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Abstract: This study used data from consumer testing, descriptive analysis (DA),
and preference mapping to determine the sensory characteristics of pear culti-
vars from two harvest seasons in the Pacific Northwest (PNW). A trained sensory
panel (n = 10) used generic DA to evaluate multiple sensory modalities of 22
pear cultivars. Six pears from summer and six from winter season were evalu-
ated by consumers (n = 219) to assess their liking of different attributes. Results
of the DA showed the trained panel significantly discriminated the summer and
winter pears on most of the sensory modalities. To identify the attributes driv-
ing consumer acceptability, external preference mapping was applied. Attributes
such as pear aroma, pear flavor, sweet, sour, and juicy were the most contribu-
tory attributes to the liking of the summer pears. Conversely, fermented aroma,
stemmy-woody aroma, fermented flavor, stemmy-woody flavor, and grainy-gritty
attributes were associated with a reduction in consumer liking. Summer cul-
tivars, “Bartlett,” coded pear 573, and “Seckel” had the broadest preference,
satisfying 60% to 80% of the consumers. Seventy-five percent of the consumers
identified winter cultivars “Comice” and “Paragon” as the most appealing. Over-
all, cluster analysis showed that different pears appeal to different types of
consumers; however, summer cultivars like “Bartlett” and “Seckel” and winter
cultivars like “Comice” and “Paragon” would appeal to the greatest number of
consumers in the PNW market.

KEYWORDS
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Practical Application: Sensory attributes like pear flavor, sweet, and juicy,
were important drivers of liking for pear consumers in the Pacific Northwest.
These results should prove useful to pear growers and marketers to increase pear
consumption in the United States.
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1 | INTRODUCTION

Globally, pears (Pyrus spp.) are an important fruit tree
crop (Lozano et al., 2023). In the United States, the Pacific
Northwest (PNW) produces 78% of the annual US crops
(Northwest Horticultural Council, 2021). Washington State
and Oregon are in the top three pear-producing states,
with most sold as fresh produce (Northwest Horticul-
tural Council, 2021). Consumers’ increasing expectations
of fresh pears highlight the need for higher quality pears
(Escribano et al., 2016).

Fruit quality is significantly influenced by sensory char-
acteristics (Kappel et al., 1995). A study of “Conference”
pears showed that high flavor/low firmness pears were
most appreciated by consumers (Torregrosa et al., 2019).
Consumers from China and Korea generally liked sweet,
juicy, and crispy pears (Kim et al., 2019). Consumers in
Australia were willing to pay a premium price for a new
cultivar “ANP-0131" with an attractive color and shape
(Turpin et al., 2016).

Size, color, and scarring play a role in initial pear pur-
chases, but consumers are more likely to re-purchase based
on flavor, aroma, taste, and texture (Gallardo et al., 2011).
Consumers want sensory information on sweetness and
flavor intensity on fresh fruit labels (Fernandez-Serrano et
al., 2020). Research conducted with “Williams,” and two
Nashi cultivars found that a typical pear aroma and sweet-
ness positively influenced consumers’ liking (Taiti et al.,
2017). A South African study showed that important sen-
sory attributes included pear flavor, sweet taste, melting
character, juiciness, and soft texture (Steyn et al., 2011).

Studies on pear cultivars from the PNW have identi-
fied sweetness, juiciness, and flavor as most important
to consumers (Colonna et al., 2023; Gallardo et al., 2023;
Turner et al., 2005). Consumer sensory evaluation of pears
in Oregon and Northern California (n = 2700) showed that
overall liking was driven by sweetness and flavor (Elkins
et al., 2006). Researchers have also found that sweetness
and texture are important sensory properties that influence
the liking of cultivars, while gritty texture and lack of flavor
are key attributes driving disliking of pears (Elkins et al.,
2008). Gallardo et al. (2011) determined that the presence of
preferred sensory characteristics increases the likelihood
of re-purchase; consumers were willing to pay an extra 19—
25 cents/kg for higher quality pears. In a willingness-to-pay
study in the PNW, researchers found that higher liking rat-
ings for size, sweetness, juiciness, firmness, and tartness
led to higher bids for sliced fresh pears (Ikiz et al., 2018).
These studies demonstrate that the sensory characteristics
of pear cultivars and their influence on overall quality and
consumer liking is an important component to commercial
success.

Consumer preferences change rapidly as new pears
enter the marketplace. Information regarding preferences
and preferred sensory properties of pears can be used to
select existing cultivars for more aggressive marketing,
as well as provide priority traits for breeding targets in
breeding programs (Colonna et al., 2023).

The current study employed consumer testing, descrip-
tive analysis, and preference mapping to identify the
desirable sensory characteristics of pear cultivars from
the PNW to understand drivers of consumer interest and
identify clusters of consumers based on preferences.

Pears from two different harvest seasons (summer and
winter of 2021) were evaluated, respectively.

2 | MATERIALS AND METHODS

2.1 | Pears

Pears were provided by commercial producers and packers
(US); Oregon State University (OSU) Mid-Columbia Agri-
cultural Research and Extension Center; OSU Southern
Oregon Research and Extension Center; Zupan’s market
(Portland, OR); the United States Department of Agricul-
ture (USDA) Agricultural Research Service (ARS) National
Clonal Germplasm Repository (Corvallis, OR); and the
USDA ARS Appalachian Fruit Research Station. Most
samples were harvested and transferred to a packing
house in Wenatchee, WA for storage and conditioning.
One day prior to the consumer testing, the pears were
transported to the OSU Food Innovation Center (FIC)
(Portland, OR), where they were stored at 20°C overnight.
Prior to each consumer session, each pear served to con-
sumers was pre-selected by pressure testing at the stem end
(see: USA Pears “check the neck for ripeness®” at USA
Pears, 2023b).

Twenty-two pear cultivars (10 summer/12 winter)
underwent descriptive analysis and physicochemical
measurements at two time points, October and December
2021, depending on the seasonality of each cultivar. Results
of the descriptive analysis identified six pears per trial for
consumer sensory evaluation at the OSU FIC. Each set
of six pears represented a range of sensory attributes on
offer within the United States (see Table 1); some cultivars
with restricted proprietary ownership are coded. The
“Gem” cultivar was served in a less ripened state given the
qualities of being more crunchy/firm and less soft/buttery
(Table S2). This cultivar is often described as having a
crisp, juicy texture. The ARS’s Appalachian Fruit Research
Station (Kearneysville, WV) notes this pear can be served
immediately after harvest without softening (Durham,
2015).
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TABLE 1 Pear cultivars/code, source, month tested and
inclusion in the consumer evaluations.

