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ABSTRACT: ‘Comice’ is among the pear varieties most difficult to ripen after harvest. Ethylene, cold temperature, and
intermediate (10 °C) temperature conditioning have been successfully used to stimulate the ability of ‘Comice’ pears to ripen.
However, the sensory quality of pears stimulated to ripen by different conditioning treatments has not been evaluated. In this
study, a descriptive sensory analysis of ‘Comice’ pears conditioned to soften to 27, 18, and 9 N firmness with ethylene exposure
for 3 or 1 days, storage at 0 °C for 25 or 15 days, or storage at 10 °C for 10 days was performed. Sensory attributes were then
related to changes in chemical composition, including volatile components, water-soluble polyuronides, soluble solids content
(SSC), and titratable acidity (TA). The sensory profile of fruit conditioned with ethylene was predominant in fibrous texture and
low in fruity and pear aroma. Fruit conditioned at 0 °C was described as crunchy at 27 and 18 N firmness and became juicy at
9 N firmness. Fruit conditioned at 0 °C produced the highest quantity of alcohols and fewer esters than fruit conditioned at
10 °C, and they had higher fruity and pear aroma than fruit conditioned with ethylene, but lower than fruit conditioned at 10 °C.
Fruit held at 10 °C were predominant in fruity and pear aroma and had the highest concentration of esters. Water-soluble
polyuronides were strongly, positively correlated (r > 0.9) with sensory attributes generally associated with ripeness, including
juiciness, butteriness, and sweetness and negatively correlated (r > −0.9) with sensory attributes generally associated with the
unripe stage, such as firmness and crunchiness. However, water-soluble polyuronides were not significantly different among
conditioning treatments. Sensory sweetness was not significantly correlated with SSC, but TA and SSC/TA were significantly
correlated with sensory tartness. However, there were no significant differences among the conditioning treatments in sweet or
sour taste perception when the fruit fully softened. The results indicate that the various methods of conditioning ‘Comice’ pear
fruits for ripening had different effects on their sensory and chemical properties that may influence their sensory quality.
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■ INTRODUCTION

To increase consumption of pear fruit, consumer satisfaction
must be increased by reliable ripening to good eating quality.1

‘Comice’ pears resist ripening after harvest due to their lack of
capacity to produce ethylene at harvest maturity.2 Cold and
intermediate (10 °C) temperature conditioning and ethylene
conditioning protocols have been developed to stimulate fruit
ethylene production and ripening. For ‘Comice’, cold storage at
−1 to 0 °C for 25−31 days is required when fruits are harvested
in the early season (corresponding to a firmness of∼53−58 N).2
Exposure of ‘Comice’ fruit harvested at∼58 N to an intermediate
temperature of 10 °C required only 12 days to stimulate ripening
of the fruit.3 Additionally, treatment with 100 μL L−1 ethylene
gas for 3 days at 20 °C following 3 days of cold storage was also
effective in stimulating ripening of the fruit harvested at 50−58N.2
Despite the development of alternative techniques for
conditioning ‘Comice’ pears, the effect of these conditioning
treatments on the sensory quality of pears has not been
investigated.
Pear fruit sensory quality can be determined from its color,

texture, aroma, and taste, the most important sensory properties
that consumers recognize.4 Texture is partially related to changes
in cell wall composition during ripening; as pears soften, water-
soluble polyuronides (WSP) increase while water-insoluble

polyuronides decrease.5 Buttery and juicy texturex in ripe
‘Marguerite Marillat’ pears were correlated to high WSP (200 mg
uronic acid (100 g fw)−1), whereas fruit with lessWSP (100−150mg
uronic acid (100 g fw)−1) had a dry and coarse texture.6 Changes
in cell wall metabolism during ripening are regulated by
ethylene.6−8 Both temperature and ethylene conditioning can
induce ethylene biosynthesis in pears, and the ethylene produced
subsequently regulates the expression of genes encoding
enzymes involved in cell wall degradation. Increasing ethylene
production was associated with pectin degradation and a loss of
firmness in ‘Passe-Crassane’ pears as evidenced by an increase in
WSP.8

Pear flavor depends on aromatic volatile compounds, which
impart to the fruit its distinctive and typical character.9,10 Ethyl
2-methylbutanoate was reported to be responsible for the
characteristic aroma of ‘Comice’ pears.11 The aroma of ‘Comice’
pears that ripened optimally after cold storage for 3 months was
dominated by esters, such as hexyl acetate and butyl acetate,
accounting for >92% of total volatiles.12 However, ‘Comice’
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pears produced low levels of the ester ethyl 2,4-decadienoate
(0.11%), which has a pear note and is prominent in other pear
varieties.12 Despite its low content of ethyl 2,4-decadienoate,
‘Comice’ is considered by some to be the best dessert pear variety
due to its juicy, buttery texture and well-balanced flavor.13 Aroma
volatile production is regulated by ethylene biosynthesis and
action in many climacteric fruit, as demonstrated through the use
of the ethylene action inhibitor 1-methylcyclopropene (1-MCP)
and the study of transgenic apples with suppressed ethylene
biosynthesis.14,15

Taste is also a key factor of sensory quality. The balance of
sweet and sour taste affects consumer acceptance of fruit.16

Sugars (fructose, sorbitol, glucose, and sucrose) and acids (malic
acid) are the compounds most influencing sweet and sour/tart
taste in pears.5 Consumer tests have shown that the acceptable
range of sweet/sour balance as measured by soluble solids
content/titratable acidity (SSC/TA) ratio in pear fruit is 2−4.16
Sensory descriptive analysis is a primary approach to

investigate the important attributes of a product that people
perceive.18 The sensory descriptive analysis of ‘Comice’ pears
after cold storage and ripening was compared with that of unripe
pears.1 Ripe ‘Comice’ pears had high levels of sweetness, cooked
pear odor and flavor, softness, and juiciness, but low levels of
grassy/green odor.
Instrumental fruit quality measurements are sometimes well

correlated with sensory attributes. In one study,20 the best
correlations and predictions of sensory texture attributes in
apples were between the penetrometer puncture test and
crispness (r = 0.8) or juiciness (r = 0.7). In another study,
compressive force using a Sinclair iQ System and Güss Fruit
Texture measurements had a significant correlation with sensory
perception of hardness in both apples (r = 0.78−0.83) and pears
(r = 0.83).17

The relationships between volatile compound concentrations,
SSC or TA, and sensory attributes have not been reported for
pears. For apples, relationships between the main volatile
compounds and sensory attributes were determined by Karlsen
et al.18 Butyl acetate, 2-methylbutyl acetate, hexyl acetate, and
ethyl acetate were related to fruity and sweet sensory attributes,
whereas ethyl butanoate, 1-butanol, ethanol, and α-farnesene
were related to sour, bitter, and grassy attributes.18 To predict
sensory perception of acidity, TA was the best instrumental
measurement in apple fruit (r = 0.86)19 compared to individual
acids, SSC/TA, Brim A (SSC− 10 × TA) or suspension pH (the
pH of the macerate before the start of the titration). On the other
hand, sensory sweetness was difficult to predict by any
instrumental measurement in apple.19

In this study, we compare the effect of ethylene conditioning
and cold (0 °C) or intermediate (10 °C) temperature
conditioning on the sensory quality of ‘Comice’ pears as
evaluated by descriptive sensory analysis. We also describe the
relationship between the sensory attributes and instrumental
measures of fruit quality. These parameters were measured
as a function of firmness level for the various conditioning
treatments.

