshold for 2-Aminoacetophenone (2AAP) in       

V. vinifera wines. 

3.1 Abstract 

 The purpose of this experiment was to determine the rejection threshold of 2AAP in 

wine. A consumer panel (n=65, n=42) was composed of people who commonly consume white 

V. vinifera wines. Panelists were recruited to assess 6-pairs of wines in a 2-alternative for choice 

test (2-AFC) where one of the wines was spiked with varying concentrations (0.25, 0.63, 1.56, 

3.91, 9.77 and 24.41 µg/L) of 2AAP and the other was not (control). The results of this study 

showed that even at the highest spiked concentration (24.14 µg/L, 5 times above detection 

threshold) there was no statistically significant (p>0.05) preference for the control wine. This 

suggests that 2AAP is either not offensive or unrecognizable to common white wine consumers 

in central Pennsylvania.  
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3.2 Introduction 

 2-Aminoacetophenone (2AAP) is an odor compound responsible for the foxy notes 

associated with V. labrusca wines (Acree et al., 1990). The term “foxy” is used as a descriptor 

for 2AAP’s odor since it elicits a musky animal-like odor that has also found in anal gland 

secretions from weasels where it is believed to be utilized as a scent for marking territories 

(Wood and Joest, 2008). In V. labrusca wines, such as Niagara and Concord, 2AAP is believed 

to be synthesized by the grapes in order to deter birds where it acts as irritant (Mason et al., 

1991). Unlike in V. labrusca wines, 2AAP is not expected to be perceptible in any V. vinifera 

varietals as its presence is considered undesirable by industry professionals. 2AAP has been 

previously implicated with the V. vinifera varietal Riesling, as it is believed to be responsible for 

the off odor developed during storage known as untypical ageing (UTA) (Hoenicke, Simat, et al., 

2002). Odor descriptors associated with UTA and 2AAP in Riesling include moth balls, acacia 

blossom, wet wool, naphthalene-like and furniture polish (Hoenicke, Borchert, et al., 2002). The 

formation of 2AAP in terms of its role in UTA has been thoroughly studied because it results in 

defective wines that are unacceptable to German wine consumers (Christoph et al., 1999; 

Christoph et al., 2000; Hoenicke, Simat, et al., 2002). 

 Previous studies have looked into determining the concentrations at which 2AAP affects 

the sensory qualities of V. vinifera wines and found that it occurs around 0.5 µg/L in varietals 

such as Chardonnay and Pinot Gris (Fan et al., 2007). This concentration was determined by 

choosing the level at which 2AAP shifted the odor of the wine from a fruity, floral and honey 

like description, to odors associated with descriptors such as leather, nail polish and wet mop 

(Fan et al., 2007). It has been assumed that 2AAP’s presence at or above this concentration will 

significantly deplete the quality and preference of the wine for consumers (Fan et al., 2007). 
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However, using detection thresholds as the benchmarks for wine quality may not be suitable as a 

previous study has shown that the rejection thresholds for off odors (e.g. TCA) are often 

substantially higher than their detection thresholds (Prescott et al., 2005). This is problematic 

because it may lead to the false identification of wines as being unsuitable to consumers when in 

reality the concentration of the odorant of interest is only high enough to be detected by a 

sensitive group of experts. Falsely identifying wines as defective could lead to sizeable economic 

losses and winemaking practices (e.g. mixing to remove off-odor) that are preventable through 

the use of sensory methods that directly speak to the question of interest. That is, instead of 

determining whether consumers can tell an odor is present, it may be more appropriate to 

determine if they care.  

 Through the use of rejection thresholds, it is possible to determine the concentration at 

which 2AAP significantly negatively affects the consumer preferences for wines. To the best of 

our knowledge there is also currently no literature that estimates rejection thresholds for 2AAP in 

any wines. In light of this, the goal of this study was to determine the rejection threshold for 

2AAP in Chardonnay and Riesling varietals among people who commonly consume white V. 

vinifera varietals. Common consumers were chosen over experts as a more rational approach to 

determining the true rejection threshold for 2AAP among your average wine drinkers, since 

experts often have a heightened sensitivity to odors, which would generate biased rejection 

threshold estimates. 

