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ABSTRACT

A lexicon for describing the sensory flavor characteristics of pomegran-
ate juices was developed. Thirty-three pomegranate juices, including concen-
trated products, products from concentrate, and freshly squeezed and
pasteurized products, were studied. More than 30 sensory attributes were
identified, defined, and referenced by a highly trained descriptive sensory
panel. The lexicon that was established includes attributes to describe a range
of flavors associated with pomegranates, such as brown spice, fermented,
molasses, vinegar, wine-like, woody, apple, berry, cranberry, cherry and
grape. Generally, pomegranate juice can be described by the flavor charac-
teristics of sour, sweet, musty/earthy, fruity aromatics and an astringent
mouthfeel. The flavor characteristics of pomegranate juices are reminiscent of
a combination of concord grapes, cranberries, blackberries, cherries, cur-
rants and raspberries, but there also are vegetable notes such as beets and
carrots. The lexicon provides attribute descriptors, definitions and references
that were previously lacking in literature on pomegranates.

PRACTICAL APPLICATIONS

The manufacturing and consumption of pomegranate and pomegranate-
based products has increased. Many products use pomegranate as a main flavor
component or as an addition to other flavors in juices, yoghurts, jams and
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supplements. This research provides sensory terms that can be used to describe
the flavor characteristics of pomegranate juices. This information is useful to
product developers, researchers and technologists in understanding the char-
acteristics of pomegranate flavor and using those attributes to create new
products, adapt other products, and study quality-control and shelf-life issues.

INTRODUCTION

The health benefits of pomegranates are becoming widely known (Basu
and Penugonda 2009). Pomegranate juice may improve stress-induced myo-
cardial ischemia in patients who have coronary heart disease (Sumner et al.
2005), help fight diabetes-related conditions (Rosenblat et al. 2005) and carry
anticarcinogenic properties (Adams et al. 2006; Pantuck et al. 2006).
Research on pomegranates, the chemical composition of pomegranate juices,
and the antioxidant properties of pomegranate juices have shown that com-
mercial pomegranate juices have high antioxidant content and a high total
phenolic content (Tezcan et al. 2009).

Researchers have also shown that there can be considerable variations in
the antioxidant properties between different pomegranate cultivars (Ozgen
et al. 2008). Different components of pomegranate juice, such as punicalagin
and ellagic acid, have a positive synergistic effect on health (Seeram et al.
2004). Because of the health benefits, demand has increased production and
consumption of pomegranate products. There are numerous pomegranate
juices, concentrates and mixtures of juices available, providing the consumer
with many options from which to choose.

Despite the popularity and considerable health benefits of pomegranate,
little research on the descriptive sensory attributes of pomegranate juices was
found. Data showing differences in chemical composition among pomegranate
cultivars suggests that pomegranates may vary in their flavor properties as
well. Martinez et al. (2006) described five new pomegranate varieties using
attributes like seed hardness, visual color, taste, and overall quality apprecia-
tion. The aroma, taste, firmness, visual appearance, color, browning and dehy-
dration of pomegranates were evaluated by López-Rubira et al. (2005) when
studying the shelf life of pomegranate arils, which cover the pomegranate
seeds and are edible. Singh and Sethi (2003) evaluated the mouthfeel of
pomegranates in addition to the color and flavor in the sensory analysis of
anardana – dried pomegranate seeds. Vardin and Fenercioglu (2003) studied
the clarification of pomegranate juices and evaluated attributes like color,
turbidity, overall appearance, bitterness and overall quality. Consumer accept-
ability was important for the studies of Hayaloglu and Vardin (2001) and Riaz
and Elahi (1992) in the research of fruit punch with watermelon/pomegranate
juice mixtures and carbonated pomegranate drink, respectively.
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None of the studies included a detailed lexicon for the classification of the
flavor attributes of pomegranate juice, although differences clearly exist. Thus,
the objectives of this study were to (1) identify and define the sensory flavor
attributes that characterize pomegranate juices and (2) describe and group
different flavor profiles of commercially available pomegranate juice.