■ MATERIALS AND METHODS
Fruit Source. Mature-green ‘Comice’ (Pyrus communis L.) pears

were harvested at the average firmness of 43 N from a commercial
orchard in Lake County, California, in midseason (September 15, 2010).
The fruits were transported to the Postharvest Pilot Plant at the
University of California, Davis, on the same day and visually sorted to
eliminate defective fruits and to obtain fruits of uniform size and color

for use in the experiments. The fruits were stored at 20 °C and >90%
relative humidity prior to the initiation of treatments on the follow-
ing day.

Conditioning Treatments. The pears were randomly divided into
six groups (five conditioning treatment groups and one control,
nonconditioned group) with 200−350 fruits per group. Three groups
were exposed to different storage temperatures and times; 0 °C (low
temperature) for 15 or 25 days and 10 °C (intermediate temperature)
for 10 days with >90% relative humidity (RH). Two groups were
exposed to 100 μL L−1 ethylene gas at 20 °C in two 300 L stainless steel
tanks for 1 or 3 days. Humidified air (95% RH) containing 100 μL L−1

ethylene was passed through the tank at 4 L min−1 to keep CO2
concentration <0.3 kPa. An additional group was held at 20 °C as a
nonconditioned control. After the initial conditioning treatments, all
groups were transferred to 20 °C for ripening until they softened to the
firmness of 9 N (±2.50 N). Four single fruit replicates were chosen from
each treatment group when the average fruit firmness (15 fruits
measured randomly from each treatment) reached 27, 18, and 9 N
(±4.00 N), and the firmness of the four fruits selected for instrumental
and sensory evaluation were as close to 27, 18, or 9 N as possible.
Portions of each individual fruit were used for analysis of skin color,
firmness, cell wall polyuronides, volatile content, SSC, TA, and sensory
evaluation by a trained panel as described below.

Ethylene Production. Ethylene production was measured every
day or every other day on a subset of fruits from each treatment after
fruit transfer to 20 °C and until the fruit began senescence. Five fruits
were placed into a 3.8 L jar as one replicate with three replicates for
each treatment. The jars were sealed for 10−30 min before a 10 mL
headspace gas sample was collected and analyzed for ethylene
concentration using a gas chromatograph (AGC series 400; Hach-
Carle Co., Loveland, CO, USA) fitted with a 1 mL sample loop, a flame
ionization detector (FID), and an alumina column. The oven
temperature was 80 °C, and the carrier gas was N2 at a flow rate of
37 mL min−1.

Flesh Firmness. Fruit firmness was determined at harvest and was
measured every day or every other day after transfer to 20 °C for
ripening until the fruit softened to 9 N. For analysis, the skin was
removed from an area ∼20 mm in diameter on opposite sides of the
equatorial region of each pear. Firmness was measured on each side of
the pear using a Güss FTA Penetrometer (Guss, Strand, Western Cape,
South Africa) fitted with an 8 mm probe. The four fruits per replicate for
each treatment and firmness stage were selected when the average
firmness for each treatment reached 27, 18, or 9 N.

Soluble Solids Content and Titratable Acidity. Two wedge-
shaped slices were cut from stem to blossom end from opposite sides of
each pear used for sensory evaluation and juiced for SSC and TA
determination. A few drops of juice were used to measure SSC by
refractometry (Reichert AR6 Series, Depew, NY, USA), and 4 g of juice
diluted in 20 mL of deionized water was used for determination of TA
(as malic acid equivalents; pH 8.2 end point), using an automatic titrater
(Radiometer TitraLab; Tim850 titration manager and SAC80 sample
changer).

Cell Wall Polyuronides. Samples for cell wall polyuronide analyses
were collected from each fruit used for sensory evaluation by cutting
a wedge from stem to blossom end and frozen at −80 °C for 14−16
weeks before analysis. About 10 g of frozen pear flesh tissue (without
peel or core) was collected from each single pear replicate and
used for cell wall polyuronide determination. The percentage of
water-soluble polyuronides (water-soluble polyuronides/total
polyuronides × 100) was determined following the method of
Ahmed and Labavitch.20

Cell Wall Extraction. Tissue samples (10 g) were boiled in 95%
ethanol for 20 min followed by homogenization for 1 min (Polytron PT
10/35; Brinkmann/Kinematica, Westbury, NY, USA). The pellet was
collected, and the supernatant was decanted following centrifugation at
1000g for 10 min. The pellet was resuspended in 80% ethanol and
recentrifuged at the same speed. This washing cycle was repeated twice
to ensure that the pellet was colorless. The pellet was then washed with
acetone and dried under a fume hood for 1 day, yielding a crude cell wall
extract. Next, the crude cell wall was suspended in dimethyl sulfoxide
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(DMSO)/H2O (9:1 v/v) and shaken at room temperature for 24 h to
remove starch. The slurry was centrifuged (1000g for 10 min) and the
DMSOdiscarded; the pellet was washed twice in 95% ethanol to remove
all trace of DMSO and then washed twice in acetone. The solids were
dried under a fume hood for 2−3 days. The alcohol-insoluble and starch-
free cell wall material (CWM) was stored in a desiccator for subsequent
analysis.
Total Polyuronide Preparation. Cell wall material was weighed