Testing
Pear cultivar date in Consumer
name or code Season 2021 trials
Bartlett Summer October S
720 Summer October S
573 Summer October S
804 Summer October
391 Summer October
417 Summer October
642 Summer October
Seckel Summer October
Starkrimson Summer October
Sylvania Summer October
Abate Fetel Winter December
Bosc Winter December W
Comice Winter December w
Concorde Winter December W
Forelle Winter December
Gem Winter December W
D’Anjou Winter December w
Packham’s Triumph  Winter December
Paragon Winter December w
Red Anjou Winter December
OHUS-US783012- Winter December

022

US79453-007 Winter December

Abbreviations: S, cultivars from the summer season evaluated in consumer
trials; W, cultivars from the winter season evaluated in consumer trials.

2.2 | Descriptive analysis

Ten panelists (80% female; 24-60 years old) with experi-
ence in descriptive analysis trained for 15 h (10 sessions X
1.5 h) over 22 days. The study was reviewed and approved
by the Washington State University (WSU) Institutional
Review Board (IRB) # 19063-001. Informed consent was
obtained from each subject prior to their participation in
the study.

The panelists trained on: “Triumph de Vienne,”
“Dessertnaia,” “Richard Peters,” “Premices de Maria
Lesueur,” “Doyenne blanc,” “Madame favre,” “Mela
di laconi,” “General le clere,” “Vavilov,” “Bartlett,”
“Starkrimson,” “D’Anjou,” Asian species, and “Bosc.”

During the first sessions, panelists were familiarized
with the sensory characteristics, terms, and reference stan-
dards previously used for the sensory profiling of pears
(Jaeger et al., 2003) until agreement was reached regarding
the meaning, relevance, and the intensity of each attribute.
The final list comprised 18 attributes (Table 2). The com-

mercial products to establish the standards were purchased
in a local supermarket in Pullman, WA (Table 2). Seasonal
“Bartlett” pear served as a reference during both seasons.
The intensities assigned for each attribute for “Bartlett” are
shown in Table 2.

Intensity of each attribute was measured with a 15 cm
unstructured continuous line scale with 1.5 cm anchors.
The positions of reference standards, including “Bartlett”
pear, were marked on each attribute line scale.

Six appearance attributes were evaluated on two sets
of three whole pears: shape, russet coverage, blush cover-
age, skin appearance, skin color, and flesh appearance. The
Chasset shape classification (Figure S1) was used (Bellini
et al., 2007; Chasset, 1920; Martinelli et al., 2008).

Rate-all-that-apply (RATA) was used to evaluate color.
Paint chip colors (Rodda Paint Company) were used to rep-
resent color intensities: red (1100, 1101, and 1103); yellow
(0819, 0820, and 0821); green (0792, 0793, and 0781); and
brown (0897, 0898, and 0900).

During training, the performance of each panelist was
monitored. Replicates of some pear cultivars were eval-
uated to determine the panelists’ performance. Sample
slices were cut from different locations of the pear and then
presented in 8 oz styrofoam containers (DART, 8SJ20) with
plastic lids to ensure that for the replicated evaluations,
each panelist received a slice from the same pear. Pan-
elists’ repeatability, consistency, and discrimination were
determined with Sen PAQ v6 program (Qi Statistics, West
Malling, UK).

Final evaluations followed training. Each pear cultivar
from summer and winter seasons was tested in dupli-
cate by each panelist in booths under white light and
positive pressure control. Water and unsalted crackers
served as palate cleansers. Questionnaires were designed
and data were collected with Compusense® software
(Compusense, Inc., Guelph, ON, Canada).

2.3 | Consumer sensory evaluation

Two sensory tests were conducted with consumers
recruited from the Portland, Oregon Metro Area through
the OSU FIC database. Consumers (>18 years) were pre-
screened and recruited based on self-reported frequency
of pear consumption. Most selected reported eating fresh
pears at least once weekly (78%).

Consumers (n = 107) evaluated six summer cultivars
in October 2021; a different set of consumers (n = 112)
tested six winter cultivars in December 2021; 62% were
female, 85% were white, 34% had a self-reported annual
household income between $50,000 to $99,999 with 36%
below $50,000 and 30% above $100,000 per year, 47% had
a household size of two, while 30% lived alone, 82% did
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Pears in heavy syrup (Signature Select Pear Slices
Bartlett in Heavy Syrup, Signature Select,
Pleasanton, CA, USA)

70 g of pears + 30 g of syrup in a 250 mL bottle

1 mL of pure vanilla extract (McCormick All
natural pure vanilla extract [McCormick & Co.,
Inc., Hunt Valley, MD, USA]) in 100 mL of

200 pL linalool (Sigma-Aldrich, St. Louis, MO,
USA) in 400 mL of apple juice (Tree Top, 100%
apple juice-from concentrate [Tree Top, Selah,

Canned mix fruit (Del Monte peaches, pears and
pineapple [Del Monte Foods, Walnut Creek,

70 g of mix fruit + 30 g syrup

100 g of freshly cut Fuji apple in a 250 mL bottle

Semi sweet hard cider (Seattle Cider Co., Seattle,
WA, USA) (100 mL in a 250 mL bottle)

100 pL of cis-2-hexen-1-ol (Sigma-Aldrich) diluted
in 100 mL of Bartlett pears water (Del Monte,
no sugar added, sliced pears [Del Monte])

Broken stems in a 50 mL bottle

2%(w/v) sucrose (pure cane sugar, granulated
white [C&H, Domino Foods, Inc., Yonkers, NY,

6%(w/v) sucrose (C&H) solution

0.5 g malic acid (Brewcraft, Vancouver, WA,

TABLE 2
Attribute Definition Reference
AROMA (A)/FLAVOR (F)*
Pear The aromatics/taste of Bartlett pears  “Bartlett” pear
Vanilla Aroma associated with vanilla “Bartlett” pear
water
Floral Aroma associated with “Bartlett” pear
flowers/honey
WA, USA])
Fruity Sweet aromatic, characteristic of ripe  “Bartlett” pear
fruit
CA, USA))
Apple Aroma associated with fresh apple “Bartlett” pear
Fermented Aroma associated with fermented “Bartlett” pear
fruit
Grassy/green Aroma associated with green wood “Bartlett” pear
stems; twiggy
Aroma associated with unripe or
“green” fruit that is similar to
grass/leaves
Stemmy/woody Aroma associated with fruit “Bartlett” pear
stalks/cores
TASTE
Sweet Basic taste stimulated by sugar and
high-potency sweeteners
USA]) solution
“Bartlett” pear
Sour Basic taste stimulated by acids “Bartlett” pear
USA)/1 L water
Bitter Basic taste stimulated by solutions or  “Bartlett” pear

substances such as caffeine

0.35 g caffeine (Sigma-Aldrich)/1 L water

List of attributes, definitions, and references for the trained panel (n = 10) sensory profiling of pears from the Pacific Northwest.