MATERIALS AND METHODS

Samples

Thirty-three pomegranate juice samples (Table 1) were used in this study.
Twenty-seven of the juices were available in the U.S.A., although some were
manufactured in other countries (predominately Turkey and Azerbaijan). One
sample was obtained in Spain (Granavida Pomegranate Juice 100% Natural,
#618), two samples were purchased from Estonia (4U Pomegranate Juice #115
and 100% Pomegranate Juice #175), and three samples were bought in Thai-
land (Brighty Pomegranate Juice #501, AC Fresh 100% Pomegranate Juice
#289, and Dimes 100% Pomegranate Juice #416). Pomegranate juice with
other added juices were excluded from the study in order to focus on the
attributes of pomegranate specifically. However, nine of the samples contained
natural flavors, nine were concentrated, and 15 were made from concentrate.
One sample was enriched with fructose and two samples were made from
organic pomegranates. All of the samples were assigned random three-digit
codes. The products were obtained 3–4 weeks before testing and were stored
according to the instructions given on the packages.

Sample Preparation

All of the samples were served at room temperature. Juices were shaken
and poured into odor-free, disposable 92 mL plastic cups (Sweetheart Cup Co.,
Inc., Owings Mills, MD) covered with lids for the evaluation. Concentrated
samples were prepared according to the instructions given on the packaging.
The samples were prepared 30 min to 1 h prior to the testing. Each panelist
received 57–85 mL of each product for evaluation. Additional sample was
available if the panelists requested it.

Panelists

Five highly trained panelists from the Sensory Analysis Center, Kansas
State University (Manhattan, KS) participated in this study. All of these pan-
elists had completed 120 h of general descriptive analysis panel training with
a variety of food products. This training included techniques and practice in
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attribute identification, terminology development, and intensity scoring. Each
of the panelists had more than 1,000 h of testing experience with a variety of
food products. For this study the panelists also received further orientation on
fresh and processed pomegranates.

Terminology Development and Description

The descriptive terminology for this study was developed initially using
only seven of the pomegranate juice samples. Various descriptive references
were provided for the panelists. While some references were proposed by the
panelists and were based on previous work and experience, others were added
to the lexicon during this initial lexicon development phase. Five 1.5 h orien-
tation sessions were held to establish the initial attributes and descriptive
references for pomegranate juices. Recent studies by Hongsoongnern and
Chambers (2008a, 2008b); Talavera and Chambers (2009); Thompson et al.
(2009); Dooley et al. (2009) and Civille et al. (2010), have used similar attribute
determination and description procedures as the ones used in this study.

Sample Evaluation Procedure

Twenty-one 1.5 h sessions were held for evaluation of the samples. Only
one to two samples were evaluated during each session in order to reduce the
carryover of flavors. All samples were evaluated once, although multiple
servings of the sample could be served during that one time period. All of the
samples were coded with three-digit random numbers and the order in which
the products were evaluated was randomized. The panelists were allowed to
add attributes to the descriptive terminology if new flavors were found in
samples they tested.

A modified flavor profile method used by Talavera and Chambers (2009)
and Hongsoongnern and Chambers (2008b), using a scale with 0.5 increments
where 0 represents none and 15 extremely strong, was used to measure inten-
sity. This consensus profile method is particularly useful in lexicon develop-
ment studies because new attributes can be easily added, defined, and
referenced when they appear in products the panel is seeing for the first time.

Each sample was evaluated for the flavor attributes that were present in
the sample and each panelist individually assigned intensities to the attributes
according to the flavor references included in the lexicon. All of the recorded
attributes and their intensities were discussed by the panel. Often the evalua-
tion of the sample would continue into the next session because of strong
carryover. In cases where a new attribute emerged, a discussion between the
panel leader and the panelists, using the consensus approach, would focus on
the appropriateness, definition, references and evaluation technique of that
attribute.
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Data Analysis

The Statistical Analysis System version 8.2 (SAS, Cary, NC, 2001) was
used for clustering the samples and for the correlation analysis, using Pearson
correlation coefficients. The Unscrambler version 9.7 (Camo Software,
Norway) was used for principal component analysis (PCA). Clustering of the
samples was done by using the CLUSTER procedure (Ward’s Minimum
Variance Cluster Analysis). The number of clusters was set according to the
eigenvalues of the correlation matrix (>1). Attributes that were scored in seven
or fewer products (approximately 20% of products, 22 of 36 attributes) were
excluded from the analysis because they tend to force the multivariate statistics
into separating unique attributes rather than the overall pattern of attributes and
intensities. Using these criteria means that the overall pattern of common
pomegranate flavors is evaluated, but potentially characterizing attributes must
be examined further by the researchers on a case by case basis. This points to
a problem when using PCA: it can be overly sensitive to attributes that are
unique to only a few products and can lose the overall structure of the data. It
is critical for papers to explain the impact of decisions related to attribute
selection. In addition, it is crucial to examine the other attributes to determine
what they may add to understanding of the unique properties of the products.