(2−3mg) into a test tube containing amagnetic stir bar. The sample was
cooled in an ice−water bath before 1 mL of chilled concentrated sulfuric
acid was added. The mixture was stirred gently for 5 min before another
1 mL of chilled, concentrated sulfuric acid was added with an additional
5 min of stirring. Distilled water (0.5 mL) was added dropwise into the
mixture and stirred for 5 min followed by another 0.5 mL of dH2O, and
stirring was continued until dissolution was complete (about 1 h). An
additional 7 mL of dH2O was added to a total volume of 10 mL. This
solution was ready to assay for uronic acids to determine the total
polyuronides.
Water-Soluble Polyuronide (WSP) Preparation. Cell wall material

was weighed (30mg) into a test tube containing a stir bar. Distilled water
(10 mL) was added to dissolve WSP in the sample. The sample was
stirred for 2 h and then centrifuged at 11840g for 25 min. The
supernatant was collected for uronic acid assay to determine WSP
content.
Uronic Acid Assay. An aliquot (400 μL) of the total polyuronide

solution or the WSP supernatant was added to a test tube and cooled in
an ice water bath. An aliquot (2.4 mL) of chilled uronic acid reagent
(4.767 g sodium tetraborate decahydrate/L concentrated sulfuric acid)
was added andmixed. Themixture was heated in a 100 °Cwater bath for
exactly 5 min. The sample was cooled immediately in an ice−water bath.
A 1.4 mL aliquot was transferred to another test tube. A 20 μL aliquot of
meta-phenyl phenol solution [0.15% (w/v) meta-phenyl phenol in 0.5%
(w/v) NaOH] was added to the test tube. A blank sample was included
that contained only 20 μL of 0.5% sodium hydroxide (NaOH). The
reaction was allowed to continue for about 1 h at room temperature to
ensure color stabilization. The color intensity of the sample was
determined at 520 nm by spectrophotometry (UV-1601 UV−vis;
Shimadzu Co., Columbia, MD, USA). A standard curve was generated
using 0, 0.05, 0.10, 0.15, and 0.2 mg mL−1 uronic acid and used to
calculate sample uronic acid content.
Volatile Compounds. Pear tissue samples for measurement of

volatile content were collected from each fruit used for sensory
evaluation, cutting a wedge from the stem to the blossom end. Samples
were frozen at −80 °C for 18−20 weeks prior to analysis. Frozen pear
tissue flesh (10 g, without peel or core) was placed in a test tube, and 10mL
of a saturated CaCl2 solution was added to prevent enzymatic
reactions. The mixture was homogenized (Polytron PT 10/35;
Brinkmann/Kinematica, Westbury, NY, USA) at speed 4 for 1 min
after warming to room temperature. An 8 mL aliquot of the puree was
transferred to each of two 20 mL amber glass vials (Supelco Analytical,
St. Louis, MO, USA) as two technical replicates. An aliquot (7 μL of a
0.1 mM solution) of 2-methylbutyl isovalerate (Sigma-Aldrich Inc., St.
Louis, MO, USA) in methanol was added to each vial as an internal
standard.
The volatiles were collected by headspace sorptive extraction (HSSE)

and then analyzed by GC-MS (Agilent 7890A GC/5975CMSD; Santa
Clara, CA, USA) equipped with a thermal desorption unit (TDU) and a
cooled injection system (CIS) (Gerstel, GmbH & Co. KG). The
headspace was sampled using a 10 mmmagnetic stir bar (also known as
Twister; Gerstel GmbH & Co. KG), coated with 24 μL of
polydimethylsiloxane (PDMS). The bar, suspended above the sample
in the vial, was exposed to the headspace for 1 h at room temperature,
while the sample was stirred at 270 rpm, using a 15-position stir-plate
(Gerstel GmbH & Co. KG). After exposure, the bars were placed onto
the autosampler. The volatile compounds sorbed onto the PDMS
coating were thermally desorbed into the TDU and then cryofocused
prior to GC-MS analysis for separation and detection. For the thermal
desorption, the following parameters were used: initial TDU temper-
ature of 30 °C, then heated to 250 at 720 °C min−1 and held for 5 min;
transfer line temperature at 280 °C. Simultaneously, the analytes were

transferred into the PVT-injector, where they were cryogenically
focused at −80 °C, using liquid nitrogen. Initial injection temperature
was programmed at −80 °C and then heated to 280 °C at 12 °C min−1.
The inlet was operated in split mode (5:1). The GCwas equipped with a
DB-5MS capillary column (30 m × 0.25 mm; film thickness = 0.25 μm)
(Agilent Technologies), injector temperature at 220 °C, and helium
carrier gas flow rate of 1.2 mL min−1. The oven temperature started at
40 °C, increased to 80 °C at a rate of 3 °C min−1, and then increased to
180 °C at a rate of 5 °C min−1. MS parameters were as follows: transfer
line temperature of 230 °C, source temperature of 230 °C, quadrupole
temperature of 150 °C, continuous scan range from m/z 30 to 300.
Spectral deconvolution was performed with AMDIS software (version
2.69; NIST, Gaithersburg, MD, USA), and spectra were aligned and
analyzed with Mass Profiler Professional (version 2.0; Agilent
Technologies). The identity of volatile compounds was confirmed by
matching retention time and mass spectra with those of authentic
standards whenever possible. When authentic standards were not
available, identification was performed by comparing the calculated
retention index with published values and matching their spectra with
those present in the NIST library (NIST 0.8). Volatile concentra-
tions were calculated by comparing the integrated peak area of
each compound with that of the internal standard (15.13 μg L−1

2-methylbutyl isovalerate, final concentration) and are reported as
micrograms per kilogram of fruit fresh weight.

Descriptive Sensory Evaluation. The sensory descriptive analysis
of fruit samples from each treatment at 27, 18, and 9 N firmness levels
was performed by a trained panel. Panelists were recruited on the
University of California, Davis, campus and 9 were selected on the basis
of interest and availability and trained during six training sessions of 1 h
per session per day. Descriptive attributes for aroma, texture, and taste of
pear and their definitions were developed during the first session (Table 1).
During the training sessions, reference standards for the attributes
were presented in 60 mL plastic cups with lids or 1 mL glass vials
with caps (aroma attribute references). Refinement of the attributes
was discussed among the panelists in two subsequent training
sessions. In the following sessions, the panelists were exposed
to different ripening stages of pear samples (firm and soft) to practice
evaluating the attributes using an unstructured 10 cm line scale on
a score sheet and to achieve consensus for how to define and rate
the attributes. During the last training session, panelists practiced
evaluating pear samples in the actual sensory booths, using auto-
mated data collection (Compusense Five software, Ontario, Canada).
The final attributes consisted of five aroma, five texture, and two taste
attributes (Table 1).