Intensity (along
a15-cm line
scale)

A:6/F:6
10

A:1/F:0
10

A:1.5/F:2

10

A:2/F:0

10

A:0.5/F:1
10
A:0/F:0
10

A:5.5/F:3.5

11

A:3/F:0

(Continues)
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TABLE 2 (Continued)

Attribute Definition

MOUTHFEEL

Astringency The sensation associated with drying
of the mouth

TEXTURE

Crispy The amount and pitch sound
generated when the sample is first
bitten with the front teeth

Crunchy The amount of noise generated when
chewing with the back teeth

Juicy The amount of juice released by the
sample during the first three
chews

Firm Force required to bite completely
through the sample during the
first bite/chew

Grainy/gritty The presence of small hard particles

in the flesh

Skin toughness The amount of chewing required to
cut through and breakdown the

skin with the back teeth

Food Science v, gy °

Intensity (along
a15-cm line
Reference scale)
“Bartlett” pear 2.5
0.5 g tannic acid (Sigma-Aldrich)/500 mL water 9
1 cm? banana (Del Monte) 0
1
“Bartlett” pear
1 cm? celery (Signature Farms trimmed celery 12
stalks washed prepacked [Signature Farms,
Pleasanton, CA, USA])
1 cm? banana (Del Monte) 0
1
“Bartlett” pear
1 cm? carrot (Signature Farms baby-cut peeled 14
carrots [Signature Farms])
1 cm? banana (Del Monte) 0
“Bartlett” pear 4.5
Orange (one segment) 12
1 cm? banana (Del Monte) 2
“Bartlett” pear 3
1 cm? carrot (Signature Farms baby-cut peeled
carrots [Signature Farms]) 12
“Bartlett” pear 1
Apple sauce (unsweetened, O Organics
[Albertsons Companies, Inc., Phoenix, AZ, 4
USA]) (20 )
Cooked corn meal (O Organics, Albertsons 14
Companies) (20 g)
“Bartlett” pear 2
Granny smith apple with skin on 13

2The letter A, refers to aroma and F to flavor and were used to identify the intensities rates given to aroma and flavor attributes, respectively, for “Bartlett” pear.

This pear was used as a reference.

not have children in the household, and 71% did most
or almost all of the household grocery shopping with
another 15% buying at least half the groceries for the
household. The study was reviewed and approved by the
OSU IRB -IRB # 2021-1217. Informed consent was obtained
from each subject prior to their participation in the
study.

Individual booths and white lighting were used for
the consumers’ evaluation. Questionnaire design and data
collection were completed with Compusense® software
(Compusense, Inc.). Before each session, pears were sliced
with USA Pears slicers following a standardized method-
ology. Consumers received two slices of each pear and a

whole pear for appearance evaluation to represent the size,
shape, and color of each cultivar. The pears were identified
with three-digit codes and were presented monadically
according to a balanced design. Unsalted crackers and
spring water were used as palate cleansers.

The consumers evaluated overall appearance, aroma,
color of the skin, overall liking, pear flavor, sweetness,
tartness/acidity, aftertaste, overall texture, firmness, juici-
ness, and crispness/crunchiness on a 9-point hedonic
scale (1 = dislike extremely to 9 = like extremely);
pear flavor, sweetness, tartness/acidity, firmness, crisp-
ness/crunchiness, juiciness, and skin texture were ana-
lyzed using 5-point just-about-right (JAR) scales; open-
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ended questions were used to probe likes and dislikes and
their favorite pear cultivar. Additionally, consumers were
asked pear consumption-related habit questions such as
the types of pears eaten in the last year (check-all-that-
apply), pear purchase frequency (8-point scale where 1 = a
few times a week or more to 8 = less than once a year),
the importance of fresh pear characteristics such as size,
shape, external color, ripeness, sweetness, juiciness, shelf
life, and phytonutrient content when purchasing them
(5-point scale where 1 = very unimportant to 5 = very
important), and the main factors influencing overall food
choices (ranking question where 1 = most important to
6 = least important) (Colonna et al., 2023).

24 |
pears

Physicochemical measurements of

Weight (g), firmness (kgf), and soluble solids (° Brix) were
measured on the pear cultivars profiled by the trained
panel (n = 6) and consumers (n = 10-15).

Pears were weighed on a digital scale (Pioneer, OHAUS,
Parsippany, NJ, USA [trained panel] or EK-6100i, A&D
Weighing, San Jose, CA, USA [consumer panel]).

Firmness of the pears profiled by the trained panel was
measured with a GS-14 Fruit Texture Analyzer (GUSS
Instruments, Strand, South Africa) with an 8.0 mm probe
set at 5.0 mm flesh penetration. The measurements were
taken at three equidistant points around the equato-
rial region of each fruit after peel removal. For pears
tested by consumers, two portions of the exocarp were
removed from opposite sides of each fruit and staged on a
MOHR Fruit Texture Analyzer (MOHR Test and Measure-
ment LLC, Richland, WA, USA). Two measurements were
conducted on each fruit.

The total soluble solids (TSS) for the pears profiled by
the trained panel were measured with a handheld refrac-
tometer (Pocket Refractometer PAL-1, ATAGO, Japan). For
the consumers study, a digital refractometer (Palette PR-
101A, ATAGO USA, Inc., Bellevue, WA, USA) was used to
measure TSS.

2.5 | Data analysis

XLSTAT 2022.4.1 (Addinsoft, New York, USA) software

was used to run the different techniques for data analysis.

