ABSTRACT

REUSZ, CHRISTOPHER. M. Flavor Chemistry of Cream Cheese. (Under the direction of Dr.
MaryAnne Drake).

Cream cheese flavor is a highly complex interaction of synergistic aroma active
compounds that is still not fully understood. The cream cheese market is an integral market
within the United States. Total cream cheese sales in the US in 2020 amounted to $830.8 million
with $537.3 million attributed to the sales of Philadelphia brand cream cheese alone
(Shahbandeh, 2021). Aroma-active volatile composition and sensory properties of many
fermented dairy products (fermented butter, buttermilk, cottage cheese, yogurt, and sour cream)
are well characterized, but the contribution of volatile compound and organic acid composition
on cream cheese flavor and consumer acceptance have not been established. The objective of this
study was to understand the impact of lactones on dairy products and to determine the
relationship between sensory and chemical properties and consumer liking of commercial cream

cheeses.

Lactones are a class of cyclic organic esters whose characteristic coconut and peach flavors along
with fatty mouthfeel are direct contributors to the characteristic/desirable flavor and texture of dairy

products including cream cheese. They are formed when a 4- or 5- hydroxy fatty ester bound with
triacylglycerol within milk fat are lactonized followed by subsequent release upon heating to
form y- and 6-lactones, respectively. The hydroxy fatty acid precursors for lactone formation are
synthesized within the cow and are a direct result of the feeding regimen, stage of lactation, and
season of milk collection. Fermentation has been reported to increase the free lactone content of
milk fat by enhancing the formation of lactone precursors through hydratase hydroxylation by
lactic acid bacteria of unsaturated fatty acids naturally present within milk. Various extraction

techniques have been utilized in the identification and quantification of lactones in dairy, but



direct immersion Hi-Sorb sorbent extraction has shown to be the most robust and reliable. The
formation and degradation of lactones during dairy product shelf life is still not fully understood

and further research is required to determine their overall stability

Descriptive and instrumental analyses were conducted followed by consumer acceptance
testing on cream cheese samples to determine the link between consumer acceptance and
chemical composition. Thirty-one cream cheeses (22 cream cheese and 9 Neufchatel) were
collected in duplicate lots. Appearance, flavor, and texture attributes of the samples were
evaluated by a trained descriptive sensory panel. Instrumental color, fat, protein, total solids, pH
organic acids, aroma active volatiles, and consumer acceptance testing (n=164) were conducted
representative cream and Neufchatel cheeses. Univariate and multivariate statistical analyses
were applied. Cream and Neufchatel cheeses were characterized by cooked/milky, sour aromatic,
milkfat, sweet taste, sour taste, salty taste, and umami taste. Full fat cream cheeses were distinct
from reduced fat Neufchatel cheeses. Characteristics of Neufchatel cheeses included lower
cooked milky, sweet aromatic, and milkfat flavors, the presence of cardboard/stale and burnt
brothy flavors, and lower product firmness compared to cream cheeses. Lactic acid was the
prominent organic acid in cream cheese followed by orotic, citric, and butyric acids (p < 0.05).
High aroma impact volatiles in cream cheese were acetone, diacetyl, acetic acid, acetoin, 2,3-
butanediol, butanoic acid, dimethyl sulfone, 2-octanone, hexanoic acid, 2-nonanone, octanoic
acid, and &-decalactone. Overall, drivers of liking for cream and Neufchatel cheeses included
milkfat flavor, salty taste, and firmness. Drivers of dislike for all consumers included sour
aromatic flavor, sour taste, grassy flavor, astringency, speed of dissolution and spreadability.
This study provides a preliminary understanding of cream cheese flavor chemistry and its

relation to consumer liking.
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CHAPTER 1:
LITERATURE REVIEW



INTRODUCTION

Timeline of the History of Lactone Identification

The discovery of lactones in dairy products began in the mid to late 1940’s when
Josephson and Dahle (1945), West (1948), and Musset et al. (1950) determined through neutral
fat substitution in whole milk powder, antioxidant addition to anhydrous milk fat, and various fat
substituted whole milk powders, respectively, that the formation mechanism of “stale/typical
whole milk powder-like/ coconut” flavor was associated with the lipid phase of milk. This
coconut-like flavor later attributed to the presence of lactones in dairy is often referred to in early
literature as a “stale” flavor component and will be referred to in that manner on several
occasions within this review. Each of the three studies utilized experienced dairy judges for
quality evaluation precluding any formal sensory analysis techniques or ability to fully document
the specific flavor. Further, both milk quality and spray drying procedures were distinct from
practices today, also making the actual sensory flavor documented here elusive at best. Musset
et al. (1950) concluded that the “heated,” “coconut-like,” “typical whole milk powder” flavor
was still attributable to the lipid phase through butterfat substitution experimentation. Musset et
al. (1950) noted that this “stale/typical whole milk powder/like coconut” flavor was detectable
long before the development of oxidized flavor and should not be confused with typical oxidized
flavor in old whole milk powder. The resulting absence of typical whole milk powder flavor
upon neutral fat substitution for butterfat lent the idea that a different reaction occurred with the
fat portion to create a flavor associated with whole milk powders (Josephson and Dahle, 1945;
Musset et al., 1950). Whitney and Tracy (1949) studied the distribution of stale flavor within the
various fractions of whole milk powder. Reconstituted whole milk with the characteristic “stale

or cooked” flavor was separated into skim milk and cream (the cream was further processed to



make butter and buttermilk). Threshold concentrations of the stale/cooked flavor were
constructed by preparing blended milk samples with stale cream mixed with non-stale skim milk
to create a final product composition similar to the original whole milk concerning fat and total
solids. Series of five samples with varying percentages of reconstituted stale milk mixed with
non-stale whole milk were prepared. This process created a randomized series of samples with
varying stale cream concentrations that were then tasted by a panel of experienced judges who
recorded which samples the stale flavor could be perceived. The judgements of each series were
arranged in ascending order of stale cream percentage and the lowest percentage sample with
consistent positive perception was deemed to be the threshold value (Whitney and Tracy 1949).
Once the threshold value was determined for reconstituted whole milk they continued to create
skim milk, cream, washed cream and washed water, buttermilk, butter, butterfat, and butter
plasma fractions in which the same threshold analysis was conducted. They concluded that the
stale/cooked flavor was present in all fractions and was dependent on the milk fat content thus
meaning that the compound of interest was concentrated in the fat phase (Whitney and Tracy,
1949). In 1950, Whitney and Tracy furthered their investigation through organic solvent
extraction optimization of butterfat from WMP. They found that homogenization of the sample
during the spray drying process was unavoidable and thus leading to inefficient butterfat and
“stale-flavor component” recovery (Whitney and Tracy, 1950). They aimed to find an extraction
method with high recovery of butterfat, high recovery of “stale-flavor components,” and minimal
interference of solvent with flavor judgement. They successfully found a Soxhlet-type extraction
utilizing a vacuum pump in conjunction with activated coconut charcoal adsorption that resulted
in greater than 90% recovery of butterfat from WMP (Whitney and Tracy 1950). This extraction

methodology allowed for better threshold analysis of “stale flavor” in butterfat extracted from



WMP and was hoped to help in the identification of the compound responsible for this flavor.
Keeney and Doan (1950) successfully obtained an ether soluble fraction from milk fat with the
“typical coconut/stale”” odor by utilizing sodium carbonate or potassium carbonate for the
extraction of acid. This study precluded reliable sensory analysis and odor determinations were
tracked by sniffing of the headspace of fractions attained. What they noted was that the “typical
coconut” odor had varying lengths of time for development ranging from overnight at 4 °C to
multiple days when stored at room temperature. Keeney and Doan (1951b) analyzed melted
butterfat washed with 71 °C water and exposed to light. The oxidation parameters utilized within
this study were aggressive and may not reflect what happens during oxidation under less
strenuous conditions. They reported development of a “fruity, strawberry” aroma that was noted
to disappear and then develop a characteristic “stale odor” (Keeney and Doan, 1951b). Through
the successful separation of flavor fractions typical of various stages melted butterfat oxidation,
they concluded that the change in odor and flavor during oxidation was due to various
compounds blended together at differing concentrations (Keeney and Doan, 1951b). One of
those stages early in oxidation resulted in a “fruity, coconut, stale” flavor that was distinct from
later stages in oxidation (Keeney and Doan, 1951b). Presumptive evidence, including the
marginal solubility of the scented fraction in water and ether, and complete solubility in bases
stronger than sodium bicarbonate with regeneration upon acidification suggested that the
presence of lactones was correlated with the fruity and coconut oxidative flavor (Keeney and
Doan, 1950; Keeney and Doan, 1951a; Keeney and Doan, 1951b). This cluster of research from
the lab of Keeney and Doan came to the first postulation in literature that the coconut flavor in
whole milk powders was due to the chemical formation of lactones in milk fat. The studies did,

however, suffer from a lack of objective sensory methods as well as the introduction of extreme



oxidation conditions not normally encountered by dairy products, so the storage and distillation
parameters could have introduced heat reactive artifacts that lead to the formation of these

flavors and lactones.

Patton, Keeney, and Herald (1953) confirmed the presence of lactones in dairy fat
degradation through the comparative analysis of “coconut-like” flavor formation in varying fat
sources, the comparison of “coconut-like” flavor presence in phospholipid containing and
phospholipid free milk fat fractions, and the analysis of the non-saponifiable constituents of milk
for “coconut-like” flavor presence. This research also precluded formal sensory analysis testing
and relied on basic fraction sniffing by the scientists for identification of flavor presence. They
suggested that the nature of the coconut flavor was nonoxidative and was instead a result of
lactone formation from the rearrangement of a double bond in a decenoic acid to the delta
position followed by lactonization (Patton, Keeney, and Herald, 1953). They concluded that &-
decalactone had nearly identical sensory properties to those of the compound that caused coconut
flavor. Experiments showed that this flavor formed in the low-melting fraction of milk fat
suggesting that it came from unsaturated glycerides. In 1922, Griin and Wirth observed that
when 9-decenoic acid was exposed to air for 10 months it developed the odor of decalactone.
This research in conjunction with their own theory, Patton, Keeney, and Herald (1953)
postulated that the precursor for lactone formation was A° decenoic acid, an unsaturated
glyceride component found in milk fat and lacking in most other fats. Further, infrared data from
their experimentation showed a loss in absorption at 3.2 um, suggesting the loss of the vinyl
group in A® decenoic acid (Patton, Keeney, and Herald, 1953). The Cyo fraction of milk fat was
found to be the only fraction that produced the coconut flavor autocatalytically. Both y- and 6-

decalactones were found to have equal flavor potency of the coconut flavor, and the y-lactones of



decenoic and dodecanoic acids were found to impart a perceived fruity flavor profile to milk
(Patton, Keeney, and Herald, 1953). This research finally confirmed that lactones were the
compound responsible for the coconut flavor developed in anhydrous milk fat during product

degradation.

Structure and physical properties/volatility of lactones

Lactones are a class of cyclic organic esters whose characteristic coconut and peach
flavors are direct contributors to the flavor of various food products including animal meat and
fat, dairy products, bread products, cocoa, coffee, honey, fruits, vegetables, vegetable oils,
peanuts, mushrooms, teas, popcorn, and wines (Maga and Katz, 2009). These compounds are
generated through the condensation of a hydroxyl group or halogen atom and a carboxylic acid
group within the same molecule (formed through intramolecular esterification of
hydroxycarboxylic acids; Brown, 2010). The main external factor responsible for the formation
of lactones in dairy products is the degradation of 8-hydroxy fatty esters esterified in milk fat
through thermal processing with free hydroxy acids as intermediates (Milimard and Spinnler,
1996; McSweeney and Sousa, 2000; Collins et al., 2003; Marillet and Casey, 2004; Fox et al.,
2017). Other factors that can affect this formation include microorganism metabolism, enzymatic
degradation, animal feed intake/seasonal feed changes, animal stage of lactation, and animal
breed (Fox et al., 2017). These compounds are named by utilizing a Greek lettering system that
denotes the ring size of the cyclic heteroatom (Smith, 2014). A cyclic ester with a five membered
ring is called a y-lactone because the carbon in the y position to the carbonyl is bonded to the
heteroatom (oxygen; Smith, 2014). Examples of this lettering system can be seen in Figure 1.1.
The most common and naturally abundant structures of lactones are y- and 6-lactones (five- and

six-membered rings, respectively) formed through the loss of water from hydroxy acids (this



process generally occurs spontaneously within solution), but lactones are known to consist of
varying ring sizes ranging from 3 to more than 20 members (Brown, 2010). Five- and six-
membered rings are the most stable structures due to their optimized bond angles leading to the
least amount of ring strain. Literature on the chemical behavior of five and six membered rings
(Brown et al., 1954) has shown that lactone formation through double bond rearrangement and
hydration results in the gamma isomer. To assure the formation of the delta isomer, it is crucial
that a chemical group that is easily hydrolysable (i.e. halogen or hydroxyl groups) is present in
the delta position of the fatty acid precursor (Brown et al., 1954). Both 3- and 4-membered rings
(o- and B-lactones, respectively) experience intense levels of ring strain that lead these
compounds to be unstable and highly reactive, thus making them difficult to isolate and
uncommon in nature. Medium-sized rings (n = 8-12; {-lactones through «-lactones, respectively)
are not relatively abundant in nature due to their significant strain resulting from transannular
strain (prelog strain; Peake, 2020). Macrolactones are lactones containing 12 or more members
in their ring structure and are suitable for use in pharmaceuticals (Peake, 2020). These
compounds are able to bind to proteins that are difficult to target and are useful for antiviral,
antifungal, antiparasitic, and antibiotic drug applications like erythromycin (Peake, 2020). The
two main flavor active lactone groups are delta and gamma lactones. Forss (1969) stated that
delta lactones played a role in the flavor of dairy products, while gamma lactones aid in the
flavor and aroma of fruit (there are at least 40 flavor-active delta, gamma, and epsilon lactones,
each with its own odor and flavor profile). Boldingh and Taylor (1962) found that 5-decalactone,
d-dodecalactone, 6-tetradecalactone, and y-lactones (to an exceedingly lesser extent) contribute
to the buttery flavor desired within milkfat. Schlutt et al. (2007) confirmed the importance of

these &-lactones to the milky/creamy flavor of full fat cream. As the chain lengths increase on



these lactones, they start to transition from being semi-volatile to non-volatile. This decrease in
volatility does not negate their importance in dairy flavor as Schlutt et al. (2007) portrayed their
impact on the perception of creamy taste and product texture. What these researchers determined
is that &-tetradecalactone enhances retronasal creamy perception when present in amounts above
the recognition threshold of 66 pmol/kg. Additionally, it was determined that the longer chain
lactones including y- and d-octadecalactones along with y- and &-eicosalactones accelerate the
melting behavior perceived within the oral cavity when introduced into a whipped cream matrix.
This effect was perceived best when concentrations exceeded the thresholds of 29 and 19
umol/kg for y- and d-octadecalactones and 54 and 20 umol/kg for y- and d-eicosalactones,
respectively (Schlutt et al., 2007). These results are a great representation of the power of
lactones within dairy products. Lactones are not only crucial for orthonasal and retronasal
perception of characteristic creamy/fatty/coconut notes within dairy, but they are also important
for the enhanced perception of melting characteristics within dairy food matrices. By
understanding the origins, formation pathways, and stability/interaction of these lactones within
food matrices, dairy food manufacturers will be able to optimize the creation of a creamy dairy
product that consumers enjoy (The chemical structures for all the y-, 5-, and e-lactones found
within this review are listed in Figure 1.2 and Figure 1.3; the names for each of the compounds

are listed below the chemical structures in both figures).

Analytical Methods for Lactone Extraction, Identification, and Aroma Activity Determination

Aroma active compounds are compounds with molecular weights below 300 Da that
volatilize and transport to the olfactory system within the nose for perception. These compounds
generally consist of aldehydes, alcohols, esters, pyrazines, terpenes, lactones, sulfur containing

compounds and others (Majcher & Jelen, 2009). The overall flavor properties of dairy products



consist of a multitude of complex synergistic interactions of these aroma active compounds
within a heterogeneous matrix (Zellner et al., 2010; Cheng et al., 2022). The extensive
interactions of these aroma-active compounds with matrix constituents including proteins, fats,
and carbohydrates make it difficult to isolate these compounds and characterize their impact on
final product flavor (Friederich and Acree, 1998; Cadwallader and Singh, 2009). Techniques for
the isolation of aroma active compounds from food matrix constituents are based on the chemical
properties of the target compound (Majcher & Jelen, 2009). Various extraction techniques
developed over the years include distillation, direct solvent extraction (DSE), solvent assisted
flavor evaporation (SAFE), thermal desorption, sorptive extraction, headspace analysis, solid
phase microextraction (SPME), and solid phase extraction (SPE) (Reineccius, 2006; Cheng et al.,
2021). These methodologies based on three overarching categories: headspace extraction,
sorptive extraction, and solvent extraction. These techniques are coupled with gas
chromatography mass spectrometry (MS) and/or olfactometry to determine identity and aroma
activity (Likens and Nickerson, 1964; Acree et al., 1976; Lee et al., 1991; Schieberle, 1995;

Friedrich and Acree, 1998; Engel et al., 1999, Cadwallader and Singh, 2009; Cheng et al., 2021).

No single extraction method can accurately determine the proportions of compounds
present on its own, so a combination of techniques is required to determine the aroma profile of a
product (Reineccius, 2006). Volatile compound isolation techniques can lead to issues including
distortion of sample composition, formation of artifacts, analyte of interest destruction,
incomplete isolation from the matrix, and compound discrimination (Weurman et al., 1970;
Pickenhagen et al., 1981; Schieberle, 1995; Friederich and Acree, 1998; Engel et al., 1999;
Drake et al., 2010). Due to these issues with compound isolation, many aroma active volatile

analyses suffer from inflation of final values or incomplete analysis that does not fully comprise



the complexity of the final product. In recent years, a wide expanse of flavor chemistry research
has utilized SPME for volatile extraction due to its automation allowing for ease of use,
versatility of fiber materials, and overall robustness (Cheng et al., 2021). This technique can be
performed as a direct immersion (DI) or headspace (HS) technique (Cheng et al., 2021). HS
extraction is a technique that relies on the partitioning of volatile compounds into the HS of a
container. The final equilibrium is dependent on the target compounds, the sample matrix, and
the system conditions. There are two main techniques for HS extraction: static HS extraction and
dynamic HS extraction (Reineccius, 2006). Static HS extraction is a gentle method that involves
the analysis of the HS directly above a food sample after a heated equilibration period. The HS is
then sampled by a syringe/fiber and injected into the GC for analysis. Prior to injection,
sensitivity can be increased through preparation of a distillate or through addition of salts to the
food matrix (Reineccius, 2006). Static HS additionally suffers from compound selectivity due to
the limited volume analyzed. This methodology favors the most abundant or the most easily
volatilized compounds thus giving a less accurate determination of the proportions of compounds
present within the food itself. The relationship between HS and food sample partitioning is
highly complex and experiments with model systems must be used to precisely determine the
nature of this relationship (Weurman, 1974; Reineccius, 2006). Dynamic HS extraction is a HS
technique that involves the use of inert gas purging and subsequent compound trapping within a
suitable trapping system or adsorptive matrix (cryogenic, Tenax, charcoal, etc.; Reineccius,

2006).

Solvent extraction is another extraction technique that can more effectively strip a
complete profile of volatiles from the product. Solvent extraction involves the extraction,

purification, and concentration of compounds in organic solvent through a series of steps
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dependent on the technique implemented. This isolation technique does suffer from lengthy
preparation times, loss of analyte, use of high volumes of toxic and expensive organic solvent,
and artifact formation, which can be problematic for aroma profiling (Prosen and Zupan¢ic¢-
Kralj, 1999). DSE (direct solvent extraction) is the simplest extraction technique that involves
mixing the food sample with organic solvent (most commonly ethyl ether or dichloromethane).
After sufficient mixing, the organic solvent is separated from the food phase (oftentimes through
centrifugation) and collected for analysis. Sequential washings with new solvent are conducted
in order to strip the maximum amount of compounds from the food matrix. All washing fractions
are combined and additional techniques including distillation or dehydration are implemented
prior to GC analysis to clean up samples that may have extracted interfering lipids. DSE may
introduce substantial bias due to the variable solubility of aroma active compounds in the organic
solvent utilized (Reineccius, 2006). CLLE (continuous liquid-liquid extraction) is an exhaustive
solvent extraction technique utilized on liquids that combines both solvent extraction and
distillation within a single apparatus (Danieley, 1953). Within this technique, a determined
aliquot of sample is exposed to a continual flux of immiscible extraction solvent that is
condensed and passed through the sample post distillation from a collected extract reservoir.
After passing through the sample, the extraction solvent is then collected and combined with the
extract within the reservoir for re-distillation and continued solvent extraction (Yang, Dutkiewicz
& Urban, 2018). The assembly and structure of the apparatus is dependent on the density
difference between the solvent used for the extraction and the sample being analyzed. SDE was
developed in order to combat the limitations of liquid-liquid extraction Likens & Nickerson,
1964). Within SDE (simultaneous distillation extraction), both the sample and the immiscible

extraction solvent are heated within separate flasks. The issues with the use of atmospheric
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pressure SDE is that the high heat from distillation may create artifacts, destroy the analyte of
interest, or cause unwanted chemical reactions. Vacuum SDE was created to minimize the need
for heating and combat these issues, but the vacuum applied to the system may lead to a loss of
volatile compounds and ultimately lower recoveries than atmospheric pressure SDE (Flath &
Forrey, 1977; Chaintreau, 2001). To address the issues seen in both CLLE and SDE, a new
distillation technique called SAFE was developed (Engels et al., 1999). This distillation
technique limits thermal degradation, artifact formation, and volatile loss to vacuum application
through the gentle heating and subsequent vapor trapping within a series of two cold fingers
under high vacuum (approximately 10-5 Torr) (Engel et al., 1999; Rotsatchakul et al., 2008).
DSE is often implemented in combination with SAFE so that a representative solvent extract can
be attained for more rapid purification by SAFE. In a SAFE extraction, sample extract is slowly
added dropwise to a heated round bottom flask (under vacuum; this is a slow process that can
take hours to complete). The distilled vapor is transferred to a cold finger where it is condensed
and frozen to avoid any loss to the vacuum (a second cold finger is incorporated into the system

following the first to ensure that no volatiles are lost to the vacuum.

Sorptive extraction is a newer technique more readily utilized in current research that is
divided into three main categories: solid phase micro extraction (SPME), thermal desorption
(TD), and stir bar sorptive extraction (SBSE). SPME was described previously and is used with
headspace extraction or immersive extraction (Prosen & Zupanéi¢-Kralj, 1999; Cheng et al.,
2021). The type and thickness of stationary phase chosen for analysis will be dependent on the
chemical properties of the analyte(s) of interest. PDMS is preferred for non-polar analytes,
polyacrylate is preferred for polar compounds, DVB is preferred for alcohols, PDMS/DVB is

preferred for volatile amines, CAR/PDMS is preferred for low molecular weight volatile
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compounds, and DVB/CAR/PDMS is preferred for medium to high molecular weight volatile
compounds (Prosen & Zupancic¢-Kralj, 1999; Gianelli et al., 2002; Garcia-Esteban et al., 2004;

Yu et al., 2008; Lorenzo, 2014).

TD is a dynamic extraction technique that utilizes an inert carrier gas to strip volatiles
from an analyte. The volatiles are transferred to an absorbent/adsorbent packed tube where they
are trapped until they are placed on the autosampler. Once on the autosampler, the compounds
are thermally desorbed and re-trapped within a cold trap followed by subsequent rapid heating
that releases the analytes in a controlled and efficient manner into the GC (Materi¢ et al., 2015).
Thermal desorption permits the use of a wide array of sorbent phases with a large capacity thus
allowing for the analysis of an extensive array of aromatic compounds (Cheng et al., 2021).
Tenax is the most widely used sorbent for TD as it possesses a wide affinity for compounds with
boiling points between 60 °C and 300 °C (Cheng et al., 2021). The boiling point of one of the
most predominant lactones in dairy is 281 °C for 6-decalactone at 760.00 mm Hg (The Good
Scents Company Information System). This lactone, along with other longer chain lactones, push
the upper boundary of the boiling point affinity capacity for Tenax giving rise to issues with

trapping these lactones on the sorbent phase.

Recently, a passive sorbent extraction technique called HiSorbTM (Markes International
Ltd., Llantrisant, UK) was developed that could lend a solution to lactone analysis (Cheng et al.,
2021). This technique can also be performed as a DI or HS technique with a single PDMS coated
sorbent phase probe utilized for extraction (Cheng et al., 2021). After exposure, the probe is
placed in a sorbent tube where the VOC'’s are desorbed and prepared for analysis similarly to a
TD sorbent tube. Cheng et al. (2021) reported that this extraction technique provides the greatest

number of VOC’s due to its ability to extract large quantities of lactones. While this technique
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does permit the most robust extraction of lactones, it is important to recognize that no single
extraction technique is perfect, and that multiple extraction techniques with different selective

strengths are crucial for a true representation of dairy VOC composition.

Sensory Analysis Methods for Lactones

A crucial component of any flavor chemistry research is objective sensory analysis.
Methods that provide this type of data include difference testing, threshold testing, and
descriptive analysis (Lawless and Heymann, 2010). These analyses produce powerful analytical
data that when combined with instrumental analyses, provide a full understanding of the key
aroma active volatiles that create a product sensory profile. Descriptive analysis (DA) is one of
the most widely used objective sensory methods that provides objective analytical data (Lawless
and Heymann, 2010). The data from this type of sensory analysis can be seamlessly combined
with consumer acceptance testing and other instrumental flavor analysis (i.e. GC-MS and GC-O)
data to create a robust objective flavor and consumer liking profile (Murray et al., 2001; Lawless
and Heymann, 2010). DA utilizes a group of trained panelists to quantify the intensities of
sensory attributes on a scale. These 6-12 panelists are familiarized with the lexicon utilized in
describing the attributes of the product they are analyzing and are trained on the scaling of
attribute intensities (Lawless and Heymann, 2010). The lexicon in DA can include aroma,
appearance, flavor, texture, and aftertaste properties that are specifically noted by panelists
through initial screenings of the product or are noted in previous literature. Each lexicon contains
a detailed description of the attribute along with a reference material to help standardize the
perception of each attribute (Drake and Civille, 2003). Depending on the scope and timeline of a
project, the training procedures and training length can vary (training can be a few hours or

several weeks; Drake, 2007). There are different approaches to DA that have been reviewed
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elsewhere (Murray et al., 2021; Drake et al., 2023). Regardless of the DA training approach
used, the result is a powerful instrument (a trained descriptive panel) to document the sensory

properties of a product.

Various sensory methods have been utilized to determine the flavor impact of lactones on
dairy products. Previously, the perception of lactones in dairy utilizing spectrum DA has been
applied to goat cheese, conventional and pasture-based fluid milks, salted butter, high-
temperature short-time (HTST) and ultra-pasteurized (UP) milks, sweet cream butter, gouda
cheese, and cheddar cheese (Suriyaphan et al., 2001; Carunchia-Whetstine et al., 2003; Croissant
etal., 2007; Lozano et al., 2007; Jo et al., 2018a; Jo et al., 2018b; Garvey et al., 2020).
Generally, the term correlated with lactones within spectrum DA was “milkfat,” “lactone,” or
“milkfat/lactone” with a definition of “aromatics associated with milkfat” or “aromatic
characteristic of milkfat, lactones, and coconut.” The reference for this lexicon term consisted of
fresh coconut meat, heavy cream, or 40-500 mg/kg 6-dodecalactone (Suriyaphan et al., 2001;
Carunchia-Whetstine et al., 2003; Croissant et al., 2007; Lozano et al., 2007; Shepard et al.,
2013). Carunchia-Whetstine et al. (2003) scored milkfat/lactone as one of the highest perceived
intensities among all attributes within goat cheese with an average score of 3.4 (Carunchia-
Whetstine et al., 2003). Conversely, Suriyaphan et al. (2001) scored lactone intensity within 1-
year aged cheddar cheeses as one of the lowest perceived attributes with an average score of 1.
Croissant et al. (2007) determined that perceived milkfat/lactone intensity for both pasture-based
and conventional fluid milks was not significantly different with scores of 2.06 and 2.11,
respectively. Garvey et al. (2020) confirmed this same conclusion by finding no perceived
significant difference in salted butters produced from milks from cows fed a diet of outdoor

pasture grazing (perennial ryegrass or perennial ryegrass supplemented with white clover) or
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indoor concentrate diet feeding (total mixed rations). The perceived intensity of milkfat/lactone
for these butters overall was higher than that found in milk (3.1-3.2; Garvey et al., 2020). Jo et al.
(2018) concluded that there was no perceived difference in milkfat among milk receiving HTST,
direct steam injection (DSI) UP, and indirect (IND) UP heating treatments. The only significant
difference in milkfat perception was due to fat content variation of the milks (skim milk vs. 2%
milk; Jo et al., 2018). Shepard et al. (2013) noted this same trend using spectrum DA on
commercial sour cream samples. Shepard concluded that milk fat flavor was perceived in all sour
cream samples except for fat-free products. Lozano et al. (2007) studied the effects of cold
storage and packaging on the flavor/aroma of butter. Lozano concluded that the milkfat/lactone
perception does dissipate with refrigerator and freezer storage, but more perceptible changes
were noted in the refrigerated samples. Overall, spectrum DA is a powerful sensory tool that
permits objective and sensitive measurement of lactone differences across varying dairy
products. Additional sensory techniques implemented for the determination of lactone impact on
dairy flavor include quantitative descriptive analysis (QDA), threshold testing, and aroma
recombination and aroma omission testing (Schlutt et al., 2007; Chen et al., 2022).
Implementation of these techniques confirmed the important aromatic contribution of y-
octalactone, y-undecalactone, y-dodecalactone, d-octalactone, 6-decalactone, and o-
dodecalactone to cheddar cheese flavor (Chen et al., 2022). Additionally, Schlutt et al. (2007)
utilized these techniques to determine the impact of lactones on perception of creaminess within
cream and whipped cream. It was concluded that y- and 6-octadecalactones affected the melting
behavior of cream within the oral cavity without impacting the retronasal aroma while -

tetradecalactone imparts a typical creaminess character to the cream.
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Obijective

This review aims to answer the following questions about the formation and importance
of lactones in dairy flavor: How are lactones formed in raw milk, during processing, and during
fermentation? What role (positive and negative) do lactones play in dairy product flavor/aroma?
Can the level of lactones in dairy products be controlled and if so, how can it be controlled or

impacted? What is the stability of lactones during dairy product shelf life?
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RAW MILK: EFFECT OF DIET, RUMEN FERMENTATION, BREED,

AND SPECIES ON LACTONE CONTENT OF MILK

The precise biological origins of y- and 6-hydroxy acids are still under investigation. The
hydroxy acid-containing glycerides that are responsible for lactone formation in dairy products
are ubiquitous in nature and found in both monogastric and polygastric animals (Urbach, 1982).
Due to this finding, formation of these lactone precursors is not exclusively limited to the rumen
and/or mammary gland. They are products of normal lipid metabolism with the highest
abundance in lipid-anabolizing tissues (epitomized by the mammary gland). VVan der ven et al.
(1964) isolated a series of y- and 3-keto alkanoic acids from butterfat that possibly produce the
corresponding hydroxy acids on enzymatic reduction. The enzymes required for this catalysis
were sourced from the bovine liver. Hsu et al. (1965) found keto-containing compounds as side
products in the liver thus suggesting that fatty acid synthetase is not completely efficient and
forms side products. This same concept can be applied to the mammary gland, meaning that
large quantities of side products and intermediates dissociating from enzymatic activity may be

found in high concentrations.

Limited research is available demonstrating the origin of lactones through degradative
mechanisms. Mizugaki et al. (1965) reported lactone formation through microbial oxidation of
long-chain hydroxy fatty acids. Physiological factors influencing production of lactones were
studied by Dimick et al. (1966) and they found that diets fed to animals that suppressed the fat
content of milk directly correlated with lactone suppression. Virtanen (1966) confirmed this by
showing that diets low in acetate were low in lactone precursors thus concluding that acetate was
the probable direct metabolic precursor of hydroxy acid biosynthesis. Saliba et al. (2014) further

confirmed this idea through experimentation with cows fed a diet with a high source of
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unsaturated fatty acids. The resulting decrease in 8-lactones was attributed to the reduction of
acetate production within the rumen (acetate is the precursor to 8-lactones formed in the
mammary gland; Saliba et al., 2014). Jenkins et al. (2006) demonstrated the formation of y-
dodecalactone from an oleic acid precursor through three rounds of B-oxidation followed by
cyclization within the mammary gland. Urbach (1990) showed the formation of Dairy Lactone

from linoleic acid following this same reaction sequence within the mammary gland.

Various researchers have studied the effect of feed on the concentration of lactones in
milk. Bendall (2001) looked at the effect of pasture-fed versus TMR-fed New Zealand cows on
pasteurized milk. Using SAFE-FID and SAFE-GC-MS, Bendall identified 3-8, y-10, 6-10, y-12,
0-12, y-14, 3-14, and 3-16 and dairy lactone as present in both types of milk. Bendall (2001) also
performed SAFE-GC-O sniffing with the Nasal Impact Frequency (NIF) method. Out of the y-
lactones, y-10, y-12, and dairy lactone, all had high NIF values, with milk from TMR-fed cows
having higher y-12 and dairy lactone than pasture-fed milk. Out of the 5-lactones, only 6-14 had
a high NIF value. Both Croissant et al. (2007) and Villeneuve et al. (2013) studied the effect of
pasture feed versus silage on bovine milk. Croissant et al. (2007) evaluated pasture-based and
conventional feed herds and Villeneuve et al. (2013) evaluated Timothy grass as hay, pasture, or
silage. Croissant et al. (2007) used HS-SPME-GC-MS on raw and pasteurized milk, finding 6-10
and 8-12 in both samples, in agreement with Moio et al. (1994). Villeneuve et al. (2013) also
used HS-SPME-GC-MS on raw milks, and found 4-6, y-8, 3-8, y-10, 6-10, 6-11, y-12, y-12, 8-13,
and d-14. The researchers did not find a significant difference in 6-lactones between the different
types of feed but did find a difference in the y-lactones, similar to the NIF results from Bendall
(2001). Faulkner et al. (2018) looked at different diets as well, but also compared results from

two extraction methods: HS-SPME and direct immersion sorptive extraction (DI Hi-Sorb). The
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researchers noted the difference in compounds absorbed and the absorbance capacity for both
extraction methods and found different compounds with each. Using HS-SPME-GC-MS,
Faulkner and colleagues (2018) found y-4 in raw milks from cows fed TMR. Using DI Hi-Sorb-
GC-MS, the researchers found y-Crotonolactone, 8-5, 6-10, and 6-12 in pasteurized samples,
with no significant differences between milks of different feed types. Clarke et al. (2022) also
used DI Hi-Sorb to look at raw milk from cows fed ryegrass (GRS) or TMR. With GC-MS, the
researchers found y-4, y-6, and y-9, with only y-9 significantly higher in TMR milk. Using GC-O
and AEDA analysis, y-4 was found to co-elute with benzaldehyde and ethyl hexanoate and was
found to have a high flavor dilution (FD) factor in both types of feed. y-9 was reported to
contribute to the aroma of TMR milk and y-6 was reported to contribute to the aroma of GRS

milk.
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PROCESSING: EFFECT OF PROCESSING ON PRODUCTION AND
DESTRUCTION OF LACTONES

Formation Mechanism of Lactones

Hydroxy fatty acids are precursors naturally present in milk that form lactones upon
heating in the presence of water (Mattick et al., 1959; Jurriens & Oele, 1965; Wyatt et al., 1967,
McSweeney and Sousa, 2000; Alewijn et al., 2007; Schutt and Schieberle, 2017; Yoshinaga et
al., 2019). Esterified 4- and 5-hydroxy fatty acids bound to glycerides within milk fat are altered
upon heating to form y- and &-lactones, respectively (Alewijn et al., 2007; Schutt and Schieberle,
2017; Yoshinaga et al., 2019). These hydroxy fatty acid precursors are synthesized within the
cow and are a direct result of the feeding regimen, stage of lactation, season, etc. (Mattick et al.,
1959; Parliment, Nawar, & Fagerson, 1966; Urbach, 1982; Bendall, 2001; Croissantet al., 2007).
Initially it was thought that 9-decenoic acid was potentially the precursor to 6-decalactone due to
the observation by Griin and Wirth (1922) that 9-decenoic acid exposed to air for several months
produced a similar aroma to that of decalactone. Later work by Keeney and Patton (1955)
eliminated this as a potential precursor. It was then hypothesized Mattick et al. (1959) that the
formation mechanism of 3-decalactone was comprised of a hydrolysis reaction from either a
hydroxyl esterified (Reaction A) or carboxyl esterified (reaction B) five-hydroxydecanoic acid
precursor that ultimately led to the liberation of 5-hydroxydecanoic acid which then
spontaneously lactonized (chemical equations can be seen in Figure 1.4). Further research was
still required for confirmation and chemical characterization of the precursor. In 1967, Kinsella
et al. studied these precursors and proposed the formation mechanism depicted in Figure 1.5.
from vy- and 6-hydroxy acids esterified to the a-position of milkfat triglycerides. These precursors

were seen to be bound to the triglyceride and not present in their free, unbound form. This
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formation mechanism required the hydrolysis of the esterified hydroxy acids from the
triglyceride backbone followed by spontaneous lactonization (Kinsella et al., 1967). That
hydrolysis was likely due to the extreme heating conditions experienced within the testing
parameters (180 °C). That proposed mechanism has generally been accepted as the formation
mechanism for lactones under high temperature conditions. In the past two decades research on
the formation mechanism of lactones in Gouda cheese brought this proposed mechanism into
question (Alewijn et al., 2007). When heating milkfat at 160 °C for lactone potential
determination, Alewijn found that 6-lactone formation rapidly progressed initially followed by a
slowed formation to nearly constant concentration after 45 minutes of heating. What was
determined was that the formation of lactones was a chemical reaction and not an enzyme
catalyzed interaction (Alewijn et al., 2007). Interestingly, milk fat consists of roughly 99%
aliphatic (saturated) fatty acids (Walstra et al., 1999) but when milkfat was heated at 140 °C for
220 minutes less than 1% of available aliphatic fatty acids hydrolyzed from the triglyceride
which directly contradicted the max lactone potential observed from the first order reaction
(Alewijn et al., 2007). Additionally, the addition of dilute HCI and NaOH did not significantly
affect lactone formation but instead greatly increased the hydrolysis of saturated free fatty acids
(Alewijn et al., 2007). This meant that the generally accepted two-step formation mechanism
consisting of hydrolysis of the esterified hydroxy fatty acid followed by spontaneous
lactonization was not likely. Instead, what was proposed was a one-step intramolecular trans-
esterification reaction forming d-lactones and long chain y-lactones (Alewijn et al., 2007). The
proposed first order reaction mechanism (pictured in Figure 1.6) begins with a nucleophilic
attack on the carboxyl carbon of the 4- or 5- hydroxy fatty ester bound with triacylglycerol

(TAG; Alewijn et al., 2007; Yoshinaga et al., 2019). Addition of 5% water greatly increases the
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formation rate most likely due to the shielding of the intermediates charge by water from the
hydrophobic lipid matrix. The reaction then terminates with splitting off the lactone and
formation of (di)glyceride (Alewijn et al., 2007). The mechanism for small chain y-lactones did
not follow the same kinetics for this proposed reaction mechanism and therefore requires more

research to determine their formation mechanism.

Milk

One area of interest is how different heat treatments affect lactone formation and
concentration. Moio et al. (1994) looked at this in raw, pasteurized, and UHT milks. Using
vacuum extraction and GC-MS, the researchers found y-10, 6-10, and 6-12 in raw milk samples
and those same lactones plus 6-14 in pasteurized and UHT milk samples. The researchers
considered the lactones minor constituents of the raw and pasteurized milks, but 6-12 and 6-14
medium constituents and y-10 and 6-10 major constituents of UHT milk. Moio et al. (1994) also
used CharmAnalysis, a type of GC-O technique to determine the relative importance of volatile
compounds within the samples (aroma properties for all y-, 8-, and e-lactones are shown in Table
1.1 and Table 1.2). Delta-10 was found to be one of the main odorants in pasteurized and UHT
milks, with it having the most impact in pasteurized milk. Hoffman and Heiden (2000) used
SBSE-GC-MS to look at the difference between pasteurized milk and condensed milk. The
authors found 8-10, 8-12, and 6-14 in the pasteurized and condensed milks, but also 6-8 and y-10
in the condensed milk. Czerny and Schieberle (2006) looked at the effect of packaging type on
UHT milk using SAFE extraction. Using GC-MS and GC-O with AEDA, the authors found 6-10
and y-12 were the most-odor active in the polyethylene packaging while 3-10 was the most odor
active in the glass packaging, followed by 6-8, y-12 and the dairy lactone. Jo et al. (2018Db)

compared milks processed by HTST pasteurization with UP. Using HS-SPME-GC-O and SBSE-
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GC-O, the researchers found 6-8, y-10, 6-10, 6-11, and 6-12, with y-10 and 6-10 only being
detected in SBSE. Jo et al. (2018b) also used GC-MS followed by GC-MS/MS to quantify the
difference found between heat treatments and reported presence of 4-8, y-10, 6-10 in both HTST

and UP milks.

Cream

Pionnier and Hugelshofer (2006) looked at creams containing 15-40% fat and made from
pasteurized, sterilized, or UHT milks. Using SBSE and GC-O-MS analysis, the authors reported
8-6, 6-8, v-9, v-10, 6-10, 6-11, 6-12, and dairy lactone. Schlutt et al. (2007) looked at creaminess-
enhancing volatiles in full-fat nonheated (NHC), high-heat treated (HHC), whipped nonheated
(WNHC), and whipped high-heat treated (WHHC) cream. The researchers performed SAFE
extraction followed by GC-MS as well as GC-O, Static Headspace Olfactometry (SHO), and
AEDA. They determined 98-8, y-9, 6-10, y-12, 8-12, and dairy lactone as key odorants having a
FD factor of >two, with y-12, dairy lactone, 6-12, and 6-10 having the highest FD factors in the
creams. Thermal treatment was found to increase FD factors of y-12 and 6-12. Schlutt et al.
(2007) also synthesized all even numbered rings y- and &- 10-20 in an oil/water emulsion to
determine the recognition thresholds for bitter taste and mouthfeel as well as orthonasal and
retronasal thresholds. They found that both orthonasal and retronasal thresholds increased with
increasing chain length, with the increase being more for orthonasal (Thresholds for all y-, -,
and e-lactones are shown in Table 1.1 and Table 1.2). The researchers then spiked cream
samples individually with purified lactones and a panel review determined the recognition
threshold using a 3-AFC test. They found y-10, 6-10, y-12, and 6-12 were evaluated with “a
strong fruity and coconut-flavor” and y-decalactone was found to increase the sweetness of the

cream at a concentration of 72 umol/kg. A-14 was found to be a “highly pleasant creaminess” at
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a concentration of 66-470 umol/kg. A-18, y-20, and 8-20 were reported to have increased “in-
mouth melting-behavior”. Schiitt and Schieberle (2017) looked at the quantification of y-8, 3-8,
v-9, 6-9, y-10, 6-10, y-11, y-12, and 6-12 in raw and pasteurized cream. Using the SAFE
extraction method with GCxGC-TOF-MS and carbon- or deuterium-labeled isotopes, the
researchers were able to quantify all nine lactones with one method. They found 6-10 and 9-12 to
have the highest concentrations in both the raw and pasteurized creams, with 6-12 2.5 times
higher in the pasteurized creams (concentrations for all y-, 3-, and e-lactones are shown in Table
1.1 and Table 1.2). Schitt and Schieberle (2017) also heated raw cream at 80°C for 18 hours on
a benchtop level and found that 6-12 increased the most with heating, with 8-8 and 6-10

increasing significantly as well.

Butter

Lee et al. (1991) used HS-SPE and GC-MS on butter samples heated at 100, 150, or
200°C. The researchers detected -6, 3-8, 8-10, 5-11, 6-12, and 6-14 in the 150 and 200°C
samples. Widder et al. (1991) looked at the flavor of butter oil during storage. Using vacuum
distillation followed by GC-MS and AEDA, the researchers classified 8-8, 6-10, and dairy
lactone and primary odorants of butter oil. Schieberle et al. (1993) looked at five kinds of butter;
sour cream (SC), sweet cream (SwC), Irish sour cream (ISC), cultured butter (CB), and
traditional farm sour cream (FSC). Using an extraction method similar to Widder et al. (1991)
followed by GC-MS and AEDA, the researchers found 6-8, 8-10, and dairy lactone with 5-10
and dairy lactone designated as important butter odorants in all 5 samples. The researchers
calculated OAVs and determined 6-8 was a key odorant of butter flavor. Gassenmeier and
Schieberle (1994) looked at the differences in flavor of puff pastries prepared with butter or

margarine. Using a method of extraction similar to Widder et al. (1991) and Scieberle et al.
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(1993) followed by GC-MS and AEDA, the authors also determined OAVs for five odorants
showing significant differences between the butter and margarine pastries. They concluded the
overall difference between pastries “are mainly due to a higher OAV of the coconut-like, sweet-
smelling 3-10” in the butter pastry. Budin et al. (2001) looked at the potent odorants of fresh and
heated sweet cream butter samples. Using high vacuum sublimation-distillation followed by
GM-MS, GC-0, and AEDA. They determined 5-10, 6 -12, and dairy lactone to be some of the
primary odorants in fresh butter, with 6 -10 and 6 -12 having the highest aroma dilution values
(ADV). Delta-10 and 6 -12 were found in heated butter along with & -8, with 6 -10 having a

higher (ADV) than in the fresh butter sample.