Four individual fruit replicates of each firmness stage were selected
from each treatment immediately after their firmness was measured. A
slice from each pear fruit, cut as a wedge from the stem to blossom end,
and without peel or core, was presented to each panelist. Therefore,
there were 4 replicates per judge and 44 replicates (9 judges × 4 fruit
reps) per treatment. Each slice was placed in a plastic cup (118 mL with
lid) and labeled with a random three-digit code, up to 30 min before
tasting began. Pear slices were served with a cup of water and some
unsalted saltine crackers as palate cleansers. Panelists were not required
to expectorate the samples, but the size of the pear samples and number
of samples was small and did not result in satiation. With different
ripening rates driven by each treatment, the panelists usually tasted four
or eight samples each day using a randomized complete block design for
assessing the samples. Evaluation was performed in individual sensory
booths under red light at room temperature (20 °C). Descriptions and
definitions of pear attributes were posted, and related reference
standards for aroma (orthonasal) and taste, as shown in Table 1, were
available as references during the tasting. The panelists were asked to
evaluate the pear attributes for aromas, textures, and tastes on an
unstructured 10 cm line scale using the software program Compusense
Five (Compusense).

Statistical Analysis. The data for each sensory attribute were
analyzed across treatments at each firmness level (27, 18, and 9 N).
Three-way analysis of variance (three-way ANOVA) was conducted to
test the effects of treatment, panelists, replicates, and all two-way
interactions for each sensory attribute using a pseudomixed model with
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the panelist by treatment interaction as denominator (SAS version 9.0,
Cary, NC, USA). The analysis of variance was also done across firmness
levels for each treatment using a pseudomixed model. The multiple
least-squares means comparisons were carried out using Tukey’s
Studentized range test at p < 0.05.
The effects of treatments on volatile compound concentrations, SSC,

TA, sugars, and acids were analyzed by analysis of variance (one-way
ANOVA) for each firmness level (27, 18, and 9 N) (SAS version 9.0).
Multiple least-squares means comparisons were done using Tukey’s
Studentized range test at p < 0.05.
Partial least-squares (PLS) regression analysis was performed to

evaluate the relationships between sensory attributes (Y-variables) that
were significantly different among the treatments and compositional
data (X-variables) that were significantly different among the
treatments using Unscrambler (version 9.2., CAMO A/S, Trondheim,
Norway). Compositional data included WSP, volatile compounds,
SSC, and TA.

■ RESULTS
Physiochemical Analysis. Firmness changes were moni-

tored during pear ripening at 20 °C after conditioning treatment.
Fruit conditioned with ethylene for 3 days or held at 10 °C for 10
days softened to 9 N within 4 days, followed by fruit held at 0 °C
for 25 or 15 days, which softened to 9 N within 6 days, and fruit
conditioned with ethylene for 1 day, which softened to 9 N
within 10 days (Figure 1). Fruit held at 20 °C (nonconditioned
control) did not soften to any of the targeted firmness stages, 27,
18, or 9 N, within 31 days (data not shown). As a result, the
nonconditioned control fruits were not included in any
subsequent evaluations. During softening, pear ethylene
production was highest from fruit conditioned with exogenous
ethylene for 3 days or held at 0 °C for 25 and 15 days (Figure 2).
Fruit conditioned at 10 °C for 10 days or conditioned with

Table 1. Pear Attributes, Definitions, and Reference Standards for Sensory Descriptive Analysis of ‘Comice’ Pears

attribute
(general category) definition reference standards (intensity on 10 cm line scale)

fruity (aroma) sweet aromatic, characteristic of ripe fruit Del Monte canned mixed fruit (peaches, pears, and pineapple)
in extra light syrup (10)

apple (aroma) aroma associated with fresh apple ‘Fuji’ apple (10)

pear (aroma) aroma note associated with fresh pears hexyl acetate
high: 3% (v/v) in water (10)
medium: 1.5% (v/v) in water (5)

fermented (aroma) aroma associated with fermented fruits (sweet + alcohol) high: hard pear cider with 4% alcohol (10)
medium: regular apple cider (5)

green stem (aroma) aroma associated with green wood stems; twiggy cis-3-hexen-1-ol in diluted apple juice in water
high: 0.1% (v/v) in 35% apple juice (10)
medium: 0.01% (v/v) in 3% apple juice (5)

firmness (texture) force required to bite completely through the sample (first bite/chew) firm: ‘Fuji’ apple (9)
medium: flesh of peeled zucchini (5)
soft: banana (0.5)

crunchiness (texture) amount of noise generated when chewing with the back teeth high: ‘Fuji’ apple (9)
medium: cucumber (5)
low: banana (0.5)

juiciness (texture) amount of wetness or juiciness released from the sample during the first high: orange (9)
three chews medium: ‘Fuji’ apple (5)

low: banana (0.5)

butteriness (texture) degree of smooth texture of the flesh with an absence of detectable particles, high: butter (10), milk chocolate (medium quality) (9)
like butter medium: apple sauce (5)

low: corn meal (0.5)

fibrousness (texture) presence of fibers that are continuous filaments or are in discrete elongated high: ‘Tommy Atkins’ mango (9)
pieces in the sample medium: squash/pumpkin (5)

low: banana (1)

sweetness (taste) basic taste on the tongue stimulated by sugar and high-potency sweeteners Kern’s canned pear nectar
high: 67% (v/v) in water + 25 g of sugar (9)
low: 67% (v/v) in water (1)

tartness (taste) sour taste stimulated by acids Kern’s canned pear nectar
high: 67% (v/v) in water + 0.5 g of citric acid (9)
medium: 67% (v/v) in water (5)
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ethylene for 1 days had similar levels of ethylene production,
which were about half that of the highest level. The fruit from the
control group had the lowest rate of ethylene production.
Sugar and acid content related to sweet and sour taste were

estimated by SSC and TA, respectively. There were differences
in SSC across treatments for fruit softened to 27 and 18N(p <0.05);

there were no significant differences in SSC and TA among
conditioning treatments when the fruit was softened to
9 N (data not shown). Fruit held at 0 °C for 15 days had the
highest SSC at both 27 (15.4%) and 18 (14.0%) N firmness.
Comparison of SSC across firmness levels revealed that fruit
softened to 27 N had significantly higher SSC (14.2%) than fruit
at 18 N (13.7%) and 9 N (13.6%). For TA, there were no
significant differences across treatments within the same firmness
levels or across firmness levels (data not shown). There were also
no differences in the ratio of SSC/TA among treatments,
but SSC/TA increased with fruit softening from 65.92 at 27 N to
71.57 at 9 N.
WSP content was not significantly different across condition-

ing treatments for each firmness level, but significantly increased
with fruit softening from 27 to 18 to 9 N (from 17.9 to 26.2 to
38.1%) (data not shown).
Different conditioning treatments resulted in marked differ-

ences in pear aroma volatile profiles. Analysis of variance of 48
identified volatile compounds (Table 2) showed significant
differences in the levels of 12 individual compounds, total
alcohols, and total esters for the 27 N firmness stage; 18
compounds, total aldehydes, total alcohols, total esters, and total
volatiles for the 18 N firmness stage; and 15 compounds, total
aldehydes, total esters, and total volatiles for the 9 N firmness
stage (Table 3). Within a conditioning treatment, the
concentrations of many volatiles increased as firmness decreased.
However, the magnitude of the increase in concentration of
volatiles was dependent on the treatment (Table 3).