2.5.1 | Descriptive analysis

Trained panel data were analyzed with three-way anal-
ysis variance (ANOVA) at a 95% confidence level. The

three main fixed effects were pear cultivar, panelist, and
replicate. The interaction of the main effects pear culti-
var*replicate was accounted for in the analysis (results are
presented as Supporting Information). Tukey’s Honestly
Significant Difference (HSD) was used to compare means.
Subsequently, principal component analysis (PCA) was
applied to show the relationships between the attributes’
scores that were significantly different (p < 0.05) and that
characterized the sensory profile of the pear cultivars. The
analysis was applied to the data collected for the pears from
both the summer and the winter seasons.

2.5.2 | Consumer sensory evaluation
Consumers’ ratings for the liking of each of the attributes
were subjected to two-way ANOVA followed by Tukey’s
HSD. The two main effects analyzed were pear cultivar and
panelist. The JAR data was separated into three groups;
the bottom two categories (1 and 2) as “not enough,” the
middle category (3), as “just about right” and the top two
categories (4 and 5), as “too much.”

2.5.3 | Preference mapping
External preference mapping was conducted to evaluate
the relationship between the consumers’ overall liking
of summer and winter pears and the sensory profiling
obtained with the trained panel. First, PCA was run for
each season data set from the trained panel to obtain
the sensory map of the pears. Then agglomerative hierar-
chical clustering (AHC) was applied to generate clusters
based on the consumers’ overall liking of the pear cultivars.
The scores of the different factors were obtained from the
sensory map and the overall liking scores from the clusters.

External preference mapping techniques were applied
to the first two principal components of the trained panel
data to relate consumers’ preferences to the pears’ sensory
map (Gambaro et al., 2007; Oliver et al., 2018). Five and the
four clusters were generated for the summer and winter
pears, respectively.

To select the best model for the preference mapping, the
find the best model approach was applied via PREFMAP
(Oliver et al., 2018).

2.5.4 | Cluster characterization

Consumers in each cluster were characterized by demo-
graphic information (gender) and pear consumption-
related habits. Responses to these questions were used
to develop the characterization: types of pears eaten in
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the last year (check-all-that-apply question); what is your
favorite pear cultivar and why (open-ended question);
the importance of fresh pear characteristics such as size,
shape, external color, ripeness, sweetness, juiciness, shelf life,
and phytonutrient content when purchasing them (5-point
scale); and the main factors influencing overall food choices
(ranking question). Based on consumers’ responses, fre-
quencies and averages were determined.

2.5.5 | Physicochemical measurements
Results are presented as means + SD (Supporting Infor-
mation). A one-way ANOVA with the main effect of pear
cultivar was run to determine differences in these mea-
surements among the pears tested on the summer and
winter season, respectively. To determine mean separation,
Tukey’s HSD was applied.

3 | RESULTS AND DISCUSSION

3.1 | Descriptive analysis

The trained panel detected significant differences in the
intensities of multiple attributes evaluated in the pears
from the summer and the winter seasons.

311 | Appearance
Results of the appearance evaluations for the summer
pears are presented in Table 3. Only the results from the
pears that were also presented to the consumers are shown.

The Chasset classification (Bellini et al., 2007; Chasset,
1920; Martinelli et al., 2008) was used for the shape eval-
uation (Figure S1). For “Bartlett,” 720, and “Seckel,” the
percentage of agreement/selection of a specific shape was
70% or higher. The shapes selected for each of these pears
were M, for “Bartlett” and 720 and J for “Seckel.” These
three cultivars are European pears and 720 is a “Bartlett”
cross. Therefore, it could be expected that the panelists
were more familiarized with these cultivars and would be
more consistent in the shape selection. “Bartlett” has been
described as having a true pyriform or typical “pear shape”
meaning a rounded bell on the bottom half of the fruit,
and a smaller neck or stem end (USA Pears, 2023a). For
red cultivars, 417 and 642, the panelists’ agreement was
more divided among multiple shapes. Potentially, these
two cultivars might be less familiar to the panelists, as they
are interspecific pear hybrids, and there might be more
inherent variation among these cultivars.

There was high agreement among the panelists (90% or
higher) when evaluating the skin appearance of the six cul-

tivars. “Bartlett,” 573 and 720 were described as lumpy. The
417, 642 and “Seckel” were described as smooth.

The color evaluation also presented good agreement
among the panelists (90% or higher). “Bartlett” and 573 pre-
sented a high intensity, yellow color, and a low intensity
green color. Previous characterizations of “Bartlett” also
reported yellow color when ripening (USA Pears, 2023a).
Pear 720 and “Seckel” were mostly described as having
a medium intensity green color. Pear 417 was the only
cultivar described as presenting a medium intensity, red
color.

Russet coverage ranged from 2.8% (Seckel) to 10.5%
(642). The blush percentage was the highest for 642 (65.7%)
followed by “Seckel” (41.7%). This attribute may be impor-
tant for commercial purposes; blush pears have gained
popularity with consumers and may be priced up to three
times higher than green/yellow pears (Human, 2013).

Results of the appearance evaluation for the winter pears
are presented in Table 4. These cultivars were evaluated by
consumers too.

Shape evaluation presented over 50% agreement by
trained panelists for “Bosc,” “Concorde,” not ripened
“Gem” and “D’Anjou.” “Bosc” and “Concorde” were
described with an O shape. For the rest of cultivars, the
panelists did not identify a distinct shape to describe each.
Hilton and Sugar (2015) reported the shape of “Paragon” as
“Bartlett” -like, so it could have been expected to see simi-
lar results for these two cultivars. However, it is important
to note that pear shapes vary considerably.

Russet coverage for the winter pears ranged from 2.4%
to 6.4%. “Paragon” and “Comice” were the cultivars with
the highest percentage of russet coverage. “Comice” was
described as the cultivar with the highest blush coverage
(36.1%).

Skin appearance was described by the panelists as
smooth for “Bosc,” “Concorde,” and “D’Anjou” (90%-
100% of agreement). “Comice,” not ripened “Gem” and
“Paragon” were most frequently described as smooth, but
also lumpy.

For color evaluation, “Bosc” was the most different cul-
tivar, as described with an intense, brown color. The other
five cultivars were most frequently described as green
or yellow, with intensities that ranged between low and
medium. In the case of “Paragon” this cultivar has been
described as having green skin and turning yellow with
ripening (Hilton & Sugar, 2015).