Milk Powders

Smith et al. (2016) found lactones present in milk powders; they found & -decalactone in
rennet casein, MPC80 and PP, and they found & -undecalactone in MPI and & -dodecalactone in
MPC80 through HS-SPME-GC-MS (Smith et al., 2016). Using Log3 FD they detected 6 -
dodecalactone in acid casein, rennet casein, MPC70, MPC85, MCC, MPC80. Additionally, they
measured the relative abundance of & -dodecalactone in those samples with concentrations
ranging from 1.08 to 69.2 pg/kg (Smith et al., 2016). MPI had the highest concentration of 6 -
dodecalactone among samples (Smith et al., 2016). Wright et al. (2006) studied the cabbage off-
flavor of WPI and determined through GC-O sniffing and AEDA analysis of SAFE extracts that
d-decalactone contributed a coconut odor to WPI (Log3 FD factor of < 1). Karagul-Yceer et al.
(2002) studied the flavor components that comprise nonfat dry milk. Through GC-O sniffing and
AEDA analysis of SAFE extracts, they documented the aroma activity and flavor dilution factor
of three lactones (Karagtil-Yceer et al., 2002). Utilizing Log3 FD they concluded that heat

induced d-lactones including 6-decalactone and d-undecalactone imparted a sweet/fatty and
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green/cilantro aroma, respectively while y-dodecalactone imparted a sweet/green aroma
(Karagul-Yceer et al., 2002). Concentrations for these compounds were in the range of 93-1710
ug/100g for d-decalactone, 55-1010 ug/100g for y-dodecalactone, and 60-327 ug/100g for o-
undecalactone (Karagul-Yceer et al., 2002). Cheng et al. (2021) studied the impact of various
extraction techniques on volatile analysis of whole milk powders. What they concluded was that
direct immersion HiSorb extraction was the most efficient at recovering the greatest abundance
of volatiles, especially lactones (extraction was heavily influenced by the volume of lactones
present; Cheng et al., 2021). Eleven lactones were detected y-crotonolactone, d-caprolactone, 6-
octalactone, d-nonalactone, d-decalactone, 6-undecalactone, dairy lactone, y-dodecalactone, 6-
dodecalactone, é-tridecalactone, and é-tetradecalacone) utilizing this DI technique in comparison
to one lactone extracted by HS-SPME, zero lactones extracted by TD, and three lactones
extracted by HS-HiSorb (Cheng et al., 2021). The aroma activity of these lactones and their

impact on WMP flavor was not studied.
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FERMENTATION: EFFECT OF FERMENTATION ON PRODUCTION
AND DESTRUCTION OF LACTONES

Chemical/biochemical formation mechanism(s) due to fermentation.

It has been widely established that the formation mechanism of lactones begins with
hydroxy fatty acid precursors that have been hydroxylated from unsaturated fatty acids naturally
present within dairy foods (Zia et al. 2022). Researchers have extensively shown that heating
dairy products in the presence of water results in an increase in lactone formation (Mattick et al.,
1959; Jurriens & Oele, 1965; Wyatt et al., 1967a; McSweeney and Sousa, 2000; Alewijn et al.,
2007; Schutt and Schieberle, 2017; Yoshinaga et al., 2019), but are there alternative methods in
which lactone formation can be increased/optimized within dairy? Schieberle et al. (1993)
showed early on that concentrations of 3-decalactone are higher within sour cream and cultured
butters when compared to sweet cream butter. Additionally, work by Yoshinaga et al. (2019)
expanded on this concept through their conclusions that concentrations of d-decalactone, &-
dodecalactone, é-tetradecalactone, and 6-hexadecalactone were generally higher within
fermented butters when compared to fresh sweet cream butters. Both studies showed that the
presence of lactone precursors could potentially increase during fermentation, giving rise to
elevated lactone concentrations in the final product. However, composition of the butters did
vary widely due to sample origins so elucidation of a formation mechanism from the data was

not possible.

In recent years, with the rise of plant based dairy alternatives, companies have been
interested in mimicking dairy flavor. Producers understand the importance of lactones to dairy’s
creamy flavor, so they have been interested in the formation of lactones through fermentation

processes that utilize plant-based substrates. Since it is known that poly-unsaturated fatty acids
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can readily undergo hydroxylation, forming the hydroxy fatty acids precursors necessary for
lactone formation, researchers have turned to utilizing microorganisms containing hydratase
enzymes (Zia et al., 2022). Hydratase enzymes are proteins that catalyze the hydroxylation of
preferably unsaturated fatty acids and are therefore the first step within the biosynthetic
formation of lactones (Kim and Oh, 2013; Zia et al., 2022). Lactic acid bacteria, the main strain
of bacteria utilized for fermenting dairy products, contain the enzymes potentially involved in
lactone formation and can hydroxylate fatty acids present in the dairy matrix (Yoshinaga et al.,
2019). During the production of fermented dairy products, the dairy matrix undergoes a heated
incubation period that allows bacteria present to create key metabolites to fermented dairy flavor
(i.e. 31 °C with 5% starter for 5 hours for cream cheese; Phadungath, 2005). Conveniently,
Rosberg-Cody et al. (2011) showed that hydratase enzymes activity is enhanced when hydratase-
containing microorganisms (like Lactococcus lactis) experience heat stress. Zia et al. (2022)
conducted non-lethal heat stress tests (40 °C for 30 minutes) on bacterial strains containing
hydratase, confirming the significant improvement of lactone formation especially within L.
lactis subsp. Lactis biovar diacetylactis. The formation of compounds including 6-decalactone,
d-dodecalactone, 8- tetradecalactone, and 6-octadecalactone increased upon application of
sublethal heat stress with §-octadecalactone generation improving by a factor of nine (Zia et al.,
2022). The heating parameters within this study were below parameters applied to cream by
Schitt and Schieberle (2017) that saw minimal lactone increase, so it was concluded that this
lactone formation was attributed to hydratase activity and not heat induced changes. The reason
for this increase is attributed to the up-regulation of the myosin-cross-reactive antigen gene
found within hydratase enzymes that is regulated by a stress-responsive transcription factor

(Bischoff et al., 2004; Rosberg-Cody et al., 2011). Bacteria struggle to maintain the normal
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crystalline state of the plasma membrane when they are subjected to heat abuse (Jenske et al.,
2008). Hydroxy fatty acids assist in the stabilization of the crystalline structure ultimately
leading to an elevated hydratase activity and increased production of hydroxy fatty acids, which
are the precursors to lactone formation (Black et al., 2013). It is important to note that the
metabolism of bacterial strains used are highly dependent on the physiochemical constituents in
the food matrix, fermentation time, the physiological state of the cells, the presence of other
microorganisms with potential synergistic effects, matrix effect of milk proteins, and the growth
phase they are experiencing (Dubos, 1940; Kim and Liu, 2002; Serrazanetti et al., 2013; Horak et
al., 2019). All these factors will play a massive role in the biotransformation capability of the

culture inoculated.

It is important to consider the fatty acid composition of the food item that is being
fermented as this is a major factor in the determination of which lactones are created. Hydratase
enzymes prefer unsaturated fatty acids, so it is important that the food item analyzed contains
significant levels of unsaturated fatty acids (Kim and Oh, 2013). Milk generally contains around
25-35% unsaturated fatty acids with approximately 25% being mono-unsaturated fatty acids and
2.3% being poly-unsaturated fatty acids (Mansson, 2008). These are decent levels of unsaturated
fatty acids, thus making lactone formation through hydratase activity a possibility within milk
products. For optimization of lactone formation during fermentation, highly unsaturated fatty
acids like grapeseed oil (85-90% unsaturated fatty acid composition) could be supplemented into
the matrix (Garavaglia et al., 2016; Zia et al., 2022). Delta-lactone formation requires the
presence of the hydroxyl group on an odd numbered carbon within the acyl carbon chain (Joo
and Oh, 2012). Oh et al. (2015) reported that hydratase carries out linoleic acid hydroxylation at

an odd position within the acyl carbon chain. Grape seed oil’s unsaturated fatty acid composition
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is comprised of approximately 77% linoleic acid thus providing a higher likelihood for the
formation of the desirable &-lactones that provide dairy with its characteristic

creamy/fatty/coconutty flavor.

Hard and Semi-Hard Cheeses

Gamma- and &- lactones have both been found in cheese (Table 1.3 and Table 1.4) (Fox
et al., 2017). Chen et al., (2022) found that more y- and d- lactones were present in Cheddar
cheese that has a longer maturation time and that their concentration rapidly increases during the
mild and mature stages of ripening. Based on SAFE, GC-MS and AEDA results of Cheddar
cheese samples, Chen et al. (2022) found that y-octalactone, y-undecalactone, y-dodecalactone,
d-octalactone, 6-decalactone, and 6-dodecalactone contribute the most to overall flavor and
aroma profile of Cheddar cheeses by attributing to the fruity, milky and sweet flavor notes. The
lactones in Chen et al. (2022) were all found to have more delicate flavor profiles that helped to
mask some of the sharper notes found in Cheddar cheese, like sourness and rancidity; their

presence aided in the overall acceptability of the Cheddar cheese.

Wong et al. (1975) determined that Gamma carbon—12 and delta carbon—10, —12, and
—14 are all present in Cheddar cheese and that they relate to the development of Cheddar cheese
flavor (Wong et al., 1975). Wong found that fresh cheese always had the lowest level of lactones
present when compared to aged cheese up to 14 months. Wong et al. (1975) found that the
concentration of lactones in fresh cheese was identical to butteroil per gram of fat. Wong et al.
(1975) determined that delta and gamma lactones develop at different rates in cheese, with
gamma C12 being produced at a slower rate than delta C12. Out of the four lactones measures in

this study, delta C14 was present in the highest concentration followed by delta C-12, delta C10
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and gamma C12 with the lowest. The lactones present in Cheddar cheese are all above detectable
threshold, so while their aroma profiles may not seem to relate to cheese flavor, they do affect
the flavor profile of Cheddar cheese (Wong et al., 1975). Wong et al. (1975) also found a
correlation between lactones and free fatty acids; delta C14 more than doubled in concentration
in rancid cheese than in normal cheese. This suggests an undiscovered mechanism for lactone
development that relates to the rancidity of cheese. Hickey et al. (2018) studied how the addition
of buttermilk or buttermilk powder affected the sensory and flavor properties of Cheddar cheese;
they found that 5-decalactone, which contributed milk fat aromas was majorly influenced by the

two treatments (buttermilk vs. buttermilk powder) (Hickey et al., 2018).

Delta-gluconic acid lactone is a food additive that is used as an acidulant in cheese
making. While delta-gluconic acid lactone does aid in flavor development, it is not a lactone that
makes up the flavor profile of cheddar cheese. Cheddar cheese flavor develops over time with
the addition of delta-gluconic acid lactone in cheese processing (Singh et al., 2003). It does not
directly influence the formation of other lactones that are relevant to the flavor profile of cheese

(Singh et al., 2003).

Fox et al. (2017) notes that 6-decalactone is present in Cheddar and Gouda cheeses.
Gouda, and has a coconut-like, peachy, creamy, milk fat odor. Delta-dodecalactone is present in
Gouda cheese and has a cheesy, coconut, sweet, soapy, buttery, peach, milk fat odor (Fox et al.,
2017). Gamma-dodecalactone is also present in Gouda cheese and can be described as peach,
almonds, herbs, lilacs, fruit and toffee (Fox et al., 2017). Alewijn et al. (2007) investigated the
mechanism for how lactones are formed in Gouda cheese. They found that the formation of
lactones resulting from a one-step non-enzymatic intramolecular trans-esterification reaction is

what causes formation of 8- and y- lactones (Alewijn et al., 2007).
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Whey Products

Lactones have been found in both cheese and cheese by-products, like whey and whey
powders. A-octalactone, 5-decalactone, 6-dodecalactone, a-methyl-y-butyrolactone, y-
hexalactone, y-nonalactone, y-decalactone, y-dodecalactone, have all been identified in whey
powders, WPI and WPC (Wright et al., 2006; Carunchia-Whetstine et al., 2005; Ferretti and
Flanagan, 1971; Mahajan et al., 2004). The methods used to identify these lactones included
SAFE, GCO, GCMS and GLC (Wright et al., 2006; Carunchia-Whetstine et al., 2005; Ferretti
and Flanagan, 1971; Mahajan et al., 2004). Mahajan et al. (2004) found that the lactones present
in sweet whey powder were some of the more aroma intense compounds present in samples; they
were able to detect the majority of the lactones present in the sample through using a DB-Wax
column (Mahajan et al., (2004). Mahajan et al. (2004) determined that the lactones present in
sweet whey powder had coconut, baked, fruity, milk powder, cheesy, buttery aromas that
contribute to the overall aroma profile of sweet whey powder. Carunchia Whetstine et al. (2005)
identified y-nonalactone, y-decalactone, 6-decalactone, and 6-dodecalactone in WPC through
SAFE and AEDA, they were only able to find 5-decalactone and 6-dodecalactone in WPI, which
is presumably due to the lower fat content in WPI (<1%) (Carunchia Whetstine et al., 2005).
They also had several unknown powders that were identified through GCO sniffing that could

possibly be lactones (Carunchia Whetstine et al., 2005).

Soft Cheeses

Soft cheeses include blue cheese, Camembert, cottage cheese, cream cheese, etc. They
are made from cow, sheep or goat’s milk and their solids cannot contain less than 50% milkfat
(21 CFR 133.182). Blue cheese has been found to have a higher concentration of lactones than

Cheddar cheese, which is likely due to the extensive lipolysis that occurs in the production of
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blue cheeses (Fundamentals of Cheese). Delta-C14 and 6-C16 are the primary lactones found to
be present in blue cheese (Fox et al., 2017). Jolly and Kosikowski (1975) identified lactones in
blue cheese via GLC and identified 6-dodecalactone and 6-tetradecalactone as the key lactones;
however, they also identified 6-decalactone, y-octalactone, and y-decalactone as well. Lactones
production in blue cheese can be accelerated through the lipolysis of precursor hydroxy acids
(Jolly and Kosikowski, 1975). Jolly and Kosikowski (1975) found that blue cheese made with
added microbial lipases has 4x higher concentration of d-decalactone and 6x higher of 6-
dodecalactone than the control cheese that contained no added lipase. A-tetradecalactone is
formed during the ripening process of the cheese (Jolly and Kosikowski, 1975). Fat hydrolysis
from P. roqueforti also affected the concentrations of 6-decalactone and 5-dodecalactone, which
were found to peak in concentrations on day 75 of the 90-day study (Jolly and Kosikowski,
1975). The presence of lactones in blue cheese aids in flavor development by reducing the
sharpness of the typical harsher notes that are present in Blue cheese (Jolly and Kosikowski,
1975). Lactones have been found in both Roquefort and Blue des Causses, representing around
10% of the volatile odor profile of Blue. The higher concentration of lactones in blue cheese are
likely because it is made with pasteurized milk. While y- and 3- lactones were found in both
samples, y-dodecalactone was the predominant lactone in both soft cheeses. (Gallois and
Langlois, 1990). Camembert cheeses contain lactones, like y-dodecalactone; as previously stated
in the Semi-hard/Hard Cheese section y-dodecalactone can be described as peach, almonds,
herbs, lilacs, fruit and toffee (Fox et al., 2017). A-decalactone is described as a potent odorant in

the neutral/basic fraction of Camembert Cheese (Kubickova and Grosch, 1997).

There is little to no published research that reports the presence of lactones in cottage

cheese. One can infer that the lactones found in cottage cheese would be similar to those found in
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pasteurized milk/cream and acid whey. Typically, full-fat cottage cheese contains 4% fat.
Cottage cheese is made by acidifying pasteurized milk to a low pH and washing the final curd
with dressing (Dairy processing handbook chapter 14 page 339-340). It can go through three
different setting methods (long-, medium- and short-set); these set methods vary by time,
temperature and starter addition, which could result in different concentrations of lactones in
each of the three types. The amount of whey drained off and cream added could affect the flavor

profile of cottage cheese.

Little research currently available focuses on the flavor chemistry of cream cheese and
Neufchatel. The Code of Federal Regulations for cream cheese (21 CFR 133.133) states that it
must contain a minimum of 33% fat by weight, and that Neufchatel must contain 20-33% fat (21
CFR 133.162). Hoffman and Heiden (2000) determined that 6-octalactone, 6-decalactone, d-
dodecalactone and 6-tetradecalactone are present in cream cheese. They were able to identify
these lactones in cream cheese through identification via a Thermal Desorption GC/MSD/PFPD.
Hoffman and Heiden (2000) state that the creamy aroma present in cream cheese is caused by the
presence of lactones that are present in cooked milk products at a higher concentration than fatty
acids. Aside from Hoffman and Heiden (2000), little published research analyzes the flavor
profile of cream cheese. More research is needed to determine if there are any other lactones

present in cream cheese or Neufchatel and what impacts they have on their flavors and aromas.

Sour Cream

Sour cream is typically used as a dip, topping, and an ingredient in a main dish or special
occasion in the United States. Based on its standard of identity it should be made by using lactic

acid producing bacteria to sour pasteurized cream; the milkfat in sour cream must be a minimum
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of 18%. The titratable acidity of sour cream cannot be less than 0.5% (21 CFR 131.60). It can
contain sodium citrate, rennet, nutritive sweeteners, salt, artificial or natural flavorings and fruit
and fruit juices (21 CFR 131.60). Sour cream is found to have the following attributes related to
its overall flavor profile: sour aromatic, cooked/milky, cooked/sulfurous, astringency, sweet taste
and sour taste (Shepard et al. 2013). The flavor profile of sour cream can be affected by heat
treatments; Shepard et al. (2013) found that the heat treatment done prior to fermentation could
change the flavor profile as well as the level of fat in sour cream, which can change the
perceived intensity of milk fat. HS-SPME-MS and HS-SPME-GCO analysis found that both
gamma-decalactone and 6-decalactone were present in sour cream (Shepard et al., 2013). Based
on Shepard et al. (2013) only 6-decalactone was at high enough concentrations to be aroma
active in one full fat sour cream sample. 5-decalactone was present in 11 of the 12 samples
(including full fat, reduced fat, light and fat-free sour creams) studied ranging from 0.2 to 2.5
ug/kg, while y-decalactone was only present in 2 samples (one reduced fat sour cream and one
light sour cream) at concentration 0.2 and 0.3 ug/kg (Shepard et al. 2013). Results from a
consumer test showed that 3-decalactone was one of the four flavor major characteristic flavor
active compounds present (Shepard et al., 2013). This shows that 3-decalactone is one of the
major lactones present in sour cream that relates to the flavor profile of this dairy product.
Adahchour et al., (2003) performed a comprehensive analysis of the volatile compounds in sour
cream. They found 18 lactones in the dairy sour creams that were analyzed; results showed that
0-C12, 6-C10 and y-C12 make up the largest percentage of lactones in sour cream out of the 18
lactones identified. It is important to note that even though these three lactones make up the

majority of the peak area percent of total lactones, that does not necessarily mean that they
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contribute the most to flavor. Compounds at lower concentrations could still be flavor active due

to their ability of being detected at a lower odor threshold (Adahchour et al., 2003).

Buttermilk/Kefir

Heiler and Schieberle (1996) found y- and d-decalactone and 6-octalactone detectable via
GCO in fresh fermented buttermilk. Those lactones presented a coconut-like sweet odor that is
said to contribute to the aroma of fresh, fermented buttermilk (Heiler and Schieberle, 1996).
Heiler and Schieberle (1996) additionally identified y-nonalactone, which was noted as having a
sweet odor and y-decalactone in stored sour cream buttermilk than fresh. Gamma-decalactone
was found in higher amounts in the stored sour cream buttermilk than the fresh buttermilk. Out
of the lactones present in fresh sweet cream buttermilk, Heiler and Schieberle (1996) found that

d-decalactone and y-octalactone contribute the most to the flavor and aroma of sour cream butter.
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STABILITY OF LACTONES IN DAIRY PRODUCTS DURING SHELF

LIFE

Available research is scarce on the stability of lactones within dairy products during
product shelf life. Fox and Wallace (1997) stated that a- and - lactones are very unstable within
cheese due to their high reactivity. Eriksen (1976) and McSweeney and Sousa (2000) mentioned
that y- and o-lactones are rather stable within cheese once formed. Forss (1969) stated that
hydroxy fatty acids and lactones are within an equilibrium and that samples containing lactones
exert a hydrolyzing effect that changes lactones to hydroxy fatty acids. This researcher also
stated that d-lactones tend to hydrolyze or dimerize when stored so there is quite a bit of
uncertainty of lactone concentration when a sample is stored (Forss, 1969). Schutt and
Schieberle (2017) reported that y lactones were documented in raw cream at higher or equivalent
concentrations compared to pasteurized cream. However, concentrations of d-lactones were
higher in commercial pasteurized cream compared to raw cream (suggesting concentrations of
these lactones are increased with heat treatment). These authors also reported that heating cream
at 80 °C for 18 h did not affect the y lactone content of cream but increased the concentrations of
d-lactones (again consistent with heat induced formation of -lactones). There is potential for
lactone formation to occur in fermented products through the means of hydratase activity within
live lactic acid bacteria cultures. Rosberg-Cody et al. (2011) and Zia et al. (2022) demonstrated
that sub-lethal heat stress applied to bacterial cultures with hydratase genes increases the
formation of lactones when exposed to a heat treatment of 40 °C. This heat load is more intense
than what refrigerated and even room temperature dairy products will experience but, this sub-
lethal heat stress is not necessary for hydratase activity to occur. Lactone formation still occurs at
lower temperatures due to hydratase activity, but the rate of formation is significantly lower than
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that of products experiencing heat stress (Zia et al., 2022). Additionally, lactone formation
during product shelf life could occur through lipolytic means. Dairy products contain a myriad of
bacteria including native bacteria to milk, inoculated starter cultures, microbes that develop
during product shelf life, unintentional contamination with bacteria or lipases, and
psychrotrophic bacteria that are capable of proteolytic activity (Jensen and Pitas, 1976; Nelson et
al., 1977; Law, 1979, Chen et al., 2003; Collins et al., 2003; Alewijn et al., 2005). These bacteria
contain lipases and esterases that release free fatty acids that are precursors for a series of
catabolic reactions that lead to the formation of other compounds like lactones (Collins et al.,
2003; Alewijn et al., 2005). Fox et al. (2017) stated that lactones can be formed from keto acids
that are liberated during lipolysis followed by hydroxy acid formation through reduction.
Research by Wang and Xu (2009), Alewijn et al. (2005), and Castellani et al. (2019)
demonstrated the formation of 8-lactones, y-lactones, and aroma active concentrations of 8-
dodecalactone within aging cheese and lipolyzed milk fat. Alewijn et al. (2005) noted that the
formation of 6-lactones was rapid initially during ripening but subsequently plateaued while -
lactones formation was slower and later decreased. This plateau and decrease were attributed to
an exhaustion of precursors within the food item. It was noted that the concentrations of lactones
in comparison was disproportionate to the formation of free fatty acids with lactones
experiencing a 10-fold increase while free fatty acids only experienced a 3-fold increase
(Alewijn et al., 2005). Alewijn et al. (2007) contradicted this formation mechanism stating that
“If lactones would have to be formed from free hydroxy acids, or from unsaturated acids
produced by lipolysis, a very specific release of these acids from the triglycerides would then be
required, which is not very likely.” Their study on the formation mechanism of lactones in

Gouda cheese during cheese ripening suggested that the formation mechanism experienced
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during the ripening process was like the one-step intramolecular trans-esterification reaction
followed by lactone release from the triglyceride experienced during high heat processing
(Alewijn et al., 2007). Ultimately, the understanding of lactone formation and degradation during
product shelf life is not fully understood and more research is needed to conclude lactone

stability in dairy products.
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SUMMARY

Lactones are a class of cyclic organic esters whose characteristic coconut and peach flavors along
with fatty mouthfeel are direct contributors to the characteristic/desirable flavor and texture of various

dairy products. They are formed when the 4- or 5- hydroxy fatty ester bound with triacylglycerol
within milk fat are released followed by spontaneous lactonization or lactonized followed by
subsequent release upon heating to form y- and 3-lactones, respectively. Literature has shown
that lactone formation through double bond rearrangement and hydration results in the gamma
isomer. To assure the formation of the delta isomer, it is crucial that a chemical group that is
easily hydrolysable (i.e. halogen or hydroxyl groups) is present in the delta position of the fatty
acid precursor. The hydroxy fatty acid precursors for lactone formation are synthesized within
the cow and are a direct result of the feeding regimen, stage of lactation, and season of milk
collection. They are products of normal lipid metabolism with the highest abundance in lipid-
anabolizing tissues (epitomized by the mammary gland). Additionally, fermentation has been
reported to increase the free lactone content of milk fat by enhancing the formation of lactone
precursors through hydratase hydroxylation by lactic acid bacteria of unsaturated fatty acids
naturally present within milk. Various extraction techniques have been utilized in the
identification and quantification of lactones in dairy products, but direct immersion Hi-Sorb
sorbent extraction has shown to be the most robust and reliable. Lactones identified in dairy
products include y-4 through y-16, y-18, y-20, 6-5 through 8-18, 5-20, a-methyl-y-butyrolactone,
dairy lactone, B-Angelicalactone, cognac lactone, y-dodeca-cis-6,cis-9-dienolactone, y-
Crotonolactone, e-Caprolactone, dihydro-4-hydroxy-2(3H)-furanone, sotolone, 2(3H)-Furanone,
y-2-dodecenolactone, (E)-7-dodecen-4-olide, (E)-9-dodecen-4-olide, (Z)-9-dodecen-4-olide, (E)-

10-dodecen-4-olide, (E)-6-dodecen-4-olide, (Z,2)-6,9-dodecadien-4-olide, 10-Methylundecan-5-
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olide, 11-Methyldodecan-5-olide, (z)-Cis-4-methyloctan-5-olide, (z)-Cis-4-methyldecan-5-olide,
(x)-Trans-4-methyldecan-5-olide, Tetradecan-6-olide, B-Acetyl-y-butyrolactone, 3-Butenoic
acid-y-lactone, 4-Methyl-2-butenoic acid-y-lactone, and 4-Methyl-3-butenoic acid-y-lactone. The
most abundant lactone found in all dairy products within this review was 6-decalactone. This
lactone has been reported to impart a sweet, coconut-like, peach, milky, creamy aroma/flavor to
final products and has been detected in concentrations ranging from 5.8 ppb to 1710 ug/100g.
The formation and degradation of lactones during dairy product shelf life is still not fully

understood and further research is required to determine their overall stability.
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TABLES AND FIGURES

Figure 1.1. Greek lettering system examples for varying lactone ring sizes.
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Figure 1.2. Delta- and e-lactones found in dairy products.
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Figure 1.3. Gamma-lactones found in dairy products.
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Figure 1.4: Proposed formation mechanism of 6-decalactone adapted from Mattick et al. (1959).
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Figure 1.5: Proposed formation mechanism of 8-lactone adapted from Kinsella et al. (1967).
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Figure 1.6: Proposed formation mechanism of é-lactone adapted from Alewijn et al. (2007).
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Table 1.1. Odor properties, thresholds, and reported concentration ranges of 8- and e-lactones.*

Reported Reported
Compounds Odor Threshold? Concentration Ranges
5-Valerolactone (c5) NR NR NR
Fruity(2), rolled oats(2), creamy/milky(35,36,37), 23.1-76.7ppb(6);. 8.4-
8-Hexalactone (c6) chocolate(35,36), sweet (35,36), cheesy(37) NR 53.7ppb(28);
(8-Caprolactone) e ” ' 47.9ppb(35);218pph(36);
coffee(37) 1.9-3.9ppm(49)
d-Heptalactone (c7) NR NR NR
7.28-12.5ppb(22);19.1-
126ppb(6); 41ppb(11);
Coconut-like(6,11,17,26,30,41,42,51), lactone 7.28-12.5ppb(25); 10.2-
5-Octalactone (c8) fruity(2,53), sweet/caramel(2,17,22,37,53), Ortho: 400ppb in 913.4ppb(28);
bread/baked(22,29), herbaceous(28), peach- water(59) 0.3ppm(30); 72.8ppb(35);
like(35,36,51,53), vanilla(37) 258ppb(36); 26.5-
68.8ppb(42); 2.1-
3.1ppm(49); 578pph(51)
] " 17.9-118ppb(6); 11.7-
8-Nonalactone (c9) Coconut-like(11,42) NR 17.9ppb(42)
. . 50.5-391pph(6);
Ortho: 30ppb in | 556,111 1980ppb(16):
water(25), 100ppb in | 5 g4 6 o (29): 374-
water(59), 120ppbiin | 121, 1011009(24): 5.8-
0il(16,59), 0.08- 44ppb(25); 34.5-
Peach(3,25,33,35,36,41,46,53), coconut/coconut- O.%Gggmréglj)lldl(iiO), 103.2pph(28); 1060-
like(2,4,6,11,16,17,31,40,41,42,43,46,48,51 53 58), oillwéteruemulsion(41) 2659pph(31);
8-Decalactone (c10) hot milk/milky(2,37), fruity(2,22,29,41), Retro: 90-160n0b in 1193ppb(35);
sweet(17,24,28,45), fatty(24), waxy(28), floral(33), water(éO) 0 45ﬂfml/L 2633ppb(36); 2150-
cheese(37), vanilla(37), soapy(43) in ofl /Water SOOOppll))(AO); 226-
- 551 42); 0.2-
emuIsmn(41), 4.3pl:)%(4(13)') 11.0-
_13pmol/Kg in 15.6ppm('49)'
whipped cream(41); 5.73ppM(51); 0’7_
1000ppb in water(59) ' 5 6ppm(54’1) '
Sweet/caramel(22,37,45), green(24), cilantro(24), Ortho: 150ppb in
8-Undecalactone (c11) coconut(28), butter(22,28), fruity(29), vanilla(37), wéter(60) 55-1010u9/100g(24)
peach(58)
Ortho: 0.74umol/L in 16.1-113ppb(6):
oil/water p ’
. emulsion(41), 120ppb 70ppb(11); 700ppb(14);
Sweet fruity(2,37,41,45), coconut/coconut- in oil (5’9) 23-36ppb(25); 1.1-
like(3,11,28,41,42,45,46,51,53), peach- Retro: 1000ppb in 70ppb(28); 0.1-
8-Dodecalactone (c12) like(4,41,42), milky(G), creamy(6,37), water(Sé) 0.74umol/L 0.5ppm(30); 1030-
sweet(22,31), grain(22), cheesy(28,46,53), in oi’l /water 2620pph(42); 16.1-
buttery(29), soapy(31), floral(37), perfume-like(41) emulsion(41) 31.4ppm(49);
! 1.81ppm(51); 1.3-
47umol/Kg in 6p2ppp$n (5) 4)
whipped cream(41) )
3-Tridecalactone (c13) NR NR NR
Ortho: 126pumol/L in
oil/water emulsion(41)
Retro: 63umol/L in 310ppb(14); 16.4-
3-Tetradecalactone (c14) Dry hay(2), mushroom(41), waxy(41), fatty(41) oil/water 37.0ppm(49); 1.4-
emulsion(41), 14.1ppm(54)
66umol/Kg in
whipped cream(41)
d-Pentadecalactone (c15) NR NR NR
Ortho: 170pumol/L in
oil/water emulsion(41)
Retro: 100pumol/L in .
8-Hexadecalactone (c16) Perfume-like(41), melted butter-like(41) oil/water 8.2-38.2ppm(49); 0.3-
- 1.3ppm(54)
emulsion(41),
360umol/Kg in
whipped cream(41)
INR = Not reported within the references that comprise this review of literature
20rtho = orthonasal threshold; Retro = retronasal threshold
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Table 1.1 (Continued).!

Reported Concentration

burnt(39)

Compounds Odor Reported Threshold Ranges
d-Hetadecalactone NR NR NR
Ortho: 830umol/L in oil/water
emulsion(41)
8-Octadecalactone (c18) Fatty(41) Retro: 140pumol/L in oil/water NR
emulsion(41), >10000umol/Kg
in whipped cream(41)
Ortho: >10000umol/L in
oil/water emulsion(41)
; Retro: >10000pumol/L in
d-Eicosalactone (c20) NR oil/water emulsion(41), NR
>10000umol/Kg in whipped
cream(41)
g-Caprolactone NR NR NR
10-Methylundecan-5-olide Buttery(39), rancid(39) NR NR
11-Methyldodecan-5-olide Fatty(39), 0|I_y(39), slightly NR NR
rancid(39)
Cied Al Coconut(39), fatty(39),
(#)-Cis-4-methyloctan-5-olide sweet(39), coumarin(39) NR NR
(%)-Cis-4-methyldecan-5-olide Fatty(3ngzlg;ﬁa)(éz\;veet(?,9), NR NR
(%)-Trans-4-methyldecan-5-olide Herbal(39), sweet(39) NR NR
Tetradecan-6-olide Lactonic(39), fatty(39), NR NR

INR = Not reported within the references that comprise this review of literature
20rtho = orthonasal threshold; Retro = retronasal threshold
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Table 1.2. Odor properties, thresholds, and reported concentration ranges of y-lactones.*

Reported Concentration

Compounds Odor Reported Threshold?
Ranges

Ortho: 1ppm(65)

C t(3), fruity(9), ch 9), faint .
oconut(3), fruity(9), cherry(9), fain Retro: 20ppm in 10% ethanol 32.1-178ppb(6)

y-Butyrolactone (c4)

tic(58
aromatic(58) solution(50)
y-Valerolactone (c5) Faint aromatic(58) NR NR
y-Hexalactone (c6) BBQ(9), caramel(9), tobacco(9), .
Ortho: 1600ppb ter(60 S5ppb(14); 4.1-5.4 49
(y-Caprolactone) toasted(9), toffee(9), coconut(29) rehe ppb in water(60) ppb(14) ppm(49)
y-Heptalactone (c7) NR Ortho: 400ppb in water(60) 0.8-3.8ppm(49)
Ortho: 7ppbi ter(60,63),
. rtho: 7ppb in water(60,63), |1, 1 ac oo oh(6); 5-30ppb(14);
Coconut/Coconut-like(3,6,17,40,42), 120ppb in 0il(59)
y-Octalactone (c8) ) ) 11.9-17.7ppb(42); 3.6-
Fruity(6), sweet(17) Retro: 400ppb in water(60), 4.3ppm(49)
197ppb in oil(59) L
ICoconut/coconut-like(4,11,41,42,58),|0Ortho: 30-65ppb in water(62),
.9-58. 42); 0.8-
y-Nonalactone (c9) sweet(9,17), caramel(9), burnt(9), 148ppb in 0il(59) 209 ngsp’;:)((49))' oe
lactone(9), peachy(28) Retro: 219ppb in oil ‘opp
ho: 11 i
Peach(3,4,25,35,41,42,43,58), | O"ho: 11 ppbiin water(59,63),
milky/creamy(2,35,37), coconut- 0-3umol/L in oil/water
v “ke(l‘; 42.16.55) emulsion(41) 10-40ppb(14); 8.58-
y-Decalactone (c10) e Retro: 88ppb in water(60), | 16.5ppb(22); 48-100ppb(42);
sweet/caramel/lollies(2,17,22,37,43), L
. 0.30umol/L in oil/water 1.3ppb(43); 0.8-4.1ppm(49)
caramel(22), milk powder(29), ) .
fruity(41) emulsion(41), 38umol/Kg in
4 whipped cream(41)
Fruity(6), Peach-like(6,42), 84.6-277ppb(6); 115-
- | 11 NR
v-Undecalactone (c11) licorice(58) 120ppb(42); 2.5-3.1ppm(49)

Ortho: 7ppb in water(59,63), | 2-7 ppb(3); 36.8-149ppb(6);

Lactone (2), fruity(2,41), sweet L
(2), fruity(2,41), sw 0.32umol/L in oil/water | 200ppb(11); 30-1030ppb(14);

floral(2 -
floral(2), coconut/coconut emulsion(41)Retro: 55-1010g/100g(24),
y-Dodecalactone (c12) like(3,11,32), sweet(6,22,24), o
. 0.32umol/L in oil/water 441ppb(35); 707-839ppb(42);
grain(22), green(24), cheesy(25,29), . i
s0apy(25), peach-like(41,42,58) emulsion(41), 148umol/Kg in 1.08-69.2ppb(45); 3.0-
PY1és). o whipped cream(41) 12.1ppm(49); 0.3-1.0ppm(54)
y-Tridecalactone (c13) NR NR NR

Ortho: 52.0umol/L in
oil/water emulsion(41)
Retro: 26pumol/L in oil/water NR
emulsion(41), 190umol/Kg in
whipped cream(41)

Hot milk(2), soapy(41), refrigerator-

-Tetradecalact 14
v-Tetradecalactone (c14) stored cream(41)

y-Pentadecalactone (c15) NR NR NR

Ortho: 350umol/L in oil/water
emulsion(41)

Retro: 690umol/L in oil/water NR
emulsion(41), 290umol/Kg in
whipped cream(41)

Lactone(2), hot(2), smoky(2),

-Hexadecalact 16
y-Hexadecalactone (c16) fatty(41), soapy(41)

INR = Not reported within the references that comprise this review of literature
20rtho = orthonasal threshold; Retro = retronasal threshold
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Table 1.2 (Continued).!

Compounds

Odor

Reported Threshold?

Reported Concentration
Ranges

y-Octadecalactone (c18)

Fatty(41)

Ortho: 770umol/L in
oil/water emulsion(41)
Retro: 76umol/L in
oil/water emulsion(41),
>10000pumol/Kg in whipped
cream(41)

NR

v-Eicosalactone (c20)

NR

Ortho: >10000umol/L in
oil/water emulsion(41)
Retor: >10000umol/L in
oil/water emulsion(41),
>10000pmol/Kg in whipped
cream(41)

NR

a-methyl-y-butyrolactone

NR

NR

NR

[Z]-6-Dodeceno-y-lactone
(y-dodeca-cis-6-enolactone)
(Dairy Lactone)

Green/fruit(2,26), dishcloth(2),
burnt sugar(2), coconut-
like(11,32 ), cheesy(25),

soapy(25,31,53), milky(37),
floral(37), peach-like(40,41,51)

Ortho: 0.20-0.30ppm in

0il(40), 250ppb in 0il(59)

Retro: 0.1ppb in alcohol
solution(59)

27ppb(11); 10-150ppb(14);
0.32-4.5pph(25); 263-
268ppb(31); 57-260ppb(40)

B-Angelicalactone NR NR NR
Cognac Lactone Sweet lactone(2), buttery(2), NR NR
(cis-3-Methyl-y-Nonalactone) toast(2)
} e R e O Muesli with honey(2), baby
y-dodeca-cis-6,cis-9-dienolactone powder(2) NR NR
y-Crotonolactone
(2(5H)-Furanone) NR NR NR
2(3H)-Furanone, dihydro-4-hydroxy-
(B-Hydroxy-y-butyrolactone) NR NR NR
Maple/spicy(4,43,48), 3;:2&53)0%’"% n 10.2-32.0pph(22); 0.6-
Sotolone cooked/spicy(22,29), water(59), 0 2 bpi% 0il(59) 14mg/100g(24); 0.5-
(2(5H)-Furanone, 3-hydroxy-4,5-dimethyl-) curry/spicy(24,25,43 46), (99), 0.2pp 117.9pph(43); 0.06-
sweet(45) Retro: 0.08ppb in water(59), 87.5ppb(45)
0.2ppb in 0il(59) PP
2(3H)-Furanone .
(5-ethyl-(3H)-furan-2-one) Spicy/tobacco(3) NR NR
y-2-dodecenolactone NR NR NR
= T Fatty(39), waxy(39), slight
(E)-7-dodecen-4-olide bitter taste(39) NR NR
0. T Creamy(39), milky(39), slight
(E)-9-dodecen-4-olide green cucumber(39) NR NR
o Al Creamy(39), buttery(39),
(2)-9-dodecen-4-olide milky(39), fatty(39), oily(39) NR NR
Creamy(39), fruity(39),
(E)-10-dodecen-4-olide waxy(39), milky(39), NR NR
buttery(39), slight green(39)
A T Fruity(39), peach(39),
(E)-6-dodecen-4-olide buttery(39) NR NR
(.2)-6,9-dodecadien-4-olide fruity(39), creamy(39), NR NR
metallic(39)
B-Acetyl-y-butyrolactone NR NR NR
3-Butenoic acid-y-lactone NR NR NR
4-Methyl-2-butenoic acid-y-lactone NR NR NR
4-Methyl-3-butenoic acid-y-lactone NR NR NR

INR = Not reported within the references that comprise this review of literature

20rtho = orthonasal threshold; Retro = retronasal threshold
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Table 1.3. Gamma lactones identified in dairy products.!-2

Compounds

Milk
(Raw)

Milk
(Pasteurized)

Milk
(UP)

Milk
(UHT)

Milk

(Condensed)

WMP

SMP

NFDM

MPC/MPI

y-Butyrolactone (c4)

9

12

y-Valerolactone (c5)

y-Hexalactone (c6)
(y-Caprolactone)

y-Heptalactone (c7)

y-Octalactone (c8)

y-Nonalactone (c9)

11

y-Decalactone (c10)

2,22

22

19

45

y-Undecalactone (c11)

v-Dodecalactone (c12)

2,22,33

22

11,33

44

24

y-Tridecalactone (c13)

y-Tetradecalactone (c14)

44

y-Pentadecalactone (c15)

y-Hexadecalactone (c16)

y-Octadecalactone (c18)

y-Eicosalactone (c20)

a-methyl-y-butyrolactone

[Z]-6-Dodeceno-y-lactone
(y-dodeca-cis-6-enolactone)
(Dairy Lactone)

11

B-Angelicalactone

Cognac Lactone
(cis-3-Methyl-y-Nonalactone)

y-dodeca-cis-6,cis-9-
dienolactone

y-Crotonolactone
(2(5H)-Furanone)

12

2(3H)-Furanone, dihydro-4-
hydroxy-
(B-Hydroxy-y-butyrolactone)

Sotolone
(2(5H)-Furanone, 3-hydroxy-
4,5-dimethyl-)

22

22

24

45

2(3H)-Furanone
(5-ethyl-(3H)-furan-2-one)

y-2-dodecenolactone

44

(E)-7-dodecen-4-olide

(E)-9-dodecen-4-olide

(2)-9-dodecen-4-olide

(E)-10-dodecen-4-olide

(E)-6-dodecen-4-olide

(Z,2)-6,9-dodecadien-4-olide

B-Acetyl-y-butyrolactone

3-Butenoic acid-y-lactone

4-Methyl-2-butenoic acid-y-
lactone

4-Methyl-3-butenoic acid-y-
lactone

'Numbers in table align with numbers assigned to references within Table 1.6
2UP = ultrapasteurized; UHT = ultra-high temperature; WMP = whole milk powder; SMP = skim milk powder; NFDM = nonfat

dry milk; MPC = milk protein concentrate; MP1 = milk protein isolate
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Table 1.3 (Continued).?

Compounds

MCC

Caseins

Rennet
Casein
Powder

Whey
Powder

Whey
Protein
Concentrate

Whey
Protein
Isolate

Cream
(Raw)

Cream
(Pasteurized)

y-Butyrolactone (c4)

67

y-Valerolactone (c5)

y-Hexalactone (c6)
(y-Caprolactone)

29

y-Heptalactone (c7)

y-Octalactone (c8)

42

42

y-Nonalactone (c9)

42

37,41, 42

y-Decalactone (c10)

45

25

45

29

42

37,42

y-Undecalactone (c11)

42

42

y-Dodecalactone (c12)

25

29

42

41,42

y-Tridecalactone (c13)

y-Tetradecalactone (c14)

y-Pentadecalactone (c15)

y-Hexadecalactone (c16)

y-Octadecalactone (c18)

y-Eicosalactone (c20)

a-methyl-y-butyrolactone

13

[Z]-6-Dodeceno-y-lactone
(y-dodeca-cis-6-enolactone)
(Dairy Lactone)

25

37,41

B-Angelicalactone

Cognac Lactone
(cis-3-Methyl-y-Nonalactone)

y-dodeca-cis-6,cis-9-
dienolactone

v-Crotonolactone
(2(5H)-Furanone)

67

2(3H)-Furanone, dihydro-4-
hydroxy-
(B-Hydroxy-y-butyrolactone)

67

Sotolone
(2(5H)-Furanone, 3-hydroxy-
4,5-dimethyl-)

45

25

45

29

4,48

2(3H)-Furanone
(5-ethyl-(3H)-furan-2-one)

y-2-dodecenolactone

(E)-7-dodecen-4-olide

(E)-9-dodecen-4-olide

(2)-9-dodecen-4-olide

(E)-10-dodecen-4-olide

(E)-6-dodecen-4-olide

(Z,2)-6,9-dodecadien-4-olide

B-Acetyl-y-butyrolactone

67

3-Butenoic acid-y-lactone

67

4-Methyl-2-butenoic acid-y-
lactone

67

4-Methyl-3-butenoic acid-y-
lactone

67

Numbers in table align with numbers assigned to references within Table 1.6
2MCC = micellar casein concentrate; .
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Table 1.3 (Continued).!