Figure 1. Changes in firmness (N) of ‘Comice’ pears at 20 °C after
conditioning with C2H4 at 20 °C for 1 or 3 days or temperature
conditioning at 0 °C for 15 or 25 days and at 10 °C for 10 days, and
nonconditioned control at 20 °C. Vertical lines represent the standard
error of the mean (n = 15).

Figure 2. Days required to soften to 27, 18, and 9 N firmness (A) and changes in ethylene (C2H4) production (B) of ‘Comice’ pears at 20 °C after
conditioning with C2H4 at 20 °C for 1 or 3 days or temperature conditioning at 0 °C for 15 or 25 days and at 10 °C for 10 days, and nonconditioned
control at 20 °C. Vertical lines represent the standard error of the mean (n = 3).
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Table 2. Volatiles in ‘Comice’ Pears by Headspace Sorptive Extraction and Gas Chromatography−Mass Spectrometry during
Softening after Temperature or Ethylene Conditionings

compound
class peak compound

RTa

(min)
RIb

(calcd)
RIc

(std) RId (lit.) MSe pear refsf

aldehydes 2 butanal 2.05 596 600 595g A, B 37
6 pentanal 2.74 684 686 679h A, B 37
14 hexanal 4.26 800 800 801i A, B 23, 38, 39
17 (E)-2-hexenal 5.51 847 847 850i A, B 23, 38, 39
20 heptanal 6.98 902 901 902i A, B 38
32 nonanal 15.04 1104 1106 1104i A, B 23, 38
36 decanal 18.72 1205 1208 1205i A, B 37
38 2-decenal 20.51 1263 1265 1259j A, B
44 dodecanal 24.69 1410 1412 1409k A, B
46 tetradecanal 29.67 1614 1615 1611l A, B
47 pentadecanal (tentative)m 31.94 1709 1711n B

alcohols 1 1-propanol 1.94 582 578 572h A, B 12, 37
3 2-methyl-1-propanol 2.23 619 622 606o A, B 12, 23, 38
4 1-butanol 2.49 652 654 657r A, B 12, 23
10 2-methyl-1-butanol 3.25 727 730 733i A, B 12, 23, 37
11 1-pentanol 3.74 762 761 761i A, B 12, 23, 38
18 1-hexanol 6.02 867 867 865i A, B 12, 23, 38, 39
24 1-heptanol 9.54 971 969 951q A, B 12, 23, 39
30 1-octanol 13.75 1073 1076 1070i A, B 12, 23, 38, 39

esters 7 ethyl propanoate 2.91 703 705 692q A, B 12, 39
8 n-propyl acetate 2.93 704 706 707i A, B 12, 23, 39
9 methyl butanoate 3.04 712 714 717s A, B 12, 39
12 2-methylpropyl acetate 3.80 766 769 768s A, B 12, 23, 39
13 methyl 2-methylbutanoate 3.86 771 775 772i A, B 23, 38
15 butyl acetate 4.60 813 813 812i A, B 12, 23, 38, 39
16 ethyl 2-methylbutanoate 5.48 846 845 846i A, B 12, 23, 38
19 3-methylbutyl acetate 6.26 876 876 876i A, B 12, 23, 38,
21 butyl propanoate 7.26 910 907 907i A, B 12, 37
22 pentyl acetate 7.43 914 914 912s A, B 12, 23, 39
23 2-methylpropyl butanoate 8.92 954 954 953i A, B 37
24 ethyl hexanoate 10.67 1001 1001 999s A, B 12, 23, 38, 39
26 5-hexenyl acetate 10.90 1006 1004 1070t A, B 23
27 (Z)-3-hexenyl acetate 10.99 1008 1006 1004s A, B 12, 37
28 hexyl acetate 11.25 1015 1015 1011i A, B 12, 23, 38, 39
31 methyl benzoate 14.66 1095 1096 1091n A, B
33 heptyl acetate 15.45 1115 1115 1111i A, B 12, 39
34 hexyl butanoate (tentative) 18.31 1193 1191n B 12, 39
35 ethyl octanoate 18.49 1198 1198 1194i A, B 12, 23, 38
37 octyl acetate 18.97 1213 1215 1213i A, B 12, 23, 38, 39
41 hexyl hexanoate 24.09 1387 1391 1369q A, B 12, 39
42 butyl octanoate 24.14 1389 1393 1393n A, B 12
43 ethyl decanoate 24.35 1397 1398 1398u A, B 12
45 ethyl (E,Z)-2,4-decadienoate 26.25 1471 1472 1457p A, B 12, 23, 38, 39

ketones 5 2-pentanone 2.66 673 669 679v A, B
40 1-(2,6,6-trimethyl-1,3-cyclohexadien-1-yl)-2-buten-1-one

(β-damascenone)
24.03 1385 1381 1393k A, B

others 29 limonene 11.72 1026 1030 1029i A, B 23, 38
39 nonanoic acid (tentative) 20.97 1277 1280n B

aRetention time on DB-5MS column. bRetention indices calculated from C8−C20 n-alkanes.
cRetention indices calculated from authentic standards.

dRetention indices reported in the literature. eMass spectrometry ion comparisons, where A = match with authentic standard and B = match with
library (NIST08). fReferences of compounds reported in pears. gEngel et al.40 (HP-5). hHeydanek and McGorrin41 (SE-30). iBeaulieu and Grimm42