RESULTS AND DISCUSSION

The initial lexicon based on the small initial set of juices included 15
attributes: sweet, sour, bitter, astringent, umami, toothetch, fruity, tomato,
cranberry, grape, beet, fruity-dark, green-viney, musty/earthy and fermented.
Tomato and umami, included in the initial lexicon, were not scored during the
evaluations and hence these attributes are not included in the final lexicon.
Several attributes were added to the lexicon during the testing: apple, berry,
brown spice, brown sweet, carrot, candy-like, cherry, floral, molasses, sweet
overall, vinegar, wine-like, woody, metallic, metallic mouthfeel, chalky
mouthfeel, pungent, tongue tingle, tongue numb and throat burn (Table 2).

Most of the attributes are self-explanatory using the information in
Table 2. However, several attributes may need further explanation. For
example, the berry attribute was added to the lexicon because the panelists
needed an attribute to describe a general, unidentifiable berry flavor. This
attribute describes sweet, sour, and sometimes darker aromatics associated
with a variety of berries. Thus, a general berry term was added to describe this
overarching flavor.

The attribute vinegar often was accompanied by the mouthfeel attributes
tongue tingle, tongue numb or throat burn. These may have been the result of
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organic acids present in the product. One difficulty with the vinegar attribute
was that the panelists initially defined the vinegar attribute as including pun-
gency, which is part of the overall impression when smelling vinegar.
However, during evaluation, the panelists had difficulty agreeing on vinegar
intensities because in many cases the vinegar flavor was present in the samples
but the pungent aromatics were lacking. Thus, “vinegar” flavor aromatics and
“pungent” need to be separate attributes in the lexicon when conducting
further research on pomegranate juice. The definition of vinegar was modified
in the lexicon and the term pungent was added to reflect this necessary change.

The wine-like attribute was added to the lexicon as there was a need to
describe aromatics associated with red wines. There was a discussion among
the panelists whether the attribute wine-like could be distinguished from the
attribute fermented, which was already in the lexicon. It was decided that the
fermented attribute described the aromatics associated with yeasty over-
proofed dough or fermented vegetables or fruits as opposed to the overall
“wine-like” note found in red wines.

The overall fruit complex attribute was used as a general term to describe
the sweet, floral and fruity aromatics associated with a variety of fruits. This
term was used in the case of three samples (739, 403 and 256) to express the
overall fruitiness combining different notes that could not be distinguished
otherwise. Although the panelists indicated that a fruity complex and fruitiness
were different attributes, they were not able to describe the difference well
enough to propose separate definitions that could be used by others. Thus, we
chose not to include fruity complex as a separate term.

Three samples (225, 175 and 416) were noted to be “watery”, which the
panel initially described as a weak non-descript flavor. However, such an
attribute is not necessary to add because it can be inferred from low scores on
other attributes.

The attribute chalky mouthfeel often is considered a textural property. In
this study, it was first noted in a product that also had large flakes, resulting in
high amounts of residuals in the cup. However, two other samples that did not
have residue were noted as chalky, and the panelists indicated they felt it was
aromatic in nature and different from a textural characteristic. This suggests
that the aroma of certain compounds may provide a chalkiness that is part of
flavor. Thus, it appears that chalky can be either a texture (physical particulate)
or flavor (aromatic).

Some attributes were characteristic for only a small number of samples
(Table 3). These attributes represent a variety of flavor notes and mouthfeel
attributes that may result from processing conditions, pomegranate variety, or
the age of the fruit and the product. Attributes such as green-viney, cherry,
apple, carrot, floral, candy-like, brown sweet, brown spice and molasses indi-
cate the range of different flavors that are available to consumers of pome-
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granate juice. The attributes chalky mouthfeel, metallic mouthfeel, throatburn,
woody, vinegar and tongue tingle also were not detected in most of the
pomegranate juices, but were found in a few.

The bitter attribute was present in all of the samples and usually was
sensed at the end of tasting the sample. However, for some samples (488 and
707) the bitter taste also was noted in the beginning of tasting. These bitter
taste scores are also given in Table 3.