Butter Sour .
. Cultured Heated| Sour |Cream Blue |Limburger|
Compounds Buttermilk Butter| (butter Cream 'Yogurt
. Butter Butter|CreamCheese Cheese| Cheese
oil) Butter
y-Butyrolactone (c4) 32
y-Valerolactone (c5) 1 32
y-Hexalactone (c6) 39 49 1 14
(y-Caprolactone)
v-Heptalactone (c7) 49 1
y-Octalactone (c8) 17 39 40 49 1 14
y-Nonalactone (c9) 17 28 39 49 1
y-Decalactone (c10) 17 35,49 39 49 49 1,43 19,32 | 14,23
y-Undecalactone (c11) 39 49 1
y-Dodecalactone (c12) 35, 49 39 49 49 1 32 14,23 34
y-Tridecalactone (c13) 39
y-Tetradecalactone (c14) 39
y-Pentadecalactone (c15) 39
y-Hexadecalactone (c16) 39 1
y-Octadecalactone (c18)
v-Eicosalactone (c20)
a-methyl-y-butyrolactone
[Z]-6-Dodeceno-y-lactone 51 39 16, 40 32 14
(y-dodeca-cis-6-enolactone)
B-Angelicalactone
Cognac Lactone
(cis-3-Methyl-y-Nonalactone)
y-dodeca-cis-6,cis-9-dienolactone
y-Crotonolactone
(2(5H)-Furanone)
2(3H)-Furanone, dihydro-4-hydroxy-
(B-Hydroxy-y-butyrolactone)
Sotolone 43 32
(2(5H)-Furanone, 3-hydroxy-4,5-
2(3H)-Furanone
(5-ethyl-(3H)-furan-2-one)
y-2-dodecenolactone
(E)-7-dodecen-4-olide 39
(E)-9-dodecen-4-olide 39
(2)-9-dodecen-4-olide 39
(E)-10-dodecen-4-olide 39
(E)-6-dodecen-4-olide 39
(Z,2)-6,9-dodecadien-4-olide 39

B-Acetyl-y-butyrolactone

3-Butenoic acid-y-lactone

4-Methyl-2-butenoic acid-y-lactone

4-Methyl-3-butenoic acid-y-lactone

INumbers in table align with numbers assigned to references within Table 1.6
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Table 1.3 (Continued).’

Compounds

Camembert
Cheese

Goat
Cheese

Cheddar
Cheese

Caciotta
Cheese

Caciocavallo
Cheese

White Brined
Cheese

y-Butyrolactone (c4)

y-Valerolactone (c5)

y-Hexalactone (c6)
(y-Caprolactone)

y-Heptalactone (c7)

y-Octalactone (c8)

y-Nonalactone (c9)

21

y-Decalactone (c10)

y-Undecalactone (c11)

y-Dodecalactone (c12)

26

21

y-Tridecalactone (c13)

y-Tetradecalactone (c14)

y-Pentadecalactone (c15)

y-Hexadecalactone (c16)

y-Octadecalactone (c18)

y-Eicosalactone (c20)

a-methyl-y-butyrolactone

[Z]-6-Dodeceno-y-lactone
(y-dodeca-cis-6-enolactone)
(Dairy Lactone)

26

5,31,53

21

B-Angelicalactone

53

Cognac Lactone
(cis-3-Methyl-y-Nonalactone)

y-dodeca-cis-6,cis-9-dienolactone

y-Crotonolactone
(2(5H)-Furanone)

2(3H)-Furanone, dihydro-4-
hydroxy-
(B-Hydroxy-y-butyrolactone)

Sotolone
(2(5H)-Furanone, 3-hydroxy-4,5-
dimethyl-)

26

46, 53

2(3H)-Furanone
(5-ethyl-(3H)-furan-2-one)

y-2-dodecenolactone

(E)-7-dodecen-4-olide

(E)-9-dodecen-4-olide

(2)-9-dodecen-4-olide

(E)-10-dodecen-4-olide

(E)-6-dodecen-4-olide

(Z,2)-6,9-dodecadien-4-olide

B-Acetyl-y-butyrolactone

3-Butenoic acid-y-lactone

4-Methyl-2-butenoic acid-y-lactone

4-Methyl-3-butenoic acid-y-lactone

Numbers in table align with numbers assigned to references within Table 1.6.
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Table 1.4. Delta and epsilon lactones identified in dairy products.!?

Milk Milk Milk | Milk Milk .
Compounds . WMP|SMP|NFDM | MPC/MP1|MCC |Caseins
P (Raw) |(Pasteurized)| (UP) | (UHT) ((Condensed)
6-Valerolactone (c5) 12
8-Hexalactone (c6) 47 5 8
(6-Caprolactone)
&-Heptalactone (c7)
6-Octalactone (c8) 5,47 2,22 22 11 19 8
6-Nonalactone (c9) 11 8
2,10, 12,19, 22
6-Decalactone (c10) 533,47 |77 3‘;’ e 22 11,33 19 8 44 24 45 45 25
8-Undecalactone (c11) 47 22 22 8 44 24 45 45
2,10, 12,19, 22,
§-Dodecalactone (c12) 5,33,47 |77 33 22 11,33 19 8 44 45 45 25
6-Tridecalactone (c13) 47 8
6-Tetradecalactone (c14) 5,47 2,19,33 33 19 8
8-Pentadecalactone (c15) 44
6-Hexadecalactone (c16)
6-Heptadecalactone (c17) 44

6-Octadecalactone (c18)

8-Eicosalactone (c20)

e-Caprolactone

10-Methylundecan-5-olide

11-Methyldodecan-5-olide

(£)-Cis-4-methyloctan-5-olide

(£)-Cis-4-methyldecan-5-olide

(%)-Trans-4-methyldecan-5-olide

Tetradecan-6-olide

'Numbers in table align with numbers assigned to references within Table 1.6
2UP = ultrapasteurized; UHT = ultra-high temperature; WMP = whole milk powder; SMP = skim milk powder; NFDM = nonfat

dry milk; MPC = milk protein concentrate; MPI = milk protein isolate; MCC = micellar casein concentrate
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Table 1.4 (Continued).!

Compounds

Rennet
Casein
Powder

Whey
Powder

Whey
Protein
Concentrate

Whey
Protein
Isolate

Cream
(Raw)

Cream
(Pasteurized)

Buttermilk

Butter

8-Valerolactone
(c5)

8-Hexalactone (c6)
(6-Caprolactone)

37

15, 28,
35, 49

8-Heptalactone
(c7)

8-Octalactone (c8)

29

42

37,41, 42

17

15, 28,
35, 49,
57

6-Nonalactone (c9)

42

42

6-Decalactone
(c10)

45

29

4,48

42

37,41, 42

17

15, 28,
35, 49,
51, 57

6-Undecalactone
(c11)

45

29

37

28

&-Dodecalactone
(c12)

45

29

42

37,41, 42

28, 49,
51, 57

6-Tridecalactone
(c13)

6-Tetradecalactone
(c14)

49,57

5-
Pentadecalactone
(c15)

8-Hexadecalactone
(cl16)

49

5-
Heptadecalactone
(c17)

6-Octadecalactone
(c18)

6-Eicosalactone
(c20)

e-Caprolactone

10-
Methylundecan-5-
olide

11-
Methyldodecan-5-
olide

(+)-Cis-4-
methyloctan-5-
olide

(£)-Cis-4-
methyldecan-5-
olide

(£)-Trans-4-
methyldecan-5-
olide

Tetradecan-6-olide

'Numbers in table align with numbers assigned to references within Table 1.6
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Table 1.4 (Continued).!

Butter Sour .
Compounds (butter Cultured Cream Heated | Sour | Cream Yogurt Blue | Limburger
P . Butter Butter | Cream | Cheese Cheese Cheese
oil) Butter
6-Valerolactone (c5)
6-Hexalactone (c6)
(6-Caprolactone) 39 49 27, 36,49 1
6-Heptalactone (c7) 1
27, 36,
6-Octalactone (c8) 39 30, 49 49 51 1 19
5-Nonalactone (c9) 39 1
§-Decalactone (c10) | 39,58 40 A I 19 32 23 34
6-Undecalactone
(c11) 39 27 1
6'D°d(ec°132")"°t°“e 39 30,49 | 27,49,51 1 19 32 14,23
6-Tridecalactone
(c13) 39
6-Tetradecalactone 39 49 27,49 1 19 14,23
(c14)
6-Pentadecalactone
(c15) 39
6-Hexadecalactone
(c16) 39 49 49
6-Heptadecalactone
(c17)
6-Octadecalactone 1
(c18)
6-Eicosalactone
(c20)
e-Caprolactone
10-Methylundecan-
. 39
5-olide
11-Methyldodecan-
) 39
5-olide
(+)-Cis-4- . 39
methyloctan-5-olide
(£)-Cis-4- . 39
methyldecan-5-olide
(¥)-Trans-4- 39
methyldecan-5-olide
Tetradecan-6-olide 39

'Numbers in table align with numbers assigned to references within Table 1.6
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Table 1.4 (Continued).!

Camembert | Goat | Cheddar | Caciotta | Caciocavallo | White Brined

Compounds

P Cheese Cheese | Cheese Cheese Cheese Cheese
6-Valerolactone (c5)

6-Hexalactone (c6) 6

(6-Caprolactone)

6-Heptalactone (c7)

6-Octalactone (c8) 26 5, 6,53 21
8-Nonalactone (c9) 6 20 21
5,6, 18,
6-Decalactone (c10) 26 3 31, 46, 53, 20 21 38
54, 56
6-Undecalactone (c11)
5,6, 31,
6-Dodecalactone (c12) 3 46, 53, 54, 20 21
56
&-Tridecalactone (c13)
6-Tetradecalactone 5 54 56 21
(c14) PO
6-Pentadecalactone
(c15)
6-Hexadecalactone
(c16) 54, 56
6-Heptadecalactone
(c17)
6-Octadecalactone
(c18)

6-Eicosalactone (c20)

e-Caprolactone

10-Methylundecan-5-
olide

11-Methyldodecan-5-
olide

(%)-Cis-4-methyloctan-
5-olide

(1)-Cis-4-methyldecan-
5-olide

(¥)-Trans-4-
methyldecan-5-olide

Tetradecan-6-olide

'Numbers in table align with numbers assigned to references within Table 1.6



Table 1.5. Extraction and analysis methods utilized to identify lactones within dairy products.®?

Dairy Product ™D Purge & | ) hisorb | HS Hi- HSSE Static HS | Dynamic HS | HS-SPME | SAFE Vacuum
Trap Sorb Distillation
Milk (Raw) 9,50 9,50 5,10, 12, 47 33
Milk (Pasteurized) 12,19, 22 12 2 10'4%2' 22, 2 33
UP Milk 22 22
UHT Milk 11 33
Milk (Condensed) 19
WMP 8 8 8 8
SMP 7
NFDM 24
MPC/MPI 45 45
MCC 45 45
Caseins 45 45
Rennet Casein Powder 25
Whey Powder 29
WPC 4
WPI 4,48
Cream (Raw) 42
Cream (Pasteurized) 37 41 37 41 41, 42 41
Buttermilk 17
Butter 28 35 35 28 28, 40, 51 39, 40
Butter oil
Cultured Butter 40
Sour Cream Butter 30 30 16, 40 40
Heated Butter 36 36 51
Sour Cream 43 1
Cream Cheese 19
Yogurt 19 32,47
Blue Cheese
Limburger Cheese 34 34
Camembert Cheese 26 26
Goat Cheese 3
Cheddar Cheese 31 5,6,18 6, 46 31, 46, 56, 67
Caciotta Cheese 20
Caciocavallo Cheese 21
White Brined Cheese 38

Numbers in table align with numbers assigned to references within Table 1.6
2TD = thermal desorption; DI = direct immersion; HS = headspace; HSSE = headspace sorptive extraction; SPME = solid phase microextraction; SAFE = solvent assisted flavor
evaporation; DSE = direct solvent extraction; CFD = cold finger distillation; SDE = simultaneous distillation extraction; CLLE = continuous liquid-liquid extraction; SPE =

simultaneous purging-solvent extraction;
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Table 1.5 (Continued).?

Dairy Product Distillation DSE Sgﬂ?g CFD SDE CLLE SPE SBSE PC CcC
Milk (Raw) 59,1233 | >%224"
Milk (Pasteurized) 2,10, 12 10, 12 19, 22
UP Milk 22
UHT Milk 11,33
Milk (Condensed) 19
WMP 8 8
SMP 44
NFDM 24
MPC/MPI 45 45
MCC 45 45
Caseins 45 45
Rennet Casein 25 25
Powder
Whey Powder 29
WPC 4 4
WPI 48 4,48 48 4
Cream (Raw) 42 42 42
Cream (Pasteurized) 41, 42 41, 42 41, 42
Buttermilk 17 17
Butter 51 28,40, 51 39 30 40
Butter oil 58 58 58 58, 39
Cultured Butter 40 40
Sour Cream Butter 16, 40 16, 40
Heated Butter 51 49,51 27
Sour Cream 1 1 1
Cream Cheese 19
Yogurt 32 19
Blue Cheese 14 14 14 23
Limburger Cheese 34 34 34
Camembert Cheese 26 26 26
Goat Cheese
Cheddar Cheese 46, 67 31, 46, 67 46, 56, 67 56 54
Caciotta Cheese 20
Caciocavallo Cheese 21
White Brined Cheese

Numbers in table align with numbers assigned to references within Table 1.6
2DSE = direct solvent extraction; CFD = cold finger distillation; SDE = simultaneous distillation extraction; CLLE = continuous liquid-liquid extraction; SPE = simultaneous
purging-solvent extraction; SBSE = stir bar sorptive extraction; PC = paper chromatography; CC = column chromatography



spectrometry; GCxGC = tandem gas chromatography; MS/MS = tandem mass spectrometry; SIDA = stable isotope dilution assay; TOF-MS = time-of-flight mass spectrometry

Table 1.5 (Continued).!?
Dairy Product GC-FID IR GC-NPD SF% GC-MS GC,\’/(ISC' M%/CM s SIDA GCJ SF' %%GN?S
. 2,5,9,10, 2,5,9,10, 12,
Milk (Raw) 12,33 33,47
Milk (Pasteurized) | > 1012 1% 2t 22
UP Milk 22 22 22
UHT Milk 11, 33 11, 33 11
Milk (Condensed) 19 19
WMP 8 8
SMP 7,44 7,44
NFDM 24 24
MPC/MPI 45 45
MCC 45 45
Caseins 25, 45 25, 45
Rennet Casein Powder 25 25
Whey Powder 13 13, 29
WPC 4 4
WPI 4,48 4,48
Cream (Raw) 42 42
Cream (Pasteurized) 41,42 37,41 42
Buttermilk 17 17
Butter 15:;52’6512& 15, 265128, 35, 40
Butter oil 39 58 39 39
Cultured Butter 40
Sour Cream Butter 16, 30 16, 30 40 30 16
Heated Butter 27, 36, 51 27 27 36, 49, 51
Sour Cream 43 43 1
Cream Cheese 19 19
Yogurt 19, 32 19, 32
Blue Cheese 14, 23 14
Limburger Cheese 34 34 34 34
Camembert Cheese 26 26
Goat Cheese 3 3
5,6, 18, 31, 5, 6, 18, 31, 46,
Cheddar Cheese 46,54 56, 67
Caciotta Cheese 20 20
Caciocavallo Cheese 21 21
White Brined Cheese 38 38
'Numbers in table align with numbers assigned to references within Table 1.6
2GC = gas chromatography; FID = flame ionization detector; IR = infrared spectrometry; NPD = nitrogen-phosphorus detector; FPD = flame photometric detector; MS = mass
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Table 1.5 (Continued).!?

. Charm Spectrum | Consumer/Sensor
Dairy Product GC-O NIF AEDA AECA (OSME) SHO DHA OAV P DA Acceptance y
Milk (Raw) 7,8,9,13,50 9, 50 33
Milk (Pasteurized) 2,22 2 33 10, 22 10, 12, 47
UP Milk 22
UHT Milk 11 11 33
Milk (Condensed)
WMP
SMP 7 7
NFDM 24 24 24 24
MPC/MPI 45 45
MCC 45 45
Caseins 25,45 45
Rennet Casein 25 25
Powder
Whey Powder 29
WPC 4 4 4
WPI 4,48 4,48 4,48
Cream (Raw) 42
Cream (Pasteurized) 37,41, 42 37 41 41
Buttermilk 17 17
Butter 6,7,8,28, 35,40, 51 7, 8,40, 51 28 15, 28 15
Butter oil 39 39
Cultured Butter 40 40
Sour Cream Butter 16, 30, 40 16, 40
Heated Butter 36, 51 51
Sour Cream 43 43 43
Cream Cheese
Yogurt 32 32
Blue Cheese
Limburger Cheese
Camembert Cheese 26 26 26
Goat Cheese 3 3
Cheddar Cheese 6, 31, 46 6, 31, 46 6 46 18
Caciotta Cheese
Caciocavallo Cheese
White Brined Cheese

'Numbers in table align with numbers assigned to references within Table 1.6
2GC-0 = gas chromatography olfactometry; NIF = nasal impact frequency; AEDA = aroma extract dilution analysis; AECA = aroma extract concentration analysis; CHARM =
combined hedonic aroma response method; SHO = static headspace olfactometry; DHA = dynamic headspace analysis; OAV = odor activity value; DA = descriptive analysis



Table 1.5 (Continued).?

Dairy Product

QDA

RDA

3 AFC

Triangle Test

ODP

Threshold

Model
System

AR

Aroma
Omission

Milk (Raw)

Milk (Pasteurized)

12

10, 47

UP Milk

UHT Milk

Milk (Condensed)

WMP

SMP

NFDM

MPC/MPI

MCC

Caseins

Rennet Casein Powder

25

25

Whey Powder

WPC

WPI

Cream (Raw)

Cream (Pasteurized)

41

41

41

41

Buttermilk

Butter

15

35

Butter oil

39

39

Cultured Butter

Sour Cream Butter

30

16, 40

30

Heated Butter

36

Sour Cream

Cream Cheese

Yogurt

32

Blue Cheese

Limburger Cheese

Camembert Cheese

Goat Cheese

Cheddar Cheese

6, 54

18

46

Caciotta Cheese

20

Caciocavallo Cheese

White Brined Cheese

'Numbers in table align with numbers assigned to references within Table 1.6

2QDA = quantitative descriptive analysis; RDA = ranking descriptive analysis; 3-AFC = 3 alternate forced choice; ODP = optimized descriptive profiling; AR = aroma

recombination
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Table 1.6. References for Table 1.1, Table 1.2, Table 1.3, and Table 1.4, and Table 1.5.

Reference Number | Year Paper

1 2003 Adahchour et al.

2 2001 Bendall

3 2003 Carunchia Whetstine et al.

4 2005 Carunchia-Whetstine et al.

5 2018 Castellani

6 2022 Chen et al.

7 2020 Cheng et al.

8 2021 Cheng et al.

9 2022 Clarke et al.

10 2007 Croissant et al.

11 2006 Czerny and Schieberle

12 2018 Faulkner et al.

13 1971b Ferretti and Flanagan

14 1990 Gallois and Langlois

15 2020 Garvey et al.
Gassenmeler and

16 1994 Schieberle

17 1996 Heiler and Schieberle

18 2018 Hickey et al.

19 2000 Hoffman and Heiden

20 2019 lanni et al

21 2020 lanni et al.

22 2018 Joetal.

23 1975 Jolly and Kosikowski

24 2002 Karagul-Yuceer et al.

25 2003 Karagul-Yceer et al.

26 1997 Kubickova and Grosch

27 1991 Lee et al.

28 2007 Lozano et al.

29 2004 Mahajan et al.

30 2014 Mallia et al.

31 1997 Milo & Reineccius

32 2020 Miyaji et al.

33 1994 Moio et al.

34 1982 Parliment et al.

35 2003a Peterson and Reineccius

36 2003b Peterson and Reineccius

37 2006 Pionnier and Hugelshofer

38 2017 Salum et al.

39 2011 Sarrazin et al.

40 1993 Schieberle et al.

41 2007 Schlutt et al.

42 2017 Schiitt and Schieberle

43 2013 Shepard et al.

44 1994 Shiratsuchi et al.

82


https://reader.elsevier.com/reader/sd/pii/S0958694696000441?token=5F34A1C99600BF06839AC869249FCCC3C265F3954A1EFB70764124557264FF539E47995B2D07A70E147999E1FEAB4966&originRegion=us-east-1&originCreation=20230418154709
https://pubs.acs.org/doi/pdf/10.1021/jf00114a001

Table 1.5 (Continued).

Reference Number | Year Paper
45 2016 Smith et al.
46 2001 Suriyaphan et al.
47 2013 Villeneuve et al.
48 2006 Wright et al.
49 2019 Yoshinaga et al.
50 2004 Peinado et al.
51 2001 Budin et al.
52 2007 Qian and Burbank,
53 2003 Singh et al.
54 1975 Wong et al.
55 1999 Sable and Cottenceau
56 1970 Liebich et al.
57 1962 Boldingh et al.
58 1955b Keeney and Patton
59 1998 Rychlik et al.
60 1990 Leffingwell et al.
61 1996 Molimard and Spinnler
62 1969 Siek et al.
63 1988 Engel et al.
64 1972 Urbach et al.
65 2019 Guo et al.
66 2017 Kilcawley
67 1971a Ferretti and Flanagan

83


https://pubs.acs.org/doi/pdf/10.1021/jf990414f
https://sci-hub.se/10.1038/194909a0
https://reader.elsevier.com/reader/sd/pii/S0022030256948251?token=7D39EF79EF1F7D9FC61A5C44984DCDABDAC2CF819204AD6949526D3731D4DB92DE078E2091A7B3D7BD76A1FF13418F2C&originRegion=us-east-1&originCreation=20230412142502

CHAPTER 2:
THE ROLE OF SENSORY AND PHYSICAL PROPERTIES OF
CREAM AND NEUFCHATEL CHEESE ON CONSUMER
ACCEPTANCE
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ABSTRACT

The cream cheese market category in the United States includes the sale of cream cheese,
Neufchatel cheese (reduced fat cream cheese), and fat free cream cheese. Total cream cheese
sales in the US in 2020 amounted to $830.8 million with $537.3 million attributed to the sales of
Philadelphia brand cream cheese alone (Shahbandeh, 2021). Aroma-active volatile composition
and sensory properties of many fermented dairy products (fermented butter, buttermilk, cottage
cheese, yogurt, and sour cream) are well characterized (Mallia et al., 2008; Schieberle et al.,
1993; Peterson & Reineccius, 2003; Mick et al., 1982; Urbach et al., 1972; Heiler & Schieberle,
1996; Drake et al., 2009; Rincon-Delgadillo et al., 2012; Lundstedt & Fogg, 1962; Ott et al.,
2000; Shepard et al., 2013; Rincon-Delgadillo et al., 2012; Adahchour et al., 2003), but the
contribution of volatile compound and organic acid composition on cream cheese flavor and
consumer acceptance have not been established. The objective of this study was to determine the
relationship between sensory and chemical properties and consumer liking of commercial cream

cheeses.

Descriptive and instrumental analyses were conducted followed by consumer acceptance
testing. Thirty-one cream cheeses (22 cream cheese and 9 Neufchatel) were collected in
duplicate lots. Appearance, flavor, and texture attributes of the cream cheeses were evaluated by
a trained descriptive sensory panel. Instrumental color, fat, protein, total solids, and pH were also
determined. Organic acids were quantified by high performance liquid chromatography (HPLC)
with photodiode array detection (PDA). Volatile compounds were extracted by solid-phase
microextraction (SPME) followed by gas chromatography-mass spectrometry (GC-MS) coupled

with gas chromatography-olfactometry (GC-O) to identify aroma-active volatiles. Consumer
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acceptance testing (n=164) was conducted on 11 representative cream cheeses. Univariate and

multivariate statistical analyses were applied.

Cream and Neufchatel cheeses were characterized by cooked/milky, sour aromatic,
milkfat, sweet taste, sour taste, salty taste, and umami taste. Full fat cream cheeses were distinct
from reduced fat Neufchatel cheeses. Characteristics of Neufchatel cheeses included lower
cooked milky, sweet aromatic, and milkfat flavors, the presence of cardboard/stale and burnt
brothy flavors, and lower product firmness compared to cream cheeses. Lactic acid was the
prominent organic acid in cream cheese followed by orotic, citric, and butyric acids (p < 0.05).
High aroma impact volatile compounds in cream cheese were acetone, diacetyl, acetic acid,
acetoin, 2,3-butanediol, butanoic acid, dimethyl sulfone, 2-octanone, hexanoic acid, 2-nonanone,
octanoic acid, and d-decalactone. Two clusters of consumers were identified from consumer
acceptance data. Cluster 1 consisted of bar cream cheese consumers that expected firmness as an
attribute for their cream cheeses. This same cluster was more discerning of cream cheese flavor
and desired milkfat flavor and salty taste. Cluster 2 consisted of tub-type cream cheese and
Neufchatel cheese consumers. This cluster had fewer overall liking score differences and had a
higher tolerance/liking of all types of cheese. Overall, drivers of liking for cream and Neufchatel
cheeses included milkfat flavor, salty taste, and firmness. Drivers of dislike for all consumers
included sour aromatic flavor, sour taste, grassy flavor, astringency, rate of dissolution and

spreadability.
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INTRODUCTION

Cream cheese (CC) and Neufchatel cheese (NC) (lower fat cream cheese) are soft, fresh
cheeses prepared from pasteurized homogenized milk, nonfat milk, or cream (used alone or in
combination) that have been acidified through direct acidulation or by fermentation with a
mesophilic lactic acid bacteria (LAB) starter culture (Wolfschoon-Pombo, 2021; Guinee &
Hickey, 2009; Litopoulou-Tzanetaki, 2007; 21CFR133.162; 21CFR133.133). Current United
States (U.S.) regulations outline that the milk fat content of finished product must be at least 33%
by weight for CC (21CFR133.133) and 20-33% by weight for NC (21CFR133.162) with a
maximum moisture content of 55% by weight for CC (21CFR133.133) and 65% by weight for
NC (21CFR133.162). Other optional ingredients that can be utilized in the manufacture of CC
and NC include rennet and/or other clotting enzymes, salt, cheese whey, and stabilizers in a total

amount less than 0.5% by weight of final product (21CFR133.162; 21CFR133.133).

Due to patents, proprietary formulations, and private company research, there is limited
public information about the varying manufacture processes implemented at processing facilities,
but all facilities follow the same core steps (Guinee et al., 1993; Lucey 2004; Schulz-Collins &
Senge, 2004; Phadungath, 2005; Guinee and Hickey, 2009; Lucey, 2011; Lucey, 2017;
Wolfschoon-Pombo, 2021). Milk is standardized, followed by pasteurization, homogenization,
and inoculation and/or direct acidification. Due to the US standard of identity for CC and NC,
both products must contain a strain of LAB and cannot solely be acidified through direct
acidification to legally be called cream cheese or Neufchatel cheese (21CFR133.162;
21CFR133.133). Once the proper pH is achieved (~ 4.6), the whey is separated through
centrifugation, ultrafiltration, or draining, additional ingredients are added to the curd (salt and
stabilizer), and the cheese is cold or hot packed (Phadungath, 2005; Wolfschoon-Pombo, 2021).
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There are a multitude of variations that can be taken during processing in regard to cook
times/temperatures, shear times/temperatures, pH adjustments, cheese whey additions,
fermentation times/temperatures (Johnson, 2001; Guinee and Hickey, 2009; Wolfschoon-Pombo,
2021), prebiotic and probiotic supplements (Alves et al., 2013; Buriti et al., 2007), rennet and
acidulents (Eliot et al., 2005; Guinee and Hickey, 2009; Wolfschoon-Pombo, 2021), that lead to
distinct physical, chemical, and flavor differences in CC and NC. In recent years, innovation
with CC and NC type products have generated cream cheese type products that are

nonconforming to U.S. standards of identity (Lucey, 2011).

The global cream cheese market reached $6.3 billion in 2022 (Singh, 2024) and it is
projected to reach ~$8.3 billion by the year 2026 (Wolfschoon-Pombo, 2021). In the U.S., CC
has consistently been a popular soft cheese product with total sales amounting to $323 million
for the 12 weeks ended in January 2023 and a per capita consumption of 1.8 kg (this includes CC
and NC) in 2022 (Shahbandeh, 2023). Little published research is available to understand what
consumers desire in final CC and NC products and/or flavor chemistry of these products.
Previously, research has characterized aroma-active volatile compounds and/or sensory
properties of many fermented dairy products including: butter (Schieberle et al., 1993; Peterson
& Reineccius, 2003a; Peterson & Reineccius, 2003b; Adahchour et al., 2005; Mallia et al., 2008;
Sarrazin et al., 2011; Chongcharoenyanon et al. 2012; Mallia et al., 2014; Obi et al., 2018),
buttermilk (Vasavada and Lillard, 1979;Vasavada et al., 1985; Heiler & Schieberle, 1996;
Jinjarak et al., 2005), cottage cheese (Drake et al., 2009; Rincon-Delgadillo et al., 2012), yogurt
(Ott et al., 1997; Ott et al., 2000; Cheng, 2010; Chen et al., 2017; Zhao et al., 2018), and sour
cream (Adahchour et al., 2003; Rincon-Delgadillo et al., 2012: Shepard et al., 2013). A review of

general CC production (Phadungath, 2005) has been published as well as various patents for CC
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and CC-like products (Yoshida et al., 1985; Yamaguchi et al., 1999). The impact of ingredient
substitution on CC rheology, texture, and quality (Kim et al., 2005; Kolanowski and Weif3rodt,
2007; Horn et al., 2012; Ningtyas et al., 2019a; Brighenti et al., 2020, 2021), the impact of pH on
CC microstructure/other characteristics (Monteiro et al., 2009), the characterization of
rheological and textural properties of varying fat content cream cheeses (Brighenti et al., 2008)
and cream cheeses produced with thermosonicated milk (Almanza-Rubio et al., 2016), sensory
characterization of cream cheese by consumers (Foguel et al., 2021), temporal sensory texture
properties of CC (Ningtyas et al., 2019b), and texture properties of reduced cholesterol CC (Jeon
etal., 2011; Kim et al., 2005) have been previously identified. Most recently, an extensive
review of CC history, manufacturing techniques, and physico-chemical aspects was reviewed by
Wolfschoon-Pombo (2021). Sensory and texture properties have been reported but consumer
acceptance and aroma-active volatile analysis for CC and NC are lacking. The objective of this
study was to determine the sensory properties, chemical properties, and consumer liking of

commercial cream cheeses and Neufchatel cheeses in the U.S. market.
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MATERIALS AND METHODS

Experimental Overview

Commercial Neufchatel and cream cheeses (n = 31) were collected in duplicate lots from
across the United States and New Zealand. Samples were selected on the basis of commercial
availability, brand (national, regional and store brands), and fat content (cream cheese = 22 and
Neufchatel cheese = 9). Cheeses were purchased locally and online. If purchased online, cheeses
were received by overnight shipping. Upon arrival, products were examined for shipping damage
and cold receipt, subsampled, and stored in the dark at 4 °C until analysis. Products were
received and evaluated no less than 2 months before the labeled expiration date to minimize
sensory and analytical variability. Cheeses were subjected to descriptive analysis with a trained
panel, pH, organic acids analysis by HPLC-PDA, and volatile compound analysis by SPME-
GCMS and GCO. Subsequently, 11 representative cheeses were selected for consumer
acceptance testing. These 11 cheeses were also subjected to instrumental color analysis, total

solids, and fat analysis. An overview of the experiment is outlined in Figure 2.1.

Reagents and Materials

2-methyl-3-heptanone (99%), sulfuric acid (H2SO4, 99.999%), citric acid (99%), orotic
acid (anhydrous > 98%), pyruvic acid (98%), DL-malic acid (>99%), lactic acid , formic acid (>
98%), butyric acid (> 99%), and alkane standards (C7-C24) were purchased from Sigma-Aldrich
(St. Louis, MO). Glacial acetic acid, HPLC grade water, and pH buffer calibrants were
purchased from Fisher Scientific (Fairlawn, NJ). Uric acid (99+ %) was purchased from Acros

Organics (Geel, Belgium). Potassium chloride (3M KCI) for the refillable pH electrode was
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purchased from VWR International (Radnor, PA). Authentic GC reference standards were

obtained from Sigma-Aldrich (St. Louis, MO, USA).

Descriptive Sensory Analysis

Descriptive analysis testing was conducted in compliance with the North Carolina State
University (NCSU) Institutional Review Board for Human Subjects (IRB). Thirty grams of each
CC or NF cheese were placed into a lidded 59 mL soufflé cup (Dart Container Corp., Mason,
MI) and labeled with a unique random 3-digit code. The samples were tempered for 30 minutes
at 20 °C prior to sensory evaluation. Samples were served with room-temperature deionized

water and unsalted saltine crackers for palate cleansing between samples.

A trained sensory panel (n =5 females and 2 males, ages = 23-45 y) each with more than
200 h of individual experience with descriptive analysis of various dairy products and use of a
universal 15-point (0-15) intensity scale (Spectrum method; Meilgaard et al., 1999; Drake and
Civille, 2003) evaluated the products. An additional 12 h of training (12 1 h sessions) was
dedicated to calibration specifically on cream cheese flavor. A sensory lexicon for cream cheese
was adapted from previous sensory languages for cheese, butter and cultured dairy products that
included 12 aromatics, 5 tastes, 1 mouthfeel, and 1 texture attribute (Table 2.1). All attributes
were evaluated using a 0-15 universal (flavor attributes) or product-specific (firmness) intensity

scale (Meilgaard et al., 1999).

Each sample was evaluated monadically following a randomized balanced design using
the defined lexicon. Each lot of the 31 samples was evaluated in duplicate (quadruplicate
replications per brand) to account for variability in sensory properties within multiple lots of the

same sample. No more than 6 samples were evaluated per session with no more than 2 sample
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evaluation sessions per day. Evaluations were conducted in an enclosed room free from external
aroma, noise, excess light, and other external distractions. Panelists expectorated samples and
rinsed their palates with bottled spring water between samples. A 3 minute rest was enforced

between samples. Data was collected electronically on the NCSU secure network.

pH Determination
Determination of pH was conducted following the method of Monteiro et al. (2009). All

pH analyses were conducted in triplicate across duplicate lots (sextuplicate replications per
brand). Each sample was tempered for 2 h until a homogenous temperature of 20 °C was
reached. Samples were firmly packed into a tall 25 mL beaker, taking extra caution to remove all
air bubbles. A refillable combination sympHony pH probe connected to a SympHony B10P
meter (VWR International LLC, West Chester, PA) was utilized for this analysis. The probe was
immersed 3cm into the sample and allowed to equilibrate for 2 minutes until readings stabilized.
Three-point calibration at room temperature was conducted on the pH meter and probe prior to

analysis.

Organic Acids Extraction and Separation

A modified method from Marsili et al. (1981) was utilized for organic acid analysis. Five
grams of cheese was weighed into a 50 mL centrifuge tube (Marsili et al., 1981). The sample was
diluted with 25 mL of 0.009 N sulfuric acid (2.0 N; Mallinckrodt Baker Inc., Phillipsburg, NJ) to
solubilize the sample. The tube was shaken by hand for 1 minute then vortexed for an additional
minute at 100 x g (digital vortex mixer; VWR International LLC, West Chester, PA) to ensure a
homogenous solution. The sample was centrifuged under refrigerated conditions (4°C) at 10,000
x g (Sorvall Lynx 6000; Thermo Scientific, Waltham, MA) for 10 min and filtered using a 0.45

um nylon filter membrane (Titan3; VWR International LLC, West Chester, PA) into an amber
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HPLC vial. All cream cheeses were extracted in triplicate across duplicate lots (sextuplicate
replications per brand). The HPLC (Waters 2996; Waters Inc., Milford, MA) was equipped with
a manual 100 pL loop injector, photodiode array detector (2996; Waters Inc.), binary pump (515;
Waters Inc.), inline degasser AF (Waters Inc.), and an insulated column oven. The software used
was Empower (Waters Inc.). The amount of sample injected was 20 puL. The mobile phase used
was 0.009 N sulfuric acid (Mallinckrodt Baker Inc.). The flow rate was 0.7 mL/min and the
temperature of the column was 65 °C. Organic acids were identified by injecting authentic
standards and comparing the retention times of the authentic standard. The column used was an
Aminex HPX-87 H cation-exchange column (300 x 7.8 mm, 9 um particle size; Bio-Rad
Laboratories Inc., Hercules, CA). Quantitation was conducted utilizing a seven point external

standard curve.

Pyruvic, malic, lactic, acetic, and butyric acids were quantified using a wavelength of 220
nm. Formic and uric acids along with orotic and citric acids coelute under the utilized
chromatographic conditions. To allow for quantitation and resolution of these coeluting acids,
two separate wavelengths (220 nm and 275 nm) were utilized. Six aqueous standards were
prepared: 10 ppm uric acid, 500 ppm formic acid, 10 ppm uric; 500 ppm formic acid, 10 ppm
orotic acid, 500 ppm citric acid, and 10 ppm orotic; 500 ppm citric acid. Each standard was
chromatographed under the aforementioned chromatographic conditions at 220 nm and 275 nm

and proportion calculations were conducted to quantify all four acids at 220 nm.
Solid-Phase Microextraction Gas Chromatography Mass Spectrometry

Volatile compounds were extracted by headspace solid-phase microextraction followed
by gas chromatography mass spectrometry (SPME-GC-MS) for identification of volatile

compounds. Two grams of cream or Neufchatel cheese were added into a 20 mL amber glass
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vial for SPME analysis with a silver screw cap containing blue silicone and white PTFE septa
face (Supelco, Inc., Bellefonte, PA). Twenty microliters of a 10 ppm 2-methyl-3-heptanone in
methanol (Sigma-Aldrich, St. Louis, MO) internal standard was added to each vial. Samples
were loaded onto a CTC Analytics CombiPAL autosampler (Leap Technologies, Carrborro, NC)
fitted with a refrigerated block. The SPME fiber used for analysis was a 50/30 um
divinylbenzene (DVB)/carboxen (CAR)/polydimethylsiloxane (PDMS), Stableflex 24 Ga
(Supelco, Inc.). The Agilent 7820A GC system coupled with Agilent 5975 series MSD (Agilent
Technologies Inc., Santa Clara, CA) was fitted with a nonpolar ZB-5MSplus column that was 30
m length x 0.25 mm inner diameter x 0.25 um film thickness (Phenomenex, Torrance, CA). The
sample vial was brought to equilibrium by heating to 40 °C for 25 min with 4 seconds of pulsed
250 rpm agitation. The fiber was exposed to the sample at a depth of 3.1 cm for 40 minutes and
then injected onto the column at a depth of 5 cm for 5 minutes. The split-splitless inlet was set to
a temperature of 250 °C with a pressure of 7.1 psi. Helium was the carrier gas and was set to a
constant flow rate of 1 mL/min. The oven temperature was programmed with an initial 3 minute
hold at 40 °C followed by a temperature ramp from 40 °C to 90 °C at a rate of 10 °C/min, from 90
°C to 200 °C at a rate of 5 °C/min followed by a 10 minute hold at 200 °C, and from 200 °C to
250 °C at a rate of 25 °C/min followed by a 5 minute hold at 250 °C. The capillary direct
interface temperature of the mass spectrometer was set to 250 °C with an ionization energy of 70
eV. The mass range was 38 to 275 amu with a scan rate of 5.72 scan/sec. Analysis was
conducted in scan mode with concomitant selective ion monitoring (SIM). All cream cheeses
were extracted and analyzed in triplicate across duplicate lots (sextuplicate replications per

brand).
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Solid-Phase Microextraction Gas Chromatography Olfactometry

Solid-phase microextraction gas chromatography olfactometry (SPME-GC-O) was
conducted on the 31 cream cheeses for characterization of aroma active volatile compounds.
Four grams of cheese were added into a 40 mL amber glass vial for SPME analysis with a silver
screw cap containing blue silicone and white PTFE septa face (Supelco, Inc.). The SPME fiber
used for analysis was a 50/30 um DVB/CAR/PDMS, Stableflex 24 Ga (Supelco, Inc.). The vials
were loaded into a heating block (Thermo Scientific; Waltham, MA) and allowed to incubate at
40°C for 30 minutes. After 30 minutes of incubation and equilibration, the SPME fiber was
exposed to the sample headspace at a depth of 2.1 cm for 30 minutes. The GCO system consisted
of an Agilent 6850 GC fitted with a nonpolar column (DB-5MS, 30 m length x 0.25 mm inner
diameter x 0.25 um film thickness; J&W Scientific) and equipped with a flame ionization
detector (FID) and olfactometer port (Agilent Technologies; Santa Clara, CA). The SPME fiber
was injected at a depth of 3.1 cm at 250 °C for 10 minutes. The effluent from the column was
split 1:1 between the FID and sniffing port using a deactivated fused silica capillary (1 m length
x 0.25 um inner diameter). The inlet was set to a temperature of 250 °C with a pressure of 23.81
psi. Helium was the carrier gas and was set to a constant flow rate of 2.7 mL/min. The oven
temperature was programmed with an initial 3 minute hold at 35 °C followed by a temperature
ramp from 35 °C to 50 °C at a rate of 2.5 °C/min, from 50 °C to 125 °C at a rate of 5 °C/min, from
125 °C to 140 °C at a rate of 10 °C/min, and from 140 °C to 250 °C at a rate of 25 °C/min. The
FID and the sniffing port maintained a constant temperature of 250 °C and the sniffing port held
a constant delivery of humidified air at 30 mL/min throughout the entirety of the analysis. Two
trained sniffers (each with over 100 h of sniffing experience) sniffed the GC effluents and

designated an odor description and odor intensity for each signal. Odor intensity was scaled on a
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5-point numerical intensity scale (Van Ruth, 2001). All cream cheeses were extracted and

analyzed in triplicate across duplicate lots (sextuplicate replications per brand).

Identification of Aroma Active Compounds

Aroma-active volatile compounds were identified through matching of known aroma
characteristics, retention indices, and mass spectra of unknown compounds to authentic
standards. The retention indices (R1) were calculated from a series of alkanes (C7-C24) injected
onto the machine (Van den Dool and Kratz, 1963). A compound was considered tentatively

identified if one or more of the above criteria could not be met.

Consumer Acceptance Testing

Consumer acceptance testing was conducted in compliance with North Carolina State
University IRB regulations and policies. Eleven representative commercial cream and
Neufchatel cheeses (8 cream cheeses and 3 Neufchatel cheeses) were selected for consumer
acceptance testing based on examination of principal component biplots of descriptive analysis,
HS-SPME-GC-MS, HS-SPME-GC-O, and organic acids data. Market share was also taken into
consideration with national, regional and store brands represented. Cream cheese consumers (n =
164) were recruited from an online database maintained by the Sensory Service Center at North
Carolina State University. The database consisted of 10,000 individuals from Raleigh, North
Carolina and the surrounding triangle area. All participants were self-reported primary shoppers
and cream cheese consumers (purchased and consumed within the last three months) between the
ages of 18-65 y. Consumer testing was divided into two consecutive days with 6 samples
presented on the first day and 5 samples presented on the second day (n = 11 cream and

Neufchatel cheeses evaluated by each consumer). Samples were served across the two days
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following a balanced block design with a randomized balanced partial presentation each day.
Compusense Cloud (Compusense, Guelph, Ontario, Canada) was utilized for the implementation
of testing and data collection. At the beginning of the first day of testing consumers were
provided with a consent form in compliance with the NCSU IRB policy. Upon the completion of
the second day of testing, consumers were compensated with a $30 Amazon gift card

(Amazon.com, inc., Seattle, WA).

On the day of the consumer test, 30 g cubes of cream cheese were cut and placed into 118
mL lidded souffle cups (Waddington North America Inc, Covington, KY) with a randomized 3-
digit code. Thomas brand pre-sliced bagel thins were purchased locally. Each bagel thin half
was cut into quarter pieces for serving with the cream cheeses. Knives and napkins were
provided along with room temperature bottled water and unsalted saltine crackers for palate
cleansing between samples. A two minute rest was implemented between each sample.
Consumers were first instructed to spread the cream cheese on a bagel thin piece provided. They
were then asked to evaluate overall appearance liking, aroma liking, and spreadability liking of
the cream cheese using a 9-point hedonic scale where 1 = dislike extremely and 9 = like
extremely. Just-About-Right (JAR) questions were asked to evaluate the color, glossiness
(shininess), aroma, and spreadability of the samples, where 1 and 2 = too light, 3 = just about
right, and 4 and 5 = too dark; 1 and 2 = not shiny enough, 3 = just about right, and 4 and 5 = too
shiny; 1 and 2 = too weak, 3 = just about right, and 4 and 5 = too strong; and 1 and 2 = too
difficult to spread, 3 = just about right, and 4 and 5 = too easy to spread. Consumers were then
asked to taste the sample and evaluate their overall liking of the cream cheese on a 9-point
hedonic scale and provide feedback on what they liked and disliked about the sample.

Consumers were then asked to evaluate cream cheese flavor, mouthfeel/thickness, firmness,
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creaminess, sour taste, sweet taste, and salty taste using a 9-point hedonic scale where 1 = dislike
extremely and 9 = like extremely. Consumers were asked JAR questions for each of the
respective product attributes where 1 and 2 = not creamy enough, 3 = just about right, and 4 and
5 =too creamy; 1 and 2 = not thick enough, 3 = just about right, and 4 and 5 = too thick; 1 and 2
=too soft, 3 = just about right, and 4 and 5 = too firm; 1 and 2 = not creamy enough, 3 = just
about right, and 4 and 5 = too creamy; 1 and 2 = not sour enough, 3 = just about right, and 4 and
5 =too sour; 1 and 2 = not sweet enough, 3 = just about right, and 4 and 5 = too sweet; and 1 and
2 = not salty enough, 3 = just about right, and 4 and 5 = too salty. Finally, panelists were asked
whether the sample met their expectations of a cream cheese and how likely they would be to
purchase the product. For both questions a 5-point scale was utilized where 1 = much worse than
expected, 3 = just about as expected, and 5 = much better than expected; and 1 = definitely
would not buy, 3 = may or may not buy, and 5 = definitely would buy. Upon completion of the
second day of testing (after consumers had tasted all 11 samples) consumers completed a chip
allocation exercise on cream cheese attribute importance. Consumers assigned values to brand,
flavor, firmness, spreadability, and packaging totaling up to 100. A second value question was
asked with the same aforementioned attributes, but price was added to the list to see how price

affected the perceived value assigned to various attributes.