(DB-5). jZoghbi et al.44 (DB-5MS). kHognadottir and Rouseff45 (DB-5). lAdams46 (DB-5). mTentatively identified. nPino et al.47 (HP-5MS).
oShiota23 (DB-1). pRiu-Aumatell et al.38 (HP-5MS). qTakeoka et al.39 (DB-1). rHabu et al.48 (DB-1). sBeaulieu49 (DB-5). tShang et al.50 (HP-5MS).
uAnsorena et al.51 (HP-5). vJordan et al.52 (HP-5).
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Table 3. Relative Concentration (μg kg−1 Fresh Weight Fruit) of Significant Volatiles in ‘Comice’ Pears Emitted during
Softening after Temperature or Ethylene Conditioningsa

treatment

peak

compound
class and

firmness level compound 3 days at C2H4 1 day at C2H4 25 days at 0 °C 15 days at 0 °C 10 days at 10 °C

aldehydes

14 27 N hexanal 118.77 a A 101.38 a A 83.40 a B 94.83 a B 83.14 a A

18 N 193.54 a A 193.79 a A 123.81 a A 163.94 a A 112.53 a A

9 N 178.57 ab A 198.93 a A 94.58 bc AB 160.50 abc A 76.76 c A

17 27 N (E)-2-hexenal 41.47 a B 31.19 a A 29.91 a AB 32.81 a A 28.48 a A

18 N 68.05 a A 67.73 a A 38.30 ab A 48.85 ab A 34.36 b A

9 N 49.20 ab AB 67.63 a A 24.10 b B 40.70 ab A 26.11 ab A

20 27 N heptanal 0.17 a A 0.13 a A 0.23 a A 0.17 a A 0.20 a A

18 N 0.08 ab A 0.22 a A 0.18 ab A 0.11 ab A 0.06 b A

9 N 0.22 a A 0.13 a A 0.07 a A 0.07 a A 0.07 a A

alcohols

3 27 N 2-methyl-1-propanol 2.32 ab A 2.52 a A 1.37 bc A 2.15 ab A 0.83 c B

18 N 2.44 a A 2.67 a A 1.26 b A 1.41 b A 1.58 b AB

9 N 4.36 ab A 7.04 a A 2.20 b A 2.55 b A 2.80 ab A

4 27 N 1-butanol 18.39 b A 12.70 b A 45.04 a A 43.27 a A 16.78 b B

18 N 19.01 bc A 15.25 c A 41.40 a A 38.41 a A 32.45 ab AB

9 N 32.21 ab A 25.65 b A 64.00 a A 38.87 ab A 34.78 ab A

11 27 N 1-pentanol 0.83 ab A 0.56 b B 1.76 ab A 2.21 a A 0.55 b A

18 N 1.07 ab A 0.52 b B 1.35 ab A 2.05 a A 0.64 b A

9 N 1.57 a A 1.94 a A 3.48 a A 1.51 a A 0.06 a A

18 27 N 1-hexanol 42.20 bc B 10.92 c B 105.71 a A 71.73 ab A 23.12 c B

18 N 25.05 c B 33.12 bc B 90.49 a A 69.45 ab A 61.46 ab A

9 N 107.75 a A 90.16 a A 118.58 a A 69.98 a A 77.37 a A

24 27 N 1-heptanol 0.01 b B ndb b B 0.77 a B 0.22 b A 0.03 b B

18 N 0.04 a B 0.08 a B 0.48 a B 0.41 a A 0.68 a AB

9 N 1.60 a A 1.31 a A 1.95 a A 0.56 a A 1.38 a A

30 27 N 1-octanol 0.01 b A 0.01 b A 0.58 a A 0.05 b A 0.04 b A

18 N 0.06 a A 0.12 a A 0.44 a A 0.15 a A 0.86 a A

9 N 1.98 a A 1.03 a A 0.59 a A 0.11 a A 1.75 a A

esters

8 27 N n-propyl acetate 0.10 ab A 0.03 b A 0.30 ab A 0.17 ab A 0.36 a A

18 N 0.45 b A 0.25 b A 0.30 b A 0.48 b A 2.08 a A

9 N 1.26 ab A 0.50 b A 1.02 ab A 0.83 ab A 5.48 a A

15 27 N butyl acetate 19.09 ab B 3.77 b B 89.87 ab B 28.89 ab B 104.32 a B

18 N 59.32 b AB 40.99 b AB 117.09 b B 89.16 b A 288.21 a A

9 N 147.28 bc A 73.22 c A 224.52 b A 120.32 bc A 403.55 a A

19 27 N 3-methylbutyl 0.54 a A 0.29 a A 0.84 a A 0.52 a A 1.05 a A

18 N acetate 0.28 b A 0.36 b A 0.36 b A 0.30 b A 1.27 a A

9 N 1.42 ab A 1.08 b A 0.69 b A 0.56 b A 3.38 a A

21 27 N butyl propanoate nd a A nd a nd a A nd a A 0.00 a A

18 N nd b A nd b nd b A 0.04 ab A 0.15 a A

9 N 0.18 a A nd b 0.02 ab A nd b A 0.06 ab A

22 27 N pentyl acetate 1.54 b B 1.79 ab A 8.55 ab B 2.19 ab A 9.17 a B

18 N 3.77 b B 4.34 b A 10.31 b B 8.95 b A 32.65 a A

9 N 18.73 b A 7.64 b A 27.28 ab A 11.34 b A 41.58 a A
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Descriptive Sensory Analysis. For fruit at the 27 N
firmness level, an ANOVA using a pseudomixed model revealed
that the sensory attributes of firmness, crunchiness, fibrousness,
and tartness were significantly different across the different
conditioning treatments (p < 0.05) (Table 4). The perception of
firmness and crunchiness was highest for pears stored at 0 °C for
15 days, followed by pears stored at 0 °C for 25 days and pears
stored at 10 °C for 10 days. Pears conditioned with ethylene for 3
and 1 days had the highest perceived fibrousness. Within the 27
N firmness group, pears conditioned with ethylene for 1 day also
had the highest perceived tartness, whereas pears stored at 10 °C
for 10 days were perceived as lowest in tartness (Table 4).
For fruit softened to 18 N firmness, crunchiness and

fibrousness sensory attributes were significantly different across
treatments as revealed by ANOVA (p < 0.05) (Table 4).
Crunchiness was high in cold (0 °C) conditioned fruit, but low in
ethylene conditioned fruit. However, ethylene conditioned fruits
were perceived as the most fibrous.

For fruit softened to 9 N firmness, ANOVA showed significant
differences among the treatments for fruity aroma, pear aroma,
firmness, crunchiness, juiciness, and fibrousness sensory
attributes (p < 0.05) (Table 4). Fruit conditioned at 10 °C for
10 days and at 0 °C for 25 days were highest in fruity aroma and
pear aroma attributes. Fruit conditioned with ethylene for 1 day
had the lowest perceived juiciness, but were not significantly
different from fruit conditioned at 0 °C for 15 days. Fibrousness
and firmness were highest in fruit conditioned with ethylene for
1 day, followed by fruit conditioned with ethylene for 3 days, and
the latter were similar in fibrousness and firmness to fruit
conditioned at 0 °C for 15 days (Table 4).