3.1.2 | Aroma, flavor, taste, and texture

Figure 1 shows the sensory attributes that were signif-
icantly different (p < 0.05) for the summer pears. The
PCA plot explained 65.4% of the variation among the sum-
mer pears, with 49.9% and 15.5% explained by PC1 and
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TABLE 3 Frequency of selection and means of multiple appearance descriptors for the summer pear cultivars by the trained panel
(n=10).
Percentage of Skin appearance
Percentage of russet blush coverage” (smooth, lumpy,
Cultivar Shape?* coverage” (%) (%) other) Color
Bartlett M (70%) 4.1 10.0 Lumpy (90%) Yellow-high (100%)
L (30%) Green-low (100%)
573 D (30%) 3.4 26.3 Lumpy (100%) Yellow-high (70%)
M (30%) Green-low
P (30%) (80%)
720 M (90%) 6.7 24.5 Lumpy (100%) Green-medium
(90%)
Yellow-low
(80%)
417 C (40%) 4.7 20.0 Smooth (100%) Red-medium (60%)
A (30%) Yellow-low
E (30%) (60%)
642 C (50%) 10.5 65.7 Smooth (90%) Green-low
E (30%) (90%)
G (30%) Yellow-medium
(50%)
Seckel J (100%) 2.8 41.7 Smooth (100%) Green-medium
(90%)

2The letters for the shapes were obtained from Chasset classification (Bellini et al., 2007) (see Figure S1).
YThe percentage values for russet and blush coverage represent the percentage of panelists who reported that attributes in the tested pears.

TABLE 4 Frequency of selection of multiple appearance descriptors for the winter pear cultivars by the trained panel (n = 10).

Percentage of russet

Percentage of blush

Skin appearance
(smooth, lumpy,

Cultivar Shape?® coverage® (%) coverage® (%) other) Color
Bosc 0O (90%)* 2.4 0.2 Smooth (90%) Brown-high (60%)
Comice 1(30%) 6.4 36.1 Smooth (90%) Green-medium (90%)
J (30%) Lumpy (50%) Yellow-medium
(80%)
Concorde 0O (60%) 2.4 17.4 Smooth (100%) Green-low (90%)
N (40%) Yellow-medium (70%)
Yellow-high (70%)
Gem C (60%) 1.6 14.9 Smooth (80%) Green-medium (60%)
Lumpy (60%) Yellow-low (50%)
D’Anjou H (80%) 4.9 14.6 Smooth (100%) Green-high (90%)
Paragon H (50%) 6.4 3.6 Smooth (80%) Green-low (80%)
L (30%) Lumpy (50%) Yellow-medium (60%)

2The letters for the shapes were obtained from Chasset classification (Bellini et al., 2007) (see Figure S1).

The percentage values for russet and blush coverage represent the percentage of panelists who reported that attributes in the tested pears.

PC2, respectively. PC1 was defined by the positively loaded
attributes of pear flavor, pear aroma, grassy/green aroma,
and flavor, floral aroma and flavor, and sour in contrast
to the negatively loaded attributes of fruity flavor, apple
aroma, bitter taste, astringent, fermented aroma and flavor,
and some texture-related attributes such as grainy-gritty,

skin toughness, crispy, crunchy, and firm. Pear cultivars
including 573, “Sylvania” and “Bartlett” had higher associ-
ations with positively loaded attributes on PC1. “Bartlett”
pear has been characterized as extremely aromatic, with
a definitive “pear flavor” (USA Pears, 2023a). Sourness
has been reported as a key sensory characteristic in fruits
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FIGURE 1 Principal component analysis of all significant attributes of the summer season pears as determined by the trained panel

(n =10). The aroma- and flavor-related attributes are presented in green. The aroma-related attributes are represented as -A and the
flavor-related attributes are represented as -F. The basic taste attributes are presented in orange, and the texture-related attributes are
presented in red. Pears cultivars highlighted in yellow were also evaluated by the consumers.

that can impact their acceptability and consumption by
consumers (Lozano et al., 2023). Cultivars like 417 had a
higher association with negatively loaded attributes on PC1
(apple aroma, bitter taste, astringent, and grainy/gritty tex-
ture). Jaeger et al. (2003) reported an Asian pear species
as described by a trained panel with the attributes of fer-
mented odor and flavor and grainy texture. These findings
align with one of the interspecific hybrid pear cultivars
(417) in this study. PC2 was associated with the contrasting
relationships of apple flavor and fruity flavor with vanilla
flavor, stemmy/woody aroma, and juicy. Pear cultivars such
as 720, 804, and 391 were mostly associated with the pos-
itively loaded attributes of apple flavor and fruity flavor.
“Seckel” was associated with juicy.

Figure 2 shows the attributes that were significantly
different (p < 0.05) for the winter pears. The PCA plot
explained 69.6% of the variation among the winter pears,
with 50.5% and 19.1% explained by PC1 and PC2, respec-
tively. PC1 was defined by the positively loaded attributes
pear flavor and pear aroma, juicy, sweet, fruity aroma and
fruity flavor, and vanilla aroma and vanilla flavor in con-
trast to the negatively loaded attributes of grassy/green
flavor, apple flavor, sour, and astringent. Pear cultivars
such as “Comice,” “Paragon,” “Packham’s Triumph,” and
“Concorde” had higher associations with positively loaded

9 <«

attributes on PC1. In previous studies, “Paragon” has been
described as juicy, sweet, and buttery (Courtney, 2022).
Jaeger et al. (2003) reported that “Comice” and “Packham”
were described as having a sweet and pear aroma.

The other cultivars like “D’Anjou” and “Gem” (not
ripened) had higher associations with negatively loaded
attributes (grassy/green flavor, apple flavor, sour, and
astringent). Jaeger et al. (2003) also reported descriptors
such as grassy/green flavor for less than ripe pear cultivars.
In our study, we chose to serve the “Gem” not ripened
so it may be expected that this cultivar was described
with grassy/green flavor and astringent mouthfeel. PC2 was
associated with the contrasting relationship of grassy/green
aroma with bitter, stemmy/woody flavor, and other flavor.
“Packham’s Triumph” was associated with the positively
loaded attribute of grassy/green aroma. A previous study
reported the attributes of grassy/green aroma, flavor, and
bitter taste when evaluating the effect of ripeness level
in “Packham’s Triumph” (Jaeger et al., 2003). “Forelle,”
“Abate Fetel,” and “Bosc” were associated with the neg-
atively loaded attributes including stemmy/woody, bitter
taste.