Instrumental Color and Proximate Analyses

Instrumental color and proximate analyses were performed on the 11 cream and
Neufchatel cheeses selected for consumer testing. Each sample was measured in triplicate across
duplicate lots (sextuplicate readings per brand). Samples were carefully and evenly distributed
into a 20 mm transmission cell taking extra caution to ensure the removal of all air bubbles. An

UltraScan Pro Spectrophotometer (Hunter Associates Laboratory; Reston, VA) was utilized.
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Hunter (L and a) and CIE (b*) values were computed from reflectance data taken at 5 nm
intervals in the range of 360-375 nm with illuminant A at a 10° observer angle. Duplicate
analysis for total solids (TS) and total N (TN) were done using forced-air oven drying (AOAC,

2019; method 990.20) and Kjeldahl TN (AOAC, 2019; method 991.20) respectively.

Statistical Analysis

All statistical analyses were carried out at a 5% level of significance and performed with
XLSTAT software (version 2020, Addinsoft Inc., New York, NY). Analysis of variance
(ANOVA) with means separation (Fisher's LSD) were conducted on trained panel, organic acids,
volatile compound data, pH and proximate analyses. Pearson correlation analysis was conducted
on pH, organic acids, trained panel, and aroma active volatile relative abundance data. Principal
component analysis (PCA) was conducted on means of these data to further visualize
relationships among samples and attributes. Consumer liking scores were evaluated by ANOVA
with means separation. Consumer JAR questions were analyzed with penalty analysis and chi
squared analysis with the Marascuilo procedure for multiple comparisons. Hierarchical
agglomerative clustering (HAC) and k-means analysis were used to segment consumers based on
overall liking scores. Clusters were validated using discriminant analysis. Partial least squares
(PLS) analysis was then conducted on descriptive means and consumer liking means to identify

drivers of liking and disliking for each cluster.

100



RESULTS AND DISCUSSION

Descriptive Analysis

All cream and Neufchatel cheeses had the following attributes: overall aroma impact,
cooked/milky, sour aromatic, milkfat, overall firmness, astringency, and sweet, sour, salty, and
umami tastes (Table 2.2). All cream and Neufchatel cheeses had perceptible sweet aromatic
excluding two Neufchatel cheeses (samples 22 and 29) and one kosher cream cheese (sample
25). Cream cheeses 11 and 14 were the only cheeses that had perceptible acetaldehyde flavor.
Cooked milky, milkfat, and salty taste were the predominant sensory attributes among cheeses
ranging from 2.8 to 4.1, 2.1 to 3.8, and 2.9 to 3.8, respectively (0 to 15 point intensity scale).
Samples 11 and 24 (tub cream cheeses) had the lowest perceived firmness, presumably due to the
chosen style of product packaging. These tub cream cheeses require a fluid-like consistency for
pumping into tub packaging thus making them softer than brick cream or Neufchatel cheese (Fox
etal., 2017). A probiotic organic tub cream cheese (sample 11) had the highest aroma impact
score in conjunction with the highest intensity scores for acetaldehyde, diacetyl, sour aromatic,
and sweet taste. The second tub cream cheese (sample 24) had the second highest aroma impact
score that corresponded with the highest scores for sour taste, umami taste, and astringent
mouthfeel. Neufchatel cheeses and tub cream cheeses had overall lower intensities of milkfat
than full fat brick cream cheese (p<0.05). A Neufchatel cheese (sample 29) had the highest
intensity of burnt brothy flavor. The international cream cheese (sample 12) had the highest
intensity of grassy flavor. Organic cream cheeses (samples 18, 19, 30, 31) were similarly
associated with grassy flavor. International dairy products as well as dairy products from cows

fed a grass or pasture-based diet (such as may be the case with organic products or products that
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have a grass -fed or pasture based label claim) display distinct grassy flavors (Drake et al., 2005;

Bendall, 2001; Croissant et al., 2007).

Full fat cream cheeses were distinct from reduced fat Neufchatel cheeses (Table 2.2).
Characteristics of Neufchatel cheeses (samples 5, 6, 7, 14, 17, 22, 27, 29, and 30) included lower
cooked milky, sweet aromatic, and milkfat flavors, the presence of cardboard/stale and burnt
brothy flavors, and lower product firmness compared to cream cheeses. These flavor differences
are attributed to the reduced fat nature of the cheese and the substitution of gums and starches.
The main flavor difference noted in cream cheese and Neufchatel cheese was the strong presence
of burnt brothy flavor in the reduced fat Neufchatel cheeses. Previous studies have shown that
burnt brothy flavor in cheese has been associated with furaneol, homofuraneol, methional and
sotolone (Milo and Reineccius, 1997; Cadwallader et al., 2006; Drake et al., 2010; Kim et al.,
2011). Kim et al. (2011) and Milo and Reineccius (1997) attributed the presence of this flavor in
low-fat Cheddar cheeses to lower sensory detection thresholds with decreased fat content thus

leading to a higher intensity of burnt brothy flavor.

Principal component (PC) analysis was applied for visualization of the differences
between cheeses across all attributes (Figure 2.2, Figure 2.3). Principal component 1 explained
28.05% of the variability and was comprised of firmness and astringent mouthfeel, umami and
sour taste, and milkfat, cooked milky, and sour aromatic flavors. Principal component 2
explained 22.37% of the variability and was comprised of sweet and salty tastes, burnt brothy,
cardboard/oxidized, diacetyl, and sweet aromatic flavors, and aroma intensity. PC 3 explained
11.16% of the variability and was comprised of refrigerator/stale flavor. PC 4 explained 7.16%
of the variability and was composed of grassy flavor. Aroma intensity of cream cheeses (but not

Neufchatel cheeses) was correlated with the following aromatics: acetaldehyde (r = 0.578; P <
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0.05), diacetyl (r = 0.440; P < 0.05), sour aromatic (r = 0.617; P < 0.05), and grassy (r = 0.628; P
< 0.05). Aroma intensity for cream cheese also showed strong negative correlations with the
following attributes: cooked milky (r = -0.549; P < 0.05), milkfat (r = -0.585; P < 0.05), and
firmness (r = -0.699; P < 0.05). Fat content of food products has been shown to affect the flavor
release of aromatic compounds. This effect is directly dependent on the characteristics and
properties of the compound that is being analyzed along with the chemical characteristics of the
food matrix containing the compounds (Bakker et al., 1996; Druaux et al., 1998; Cadwallader
and Singh, 2009). Due to the hydrophobic nature of many aroma compounds, the compounds
have an affinity for the fat phase of the food matrix, thus lowering the vapor pressure and
increasing the sensory threshold in higher fat systems (Druaux et al., 1998). Bakker et al. (1996)
demonstrated that firmer gel matrices had a lower maximum flavor intensity than harder gels.
Burnt brothy flavor was correlated with cardboard/stale flavor (r = 0.646; P < 0.05) and umami
taste (r = 0.382; P < 0.05) across all samples, but there was a stronger correlation of burnt/brothy
flavor with cardboard/stale flavor (r = 0.877; P < 0.05) and umami taste (r = 0.733; P < 0.05)

with Neufchatel cheeses.

Nonvolatile Organic Acids

The most predominant acid among samples, as expected, was lactic acid with sample 22
containing the highest levels (Table 2.3). Acetic acid was not detected in 2 of the cheeses
(samples 14 and 15) and one cheese did not contain detectable levels of butyric acid (sample 28).
Succinic, propionic, and hippuric acids were not detected. Principal component (PC) analysis
was applied for visualization of the differences among samples (Figure 2.4, Figure 2.5). PC 1

explained 42.46% of the variability and was comprised of orotic, pyruvic, malic, lactic, uric, and
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acetic acids. PC 2 explained 19.45% of the variability and was comprised of citric and formic
acids. PC 3 explained 12.84% of the variability and was comprised of butyric acid. As expected,
pH was negatively correlated with sour aromatic flavor (r = -0.445; P < 0.05) and sour taste (r = -
0.551; P < 0.05) for all samples. For cream cheeses, butyric acid was negatively correlated with
pH (r = -0.735; P < 0.05) while Neufchatel cheeses showed no strong correlations between pH
and organic acids profile. Lactic acid was correlated with sour aromatic flavor (r = 0.566; P <
0.05) and sour taste (r = 0.409; P < 0.05) across all samples due to lactic acid being the primary
product produced by LAB strains inoculated into the cheese (Belitz et al., 2009; Johnson and
Steele, 2013; Widyastuti et al., 2014). Organic acids, such as lactic acid, impart a sour taste in
yogurt and other fermented dairy food items due to the hydrogen ion concentration, the chemical
structure of the acid, the dissociation constant, and the anion concentration (Valentova and
Panovska, 2003; Shi et al., 2022). Umami taste showed correlations with malic acid, lactic acid,
and butyric (r = 0.443, 0.452, and 0.499, respectively; P < 0.05) acid across all cheese samples.
Yamase et al. (2023) demonstrated L-lactic acid (not D-lactic acid) can be detected by receptors
containing T1R3 thus inducing a perceived sweet or umami taste within the food item along with
the expected sour taste. Aroma intensity correlated with lactic acid (r = 0.542; P < 0.05) in cream
cheeses. Guyot et al. (1996) and Hartwig and McDaniel (1995) demonstrated that organic acids
including citric acid, malic acid, lactic acid and acetic acid increased in odor intensity at a lower
pH. At a pH below the pKa of organic acids, the acids are present in their more volatile
protonated forms thus pushing the volatiles more readily into the headspace and making them
more odor active (Guyot et al., 1996). The two samples with the lowest pH (sample 24 cream
cheese [pH = 4.12] and sample 11 probiotic cream cheese [pH = 4.43]) had the two highest

aroma intensity scores (sample 24 = 2.7 and sample 11 = 3.0).
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Citric acid is the most predominant organic acid naturally present in raw fresh milk
(Hegazi and Abo-Elnaga, 1990; Belitz et al., 2009; Urbiene and Leskauskaite, 2006). Levels of
citrate present in the milk are dependent on stage of lactation (higher levels of citrate in early
lactation, independent of diet), seasonal changes (higher concentrations of citrate in the summer
than in the winter), and de novo fatty acid synthesis (Faulkner et al., 1986; Garnsworthy et al.,
2006; Bamidele and Adejumo, 2012; Akkerman et al., 2019; Dunshea et al., 2019). Citrate is
synthesized within secretory cells and showed no difference in concentration between grass or
TMR feed indicating that diet is not an effective method for citrate concentration manipulation in
milk (Linzell et al., 1976; Akkerman et al, 2019). During raw milk storage, citric acid levels
decline rapidly due to the spontaneous action of naturally present lactic acid bacteria (LAB)
(Wouters et al., 2002; Delavenne et al., 2012) that convert the citric acid and lactose into lactic
acid, acetic acid, pyruvic acid, carbon dioxide, ethanol, and more (Bosworth and Prucha, 1910;
Hugenholtz, 1993; Urbiene and Leskauskaite, 2006; Belitz et al., 2009; Widyastuti et al., 2014;
Johnson and Steel, 2013). This utilization of citric acid by LAB may explain the variability in
concentration noted across samples. As previously mentioned, pyruvic acid is an intermediate
compound resulting from LAB metabolism. Lactose metabolism by heterofermentative LAB and
citric acid metabolism by LAB both result in the formation of pyruvic acid (Rysstad and
Abrahamsen, 1987; Johnson and Steele, 2013). Citric acid transported into the cell results in the
excess generation of pyruvic acid without generation of NADH. This process allows for pyruvic
acid to be metabolized into a myriad of volatile flavor compounds that comprise the core flavor
and aroma profile of fermented dairy products (Hegazi and Abo-Elnaga, 1990; Rysstad and
Abrahamsen, 1987; Hugenholtz, 1993; Giizel-Seydim et al., 2000; Johnson and Steele, 2013).

Pyruvic acid has been identified in a variety of fermented dairy products including buttermilk
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(Marsili et al., 1981; Johnson and Steele, 2013), quark (Hugenholtz, 1993), kefir (Glizel-Seydim
et al., 2000), sour cream (Shepard et al., 2013; Johnson and Steele, 2013), butter (Hugenholtz,
1993), and yogurt (Rysstad and Abrahamsen, 1987; Fernandez-Garcia and McGregor, 1994;
Johnson and Steele, 2013). Pyruvic acid concentration changes during fermentation. Fernandez-
Garcia and McGregor (1994) found that pyruvic acid decreased after the 6™ hour of fermentation
in yogurt which contradicts the increase in pyruvic acid observed by Marsili et al. (1981) in
buttermilk and Glizel-Seydim et al. (2000) in kefir. These differences are likely to occur due to

the nature of pyruvic acid being an intermediate for a multitude of metabolic pathways.

Traditional spontaneous LAB fermentation of cultured dairy is uncontrollable and
inconsistent. The use of defined commercial starter cultures has standardized the process. The
quantity and type of lactic acid produced will directly depend on the strain of LAB chosen along
with the fermentation conditions. Homofermentative LAB species primarily form lactic acid as
the metabolic end product via glycolysis while heterofermentative species form lactic acid, acetic
acid, ethanol, and carbon dioxide via the pentose phosphate pathway (Belitz et al., 2009;
Widyastuti et al., 2014). Lactic acid provides the desired and characteristic flavor profile of
fermented dairy products thus leading producers to primarily choose homofermentative LAB
species for the manufacture of fermented dairy products (Johnson and Steele, 2013). This

directly explains the predominance of lactic acid across the samples.

Formic acid is often produced by LAB in small quantities, and it has been found in a
variety of fermented dairy products including fermented milk, yogurt, kefir, maconi, kounys, and
sour cream (Oberman and Libudzisz, 1998; Izco et al., 2002; Shepard et al., 2013). Formic acid
is also naturally present in raw milk due to the fermentation of lactose by native lactic acid

bacteria (Dellaglio et al., 1993; Oberman and Libudzisz, 1998; Belitz et al., 2009; Soukoulis et
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al., 2010; Zhang and Metzger, 2010; Johnson and Steele, 2013). The formation of formic acid
generally occurs in anaerobic conditions where pyruvate-formate lyase is favored and is
connected directly with acetaldehyde formation (Soukoulis et al., 2010; Johnsons and Steele,
2013). Propionic acid is an organic acid that is either added to the product as an acidulant or
present due to propionic acid bacteria growth (Marsili et al., 1981; Dellaglio et al., 1993; lzco et
al., 2002). Propionic acid is produced during ruminal fermentation within dairy cows and is a key
compound in many metabolic processes including lactose synthesis, energy for metabolic
processes, and body fat deposition when present in excess (Bath, 1981). Propionic acid and
propionic acid bacteria are naturally present in milk and have been isolated from milk, cheese
(emmental, swiss, jarlsberg, etc.), yogurt, fermented dairy, cattle environment, cattle feed, and
biofilm deposits on insufficiently cleaned equipment (Bath, 1981; Marsili et al., 1981;
Fernandez-Garcia and McGregor, 1993; Frohlich-Wyder et al., 2017; Turgay et al., 2018; Blicher
et al., 2021). The presence of propionic acid bacteria in some fermented dairy products is
desirable due to the production of bio-protective substances or nutty flavor compounds, but it can
also lead to undesirable qualities to some fermented dairy products (Bucher et al., 2021) Previous
research by Fernandez-Garcia and McGregor (1993) showed an overall increase in propionic
acid during fermentation and storage for cold stored yogurt. Shepard et al. (2013) detected
propionic acid in a minority of their sour creams (present in 5 samples out of 32). In this study,

propionic acid was not detected in any of the samples.

Uric acid was documented in all cream cheeses. Uric acid is naturally present in milk as
a result of urate formed during the breakdown of microbial nucleotides within the rumen (Jstdal
et al., 2000; Zhang and Metzger, 2010). Purine is deaminated and the resulting metabolites

(hypoxanthine and xanthine) are converted to uric acid through xanthine oxidase activity in the
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intestine and liver which then degrades to allantoin via hepatic uricase activity (Giesecke et al.,
1994; Tas and Susenbeth, 2007; Larsen and Moyes, 2010). Urate (the anion of uric acid) is
considered to be an effective antioxidant that protects against protein and lipid oxidation induced
by light or peroxidase (dstdal et al., 2000; Larsen and Moyes, 2010). This antioxidant activity
may result in uric acid being converted to allantoin, allantoic acid, glyoxylate, and possibly

glycine and oxalate during product storage (Becker, 1992).

Orotic acid, resulting from the pyrimidine biosynthetic pathway as orotate (Marsili et al.,
1981; Robinson, 1980; Izco et al., 2002; Zhang and Metzger, 2010), is a natural component of
raw bovine milk (Biscaro and Bellone, 1904; Hallanger et al., 1953; Ahmed et al., 1978). Orotic
acid in raw milk is known to vary highly in concentration due to breed of cow, nutrition, stage of
lactation, milking time, heat treatment of milk, and analytical methodology (Ahmed et al., 1978;
Robinson, 1980). Its presence in fermented dairy products including yogurt (Deeth and Tamime,
1981; Alm, 1982; Saidi and Warthesen, 1989; Fernandez-Garcia and McGregor, 1994),
buttermilk (Marsili, 1981), and sour cream (Shepard et al., 2013) have been previously reported.
Orotic acid is an intermediate in the biosynthetic pathway of pyrimidine nucleotides and is a
growth factor for LAB starter cultures thus resulting in its consistent decline across fermented
dairy product research (Fernandez-Garcia and McGregor, 1994; Belitz et al., 2009). These high
levels of variability due to animal and season factors along with biosynthetic intermediate
utilization could help explain the large variability noted in orotic acid concentration across all

samples.

Hippuric acid, resulting from the hepatic conjugation of glycine and benzoic acid (Patton,
1953; Chesson et al., 1999), is a natural compound of raw bovine milk. Hippuric acid is disposed

of through the urine of cows, but in similar effect to other substances that occur in cow blood and
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urine, it finds its way into bovine milk secretions (Patton, 1953). Previous research has shown an
overall decrease in the presence of hippuric acid in yogurt after 4 hours of fermentation
(Fernandez-Garcia and McGregor, 1994). Shepard et al. (2013) reported low levels of detection
for hippuric acid in one sample out of 32 samples of sour cream. Both of these studies attributed
the low levels of hippuric acid in fermented dairy to its utilization as the metabolite for the
synthesis of benzoic acid during LAB fermentation (Nishimoto et al., 1969; Hatanaka and
Kaneda, 1986). This metabolic occurrence may explain why hippuric acid was not detected in
any of the cream or Neufchatel cheese samples in this study. Similarly, succinic acid was not
detected in any of the cream or Neufchatel cheese samples which is consistent with past
fermented dairy research (Fernandez-Garcia and McGregor, 1994; Shepard et al., 2013).
Succinic acid is a resulting metabolic product of multiple LAB species (Kaneuchi et al., 1988;
Ozcelik et al., 2016), but this organic acid is an intermediate metabolite in the citric acid cycle
for a multitude of common dairy microorganisms (Hegazi and Abo-Elnaga, 1990). The
formation of fumaric acid, the product of succinate oxidation within the citric acid cycle (Korla
and Mitra, 2014), could lend an explanation to why succinic acid was not detected in any of the
samples within the study. Malic acid, similar to succinic acid, is an intermediate product of the
citric acid cycle for many dairy microorganisms and is a common constituent of milk (Castillo et
al., 2004; Wang et al., 2009; Kaur et al., 2018). Due to its use as a metabolite in the citric acid
cycle, malic acid can potentially be found in variable concentrations within fermented dairy
products depending on the microbiological strains present within the product. This explains why
malic acid was detected in variably low quantities in cream and Neufchatel cheeses in the current

study.
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Acetic acid, resulting from heterofermentative Lactobacillus metabolism (in conjunction
with heterofermentative lactococci in microaerobic conditions) or Leuconostoc metabolism of
lactose through the Leloir and phosphoketolase pathways (Johnson and Steele, 2013), is aroma
active (vinegar aromatic) that also contributes to perceived sour taste in fermented dairy (Singh
et al., 2003). In Leuconostoc species, acetic acid production occurs during the co-metabolism of
lactose and citrate due to excess pyruvic acid formation and NAD* regeneration. Since NAD™ is
already regenerated there is less of a demand for energy generation through ethanol production,
so acetylphosphate is instead converted to acetic acid, generating ATP for the system (Johnson
and Steele, 2013). Jensen et al. (2001) demonstrated that microaeration of a fermentation process
favored pyruvate dehydrogenase activity and shifted production to acetic acid and carbon
dioxide. Butyric acid, like acetic acid, is also aroma active (sour/cheesy aromatic) and
contributes to perceived sour taste as well as flavor in fermented dairy products (Singh et al.,
2003). Butyric acid is a product of lactose fermentation by anaerobic microorganisms (some
natural to ruminal digestion) from the genera Clostridium, Buytrvibrio (assists in fiber
degradation within the rumen), Butyribacterium, Eubacterium, Fusobacterium Megasphera, and
Sarcina (Kopeény et al., 2003; Mrazek et al., 2006; Zhang et al., 2009). However, in fresh
fermented dairy, the presence of butyric acid flavors are generally due to native milk lipase
activity from mishandling (excessive agitation) of raw milk and rupture of native milkfat globule
membrane. In ripened cheeses, butyric acid, along with other higher chain free fatty acids, are

produced via lipolytic enzymes present in LAB (Deeth and Fitz-Gerald, 2006).
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Volatile Compounds

One hundred and eighteen aroma active volatile compounds were identified in Neufchatel
and cream cheeses (Table 2.4). Of the 119 aroma active volatile compounds, seventy three were
positively identified through HS-SPME-GC-MS identification, Rl matching with previous
literature, and HS-SPME-GC-O odor profile matching with authentic standards and/or previous
published literature. Forty compounds were tentatively identified through Rl and SPME-GC-O
odor profile matching. Five compounds remained unknown. Not all aroma active compounds
detected through SPME-GC-O sniffing were detected by SPME-GC-MS analysis. All except two
of the aroma active compounds identified in the cream and Neufchatel cheese samples have been
previously identified as aroma active in previous literature in milk/cream (Badings, 1991; Moio
etal., 1993; Moio et al., 1994; Friedrich and Acree, 1998; Bendall, 2001; McGorrin, 2001,
Colahan-Sederstrom and Peterson, 2005; Mounchili et al., 2005; Schlutt et al., 2007; Yeh et al.,
2017; Schitt and Schieberle, 2017; Jo et a;., 2018b; Cheng et al., 2022; Clarke et al., 2022),
butter (McGorrin, 2001; Peterson and Reineccius, 2003a; Peterson and Reineccius, 2003b;
Lozano et al., 2007; Maillia et al., 2008; Sarrazin et al., 2011; Sarhir et al., 2021), yogurt (Ott et
al., 1997; McGorrin, 2001; Cheng, 2010; Cheng et al., 2022; Liu et al., 2022a, 2022b, and
2022c), sour cream (Shepard et al. 2013), buttermilk (Heiler and Schieberle, 1996; McGorrin,
2001), liquid whey (Karagul-Yuceer, et al., 2003), milk/whey powder (Karagil-Yuceer, et al.,
2002; Karagul-Yceer, et al., 2004; Mahajan et al. 2004; Cheng et al., 2022) and/or LAB
fermented cheeses (Carunchia-Whetstine et al., 2003; Singh et al., 2003 Guneser and Y uceer,
2011; Jo et al., 2018a). The compounds 2-furancarboxylic acid and 1-(4-Ethylphenyl)-ethanone
are being reported for the first time as aroma active in dairy/fermented dairy. The following

compounds were present in all samples and are reported for the first time as odor active in cream
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and Neufchatel cheese by GC-O: acetone (fruity), diacetyl (buttery), acetic acid (acidic/vinegar),
acetoin (buttery), 2,3-butanediol (ccoked), butanoic acid (cheese/acid), dimethyl sulfone
(sulfurous/cheese), 2-octanone (dairy/earthy), hexanoic acid (cheese/fat), 2-nonanone (cheese),
octanoic acid (cheese/fat), and 6-decalactone (creamy/coconut). The compounds 2-Methyl-
butanoic acid, methyl ester (green/floral), unknown (smoke), Butanoic acid, ethyl ester
(fruity/sweet), 1-hexanol (ethereal/alcohol/fruit), isopropyl butyrate (fruity/sweet), methional
(potato), 2-Acetyl-1-pyrroline (popcorn), phenol (plastic), 2-Acetyl-2-thiazoline (popcorn), (E)-
2-Nonenal (green/fat/cucumber), 1-(2-aminophenyl)-ethanone (grape/sweet/musty), and 2-
pentadecanone (clove/spice) were unique to cream cheese samples. The compounds 2/3-
methylbutanal (malty/fruity/aldehydic) and benzoic acid (woody) were observed to be unique to
reduced fat Neufchatel cheese, suggesting that the noted brothy flavor differences from
descriptive analysis are potentially due to concentration variation or matrix-specific threshold
impacts of these compounds. Previous work by Jeon et al. (2011) reported the presence of
thirteen volatile compounds in cream cheese made from whole milk powder by HS-SPME-GC-
MS. GC-O was not conducted in this study meaning that volatile compound aroma activity
within the samples was not determined. Of these thirteen volatile compounds, six were positively
identified and aroma active in cream cheese and/or Neufchatel cheese samples in the current
study (hexanoic acid, octanoic acid, n-decanoic acid, benzoic acid, dodecanoic acid, and 6-

decalactone).

The relative abundances of thirty-two selected compounds were calculated (Table 2.5).
These compounds were selected based on aroma activity determined through HS-SPME-GC-O,
frequency in cream cheeses, and evaluation in previous fermented dairy literature. Four

compounds were detected in all cream and Neufchatel cheeses (diacetyl, hexanoic acid, 2-
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nonanone, and 6-decalactone). Hexanoic acid and -decalactone were previously quantified in
cream cheese (Jeon et al., 2011), but were not identified as aroma active. Pearson correlation
analysis was conducted on volatile compound relative abundance data and trained panel data.
Expectedly, sour aromatic flavor was correlated with short chain fatty acids: acetic acid (r =
0.370; P < 0.05), hexanoic acid (r = 0.535; P < 0.05), heptanoic acid (r = 0.409; P < 0.05),
octanoic acid (r = 0.448; P < 0.05), nonanoic acid (r = 0.393; P < 0.05), and 2-methylbutanoic

acid (r = 0.523; P < 0.05).

Principal component (PC) analysis of the relative abundances of selected aroma active
compounds was applied for visualization of differences among samples (Figure 2.6, Figure 2.7).
Butanoic acid, hexanoic acid, heptanoic acid, 2-nonanone, octanoic acid, nonanoic acid, 2-
undecanone, and 6-decalactone comprised PC 1 (28.5% variability). PC 2 (19.73% variability)
was comprised of 3-methyl-butanoic acid, 2-furanmethanol, 2-decanone, 9-decenoic acid, 2-
tridecanone, dodecanoic acid, and 5-dodecalactone. Acetone, 2,3-butanedione, acetic acid,
acetoin, and octanoic acid, methyl ester were contributors to PC3 (9.42% variability), and PC 4
(7.79% variability) was comprised of 2-methyl-butanoic acid, 1-hexanol, and hexanoic acid,
methyl ester. Principal component analysis was additionally conducted on sensory trained panel
data and relative abundance of selected aroma active compounds for visualization of correlations
amongst these data (Figure 2.8). Principal component 1 (28.74%) was comprised of cooked
milky, sweet aromatic, milkfat, cardboard/stale, and burnt brothy with hexanal, 2-ethyl-1-
hexanol, nonanal, and 5-octalactone. Principal component 2 (24.50%) was comprised of aroma
intensity, acetaldehyde, and sour aromatic with 2,3-butanediol, butanoic acid, furfural, 2-methyl-
butanoic acid, 1-hexanol, heptanal, dimethyl sulfone, hexanoic acid methyl ester, 1-heptanol, 2-

octanone, hexanoic acid, heptanoic acid, and 2-undecanone. PCA biplot visual analysis shows 6-
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octalactone, d-decalactone, and 6-dodecalactone loading towards sweet aromatic. Previous
research has shown 6-octalactone 6-decalactone, and 6-dodecalactone to contribute a “coconut”
and “sweet” aromas to milk, milk powders, fermented milk, sour cream, whey, yogurt, butter,
ghee, gouda cheese and/or goat cheese (Urbach et al., 1972; Yadav and Srinivasan, 1992;
Bendall et al., 2001; Karagil-YUceer et al., 2001; Karagul-Yceer et al., 2002; Whetstine et al.,
2003; Peterson and Reineccius, 2003a and 2003b; Karaguil-Yceer et al., 2003; Mahajan et al.,
2004; Colahan-Saderstrom and Peterson, 2005; Lozano et al., 2007; Zhang et al. 2011; Shepard
etal., 2013; Jo et al., 2018a and 2018b; Sun et al., 2021; Kilcawley, 2019; Liu et al. 2022a;
Dharini et al. 2022; Cheng et al. 2022). Compounds associated with cooked milky and milkfat
include: dimethyl sulfide, dimethyl sulfone, butyrolactone, 2-octanone, butanoic acid, 2,3-
buanediol, and diacetyl. Sulfur containing compounds like dimethyl sulfide and dimethyl sulfone
have been previously reported in dairy to provide “cooked,” “sulfur/eggy,” and “cabbage”
flavors (Vasquez-Landaverde et al., 2005; Landaud et al., 2008; Jo et al., 2018b; Liu et al.,
2022a). These flavors are desirable when present in low concentrations and can contribute to
cooked/milky flavors but in high heat processed milks (UHT/aseptic milks) they can impart
undesirable sulfur, burnt and eggy flavors (Datta et al., 2002; Al-Attabi et al., 2009; Jo et al.,
2018b). Dimethyl sulfide and dimethyl sulphone are naturally present within raw milk and are
dependent on the cow’s diet (Bassette et al., 1966; Croissant et al., 2007; Kilcawley et al., 2018;
Kilcawley, 2019). Dimethyl sulfide is derived from the catabolism of methionine within the
cow’s rumen (Taylor and Kiene, 1989; Mahajan et al., 2004; Landaud et al., 2008; Villeneuve et
al., 2013). Dimethyl sulfide is additionally formed during Maillard browning through the
Strecker degradation of methionine into dimethyl sulfide and dimethlyl disulfide, and during the

reaction of riboflavin with methionine with methional an intermediate of both of these reactions
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(Reineccius, 1999; Al-Attabi et al., 2009; Jo et al, 2018b). Dimethyl sulfone is then formed
through the oxidation of dimethyl sulfide with dimethyl sulphoxide being formed as an
intermediate (Landaud et al., 2008; Al-Attabi et al., 2009; Villeneuve et al., 2013; Kilcawley et
al., 2018). Diacetyl, 2,3-butanediol, acetaldehyde, and acetoin are produced during the
metabolism of pyruvate by LAB (Hegazi and Abo-Elnaga, 1980; Oberman et al., 1982; El-

Gendy et al., 1983; Marshall 1987; Hugenholtz, 1993; Johnson and Steele, 2013). These four

29 ¢¢ b

compounds have been extensively researched in dairy products and provide “buttery,” “creamy,’
“green,” and “buttery-creamy” characteristic dairy flavor profiles (Cheng et al., 2022). Two
furans (2-furanmethanol and 2-pentyl-furan) loaded towards burnt brothy flavor while aldehydes
including hexanal, octanal, and nonanal loaded towards cardboard/stale. Aldehydes are
characteristic flavor compounds of cardboard/stale flavor as they are results of the B-scission of
various length unsaturated fatty acids during autoxidation (McClements and Decker, 2017). 2-
Pentyl-furan is an oxidative decomposition product of linoleic acid (Krishnamurthy et al., 1967;
Lund and Helmer, 2001; Zhang et al., 2020b) and has been reported to impart a beany, earthy,
green, fatty flavor to fermented dairy and oil (Krishnamurthy et al., 1967; Shepard et al., 2013;
Zhang et al., 2020a). 2-Pentyl-furan reportedly has a high OAV value within yogurt and can
contribute a distinct beany/earthy flavor to food at concentrations of 1-10ppm which could

explain its correlation with burnt/brothy flavor (r = 0.364; P < 0.05) and its overall impact on

sample flavor (Krishnamurthy et al., 1967; Zhang et al, 2020Db).

In the past few decades, a considerable amount of research has been conducted to
understand the flavor chemistry/biochemistry of fresh and fermented dairy products. Analysis of
the flavor compounds of these products has proven to be complicated and nuanced due to the

heterogeneity of milk (Zellner et al., 2010) and the synergistic interaction of volatiles that create
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an overall aroma/flavor (Cheng et al., 2022). The presence of proteins, fats, carbs, active
bacteria/enzymes, and other matrix constituents make it difficult to characterize the aroma active
volatiles that comprise fermented dairy flavor (Friedrich and Acree, 1998; Cadwallader and
Singh, 2009). Research relies on techniques including distillation, solvent extraction, solvent
assisted flavor evaporation (SAFE), and headspace analysis coupled with gas chromatography
mass spectrometry and/or olfactometry to remove matrix constituents and determine aroma
activity of the compounds present (Likens and Nickerson, 1964; Acree et al., 1976; Schieberle,
1995; Friedrich and Acree, 1998; Engel et al., 1999; Cadwallader and Singh, 2009). The issues
with some of these methodologies is that sample composition can be distorted (Friedrich and
Acree, 1998), artifact formation can occur (Weurman et al., 1970; Schhieberle, 1995; Engel et
al., 1999), and compound discrimination may leave out crucial compounds (Pickenhagen et al.,

1981; Friedrich and Acree, 1998; Drake et al., 2010).

The biochemical processes of lipolysis, glycolysis, proteolysis, oxidation of lipids, and
heat induced changes through Maillard Browning are the many pathways that create the complex
array of aroma active compounds that comprise the characteristic flavor of fermented dairy
products (Hegazi and Abo-Elnaga, 1990; Rysstad and Abrahamsen, 1987; Hugenholtz, 1993;
McSweeney and Sousa, 1999; Guzel-Seydim et al, 2000.; Smit et al., 2005; Cadwallader and
Singh, 2009; Johnson and Steele, 2013; Widyastuti et al., 2014; McAuliffe et al., 2019). The
mesophilic starter culture added during cream cheese production and the non-starter LAB
(NSLAB) naturally present within milk are the main source of characteristic cream cheese flavor
(Chandan, 2003; Guinee and Hickey, 2009; Milesi et al., 2010; Sgarbi et al., 2013; Gobbetti et
al., 2015). Starter cultures utilized in production generally consist of Lactococcus lactis ssp.

lactis or Lactococcus lactis ssp. cremoris (Chandan, 2003; Guinee and Hickey, 2009). The legal
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standard of identity for cream and Neufchatel cheeses is not strain specific, so any LAB can be
utilized to create a unique flavor profile in the finished product (i.e. Leuconostoc mesenteroides
ssp. cremoris, Lactobacillus delbrueckii ssp. bulgaricus, etc.) (Chandan, 2003). During LAB
fermentation, there are various transport systems utilized to transport lactose within the cell, but
the phosphoenolpyruvate-dependent phosphotransferase system (PEP-PTS) is bioenergetically
the most efficient (Vos and Vaughan, 1994). Lactococci utilize the PEP-PTS to phosphorylate
and cleave lactose into glucose and galactose (Johnson and Steele, 2013). The glucose moves
through the glycolytic pathway while the galactose enters the tagatose pathway. Both
monosaccharides are cleaved into triose phosphates that are converted to pyruvic acid and
ultimately converted to lactic acid for NAD™ regeneration (Singh et al., 2003; Cadwallader and
Singh, 2009; Johnson and Steele, 2013). Thermophilic lactobacilli and Leuconostoc species
utilize the Leloir pathway to metabolize galactose, but some strains (i.e. Lactobacillus
delbrueckii ssp. bulgaricus) cannot metabolize the galactose. These residual sugars can be
metabolized by other bacteria present leading to gas and ethanol formation or form brown/pink
pigmentation through Maillard-browning with amino groups (Johnson and Steele, 2013). In
heterofermentative species, the galactose moiety transformed through the Leloir pathway
together with the glucose enter the phosphoketolase pathway resulting in glyceraldehyde and
acetylphosphate (Singh et al., 2003; Johnson and Steele, 2013). The acetylphosphate is then
transformed to acetaldehyde, acetic acid (during co-metabolism of citric acid and lactose), and
ethanol (Johnson and Steele, 2013). LAB species including Leuconostoc, Lactococcus

lactis ssp. lactis biovar. diacetylactis, heterofermentative lactobacilli, etc. metabolize citric acid,
generating pyruvic acid without the generation of NADH (Fryer, 1970; Sandine and Elliker,

1970; Lindgren and Axelsson, 1990; Gasson et al., 1996; Palles et al., 1998; Diaz-Mufiiz et al.,
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2006; Drici et al, 2010). This process results in the excess production of pyruvic acid that does
not need to be reduced for energy generation and results in the formation of 2,3-butanediol,
acetoin, diacetyl, formic acid, acetic acid, acetaldehyde, and ethanol (Starrenburg and
Hugenholtz, 1991; Cogan, 1995; Singh et al., 2003; Johnson and Steele, 2013). Diacetyl
reduction to acetoin and 2,3-butanediol begins once citric acid is exhausted within the matrix as
citric acid inhibits the reduction reaction (Johnson and Steele, 2013). Diacetyl concentration in
Cheddar cheese is 10-50 times lower than acetoin while acetic acid concentrations are equimolar
to that of the citric acid metabolized (Singh et al., 2003). Acetoin (buttery), 2,3-butanediol
(cooked), diacetyl (buttery), and acetic acid (acidic/vinegar) were positively identified and aroma
active in cream and Neufchatel cheese. Diacetyl was correlated with sweet aromatic flavor across
all samples (r = 0.404; P < 0.05) and volatile acetic acid was correlated with sour aromatic across
cream cheeses (r = 0.447; P < 0.05). The ethanol produced is not expected to be aroma active due
to the high flavor threshold of ethanol (Johnson and Steele, 2013). The ethanol does however
esterify with short chain free fatty acids resulting in ethyl esters (i.e. ethyl butyrate, ethyl
hexanoate, 3-Methyl-butanoic acid, ethyl ester, etc.) that can impart a fruity flavor (Bills et al.,
1965). 3-Methyl-butanoic acid, ethyl ester (fruity/floral) were correlated with sweet aromatic
flavor in cream cheeses (r = 0.577; P < 0.05) and strongly correlated with grassy flavor in

Neufchatel cheeses (r =0.999; P < 0.05).

Maillard browning is a thermally induced reaction of carbonyl-containing compounds
(generally reducing sugars i.e. lactose, glucose, and fructose) with amino groups (from proteins,
amino phospholipids, or free amino acids) that results in the formation of Strecker aldehydes,
oxygen-containing heterocyclic compounds, sulfur- and nitrogen-containing compounds, and a

host of other volatile compounds that provide the final product with a characteristic cooked dairy
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flavor (Calvo and Hoz, 1992; VVan Boekel, 1998; Nursten, 2005; Reineccius, 2006; Rizzi, 2008;
Hidalgo et al., 2008; Newton et al., 2012; Patel et al., 2013; Vistoli et al., 2013; Huber and
BeMiller., 2017; Provost, 2019). The flavor compounds that result from this reaction are
dependent on the ratio of constituents present in the food item, oxygen availability, water
activity, pH, and temperature (Ames, 1998; Van Boekel, 2006). In the presence of aldose sugars
(i.e. glucose) the Maillard reaction results in the formation of aldosylamines that give rise to
Amadori intermediates after Schiff rearrangement that are ultimately formed into key aroma
active compounds through 1,2-enolation including furfural (sweet/nutty), hydroxymethylfurfural
(sweet/nutty), and 2-furanmethanol (burnt/sweet; Pionnier and Hugelshofer, 2006; Paravisini et
al., 2014; Paravisini et al., 2017; Provost, 2019; Xiang et al., 2021; Shakoor et al., 2022). Burnt
brothy flavor was correlated with 2-furanmethanol in cream cheeses (r = 0.426; P < 0.05), but
Neufchatel cheeses showed a stronger correlation (r = 0.789; P < 0.05). 2-Furanmethanol is a
Maillard browning reaction product that is formed through the degradation of furfural (Karagul-
Yceer et al., 2002; Cakmakci and Hayaloglu, 2011). 2-Furanmethanol has been observed as
aroma-active in baby formula, heated milk, fermented dairy products, nonfat dry milk, wine, soy
sauce, roasted cocoa, and baked Jewel sweet potatoes, and was responsible for imparting
“vitamin,” “burnt,” “caramel/sweet,” “brown,” “rich” flavors (Spillman et al., 1998; Wang and
Kays, 2000; Karagil-Yiceer et al., 2002; Bonvehi, 2005; Lee et al., 2006; van Ruth et al., 2006;
Cakmakci and Hayaloglu, 2011; Zhang et al., 2022; Chi et al., 2023). Sweet taste was correlated
with furfural for cream cheeses (r = 0.450; P < 0.05). In the presence of ketose sugars (i.e.
fructose), formation of ketosylamine followed by rearrangement to the corresponding Heyns
compound occurs (Brands and VVan Boekel, 2001; Krause et al., 2008; Provost, 2019). Under

alkaline conditions the reduced ketone will form flavor active compounds like the reductone
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furaneol (a key flavor component with a potent caramel aroma) through 2,3-enolization of
hexoses, pentoses, and 6-deoxysugars (Hodge et al., 1972; Wang and Ho, 2008; Xiang et al.,
2021). Furaneol was tentatively identified in cream and Neufchatel cheeses. Amino acid
composition additionally plays a role in reaction selectivity with cysteine, leucine, alanine,
valine, methionine, lysine, tryptophan, threonine, serine, phenylalanine, proline, and isoleucine
acting as precursors to specific flavor active compounds (Nursten, 2005; Reineccius, 2006;
Belitz et al., 2009). Strecker degradation of isoleucine, leucine, valine, and phenylalanine results
in the formation of 2-methylbutanal (cooked/malty), 3-methylbutanal (cooked/malty), 2-
methylpropanal (nutty), and phenylacetaldehyde (rosy/floral), respectively (Carunchia
Whetstine, 2005b; Belitz et al., 2009, Jo et al.,2018; Su et al., 2020; Chen et al., 2020). 2/3-
Methylbutanal was positively identified as odor active in cream and Neufchatel cheese and 2-
methylpropanal was tentatively identified. The oxidation of skatole, a compound derived from
tryptophan, leads to the formation of 2-aminoacetophenone which has been reported to impart a
corn/tortilla flavor to milk protein powder and heated milk (Belitz et al., 2009; Smith et al., 2016;
Jo et al., 2018). Moreover, the alkaline catalyzed degradation of kynurenine (a compound found
naturally in milk) leads to the formation of 2-aminoacetophenone at a >90% vyield (Spacek, 1954;
Parks et al., 1967). Kynurenine is a product of the alkaline catalyzed oxidation of tryptophan
(Tabone et al., 1951), but Spacek (1954) and Parks et al. (1967) demonstrated that the alkaline
catalyzed formation of 2-aminoacetophenone from tryptophan is inefficient, so 2-
aminoacetophenone formation is likely due to the free kynurenine in milk. 2-
Aminoacetophenone (grape/sweet/tortilla) was tentatively identified in cream and Neufchatel
cheese. Degradation of phenylalanine leads to the formation of benzaldehyde (almond aroma)

(Belitz et al., 2009). Benzaldehyde (nutty/fruity) was positively identified as aroma active in
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cream and Neufchatel cheese. Through the Strecker degradation of proline, the compound 2-
acetyl-1-pyrroline is formed which imparts a popcorn aroma and is associated with sweet
cooked/milky aroma/flavor (Karagul-Yceer et al., 2001; Carunchia Whetstine et al., 2003;
Colahan-Sederstrom and Peterson, 2005; Smith et al., 2016; Jo et al., 2018; Su et al., 2020). 2-
Acetyl-1-pyrroline (popcorn) was tentatively identified in cream and Neufchatel cheese. Strecker
degradation of the amino acid methionine can generate dimethyl sulfide (sulfurous),
methanethiol (sulfurous/cheesy), dimethyl disulfide (sulfurous), dimethyl trisulfide
(garlic/cabbage), and methional (potato/brothy; Ballance, 1961; Scarpellino and Soukup; Belitz
et al., 2009; Al-Attabi et al., 2009; Jo et al., 2018; Su et al., 2020). Dimethyl disulfide (brothy)
was correlated with burnt brothy flavor in cream cheeses (r = 0.473; P < 0.05). Dimethyl sulfide
(sulfurous/cooked) was positively identified as an odor active compound in cream and
Neufchatel cheese while methional (potato) and dimethyl trisulfide (meaty/nutty) were
tentatively identified. Similarly, the Strecker degradation of cysteine results in the formation of
hydrogen sulfide (sulfurous) and carbon disulfide (cooked) (Belitz et al., 2009; Al-Attabi et al.,
2009; Jo et al., 2018). Other reactions that result in the formation of hydrogen sulfide are the
thermal denaturation of p-lactoglobulin and sulfur containing amino acids in serum proteins and
the thermal degradation of thiamine (Hutton and Patton, 1952; Dwivedi and Arnold, 1973).
Hydrogen sulfide (egg/sulfurous) was tentatively identified in cream and Neufchatel cheese.
Ultimately, the Maillard reaction is a complex and unpredictable cascade of chemical reactions
that makes it difficult to predict the exact compounds that will be formed but is quintessential to

the flavor profile of any heated dairy products (Reineccius, 1999).