Relationship between Instrumental and Sensory
Analysis. A partial least-squares (PLS) regression analysis
showed the relationships and prediction of significant sensory
attributes (Y-variable) by significant instrumental values
(X-variable) at each firmness level. For pears with average
firmness of 27 N, the first two latent vectors accounted for 95%

Table 3. continued

treatment

peak

compound
class and

firmness level compound 3 days at C2H4 1 day at C2H4 25 days at 0 °C 15 days at 0 °C 10 days at 10 °C

23 27 N 2-methylpropyl 2.05 a A 0.56 a A 0.65 a A 0.08 a A 3.79 a A

18 N butanoate 0.38 a A 1.13 a A 0.17 a A 0.12 a A 2.97 a A

9 N 0.33 a A 0.06 a A 0.47 a A 0.04 a A 0.71 a A

26 27 N 5-hexenyl acetate 0.11 a A nd a nd a A nd a A 0.19 a B

18 N nd b A nd b 0.02 b A nd b A 0.59 a B

9 N 0.01 b A nd b nd b A nd b A 1.37 a A

28 27 N hexyl acetate 4.11 ab A 0.83 b A 32.68 a A 4.16 ab A 31.64 ab B

18 N 7.78 b A 11.29 b A 45.12 b A 35.88 b A 163.71 a B

9 N 109.99 b A 28.97 b A 90.77 b A 33.56 b A 412.10 a A

33 27 N heptyl acetate nd a A nd a A 0.01 a A nd a A 0.05 a A

18 N nd b A nd b A nd b A 0.01 b A 1.29 a A

9 N 0.63 b A 0.03 b A 0.21 b A nd b A 3.48 a A

41 27 N hexyl hexanoate 0.01 a A nd a A 0.04 a A 0.03 a A 0.04 a B

18 N 0.04 a A 0.06 a A 0.01 a A 0.01 a A 0.03 a AB

9 N 0.01 a A 0.01 a A 0.02 a A 0.03 a A 0.07 a A

27 N total volatilesc 257.70 a B 170.86 a B 411.10 a B 287.35 a B 311.78 a C

18 N 387.07 b AB 380.08 b AB 478.25 b AB 464.46 b A 746.61 a B

9 N 664.97 b A 515.92 b A 661.24 b A 487.22 b A 1099.51 a A

27 N total aldehydesd 163.25 a A 135.35 a A 120.40 a B 130.49 a A 114.60 a A

18 N 266.69 ab A 267.72 a A 168.66 ab A 216.94 ab A 151.70 b A

9 N 234.36 ab A 272.19 a A 123.75 b B 205.16 ab A 107.28 b A

27 N total alcoholse 63.78 ab AB 26.71 ab B 155.28 a A 119.72 ab A 41.37 b C

18 N 47.67 c B 51.75 c B 135.43 a A 111.94 ab A 97.78 b B

9 N 149.53 a A 131.51 a A 190.95 a A 114.90 a A 118.25 a A

27 N total estersf 30.45 ab B 8.56 b B 135.16 ab B 36.81 ab B 155.53 a C

18 N 72.51 b AB 60.31 b AB 173.85 b B 135.38 b AB 496.76 a B

9 N 280.84 b A 111.79 b A 346.24 b A 167.05 b A 873.82 a A
aWithin each row, values with the same lower case letter are not significantly different across treatments (Tukey: p < 0.05). Within each column,
values with the same capital letter are not significantly different across firmness levels within each compound (Tukey: p < 0.05). bNot detected.
cTotal volatiles = sum of all compounds detected (all in Table 2). dTotal aldehdyes = sum of all aldehydes shown in Table 2. eTotal alcohols = sum
of all alcohols shown in Table 2. fTotal esters = sum of all esters shown in Table 2.
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and 58% of the variance for the X- and Y-variables, respectively
(Figure 3). The fibrousness sensory attribute characterized fruit
conditioned with ethylene for 1 or 3 days and was negatively
correlated with the volatile alcohols 1-octanol and 1-heptanol.
Crunchiness and firmness sensory attributes had the strongest
positive correlation with these alcohols, and these attributes were
associated with fruit held at 0 °C for 25 days. In addition,
1-hexanol, 1-butanol, 1-pentanol, total alcohols, and SSC had the
next strongest correlation with firmness and crunchiness, and this

group of compounds was associated with fruit held at 0 °C for
25 and 15 days. The tartness sensory attribute was most strongly
and positively associated with concentrations of 2-methyl-1-
propanol; fruit conditioned with ethylene as well as fruit
conditioned at 0 °C for 15 days were highest in both tartness
perception and 2-methyl-1-propanol concentration. Fruit
conditioned at 10 °C for 10 days had the highest levels of esters,
but no sensory attributes were associated with these volatiles at
this firmness stage.

Table 4. Mean Sensory Score for Each Attribute in ‘Comice’ Pears during Softening after Temperature or Ethylene Conditioninga

treatment

attribute firmness (N) 3 days at C2H4 1 days at C2H4 25 days at 0 °C 15 days at 0 °C 10 days at 10 °C

fruity aroma 27 4.17 a A 4.01 a A 4.76 a B 4.09 a A 4.79 a B
(sweet) 18 4.12 a A 4.52 a A 4.83 a B 4.46 a A 5.07 a B

9 4.94 bc A 4.84 bc A 5.59 ab A 4.60 c A 6.23 a A

apple aroma 27 2.12 a A 2.06 a A 3.1 a A 2.17 a A 2.57 a A
18 2.03 a A 2.07 a A 2.59 a A 2.46 a A 3.19 a A
9 2.38 a A 2.42 a A 2.89 a A 2.37 a A 2.73 a A

pear aroma 27 4.63 a A 4.57 a A 4.78 a B 4.75 a A 5.28 a B
18 4.56 a A 4.98 a A 5.29 a B 5.42 a A 4.91 a B
9 5.10 b A 5.03 b A 5.96 a A 4.96 b A 6.40 a A

fermented aroma 27 1.64 a B 1.94 a A 1.59 a A 1.81 a A 1.43 a B
18 1.48 a B 1.82 a A 1.68 a A 1.67 a A 1.66 a B
9 2.38 a A 2.47 a A 2.11 a A 2.15 a A 2.80 a A