Molasses was used to describe the dark, caramelized, sharp notes. The
concentration technology of the pomegranate juice is of high importance in
terms of the final quality of the product as it greatly influences the flavor,
aroma, color, appearance and mouthfeel of the product (Jiao et al. 2004). Five
of the concentrated samples were a brown color and two were a brown/red
color. The brown color can be associated with the attribute molasses as that
note is related to highly concentrated, heated plant products containing sugars.
The attribute molasses was noted three times and only in the case of concen-
trated products. In addition to molasses, the panel determined that an attribute

TABLE 3.
ATTRIBUTES, THAT WERE NOTED IN 7 OR FEWER POMEGRANATE JUICE SAMPLES

Sample # Attributes

175 Candy-like
190 Chalky mouthfeel, vinegar, woody
197 Astringent, chalky mouthfeel, molasses, woody
225 Apple, metallic, throat burn, tongue tingle, vinegar
289 Astringent, carrot, woody
324 Carrot, green-viney, metallic, metallic mouthfeel
331 Astringent
367 Carrot
373 Brown spice, floral, throat burn
388 Throat burn, vinegar, woody
411 Brown sweet, molasses, vinegar, woody
416 Candy-like, floral, woody
442 Brown sweet, molasses, woody
488 Astringent, bitter
501 Brown sweet, candy-like, cherry, floral
520 Carrot, chalky mouthfeel
555 Throat burn
566 Astringent, floral
618 Metallic, metallic mouthfeel
655 Throat burn, tongue tingle, tongue numb, vinegar
707 Astringent, bitter, floral, metallic, metallic mouthfeel
739 Apple
843 Metallic
846 Apple, cherry, floral
981 Candy-like
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other than molasses that described brown, sweet aromatics without the dark,
almost burnt and sulphury character of molasses was needed. Thus, “brown
sweet” was included.

The aromatics of honey and caramel were noted when evaluating one
sample. The panelists discussed whether it is necessary to introduce these two
new attributes to the lexicon. Although references were proposed for these
attributes, the panelists decided not to include these aromatics as separate
attributes because they were already covered in attributes such as dark fruit and
brown sweet. However, in hindsight we believe that honey is a distinctly
different attribute and should be included as a separate term in the lexicon.
Thus, we have included honey as an attribute in the lexicon, but it was not
scored for any of the products in this test.

During the evaluation, the panelists occasionally did not agree on the
flavor notes present in the samples. This occurred for six attributes: wine-like,
beet, floral, brown spice, fermented and molasses for specific products. Such
an occurrence suggests that the attribute was not be as well defined or refer-
enced as it should have been because some panel members interpreted the
attribute differently from other panelists. When this happened, the panel
re-defined or re-referenced the attributes and re-evaluated samples to ensure
consensus was reached.

Correlation and PCA of Pomegranate Juices

Figures 1 and 2 present principal components (PC) 1–4. The first four
PCs explain 70% of the variation in the flavor attributes. PC1 differentiates
between the dark-fruity characteristics versus those associated with grapes and
berries. PC2 separates samples according to the higher overall sweetness of the
samples versus the lower or less sweet samples. The berry attribute versus
the grape attribute is differentiated by PC3 and PC4 distinguishes between the
fermented characteristics and the musty/earthy, beet-like notes.

Most of the correlations among attributes for the pomegranate juices were
low indicating that the attributes were describing different characteristics in
the pomegranate juices. Few correlations exceeded a moderate level of
approximately 0.50. Candy-like was positively correlated to sweet overall
(r = 0.79) and negatively to sour (r = -0.64) and sweet and sour were nega-
tively correlated (r = -0.69). Both of these attributes also were negatively
correlated with bitterness and astringency.

Attributes that were measured in dual ways or were measured twice (early
and late in the profile) tended to be more highly correlated than other
attributes. For example, metallic mouthfeel and metallic flavor were highly
correlated (r = 0.87). In most of the samples where metallic flavor was noted,
a metallic mouthfeel was scored as well. This indicates the possibility of
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recording similar impressions twice. However, as the panelists differentiated
between these two attributes and there were two samples that were scored for
metallic flavor, but not metallic mouthfeel, both of these attributes probably
should be kept in the lexicon. Similarly, there was a high correlation of 0.78
between the first sour impression (noted rarely) and the astringent mouthfeel-
ing found at the end of tasting. The same was also true for the bitterness and
astringency found at the end of tasting the sample (0.89). A correlation of 0.72
is present between the sourness and bitterness scored at the end of sample
tasting. All of the samples were scored for the attributes sour and bitter and
only two of the samples were not scored for astringency. These correlations
and the initial scores indicate that sourness, bitterness and astringency are part
of the nature of pomegranate juices and likely are found in tandem with each
other.