During the fermentation process, LAB inoculated into cream or Neufchatel cheese

ferment lactose and secrete lipolytic and proteolytic enzymes that can hydrolyze fat and protein
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constituents within the food matrix, ultimately forming aroma active volatile compounds that are
crucial for flavor including aldehydes, esters, ketones, alcohols, free fatty acids, etc. (Liu et al.,
2009; Thierry et al., 2017; Beltran-Barrientos et al., 2019; Wang et al, 2023). The traditional
strains of LAB added to cream and Neufchatel cheese (Lactococcus) are weakly lipolytic
compared to typical lipolytic bacteria, but do contain esterolytic enzymes capable of hydrolyzing
milk fat (McGugan et al., 1975; Collins et al., 2003; Stepaniak, 2004). These free fatty acids can
then react with alcohol and create volatile esters through esterification (i.e. ethyl acetate, butyl
butanoate, 2-methyl-butanoic acid, ethyl ester, and 3-methyl-butanoic acid, ethyl ester; Liu et al.,
2004; Wang et al., 2023). Additionally, alcoholysis (the reaction of fatty acyl groups of glyceride
and alcohol) can lead to the biosynthesis of esters by LAB (Liu et al, 2004; Thierry et al., 2006;
Liu et al., 2009; Thierry et al, 2017). Ethanol is the most predominant alcohol within fermented
dairy and thus gives rise to ethyl esters (i.e. ethyl butanoate and ethyl hexanoate) that impart the
characteristic fruity flavors attributed to some fermented dairy products (McGugan et al, 1975;
Engels et al., 1997; Friedrich and Acree, 1998; Drake et al., 2001; Thierry et al., 2017). Ethyl
acetate (fruity/sweet) was correlated with grassy flavor across cream cheeses (r = 0.443; P <
0.05). 3-Methyl-butanoic acid, ethyl ester (fruity/floral) was correlated with sweet aromatic
across cream cheeses (r = 0.577; P < 0.05) and grassy flavor in Neufchatel cheeses (r = 0.999; P
< 0.05). Ethyl butanoate (fruity/sweet) was tentatively identified in cream and Neufchatel
cheeses. Proteolytic activity that converts casein into short peptides and free amino acids is one
of the most important metabolic processes by LAB for the formation of volatile and nonvolatile
flavor compounds within fermented cheeses (Kunji et al., 1996; Engels et al. 1997; Christensen
etal., 1999; Smit et al. 2005; McAuliffe et al, 2019). LAB contain a cell-envelope containing a

potent proteolytic system of proteinases and peptidases that initiates proteolysis (Smit et al.
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2005; McAuliffe et al, 2019). Peptides and amino acids are substrates in a myriad of cascading
reactions including aldehyde formation from the decarboxylation of a-keto acids, alcohol
formation from dehydrogenation of aldehydes, ester formation derived from alcohols by
esterases, and sulfur compound formation from methionine through enzyme activity (McAuliffe
et al, 2019). Transaminase activity within the LAB cell converts amino acids to their
corresponding a-keto acid which is the first step to amino acid catabolism (Smit et al., 2005).
These a-keto acids can then be converted to hydroxy acids, aldehydes, and CoA-esters (Smit et
al., 2005). The aldehydes can then be dehydrogenated or hydrogenated to their corresponding
alcohols or organic acids which are then broken down by esterases and acyltransferases into
(thio)esters (Smit et al., 2005). Ultimately, these many pathways result in the formation of key
flavor compounds including methional, 2/3-methylbutanal, benzaldehyde, benzoic acid, 2/3-
methyl butyric acid, methanethiol, and ethyl benzoate (Smit et al., 2005). Benzoic acid (woody)
and 3-methyl butyric acid (cheese/acid) were positively identified in cream and Neufchtel
cheeses. 2-Methyl butyric acid correlated with sour aromatic flavor (r = 0.523; P < 0.05) across

all cheeses.

Proximate Analysis

Table 2.6 shows the proximate analysis of the cheeses selected for consumer testing. The
measurements confirmed the compliance of samples with the standard of identity for cream or
Neufchatel cheese. Slight variation above the 55% by weight moisture content maximum for
cream cheese was attributed to the condensation on the outside of cream cheese samples. Table
2.3 shows the pH values for all 31 samples that received instrumental analysis. During
processing of cream and Neufchatel cheeses, lactic acid bacteria is utilized for flavor production

and to reduce the product pH to around 4.6 (Wolfschoon-Pombo, 2021). Most of the cream and
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Neufchatel cheese samples in this study fell within this range. Sample number 24 (cream cheese)
had a significantly lower (P<0.05) pH (4.12) than all 30 other samples within this study (Table
2.6). This low pH was correlated with the highest sour taste intensity score (3.4; P<0.05) by

descriptive analysis.

Consumer Acceptance Testing

Consumers (n=164) were split nearly evenly by gender (53% male, 47% female) and age
(34% ages 18-29 y; 25% ages 30-40 y; 30% ages 41-55 y and 13% ages 56-65 y). Fifty one
percent were caucasian, 22% african american, 17% asian, 5% hispanic/latino and 5%
other/prefer not to say. About half of consumers (47.5%) reported an annual income of 35-99K
with 13.9% less than 34K, 28% more than 100K and the remainder prefer not to say. Cream
cheese reported usage included bagels (96.3%), cooking (71.3%) and dips (78%). Cream cheese
bars and tub usage was split nearly evenly (56 vs 41%, remainder reported as single serve), and

most consumers (75%) reported usage of full fat cream cheese.

Consumers documented differences in liking and liking attributes among cream cheeses
(Table 2.7, Figure 2.9), and 2 consumer clusters were identified. Samples 2, 14, 20 and 23 (3
cream cheeses, 1 Neufchatal) received the highest overall liking score across all consumers
(Table 2.7, Figure 2.9) while samples 11 and 24 received the lowest liking scores. An
examination of liking scores of consumer clusters revealed that cluster 1 consumers had more
distinct likes and dislikes compared to cluster 2 consumers. Overall drivers of liking (Figure
2.10) for all consumers (n=164) included sweet aromatic, milkfat flavor, salty taste, and
firmness. Drivers of dislike for all consumers included sour aromatic flavor, sour taste, umami

taste, sweet taste, astringency, rate of dissolution and spreadability. Cluster 1 consisted of more
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consumers of bar cream cheese (p<0.05) and Caucasian consumers (p<0.05). Cluster 1
consumers assigned low liking scores to the 2 softest cream cheeses which were also tub cream
cheeses (Figure 2.9). These results are consistent with this cluster being primarily bar cream
cheese consumers. Firmness is an expected attribute for these consumers with a wide range of
firmness liked but a very soft, highly spreadable cream cheese that dissolves rapidly in the mouth
would not be expected or liked, explaining the low liking scores for these 2 cream cheeses by
this cluster of consumers. Cluster 1 consumers were also generally more discerning of cream
cheese flavor compared to cluster 2 consumers and desired milkfat flavor and salty taste (Figure
2.11). More JAR score penalties for consumer attributes were also noted for cluster 1 consumers
than for cluster 2 consumers (results not shown). Cluster 2 consumers consisted of more
consumers of tub-type cream cheeses, reduced fat Neufchatel cheeses, and more African
American and Asian consumers (p<0.05). Cluster 2 consumers had fewer overall liking score
differences and generally showed a higher tolerance/liking for all types of cream cheese than
cluster 1 consumers (Figure 2.9). Larger differences in overall liking were noted between
clusters for samples 6 (Neufchatel cheese), 11 (probiotic cream cheese), 22 (Neufchatel cheese),
24 (cream cheese), and 31 (organic cream cheese). Foguel et al. (2021) conducted a consumer
study with 5 cream cheeses and also reported that firmness was preferred over softer more
spreadable cream cheeses. They also reported milky flavor as a desirable attribute. Previous
work has not addressed consumer liking for an array of different cream cheeses selected from a
large category survey with identification of aroma active volatiles. To our knowledge, this is the

first study to do so.

Consumers were prompted to rank the importance of factors that influenced their

purchase of cream and Neufchatel cheeses. Without price as a concern, flavor, spreadability, and
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firmness were considered the top three attributes (Table 2.8). Cluster 1 placed a higher
importance on flavor than cluster 2 while cluster 2 placed a higher importance on spreadability,
firmness, and packaging than cluster 1 (results not shown). When price was added into
consideration, flavor, price, and spreadability were the top three attributes across all consumers.
Cluster 1 placed a higher importance on flavor and price than cluster 2 (results not shown).
Overall, flavor was consistently the leading attribute affecting consumer purchasing intent with
and without price as a factor. Sensory attributes and volatile compounds were the focus of this
study. In consumer testing, products were presented without brand identity which may have a
large influence on consumer acceptance. Future work should address the role of brand identity
in combination with sensory properties. A more in depth focus on sensory texture properties and

consumer usage might also reveal ideal firmness and spreadability intensities or usage situations.
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CONCLUSIONS

Cream and Neufchatel cheeses were characterized by cooked/milky, sour aromatic,
milkfat, sweet taste, sour taste, salty taste, and umami taste. Full fat cream cheeses were distinct
from reduced fat Neufchatel cheeses. Characteristics of Neufchatel cheeses included lower
cooked milky, sweet aromatic, and milkfat flavors, the presence of cardboard/stale and burnt
brothy flavors, and lower product firmness compared to cream cheeses. The most predominant
organic acid within all cheeses was lactic acid. Lactic acid contributed to sour aromatic flavor,
sour taste, and umami taste for all samples. Cheese samples with the lowest pH values had the
highest perceived aroma intensity. 2-Furancarboxylic acid and 1-(4-Ethylphenyl)-ethanone are
being reported for the first time as aroma active in dairy/fermented dairy. Based on frequency
and aroma character, twelve aroma-active compounds can be considered characteristic to cream
and Neufchatel cheeses: acetone, diacetyl, acetic acid, acetoin, 2,3-butanediol, butanoic acid,
dimethyl sulfone, 2-octanone, hexanoic acid, 2-nonanone, octanoic acid, and 6-decalactone. The
compounds 2/3-methylbutanal and benzoic acid were unique to reduced fat Neufchatel cheese
potentially explaining the burnt brothy flavor noted in these cheeses. Additionally, the
compounds 2-furanmethanol and dimethyl disulfide could be responsible for this flavor
difference of Neufchatel cheese due to its correlation with burnt brothy flavor. Short chain fatty
acids including acetic acid, hexanoic acid, heptanoic acid, octanoic acid, nonanoic acid, and 2-
methylbutanoic acid contributed to sour aromatic flavor while lactones including 6-octalactone,
d-decalactone, and d-dodecalactone along with diacetyl and 3-methyl-butanoic acid, ethyl ester
contributed to sweet aromatic flavor. Dimethyl sulfide, dimethyl sulfone, butyrolactone, 2-
octanone, butanoic acid, 2,3-buanediol, and diacetyl contributed to cooked milky and milkfat

flavors while the aldehydes hexanal, octanal, and nonanal contributed to cardboard/stale flavors.
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Organic cream and Neufchatel cheeses contained a characteristic grassy note. No compounds
were observed to be unique to organic cheeses, suggesting that the noted grassy flavor is
potentially due to concentration variation of compounds present. Ethyl acetate and 3-Methyl-
butanoic acid, ethyl ester correlated with grassy flavor and could potentially be the compounds
responsible for grassy flavor in organic cheeses. Overall, drivers of liking for cream and
Neufchatel cheeses included milkfat flavor, salty taste, and firmness. Drivers of dislike for all
consumers included sour aromatic flavor, sour taste, grassy flavor, astringency, rate of
dissolution and spreadability. Two consumer clusters were identified from the data. Cluster one
consumers had more distinct likes and dislikes while cluster 2 consumers were more tolerant to
all attributes. Cluster one consisted of bar cream cheese consumers that expected firmness as an
attribute for their cream cheeses. This same cluster was more discerning of cream cheese flavor
and desired milkfat flavor and salty taste. Cluster two consisted of tub-type cream cheese and
Neufchatel cheese consumers. This cluster had fewer overall liking score differences and had a
higher tolerance/liking of all types of cheese. When asked to rank important factors that
influence purchasing decisions without price as a concern, cluster 1 placed a higher concern on
flavor while cluster 2 placed a higher importance on spreadability, firmness and packaging.
When price was added as a concern cluster 1 placed a higher importance on flavor and price.
Overall, flavor was consistently the leading attribute affecting consumer purchasing intent both
with and without price as a factor. These findings can assist US manufacturers with the
understanding of characteristic flavors and textures of cream and Neufchatel cheeses and how
they relate to consumer desires/demands. Manufacturers can utilize these data to create a cream

or Neufchatel cheese with optimal sensory properties for US consumers.
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TABLES AND FIGURES

Figure 2.1. Experimental overview.
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Table 2.1. Flavor lexicon for descriptive analysis of Cream Cheese and Neufchatel Cheese.

Modality Term Description Reference
Aroma Aroma Intensity Intensity of aroma perceived by orthonasally N/A
Acetaldehyde® Aromatic reminiscent of acetaldehyde Acetaldehyde at 100 ppm or plain
yogurt
Diacetyl* “Movie popcorn” aromatic, buttery Diacetyl at 20 ppm
Cooked/Milky* Aromatic  associated  with  cooked milk, Pasteurized skim milk heated to
characteristic of high-temperature processed milk 85°C for 30 min
Sweet Aromatic® Aromatic associated with sweet-smelling foods Ricotta Cheese, sweetened
condensed milk
Sour Aromatic® Aromatic associated with vinegar Acetic acid at 100 ppm
Milkfat* Aromatic associated with milk fat Fresh coconut meat, heavy cream,
or 3-dodecalactone at 40 ppm
Cardboard/stale® Aromatics associated with paperboard/cardboard Cardboard soaked in water for an
hour
Burnt/Brothy* Aromatics associated with boiled meat or vegetable  Methional at 20 ppm
soup stock
Free Fatty Acid* Aromatics associated with short-chain fatty acids Butyric acid at 20ppm
Refrigerator/Stale?  Stale aromatic characteristic associated with a Butter quarter stored in a
refrigerated storage refrigerator for 18 months
Grassy? Aromatics associated with grasses and hay Hexanal at 20 ppm
Taste Sweet* Basic taste stimulated by sugars and high-potency  Sucrose 5 g/100 mL water
sweeteners
Sour* Basic taste stimulated by acids Citric acid 0.08g/100mL water
Bitter Fundamental taste sensation elicited by caffeine or  Caffeine (0.089/100mL water)
quinine
Salty* Basic taste stimulated by sodium salts Sodium chloride 0.5 g¢/100 mL
water
Umami Chemical feeling factor elicited by certain peptides Monosodium glutamate 1 g/100 mL
and nucleotides water
Texture Firmness® Force required to compress the sample to the roof  Philadelphia cream cheese = 7.5
of the mouth using the tongue
Mouthfeel  Astringency?® Drying sensation/roughing of oral tissues elicited Black tea (6 bags in 500mL hot

by alums or tannins

water for 10 mins

Terms and references were adapted from Drake, 20072, Krause et al., 20072, Lawless and Heymann, 19982, Drake et al., 20014,
Shepard etal., 2013% and Drake et al., 2009°
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Table 2.2. Descriptive sensory profiles of cream and Neufchatel cheeses.

Sample
Attribute 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 LSD
Aromatics
Aromantensity 20 19 24 22 16 20 19 21 19 20 30 24 21 21 20 17 02
Acetaldehyde ND ND ND ND ND ND ND ND ND ND 18 ND ND 13 ND ND 02
Diacetyl ND ND ND 16 ND 14 ND 10 ND ND 20 ND ND ND ND ND 02
Cooked Milky 36 36 31 37 31 34 35 36 40 35 30 32 41 33 35 40 02
Sweet Aromatic 1.3 10 12 15 08 11 11 21 09 06 11 11 14 10 12 10 02
Sour Aromatic 09 11 09 12 16 16 15 08 13 13 25 08 21 14 14 11 02
Milkfat 38 35 33 36 24 25 25 36 35 33 25 30 35 24 36 35 02
Cardboard/Stale 1.0 15 18 09 17 10 19 05 15 17 14 ND ND 05 ND 10 03
BumtBrothy =~ ND 10 12 ND ND ND 10 ND ND ND ND ND 05 ND ND ND 02
Refrigerator/Stale  ND ND 05 ND 05 ND ND ND ND 12 10 ND ND 06 05 ND 02
Grassy ND ND ND ND ND ND ND ND ND ND 10 28 ND ND ND ND 02
Basic Taste
Sweet Taste 17 17 24 18 14 18 16 18 17 16 26 20 17 19 20 20 02
Sour Taste 15 13 21 18 22 20 21 20 20 23 24 15 23 23 21 19 02
Salty Taste 34 32 36 35 36 37 35 36 36 35 29 31 38 35 37 33 02
UmamiTaste 18 16 17 17 18 18 18 18 17 18 17 17 19 17 19 19 02
Mouthfeel &
Texture
Qséﬂt”h%gglt 20 20 21 19 20 20 20 20 20 20 21 20 19 20 20 20 03
Firmness 74 77 71 82 45 54 62 79 78 74 25 81 90 68 75 70 04

Sample numbers that are underlined denote Neufchatel cheese samples and samples that are not underlined denote cream cheese

samples
ND = not detected

Means within a row that differ by Fisher’s LSD are different (P < 0.05)

Fisher’s LSD (a. = 0.05)
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Table 2.2 (Continued).

Sample
Attribute 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 LSD
Aromatics
Aroma Intensity 22 25 22 21 21 17 19 27 16 19 19 21 21 21 24 0.2
Acetaldehyde ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND 02
Diacetyl ND ND 10 15 ND ND ND 10 ND 10 ND ND ND 10 ND 02
CookedMilky 39 36 33 35 35 30 35 34 34 35 30 38 28 31 33 0.2
Sweet Aromatic 10 10 12 08 09 ND 13 14 ND 08 02 13 ND 09 08 0.2
Sour Aromatic 15 15 14 15 13 16 14 24 10 12 14 12 15 09 23 0.2
Milkfat 28 35 35 33 33 21 37 24 29 33 25 35 21 28 32 02
Cardboard/Stale 12 ND ND 12 17 23 ND ND 11 08 21 14 26 13 12 0.3
BumtBrothy @~ ND ND ND 09 09 18 ND ND ND ND 11 11 20 ND 16 0.2
Refrigerator/Stale 1.0 ND ND ND ND ND ND ND 18 ND ND ND ND ND 05 0.2
Grassy ND 20 13 ND ND ND ND 14 ND ND ND ND ND 18 10 0.2
Basic Taste
Sweet Taste 18 18 16 16 15 15 18 18 16 16 15 16 14 15 15 0.2
Sour Taste 24 22 25 25 20 28 24 34 19 25 27 21 26 23 27 0.2
Salty Taste 34 36 37 36 36 37 37 30 33 31 34 36 37 36 36 0.2
Umami Taste 16 17 16 19 19 22 16 24 16 16 20 16 21 20 20 0.2
Mouthfeel &
Texture
mz&%@gf 21 18 20 18 20 19 20 24 20 20 20 18 21 20 19 03
Firmness 50 68 77 68 66 42 67 26 86 64 64 68 54 48 47 0.4

Sample numbers that are underlined denote Neufchatel cheese samples and samples that are not underlined denote cream cheese

samples
ND = not detected

Means within a row that differ by Fisher’s LSD are different (P < 0.05)

Fisher’s LSD (a. = 0.05)
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Figure 2.2. Principal component analysis (PCA) biplot (F1 and F2) of sensory attributes of Neufchatel and cream cheeses. Cream
cheeses are numbers, Neufchatel cheeses are underlined numbers, and cheeses chosen for consumer testing are bold, green, and larger
font numbers.
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Figure 2.3. PCA biplot (F3 and F4) of sensory attributes of Neufchatel and cream cheeses. Cream cheeses are numbers, Neufchatel
cheeses are underlined numbers, and cheeses chosen for consumer testing are bold, green, and larger font numbers.
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Table 2.3. Organic acid concentrations (mg/kg) and pH of Neufchatel and cream cheeses (n = 31).!

Item pH Citric Orotic ~ Pyruvic Malic  Lactic Formic Uric Acetic  Butyric
Sample
Cream
Cheese
1 474 15755 1895.1 68.3 281.7 43430 273.3 503.1 88.8 734.2

2 5.25 8724  2560.3 83.6 315.8  4595.9 280.6 547.6 155.8 728.7
3 476  3323.7 3806.9 66.4 4432  3679.6 538.7 572.0 311.4 574.4
4 4.92 896.8 27816 92.5 345.8  7227.7 795.8 638.5 838.7 541.0
8 4.83 888.9  2645.1 100.7  336.6 7026.5 374.8 1283.0  405.7 905.9
9 488 10824 27494 97.7 349.8 7105.4 401.9 587.0 462.6 603.5

10 4.63 1039.6  1300.7 88.0 173.6  3471.3 276.7 351.6 377.1 1772.6
11 4.43 1789.1 2622.6 124.9 153.6  9638.3 543.3 682.9 735.5 1320.4
12 4,78 225.5 1083.1 65.6 198.8 4725.1 186.5 380.7 307.0 937.2
13 4,71 140.7 1589.5 68.4 261.8 62423 223.7 390.4 532.8 986.8
15 4.72 1651.2 1667.8 59.9 222.2  4090.1 344.1 350.6 ND 795.7
16 4.61 10545 2258.8 70.1 273.5  4667.7 281.5 498.6 95.8 818.7
18 4,78 178.2 1376.5 75.9 190.5 5043.2 226.8 367.6 349.5 412.3
19 4.83 156.7 1279.1 79.9 168.1 44946 189.8 403.0 345.9 408.2
20 4.77 7479  2679.6 92.9 379.3 7221.6 332.1 523.6 913.1 582.0
21 4.87 663.3 22935 158.6 3929 7047.0 229.3 626.1 555.5 889.3
23 4.56 804.4  1451.8 68.2 2345 5128.4 164.3 420.6 215.6 617.9
24 4,12 1259.8 2195.6 97.3 480.5 7883.6 192.1 587.2 1025  3175.9
25 4.90 814.2 1634.7 75.8 295.2  4364.0 189.4 386.2 193.4 545.5
26 4.66 733.0 24100 96.6 277.9  4909.6 358.9 644.5 332.8 852.1
28 4,90 14926 24184 96.3 377.0 63111 223.4 621.3 428.8 ND
31 4.76 392.8 1843.9 103.6 2817 7013.4 266.4 527.2 565.7 587.8
Neufchatel
Cheese
5 5.10 1012.7 25112 101.1 3375 6643.3 321.8 546.7 329.3 892.1
6 4.88 1294.1 25475 182.6 3243 6267.9 318.8 498.5 197.6 1158.7
7 5.03 925.8  3043.9 91.4 4219 80815 389.1 605.7 706.4 872.8
14 476 1521.3 17765 61.6 222.8 52221 291.7 352.8 ND 756.5
17 4.75 931.2 1901.9 82.2 220.7 4762.4 257.0 512.2 297.3 1292.4
22 4.85 264.9 28795 107.7 4929 9817.5 260.8 697.7 895.5 739.6
27 4,71 970.2 20321 86.5 240.6  5052.8 206.7 535.7 166.4 829.8
29 4,99 717.2 27914 121.6  513.8 8724.7 275.3 695.7 764.1  4438.2
30 4.90 284.8 1417.1 79.4 189.4  4807.9 174.6 477.4 328.7 515.2
LSD 0.304  779.8 721.9 53.9 61.4 586.2 338.5 368.0 293.9 993.0

!Organic acid concentration of Neufchatel and cream cheeses by HPLC-UV/VIS. Measurements were taken at 220nm

ND = not detected

Means within a row that differ by LSD are different (P<0.05)

Fisher’s LSD (a = 0.05)

Sample numbers that are underlined denote Neufchatel cheese samples and samples that are not underlined denote cream cheese
samples
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Figure 2.4. PCA biplot (F1 and F2) of organic acids in Neufchatel and cream cheeses. Cream cheeses are numbers, Neufchatel
cheeses are underlined numbers, and cheeses chosen for consumer testing are bold, green, and larger font numbers.
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Figure 2.5. PCA biplot (F3 and F4) of organic acids in Neufchatel and cream cheeses. Cream cheeses are numbers, Neufchatel

cheeses are underlined numbers, and cheeses chosen for consumer testing are bold, green, and larger font numbers.
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Table 2.4. Aroma-active compounds in cream and Neufchatel cheeses by SPME GCO.!

RI? Cream Cheese and Neufchatel Cheese Samples
Aroma (ZB- Compound D |, ], als|e P 1P T U U I A O I A 202|2 21222
5ms) == 0O|1|2|3|4|5|6|7]|8]|9]|0 2 (3|4 6178129
Fruity <600 Acetone A + | + + |+ | + £ I N I I R O O I O B A B + |+ | + + |+ + | +
Egg/sulfurous <600 Hydrogen Sulfide B + | + + + + + |+ |+ + + +
Sulfurous/cheesy <600 Methanethiol B + + + | + |+ + |+ [+ [+ |+ + + |+ | + + | + | +
Sulfurous/vegetal <600 Dimethyl sulfide A + | + + + + | + + |+ |+ |+ + + + +
Aldehydic/malty <600 2-Methylpropanal B + | + + |+ | + + + | + +
Alcoholic/musty/fruit <600 1-Propanol A + + + + + + | + + | +
Cooked <600 Carbon disulfide B + + ]+ |+ [+ + + |+ [+ ]+ + |+ + |+ ]+ + + | +
Buttery <600 Diacetyl A + | + + |+ |+ + |+ |+ |+ [+ |+ [+ ]+ ]|+ +]|+ + |+ |+ + |+ |+ | +
Green apple <600 2-Butanone A + + + + |+ +
Sweet/apricot <600 2-Butanol A + |+ + +
Fruity/sweet/green <600 Ethyl acetate A + | + +
Acidic/vinegar 625 Acetic acid A + | + + ]+ + + |+ H[F | F ||| ][]+ + + |+ [+ + |+ [+ [+
Fresh/green 645 2-Pentanone A + + + + +
Baked/fermented 658 Pentanal A + + + +
Malty/fruit/aldehydic 658 2/3-Methylbutanal A + + + + +
Nutty/bean/chemical 659 2-Ethyl-furan A + + +
Savory/acidic 648 Propanoic acid A + |+ + | + + [+ + | +
Buttery 663 Acetoin A + | + + |+ | + £ I N I I O R T O B A B + |+ | + + |+ + |+
Fusel/fruity/creamy 707 Butanoic acid, methy| ester A + | + + + + | + |+ + | + + + | +
Terpene 702 3-Methyl-3-buten-1-ol A + |+ |+ + +
Fermented 707 3-Methyl-1-butanol A + + + + |+ [+
Brothy 710 Dimethyl disulfide A + + | + + +
Smoke 716 Unknown C + |+ ]+
Cooked cheese 722 2-Methyl-propanoic acid A + + + + |+ |+ + |+ |+ |+ + + + |+ | +
Grassy/fruity 727 (E)-2-Pentenal A + + + +
Green/fuel 741 1-Pentanol A + + | + + +
Sulfurous 744 2-Methyl-thiophene A + + 1+ |+ + + |+ + 1+ [+
Green/floral 2-Methyl-butanoic acid, methyl A . . . + .
749 ester
Fruity/sweet 751 Acetylacetone A + + + | + + +
Brown/nutty/fruit 758 3-Methyl-2-butenal A + | + + |+ | + +
Fruity/meat 762 2-Hexanone A + + + | + +
Cooked 765 2,3-Butanediol A + + + + + + + + + + + + + + + + + + + + + + + + +
Metallic/rubbery 770 1-Hexen-3-one B + | + + +
Green/acid 780 Hexanal A + | + + | + + + + + | + +
Cheese/acid 784 Butanoic acid A + | + + ]+ + + |+ H[F | F | H ][]+ + 1+ [+ Ll I
Fruity/green/wine 802 2-Hexanol B + + + + + +
Fruity/sweet 804 Butanoic acid, ethyl ester B + + | + | + +
Brown/nut 816 Furfural A + | + + |+ |+ + |+ + |+ |+ + +
Cheese/acid 824 3-Methyl-butanoic acid A + + |+ |+ + |+ + |+ + + | + |+ + + + +
Fruity/floral 824 3-Methyl-bu(t:;1€or|c acid, ethyl A + + + + |+ + + + +
Acid/cheese 830 2-Methyl-butanoic acid A + + + [+ + + | + + [+ ]+ + + +
Caramel/fusel/brown 850 2-Furanmethanol A + | + + |+ + |+ + |+ + + | + + + + |+ |+ [+
Ethereal/alcohol/fruit 845 1-Hexanol A + + + + +

1+ indicates the presence of compound detected by two experienced sniffers; blank indicates the absence of the compound.

2Retention indices (RI) on the ZB-5ms column (Zebron; Phenomenex, Inc., Torrance, CA).
3Method of identification: A= O, RIl, MS; B = O, RI; C = O. O = comparison of the odor description at the sniffing port with the chemical reference; RI = retention index; MS =

mass spectrum obtained by GC-MS.
Sample numbers that are underlined denote Neufchatel cheese samples and samples that are not underlined denote cream cheese samples




Table 2.4. (Continued).

RI? Cream Cheese and Neufchatel Cheese Samples
Aroma (ZB- Compound D3 | o slalslelzlalol 2] 2]2]2]a]2]2]|e]2]2]2]2]2]2]2]2]2]2[3]|3
5ms) il B B 0|1|2|3|4|5(6|7|8|9|0|1|2|3|4|5|6|7|8|9|0]1
Fruity/sweet 847 Isopropyl butyrate B + + + +
Fruity 850 2-Methyl-butanoic acid, ethyl B + + + + +
ester
Rancid/acid 852 Pentanoic acid A + |+ + |+ + | + + + |+ |+ + |+ |+ + |+ |+ [+ ]+ |+ + |+ +
Cream 865 2-Heptanone A + |+ | + + |+ + |+ |+ + + |+ + | + + |+ | + + |+ |+ |+ |+ + |+ ]|+
Sulfurous/Metallic 869 2-Methyl-3-furanthiol B + | + |+ + + + | + + +
Green/fatty 877 Heptanal A + + + + |+ |+ |+ |+ + + | + + |+ |+ + |+ + +
Cream/fatty 890 Butyrolactone A + | + |+ + + | + + |+ |+ |+ |+ ]+ ]+ + + |+ |+ | + + + +
Fatty/green/dairy 892 (2)-4-heptenal B + | + + + + + + +
Potato 894 Methional B + |+ |+ + +
Sulfurous/cheese 900 Dimethyl sulfone A + |+ |+ |+ |+ |+ |+ ]+ F [+ |+ ]|+
Sweet/floral/fruity 912 Hexanoic acid, methyl ester A + |+ + |+ + + |+ |+ |+ |+ + + + | + |+ + + | +
Nutty/fruity 924 Benzaldehyde A + + + + + | + + +
Popcorn 925 2-Acetyl-1-pyrroline B +
Musty/fatty 947 1-Heptanol A + | + | + + + + + + | + | + + + + | +
Plastic 956 Phenol A + | + + + | + +
Pine/Woody 956 .beta.-Pinene A + + | +
Fruity/ester/sweet 959 Ethyl isohexanoate B + | + + + + + |+ |+ + +
Dairy/earth 963 2-Octanone A L B e B O O T O T R T O O T T T O 2 A N I N I N I
Meaty/Nutty 965 Dimethyl Trisulfide B + | + + + + + + |+ |+ |+ + + + |+ |+ + ] +
Fruity/green/earthy 970 2-Pentyl-furan A + |+ + | + + + +
Aldehydic 979 Octanal A + [+ |+ |+ ]+ |+ + + + + | + + +
Earthy/Metallic 988 1-Octen-3-one B + |+ + + + | + + +
Cheese/fat 990 Hexanoic acid A + |+ | + + |+ | + | 4+ + |+ | + + + | + + + + | + + + + | + + + + | + + + + | + + +
Spicy/terpene 993 p-Cymene A + |+ |+ + | + + |+ |+ +
Fruity/sweet/green 1000 Hexanoic acid, ethyl ester B + + + + |+ | + + +
Tropical fruity 1002 Butanoic acid, buty! ester B + + | +
Terpene 1007 D-Limonene A + + + + +
Caramel/acidic/earthy 1032 2-Furancarboxylic acid A + | + + + + | + + |+ |+ |+ [+ [+ ][+ +]+ + | + + + +
Fruity/green/herbal 1038 Butyl-2-methylbutyrate B + + + + + + |+ + | + +
Rosy/floral 1043 Phenylacetaldehyde B + + + + +
Cheese/sweaty 1052 Heptanoic acid A + |+ |+ [+ ]+ ]+ + |+ |+ |+ |+ + |+ |+ |+ |+ + |+ + + + |+
Citrus/Fruity 1055 2,6-Dimethyl-5-heptenal B + + | + + + | + +
Plastic/tar/medicinal 1078 Unknown C + + +
Cheese 1080 2-Nonanone A L I I O T T N O N (S 2 O N (N S O I I T O R O (O SO N N I S N I
Burnt/sweet 1090 Furaneol B + + | + | + + | + + |+ + + +
Smoky 1092 Guaiacol B + + | +
Fatty/citrus 1095 Nonanal A + + + + + + + + + |+ | +
Sweet/caramel 1098 Maltol B + |+ |+ [+ ][+ ]+ + | + + + | + + + |+ |+ |+ |+ +
Bean/earth/nutty 1100 2-Methoxy-3-isopropylpyrazine B + + + + + + + + | +
Fruity/green 1109 2-Nonen-4-one A + + | + + + + + | + + + | + | +
Popcorn 1111 2-Acetyl-2-thiazoline B +
Burnt/caramel 1117 Sotolone B + + + + |+ + + |+ | + + + + | +
Woody 1138 Benzoic acid A + +

1+ indicates the presence of compound detected by two experienced sniffers; blank indicates the absence of the compound.

2Retention indices (RI) on the ZB-5ms column (Zebron; Phenomenex, Inc., Torrance, CA).

3Method of identification: A= O, Rl, MS; B = O, RI; C = O. O = comparison of the odor description at the sniffing port with the chemical reference; RI = retention index; MS =
mass spectrum obtained by GC-MS.

Sample numbers that are underlined denote Neufchatel cheese samples and samples that are not underlined denote cream cheese samples
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Table 2.4. (Continued).

RI? Cream Cheese and Neufchatel Cheese Samples
Aroma (ZB- Compound ID® 2lalalslsls PO O O O A B I O I O B B O R A 2 2 3
5ms) il B B 0|1|2|3|4|5(6|7|8|]9|0]|1|2|3|4]|5 7 9 1
Cheese/fat 1148 Octanoic acid A + |+ |+ [+ ]+ + ]+ |+ [+ [+ ]+ H ]+ ]+ + + +
Wax/fatty/hay 1155 (Z)-2-Nonenal B + + + | + + +
Cucumber/vegetative 1160 (E,Z)-2,6-nonadienal B + + + + | +
Green/fat/cucumber 1165 (E)-2-Nonenal B + +
Methyl 2-methyl-3-furyl
Sulfurous/savory 1170 Y disulfid); Y B + + + + | + + +
Medicinal/fruity 1172 Benzoic acid, ethyl ester B + + + +
Sweet/molasses 1177 Estragole B + + | + + + + + | + +
Sour/stale 1183 Decanal A + |+ |+ ]+ ]|+ + S I N I R SO (O NS A B A N I + +
Green/peppery 1185 2-Isobutyl-3-methoxypyrazine B + + + +
Cheese/fruit 1190 2-Decanone A + |+ |+ + | + + + |+ |+ + [+ +]+ + |+ |+ + +
Green/fat/grease 1215 (E,E)-2,4-Nonadienal B + + + | + +
Sweet/cinnamon/spice 1231 Unknown C + + +
Cultured 1233 Nonanoic acid A + |+ [+ ]+ + |+ |+ |+ ]+ + + + +
Sweet/nutty 1238 Hydroxymethylfurfural B + |+ + + |+ + +
Sulfur/cooked/rubber 1240 Benzothiazole B + + + | + + | + +
Creamy/coconut 1263 3-Octalactone A + |+ |+ + | + + | + + [+ | + | + + |+ |+ | + + |+ + + + +
Fat/creamy 1280 2-Undecanone A + |+ |+ |+ ]+ + | + + |+ |+ ++ |+ |+ + ]|+ ]+ + +
Fatty/acidic 1294 Decanoic acid, methyl ester A + + | + + |+ |+ |+ |+ |+
Grape/sweet/musty 1308 1-(2-aminophenyl)-ethanone B + + + + +
Floral/sweet 1310 1-(4-Ethylphenyl)-ethanone A + | + + | + + + +
Fat/milky 1323 9-Decenoic acid A + | + | + + + | + + |+ |+ |+ |+ + + + +
Qil/fat/green 1331 (E,E)-2,4-Decadienal B + + + + | + + + +
Rancid/citrus 1337 n-Decanoic acid A + |+ | + |+ + + + | + | + + |+ |+ | + | + + + | + + + +
Cereal/Malty/Sweet 1401 Unknown C + + + + |+ |+ +
Creamy/coconut 1450 3-Decalactone A + |+ |+ |+ + |+ + |+ |+ |+ |+ |+ |+ ] ]+ ]|+ |+ + + +
Peach/cream/coconut 1480 y-Decalactone B + + | + + | + + + + + |+ | + + +
Savory 1487 2-Tridecanone A + |+ | + |+ + | + + + +
Milky/coconut 1515 Dodecanoic acid A + + + + + |+ |+ |+ |+ + |+ [ + + +
Peach/fatty/buttery 1655 y —Dodecalactone A + [ + + |+ |+ [+ ]+ + [+ |+ |+ + | + +
Clove/spicy 1666 2-Pentadecanone A +
Peach/fruity/coconut 1671 3 -Dodecalactone A + + | + + + |+ | + + + +
Solvent/Fruity/Herbal 1803 Unknown C + + + + + + + +

1+ indicates the presence of compound detected by two experienced sniffers; blank indicates the absence of the compound.

2Retention indices (RI) on the ZB-5ms column (Zebron; Phenomenex, Inc., Torrance, CA).

3Method of identification: A= 0O, RIl, MS; B = O, RI; C = O. O = comparison of the odor description at the sniffing port with the chemical reference; RI = retention index; MS =
mass spectrum obtained by GC-MS.
Sample numbers that are underlined denote Neufchatel cheese samples and samples that are not underlined denote cream cheese samples
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Table 2.5. Relative abundance of selected aroma-active compounds in cream cheese and Neufchatel cheese (ug/kg).

Sample
Compound 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 LSD
Acetone 9.1 19.3 11.0 15.3 10.0 165 124 36.4 175 343 11.7 10.7 13.9 7.9 ND 13.2 20.50
Dimethyl sulfide 0.6 3.9 0.7 1.0 ND 0.3 0.9 0.4 0.5 2.1 1.0 0.4 0.5 0.2 0.6 0.7 1.520
2,3-butanedione 522 820 86.6 175.4 424 62.0 608 164.1 1851 470 869 345 793 29 428 315 89.59
Acetic Acid 86.5 ND 3807 7474 2799 1378 3741 4306 5766 480.6 984.2 4186 7542 298 386 1153 317.6
Acetoin 1918 5415 168.6 1202.7 11069 3984 7678 11721 13288 1761 6151 7716 5625 406 1345 18938 614.8
2,3-butanediol ND ND 8.7 16.4 ND 206 527 ND 135 54.6 ND 339 506 ND ND 325 36.58
Hexanal 31 43 3.6 3.6 9.5 4.8 28 ND 3.2 ND 4.8 ND 4.8 ND 1.9 ND 3.105
Butanoic acid 739 765 519 46.7 ND 36.7  80.7 193.9 84.0 883 252 653 1303 556 834 1195 80.70
3-methyl-butanoic acid 4.6 38.0 ND ND 5.6 5.0 8.1 28.2 6.4 3.9 3.4 6.7 1.2 ND ND 13.2 23.93
2-methyl-butanoic acid ND ND 1.6 ND 0.6 0.6 0.3 0.4 0.5 ND 7.7 0.3 13 ND 0.9 0.6 1.907
2-furanmethanol 0.1 0.1 0.9 0.2 ND ND ND 0.2 0.9 ND 0.2 ND ND 0.1 ND ND 12.16
1-hexanol ND ND ND 0.3 ND 18 ND ND 0.3 12 3.6 ND 1.3 18 1.7 ND 0.8550
Pentanoic acid 0.9 15 1.9 0.58 ND ND ND 7.0 0.9 0.8 31 ND 15 14 1.8 12 3.527
2-heptanone ND 1854 203.0 ND 112.1 60.9 1819 130.3 187.6 1435 1918 1500 1905 2119 3982 2859 107.5
Dimethyl sulfone 3.0 3.2 25 6.9 2.3 2.3 ND 3.3 5.2 ND ND ND 25 ND ND 3.9 3.024
Hexanoic acid, methyl ester 0.9 1.0 2.1 11 1.3 1.0 0.7 1.1 1.3 15 31 ND 21 ND ND 1.0 1.111
Hexanoic acid 98.6 127.6 1483 50.8 84.3 73.6 49.3 134.7 84.4 940 4556 775 1960 80.7 1044 1218 90.67
Heptanoic acid 0.7 1.1 2.2 12 1.0 ND 0.6 1.0 0.9 2.0 2.8 0.6 15 0.8 ND 0.7 1.200
2-nonanone 30.8 23.8 333 16.6 12.7 8.0 23.8 17.3 20.1 20.7 13.9 27.6 45.2 50.8 57.6 26.4 37.70
Nonanal ND 0.7 ND ND ND ND ND ND 5.0 21.6 2.0 0.6 11 3.2 ND 0.8 7.162
Octanoic acid, methyl ester 0.5 0.6 0.6 0.6 04 0.3 05 0.3 0.2 0.7 11 0.2 0.7 6.1 6.1 ND 3.804
Octanoic acid 7.1 8.4 23.0 54 9.6 7.9 7.3 ND 7.8 10.5 30.2 9.1 19.6 10.1 9.0 8.8 14.43
2-decanone 0.2 0.2 0.2 0.1 0.1 ND 0.1 0.1 ND 0.2 ND 0.1 0.2 0.2 0.3 0.1 0.1510
Decanal ND 0.1 41 5.7 0.5 ND 0.1 24 0.1 41 ND ND 05 ND ND 0.1 1.967
Nonanoic acid 0.1 0.2 0.4 0.3 ND ND 0.8 ND 0.3 0.2 0.3 0.1 0.6 0.7 0.8 0.2 0.5760
Delta-octalactone 0.4 0.6 ND 0.9 ND 0.3 0.3 0.7 0.8 0.7 11 1.0 0.6 0.4 0.9 0.6 0.6820
2-undecanone 47 3.2 3.6 1.6 14 11 3.0 17 ND 23 1.6 7.2 5.0 ND 9.2 3.2 4.436
9-decenoic acid 0.3 ND 1.6 0.4 ND ND 0.3 ND ND 0.4 0.3 0.6 ND 0.4 0.4 0.4 0.6070
Delta-decalactone 1.8 2.6 3.0 1.9 1.4 1.0 11 1.8 2.4 2.6 25 3.0 2.4 1.0 2.8 2.0 2.376
2-tridecanone ND 0.3 0.5 0.2 0.2 ND ND 04 ND ND 0.2 ND 0.7 ND ND ND 0.5950
Dodecanoic acid 0.1 ND 0.3 0.2 ND ND ND 0.2 ND 0.2 ND 0.2 0.1 0.2 ND ND 0.6020
.Delta.-dodecalactone ND ND ND ND 0.3 ND ND 0.3 ND 05 05 ND 05 ND 0.6 0.3 0.6100

Sample numbers that are underlined denote Neufchatel cheese samples and samples that are not underlined denote cream cheese samples
Means within a row that differ by LSD are different (P < 0.05)
ND = not detected
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Table 2.5 (Continued).