 

 

 



88 
 

3.3 Materials and Methods 

Participants 

 Participants were screened before tests in order to ensure that they qualified. Screening 

criteria included age (21-65), not being pregnant or breastfeeding, not smoking within the last 30 

days, no known defects to taste or smell, no lip, cheek or tongue piercings, no history of choking 

or difficulty swallowing, no history of alcohol dependence or instruction from health care 

provider to avoid consumption of alcohol, and no moral or religious objection to consuming 

alcohol. All participants also indicated that they consumed wine on a regular basis (at least once 

every 2 weeks). Participants that commonly consumed (more than once a month) V. labrusca 

varietals, Concord and Niagara, as well as wines produced throughout Pennsylvania, were also 

excluded. This screening criterion was chosen in an attempt to only select consumers that 

commonly drink V. vinifera wines and exclude those who may be familiar with the odor of 

2AAP, which is readily perceptible in V. labrusca wines. People who commonly consume wines 

produced in Pennsylvania were also excluded since the vast majority of Pennsylvania wines are 

V. labrusca based (71%, 67% Concord and 4% Niagara). Participant’s knowledge of V. vinifera 

wines was also used for selecting panelists in order to choose individuals that truly consumed V. 

vinifera wines on a regular basis. This was done by supplying applicants with a list of wines and 

asking them to select the V. vinifera varietals. The list included a range of V. vinifera wines 

including common varietals (e.g. Riesling, Chardonnay, Pinot Gris etc.), uncommon ones (ex. 

Petit Manseng, Viognier, Albarino), V. labrusca wines (e.g. Niagara) and fake wines (e.g. Petit 

Chableau and Seville Vioge). Any participants that indicated that one of the V. labrusca or fake 

wines was a V. vinifera varietal were excluded from the test. All participants also gave written 

consent to participate in the tests and their age was verified via government issued photographic 
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identification by people who were Responsible Alcohol Management Program (RAMP) 

certified. All procedures were approved by The Pennsylvania State University Institutional 

Review Board (#37365). In the first experiment (Chardonnay), a total of 65 individuals were 

tested (50 women and 15 men) and in the second experiment (Riesling) a total of 42 individuals 

were tested (33 women and 9 men).  

Design 

 A method of constant stimuli using a series of 2-Alternative Force Choice (2-AFC) tests 

was chosen for this study. For these 2-AFC tests, participants were presented with a control and 

sample spiked with 2AAP, and asked which sample they preferred within the pair; a no 

preference option was not provided. Each participant received a total of 6 pairs for each wine 

(Chardonnay or Riesling). The treatment portion of the pair was presented in ascending 

concentration of 2AAP in order to reduce potential fatigue and carryover across pairs. The 

position of the control and spiked sample was counterbalanced within pairs, so half received the 

control first and half received the spike first. 

 At the beginning of each test participants were instructed to rinse their mouths with 

water. Participants were then instructed to take a sip of the sample, swish it around in their 

mouths for 5 seconds, spit out the sample into a cup and rinse with room temperature reverse 

osmosis water. This process was then repeated for the other sample, after which the participants 

were asked to choose which sample they preferred. 

Stimuli 

 Yellow Tail Unoaked Chardonnay and Franz Reinhart Riesling were purchased at retail. 

The wines were spiked with 2AAP at the following doses; 0.25, 0.63, 1.56, 3.91, 9.77 and     
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24.41 µg/L. These dosages were chosen via informal bench top testing with our research team. 

The base wines used as control were confirmed to be free of any 2AAP via GC-MS. Participants 

were presented with 30 mL of each wine sample in ISO wine tasting glasses. The samples were 

also covered with an odorless paper cap that contained a randomized three number blinding 

code. Samples were prepared the day before (held at 21°C) analysis and served at room 

temperature (21°C). 