Based on the PCA results, six pear cultivars from each
season were selected to be evaluated by consumers. The
selected cultivars are highlighted in Figures 1 and 2.
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FIGURE 2 Principal component analysis of all significant attributes of the winter season pears as determined by the trained panel

(n =10). The aroma- and flavor-related attributes are presented in green. The aroma-related attributes are represented as -A and the

flavor-related attributes are represented as -F. The basic taste attributes are presented in orange, and the texture-related attributes are

presented in red. Pears cultivars highlighted in yellow were also evaluated by the consumers.

3.2 | Consumer sensory evaluation

3.21 | Summer pears
“Bartlett,” 573, and “Seckel” were liked significantly more
(p < 0.0001) than pears 642, 417, and 720 in overall lik-
ing. Pear flavor is important to overall liking (Steyn et al.,
2011) and the “Bartlett” and “Seckel” cultivars were rated
by most consumers as JAR for pear flavor (Table 6). Sweet-
ness is another key attribute to the overall liking of pears
(Taiti et al., 2017) and when considering sweetness pref-
erences, “Bartlett” and “Seckel” cultivars exemplified the
sweetness these consumers preferred in a pear (Table 5).
The “Bartlett” cultivar was rated by 80% of consumers as
JAR in sweetness, while pears 642, 720, and 417 were all
rated by fewer than 50% of the consumers tested as JAR.
Juiciness is considered to be a key attribute in consumer
liking of pears (Turner et al., 2005). “Bartlett” was liked sig-
nificantly (p < 0.0001) more for juiciness compared to the
other summer pears tested (Table 6). Few consumers rated
any of the pears as having too much pear flavor, sweetness,
or juiciness as these were highly desirable attributes and
were qualities linked to cultivars with the highest overall
liking such as the “Bartlett” and “Seckel” (Tables 5 and 6).
These results are similar to a study of South African con-
sumers (n = 200) who stated their most preferred pear
attributes were juicy (19%), sweet (18.5%), not mealy (15%),
and soft (14%) (Steyn et al., 2011).

Pears that do not exhibit the attributes of sweetness and
flavor are generally not well liked (Elkins et al., 2006). Pear
417, which was described by many consumers in open-
ended comments as bland or lacking flavor, was rated by
90% of consumers as having too little pear flavor, and not
sweet or tart enough (Table 6). Pear 417 was rated signifi-
cantly (p < 0.0001) lower in overall liking than the highest
rated pears (“Bartlett,” 573, and “Seckel”), despite that it
had the highest mean score in overall appearance liking
and skin color liking (Table 5). The pears with the low-
est overall liking scores (720, 642, and 417) had the fewest
number of consumers rating JAR for pear flavor and sweet-
ness and most consumers rated the pears as too firm, too
crisp/crunchy, and too dry/mealy (Table 6).

3.2.2 | Winter pears

For overall liking, “Paragon,” “D’Anjou,” and “Con-
corde” presented significantly (p < 0.0001) higher mean
scores than the not fully ripened “Gem” and “Bosc”
(Table 5). The same pears that were rated highest in over-
all liking also were rated highest in pear flavor liking,
specifically “Paragon,” “Comice,” “D’Anjou,” and “Con-
corde” (Table 5). These four pears were liked significantly
(p < 0.0001) more in pear flavor than the “Bosc” and not
ripened “Gem” (Table 5). The “Paragon” was rated by 73%
of consumers as JAR in pear flavor (Table 7). The liking
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TABLE 6 Percentages of responses for the just-about-right questions (collapsed) for the summer pear varietal (n = 107).
Percentage of responses (%)
Variable Level Bartlett 573 720 417 642 Seckel
Pear flavor Not enough 19 48 69 90 75 33
JAR 76 49 28 9 24 64
Too much 6 4 3 1 1 4
Sweetness Not enough 1 39 64 73 42 20
JAR 80 55 33 24 48 73
Too much 8 6 3 3 10 7
Tartness Not enough 27 23 13 52 39 39
JAR 66 64 50 40 50 59
Too much 7 12 37 7 10 2
Firmness Too soft 45 18 1 1 1 28
JAR 53 60 23 52 51 65
Too firm 2 22 76 47 48 7
Crunchiness Too soft/buttery 43 30 4 0 0 36
JAR 54 52 32 57 58 58
Too crisp/crunchy 3 18 64 43 42 7
Juiciness Too dry/mealy 6 60 87 33 31 29
JAR 86 40 13 63 65 68
Too juicy 8 0 5 4 3
Skin texture Too thin 12 1 0 4 2
JAR 78 86 73 69 64 63
Too thick/tough 10 10 26 31 33 36

responses for sweetness also showed preferences for the
same four cultivars, “Paragon,” “D’Anjou,” “Concorde,”
and “Comice” (Table 5). These cultivars were rated by
a majority of consumers as JAR in sweetness, while the
“Bosc” and not ripened “Gem” were rated by >50% of con-
sumers as not sweet enough (Table 7). “Bosc” was rated
with a (p < 0.0001) lower mean score in tartness/acidity
liking than the other five winter pear cultivars.

Soft and juicy texture in pears has been found to be an
important driver of liking (Colonna et al., 2023). For tex-
ture liking, the “Concorde” and “Paragon” were scored
significantly (p < 0.0001) higher than the other cultivars
tested except the “D’ Anjou.” The “Paragon,” “Concorde,”
“D’Anjou,” and “Comice” were all well liked in juiciness
(Table 5); over 80% of consumers rated these four cultivars
as JAR in juiciness (Table 7).

3.3 | Preference mapping

3.31 | Summer pears

Five clusters were identified based on the consumers’
(n = 107) liking of the summer cultivars, with 71.8% of
the variance within consumers accounted for (Figure 3).

Eighty percent of the consumers were satisfied or liked
“Bartlett” and “Seckel” the most. “Bartlett” is one of the
major cultivars grown in North America (Westwood, 1993),
so this result is unsurprising given that consumers are
likely to be very familiarized with this cultivar and have
a particular preference for it.