Clustering Pomegranate Juices

Some of the samples in cluster 1 (Table 4, samples 334, 442, 403, 289,
331, 388, 843, 618, 115 and 411) are characterized by berry and fruity-dark
(Fig. 1) attributes. According to PC2, these samples could be described as

FIG. 1. PRINCIPAL COMPONENTS MAP OF PRODUCTS ON DIMENSION 1 (EXPLAINS
29% OF THE VARIATION) AND DIMENSION 2 (EXPLAINS 18% OF THE VARIATION)

Note: Astringent2 – astringent mouthfeel noted in the end of sample tasting. Bitter2 – bitter taste
noted in the end of sample tasting.
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sweet and also overall sweet when fruity-dark and berry notes are added to the
sweet flavor. Cluster 2 (samples 328, 256, 143, 943, 279, 324, 520, 367 and
566) is composed of samples that are characterized by grape and cranberry
(Fig. 2) attributes and were colored red or purple. Fermented and toothetch
properties are characteristics of samples in cluster 3 (samples 739, 846, 655,
225, 707 and 373). This group of samples cannot be related to certain attributes
like grape, fruity-dark, sweetness or berry according to Fig. 1. However, Fig. 2

FIG. 2. PRINCIPAL COMPONENTS MAP OF PRODUCTS ON DIMENSION 3 (EXPLAINS
13% OF THE VARIATION) AND DIMENSION 4 (EXPLAINS 10% OF THE VARIATION)

Note: Astringent2 – astringent mouthfeel noted in the end of sample tasting. Bitter2 – bitter taste
noted in the end of sample tasting.

TABLE 4.
CLUSTER ANALYSIS RESULTS OF POMEGRANATE JUICES (SEMI-PARTIAL R

SQUARED <0.05)

Cluster
no

Sample no Differentiating attributes

1 115, 289, 331, 334, 388, 403, 411, 442, 618, 843 Berry, dark-fruity, toothetch mouthfeel
2 143, 256, 279, 324, 328, 367, 520, 566, 943 Grape, cranberry, wine-like
3 225, 373, 655, 707, 739, 846 Fermented, toothetch mouthfeel
4 190, 197, 488, 555 Brown color, musty/earthy
5 175, 416, 501, 981 Candy-like, sweet overall
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suggests that the fermented attribute explains the similar traits of these
samples. The samples in cluster 4 (samples 197, 555, 488 and 190) were brown
in color and had low intensities of the musty/earthy attribute. Three of these
samples (all except 190) were products of concentrate, suggesting they were
heated extensively before being made into juice, which might explain the
brown color. Cluster 5 (samples 501, 416, 981 and 175) is composed of
samples that are candy-like. The sweet overall values of these samples are in
the moderate range (scores 6–8). Samples that are in this cluster are located
close to the overall sweet (OSweet) attribute in Fig. 1. No scores of cranberry,
dark-fruity or fermented attributes were given to these samples and this could
explain the separation into an extra cluster.

The clustering results suggest that the pomegranate juices can be divided
into groups that are characterized by distinctive sensory attributes. In general,
those seem to be driven by processing. However, differences in original solids
content, cultivar, or location might become more important if a more focused
set of samples or known original fruit were chosen. Most of these groups
appear logical based on the PCA results. It is clear that pomegranate juices are
sweet, sour, bitter, astringent, and have toothetch. Although the flavors can be
complex, the major components are grape, cranberry, berry, fruity-dark,
musty/earthy and beet.

CONCLUSION

A sensory lexicon for pomegranate juice evaluation was developed. The
34 referenced and defined attributes can be helpful for scientists, technologists
and product developers in working with and understanding pomegranate or
pomegranate-based products. However, all of these attributes might not be
necessary when studying a certain product and a selection should be made
accordingly. Some of the attributes found in several samples in this study
might not be appealing from a consumer’s point of view and this information
could be helpful in developing production technologies, clarification and the
concentration methods of pomegranate juices.
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