Data Analysis 

 Tests lasted approximately 20 minutes and each experiment (Chardonnay and Riesling) 

occurred on separate days. All tests were conducted at the Sensory Evaluation Center at the 

Pennsylvania State University in isolated sensory testing booths under white lighting. Data was 

collected via Compusense Five, version 5.2 software (Guelph, Ontario, Canada). Proportions of 

individuals preferring the control were transformed to z-scores through the use of a conversion 

table (Appendix). The z-scores were plotted against concentration, and fit with linear regression. 

The rejection threshold (RjT50) was defined a priori as the halfway point between chance (0.5) 

and universal rejection (1.0); this point (75%) corresponds to a z-score of +0.67 as described in 

previous work by Lawless, (2010).  

3.4 Results and Discussion 

 The results of the preference tests are shown in Figures 3-1 and 3-2 below. As depicted 

by the low slope of the trend line, there was no statistically significant preference for the control 

at any of the 2AAP concentrations in either of the wines. This was surprising considering that the 

highest concentration (24.41 µg/L) presented to participants was almost 50 times the detection 

threshold of 2AAP (0.5 µg/L) reported in the literature (Fan et al., 2007). As the linear fit never 
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crossed our priori criterion of z = +0.67, it was not possible to calculate a rejection threshold for 

2AAP in these wines. We could have increased the levels even higher to see if the rejection 

threshold was above the highest tested concentration, but informal tasting by our team during 

pilot test suggested it was not a problem of detection, as the wines were clearly foxy by the 3
rd

 to 

4
th

 concentration in the series. 2AAP concentrations were also well above the levels you would 

find them in V. vinifera wines at the higher concentrations we tested, so testing at higher 

concentrations would have limited real world applicability.  

 The results of this test suggest that wines containing 2AAP well above the reported 

detection threshold may not be rejected by regular wine consumers. However, it should be noted 

that even though the chosen priori (50% above chance at Z=+0.67) was never achieved there was 

still some rejection above chance, suggesting that there was at least a trend for increased 

rejection with increased 2AAP concentration in the wines. This is an important finding as it is 

generally believed that the mere presence of any “foxiness” in V. vinifera varietals is considered 

a serious flaw according to wine experts. This study shows that the quality of wines can be 

defined differently by various groups of consumers. For example, among wine experts wines are 

expected to have a specific odor dictated by the varietal and winemaking style. Any deviation 

from this expectation, such as the presence of 2AAP in V. vinifera wines, renders the wine as 

atypical, and thus of unacceptable quality. Conversely, in typical wine consumers, the presence 

of these “off-odors” may either not be recognized or even if they are recognized, are not 

considered offensive. This difference between expert and common consumer preferences has 

been found in other foodstuffs where experts and judges look for faults that do not affect liking 

among average consumers (Roberts and Vickers, 1994). It appears this may have been the 

situation here, as even at high concentrations of 2AAP, the control un-spiked wines were not 
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preferred over the ones spiked with 2AAP. This may result from the unambiguous odor of 2AAP 

as previous work with a trained panel showed 2AAP was often initially described as a grapey 

odor that was not offensive to the panelists.  

 The findings of this study may not be indicative of the manner in which other V. vinifera 

consumers perceive 2AAP in wines. For this test we made a concerted effort to only include V. 