Sample
Compound 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 LSD
Acetone 95 8.1 7.4 259 12.9 28.3 21.7 26.3 11.2 19.3 9.9 13.2 22.3 7.6 225 20.50
Dimethyl sulfide ND ND ND ND 0.3 ND ND 0.8 ND 0.7 0.6 0.2 ND ND 11 1.520
2,3-butanedione 18.4 32.4 43.0 36.3 74.0 63.5 52.1 84.8 61.2 22.5 16.2 62.8 44.3 24.3 60.9 89.59
Acetic Acid 2125 5757  750.3 712.8 864.4 7151  436.1 2445 ND 256.4 ND 749.6 824.7 3128 782.0 317.6
Acetoin 2775 986.8 10114 1095.8 1159.1 11485 3934 3374 ND 1859 177.6 12953 12264 550.8 13755 614.8
2,3-butanediol ND 19.0 317 ND 15.5 12.4 45.0 ND ND 9.0 16.6 ND ND ND 11.4 36.58
Hexanal 25 35 ND 85 8.3 10.0 7.0 ND 3.8 ND 3.0 ND 7.3 ND ND 3.105
Butanoic acid 1928 1119 71.8 64.0 114.0 73.2 358 778 1068 704 386 ND 60.6 ND 232.7 80.70
3-methyl-butanoic acid 7.3 ND 15.4 8.7 1.6 13.4 21.7 ND ND 0.9 3.2 ND ND 2.1 50.4 23.93
2-methyl-butanoic acid 0.3 ND 0.3 0.7 ND 0.7 0.8 0.9 0.6 0.5 0.3 ND 0.7 ND 0.5 1.907
2-furanmethanol 0.2 ND 0.1 9.9 0.8 0.9 ND ND ND 0.1 0.1 25.2 15 0.1 0.7 12.16
1-hexanol 0.6 0.7 0.6 ND 1.0 11 0.3 ND ND ND 04 04 0.3 ND ND 0.8550
Pentanoic acid 15 ND ND ND ND 0.9 ND 19 ND 0.7 0.4 ND 14 2.7 ND 3.527
2-heptanone 2344  276.7 1622 195.7 263.8 158.0 96.0 574 258.7 1380 1271 198.7 2586 1175 ND 107.5
Dimethyl sulfone ND 3.0 3.3 49 3.8 24 2.3 4.7 5.9 8.2 1.7 2.1 2.9 1.7 ND 3.024
Hexanoic acid, methyl ester 1.7 1.6 2.1 1.6 15 11 12 2.0 2.7 11 0.9 14 1.0 ND ND 1111
Hexanoic acid 256.8 1444 1313 90.8 90.2 108.5 80.5 68.8 1717 715 78.3 144.0 103.9 69.5 370.3 90.67
Heptanoic acid 1.7 0.8 0.7 ND 11 ND ND 0.9 ND 0.9 0.7 1.3 12 0.6 3.8 1.200
2-nonanone 420 480 21.4 36.3 40.5 28.9 9.5 8.5 58.8 196 220 344 41.3 45.6 82.9 37.70
Nonanal 2.7 0.8 ND 11 125 55 13.7 ND 2.1 0.8 0.5 3.6 5.9 8.2 ND 7.162
Octanoic acid, methyl ester 0.3 0.5 ND 0.2 0.2 0.2 0.2 0.2 0.6 0.2 0.3 ND 0.2 ND 0.5 3.804
Octanoic acid 335 19.9 16.4 13.0 9.5 15.6 6.8 6.8 35.8 6.4 12.1 13.1 129 ND 54.4 14.43
2-decanone 0.2 0.1 0.1 0.2 ND 0.1 0.1 0.0 ND 0.1 0.1 0.2 0.2 0.1 ND 0.1510
Decanal 0.2 ND 2.7 ND ND ND ND ND 0.1 0.1 ND 0.7 ND ND ND 1.967
Nonanoic acid 0.3 0.2 0.2 0.2 0.5 0.3 0.3 0.2 ND 0.2 0.1 0.8 0.9 0.2 1.8 0.5760
Delta-octalactone 0.3 0.6 0.6 0.7 0.9 ND 0.6 0.7 13 0.7 0.5 0.8 0.3 0.3 14 0.6820
2-undecanone 6.8 ND 3.1 6.5 41 4.2 12 0.7 7.2 2.0 3.8 5.9 5.1 ND 10.9 4.436
9-decenoic acid 0.5 ND 0.7 1.0 ND ND 0.4 0.4 ND 04 0.2 0.7 0.8 ND ND 0.6070
Delta-decalactone 2.0 2.9 2.2 2.7 2.3 14 2.3 2.9 3.8 2.0 2.1 3.9 2.1 1.9 7.9 2.376
2-tridecanone 1.0 ND ND ND ND 0.5 0.2 0.1 ND 0.3 04 1.9 13 ND ND 0.5950
Dodecanoic acid 0.2 ND ND 04 0.2 0.2 0.2 ND ND 0.1 ND 14 ND 04 ND 0.6020
.Delta.-dodecalactone 0.5 0.6 0.4 0.5 0.4 0.3 ND 0.4 ND ND 05 21 ND ND ND 0.6100

Sample numbers that are underlined denote Neufchatel cheese samples and samples that are not underlined denote cream cheese samples
Means within a row that differ by LSD are different (P < 0.05)
ND = not detected
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Figure 2.6. PCA biplot (F1 and F2) of the relative abundances of selected aroma active compounds in Neufchatel and cream cheeses.
Cream cheeses are numbers, Neufchatel cheeses are underlined numbers, and cheeses selected for consumer testing are bold, green,

and larger font numbers.
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Figure 2.7. PCA biplot (F3 and F4) of the relative abundances of selected aroma active compounds in Neufchatel and cream cheeses.

Cream cheeses are numbers, Neufchatel cheeses are underlined numbers, and cheeses selected for consumer testing are bold, green,

and larger font numbers.
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Figure 2.8. PCA biplot (F1 and F2) of the relative abundances of selected aroma active compounds and trained panel sensory
attributes in Neufchatel and cream cheeses. Cream cheeses are numbers, Neufchatel cheeses are underlined numbers, and cheeses

selected for consumer testing are bold, green, and larger font numbers.
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Table 2.6. Total solids, crude protein, and L*a*b* Hunter color scale values of Neufchatel and cream cheeses chosen for consumer

testing.

Hunter color scale

Item pH Total Solids! Crude Protein? L*3 a** b*5
Sample
Cream Cheese
2 5.25 42.92 5.26 88.79 0.14 9.98
3 4,76 44.60 6.46 89.04 026  9.56
11 4.43 42.35 4.19 89.23 0.40 10.40
13 471 42.70 7.27 89.19 0.06 9.35
20 4.77 43.19 5.19 89.36 0.18 10.10
23 4.56 45.67 6.38 89.45 0.06 10.21
24 412 40.32 3.23 89.66 0.78 12.18
31 4.76 45.07 5.37 87.68 1.03 13.66
Neufchatel Cheese
6 4.88 37.54 9.35 87.33 -0.07 10.03
14 4,76 35.91 9.12 89.30 -0.11 9.8
22 4.85 38.46 9.55 88.17 -0.04 993
LSD 0.304 1.812 0.195 0.421  0.054 0.234

L Percent total solids on a weight/weight basis

2Crude protein on a total N2 basis (total nitrogen x 6.38)
3L* = lightness (when L* = 0 it indicates black and when L* = 100 it indicates diffuse white)
4a* is the position between red/magenta and green (negative values indicate green and positive values indicate red/magenta)

5b* is the position between yellow and blue (negative values indicate blue and positive values indicate yellow

Means within a row that differ by LSD are differen

t (P<0.05)
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Table 2.7. Consumer Acceptance Scores for Cream Cheeses and Neufchatel Cheeses.

Liking Attributes 2 3 6 11 13 14 20 22 23 24 31
Appearance 7.0ab 6.5 de 6.6 bcde 6.7 bed 6.1f 6.5 cde 7.1a 6.8 abc 6.3 ef 6.5 de 6.6 bcde
Aroma 6.6 a 6.1c 6.5ab 6.2 bc 6.3 abc 6.2 bc 6.6 a 6.5 ab 6.2bc | 6.4abc 6.3 abc
Spreadability 6.1d 45f 74a 72a 32g 7.2ab 6.8 bc 6.5¢c 4.7f 7.3a 5.7¢e
Overall Liking 6.8a 6.0c 6.0c 50d 6.1c 6.6 ab 6.7 ab 6.0c 6.7 ab 5.3d 6.4 bc
Cream Cheese Flavor 6.8 a 6.1 cde 5.89¢e 49¢ 6.5 abc 6.7 ab 6.6 ab 6.0 de 6.8 a 53f 6.3 bcd
Mouthfeel/Thickness 7.0ab 6.1 ef 6.6 bcd 6.4 cde 58f 7.1a 6.9 ab 6.3 de 6.7 bc 6.5 cd 6.6 bcd
Firmness 6.6 ab 5.6d 6.3 bc 6.2 bc 4.7e 6.9a 6.8a 6.4 bc 6.0c 6.4 bc 6.4 bc
Creaminess 7.0a 6.2cd 6.8 ab 6.6 bc 59d 7.1a 7.0a 6.4 bc 6.5 bc 6.5 bc 6.5 bc
Sourness 6.3a 6.0 ab 54c 4.3d 6.3a 6.2 ab 6.2 ab 55¢ 6.4a 46d 5.8 bc
Sweetness 6.4a 6.0 bcde 57e 50f 6.2 abcd 6.3 abc 6.5a 5.8 de 6.4 ab 52f 5.9 cde
Saltiness 6.5a 6.0 bcde 5.7 def 56f 6.3 abc 6.3 abc 6.4ab | 5.9 cdef 6.5a 5.7 ef 6.1 bed

Data represents 164 consumers

Different letters in rows following means signify significant differences (p < 0.05)
Liking attributes were scored on a 9-point hedonic scale where dislike extremely = 1 and like extremely = 9
Statistical lettering was determined using ANOV A with Fisher’s LSD post hoc test
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Figure 2.9. Mean Overall Liking Scores for 11 Representative Cream Cheeses and Neufchatel Cheeses for the Entire Population

(n=164) and by Consumer Clusters.
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=164).

Figure 2.10. Drivers of Like and Drivers of Dislike for the 11 Representative Cream Cheeses for the Entire Population (n

164) / Standardized coefficients

(95% conf. interval)
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Figure 2.11. Partial least squares (PLS) biplot of CLT consumer segments for cream cheeses and
Neufchatel Cheeses (74.93% Variability).
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Table 2.8: Chip Allocation Question on Cream Cheese and Neufchatel Cheese Attributes.

Attributes With Price Without Price
Flavor 39.8% a 46.3% a
Price 18.8% b -
Spreadability 16.2% b 21.5% b
Firmness 11.8%c 15.2% ¢
Brand 6.5%d 8.5%d
Packaging 5.5%d 6.9%d

Data represents 164 consumers

Statistical lettering was determined by ANOVA with Bonferroni test
Averages are based off a total sum of 100% for the combined attribute
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Figure 2.12. Preference Map of All Consumers (n=164).
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Figure 2.13. Cluster 1 Preference Map (n=66).

F2 (21.81 %)

Contour plot

d F2: 61.69 %)

m 90%-100%
= 80%-90%
= 70%-80%
60%-70%
50%-60%
= 40%-50%
30%-40%
20%-30%
= 10%-20%
m 0%-10%

F1 (39.88 %)

188




Figure 2.14. Cluster 2 Preference Map (n=98).
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PEARSON CORRELATION TABLES
Table 1. Pearson Correlation Table for pH, DA Data, and Organic Acids for All Samples.

- Aroma - Cooked Sweet Sour . Cardboard/ Burnt  Refrigerator/ Sweet Sour
Variables pH Intensity Acetaldehyde  Diacetyl Milky ~ Aromatic Aromatic Milkfat oiitgliile . Brothy Stale Grassy  Taste Taste
pH 1 -0.543 -0.287 -0.260 -0.019 -0.200 -0.445 0.028 0.426 0.329 -0.112 -0.239  -0.423  -0.551
Aroma Intensity -0.543 1 0.452 0.418 -0.163 0.360 0.475 -0.043 -0.314 -0.083 0.011 0.586 0.562 0.279
Acetaldehyde -0.287 0.452 1 0.336 -0.279 0.048 0.388 -0.331 -0.029 -0.176 0.329 0.076 0.584 0.093
Diacetyl -0.260 0.418 0.336 1 -0.161 0.296 0.240 -0.057 -0.174 -0.302 -0.097 0.167 0.264 0.185
Cooked Milky -0.019 -0.163 -0.279 -0.161 1 0.488 -0.113 0.657 -0.384 -0.347 -0.107 -0.245 0017  -0.346
Sweet Aromatic -0.200 0.360 0.048 0.296 0.488 1 -0.070 0.547 -0.623 -0.474 -0.310 0.111 0.424  -0.277
Sour Aromatic -0.445 0.475 0.388 0.240 -0.113 -0.070 1 -0.401 -0.058 0.147 0.098 0.104 0.100 0.647
Milkfat 0.028 -0.043 -0.331 -0.057 0.657 0.547 -0.401 1 -0.467 -0.297 -0.185 -0.052  0.104  -0.502
Cardboard/Stale/ 0.426 -0.314 -0.029 -0.174 -0.384 -0.623 -0.058 -0.467 1 0.646 0.106 -0.434 -0.320  0.036
Burnt Brothy 0.329 -0.083 -0.176 -0.302 -0.347 -0.474 0.147 -0.297 0.646 1 -0.209 -0.226  -0.320  0.232
Refrigerator/Stale -0.112 0.011 0.329 -0.097 -0.107 -0.310 0.098 -0.185 0.106 -0.209 1 -0.125 0226  -0.001
Grassy -0.239 0.586 0.076 0.167 -0.245 0.111 0.104 -0.052 -0.434 -0.226 -0.125 1 0.161 0.099
Sweet Taste -0.423 0.562 0.584 0.264 0.017 0.424 0.100 0.104 -0.320 -0.320 0.226 0.161 1 -0.190
Sour Taste -0.551 0.279 0.093 0.185 -0.346 -0.277 0.647 -0.502 0.036 0.232 -0.001 0.099  -0.190 1
Salty Taste 0.430 -0.408 -0.408 -0.254 0.084 -0.035 -0.154 0.165 0.125 0.290 -0.235 -0.360 -0.411  0.015
Umami Taste -0.325 0.120 -0.114 0.011 -0.300 -0.238 0.423 -0.440 0.200 0.382 -0.280 0.120 -0.276  0.573
Astringent -0.464 0.306 0.187 0.131 -0.318 -0.003 0.277 -0.500 0.013 -0.163 0.126 0.174 0.227 0.347
Firmness 0.365 -0.378 -0.356 -0.314 0.537 0.218 -0.643 0.676 -0.285 -0.179 -0.025 -0.209  -0.047  -0.636
Citric Acid -0.188 0.176 0.299 0.021 -0.103 0.211 -0.082 0.003 0.188 -0.005 0.258 -0.367 0.602  -0.133
Orotic Acid 0.229 -0.061 0.038 0.188 -0.128 -0.016 0.026 -0.214 0.592 0.467 -0.174 -0.498  0.150  -0.004
Pyruvic Acid 0.114 0.063 0.064 0.382 -0.220 -0.152 0.313 -0.369 0.394 0.224 -0.121 -0.150  -0.153  0.150
Malic Acid 0.173 -0.185 -0.318 -0.081 -0.139 -0.191 0.057 -0.304 0.484 0.617 -0.301 -0.369 -0.264  0.212
Lactic Acid -0.032 0.194 0.278 0.339 -0.250 -0.133 0.566 -0.500 0.340 0.408 -0.224 -0.057  -0.091  0.409
Formic Acid 0.090 0.213 0.271 0.457 0.021 0.273 0.017 0.088 0.176 -0.043 0.046 -0.276 0420  -0.216
Uric Acid 0.092 0.031 0.003 0.317 -0.066 0.251 -0.088 -0.067 0.286 0.218 -0.249 -0.234  -0.031  0.058
Acetic Acid 0.204 0.132 0.041 0.319 -0.160 -0.210 0.259 -0.175 0.418 0.495 -0.140 -0.057  -0.180  0.204
Butyric Acid -0.268 0.242 0.034 0.040 -0.338 -0.250 0.332 -0.513 0.214 0.205 0.015 0.012  -0.091 0.435

Values in bold are different from 0 with a significance level o = 0.05
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Table 1 (Continued).

. i i " itri i i i . . i . . i Butyric
vl S UT S s OUr Qo Phme ol Leicaid TIE UioAdd e g
pH 0.430 -0.325 -0.464 0.365 -0.188 0.229 0.114 0.173 -0.032 0.090 0.092 0.204 -0.268
Aroma Intensity -0.408 0.120 0.306 -0.378 0.176 -0.061 0.063 -0.185 0.194 0.213 0.031 0.132 0.242
Acetaldehyde -0.408 -0.114 0.187 -0.356 0.299 0.038 0.064 -0.318 0.278 0.271 0.003 0.041 0.034
Diacetyl -0.254 0.011 0.131 -0.314 0.021 0.188 0.382 -0.081 0.339 0.457 0.317 0.319 0.040
Cooked Milky 0.084 -0.300 -0.318 0.537 -0.103 -0.128 -0.220 -0.139 -0.250 0.021 -0.066 -0.160 -0.338
Sweet Aromatic -0.035 -0.238 -0.003 0.218 0.211 -0.016 -0.152 -0.191 -0.133 0.273 0.251 -0.210  -0.250
Sour Aromatic -0.154 0.423 0.277 -0.643 -0.082 0.026 0.313 0.057 0.566 0.017 -0.088 0.259 0.332
Milkfat 0.165 -0.440 -0.500 0.676 0.003 -0.214 -0.369 -0.304 -0.500 0.088 -0.067 -0.175  -0.513
Cardboard/Stale/ 0.125 0.200 0.013 -0.285 0.188 0.592 0.394 0.484 0.340 0.176 0.286 0.418 0.214
Burnt Brothy 0.290 0.382 -0.163 -0.179 -0.005 0.467 0.224 0.617 0.408 -0.043 0.218 0.495 0.205
Refrigerator/Stale -0.235 -0.280 0.126 -0.025 0.258 -0.174 -0.121 -0.301 -0.224 0.046 -0.249 -0.140 0.015
Grassy -0.360 0.120 0.174 -0.209 -0.367 -0.498 -0.150 -0.369 -0.057 -0.276 -0.234 -0.057 0.012
Sweet Taste -0.411 -0.276 0.227 -0.047 0.602 0.150 -0.153 -0.264 -0.091 0.420 -0.031 -0.180  -0.091
Sour Taste 0.015 0.573 0.347 -0.636 -0.133 -0.004 0.150 0.212 0.409 -0.216 0.058 0.204 0.435
Salty Taste 1 0.044 -0.560 0.289 -0.146 0.047 0.104 0.189 -0.005 -0.074 -0.010 0.207 -0.147
Umami Taste 0.044 1 0.340 -0.514 -0.126 0.102 0.179 0.443 0.452 -0.178 0.131 0.167 0.499
Astringent -0.560 0.340 1 -0.510 0.272 0.129 0.084 0.213 0.159 0.008 0.118 -0.275 0.636
Firmness 0.289 -0.514 -0.510 1 -0.089 -0.227 -0.442 -0.215 -0.564 0.027 -0.177 -0.178  -0.397
Citric Acid -0.146 -0.126 0.272 -0.089 1 0.526 -0.047 0.194 -0.155 0.462 0.087 -0.272 0.013
Orotic Acid 0.047 0.102 0.129 -0.227 0.526 1 0.375 0.741 0.495 0.626 0.586 0.426 0.114
Pyruvic Acid 0.104 0.179 0.084 -0.442 -0.047 0.375 1 0.355 0.560 0.125 0.379 0.371 0.275
Malic Acid 0.189 0.443 0.213 -0.215 0.194 0.741 0.355 1 0.549 0.174 0.458 0.394 0.385
Lactic Acid -0.005 0.452 0.159 -0.564 -0.155 0.495 0.560 0.549 1 0.267 0.526 0.726 0.344
Formic Acid -0.074 -0.178 0.008 0.027 0.462 0.626 0.125 0.174 0.267 1 0.341 0.399 -0.081
Uric Acid -0.010 0.131 0.118 -0.177 0.087 0.586 0.379 0.458 0.526 0.341 1 0.366 0.154
Acetic Acid 0.207 0.167 -0.275 -0.178 -0.272 0.426 0.371 0.394 0.726 0.399 0.366 1 0.100
Butyric Acid -0.147 0.499 0.636 -0.397 0.013 0.114 0.275 0.385 0.344 -0.081 0.154 0.100 1

Values in bold are different from 0 with a significance level o = 0.05
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Table 2. Pearson Correlation Table for pH, DA Data, and Organic Acids for Cream Cheese Samples.

. Aroma . Cooked Sweet Sour . Cardboard/ Burnt  Refrigerator/ Sweet sour
Variables pH Intensity Acetaldehyde  Diacetyl Milky  Aromatic Aromatic Milkfat oiitgliile ; Brothy Stale Grassy  Taste Taste
pH 1 -0.511 -0.331 -0.293 0.264 -0.121 -0.560 0.559 0.333 0.365 -0.084 -0.255  -0.338 -0.732
Aroma Intensity -0.511 1 0.578 0.440 -0.549 0.275 0.617 -0.585 -0.161 0.070 -0.039 0.628 0.524 0.454
Acetaldehyde -0.331 0.578 1 0.540 -0.459 -0.004 0.493 -0.536 0.170 -0.140 0.340 0.159 0.666 0.127
Diacetyl -0.293 0.440 0.540 1 -0.336 0.226 0.330 -0.379 -0.055 -0.232 -0.041 0.070 0.252 0.358
Cooked Milky 0.264 -0.549 -0.459 -0.336 1 0.175 -0.151 0.569 -0.047 -0.068 -0.416 -0.417  -0.446 -0.217
Sweet Aromatic -0.121 0.275 -0.004 0.226 0.175 1 -0.037 0.304 -0.391 -0.122 -0.623 0.014 0.233 -0.003
Sour Aromatic -0.560 0.617 0.493 0.330 -0.151 -0.037 1 -0.562 -0.158 0.136 0.092 0.239 0.125 0.726
Milkfat 0.559 -0.585 -0.536 -0.379 0.569 0.304 -0.562 1 -0.057 0.032 -0.446 -0.433  -0.332  -0.502
Cardboard/Stale/ 0.333 -0.161 0.170 -0.055 -0.047 -0.391 -0.158 -0.057 1 0.492 0.321 -0.497 -0.021  -0.278
Burnt Brothy 0.365 0.070 -0.140 0232  -0068  -0.122 0.136 0.032 0.492 1 -0.075 0175 -0.160  0.016
Refrigerator/Stale -0.084 -0.039 0.340 -0.041 -0.416 -0.623 0.092 -0.446 0.321 -0.075 1 -0.107  0.178 0.030
Grassy -0.255 0.628 0.159 0.070 -0.417 0.014 0.239 -0.433 -0.497 -0.175 -0.107 1 0.209 0.179
Sweet Taste -0.338 0.524 0.666 0.252 -0.446 0.233 0.125 -0.332 -0.021 -0.160 0.178 0.209 1 -0.056
Sour Taste -0.732 0.454 0.127 0.358 -0.217 -0.003 0.726 -0.502 -0.278 0.016 0.030 0.179  -0.056 1
Salty Taste 0.374 -0.381 -0.505 -0.349 0.417 0.178 -0.211 0.736 -0.057 0.244 -0.193 -0.399  -0.377  -0.067
Umami Taste -0.595 0.356 -0.072 0.049 0.098 0.168 0.563 -0.384 -0.159 0.096 -0.131 0.130 -0.062  0.532
Astringent -0.623 0.364 0.232 0.212 -0.383 0.084 0.289 -0.670 -0.118 -0.316 0.116 0.246 0.338 0.362
Firmness 0.691 -0.699 -0.589 -0.422 0.487 0.003 -0.729 0.713 -0.063 -0.092 -0.077 -0.293 -0.326  -0.653
Citric Acid -0.170 0.156 0.252 0.017 -0.305 0.125 -0.120 -0.111 0.461 0.184 0.237 -0.359 0595  -0.059
Orotic Acid 0.123 0.084 0.171 0.327 -0.024 0.200 -0.083 -0.043 0.600 0.389 -0.125 -0.459  0.329  -0.058
Pyruvic Acid -0.033 0.254 0.366 0.362 -0.140 -0.091 0.326 -0.377 0.457 0.248 -0.005 -0.079  -0.145  0.232
Malic Acid 0.007 -0.063 -0.345 0.025 0.156 0.137 -0.062 -0.105 0.326 0.442 -0.260 -0.341  -0.148  0.151
Lactic Acid -0.285 0.510 0.542 0.622 -0.029 0.237 0.622 -0.459 0.072 0.093 -0.152 0.087 0.122 0.399
Formic Acid 0.099 0.235 0.342 0.543 -0.106 0.245 -0.021 0.014 0.342 -0.020 0.042 -0.268  0.430  -0.156
Uric Acid 0.048 0.095 0.161 0.430 0.017 0.553 -0.129 -0.016 0.198 0.046 -0.220 -0.235  0.077  -0.001
Acetic Acid 0.123 0.312 0.330 0.578 -0.052 -0.009 0.283 -0.114 0.285 0.279 -0.042 -0.034  -0.028  0.148
Butyric Acid -0.735 0.411 0.167 0.227 -0.188 0.085 0.470 -0.656 -0.160 -0.288 0.109 0.212 0.117 0.532

Values in bold are different from 0 with a significance level o = 0.05
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Table 2 (Continued).

. i i " itri i i i . . i . . i Butyric
vl S UT S s OUr Qo Phme ol Leicaid TIE UioAdd e g
pH 0.374 -0.595 -0.623 0.691 -0.170 0.123 -0.033 0.007 -0.285 0.099 0.048 0.123 -0.735
Aroma Intensity -0.381 0.356 0.364 -0.699 0.156 0.084 0.254 -0.063 0.510 0.235 0.095 0.312 0.411
Acetaldehyde -0.505 -0.072 0.232 -0.589 0.252 0.171 0.366 -0.345 0.542 0.342 0.161 0.330 0.167
Diacetyl -0.349 0.049 0.212 -0.422 0.017 0.327 0.362 0.025 0.622 0.543 0.430 0.578 0.227
Cooked Milky 0.417 0.098 -0.383 0.487 -0.305 -0.024 -0.140 0.156 -0.029 -0.106 0.017 -0.052  -0.188
Sweet Aromatic 0.178 0.168 0.084 0.003 0.125 0.200 -0.091 0.137 0.237 0.245 0.553 -0.009 0.085
Sour Aromatic -0.211 0.563 0.289 -0.729 -0.120 -0.083 0.326 -0.062 0.622 -0.021 -0.129 0.283 0.470
Milkfat 0.736 -0.384 -0.670 0.713 -0.111 -0.043 -0.377 -0.105 -0.459 0.014 -0.016 -0.114  -0.656
Cardboard/Stale/ -0.057 -0.159 -0.118 -0.063 0.461 0.600 0.457 0.326 0.072 0.342 0.198 0.285 -0.160
Burnt Brothy 0.244 0.096 -0.316 -0.092 0.184 0.389 0.248 0.442 0.093 -0.020 0.046 0.279 -0.288
Refrigerator/Stale -0.193 -0.131 0.116 -0.077 0.237 -0.125 -0.005 -0.260 -0.152 0.042 -0.220 -0.042 0.109
Grassy -0.399 0.130 0.246 -0.293 -0.359 -0.459 -0.079 -0.341 0.087 -0.268 -0.235 -0.034 0.212
Sweet Taste -0.377 -0.062 0.338 -0.326 0.595 0.329 -0.145 -0.148 0.122 0.430 0.077 -0.028 0.117
Sour Taste -0.067 0.532 0.362 -0.653 -0.059 -0.058 0.232 0.151 0.399 -0.156 -0.001 0.148 0.532
Salty Taste 1 -0.141 -0.660 0.553 -0.109 -0.071 -0.156 0.034 -0.236 -0.058 -0.071 0.138 -0.518
Umami Taste -0.141 1 0.448 -0.485 0.032 0.005 0.145 0.375 0.348 -0.120 0.031 -0.064 0.710
Astringent -0.660 0.448 1 -0.566 0.297 0.122 0.098 0.250 0.182 0.023 0.122 -0.376 0.806
Firmness 0.553 -0.485 -0.566 1 -0.233 -0.177 -0.460 -0.117 -0.579 -0.043 -0.149 -0.096  -0.559
Citric Acid -0.109 0.032 0.297 -0.233 1 0.668 -0.075 0.387 -0.082 0.457 0.174 -0.172 0.079
Orotic Acid -0.071 0.005 0.122 -0.177 0.668 1 0.304 0.682 0.335 0.671 0.568 0.307 -0.073
Pyruvic Acid -0.156 0.145 0.098 -0.460 -0.075 0.304 1 0.261 0.682 0.156 0.462 0.525 0.168
Malic Acid 0.034 0.375 0.250 -0.117 0.387 0.682 0.261 1 0.265 0.169 0.388 0.075 0.176
Lactic Acid -0.236 0.348 0.182 -0.579 -0.082 0.335 0.682 0.265 1 0.312 0.492 0.643 0.248
Formic Acid -0.058 -0.120 0.023 -0.043 0.457 0.671 0.156 0.169 0.312 1 0.366 0.493 -0.105
Uric Acid -0.071 0.031 0.122 -0.149 0.174 0.568 0.462 0.388 0.492 0.366 1 0.246 0.049
Acetic Acid 0.138 -0.064 -0.376 -0.096 -0.172 0.307 0.525 0.075 0.643 0.493 0.246 1 -0.195
Butyric Acid -0.518 0.710 0.806 -0.559 0.079 -0.073 0.168 0.176 0.248 -0.105 0.049 -0.195 1

Values in bold are different from 0 with a significance level o = 0.05
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Table 3. Pearson Correlation Table for pH, DA Data, and Organic Acids for Neufchatel Cheese Samples.

. Aroma . Cooked Sweet Sour . Cardboard/ Burnt  Refrigerator/ Sweet sour
Variables pH Intensity Acetaldehyde  Diacetyl Milky  Aromatic Aromatic Milkfat oiitgliile ; Brothy Stale Grassy  Taste Taste
pH 1 -0.407 -0.365 0.038 -0.286 0.046 0.196 -0.199 0.356 0.130 -0.275 0.067 -0.508 -0.350
Aroma Intensity -0.407 1 0.255 0.247 0.355 0.335 -0.471 0.422 -0.430 -0.258 0.261 0.282 0.506 -0.143
Acetaldehyde -0.365 0.255 1 -0.186 0.075 0.259 -0.046 -0.144 -0.624 -0.295 0.327 -0.125 0.594 -0.101
Diacetyl 0.038 0.247 -0.186 1 0.022 0.427 -0.316 0.468 -0.401 -0.438 -0.347 0.511 0.208 -0.489
Cooked Milky -0.286 0.355 0.075 0.022 1 0.727 0.159 0.604 -0.584 -0.576 0.684 -0.173 0.714 -0.508
Sweet Aromatic 0.046 0.335 0.259 0.427 0.727 1 -0.116 0.709 -0.826 -0.851 0.398 0.187 0.675 -0.909
Sour Aromatic 0.196 -0.471 -0.046 -0.316 0.159 -0.116 1 -0.567 0.190 0.233 0.175 -0.905 0.161  -0.052
Milkfat -0.199 0.422 -0.144 0.468 0.604 0.709 -0.567 1 -0.572 -0.765 0.325 0.584 0.299  -0.511
Cardboard/Stale/ 0.356 -0.430 -0.624 -0.401 -0.584 -0.826 0.190 -0.572 1 0.877 -0.504 -0.180  -0.823  0.617
Burnt Brothy 0.130 -0.258 -0.295 -0438  -0576  -0.851 0.233 -0.765 0.877 1 -0.551 0295 -0.550  0.702
Refrigerator/Stale -0.275 0.261 0.327 -0.347 0.684 0.398 0.175 0.325 -0.504 -0.551 1 -0.234 0474  -0.146
Grassy 0.067 0.282 -0.125 0.511 -0.173 0.187 -0.905 0.584 -0.180 -0.295 -0.234 1 -0.259  -0.072
Sweet Taste -0.508 0.506 0.594 0.208 0.714 0.675 0.161 0.299 -0.823 -0.550 0.474 -0.259 1 -0.490
Sour Taste -0.350 -0.143 -0.101 -0.489 -0.508 -0.909 -0.052 -0.511 0.617 0.702 -0.146 -0.072  -0.490 1
Salty Taste 0.461 -0.216 -0.266 0.441 -0.530 -0.321 0.239 -0.481 0.320 0.374 -0.550 0.048 -0.298  0.087
Umami Taste 0.124 -0.346 -0.276 0.014 -0.845 -0.782 -0.220 -0.507 0.682 0.733 -0.787 0.275 -0.707  0.663
Astringent 0.200 0.546 -0.062 -0.308 0.162 0.071 -0.043 0.054 0.133 0.058 0.301 -0.144  0.000  -0.120
Firmness -0.470 0.514 0.550 -0.244 0.371 0.317 -0.054 0.110 -0.377 -0.151 0.227 -0.311 0.616 -0.222
Citric Acid -0.190 0.190 0.580 -0.009 0.371 0.500 0.380 0.011 -0.585 -0.467 0.388 -0.539  0.710  -0.540
Orotic Acid 0.565 -0.543 -0.365 -0.244 -0.191 -0.322 0.753 -0.668 0.611 0.626 -0.374 -0.605 -0.277  0.026
Pyruvic Acid 0.274 -0.127 -0.429 0.605 -0.125 -0.020 0.454 -0.197 0.136 0.103 -0.402 -0.238 0.025 -0.249
Malic Acid 0.547 -0.437 -0.326 -0.278 -0.435 -0.564 0.573 -0.800 0.737 0.803 -0.448 -0.428  -0.448  0.304
Lactic Acid 0.510 -0.517 -0.275 -0.279 -0.429 -0.552 0.532 -0.783 0.694 0.786 -0.462 -0.358  -0.443  0.335
Formic Acid 0.543 -0.298 0.085 -0.162 0.283 0.359 0.714 -0.290 -0.041 0.001 0.060 -0.603 0.263  -0.572
Uric Acid 0.435 -0.410 -0.670 -0.293 -0.403 -0.697 0.361 -0.571 0.923 0.847 -0.442 -0.240  -0.677  0.498
Acetic Acid 0.495 -0.347 -0.502 -0.287 -0.319 -0.539 0.262 -0.523 0.780 0.790 -0.421 -0.099 -0.573  0.402
Butyric Acid 0.277 0.314 -0.162 -0.178 -0.377 -0.469 0.173 -0.515 0.499 0.547 -0.133 -0.237  -0.269 0.297

Values in bold are different from 0 with a significance level o = 0.05
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Table 3 (Continued).

. i i " itri i i i . . i . . i Butyric
vl S UT S s OUr Qo Phme ol Leicaid TIE UioAdd e g
pH 0.461 0.124 0.200 -0.470 -0.190 0.565 0.274 0.547 0.510 0.543 0.435 0.495 0.277
Aroma Intensity -0.216 -0.346 0.546 0.514 0.190 -0.543 -0.127 -0.437 -0.517 -0.298 -0.410 -0.347 0.314
Acetaldehyde -0.266 -0.276 -0.062 0.550 0.580 -0.365 -0.429 -0.326 -0.275 0.085 -0.670 -0.502  -0.162
Diacetyl 0.441 0.014 -0.308 -0.244 -0.009 -0.244 0.605 -0.278 -0.279 -0.162 -0.293 -0.287  -0.178
Cooked Milky -0.530 -0.845 0.162 0.371 0.371 -0.191 -0.125 -0.435 -0.429 0.283 -0.403 -0.319  -0.377
Sweet Aromatic -0.321 -0.782 0.071 0.317 0.500 -0.322 -0.020 -0.564 -0.552 0.359 -0.697 -0.539  -0.469
Sour Aromatic 0.239 -0.220 -0.043 -0.054 0.380 0.753 0.454 0.573 0.532 0.714 0.361 0.262 0.173
Milkfat -0.481 -0.507 0.054 0.110 0.011 -0.668 -0.197 -0.800 -0.783 -0.290 -0.571 -0.523  -0.515
Cardboard/Stale/ 0.320 0.682 0.133 -0.377 -0.585 0.611 0.136 0.737 0.694 -0.041 0.923 0.780 0.499
Burnt Brothy 0.374 0.733 0.058 -0.151 -0.467 0.626 0.103 0.803 0.786 0.001 0.847 0.790 0.547
Refrigerator/Stale -0.550 -0.787 0.301 0.227 0.388 -0.374 -0.402 -0.448 -0.462 0.060 -0.442 -0.421  -0.133
Grassy 0.048 0.275 -0.144 -0.311 -0.539 -0.605 -0.238 -0.428 -0.358 -0.603 -0.240 -0.099  -0.237
Sweet Taste -0.298 -0.707 0.000 0.616 0.710 -0.277 0.025 -0.448 -0.443 0.263 -0.677 -0.573  -0.269
Sour Taste 0.087 0.663 -0.120 -0.222 -0.540 0.026 -0.249 0.304 0.335 -0.572 0.498 0.402 0.297
Salty Taste 1 0.543 -0.268 -0.647 -0.320 0.495 0.737 0.658 0.650 0.121 0.501 0.509 0.426
Umami Taste 0.543 1 -0.380 -0.482 -0.706 0.245 0.106 0.505 0.564 -0.397 0.595 0.580 0.210
Astringent -0.268 -0.380 1 0.429 0.232 0.004 -0.146 0.027 -0.146 0.156 0.066 0.001 0.675
Firmness -0.647 -0.482 0.429 1 0.688 -0.238 -0.341 -0.379 -0.443 0.165 -0.502 -0.496  -0.005
Citric Acid -0.320 -0.706 0.232 0.688 1 -0.068 0.096 -0.310 -0.393 0.480 -0.612 -0.675 -0.056
Orotic Acid 0.495 0.245 0.004 -0.238 -0.068 1 0.497 0.912 0.879 0.706 0.763 0.731 0.349
Pyruvic Acid 0.737 0.106 -0.146 -0.341 0.096 0.497 1 0.413 0.332 0.292 0.313 0.163 0.293
Malic Acid 0.658 0.505 0.027 -0.379 -0.310 0.912 0.413 1 0.976 0.459 0.873 0.873 0.554
Lactic Acid 0.650 0.564 -0.146 -0.443 -0.393 0.879 0.332 0.976 1 0.425 0.846 0.899 0.396
Formic Acid 0.121 -0.397 0.156 0.165 0.480 0.706 0.292 0.459 0.425 1 0.137 0.217 0.060
Uric Acid 0.501 0.595 0.066 -0.502 -0.612 0.763 0.313 0.873 0.846 0.137 1 0.924 0.505
Acetic Acid 0.509 0.580 0.001 -0.496 -0.675 0.731 0.163 0.873 0.899 0.217 0.924 1 0.399
Butyric Acid 0.426 0.210 0.675 -0.005 -0.056 0.349 0.293 0.554 0.396 0.060 0.505 0.399 1

Values in bold are different from 0 with a significance level o = 0.05
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Table 4. Pearson Correlation Table for DA Data and Volatile Compound Relative Abundance for all Samples.

. Aroma . Cooked Sweet Sour . Cardboard/Stale/ Burnt Refrigerator/ Sweet Sour Salty Umami
Variables Intensity Acetaldehyde  Diacetyl Milky Aromatic Aromatic Milkfat Oxidized Brothy Stale Grassy Taste Taste Taste Taste
Aroma Intensity 1 0.452 0.418 -0.163 0.360 0.475 -0.043 -0.314 -0.083 0.011 0.586 0.562 0.279 -0.408 0.120
Acetaldehyde 0.452 1 0.336 -0.279 0.048 0.388 -0.331 -0.029 -0.176 0.329 0.076 0.584 0.093 -0.408 -0.114
Diacetyl 0.418 0.336 1 -0.161 0.296 0.240 -0.057 -0.174 -0.302 -0.097 0.167 0.264 0.185 -0.254 0.011
Cooked Milky -0.163 -0.279 -0.161 1 0.488 -0.113 0.657 -0.384 -0.347 -0.107 -0.245 0.017 -0.346 0.084 -0.300
Sweet Aromatic 0.360 0.048 0.296 0.488 1 -0.070 0.547 -0.623 -0.474 -0.310 0.111 0.424 -0.277 -0.035 -0.238
Sour Aromatic 0.475 0.388 0.240 -0.113 -0.070 1 -0.401 -0.058 0.147 0.098 0.104 0.100 0.647 -0.154 0.423
Milkfat -0.043 -0.331 -0.057 0.657 0.547 -0.401 1 -0.467 -0.297 -0.185 -0.052 0.104 -0.502 0.165 -0.440
Cardboard/Stale/Oxidized -0.314 -0.029 -0.174 -0.384 -0.623 -0.058 -0.467 1 0.646 0.106 -0.434 -0.320 0.036 0.125 0.200
Burnt Brothy -0.083 -0.176 -0.302 -0.347 -0.474 0.147 -0.297 0.646 1 -0.209 -0.226 -0.320 0.232 0.290 0.382
Refrigerator/Stale 0.011 0.329 -0.097 -0.107 -0.310 0.098 -0.185 0.106 -0.209 1 -0.125 0.226 -0.001 -0.235 -0.280
Grassy 0.586 0.076 0.167 -0.245 0.111 0.104 -0.052 -0.434 -0.226 -0.125 1 0.161 0.099 -0.360 0.120
Sweet Taste 0.562 0.584 0.264 0.017 0.424 0.100 0.104 -0.320 -0.320 0.226 0.161 1 -0.190 -0.411 -0.276
Sour Taste 0.279 0.093 0.185 -0.346 -0.277 0.647 -0.502 0.036 0.232 -0.001 0.099 -0.190 1 0.015 0.573
Salty Taste -0.408 -0.408 -0.254 0.084 -0.035 -0.154 0.165 0.125 0.290 -0.235 -0.360 -0.411 0.015 1 0.044
Umami Taste 0.120 -0.114 0.011 -0.300 -0.238 0.423 -0.440 0.200 0.382 -0.280 0.120 -0.276 0.573 0.044 1
Astringent Mouthfeel 0.306 0.187 0.131 -0.318 -0.003 0.277 -0.500 0.013 -0.163 0.126 0.174 0.227 0.347 -0.560 0.340
Firmness -0.378 -0.356 -0.314 0.537 0.218 -0.643 0.676 -0.285 -0.179 -0.025 -0.209 -0.047 -0.636 0.289 -0.514
Acetone -0.028 -0.175 0.174 -0.003 -0.011 0.094 -0.035 0.191 0.242 -0.088 -0.196 -0.263 0.282 0.047 0.289
2,3-butanedione 0.091 -0.065 0.270 0.303 0.404 -0.016 0.297 0.020 -0.049 -0.138 -0.182 0.116 -0.213 0.067 -0.039
Acetic Acid 0.413 0.136 0.268 -0.071 0.012 0.370 0.046 0.114 0.349 -0.174 0.169 -0.035 0.266 0.216 0.094
Acetoin 0.075 -0.167 0.115 -0.008 0.027 0.145 0.034 0.201 0.393 -0.400 0.137 -0.375 0.070 0.338 0.108
Butanoic acid 0.087 -0.202 -0.227 0.430 0.138 0.124 0.233 -0.174 0.069 0.175 -0.025 -0.059 0.033 0.063 0.046
2-heptanone -0.156 0.098 -0.333 0.127 -0.219 -0.122 0.020 0.013 0.055 0.227 -0.110 0.217 -0.100 0.083 -0.155
Dimethyl sulfone -0.244 -0.323 0.312 0.235 -0.029 -0.221 0.299 -0.053 -0.125 -0.237 -0.208 -0.214 -0.025 -0.069 -0.090
Hexanoic acid, methyl ester 0.239 0.193 0.267 0.076 -0.043 0.270 0.022 0.026 -0.100 0.376 -0.118 0.301 0.173 -0.209 -0.232
Hexanoic acid 0.520 0.507 0.145 -0.035 0.007 0.535 -0.043 0.013 0.109 0.469 0.141 0.408 0.148 -0.266 -0.102
Heptanoic acid 0.572 0.305 0.016 -0.041 0.094 0.409 0.003 0.187 0.235 0.289 0.109 0.208 0.148 -0.203 0.007
2-nonanone 0.021 -0.029 -0.398 0.036 -0.269 0.055 0.068 -0.028 0.303 0.307 0.101 -0.146 0.023 0.232 0.100
Octanoic acid, methyl ester -0.001 0.441 -0.140 -0.041 0.099 0.069 -0.057 -0.278 -0.179 0.251 -0.151 0.295 -0.042 0.063 -0.009
Octanoic acid 0.292 0.183 -0.144 -0.062 -0.305 0.448 -0.110 0.079 0.279 0.578 0.095 0.138 0.219 -0.085 -0.086
2-decanone -0.143 -0.181 -0.294 0.216 0.135 -0.267 0.261 -0.105 0.092 -0.113 -0.236 0.002 -0.109 0.259 -0.024
Nonanoic acid 0.191 0.069 -0.296 -0.055 -0.084 0.393 -0.069 0.124 0.572 -0.012 -0.042 -0.128 0.241 0.263 0.251
Delta-octalactone 0.277 0.143 0.176 0.237 0.094 0.172 0.352 -0.343 -0.174 0.266 0.241 0.107 -0.106 -0.359 -0.138
2-undecanone -0.051 -0.247 -0.314 0.043 -0.220 0.044 0.113 0.039 0.409 0.254 -0.041 -0.110 -0.052 0.058 0.065
Delta-decalactone 0.307 -0.126 -0.174 0.046 -0.077 0.272 0.245 -0.098 0.291 0.245 0.273 -0.060 0.135 -0.095 0.069
Dimethyl sulfide 0.059 0.025 -0.039 0.140 0.117 0.018 0.207 0.140 0.110 0.052 -0.117 0.087 -0.346 -0.340 -0.075
2,3-butanediol -0.088 -0.213 -0.210 0.250 0.101 0.023 0.194 -0.178 -0.080 -0.138 0.060 -0.032 -0.071 0.200 -0.084
Hexanal -0.275 -0.037 -0.041 -0.245 -0.388 0.173 -0.249 0.412 0.375 -0.061 -0.354 -0.166 0.044 0.349 0.103
3-methyl-butanoic acid -0.051 -0.134 -0.085 0.076 0.142 0.105 0.215 -0.010 0.266 -0.108 0.021 -0.173 -0.082 0.062 -0.019
2-methyl-butanoic acid 0.535 0.731 0.454 -0.280 0.045 0.523 -0.221 0.044 -0.059 0.310 0.095 0.666 0.180 -0.424 -0.011
2-furanmethanol -0.022 -0.066 0.005 0.167 0.051 -0.078 0.154 0.124 0.292 -0.140 -0.133 -0.138 0.018 0.107 -0.119
1-hexanol 0.359 0.741 0.287 -0.151 0.006 0.484 -0.258 -0.056 -0.147 0.295 -0.030 0.492 0.130 -0.065 -0.025
Pentanoic acid 0.233 0.255 0.289 -0.012 0.433 -0.087 0.024 -0.069 -0.148 0.018 -0.032 0.317 0.021 -0.111 0.147
Nonanal -0.133 -0.026 -0.214 -0.047 -0.232 -0.102 0.033 0.216 0.004 0.199 -0.123 -0.233 0.088 0.228 0.005
Decanal 0.123 -0.123 0.230 0.055 0.291 -0.262 0.303 0.004 -0.101 0.124 -0.130 0.132 -0.140 0.168 -0.227
9-decenoic acid 0.280 0.028 0.057 -0.202 0.071 -0.172 0.063 0.050 0.208 0.017 -0.036 0.378 0.087 -0.025 -0.122
2-tridecanone 0.010 -0.082 -0.183 0.051 -0.069 -0.005 -0.110 0.300 0.454 -0.069 -0.273 -0.101 0.150 0.144 -0.063
Dodecanoic acid 0.011 -0.077 -0.022 0.157 0.168 -0.258 0.203 0.071 0.192 -0.129 -0.061 -0.072 -0.046 0.138 -0.159
.Delta.-dodecalactone 0.106 -0.006 -0.046 0.260 0.123 0.124 0.150 -0.058 0.085 -0.008 -0.045 -0.029 0.173 0.053 -0.040

Values in bold are different from 0 with a significance level o = 0.05
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Table 4 (Continued).