Consumer clustering was mainly determined by the
most liked pear cultivar. Consumers in Cluster 1 (n = 33,
73% women) liked “Seckel” the most, which was character-
ized for its juicy texture. Their second cultivar most liked
was “Bartlett,” followed by 417. “Bartlett” was liked for
its familiarity, good flavor, sweetness, juiciness, and mix of
crunchy and smooth texture. Consumers in Cluster 1 were
characterized as having consumed mostly “Bartlett” pears
in the last year. These consumers preferred juicy, pear fla-
vor, and sweet attributes in their pears. The main factors
influencing their food choices were taste and flavor appeal,
health and nutrition, and price. Asian pears were the sec-
ond most consumed pears by consumers in Cluster 1. Asian
pears were liked for their texture, juiciness, and sweetness.
Blattny (2003) reported that Asian pears are distinctive
for their flesh texture. Cluster 1 preference for 417 may be
related to their liking for Asian pears.

Clusters 2 ( n = 29, 69% women) and 4 (n = 27, 63%
women) liked “Bartlett” the most. “Bartlett” was charac-
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TABLE 7 Percentages of responses for the just-about-right questions (collapsed) for the winter pear varietal (n = 112).

Variable

Pear flavor

Sweetness

Tartness

Firmness

Crunchiness

Juiciness

Skin texture

-6

FIGURE 3

Percentage of responses (%)

Food Science vy gy =

Level Anjou
Not enough 39
JAR 58
Too much 4
Not enough 23
JAR 72
Too much 5
Not enough 31
JAR 65
Too much 5
Too soft 32
JAR 68
Too firm 0
Too soft/buttery 36
JAR 62
Too crisp/crunchy 2
Too dry/mealy 1
JAR 84
Too juicy

Too thin 4
JAR 72
Too thick/tough 24

Bosc
65
33
2
52
42
5
48
45
7
23
64
13
30
58
13
26
70

60
31

Comice
27
63
10
23
62
14
21
64
15
50
49
2
51
47
2
6
82
12
8
44
48

Concorde Gem
36 73
61 27
3 0
24 51
66 48
10 1
45 23
52 65
3 13
23 0
75 54
3 46
24 0
72 56
4 44
5 44
88 54
7 2
9 1
66 77
25 22

9 8 7 6 -5 -4 -3 2 -1

2 3

5 6

9

m30%-100%
60%-80%

m40%-60%
20%-40%

m0%-20%

Paragon
18
73

1

69
20
32
62

36
63

43
55

1
82

12
79

Preference map of sensory profiling data for six summer pear cultivars explaining 71.8% of the total variance overlaid by

consumer (n = 107) liking data via a Vector model. Percentages represent regions whereby the given percentage of consumers have a
preference above the mean.
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terized by its pear aroma, grassy/green aroma, pear flavor,
sweet taste, and juicy texture. “Bartlett” was their most con-
sumed pear in the last year, liking its flavor (e.g., sweetness)
and texture attributes (e.g., soft, juicy, crispness, creami-
ness); consumers also found it predictable (e.g., constant
flavor). These consumers rated flavor, juiciness, sweetness,
and freshness as the most important factors when pur-
chasing fresh pears. Previous studies have reported that
the most common reasons for liking pears are sweetness
and juiciness, while firm, gritty textures and lack of flavor
were disliked (Escribano et al., 2016). Therefore, it can be
expected that the pear which most exhibited these quali-
ties, “Bartlett,” was the most liked by the consumers of the
two largest identified clusters.

Consumers in Cluster 3 (n = 8,100% women) presented
the highest preference for the red cultivars 642 and 417 and
the lowest liking for “Bartlett.” Eighty percent of these con-
sumers consumed Asian pears in the last year and selected
this type of pear as their favorite because of the texture (e.g.,
crunchy, crispness), juiciness and flavor (e.g., apple flavor).
They expressed crispness, flavor, freshness, and juiciness are
the most important characteristics in pears. The Asian type
pears, which were liked by 20% of the consumers over-
all, were characterized by attributes such as stemmy/woody
aroma, fermented aroma, stemmy/woody flavor, fermented
flavor, bitter taste, astringent, and grainy/gritty texture.
The clear preference for the consumption of Asian pears
could explain why they liked 642 and 417 pears the most.
This finding suggests there is a niche group that prefers
a crisper/juicier type Asian pear. Lwin and Le (2020)
reported that pear growers and consumer interest for Asian
pears is increasing. When consumed at the appropriate
ripeness level, Asian pears have a pleasant firmness, crisp-
ness, and juiciness similar to apples but with a different
and distinctive texture (Blattny, 2003).

Consumers in Cluster 5 formed a small cluster (n = 10,
50% women). In the last year, they mostly consumed
“Bosc,” followed by “Bartlett.” Their criteria for buying
fresh pears were, freshness, flavor, and juiciness. Their food
choices/eating patterns were mainly influenced by taste
and flavor appeal, health and nutrition, and price. This
cluster presented a profile of consumers open and will-
ing to explore new cultivars as 30% of these consumers
expressed having no particular favorite or having tried some
of the newer cultivars. This may explain why pear 573,
profiled as having floral aroma, green/grassy flavor, flo-
ral flavor, and sour taste was the most liked cultivar for
consumers in Cluster 5.

3.3.2 | Winter pears

Four clusters were identified based on the consumers’
(n=112) liking of the six winter pear cultivars. The 81.4% of

the variance within consumer preferences was accounted
for (Figure 4).

“Comice” and “Paragon” were the winter cultivars
most liked by the consumers (75%). Both cultivars were
described as having pear aroma, fruity aroma, pear fla-
vor, fruity flavor, sweet taste, and juicy texture. Consumers
in Cluster 2 (n = 12), Cluster 3 (n = 45), and Cluster 4
(n = 25) expressed the highest preference for “Comice”
and the lowest for “Bosc” (Clusters 2 and 3) and “D’Anjou”
(Cluster 4).

Overall, 50% of the consumers were satisfied with
“D’Anjou,” not ripened “Gem,” and “Concorde.”
“D’Anjou” was profiled as having grassy/green flavor,
apple flavor, sour taste, and astringent. “Gem” (not
ripened) was mostly characterized with texture-related
attributes such as crispy, crunchy, skin toughness, and
firm. “Concorde” was profiled as having a vanilla aroma,
vanilla flavor, and bitter taste.