vinifera consumers through pre-screening, but in regions such as Pennsylvania where V. labrusca 

wines are readily available it is difficult to find any consumers that are not at least familiar with 

the odors of V. labrusca wines. Familiarity with V. labrusca-associated odors may lead to the 

recognition of 2AAP as not being obscure or offensive. This may limit the applicability of these 

findings to areas such as the Northeastern United States and portions of Canada (e.g. Ontario) 

where the odor of 2AAP is familiar to V. vinifera consumers due to the prevalence of V. labrusca 

wines. Other markets that are less familiar with these odors in wines may find 2AAP to be more 

obscure and offensive, leading to it being rejected at lower concentrations. This may be 

especially applicable to large V. vinifera markets such as the west coast of the United States 

where the presence of V. labrusca wines is limited. However, while V. vinifera consumers in 

other regions may not be familiar with V. labrusca wines they may still be familiar with the odor 

of 2AAP due to the regular consumption of other foodstuffs, such as Welch’s grape juice and 

jams that are made from V. labrusca grapes, which could increase their acceptance of 2AAP in 

wines. In contrast, other regions which are not familiar with 2AAP in any manner (e.g. Europe) 

may be even more sensitive to 2AAP leading to lower rejection thresholds in comparison to V. 

vinifera consumers on the west coast of the United States. This market segmentation could be 

investigated by carrying out the same study in these regions to determine if 2AAP affects the 
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preference for V. vinifera wines differently among consumers who are less familiar with it (e.g. 

California) or not  familiar with it at all (e.g. Germany). 

3.5 Conclusion  

 In conclusion, the outcome of this study shows that the presence of 2AAP in wines did 

not negatively affect preference. This shows that just because an odorant can be detected in 

wines it may not be rejected by consumers, suggesting that detection thresholds are not 

appropriate for assessing the effects of certain odorants on wine quality among particular groups 

of consumers. These results also imply that rejection threshold consumer testing may be a better 

use of resources for assessing off odors impact on wine quality instead of developing enhanced 

analysis methods to determine the presence of 2AAP at low concentrations where it may not 

affect the quality of wines. 

 It should also be noted that while the average V. vinifera wine consumer in central PA 

may not care about the odor of 2AAP, it can still definitely benefit wineries to ensure that the    

V. vinifera varieties they produce do not contain these V. labrusca-associated odors. These 

benefits include the ability to separate themselves from other wineries that cannot successfully 

produce V. vinifera wines and also generate prestige for their wine production region. This is 

especially important in regions such as Pennsylvania where the emerging wine market would be 

stalled if experts suggest that all of Pennsylvania’s V. vinifera varieties contain some levels of V. 

labrusca-associated odors. Issues can also arise from this type of situation rather quickly through 

mass media via online blogging and social media, so even if a few people (experts or not) 

perceive V. labrusca odors in V. vinifera wines it could drastically affect the reputation of a 

region in a short period of time.  
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 This issue is also dictated by the target market wineries are looking to produce for. 

Wineries that are only looking to sell large amounts of V. labrusca based wines may not care if 

some of their other V. vinifera wines also contain these odors, especially since most of their 

customers are likely already familiar with them (MA and 2AAP). However, other wineries that 

are looking to grow their market for V. vinifera varieties would obviously care if 2AAP is 

perceived in their wines in any capacity and would also care if other producers are affecting their 

sales by having these aromas in their V. vinifera wines. These differences highlight the current 

issue in Pennsylvania where differences in production patterns (V. labrusca verses V. vinifera) 

dictate the degree to which wineries are concerned about this issue. 

  Lastly, this sensory test only one looked at one odorant (2AAP) associated with              

V. labrusca wines. There could be other odorants (e.g. MA) that are rejected at lower 

concentrations which could significantly affect the preference of these wines among the 

consumers tested in this study, as well as other ones. This limits the findings of this study to our 

region (central Pennsylvania) for only 2AAP as the translatability needs to be further 

investigated before general assumptions are made for the majority of V. vinifera consumers 

throughout America. 
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Figure 3-1: Plot of the Transformed Z-score for Proportion Who Preferred Sample Spiked with    

2-Aminoacetophenone Over Control in Chardonnay (Red Line Indicates Target Priori of Z=+0.67) 
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Figure 3-2: Plot of the Transformed Z-score for Proportion Who Preferred Sample Spiked with 2-

Aminoacetophenone Over Control in Riesling  (Red Line Indicates Target Priori of Z=+0.67) 
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Chapter 4: Conclusions and Future Studies 