Hexanoic Octanoic
Variables Astringent Firmness Acetone 2,3- Acetic Acetoin Butanoic 2- Dimethyl acid, Hexanoic Heptanoic 2- acid,
Mouthfeel butanedione Acid acid heptanone sulfone methyl acid acid nonanone methyl
ester ester

Aroma Intensity 0.306 -0.378 -0.028 0.091 0.413 0.075 0.087 -0.156 -0.244 0.239 0.520 0.572 0.021 -0.001
Acetaldehyde 0.187 -0.356 -0.175 -0.065 0.136 -0.167 -0.202 0.098 -0.323 0.193 0.507 0.305 -0.029 0.441
Diacetyl 0.131 -0.314 0.174 0.270 0.268 0.115 -0.227 -0.333 0.312 0.267 0.145 0.016 -0.398 -0.140
Cooked Milky -0.318 0.537 -0.003 0.303 -0.071 -0.008 0.430 0.127 0.235 0.076 -0.035 -0.041 0.036 -0.041
Sweet Aromatic -0.003 0.218 -0.011 0.404 0.012 0.027 0.138 -0.219 -0.029 -0.043 0.007 0.094 -0.269 0.099
Sour Aromatic 0.277 -0.643 0.094 -0.016 0.370 0.145 0.124 -0.122 -0.221 0.270 0.535 0.409 0.055 0.069
Milkfat -0.500 0.676 -0.035 0.297 0.046 0.034 0.233 0.020 0.299 0.022 -0.043 0.003 0.068 -0.057
Cardboard/Stale/Oxidized 0.013 -0.285 0.191 0.020 0.114 0.201 -0.174 0.013 -0.053 0.026 0.013 0.187 -0.028 -0.278
Burnt Brothy -0.163 -0.179 0.242 -0.049 0.349 0.393 0.069 0.055 -0.125 -0.100 0.109 0.235 0.303 -0.179
Refrigerator/Stale 0.126 -0.025 -0.088 -0.138 -0.174 -0.400 0.175 0.227 -0.237 0.376 0.469 0.289 0.307 0.251
Grassy 0.174 -0.209 -0.196 -0.182 0.169 0.137 -0.025 -0.110 -0.208 -0.118 0.141 0.109 0.101 -0.151
Sweet Taste 0.227 -0.047 -0.263 0.116 -0.035 -0.375 -0.059 0.217 -0.214 0.301 0.408 0.208 -0.146 0.295
Sour Taste 0.347 -0.636 0.282 -0.213 0.266 0.070 0.033 -0.100 -0.025 0.173 0.148 0.148 0.023 -0.042
Salty Taste -0.560 0.289 0.047 0.067 0.216 0.338 0.063 0.083 -0.069 -0.209 -0.266 -0.203 0.232 0.063
Umami Taste 0.340 -0.514 0.289 -0.039 0.094 0.108 0.046 -0.155 -0.090 -0.232 -0.102 0.007 0.100 -0.009
Astringent Mouthfeel 1 -0.510 0.069 0.043 -0.279 -0.340 -0.071 -0.146 -0.014 0.123 -0.026 0.070 -0.350 -0.002
Firmness -0.510 1 -0.131 0.187 -0.163 -0.093 0.195 0.225 0.220 -0.080 -0.316 -0.252 0.157 0.116
Acetone 0.069 -0.131 1 0.357 0.267 0.277 0.274 -0.343 0.205 0.095 -0.044 0.129 -0.285 -0.364
2,3-butanedione 0.043 0.187 0.357 1 0.326 0.447 0.143 -0.251 0.375 0.230 0.028 0.157 -0.297 -0.198
Acetic Acid -0.279 -0.163 0.267 0.326 1 0.745 0.053 -0.057 0.027 0.303 0.365 0.418 0.040 -0.332
Acetoin -0.340 -0.093 0.277 0.447 0.745 1 0.093 -0.149 0.116 -0.045 0.082 0.192 0.028 -0.365
Butanoic acid -0.071 0.195 0.274 0.143 0.053 0.093 1 0.074 -0.070 -0.034 0.395 0.361 0.467 -0.026
2-heptanone -0.146 0.225 -0.343 -0.251 -0.057 -0.149 0.074 1 -0.132 0.126 0.049 -0.210 0.333 0.394
Dimethy! sulfone -0.014 0.220 0.205 0.375 0.027 0.116 -0.070 -0.132 1 0.306 -0.345 -0.298 -0.252 -0.357
Hexanoic acid, methyl ester 0.123 -0.080 0.095 0.230 0.303 -0.045 -0.034 0.126 0.306 1 0.378 0.155 -0.273 -0.357
Hexanoic acid -0.026 -0.316 -0.044 0.028 0.365 0.082 0.395 0.049 -0.345 0.378 1 0.717 0.348 -0.017
Heptanoic acid 0.070 -0.252 0.129 0.157 0.418 0.192 0.361 -0.210 -0.298 0.155 0.717 1 0.262 -0.101
2-nonanone -0.350 0.157 -0.285 -0.297 0.040 0.028 0.467 0.333 -0.252 -0.273 0.348 0.262 1 0.364
Octanoic acid, methyl ester -0.002 0.116 -0.364 -0.198 -0.332 -0.365 -0.026 0.394 -0.357 -0.357 -0.017 -0.101 0.364 1
Octanoic acid -0.097 -0.165 -0.099 -0.138 0.235 0.044 0.492 0.053 -0.250 0.300 0.805 0.597 0.603 -0.032
2-decanone -0.299 0.343 -0.191 -0.310 -0.194 -0.231 -0.015 0.355 -0.207 -0.214 -0.174 -0.164 0.201 0.373
Nonanoic acid -0.172 -0.124 -0.052 -0.090 0.341 0.297 0.322 0.069 -0.389 -0.360 0.361 0.503 0.666 0.293
Delta-octalactone -0.110 0.199 0.062 0.256 0.215 0.119 0.334 0.017 0.130 0.089 0.402 0.274 0.307 0.058
2-undecanone -0.251 0.184 -0.106 -0.220 0.067 0.057 0.430 0.205 -0.250 -0.152 0.351 0.184 0.636 0.108
Delta-decalactone -0.158 -0.029 0.090 0.026 0.249 0.223 0.443 -0.107 -0.108 -0.022 0.543 0.579 0.603 -0.090
Dimethyl sulfide 0.099 0.115 0.242 0.217 -0.181 -0.154 0.091 -0.123 -0.058 -0.043 0.096 0.336 -0.137 0.024
2,3-butanediol -0.161 0.321 0.114 -0.038 0.163 -0.065 0.077 -0.064 -0.185 -0.010 -0.177 -0.033 -0.211 -0.206
Hexanal -0.160 -0.179 0.093 0.058 0.284 0.297 -0.229 0.089 0.130 0.269 -0.047 -0.236 -0.128 -0.163
3-methyl-butanoic acid -0.143 -0.020 0.394 0.149 0.051 0.290 0.511 -0.305 -0.155 -0.252 0.332 0.312 0.143 -0.169
2-methyl-butanoic acid 0.252 -0.461 -0.052 0.132 0.341 -0.065 -0.151 0.092 -0.195 0.518 0.697 0.379 -0.175 0.043
2-furanmethanol -0.430 0.037 0.050 -0.019 0.290 0.344 -0.267 0.092 0.030 0.075 0.013 0.005 0.070 -0.121
1-hexanol -0.003 -0.278 -0.170 -0.048 0.242 -0.140 -0.143 0.252 -0.409 0.242 0.455 0.177 -0.031 0.451
Pentanoic acid 0.251 -0.085 0.301 0.377 -0.038 -0.049 0.242 0.045 -0.073 0.045 0.209 0.171 -0.115 0.131
Nonanal -0.064 0.007 0.353 -0.077 0.220 -0.034 -0.099 0.061 -0.159 0.026 -0.140 0.047 -0.066 -0.082
Decanal -0.095 0.335 0.207 0.448 0.213 0.078 -0.021 -0.242 0.169 0.212 -0.109 0.267 -0.232 -0.083
9-decenoic acid 0.101 0.072 -0.055 -0.151 0.122 -0.140 -0.239 0.163 -0.042 0.159 -0.054 0.100 -0.059 0.053
2-tridecanone -0.125 -0.024 0.069 0.002 0.260 0.221 -0.075 0.152 -0.063 0.177 0.159 0.197 0.039 -0.182
Dodecanoic acid -0.408 0.092 0.012 -0.038 0.249 0.224 -0.286 0.031 -0.038 -0.004 -0.054 0.030 0.077 -0.116
.Delta.-dodecalactone -0.340 -0.021 -0.050 -0.098 0.263 0.197 -0.113 0.289 -0.152 0.241 0.154 0.069 0.035 -0.005

Values in bold are different from 0 with a significance level o = 0.05
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Table 4 (Continued).

3-methyl- 2-methyl-

Variables Octanoic 2- Nonanoic Delta- 2- Delta- Dimethyl 2,3- Hexanal butanoic butanoic 2- 1-
acid decanone acid octalactone undecanone  decalactone sulfide butanediol acid acid furanmethanol hexanol
Aroma Intensity 0.292 -0.143 0.191 0.277 -0.051 0.307 0.059 -0.088 -0.275 -0.051 0.535 -0.022 0.359
Acetaldehyde 0.183 -0.181 0.069 0.143 -0.247 -0.126 0.025 -0.213 -0.037 -0.134 0.731 -0.066 0.741
Diacetyl -0.144 -0.294 -0.296 0.176 -0.314 -0.174 -0.039 -0.210 -0.041 -0.085 0.454 0.005 0.287
Cooked Milky -0.062 0.216 -0.055 0.237 0.043 0.046 0.140 0.250 -0.245 0.076 -0.280 0.167 -0.151
Sweet Aromatic -0.305 0.135 -0.084 0.094 -0.220 -0.077 0.117 0.101 -0.388 0.142 0.045 0.051 0.006
Sour Aromatic 0.448 -0.267 0.393 0.172 0.044 0.272 0.018 0.023 0.173 0.105 0.523 -0.078 0.484
Milkfat -0.110 0.261 -0.069 0.352 0.113 0.245 0.207 0.194 -0.249 0.215 -0.221 0.154 -0.258
Cardboard/Stale/Oxidized 0.079 -0.105 0.124 -0.343 0.039 -0.098 0.140 -0.178 0.412 -0.010 0.044 0.124 -0.056
Burnt Brothy 0.279 0.092 0.572 -0.174 0.409 0.291 0.110 -0.080 0.375 0.266 -0.059 0.292 -0.147
Refrigerator/Stale 0.578 -0.113 -0.012 0.266 0.254 0.245 0.052 -0.138 -0.061 -0.108 0.310 -0.140 0.295
Grassy 0.095 -0.236 -0.042 0.241 -0.041 0.273 -0.117 0.060 -0.354 0.021 0.095 -0.133 -0.030
Sweet Taste 0.138 0.002 -0.128 0.107 -0.110 -0.060 0.087 -0.032 -0.166 -0.173 0.666 -0.138 0.492
Sour Taste 0.219 -0.109 0.241 -0.106 -0.052 0.135 -0.346 -0.071 0.044 -0.082 0.180 0.018 0.130
Salty Taste -0.085 0.259 0.263 -0.359 0.058 -0.095 -0.340 0.200 0.349 0.062 -0.424 0.107 -0.065
Umami Taste -0.086 -0.024 0.251 -0.138 0.065 0.069 -0.075 -0.084 0.103 -0.019 -0.011 -0.119 -0.025
Astringent Mouthfeel -0.097 -0.299 -0.172 -0.110 -0.251 -0.158 0.099 -0.161 -0.160 -0.143 0.252 -0.430 -0.003
Firmness -0.165 0.343 -0.124 0.199 0.184 -0.029 0.115 0.321 -0.179 -0.020 -0.461 0.037 -0.278
Acetone -0.099 -0.191 -0.052 0.062 -0.106 0.090 0.242 0.114 0.093 0.394 -0.052 0.050 -0.170
2,3-butanedione -0.138 -0.310 -0.090 0.256 -0.220 0.026 0.217 -0.038 0.058 0.149 0.132 -0.019 -0.048
Acetic Acid 0.235 -0.194 0.341 0.215 0.067 0.249 -0.181 0.163 0.284 0.051 0.341 0.290 0.242
Acetoin 0.044 -0.231 0.297 0.119 0.057 0.223 -0.154 -0.065 0.297 0.290 -0.065 0.344 -0.140
Butanoic acid 0.492 -0.015 0.322 0.334 0.430 0.443 0.091 0.077 -0.229 0.511 -0.151 -0.267 -0.143
2-heptanone 0.053 0.355 0.069 0.017 0.205 -0.107 -0.123 -0.064 0.089 -0.305 0.092 0.092 0.252
Dimethyl sulfone -0.250 -0.207 -0.389 0.130 -0.250 -0.108 -0.058 -0.185 0.130 -0.155 -0.195 0.030 -0.409
Hexanoic acid, methyl ester 0.300 -0.214 -0.360 0.089 -0.152 -0.022 -0.043 -0.010 0.269 -0.252 0.518 0.075 0.242
Hexanoic acid 0.805 -0.174 0.361 0.402 0.351 0.543 0.096 -0.177 -0.047 0.332 0.697 0.013 0.455
Heptanoic acid 0.597 -0.164 0.503 0.274 0.184 0.579 0.336 -0.033 -0.236 0.312 0.379 0.005 0.177
2-nonanone 0.603 0.201 0.666 0.307 0.636 0.603 -0.137 -0.211 -0.128 0.143 -0.175 0.070 -0.031
Octanoic acid, methyl ester -0.032 0.373 0.293 0.058 0.108 -0.090 0.024 -0.206 -0.163 -0.169 0.043 -0.121 0.451
Octanoic acid 1 -0.194 0.483 0.363 0.570 0.713 -0.035 -0.105 0.011 0.299 0.321 -0.001 0.163
2-decanone -0.194 1 0.115 -0.344 0.283 -0.185 0.040 -0.045 -0.075 -0.180 -0.246 0.236 -0.046
Nonanoic acid 0.483 0.115 1 0.221 0.525 0.594 0.025 0.012 -0.106 0.305 -0.006 0.218 0.060
Delta-octalactone 0.363 -0.344 0.221 1 0.375 0.644 0.193 -0.007 -0.329 0.215 0.204 0.114 0.111
2-undecanone 0.570 0.283 0.525 0.375 1 0.613 -0.005 -0.093 -0.001 0.263 -0.062 0.228 -0.115
Delta-decalactone 0.713 -0.185 0.594 0.644 0.613 1 0.165 -0.090 -0.258 0.481 0.037 0.225 -0.184
Dimethyl sulfide -0.035 0.040 0.025 0.193 -0.005 0.165 1 0.102 -0.183 0.423 0.037 -0.143 -0.007
2,3-butanediol -0.105 -0.045 0.012 -0.007 -0.093 -0.090 0.102 1 -0.080 0.043 -0.121 -0.216 0.012
Hexanal 0.011 -0.075 -0.106 -0.329 -0.001 -0.258 -0.183 -0.080 1 -0.075 0.165 -0.039 0.131
3-methyl-butanoic acid 0.299 -0.180 0.305 0.215 0.263 0.481 0.423 0.043 -0.075 1 -0.080 -0.109 -0.251
2-methyl-butanoic acid 0.321 -0.246 -0.006 0.204 -0.062 0.037 0.037 -0.121 0.165 -0.080 1 -0.082 0.662
2-furanmethanol -0.001 0.236 0.218 0.114 0.228 0.225 -0.143 -0.216 -0.039 -0.109 -0.082 1 -0.079
1-hexanol 0.163 -0.046 0.060 0.111 -0.115 -0.184 -0.007 0.012 0.131 -0.251 0.662 -0.079 1
Pentanoic acid -0.196 0.127 -0.144 -0.041 -0.210 -0.174 0.109 -0.322 -0.242 0.136 0.302 -0.173 0.137
Nonanal -0.151 -0.065 -0.037 -0.005 -0.179 -0.056 0.066 0.356 0.132 -0.078 -0.098 0.009 0.152
Decanal -0.092 0.099 -0.141 -0.038 -0.160 -0.041 0.218 0.211 -0.178 -0.069 -0.081 -0.032 -0.080
9-decenoic acid 0.020 0.370 0.110 -0.217 0.178 0.017 -0.092 -0.027 -0.074 -0.260 0.115 0.302 -0.106
2-tridecanone 0.109 0.414 0.241 -0.195 0.217 0.046 -0.109 -0.206 0.075 -0.131 0.012 0.624 -0.017
Dodecanoic acid -0.097 0.286 0.138 -0.005 0.131 0.132 -0.178 -0.159 -0.123 -0.176 -0.145 0.901 -0.101
.Delta.-dodecalactone 0.042 0.353 0.108 0.130 0.189 0.158 -0.129 -0.083 -0.118 -0.208 0.046 0.795 0.193

Values in bold are different from 0 with a significance level a = 0.05
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Table 4 (Continued).

Variables Pentanoic acid Nonanal Decanal 9-decenoic acid 2-tridecanone  Dodecanoic acid  .Delta.-dodecalactone

Aroma Intensity 0.233 -0.133 0.123 0.280 0.010 0.011 0.106
Acetaldehyde 0.255 -0.026 -0.123 0.028 -0.082 -0.077 -0.006
Diacetyl 0.289 -0.214 0.230 0.057 -0.183 -0.022 -0.046
Cooked Milky -0.012 -0.047 0.055 -0.202 0.051 0.157 0.260
Sweet Aromatic 0.433 -0.232 0.291 0.071 -0.069 0.168 0.123
Sour Aromatic -0.087 -0.102 -0.262 -0.172 -0.005 -0.258 0.124
Milkfat 0.024 0.033 0.303 0.063 -0.110 0.203 0.150
Cardboard/Stale/Oxidized -0.069 0.216 0.004 0.050 0.300 0.071 -0.058
Burnt Brothy -0.148 0.004 -0.101 0.208 0.454 0.192 0.085
Refrigerator/Stale 0.018 0.199 0.124 0.017 -0.069 -0.129 -0.008
Grassy -0.032 -0.123 -0.130 -0.036 -0.273 -0.061 -0.045
Sweet Taste 0.317 -0.233 0.132 0.378 -0.101 -0.072 -0.029
Sour Taste 0.021 0.088 -0.140 0.087 0.150 -0.046 0.173
Salty Taste -0.111 0.228 0.168 -0.025 0.144 0.138 0.053
Umami Taste 0.147 0.005 -0.227 -0.122 -0.063 -0.159 -0.040
Astringent Mouthfeel 0.251 -0.064 -0.095 0.101 -0.125 -0.408 -0.340
Firmness -0.085 0.007 0.335 0.072 -0.024 0.092 -0.021
Acetone 0.301 0.353 0.207 -0.055 0.069 0.012 -0.050
2,3-butanedione 0.377 -0.077 0.448 -0.151 0.002 -0.038 -0.098
Acetic Acid -0.038 0.220 0.213 0.122 0.260 0.249 0.263
Acetoin -0.049 -0.034 0.078 -0.140 0.221 0.224 0.197
Butanoic acid 0.242 -0.099 -0.021 -0.239 -0.075 -0.286 -0.113
2-heptanone 0.045 0.061 -0.242 0.163 0.152 0.031 0.289
Dimethyl sulfone -0.073 -0.159 0.169 -0.042 -0.063 -0.038 -0.152
Hexanoic acid, methyl ester 0.045 0.026 0.212 0.159 0.177 -0.004 0.241
Hexanoic acid 0.209 -0.140 -0.109 -0.054 0.159 -0.054 0.154
Heptanoic acid 0.171 0.047 0.267 0.100 0.197 0.030 0.069
2-nonanone -0.115 -0.066 -0.232 -0.059 0.039 0.077 0.035
Octanoic acid, methyl ester 0.131 -0.082 -0.083 0.053 -0.182 -0.116 -0.005
Octanoic acid -0.196 -0.151 -0.092 0.020 0.109 -0.097 0.042
2-decanone 0.127 -0.065 0.099 0.370 0.414 0.286 0.353
Nonanoic acid -0.144 -0.037 -0.141 0.110 0.241 0.138 0.108
Delta-octalactone -0.041 -0.005 -0.038 -0.217 -0.195 -0.005 0.130
2-undecanone -0.210 -0.179 -0.160 0.178 0.217 0.131 0.189
Delta-decalactone -0.174 -0.056 -0.041 0.017 0.046 0.132 0.158
Dimethyl sulfide 0.109 0.066 0.218 -0.092 -0.109 -0.178 -0.129
2,3-butanediol -0.322 0.356 0.211 -0.027 -0.206 -0.159 -0.083
Hexanal -0.242 0.132 -0.178 -0.074 0.075 -0.123 -0.118
3-methyl-butanoic acid 0.136 -0.078 -0.069 -0.260 -0.131 -0.176 -0.208
2-methyl-butanoic acid 0.302 -0.098 -0.081 0.115 0.012 -0.145 0.046
2-furanmethanol -0.173 0.009 -0.032 0.302 0.624 0.901 0.795
1-hexanol 0.137 0.152 -0.080 -0.106 -0.017 -0.101 0.193
Pentanoic acid 1 -0.092 0.168 -0.049 0.102 -0.042 -0.037
Nonanal -0.092 1 0.135 -0.040 -0.004 0.170 0.061
Decanal 0.168 0.135 1 0.367 0.032 0.100 0.002
9-decenoic acid -0.049 -0.040 0.367 1 0.285 0.322 0.134
2-tridecanone 0.102 -0.004 0.032 0.285 1 0.614 0.579
Dodecanoic acid -0.042 0.170 0.100 0.322 0.614 1 0.708
.Delta.-dodecalactone -0.037 0.061 0.002 0.134 0.579 0.708 1

Values in bold are different from 0 with a significance level a = 0.05
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Table 5. Pearson Correlation Table for DA Data and Volatile Compound Relative Abundance for Cream Cheese Samples.

. Aroma . Cooked Sweet Sour . Cardboard/Stale/ Burnt Refrigerator/ Sweet Sour Salty Umami
Variables Intensity Acetaldehyde  Diacetyl Milky Aromatic Aromatic Milkfat Oxidized Brothy Stale Grassy Taste Taste Taste Taste
Aroma Intensity 1 0.578 0.440 -0.549 0.275 0.617 -0.585 -0.161 0.070 -0.039 0.628 0.524 0.454 -0.381 0.356
Acetaldehyde 0.578 1 0.540 -0.459 -0.004 0.493 -0.536 0.170 -0.140 0.340 0.159 0.666 0.127 -0.505 -0.072
Diacetyl 0.440 0.540 1 -0.336 0.226 0.330 -0.379 -0.055 -0.232 -0.041 0.070 0.252 0.358 -0.349 0.049
Cooked Milky -0.549 -0.459 -0.336 1 0.175 -0.151 0.569 -0.047 -0.068 -0.416 -0.417 -0.446 -0.217 0.417 0.098
Sweet Aromatic 0.275 -0.004 0.226 0.175 1 -0.037 0.304 -0.391 -0.122 -0.623 0.014 0.233 -0.003 0.178 0.168
Sour Aromatic 0.617 0.493 0.330 -0.151 -0.037 1 -0.562 -0.158 0.136 0.092 0.239 0.125 0.726 -0.211 0.563
Milkfat -0.585 -0.536 -0.379 0.569 0.304 -0.562 1 -0.057 0.032 -0.446 -0.433 -0.332 -0.502 0.736 -0.384
Cardboard/Stale/Oxidized -0.161 0.170 -0.055 -0.047 -0.391 -0.158 -0.057 1 0.492 0.321 -0.497 -0.021 -0.278 -0.057 -0.159
Burnt Brothy 0.070 -0.140 -0.232 -0.068 -0.122 0.136 0.032 0.492 1 -0.075 -0.175 -0.160 0.016 0.244 0.096
Refrigerator/Stale -0.039 0.340 -0.041 -0.416 -0.623 0.092 -0.446 0.321 -0.075 1 -0.107 0.178 0.030 -0.193 -0.131
Grassy 0.628 0.159 0.070 -0.417 0.014 0.239 -0.433 -0.497 -0.175 -0.107 1 0.209 0.179 -0.399 0.130
Sweet Taste 0.524 0.666 0.252 -0.446 0.233 0.125 -0.332 -0.021 -0.160 0.178 0.209 1 -0.056 -0.377 -0.062
Sour Taste 0.454 0.127 0.358 -0.217 -0.003 0.726 -0.502 -0.278 0.016 0.030 0.179 -0.056 1 -0.067 0.532
Salty Taste -0.381 -0.505 -0.349 0.417 0.178 -0.211 0.736 -0.057 0.244 -0.193 -0.399 -0.377 -0.067 1 -0.141
Umami Taste 0.356 -0.072 0.049 0.098 0.168 0.563 -0.384 -0.159 0.096 -0.131 0.130 -0.062 0.532 -0.141 1
Astringent Mouthfeel 0.364 0.232 0.212 -0.383 0.084 0.289 -0.670 -0.118 -0.316 0.116 0.246 0.338 0.362 -0.660 0.448
Firmness -0.699 -0.589 -0.422 0.487 0.003 -0.729 0.713 -0.063 -0.092 -0.077 -0.293 -0.326 -0.653 0.553 -0.485
Acetone -0.022 -0.120 0.222 0.058 0.143 0.058 -0.128 0.198 0.066 -0.006 -0.197 -0.326 0.298 -0.021 0.242
2,3-butanedione 0.037 0.069 0.256 0.255 0.417 -0.030 0.054 0.217 -0.058 -0.107 -0.267 0.044 -0.132 0.127 0.010
Acetic Acid 0.499 0.378 0.388 -0.084 0.127 0.447 -0.131 0.101 0.268 -0.141 0.182 0.014 0.322 0.230 -0.012
Acetoin 0.201 -0.029 0.207 0.181 0.244 0.129 0.137 0.075 0.340 -0.425 0.188 -0.317 0.041 0.318 -0.034
Butanoic acid -0.082 -0.269 -0.226 0.195 0.010 0.132 0.071 -0.071 0.181 0.050 0.042 -0.339 0.097 0.245 0.377
2-heptanone -0.267 0.052 -0.272 0.133 -0.275 -0.140 0.045 -0.003 -0.051 0.198 -0.089 0.242 -0.165 0.134 -0.169
Dimethyl sulfone -0.386 -0.304 0.303 0.304 -0.123 -0.239 0.104 0.066 -0.197 -0.224 -0.333 -0.323 0.034 -0.054 -0.142
Hexanoic acid, methyl ester 0.229 0.480 0.365 -0.202 -0.206 0.275 -0.430 0.177 -0.111 0.394 -0.095 0.300 0.294 -0.166 -0.147
Hexanoic acid 0.506 0.733 0.203 -0.366 -0.126 0.608 -0.420 0.191 0.296 0.425 0.172 0.390 0.207 -0.219 0.048
Heptanoic acid 0.560 0.404 0.082 -0.276 0.001 0.483 -0.313 0.423 0.493 0.222 0.109 0.182 0.226 -0.122 0.196
2-nonanone -0.108 -0.216 -0.443 0.024 -0.419 0.138 0.076 0.046 0.487 0.310 0.034 -0.241 -0.027 0.331 0.141
Octanoic acid, methyl ester -0.046 0.073 -0.105 -0.079 0.058 0.089 0.089 -0.223 -0.123 0.236 -0.137 0.241 -0.051 0.148 0.146
Octanoic acid 0.284 0.284 -0.086 -0.361 -0.497 0.474 -0.364 0.185 0.457 0.554 0.205 0.073 0.246 -0.023 0.048
2-decanone -0.232 -0.305 -0.203 0.303 0.338 -0.292 0.574 -0.230 0.016 -0.248 -0.267 0.021 -0.245 0.357 -0.026
Nonanoic acid 0.192 -0.043 -0.249 -0.005 -0.046 0.461 0.033 0.087 0.658 0.017 -0.003 -0.165 0.269 0.311 0.302
Delta-octalactone 0.055 0.268 0.133 -0.121 -0.39%4 0.355 -0.432 0.008 -0.007 0.424 0.218 -0.221 0.110 -0.251 0.081
2-undecanone -0.151 -0.171 -0.297 -0.134 -0.287 0.022 0.006 0.016 0.474 0.260 0.020 -0.182 -0.107 0.142 0.154
Delta-decalactone 0.196 -0.060 -0.268 -0.223 -0.349 0.392 -0.252 0.134 0.609 0.293 0.235 -0.220 0.274 0.043 0.232
Dimethyl sulfide -0.021 0.070 -0.080 -0.011 -0.045 0.036 -0.043 0.399 0.250 0.094 -0.163 -0.021 -0.291 -0.286 0.014
2,3-butanediol -0.100 -0.193 -0.300 0.244 -0.006 -0.002 0.229 -0.269 -0.224 -0.054 0.126 -0.111 0.030 0.299 -0.083
Hexanal -0.080 0.164 0.081 -0.003 -0.160 0.075 0.098 0.192 0.205 -0.023 -0.306 0.075 -0.142 0.263 -0.144
3-methyl-butanoic acid -0.073 -0.096 -0.106 -0.038 0.117 0.101 0.157 0.067 0.409 -0.126 0.019 -0.260 -0.055 0.109 0.015
2-methyl-butanoic acid 0.580 0.959 0.508 -0.463 0.022 0.541 -0.558 0.112 -0.094 0.355 0.110 0.755 0.230 -0.449 0.009
2-furanmethanol -0.073 -0.063 -0.003 0.171 0.023 -0.074 0.094 0.240 0.426 -0.152 -0.169 -0.202 0.046 0.146 -0.128
1-hexanol 0.452 0.809 0.302 -0.246 0.000 0.515 -0.325 0.027 -0.182 0.345 0.063 0.502 0.152 -0.146 -0.008
Pentanoic acid 0.177 0.291 0.317 -0.026 0.617 -0.021 -0.076 -0.024 -0.179 0.000 -0.169 0.383 -0.004 -0.111 0.161
Nonanal -0.203 -0.040 -0.273 0.020 -0.256 -0.059 0.045 0.288 -0.072 0.258 -0.248 -0.242 0.042 0.230 -0.114
Decanal 0.066 -0.123 0.245 -0.099 0.250 -0.269 0.171 0.186 -0.034 0.119 -0.189 0.069 -0.078 0.267 -0.189
9-decenoic acid 0.197 -0.011 0.160 -0.419 0.082 -0.196 -0.037 0.123 0.217 -0.025 -0.004 0.408 0.118 0.029 -0.076
2-tridecanone -0.001 0.002 -0.074 0.243 0.300 -0.053 0.136 0.138 0.389 -0.170 -0.249 0.006 -0.012 0.124 -0.205
Dodecanoic acid -0.067 -0.122 -0.080 0.132 0.133 -0.214 0.155 0.245 0.426 -0.176 -0.201 -0.136 -0.036 0.198 -0.191
.Delta.-dodecalactone 0.090 0.070 -0.011 0.205 0.132 0.134 0.007 0.002 0.189 -0.078 -0.043 -0.087 0.206 0.158 0.038

Values in bold are different from 0 with a significance level o = 0.05
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Table 5 (Continued).

Hexanoic Octanoic
Variables Astringent Firmness Acetone 2,3- Acetic Acetoin Butanoic 2- Dimethyl acid, Hexanoic Heptanoic 2- acid,
Mouthfeel butanedione Acid acid heptanone sulfone methyl acid acid nonanone methyl
ester ester

Aroma Intensity 0.364 -0.699 -0.022 0.037 0.499 0.201 -0.082 -0.267 -0.386 0.229 0.506 0.560 -0.108 -0.046
Acetaldehyde 0.232 -0.589 -0.120 0.069 0.378 -0.029 -0.269 0.052 -0.304 0.480 0.733 0.404 -0.216 0.073
Diacetyl 0.212 -0.422 0.222 0.256 0.388 0.207 -0.226 -0.272 0.303 0.365 0.203 0.082 -0.443 -0.105
Cooked Milky -0.383 0.487 0.058 0.255 -0.084 0.181 0.195 0.133 0.304 -0.202 -0.366 -0.276 0.024 -0.079
Sweet Aromatic 0.084 0.003 0.143 0.417 0.127 0.244 0.010 -0.275 -0.123 -0.206 -0.126 0.001 -0.419 0.058
Sour Aromatic 0.289 -0.729 0.058 -0.030 0.447 0.129 0.132 -0.140 -0.239 0.275 0.608 0.483 0.138 0.089
Milkfat -0.670 0.713 -0.128 0.054 -0.131 0.137 0.071 0.045 0.104 -0.430 -0.420 -0.313 0.076 0.089
Cardboard/Stale/Oxidized -0.118 -0.063 0.198 0.217 0.101 0.075 -0.071 -0.003 0.066 0.177 0.191 0.423 0.046 -0.223
Burnt Brothy -0.316 -0.092 0.066 -0.058 0.268 0.340 0.181 -0.051 -0.197 -0.111 0.296 0.493 0.487 -0.123
Refrigerator/Stale 0.116 -0.077 -0.006 -0.107 -0.141 -0.425 0.050 0.198 -0.224 0.394 0.425 0.222 0.310 0.236
Grassy 0.246 -0.293 -0.197 -0.267 0.182 0.188 0.042 -0.089 -0.333 -0.095 0.172 0.109 0.034 -0.137
Sweet Taste 0.338 -0.326 -0.326 0.044 0.014 -0.317 -0.339 0.242 -0.323 0.300 0.390 0.182 -0.241 0.241
Sour Taste 0.362 -0.653 0.298 -0.132 0.322 0.041 0.097 -0.165 0.034 0.294 0.207 0.226 -0.027 -0.051
Salty Taste -0.660 0.553 -0.021 0.127 0.230 0.318 0.245 0.134 -0.054 -0.166 -0.219 -0.122 0.331 0.148
Umami Taste 0.448 -0.485 0.242 0.010 -0.012 -0.034 0.377 -0.169 -0.142 -0.147 0.048 0.196 0.141 0.146
Astringent Mouthfeel 1 -0.566 0.143 0.144 -0.311 -0.405 -0.098 -0.219 0.070 0.192 -0.021 0.047 -0.441 -0.011
Firmness -0.566 1 -0.160 0.104 -0.237 -0.002 0.068 0.213 0.176 -0.234 -0.503 -0.448 0.142 0.057
Acetone 0.143 -0.160 1 0.280 0.080 0.157 0.315 -0.450 0.101 -0.005 -0.087 0.201 -0.325 -0.405
2,3-butanedione 0.144 0.104 0.280 1 0.220 0.442 0.100 -0.283 0.262 0.102 -0.025 0.164 -0.292 -0.102
Acetic Acid -0.311 -0.237 0.080 0.220 1 0.716 -0.025 -0.175 -0.167 0.258 0.408 0.487 0.004 -0.297
Acetoin -0.405 -0.002 0.157 0.442 0.716 1 0.204 -0.211 0.014 -0.165 0.127 0.250 0.102 -0.307
Butanoic acid -0.098 0.068 0.315 0.100 -0.025 0.204 1 -0.084 -0.099 -0.314 0.248 0.309 0.538 -0.003
2-heptanone -0.219 0.213 -0.450 -0.283 -0.175 -0.211 -0.084 1 -0.129 0.126 -0.026 -0.350 0.257 0.486
Dimethyl sulfone 0.070 0.176 0.101 0.262 -0.167 0.014 -0.099 -0.129 1 0.220 -0.477 -0.410 -0.267 -0.361
Hexanoic acid, methyl ester 0.192 -0.234 -0.005 0.102 0.258 -0.165 -0.314 0.126 0.220 1 0.287 0.065 -0.268 -0.301
Hexanoic acid -0.021 -0.503 -0.087 -0.025 0.408 0.127 0.248 -0.026 -0.477 0.287 1 0.715 0.358 0.047
Heptanoic acid 0.047 -0.448 0.201 0.164 0.487 0.250 0.309 -0.350 -0.410 0.065 0.715 1 0.226 -0.151
2-nonanone -0.441 0.142 -0.325 -0.292 0.004 0.102 0.538 0.257 -0.267 -0.268 0.358 0.226 1 0.345
Octanoic acid, methyl ester -0.011 0.057 -0.405 -0.102 -0.297 -0.307 -0.003 0.486 -0.361 -0.301 0.047 -0.151 0.345 1
Octanoic acid -0.124 -0.285 -0.168 -0.193 0.268 0.083 0.364 -0.038 -0.312 0.193 0.783 0.601 0.704 -0.006
2-decanone -0.403 0.421 -0.230 -0.294 -0.310 -0.287 -0.213 0.262 -0.191 -0.295 -0.325 -0.308 0.071 0.495
Nonanoic acid -0.281 -0.223 -0.115 -0.096 0.334 0.338 0.381 -0.090 -0.432 -0.385 0.487 0.584 0.704 0.274
Delta-octalactone -0.025 -0.201 0.031 0.070 0.223 0.306 0.309 -0.013 -0.125 -0.130 0.439 0.211 0.426 0.142
2-undecanone -0.312 0.145 -0.267 -0.379 -0.080 0.001 0.289 0.129 -0.394 -0.433 0.255 0.105 0.783 0.401
Delta-decalactone -0.121 -0.280 0.041 -0.167 0.171 0.265 0.453 -0.182 -0.371 -0.255 0.532 0.565 0.732 0.024
Dimethyl sulfide 0.163 -0.045 0.266 0.117 -0.272 -0.171 0.032 -0.138 -0.166 -0.150 0.084 0.347 -0.129 0.077
2,3-butanediol -0.164 0.322 0.103 -0.204 0.204 -0.101 0.053 -0.040 -0.241 -0.046 -0.159 0.029 -0.139 -0.204
Hexanal -0.242 0.068 -0.111 0.065 0.244 0.080 -0.217 0.170 0.144 0.310 0.003 -0.217 0.031 -0.008
3-methyl-butanoic acid -0.100 -0.075 0.386 0.065 -0.017 0.301 0.562 -0.332 -0.248 -0.406 0.321 0.339 0.200 -0.146
2-methyl-butanoic acid 0.294 -0.587 -0.127 0.066 0.333 -0.129 -0.240 0.097 -0.302 0.521 0.739 0.393 -0.175 0.130
2-furanmethanol -0.432 -0.017 0.011 -0.087 0.279 0.375 -0.385 0.082 -0.033 0.030 -0.020 -0.028 0.066 -0.144
1-hexanol 0.030 -0.357 -0.260 -0.013 0.431 -0.051 -0.220 0.331 -0.468 0.383 0.577 0.312 -0.041 0.411
Pentanoic acid 0.279 -0.116 0.379 0.485 -0.102 -0.038 0.285 -0.002 -0.100 0.102 0.193 0.146 -0.299 0.159
Nonanal -0.064 0.044 0.375 -0.081 0.168 -0.089 -0.122 0.025 -0.219 0.080 -0.179 0.043 -0.203 -0.111
Decanal -0.057 0.282 0.209 0.408 0.191 0.068 -0.106 -0.277 0.087 0.138 -0.190 0.232 -0.267 -0.076
9-decenoic acid 0.056 -0.059 -0.116 -0.228 0.030 -0.204 -0.531 0.026 -0.090 0.124 -0.159 -0.022 -0.202 0.013
2-tridecanone -0.297 0.069 -0.009 0.105 0.227 0.205 -0.332 0.014 -0.054 0.143 0.076 0.155 -0.052 -0.133
Dodecanoic acid -0.411 0.083 0.037 -0.053 0.288 0.309 -0.418 0.026 -0.064 0.013 -0.113 0.003 -0.015 -0.186
.Delta.-dodecalactone -0.339 -0.106 -0.079 -0.173 0.313 0.254 -0.292 0.319 -0.248 0.138 0.066 0.004 0.059 0.097

Values in bold are different from 0 with a significance level o = 0.05
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Table 5 (Continued).

3-methyl- 2-methyl-

Variables Octanoic 2- Nonanoic Delta- 2- Delta- Dimethyl 2,3- Hexanal butanoic butanoic 2- 1-
acid decanone acid octalactone undecanone  decalactone sulfide butanediol acid acid furanmethanol hexanol
Aroma Intensity 0.284 -0.232 0.192 0.055 -0.151 0.196 -0.021 -0.100 -0.080 -0.073 0.580 -0.073 0.452
Acetaldehyde 0.284 -0.305 -0.043 0.268 -0.171 -0.060 0.070 -0.193 0.164 -0.096 0.959 -0.063 0.809
Diacetyl -0.086 -0.203 -0.249 0.133 -0.297 -0.268 -0.080 -0.300 0.081 -0.106 0.508 -0.003 0.302
Cooked Milky -0.361 0.303 -0.005 -0.121 -0.134 -0.223 -0.011 0.244 -0.003 -0.038 -0.463 0.171 -0.246
Sweet Aromatic -0.497 0.338 -0.046 -0.394 -0.287 -0.349 -0.045 -0.006 -0.160 0.117 0.022 0.023 0.000
Sour Aromatic 0.474 -0.292 0.461 0.355 0.022 0.392 0.036 -0.002 0.075 0.101 0.541 -0.074 0.515
Milkfat -0.364 0.574 0.033 -0.432 0.006 -0.252 -0.043 0.229 0.098 0.157 -0.558 0.094 -0.325
Cardboard/Stale/Oxidized 0.185 -0.230 0.087 0.008 0.016 0.134 0.399 -0.269 0.192 0.067 0.112 0.240 0.027
Burnt Brothy 0.457 0.016 0.658 -0.007 0.474 0.609 0.250 -0.224 0.205 0.409 -0.094 0.426 -0.182
Refrigerator/Stale 0.554 -0.248 0.017 0.424 0.260 0.293 0.094 -0.054 -0.023 -0.126 0.355 -0.152 0.345
Grassy 0.205 -0.267 -0.003 0.218 0.020 0.235 -0.163 0.126 -0.306 0.019 0.110 -0.169 0.063
Sweet Taste 0.073 0.021 -0.165 -0.221 -0.182 -0.220 -0.021 -0.111 0.075 -0.260 0.755 -0.202 0.502
Sour Taste 0.246 -0.245 0.269 0.110 -0.107 0.274 -0.291 0.030 -0.142 -0.055 0.230 0.046 0.152
Salty Taste -0.023 0.357 0.311 -0.251 0.142 0.043 -0.286 0.299 0.263 0.109 -0.449 0.146 -0.146
Umami Taste 0.048 -0.026 0.302 0.081 0.154 0.232 0.014 -0.083 -0.144 0.015 0.009 -0.128 -0.008
Astringent Mouthfeel -0.124 -0.403 -0.281 -0.025 -0.312 -0.121 0.163 -0.164 -0.242 -0.100 0.294 -0.432 0.030
Firmness -0.285 0.421 -0.223 -0.201 0.145 -0.280 -0.045 0.322 0.068 -0.075 -0.587 -0.017 -0.357
Acetone -0.168 -0.230 -0.115 0.031 -0.267 0.041 0.266 0.103 -0.111 0.386 -0.127 0.011 -0.260
2,3-butanedione -0.193 -0.294 -0.096 0.070 -0.379 -0.167 0.117 -0.204 0.065 0.065 0.066 -0.087 -0.013
Acetic Acid 0.268 -0.310 0.334 0.223 -0.080 0.171 -0.272 0.204 0.244 -0.017 0.333 0.279 0.431
Acetoin 0.083 -0.287 0.338 0.306 0.001 0.265 -0.171 -0.101 0.080 0.301 -0.129 0.375 -0.051
Butanoic acid 0.364 -0.213 0.381 0.309 0.289 0.453 0.032 0.053 -0.217 0.562 -0.240 -0.385 -0.220
2-heptanone -0.038 0.262 -0.090 -0.013 0.129 -0.182 -0.138 -0.040 0.170 -0.332 0.097 0.082 0.331
Dimethyl sulfone -0.312 -0.191 -0.432 -0.125 -0.394 -0.371 -0.166 -0.241 0.144 -0.248 -0.302 -0.033 -0.468
Hexanoic acid, methyl ester 0.193 -0.295 -0.385 -0.130 -0.433 -0.255 -0.150 -0.046 0.310 -0.406 0.521 0.030 0.383
Hexanoic acid 0.783 -0.325 0.487 0.439 0.255 0.532 0.084 -0.159 0.003 0.321 0.739 -0.020 0.577
Heptanoic acid 0.601 -0.308 0.584 0.211 0.105 0.565 0.347 0.029 -0.217 0.339 0.393 -0.028 0.312
2-nonanone 0.704 0.071 0.704 0.426 0.783 0.732 -0.129 -0.139 0.031 0.200 -0.175 0.066 -0.041
Octanoic acid, methyl ester -0.006 0.495 0.274 0.142 0.401 0.024 0.077 -0.204 -0.008 -0.146 0.130 -0.144 0.411
Octanoic acid 1 -0.373 0.621 0.484 0.507 0.819 -0.050 -0.087 0.002 0.293 0.332 -0.022 0.185
2-decanone -0.373 1 0.030 -0.493 0.216 -0.275 0.100 0.068 -0.081 -0.190 -0.263 0.257 -0.017
Nonanoic acid 0.621 0.030 1 0.364 0.636 0.821 0.018 -0.055 -0.103 0.396 0.004 0.243 0.094
Delta-octalactone 0.484 -0.493 0.364 1 0.435 0.539 -0.043 -0.172 -0.091 0.195 0.179 0.035 0.245
2-undecanone 0.507 0.216 0.636 0.435 1 0.639 -0.061 -0.154 -0.065 0.240 -0.125 0.219 -0.075
Delta-decalactone 0.819 -0.275 0.821 0.539 0.639 1 0.052 -0.130 -0.216 0.494 -0.035 0.182 -0.120
Dimethyl sulfide -0.050 0.100 0.018 -0.043 -0.061 0.052 1 -0.035 -0.102 0.411 -0.001 -0.194 0.037
2,3-butanediol -0.087 0.068 -0.055 -0.172 -0.154 -0.130 -0.035 1 -0.050 -0.017 -0.167 -0.265 0.065
Hexanal 0.002 -0.081 -0.103 -0.091 -0.065 -0.216 -0.102 -0.050 1 -0.124 0.193 -0.029 0.201
3-methyl-butanoic acid 0.293 -0.190 0.396 0.195 0.240 0.494 0.411 -0.017 -0.124 1 -0.119 -0.138 -0.276
2-methyl-butanoic acid 0.332 -0.263 0.004 0.179 -0.125 -0.035 -0.001 -0.167 0.193 -0.119 1 -0.109 0.776
2-furanmethanol -0.022 0.257 0.243 0.035 0.219 0.182 -0.194 -0.265 -0.029 -0.138 -0.109 1 -0.075
1-hexanol 0.185 -0.017 0.094 0.245 -0.075 -0.120 0.037 0.065 0.201 -0.276 0.776 -0.075 1
Pentanoic acid -0.238 0.062 -0.211 -0.122 -0.258 -0.284 0.154 -0.280 -0.198 0.165 0.337 -0.201 0.190
Nonanal -0.161 -0.142 -0.091 -0.003 -0.218 -0.108 0.116 0.542 0.216 -0.077 -0.103 -0.003 0.201
Decanal -0.142 0.126 -0.141 -0.296 -0.242 -0.198 0.160 0.231 -0.180 -0.124 -0.127 -0.072 -0.053
9-decenoic acid -0.074 0.323 -0.056 -0.542 0.074 -0.102 -0.160 -0.027 -0.010 -0.289 0.105 0.300 -0.099
2-tridecanone -0.052 0.322 0.221 -0.133 0.042 0.065 -0.018 -0.113 -0.130 -0.128 0.012 0.785 0.020
Dodecanoic acid -0.118 0.293 0.190 -0.100 0.168 0.088 -0.201 -0.132 -0.018 -0.207 -0.152 0.943 -0.103
.Delta.-dodecalactone -0.065 0.366 0.219 0.035 0.105 0.061 -0.196 -0.089 -0.160 -0.283 0.017 0.827 0.277

Values in bold are different from 0 with a significance level a = 0.05
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Table 5 (Continued).