Consumers in Cluster 1 (n = 29, 41% women) liked
“Bosc” the most which satisfied the liking/preference of
25% of the total consumers. “Bosc” was mainly described
as having a stemmy/woody flavor. In other studies, ripe
“Bosc” has been described as less juicy, and more firm
than “Comice” (Jaeger et al., 2003). Consumers in Cluster
1 liked “Comice” the least. This group presented a dif-
ferentiated preference compared to the consumers in the
other three identified clusters. When asked about the pear
cultivars consumed in the past year, 79% of consumers
in Cluster 1 indicated “Bosc” (79%) as their most con-
sumed cultivar, followed by “Bartlett” (76%) and Asian
pears (65%).

However, when asked about their favorite pear culti-
var, the responses varied. Twenty-one percent mentioned
“D’Anjou” (e.g., appearance, texture of skin and inte-
rior, balance of sweetness to tartness, and familiarity);
17% “Comice” (e.g., flavor, texture, and sweetness); 14%
“Bartlett” (e.g., availability, consistent, texture, juiciness,
and sweetness); and 10% “Bosc” (e.g., flavor, texture, crisp-
ness, and tartness). When asked about their criteria for
purchasing fresh pears, consumers rated flavor as some-
what important to very important and crispness, firmness,
and juiciness between neutral and somewhat important.

For Cluster 2 consumers (n =12, 58% women), “Comice”
was the most liked and “D’Anjou” was the second
most liked cultivar. Consumers described “D’Anjou” with
attributes such as apple flavor, grassy/green flavor, sour
taste, and crispy texture. Their most frequently consumed
pears in the last year were “Bartlett” (100%), “Bosc” (75%),
and “Comice” (67%). “Bartlett” was their favorite (42%)
followed by Asian pears (25%). They described “Bartlett”
as budget friendly, available, familiar, juicy, and hav-
ing strong pear flavor. Asian pear was another favorite
because of its texture (e.g., firm, crispness), juiciness, and
flavor. The most important characteristics of fresh pears
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FIGURE 4 Preference map of sensory profiling data for six winter pear cultivars explaining 81.4% of the total variance overlaid by
consumer (n = 112) liking data via a Vector model. Percentages represent regions whereby the given percentage of consumers have a

preference above the mean.

were flavor, freshness, and pears free of defects. These
consumers’ food choices/eating patterns were mostly
described by taste and flavor appeal, health and nutrition,
and price, as was also observed for consumers in Clusters 3
and 4.

For consumers in Cluster 3 (n = 45, 62% women),
the preferred pear was “Comice,” followed by “Paragon”
and “D’Anjou”(Figure 4). “Comice” and “Paragon” were
mostly described by pear aroma, pear flavor, and sweet
taste, similar to previous work (Vaysse et al., 2005). In this
cluster, the pear cultivars most commonly consumed in
the last year were “Bartlett” (89%) and “D’Anjou” (71%),
followed by “Red Anjou” (62%), Asian pears (62%) and
“Comice” (51%). When asked about their favorite pear
cultivar, 24% mentioned “Bartlett” because of its good
pear flavor, good texture, familiarity, soft/ buttery texture,
Sweetness, juiciness, and firmness and 16% mentioned “Red
Anjou” as their favorite pear. The characteristics most
desired in fresh pears were juiciness, freshness, and flavor.

Cluster 4 (n = 25, 56% women) gathered consumers who
also had the highest preference for “Comice.” As in Clus-
ter 3, “Paragon” was also the second most liked cultivar
followed by “Concorde.” Their most frequently consumed

pears in the last year were “Bartlett” (96%), “D’Anjou”
(68%), “Bosc” (68%), and Asian Pear (68%). “Comice” was
consumed by 36% of the consumers in this cluster and
“Concorde” by 24%. The favorite pear for these consumers
was “Bartlett” (44%) because of its size, color, taste overall,
perfect pear flavor, right amount of sweetness, and juici-
ness. When purchasing fresh pear flavor, juiciness, and
sweetness were the most important characteristics for these
consumers.

3.4 | Physicochemical measurements of
the pears

The physicochemical measurements of summer and win-
ter season pears profiled by the trained panel and con-
sumers are presented as Supporting Information (Tables 1
and 2).

Weight ranged from 125.4-310.9 g for summer cultivars
(Table 1) and 160.4-262.4 g for winter cultivars (Table 2). All
European-style pears from both summer and winter sea-
sons were at optimal firmness for consumption, except for
pears 720 (5-6 kgf) and Bosc (7.0 kgf). Firmness usually
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ranges from 6 to 7 kgf for European pears when harvested
and 2 to 3 kgf or less when ready for consumption (DeEll &
Slingerland, 2012). The TSS ranged from 12.3 to 16.3 °Brix
for summer cultivars (Table 1) and 10.2 to 20.5 °Brix for
winter cultivars (Table 2).

3.5 | Study limitations

This study presented results of consumer and trained panel
profiling of a large number of pears. However, it must be
noted that pears have a natural variation in their physic-
ochemical composition that is challenging to account for.
These differences (e.g., firmness, TSS), which are mostly
associated with their ripeness level, may have impacted the
perception of the sensory attributes evaluated both by the
trained panel and the consumers. These potential differ-
ences were mitigated by testing samples in duplicate by the
trained panel and by over 100 consumers, with this testing
occurring within a day.

4 | CONCLUSIONS

The aim of this study was to identify the sensory charac-
teristics of summer and winter pears considered desirable
by consumers in the PNW region. After profiling 23 pear
cultivars with a trained panel, significant differences were
found in the appearance, aroma, flavor, taste, and texture
profile. The consumer study showed that frequent pear
consumers are most interested in pears that are high in
pear flavor, sweetness, juiciness, and have a soft/juicy tex-
ture. Pears that were less well liked were rated as not having
enough pear flavor, sweetness, or juiciness, and as being too
firm and too crispy/crunchy. Also, consumer niche groups
of pear consumers were identified. These niche groups pre-
fer the Asian style crispier, juicy cultivars that are less well
known and less commonly consumed than more common
cultivars like “Bartlett” (Taiti et al., 2017).

Overall, the main contributions of this study suggest
the pear industry should seek to deliver pears with the
attributes desired by consumers, which include sweetness,
juiciness, and a softer texture. These attributes have been
shown by previous researchers (Colonna et al., 2023; Elkins
et al., 2006, 2008; Gallardo et al., 2023; Steyn et al., 2011;
Taiti et al., 2017; Torregrosa et al., 2019; Turner et al., 2005)
to be highly desirable to pear consumers. However, the
pear industry should also consider introducing pears with
other sensory attributes as the present results suggested
that there is consumer interest.
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