 For the first time, this study shows that it is possible for polymeric materials relevant to 

the wine industry to transfer V. labrusca-associated odors to V. vinifera wines. Determining this 

as a potential source for these odors in V. vinifera wines is of great importance to the 

Northeastern wine industry because the same equipment is often utilized to process both V. 

vinifera and V. labrusca wines. The levels of the odorants that were transferred were largely 

correlated with the structural characteristics of the polymers as amorphous materials such as 

PVC and rubber transferred them at a higher rate than semi-crystalline polymers such as 

polyethylene (LDPE and HDPE).  

 A cleaning study was also performed in order to assess the efficacy of various cleaning 

solutions on removing MA and 2AAP from polymers as a potential means to resolve this 

carryover issue. As expected, I found that increasing both temperature and ethanol content 

increased desorption from the polymer. However, even at the highest temperature (75°C) and 

ethanol (80%) combination tested, only 40% of the sorbed odorants were removed over a 60 

minute period. This suggests that cleaning protocols need to be carefully established in order to 

resolve this issue.  

 Lastly, a sensory test on the rejection thresholds for 2AAP in V. vinifera wines found that 

even at the highest tested concentration (50x the detection threshold at 24.14µg/L) there was no 

preference for the un-spiked control. This suggests that for certain V. vinifera consumers (central 

PA) the presence of 2AAP is not offensive and therefore may not drive their preference for 

wines. However, the presence of V. labrusca odors in V. vinifera wines can affect other factors 

such as the opinions of experts, which could diminish the reputation of wineries in Pennsylvania 
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who are currently successfully producing V. vinifera varieties. It should also be noted that these 

results are only relevant to central PA as further testing needs to be employed in order to 

determine the translatability of these findings for 2AAP to other regions. Lastly, this test only 

looked at one odorant (2AAP) in one population. This limits the findings of this study as other V. 

labrusca associated odors (e.g. MA) may impact preference at lower concentrations.    

 Future studies should be performed in order to determine if MA and 2AAP can be 

transferred in a real winery setting under typical processing conditions. This could be 

accomplished by monitoring the levels of MA and 2AAP in V. vinifera varietals after they pass 

through the various steps of the winemaking process (crushing, de-stemming, fermentation and 

bottling) following V. labrusca production. Another way to investigate this transfer, would be to 

actually remove polymeric materials (e.g. hoses, fermentation tanks, bladder presses etc.) and 

analyze for MA and 2AAP directly from them.  

 Thought should also be put into the effects of time of exposure as this may also limit the 

rate of scalping of MA and 2AAP from wine and juice by polymeric materials. For example, 

areas such as the fermentation tanks and hoses that are in contact with the wine for extended 

periods of time may be more likely to transfer MA and 2AAP in comparison to presses which are 

not (e.g. press). Temperature could also affect this transfer especially in the case of Concord 

juice processing which is hot pressed. Increased temperature leads to increased scalping, so if 

these same press materials are also used for V. vinifera processing it is likely that the press may 

be capable of transferring MA and 2AAP.  

 This study could also act as a framework for looking into to other odorants that may be 

transferred in this manner, such as methoxypyrazines, which have been shown to be at relatively 
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high levels in some species of grapes native to America (Qun et al., 2011). Methoxypyrazines 

also have extremely low detection thresholds (1-5 ng/L) so even if only a small amount are 

transferred they could significantly impact the odor of wines (Lacey et al., 1991).  

 An in depth survey should also be conducted in order to monitor the levels of MA and 

2AAP in V. vinifera wines produced throughout Pennsylvania so that the breadth of the issue can 

be better understood.  