Variables Pentanoic acid Nonanal Decanal 9-decenoic acid 2-tridecanone  Dodecanoic acid  .Delta.-dodecalactone

Aroma Intensity 0.177 -0.203 0.066 0.197 -0.001 -0.067 0.090
Acetaldehyde 0.291 -0.040 -0.123 -0.011 0.002 -0.122 0.070
Diacetyl 0.317 -0.273 0.245 0.160 -0.074 -0.080 -0.011
Cooked Milky -0.026 0.020 -0.099 -0.419 0.243 0.132 0.205
Sweet Aromatic 0.617 -0.256 0.250 0.082 0.300 0.133 0.132
Sour Aromatic -0.021 -0.059 -0.269 -0.196 -0.053 -0.214 0.134
Milkfat -0.076 0.045 0.171 -0.037 0.136 0.155 0.007
Cardboard/Stale/Oxidized -0.024 0.288 0.186 0.123 0.138 0.245 0.002
Burnt Brothy -0.179 -0.072 -0.034 0.217 0.389 0.426 0.189
Refrigerator/Stale 0.000 0.258 0.119 -0.025 -0.170 -0.176 -0.078
Grassy -0.169 -0.248 -0.189 -0.004 -0.249 -0.201 -0.043
Sweet Taste 0.383 -0.242 0.069 0.408 0.006 -0.136 -0.087
Sour Taste -0.004 0.042 -0.078 0.118 -0.012 -0.036 0.206
Salty Taste -0.111 0.230 0.267 0.029 0.124 0.198 0.158
Umami Taste 0.161 -0.114 -0.189 -0.076 -0.205 -0.191 0.038
Astringent Mouthfeel 0.279 -0.064 -0.057 0.056 -0.297 -0.411 -0.339
Firmness -0.116 0.044 0.282 -0.059 0.069 0.083 -0.106
Acetone 0.379 0.375 0.209 -0.116 -0.009 0.037 -0.079
2,3-butanedione 0.485 -0.081 0.408 -0.228 0.105 -0.053 -0.173
Acetic Acid -0.102 0.168 0.191 0.030 0.227 0.288 0.313
Acetoin -0.038 -0.089 0.068 -0.204 0.205 0.309 0.254
Butanoic acid 0.285 -0.122 -0.106 -0.531 -0.332 -0.418 -0.292
2-heptanone -0.002 0.025 -0.277 0.026 0.014 0.026 0.319
Dimethyl sulfone -0.100 -0.219 0.087 -0.090 -0.054 -0.064 -0.248
Hexanoic acid, methyl ester 0.102 0.080 0.138 0.124 0.143 0.013 0.138
Hexanoic acid 0.193 -0.179 -0.190 -0.159 0.076 -0.113 0.066
Heptanoic acid 0.146 0.043 0.232 -0.022 0.155 0.003 0.004
2-nonanone -0.299 -0.203 -0.267 -0.202 -0.052 -0.015 0.059
Octanoic acid, methyl ester 0.159 -0.111 -0.076 0.013 -0.133 -0.186 0.097
Octanoic acid -0.238 -0.161 -0.142 -0.074 -0.052 -0.118 -0.065
2-decanone 0.062 -0.142 0.126 0.323 0.322 0.293 0.366
Nonanoic acid -0.211 -0.091 -0.141 -0.056 0.221 0.190 0.219
Delta-octalactone -0.122 -0.003 -0.296 -0.542 -0.133 -0.100 0.035
2-undecanone -0.258 -0.218 -0.242 0.074 0.042 0.168 0.105
Delta-decalactone -0.284 -0.108 -0.198 -0.102 0.065 0.088 0.061
Dimethyl sulfide 0.154 0.116 0.160 -0.160 -0.018 -0.201 -0.196
2,3-butanediol -0.280 0.542 0.231 -0.027 -0.113 -0.132 -0.089
Hexanal -0.198 0.216 -0.180 -0.010 -0.130 -0.018 -0.160
3-methyl-butanoic acid 0.165 -0.077 -0.124 -0.289 -0.128 -0.207 -0.283
2-methyl-butanoic acid 0.337 -0.103 -0.127 0.105 0.012 -0.152 0.017
2-furanmethanol -0.201 -0.003 -0.072 0.300 0.785 0.943 0.827
1-hexanol 0.190 0.201 -0.053 -0.099 0.020 -0.103 0.277
Pentanoic acid 1 -0.213 0.180 -0.102 0.086 -0.149 -0.036
Nonanal -0.213 1 0.153 -0.074 -0.070 0.112 0.089
Decanal 0.180 0.153 1 0.384 0.098 0.084 -0.056
9-decenoic acid -0.102 -0.074 0.384 1 0.202 0.387 0.145
2-tridecanone 0.086 -0.070 0.098 0.202 1 0.850 0.720
Dodecanoic acid -0.149 0.112 0.084 0.387 0.850 1 0.771
.Delta.-dodecalactone -0.036 0.089 -0.056 0.145 0.720 0.771 1

Values in bold are different from 0 with a significance level a = 0.05
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Table 6. Pearson Correlation Table for DA Data and Volatile Compound Relative Abundance for Neufchatel Cheese Samples.

. Aroma . Cooked Sweet Sour . Cardboard/Stale/ Burnt Refrigerator/ Sweet Sour Salty Umami
Variables Intensity Acetaldehyde  Diacetyl Milky Aromatic Aromatic Milkfat Oxidized Brothy Stale Grassy Taste Taste Taste Taste
Aroma Intensity 1 0.255 0.247 0.355 0.335 -0.471 0.422 -0.430 -0.258 0.261 0.282 0.506 -0.143 -0.216 -0.346
Acetaldehyde 0.255 1 -0.186 0.075 0.259 -0.046 -0.144 -0.624 -0.295 0.327 -0.125 0.594 -0.101 -0.266 -0.276
Diacetyl 0.247 -0.186 1 0.022 0.427 -0.316 0.468 -0.401 -0.438 -0.347 0.511 0.208 -0.489 0.441 0.014
Cooked Milky 0.355 0.075 0.022 1 0.727 0.159 0.604 -0.584 -0.576 0.684 -0.173 0.714 -0.508 -0.530 -0.845
Sweet Aromatic 0.335 0.259 0.427 0.727 1 -0.116 0.709 -0.826 -0.851 0.398 0.187 0.675 -0.909 -0.321 -0.782
Sour Aromatic -0.471 -0.046 -0.316 0.159 -0.116 1 -0.567 0.190 0.233 0.175 -0.905 0.161 -0.052 0.239 -0.220
Milkfat 0.422 -0.144 0.468 0.604 0.709 -0.567 1 -0.572 -0.765 0.325 0.584 0.299 -0.511 -0.481 -0.507
Cardboard/Stale/Oxidized -0.430 -0.624 -0.401 -0.584 -0.826 0.190 -0.572 1 0.877 -0.504 -0.180 -0.823 0.617 0.320 0.682
Burnt Brothy -0.258 -0.295 -0.438 -0.576 -0.851 0.233 -0.765 0.877 1 -0.551 -0.295 -0.550 0.702 0.374 0.733
Refrigerator/Stale 0.261 0.327 -0.347 0.684 0.398 0.175 0.325 -0.504 -0.551 1 -0.234 0.474 -0.146 -0.550 -0.787
Grassy 0.282 -0.125 0.511 -0.173 0.187 -0.905 0.584 -0.180 -0.295 -0.234 1 -0.259 -0.072 0.048 0.275
Sweet Taste 0.506 0.594 0.208 0.714 0.675 0.161 0.299 -0.823 -0.550 0.474 -0.259 1 -0.490 -0.298 -0.707
Sour Taste -0.143 -0.101 -0.489 -0.508 -0.909 -0.052 -0.511 0.617 0.702 -0.146 -0.072 -0.490 1 0.087 0.663
Salty Taste -0.216 -0.266 0.441 -0.530 -0.321 0.239 -0.481 0.320 0.374 -0.550 0.048 -0.298 0.087 1 0.543
Umami Taste -0.346 -0.276 0.014 -0.845 -0.782 -0.220 -0.507 0.682 0.733 -0.787 0.275 -0.707 0.663 0.543 1
Astringent Mouthfeel 0.546 -0.062 -0.308 0.162 0.071 -0.043 0.054 0.133 0.058 0.301 -0.144 0.000 -0.120 -0.268 -0.380
Firmness 0.514 0.550 -0.244 0.371 0.317 -0.054 0.110 -0.377 -0.151 0.227 -0.311 0.616 -0.222 -0.647 -0.482
Acetone -0.343 -0.308 -0.078 -0.427 -0.664 0.482 -0.738 0.628 0.776 -0.452 -0.323 -0.330 0.521 0.757 0.634
2,3-butanedione -0.516 -0.569 0.224 -0.162 -0.141 0.519 -0.357 0.468 0.412 -0.523 -0.215 -0.300 -0.138 0.705 0.330
Acetic Acid -0.185 -0.384 -0.216 -0.462 -0.604 0.181 -0.584 0.716 0.745 -0.345 -0.010 -0.584 0.475 0.660 0.606
Acetoin -0.540 -0.495 -0.212 -0.511 -0.520 0.323 -0.554 0.735 0.583 -0.324 -0.069 -0.743 0.284 0.641 0.519
Butanoic acid 0.420 -0.027 -0.372 0.720 0.111 0.278 0.121 -0.070 0.061 0.577 -0.390 0.452 0.117 -0.364 -0.460
2-heptanone 0.445 0.287 -0.673 0.121 -0.231 0.061 -0.313 0.177 0.379 0.378 -0.261 0.090 0.366 -0.220 -0.108
Dimethyl sulfone -0.395 -0.472 0.261 -0.762 -0.635 0.122 -0.455 0.573 0.425 -0.530 0.061 -0.661 0.381 0.769 0.663
Hexanoic acid, methyl ester -0.243 -0.565 -0.284 0.300 -0.221 0.646 -0.118 0.371 0.161 0.378 -0.565 -0.128 0.171 0.023 -0.243
Hexanoic acid 0.400 -0.122 -0.261 0.611 0.037 0.141 0.257 -0.111 -0.134 0.749 -0.190 0.281 0.226 -0.309 -0.451
Heptanoic acid 0.468 0.073 -0.489 0.311 0.066 -0.111 0.204 -0.040 -0.164 0.707 -0.070 0.031 0.072 -0.516 -0.496
2-nonanone 0.649 0.502 -0.254 0.035 -0.038 -0.546 0.082 -0.213 0.021 0.293 0.372 0.164 0.325 -0.246 0.025
Octanoic acid, methyl ester 0.227 0.998 -0.207 0.102 0.277 0.006 -0.157 -0.623 -0.296 0.340 -0.176 0.611 -0.129 -0.277 -0.308
Octanoic acid 0.232 -0.082 -0.458 0.578 -0.090 0.398 0.016 0.020 0.051 0.695 -0.498 0.298 0.299 -0.337 -0.426
2-decanone 0.409 0.178 -0.674 0.160 -0.313 -0.138 -0.086 0.153 0.255 0.521 -0.073 -0.012 0.573 -0.405 -0.070
Nonanoic acid 0.321 0.346 -0.453 -0.131 -0.147 0.014 -0.452 0.215 0.494 -0.120 -0.171 0.040 0.116 0.022 0.113
Delta-octalactone 0.604 0.246 0.180 0.078 0.166 -0.409 0.266 -0.244 -0.097 -0.173 0.069 0.372 -0.125 -0.424 -0.142
2-undecanone 0.127 -0.446 -0.509 0.225 -0.446 0.338 -0.207 0.541 0.527 0.230 -0.446 -0.136 0.506 -0.126 -0.005
Delta-decalactone 0.312 -0.435 -0.216 -0.181 -0.472 -0.453 0.177 0.441 0.246 0.081 0.289 -0.488 0.568 -0.241 0.220
Dimethyl sulfide -0.108 -0.054 -0.047 0.167 0.231 0.101 0.051 0.065 0.112 -0.376 -0.255 0.159 -0.369 -0.335 -0.107
2,3-butanediol -0.252 -0.243 0.020 0.192 0.213 0.249 -0.027 0.183 0.226 -0.454 -0.243 0.073 -0.380 -0.056 0.000
Hexanal -0.717 -0.441 -0.242 -0.404 -0.587 0.667 -0.651 0.644 0.504 -0.155 -0.441 -0.548 0.365 0.583 0.381
3-methyl-butanoic acid -0.568 -0.433 -0.150 0.285 -0.101 0.467 -0.083 0.272 0.228 -0.007 -0.254 -0.102 0.133 0.114 0.111
2-methyl-butanoic acid -0.509 -0.535 -0.127 -0.281 -0.550 0.730 -0.630 0.654 0.576 -0.214 -0.535 -0.396 0.314 0.641 0.324
2-furanmethanol 0.071 -0.152 -0.283 -0.547 -0.757 0.143 -0.698 0.652 0.789 -0.264 -0.138 -0.435 0.674 0.571 0.588
1-hexanol 0.172 0.570 0.288 0.174 0.166 0.341 -0.207 -0.532 -0.177 0.107 -0.346 0.729 -0.082 0.238 -0.166
Pentanoic acid 0.603 0.178 0.127 -0.088 -0.051 -0.769 0.307 -0.172 -0.082 0.115 0.728 -0.053 0.315 -0.021 0.207
Nonanal 0.337 0.036 0.095 -0.387 -0.351 -0.603 -0.032 0.142 0.256 -0.173 0.650 -0.311 0.510 0.322 0.553
Decanal -0.446 -0.188 -0.280 0.215 0.201 0.339 0.138 -0.017 -0.380 0.554 -0.188 -0.210 -0.263 -0.205 -0.454
9-decenoic acid 0.561 0.202 -0.473 0.016 -0.199 0.085 -0.333 0.208 0.382 0.200 -0.318 0.101 0.201 -0.100 -0.135
2-tridecanone 0.305 -0.293 -0.435 -0.052 -0.558 0.178 -0.312 0.512 0.509 0.238 -0.293 -0.229 0.596 0.064 0.090
Dodecanoic acid 0.401 0.154 0.266 0.143 0.213 -0.753 0.554 -0.387 -0.347 0.178 0.808 0.069 0.105 -0.128 0.080
.Delta.-dodecalactone -0.222 -0.300 -0.446 0.292 -0.272 0.199 0.135 0.195 0.007 0.476 -0.300 -0.111 0.434 -0.506 -0.169

Values in bold are different from 0 with a significance level o = 0.05
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Table 6 (Continued).

Hexanoic Octanoic
Variables Astringent Firmness Acetone 2,3- Acetic Acetoin Butanoic 2- Dimethyl acid, Hexanoic Heptanoic 2- acid,
Mouthfeel butanedione Acid acid heptanone sulfone methyl acid acid nonanone methyl
ester ester

Aroma Intensity 0.546 0.514 -0.343 -0.516 -0.185 -0.540 0.420 0.445 -0.395 -0.243 0.400 0.468 0.649 0.227
Acetaldehyde -0.062 0.550 -0.308 -0.569 -0.384 -0.495 -0.027 0.287 -0.472 -0.565 -0.122 0.073 0.502 0.998
Diacetyl -0.308 -0.244 -0.078 0.224 -0.216 -0.212 -0.372 -0.673 0.261 -0.284 -0.261 -0.489 -0.254 -0.207
Cooked Milky 0.162 0.371 -0.427 -0.162 -0.462 -0.511 0.720 0.121 -0.762 0.300 0.611 0.311 0.035 0.102
Sweet Aromatic 0.071 0.317 -0.664 -0.141 -0.604 -0.520 0.111 -0.231 -0.635 -0.221 0.037 0.066 -0.038 0.277
Sour Aromatic -0.043 -0.054 0.482 0.519 0.181 0.323 0.278 0.061 0.122 0.646 0.141 -0.111 -0.546 0.006
Milkfat 0.054 0.110 -0.738 -0.357 -0.584 -0.554 0.121 -0.313 -0.455 -0.118 0.257 0.204 0.082 -0.157
Cardboard/Stale/Oxidized 0.133 -0.377 0.628 0.468 0.716 0.735 -0.070 0.177 0.573 0.371 -0.111 -0.040 -0.213 -0.623
Burnt Brothy 0.058 -0.151 0.776 0.412 0.745 0.583 0.061 0.379 0.425 0.161 -0.134 -0.164 0.021 -0.296
Refrigerator/Stale 0.301 0.227 -0.452 -0.523 -0.345 -0.324 0.577 0.378 -0.530 0.378 0.749 0.707 0.293 0.340
Grassy -0.144 -0.311 -0.323 -0.215 -0.010 -0.069 -0.390 -0.261 0.061 -0.565 -0.190 -0.070 0.372 -0.176
Sweet Taste 0.000 0.616 -0.330 -0.300 -0.584 -0.743 0.452 0.090 -0.661 -0.128 0.281 0.031 0.164 0.611
Sour Taste -0.120 -0.222 0.521 -0.138 0.475 0.284 0.117 0.366 0.381 0.171 0.226 0.072 0.325 -0.129
Salty Taste -0.268 -0.647 0.757 0.705 0.660 0.641 -0.364 -0.220 0.769 0.023 -0.309 -0.516 -0.246 -0.277
Umami Taste -0.380 -0.482 0.634 0.330 0.606 0.519 -0.460 -0.108 0.663 -0.243 -0.451 -0.496 0.025 -0.308
Astringent Mouthfeel 1 0.429 -0.275 -0.261 0.102 0.019 0.354 0.639 -0.208 0.208 0.318 0.816 0.297 -0.056
Firmness 0.429 1 -0.498 -0.546 -0.571 -0.729 0.328 0.368 -0.702 -0.271 0.033 0.299 0.276 0.567
Acetone -0.275 -0.498 1 0.694 0.798 0.666 0.072 0.121 0.596 0.310 -0.021 -0.427 -0.166 -0.306
2,3-butanedione -0.261 -0.546 0.694 1 0.570 0.682 -0.114 -0.299 0.456 0.313 -0.282 -0.572 -0.623 -0.543
Acetic Acid 0.102 -0.571 0.798 0.570 1 0.874 0.058 0.394 0.515 0.217 0.028 -0.036 0.139 -0.394
Acetoin 0.019 -0.729 0.666 0.682 0.874 1 -0.208 0.096 0.633 0.327 -0.152 -0.089 -0.220 -0.491
Butanoic acid 0.354 0.328 0.072 -0.114 0.058 -0.208 1 0.626 -0.542 0.514 0.846 0.475 0.309 -0.011
2-heptanone 0.639 0.368 0.121 -0.299 0.394 0.096 0.626 1 -0.349 0.103 0.483 0.669 0.710 0.285
Dimethy! sulfone -0.208 -0.702 0.596 0.456 0.515 0.633 -0.542 -0.349 1 0.210 -0.277 -0.324 -0.384 -0.492
Hexanoic acid, methyl ester 0.208 -0.271 0.310 0.313 0.217 0.327 0.514 0.103 0.210 1 0.638 0.314 -0.430 -0.536
Hexanoic acid 0.318 0.033 -0.021 -0.282 0.028 -0.152 0.846 0.483 -0.277 0.638 1 0.634 0.320 -0.124
Heptanoic acid 0.816 0.299 -0.427 -0.572 -0.036 -0.089 0.475 0.669 -0.324 0.314 0.634 1 0.476 0.070
2-nonanone 0.297 0.276 -0.166 -0.623 0.139 -0.220 0.309 0.710 -0.384 -0.430 0.320 0.476 1 0.462
Octanoic acid, methyl ester -0.056 0.567 -0.306 -0.543 -0.394 -0.491 -0.011 0.285 -0.492 -0.536 -0.124 0.070 0.462 1
Octanoic acid 0.294 0.155 0.108 -0.187 0.037 -0.122 0.897 0.530 -0.291 0.735 0.936 0.555 0.177 -0.068
2-decanone 0.472 0.223 -0.004 -0.519 0.256 -0.023 0.648 0.874 -0.321 0.196 0.688 0.740 0.759 0.161
Nonanoic acid 0.514 0.423 0.195 -0.009 0.441 0.182 0.242 0.786 -0.285 -0.303 -0.107 0.248 0.544 0.350
Delta-octalactone 0.310 0.799 -0.449 -0.495 -0.553 -0.739 0.026 0.038 -0.336 -0.406 -0.147 0.078 0.184 0.237
2-undecanone 0.420 0.036 0.392 0.104 0.407 0.219 0.769 0.575 -0.010 0.744 0.709 0.447 0.082 -0.435
Delta-decalactone 0.453 -0.077 -0.088 -0.391 0.176 0.058 0.183 0.307 0.213 0.271 0.441 0.581 0.328 -0.470
Dimethyl sulfide 0.061 0.568 -0.199 0.189 -0.341 -0.280 -0.014 -0.169 -0.393 -0.180 -0.448 -0.293 -0.383 -0.017
2,3-butanediol -0.075 0.260 0.093 0.546 -0.035 0.018 0.054 -0.188 -0.283 -0.054 -0.410 -0.452 -0.463 -0.201
Hexanal -0.201 -0.685 0.729 0.647 0.623 0.819 -0.122 -0.089 0.703 0.619 0.001 -0.188 -0.505 -0.422
3-methyl-butanoic acid -0.514 -0.446 0.476 0.601 0.280 0.341 0.344 -0.169 -0.012 0.494 0.225 -0.381 -0.392 -0.406
2-methyl-butanoic acid -0.076 -0.553 0.820 0.738 0.643 0.734 0.071 -0.025 0.671 0.708 0.104 -0.198 -0.530 -0.513
2-furanmethanol 0.247 -0.297 0.758 0.246 0.866 0.626 0.122 0.565 0.532 0.179 0.136 0.123 0.325 -0.173
1-hexanol -0.411 0.225 0.220 -0.034 -0.255 -0.418 0.131 -0.090 -0.076 -0.128 0.052 -0.389 0.017 0.574
Pentanoic acid 0.109 -0.105 -0.133 -0.494 0.187 -0.118 0.083 0.358 -0.075 -0.417 0.275 0.309 0.857 0.120
Nonanal -0.054 -0.371 0.264 -0.164 0.532 0.237 -0.055 0.322 0.237 -0.368 0.103 0.064 0.725 -0.021
Decanal 0.160 -0.310 -0.294 0.025 -0.097 0.298 -0.043 -0.118 0.024 0.517 0.214 0.414 -0.357 -0.161
9-decenoic acid 0.833 0.488 0.089 -0.232 0.327 0.057 0.479 0.892 -0.194 0.094 0.321 0.650 0.530 0.203
2-tridecanone 0.578 -0.039 0.387 -0.071 0.521 0.301 0.565 0.685 0.223 0.597 0.666 0.609 0.308 -0.303
Dodecanoic acid -0.231 -0.205 -0.262 -0.411 -0.036 -0.238 0.054 0.044 -0.234 -0.433 0.238 0.080 0.663 0.105
.Delta.-dodecalactone -0.044 -0.046 -0.076 -0.256 -0.203 -0.125 0.441 0.035 -0.068 0.682 0.630 0.340 -0.152 -0.291

Values in bold are different from 0 with a significance level o = 0.05
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Table 6 (Continued).

3-methyl- 2-methyl-

Variables Octanoic 2- Nonanoic Delta- 2- Delta- Dimethyl 2,3- Hexanal butanoic butanoic 2- 1-
acid decanone acid octalactone undecanone  decalactone sulfide butanediol acid acid furanmethanol hexanol
Aroma Intensity 0.232 0.409 0.321 0.604 0.127 0.312 -0.108 -0.252 -0.717 -0.568 -0.509 0.071 0.172
Acetaldehyde -0.082 0.178 0.346 0.246 -0.446 -0.435 -0.054 -0.243 -0.441 -0.433 -0.535 -0.152 0.570
Diacetyl -0.458 -0.674 -0.453 0.180 -0.509 -0.216 -0.047 0.020 -0.242 -0.150 -0.127 -0.283 0.288
Cooked Milky 0.578 0.160 -0.131 0.078 0.225 -0.181 0.167 0.192 -0.404 0.285 -0.281 -0.547 0.174
Sweet Aromatic -0.090 -0.313 -0.147 0.166 -0.446 -0.472 0.231 0.213 -0.587 -0.101 -0.550 -0.757 0.166
Sour Aromatic 0.398 -0.138 0.014 -0.409 0.338 -0.453 0.101 0.249 0.667 0.467 0.730 0.143 0.341
Milkfat 0.016 -0.086 -0.452 0.266 -0.207 0.177 0.051 -0.027 -0.651 -0.083 -0.630 -0.698 -0.207
Cardboard/Stale/Oxidized 0.020 0.153 0.215 -0.244 0.541 0.441 0.065 0.183 0.644 0.272 0.654 0.652 -0.532
Burnt Brothy 0.051 0.255 0.494 -0.097 0.527 0.246 0.112 0.226 0.504 0.228 0.576 0.789 -0.177
Refrigerator/Stale 0.695 0.521 -0.120 -0.173 0.230 0.081 -0.376 -0.454 -0.155 -0.007 -0.214 -0.264 0.107
Grassy -0.498 -0.073 -0.171 0.069 -0.446 0.289 -0.255 -0.243 -0.441 -0.254 -0.535 -0.138 -0.346
Sweet Taste 0.298 -0.012 0.040 0.372 -0.136 -0.488 0.159 0.073 -0.548 -0.102 -0.396 -0.435 0.729
Sour Taste 0.299 0.573 0.116 -0.125 0.506 0.568 -0.369 -0.380 0.365 0.133 0.314 0.674 -0.082
Salty Taste -0.337 -0.405 0.022 -0.424 -0.126 -0.241 -0.335 -0.056 0.583 0.114 0.641 0.571 0.238
Umami Taste -0.426 -0.070 0.113 -0.142 -0.005 0.220 -0.107 0.000 0.381 0.111 0.324 0.588 -0.166
Astringent Mouthfeel 0.294 0.472 0.514 0.310 0.420 0.453 0.061 -0.075 -0.201 -0.514 -0.076 0.247 -0.411
Firmness 0.155 0.223 0.423 0.799 0.036 -0.077 0.568 0.260 -0.685 -0.446 -0.553 -0.297 0.225
Acetone 0.108 -0.004 0.195 -0.449 0.392 -0.088 -0.199 0.093 0.729 0.476 0.820 0.758 0.220
2,3-butanedione -0.187 -0.519 -0.009 -0.495 0.104 -0.391 0.189 0.546 0.647 0.601 0.738 0.246 -0.034
Acetic Acid 0.037 0.256 0.441 -0.553 0.407 0.176 -0.341 -0.035 0.623 0.280 0.643 0.866 -0.255
Acetoin -0.122 -0.023 0.182 -0.739 0.219 0.058 -0.280 0.018 0.819 0.341 0.734 0.626 -0.418
Butanoic acid 0.897 0.648 0.242 0.026 0.769 0.183 -0.014 0.054 -0.122 0.344 0.071 0.122 0.131
2-heptanone 0.530 0.874 0.786 0.038 0.575 0.307 -0.169 -0.188 -0.089 -0.169 -0.025 0.565 -0.090
Dimethyl sulfone -0.291 -0.321 -0.285 -0.336 -0.010 0.213 -0.393 -0.283 0.703 -0.012 0.671 0.532 -0.076
Hexanoic acid, methyl ester 0.735 0.196 -0.303 -0.406 0.744 0.271 -0.180 -0.054 0.619 0.494 0.708 0.179 -0.128
Hexanoic acid 0.936 0.688 -0.107 -0.147 0.709 0.441 -0.448 -0.410 0.001 0.225 0.104 0.136 0.052
Heptanoic acid 0.555 0.740 0.248 0.078 0.447 0.581 -0.293 -0.452 -0.188 -0.381 -0.198 0.123 -0.389
2-nonanone 0.177 0.759 0.544 0.184 0.082 0.328 -0.383 -0.463 -0.505 -0.392 -0.530 0.325 0.017
Octanoic acid, methyl ester -0.068 0.161 0.350 0.237 -0.435 -0.470 -0.017 -0.201 -0.422 -0.406 -0.513 -0.173 0.574
Octanoic acid 1 0.669 -0.017 -0.124 0.816 0.328 -0.254 -0.230 0.134 0.332 0.254 0.172 0.129
2-decanone 0.669 1 0.443 -0.006 0.635 0.584 -0.370 -0.433 -0.117 -0.077 -0.120 0.447 -0.183
Nonanoic acid -0.017 0.443 1 0.174 0.198 -0.059 0.212 0.227 -0.161 -0.256 -0.082 0.511 -0.070
Delta-octalactone -0.124 -0.006 0.174 1 -0.073 0.188 0.529 0.194 -0.742 -0.596 -0.562 -0.243 0.132
2-undecanone 0.816 0.635 0.198 -0.073 1 0.543 -0.055 0.020 0.310 0.361 0.484 0.490 -0.205
Delta-decalactone 0.328 0.584 -0.059 0.188 0.543 1 -0.304 -0.440 -0.037 -0.239 -0.015 0.350 -0.565
Dimethyl sulfide -0.254 -0.370 0.212 0.529 -0.055 -0.304 1 0.900 -0.306 0.084 -0.187 -0.424 -0.112
2,3-butanediol -0.230 -0.433 0.227 0.194 0.020 -0.440 0.900 1 -0.067 0.401 0.065 -0.283 -0.115
Hexanal 0.134 -0.117 -0.161 -0.742 0.310 -0.037 -0.306 -0.067 1 0.491 0.929 0.494 -0.080
3-methyl-butanoic acid 0.332 -0.077 -0.256 -0.596 0.361 -0.239 0.084 0.401 0.491 1 0.489 -0.043 -0.002
2-methyl-butanoic acid 0.254 -0.120 -0.082 -0.562 0.484 -0.015 -0.187 0.065 0.929 0.489 1 0.565 0.030
2-furanmethanol 0.172 0.447 0.511 -0.243 0.490 0.350 -0.424 -0.283 0.494 -0.043 0.565 1 -0.036
1-hexanol 0.129 -0.183 -0.070 0.132 -0.205 -0.565 -0.112 -0.115 -0.080 -0.002 0.030 -0.036 1
Pentanoic acid 0.006 0.537 0.184 0.076 -0.037 0.477 -0.574 -0.589 -0.431 -0.344 -0.469 0.290 -0.097
Nonanal -0.109 0.438 0.255 -0.149 0.008 0.404 -0.613 -0.509 -0.089 -0.165 -0.137 0.574 -0.097
Decanal 0.196 -0.023 -0.371 -0.572 0.009 0.007 -0.236 -0.204 0.400 0.168 0.201 -0.291 -0.397
9-decenoic acid 0.381 0.658 0.798 0.287 0.519 0.322 -0.015 -0.104 -0.122 -0.429 0.032 0.576 -0.076
2-tridecanone 0.690 0.724 0.287 -0.067 0.861 0.684 -0.395 -0.376 0.318 -0.036 0.453 0.735 -0.175
Dodecanoic acid -0.046 0.308 -0.113 -0.058 -0.223 0.234 -0.475 -0.430 -0.479 -0.048 -0.571 -0.092 -0.041
.Delta.-dodecalactone 0.704 0.400 -0.486 -0.126 0.593 0.491 -0.133 -0.213 0.227 0.404 0.185 -0.131 -0.178

Values in bold are different from 0 with a significance level a = 0.05
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Table 6 (Continued).

Variables Pentanoic acid Nonanal Decanal 9-decenoic acid 2-tridecanone  Dodecanoic acid  .Delta.-dodecalactone

Aroma Intensity 0.603 0.337 -0.446 0.561 0.305 0.401 -0.222
Acetaldehyde 0.178 0.036 -0.188 0.202 -0.293 0.154 -0.300
Diacetyl 0.127 0.095 -0.280 -0.473 -0.435 0.266 -0.446
Cooked Milky -0.088 -0.387 0.215 0.016 -0.052 0.143 0.292
Sweet Aromatic -0.051 -0.351 0.201 -0.199 -0.558 0.213 -0.272
Sour Aromatic -0.769 -0.603 0.339 0.085 0.178 -0.753 0.199
Milkfat 0.307 -0.032 0.138 -0.333 -0.312 0.554 0.135
Cardboard/Stale/Oxidized -0.172 0.142 -0.017 0.208 0.512 -0.387 0.195
Burnt Brothy -0.082 0.256 -0.380 0.382 0.509 -0.347 0.007
Refrigerator/Stale 0.115 -0.173 0.554 0.200 0.238 0.178 0.476
Grassy 0.728 0.650 -0.188 -0.318 -0.293 0.808 -0.300
Sweet Taste -0.053 -0.311 -0.210 0.101 -0.229 0.069 -0.111
Sour Taste 0.315 0.510 -0.263 0.201 0.596 0.105 0.434
Salty Taste -0.021 0.322 -0.205 -0.100 0.064 -0.128 -0.506
Umami Taste 0.207 0.553 -0.454 -0.135 0.090 0.080 -0.169
Astringent Mouthfeel 0.109 -0.054 0.160 0.833 0.578 -0.231 -0.044
Firmness -0.105 -0.371 -0.310 0.488 -0.039 -0.205 -0.046
Acetone -0.133 0.264 -0.294 0.089 0.387 -0.262 -0.076
2,3-butanedione -0.494 -0.164 0.025 -0.232 -0.071 -0.411 -0.256
Acetic Acid 0.187 0.532 -0.097 0.327 0.521 -0.036 -0.203
Acetoin -0.118 0.237 0.298 0.057 0.301 -0.238 -0.125
Butanoic acid 0.083 -0.055 -0.043 0.479 0.565 0.054 0.441
2-heptanone 0.358 0.322 -0.118 0.892 0.685 0.044 0.035
Dimethyl sulfone -0.075 0.237 0.024 -0.194 0.223 -0.234 -0.068
Hexanoic acid, methyl ester -0.417 -0.368 0.517 0.094 0.597 -0.433 0.682
Hexanoic acid 0.275 0.103 0.214 0.321 0.666 0.238 0.630
Heptanoic acid 0.309 0.064 0.414 0.650 0.609 0.080 0.340
2-nonanone 0.857 0.725 -0.357 0.530 0.308 0.663 -0.152
Octanoic acid, methyl ester 0.120 -0.021 -0.161 0.203 -0.303 0.105 -0.291
Octanoic acid 0.006 -0.109 0.196 0.381 0.690 -0.046 0.704
2-decanone 0.537 0.438 -0.023 0.658 0.724 0.308 0.400
Nonanoic acid 0.184 0.255 -0.371 0.798 0.287 -0.113 -0.486
Delta-octalactone 0.076 -0.149 -0.572 0.287 -0.067 -0.058 -0.126
2-undecanone -0.037 0.008 0.009 0.519 0.861 -0.223 0.593
Delta-decalactone 0.477 0.404 0.007 0.322 0.684 0.234 0.491
Dimethyl sulfide -0.574 -0.613 -0.236 -0.015 -0.395 -0.475 -0.133
2,3-butanediol -0.589 -0.509 -0.204 -0.104 -0.376 -0.430 -0.213
Hexanal -0.431 -0.089 0.400 -0.122 0.318 -0.479 0.227
3-methyl-butanoic acid -0.344 -0.165 0.168 -0.429 -0.036 -0.048 0.404
2-methyl-butanoic acid -0.469 -0.137 0.201 0.032 0.453 -0.571 0.185
2-furanmethanol 0.290 0.574 -0.291 0.576 0.735 -0.092 -0.131
1-hexanol -0.097 -0.097 -0.397 -0.076 -0.175 -0.041 -0.178
Pentanoic acid 1 0.902 -0.338 0.207 0.233 0.875 -0.150
Nonanal 0.902 1 -0.411 0.164 0.286 0.739 -0.245
Decanal -0.338 -0.411 1 -0.193 -0.006 -0.210 0.392
9-decenoic acid 0.207 0.164 -0.193 1 0.700 -0.211 -0.137
2-tridecanone 0.233 0.286 -0.006 0.700 1 -0.124 0.392
Dodecanoic acid 0.875 0.739 -0.210 -0.211 -0.124 1 -0.055
.Delta.-dodecalactone -0.150 -0.245 0.392 -0.137 0.392 -0.055 1

Values in bold are different from 0 with a significance level a = 0.05
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Table 7. Consumer Demographics.

CONSUMER ACCEPTANCE TESTING TABLES

: Overall Cluster 1 | Cluster 2
Attributes (n=164) (n=66) (n=98)
Gender Male 53% 48.5% 56.1%
Female 47% 51.5% 43.9%
Less than 18 years old 0% 0% 0%
18-29y 34.1% 39.4% 30.6%
Age 30-40y 22.6% 25.8% 20.4%
41-56y 31.1% 27.3% 33.7%
57-65y 10.4% 7.6% 12.2%
Above 65 years old 1.8% 0% 3.1%
African American 22% 16.7% 25.5%
American Indian or Alaska Native 0% 0% 0%
Asian 16.5% 13.6% 18.4%
Ethnicity Caucasian 51.2% 62.1% 41.8%
Hispanic 4.9% 1.5% 7.1%
Native Hawaiian or other pacific islander 0% 0% 0%
Other 5.5% 3% 7.1%
Under $34,000 13.4% 15.2% 12.2%
$35,000 — 44,000 9.8% 7.6% 11.2%
$45,000 — 54,000 14.6% 15.2% 14.3%
Household
Income $55,000 - 64,000 7.9% 6.1% 9.2%
$65,000 — 74,000 13.4% 19.7% 9.2%
$75,000 — 99,000 15.9% 12.1% 18.4%
Over $100,000 25% 24.2% 25.5%
1 person 18.9% 22.7% 16.3%
2 people 38.4% 39.4% 37.8%
Household Size 3 people 18.9% 15.2% 21.4%
people 20.7% 21.2% 20.4%
5+ people 3% 1.5% 4.1%
None 62.2% 65.2% 60.2%
Children 1 Child 18.9% 19.7% 18.4%
2 Children 15.9% 13.6% 17.3%
3 or more children 3% 1.5% 4.1%
Under the age of 12 years old 22% 21.2% 22.4%
Children age* 13 to 17 years old 14% 10.6% 16.3%
18 years or older 6.1% 4.5% 7.1%
Grocery | am the sole decision-maker 48.8% 51.5% 46.9%
Shopping I do most of the decision-making 34.1% 33.3% 34.7%
I share in the decision-making equally with someone 16.5% 15.2% 18.4%

Data Represents 164 Responses
*Check all that apply question. Totals may not add to 100%
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Table 7 (Continued).

; - Overall Cluster 1 | Cluster 2
Attributes Overall (n=164
( ) (n=164) (n=66) (n=98)
Milk 98.2% 95.5% 100%
Egg 97% 97% 96.9%
Product
. Yogurt 92.1% 90.9% 92.9%
Purchased in
Months Cream cheese (disqualify if does not contain this one) 97% 97% 96.9%
Ice cream 97% 95.5% 98%
Heavy cream 68.9% 71.2% 67.3%
Every week 43.3% 42.4% 43.9%
Cream Cheese Afow T 5 5 5 5
Consumption ew times per mont| 47% 48.5% 45.9%
Frequency Once every few months 9.1% 9.1% 9.2%
Occasionally, a few times per year 0.6% 0% 1%
Dips 78% 80.3% 76.5%
Cream Cheese E s 00 00
Consumption Cooking 71.3% 78.8% 66.3%
Habits* Bagels 96.3% 97% 95.9%
Other 6.7% 10.6% 4.1%
Right after take out from the fridge 83.5% 89.4% 79.6%
Cream Cheese After temper at room temperature for less than 10 56.7% 60.6% 54.1%
Ti'mggrlfg After temper at room temperature for 10 to 20 29.9% 37.9% 24.5%
abits After temper at room temperature for more than 20 18.3% 22.7% 15.3%
Other 0.6% 1.5% 0%
0, 0, 0,
Form of Cream Bar 56.1% 69.7% 46.9%
Single serves 3% 1.5% 4.1%
Type of Cream Regular full fat 75% 80.3% 71.4%
Cheese Reduced fat 25% 19.7% 28.6%

Data Represents 164 Responses
*Check all that apply question. Totals may not add to 100%
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Table 8: Mean Overall Liking Scores for Cream Cheeses and Neufchatel Cheeses.

2

3

6

11

13

14

20

22

23

24

31

Overall (n=164) | 6.8

6.0

6.0

5.0

6.1

6.6

6.8

6.1

6.8

5.3

6.4

Cluster 1 (n=66) | 6.6

6.1

5.0

3.6

5.8

6.3

6.6

5.3

6.8

3.2

5.7

Cluster 2 (n=98) | 6.9

6.0

6.7

5.9

6.2

6.8

6.9

6.6

6.7

6.7

6.8

Data represents 164 consumers

Different letters in columns following means signify significant differences (p < 0.05)
Liking attributes were scored on a 9-point hedonic scale where dislike extremely = 1 and like extremely = 9
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PENALTY ANALYSIS FOR CONSUMER ACCEPTANCE TESTING

Figure 1. Penalty Mean Drop across All Cream Cheeses for All Consumers (n=164).
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Figure 2. Penalty Mean Drop across All Traditional/full fat Cream Cheeses for All Consumers
(n=164).
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Figure 3.

Penalty Mean Drop across All Traditional/full fat Cream Cheeses for Cluster 1 (n=66).
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Figure 4. Penalty Mean Drop across All Traditional/full fat Cream Cheeses for Cluster 2 (n=98).
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Figure 5. Penalty Mean Drop across All Neufchatel/reduced fat Cream Cheeses for All

Consumers (n=164).
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Figure 6. Penalty Mean Drop across All Neufchatel/reduced fat Cream Cheeses for Cluster 1

(n=66).
Mean drops vs %
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Figure 7.

(n=98).

Penalty Mean Drop across All Neufchatel/reduced fat Cream Cheeses for Cluster 2
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INTERNAL PREFERENCE MAPPING FOR CONSUMER ACCEPTANCE
TESTING
Figure 8. Internal Preference Map of All Consumers (n=164).
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Figure 9. Internal Preference Map of Cluster 1 (n=66).
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Figure 10. Internal Preference Map of Cluster 2 (n=98).
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RESEARCH SAMPLE INFORMATION

Table 9. Cream Cheese and Neufchatel Cheese Sample Information.

Sample Name

Sample Number

Consumer Test Sample Number

Dutch Farms Original Cream Cheese 1 -
Crystal Farms Original Cream Cheese 2 1
Green Mountain Farms Greek Cream cheese 3 2
Challenge Cream Cheese 4 -

Food Club Neufchatel 5 -

Hill Country Fare Neufchatel 6 3
Heritage Neufchatel 7 -

Heritage Cream Cheese 8 -
Raskas Cream Cheese 9 -

Cabot Cream Cheese 10 -

Nancy's Probiotic Cream Cheese 11 4
Anchor Cream Cheese 12 -

Prairie Farms Cream Cheese 13 5
Philadelphia Neufchatel 14 9
Philadelphia Cream Cheese (30Ib block) 15 -
Smithfield Cream Cheese 16 -
Smithfield Neufchatel 17 -
Organic Valley Cream Cheese 18 -
365 Organic Cream Cheese 19 -

365 Cream Cheese 20 6

Harris Teeter Cream Cheese 21 -
Harris Teeter Reduced Fat Neufchatel 22 7
Philadelphia Cream Cheese (80z brick) 23 8
Green Valley Creamery Cream Cheese 24 11
Norman's Original Cream Cheese 25 -
ShopRite Cream Cheese 26 -
ShopRite Neufchatel 27 -
Essential Everyday Cream Cheese 28 -
Essential Everyday Neufchatel 29 -
Organic Valley Neufchatel 30 -
Wild Harvest Organic Cream Cheese 31 10
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