 For the sensory portion, further testing should be carried out in order to assess if the 

results of this study are consistent with other wine markets that are not familiar with V. labrusca 

odors (e.g. California, Germany etc.). This test would be interesting to conduct as it could either 

show that these odors are not offensive to all consumers or that there are definitive regional 

differences in terms of perception of 2AAP in wines. MA could also be tested in order to 

determine its rejection threshold in wines as it may lead to rejection at lower concentrations than 

2AAP. There are also other odorants that contribute to the odor of V. labrusca wines. Identifying 

these odorants through both sensory and analytical chemistry methods would shed further light 

on this issue and allow for them to also be tested in terms of their ability to be transferred in a 

processing setting by polymeric materials.  
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Appendix 

 

Table 7: PA Wine Survey Results (MA=Methyl Anthranilate and 2AAP= 2Aminoacetophenone). 

Values for both odorants are displayed in µg/L. ND indicates that none of the odor was detected. 

Wine MA 2AAP 

1 76.12 2.28 

2 28.57 ND 

3 0.03 ND 

4 5.25 ND 

5 ND ND 

6 ND ND 

7 ND ND 

8 ND ND 

9 ND ND 

10 ND ND 

11 ND ND 

12 ND ND 

13 ND ND 

14 ND ND 

15 ND ND 

16 ND ND 

17 ND ND 

18 ND ND 

19 ND ND 

20 ND ND 

21 ND ND 

22 ND ND 

23 ND ND 

24 ND ND 

25 ND ND 

26 ND ND 

27 ND ND 

28 ND ND 

29 ND ND 

30 ND ND 

31 ND ND 

32 ND ND 

33 ND ND 

34 17.5 ND 

35 ND ND 
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The table above is from the analysis of various sole white V. vinifera wines produced by wineries 

throughout PA. All wines were analyzed using the same GC-MS method described in the 

materials and methods section in order to assess the levels of MA and 2AAP during the 

scalping/desorption studies. The purpose of this work was to assess the frequency of the issue 

throughout PA. 
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Calibration Curves Model Systems 
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Calibration Curves in Commercial Wine and Juice 
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Table Alternatives to Total Scalping and Desorption Graphs 

Table 8: Total Scalping of MA and 2AAP by Polymers (g/m
3
) after 144h of Contact with Spiked 

(100mg/L) Model Solutions 

 MA 2AAP 

Polymer Model Wine Model Juice Model Wine Model Juice 

HDPE 272.32
A,1

 59.74
E,5 

242.50
I,9 

39.22
M,13 

LDPE 630.54
B,2 

733.92
F,6 

528.60
J,10 

236.53
N,14 

Rubber 669.46
C,3 

786.65
G,7 

613.12
K,11 

636.90
K,11 

PVC 1892.49
D,4 

2018.01
H,8 

1881.5
L,12 

1773.58
P,16 

Polysulfone ND
V,17 

ND
V,17 

ND
W,18 

ND
W,18 

Control ND
V,17 

ND
V,17 

ND
W,18 

ND
W,18 

Values with different upper case letters indicate significant differences (p<0.05) in scalping across 

the polymers for the same odor compound. Values with different superscript numbers indicate 

significant differences (p<0.05) in scalping between model solutions for the same odor compound 

and polymer.  

 

 
Table 9: Diffusivity (m

2
/s) of MA and 2AAP from Model Solutions into Polymers 

 

  MA 2AAP 

Polymer Model Wine Model Juice Model Wine Model Juice 

HDPE 3.60x10
-11A,1 

3.24x10
-12D,5 

1.60x10
-11H,9

 1.60x10
-13L,11

 

LDPE 5.09x10
-11A,2 

2.04x10
-10E,6 

1.76x10
-10I,10

 5.09x10
-13L,12

 

Rubber 1.44x10
-08B,3 

1.54x10
-08F,7

 1.25x10
-08J,11

 2.66x10
-10M,13

 

PVC 4.84x10
-10C,4 

2.70x10
-09G,8

 1.02x10
-09K,12

 3.46x10
-10M,14

 

Polysulfone ND
V,17 

ND
V,17 

ND
W,18 

ND
W,18 

Control ND
V,17 

ND
V,17 

ND
W,18 

ND
W,18 

Values with different superscript lower case letters indicate significant differences (p<0.05) in 

scalping across the polymers for the same odor compound and solution (down each column). Values 

with different superscript numbers indicate significant differences (p<0.05) in scalping between 

model solutions for the same odor compound and polymer. 
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Table 10: Total Desorption: Change in Concentration (g/m
3
) of MA and 2AAP in Polymer After 

144h of Contact with Un-Spiked Model Solutions 

 

  MA  2AAP 

Polymer Model Wine Model Juice Model Wine Model Juice 

HDPE 129.44
A,1 

58.66
E,5 

22.43
I,7 

29.74
N,7 

LDPE 10.66
B,2 

7.66
F,2 

2.90
K,8 

26.49
O,11 

Rubber 428.83
C,3 

397.46
G,3 

278.7
L,9 

376.09
P,12 

PVC 579.50
D,4 

430.31
H,6 

517.66
M,10 

733.01
Q,13 

Polysulfone ND
B,17 

ND
F,17 

ND
K,18 

ND
Y,18 

Control ND
B,17 

ND
F,17 

ND
K,18 

ND
Y,18 

Values with different upper case letters indicate significant differences (p<0.05) in scalping across 

the polymers for the same odor compound and solution (down each column). Values with different 

superscript numbers indicate significant differences (p<0.05) in scalping between model solutions 

for the same odor compound and polymer.  

 

 
Table 11: Total Scalping of MA and 2AAP by Polymers (g/m

3
) after 144h of Contact with Spiked 

(5mg/L) Concord Wine (CW) and Juice (CJ) 

 MA 2AAP 

Polymer CW CJ CW CJ 

HDPE 127.93
A,1 

137.16
D,1 

132.75
H,6 

99.44
K,10 

LDPE 164.77
B,2 

174.77
E,2 

149.27
H,7 

141.71
L,7 

Rubber 182.68
B,3 

194.31
F,3 

174.90
I,8 

183.57
M,8 

PVC 208.22
C,4 

246.91
G,5 

236.70
J,9 

206.87
N,9 

Control ND ND ND ND 

Values with different upper case letters indicate significant differences (p<0.05) in scalping across 

the polymers for the same odor compound and solution (down each column). Values with different 

superscript numbers indicate significant differences (p<0.05) in scalping between model solutions 

for the same odor compound and polymer.  
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Table 12: Partitioning Coefficients (Log Concentration in Polymer/ Concentration in Solution) 

during scalping of MA and 2AAP from Model and Concord Wine 

 

  MA 2AAP 

Polymer K p/model wine K p/concord wine K p/model wine K p/concord wine 

HDPE 0.49
A,1 

1.82
E,5 

0.43
G,9 

1.75
K,13 

LDPE 0.90
B,2 

1.84
E,6 

0.80
H,10 

1.76
K,14 

Rubber 1.05
C,3 

2.03
F,7 

1.05
I,11 

1.91
L,15 

PVC 1.72
D,4 

2.10
F,8 

1.72
J,12 

2.29
M,16 

Polysulfone ND NA ND NA 

Control ND NA ND NA 

Values with different upper case letters indicate significant differences (p<0.05) in scalping across 

the polymers for the same odor compound and solution (down each column). Values with different 

superscript numbers indicate significant differences (p<0.05) in scalping between model solutions 

for the same odor compound and polymer.  

 

 
Table 13: Partitioning Coefficients (Log Concentration in Polymer/ Concentration in Solution) 

during scalping of MA and 2AAP in Model and Concord Juice 

 

  MA 2AAP 

Polymer K p/model juice K p/concord juice K p/model juice K p/concord juice 

HDPE -0.21
A,1 

1.78
E,5 

-0.40
H,9 

1.52
L,12 

LDPE 0.98
B,2 

2.01
F,6 

0.41
I,10 

1.76
M,13 

Rubber 1.17
C,3 

1.97
F,7 

1.01
J,11 

1.81
M,14 

PVC 1.81
D,4 

2.37
G,8 

1.65
K,12 

2.09
N,15 

Polysulfone ND NA ND NA 

Control ND NA ND NA 

Values with different upper case letters indicate significant differences (p<0.05) in scalping 

across the polymers for the same odor compound and solution (down each column). Values 

with different superscript numbers indicate significant differences (p<0.05) in scalping 

between model solutions for the same odor compound and polymer.  
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Table 14-Total Desorption: Change in Concentration (g/m
3
) of MA and 2AAP in Polymer After 

144h of Contact with Un-Spiked V. vinifera wine and Juice (CHW=Chablis Wine and MJ=Muscat 

Juice) 

 

  MA  2AAP 

Polymer CHW MJ CHW MJ 

HDPE 6.98
A,1 

2.24
D,1 

12.10
F,7 

12.09
H,7 

LDPE 0.90
A,2 

5.27
D,2 

6.82
F,8 

19.75
H,11 

Rubber 60.10
B,3 

22.40
E,5 

60.10
G,9 

99.68
I,9 

PVC 107.03
C,4 

23.46
E,6 

68.70
G,10 

99.86
I,12 

Control ND ND ND ND 

Values with different upper case letters indicate significant differences (p<0.05) in scalping across 

the polymers for the same odor compound and solution (down each column). Values with different 

superscript numbers indicate significant differences (p<0.05) in scalping between model solutions 

for the same odor compound and polymer.  

 

 
Table 15: Partitioning Coefficients (Log Concentration in Polymer/ Concentration in Solution) for 

Desorption of MA and 2AAP from Polymers into Model and Chablis Wine 

 

  MA 2AAP 

Polymer K p/model wine K p/Chablis wine K p/model wine K p/Chablis wine 

HDPE 0.49
A,1 

1.72
D,5 

0.43
F,9 

1.75
J,13 

LDPE 0.90
B,2 

1.84
D,6 

0.80
G,10 

1.76
J,14 

Rubber 1.05
B,3 

2.03
E,7 

1.05
H,11 

1.91
K,15 

PVC 1.72
C,4 

2.10
E,8 

1.72
I,12 

2.29
L,16 

Polysulfone ND NA ND NA 

Control ND NA ND NA 

Values with different upper case letters indicate significant differences (p<0.05) in scalping across 

the polymers for the same odor compound and solution (down each column). Values with different 

superscript numbers indicate significant differences (p<0.05) in scalping between model solutions 

for the same odor compound and polymer.  

The letters ND indicate that no levels of partitioning were detected. NA means that the polymer was 

not tested in the solution due to an inability for it to scalp odors from model solutions. 
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Table 16: Partitioning Coefficients (Log Concentration in Polymer/ Concentration in Solution) for 

Desorption of MA and 2AAP from Polymers into Model and Muscat Juice 

 

  MA 2AAP 

Polymer K p/model juice K p/Muscat juice K p/model juice K p/Muscat juice 

HDPE -0.03
A,1 

3.48
E,5 

0.90
G,9 

1.83
J,13 

LDPE 3.20
B,2 

3.35
E,6 

2.26
H,10 

2.59
K,14 

Rubber 1.18
C,3 

2.53
F,7 

1.06
G,11 

1.36
L,15 

PVC 2.04
D,4 

2.77
F,8 

1.62
I,12 

1.83
M,16 

Polysulfone ND NA ND NA 

Control ND NA ND NA 

Values with different upper case letters indicate significant differences (p<0.05) in scalping across 

the polymers for the same odor compound and solution (down each column). Values with different 

superscript numbers indicate significant differences (p<0.05) in scalping between model solutions 

for the same odor compound and polymer.  

The letters ND indicate that no levels of partitioning were detected. NA means that the polymer was 

not tested in the solution due to an inability for it to scalp odors from model solutions. 
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Z-score Tables 

 

 
 

 

 

 

 