green stem aroma 27 1.63 a A 1.97 a A 2.14 a A 2.33 a A 2.23 a A
18 2.46 a A 2.41 a A 2.37 a A 2.25 a A 2.13 a A
9 2.00 a A 2.35 a A 1.90 a A 2.45 a A 1.67 a A

firmness 27 3.46 c A 4.25 b A 4.71 b A 5.41 a A 4.83 ab A
18 3.17 a A 3.54 a B 3.76 a B 3.26 a B 3.33 a B
9 2.25 ab B 2.54 a C 1.46 c C 1.94 bc C 1.70 c C

crunchiness 27 2.55 b A 2.96 b A 3.91 a A 4.24 a A 3.81 a A
18 1.97 cd B 1.92 d B 3.11 a B 2.81 ab B 2.42 cb B
9 1.19 ab C 1.56 a B 1.04 b C 1.32 ab C 1.01 b C

juiciness 27 2.10 a C 2.91 a C 3.22 a C 2.89 a C 2.82 a B
18 3.65 a B 3.79 a B 4.02 a B 3.90 a B 3.28 a B
9 6.52 a A 5.77 b A 6.96 a A 6.34 ab A 6.48 a A

butteriness (texture) 27 3.52 a C 4.00 a B 4.19 a B 3.82 a B 3.43 a C
18 4.39 a B 4.55 a AB 4.34 a B 4.35 a B 4.12 a B
9 5.73 a A 5.13 a A 6.13 a A 5.77 a A 6.05 a A

fibrousness 27 2.15 a A 2.33 a A 1.35 b A 1.43 b A 1.50 b A
18 2.19 ab A 2.4 a A 1.46 c A 1.37 c A 1.8 bc A
9 2.16 ab A 2.26 a A 1.44 c A 1.49 bc A 1.5 c A

sweetness 27 3.01 a B 3.54 a C 4.03 a B 3.59 a C 3.58 a B
18 4.86 a A 4.18 a B 4.40 a B 4.27 a B 3.89 a B
9 5.18 a A 5.34 a A 6.03 a A 5.66 a A 5.64 a A

tartness 27 3.78 bc A 5.01 a A 3.61 bc A 3.99 b A 3.07 c A
18 3.26 a A 3.19 a B 4.12 a A 3.57 a A 4.37 a A
9 4.61 a A 3.58 a B 3.97 a A 3.34 a A 3.91 a A

aWithin each row, values with the same lower case letter are not significantly different across treatments (Tukey: p < 0.05). Within each column,
values with the same capital letter are not significantly different across firmness levels within each compound (Tukey: p < 0.05).
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For pears with average firmness of 18 N, a PLS analysis showed
that 92 and 97% of the variance for the X- and Y-variables was
explained by the first two vectors, respectively (Figure 4). The
crunchiness sensory attribute was strongly positively associated
with high concentrations of 1-butanol, 1-hexanol, and total
alcohols, followed by 1-pentanol. These volatiles and crunchiness
perception were most associated with pears conditioned at 0 °C.
On the opposite quadrant of the PLS map, fruits conditioned
with ethylene were most closely associated with the fibrousness
sensory attribute and with the concentration of 2-methyl-1-
propanol. Pears conditioned with ethylene also had the highest
levels of (E)-2-hexenal and total aldehydes and the lowest
concentrations of esters. Esters, including propyl acetate, butyl
acetate, 3-methylbutyl acetate, butyl propanoate, pentyl acetate,
5-hexenyl acetate, hexyl acetate, heptyl acetate, and total esters, as
well as total volatiles were highest in pears conditioned at 10 °C.
For pears with average firmness of 9 N, the first two latent

vectors accounted for 91 and 88% of the variance of the X- and Y-
variables, respectively (Figure 5). Juiciness, pear aroma, and
fruity aroma sensory attributes were negatively associated with
fibrousness, firmness, and crunchiness attributes. Juiciness was
most strongly correlated with concentrations of the alcohol
1-butanol and was associated with fruit held at 0 °C for 25 days.
Pear aroma and fruity aroma were positively correlated with
the acetate esters and the total ester concentration. Pentyl
acetate had the strongest correlation with pear aroma, whereas
butyl acetate had the strongest correlation with fruity aroma.
These esters and aroma attributes were strongly positively
associated with fruit held at 10 °C for 10 days and negatively
associated with fruit held at 0 °C for 15 days. On the other
hand, fibrousness and firmness had the strongest correla-
tion with concentrations of 2-methyl-1-propanol, followed by

(E)-2-hexenal. Crunchiness was highly associated with the
concentration of hexanal and total aldehydes, followed by
(E)-2-hexenal. These sensory attributes and volatile concen-
trations were most highly correlated with fruit conditioned
with ethylene for 1 and 3 days.
Pearson correlation coefficients were also used to evaluate the

relationships between sensory and instrumental measurements
averaged across all treatments and firmness levels (Table 5).
Many interesting correlations were found. For example,
concentrations of hexanal and (E)-2-hexenal were positively
correlated with green stem aroma and perception of fibrousness.
Additionally, levels of (E)-2-hexenal were significantly negatively
correlated with apple aroma intensity. Total aldehydes showed
the same pattern of correlation as that of (E)-2-hexenal. The
levels of the alcohols 1-propanol, 1-butanol, 1-hexanol, and
1-heptanol and the ester butyl acetate were positively correlated
with fruity aroma, pear aroma, apple aroma, butteriness, juiciness,
and sweetness perception. Propyl acetate, butyl acetate, pentyl
acetate, and hexyl acetate were significantly and positively
associated with fruity aroma, pear aroma, and butteriness. They
were negatively correlated with firmness. Total esters and total
volatiles displayed a correlation to sensory attributes similar
to that of individual esters. For other analytical measurements,
SSC was not significantly correlated with sweetness, whereas TA
had a negative correlation with sweetness and a positive correla-
tion with tartness. Moreover, the ratio of SSC/TA was negatively
correlated with tartness. WSP levels displayed a very strong
positive correlation with some texture (butteriness, juiciness)
and some taste (sweetness) attributes, whereas WSP levels were
negatively correlated with crunchiness and firmness. WSP levels
were also positively correlatedwith fermented aroma, fruity aroma,
and pear aroma (Table 5).

Figure 3. Partial least-squares (PLS) analysis of sensory attributes (Y-variable) and instrumental measurements (X-variable) of ‘Comice’ pears at 27 N
on the conditioning treatments: (▲) sensory attributes; (●) chemical compounds; (■) conditioning treatments. 2-Methyl-1-propa = 2-methyl-1-
propanol.
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Figure 5. Partial least-squares (PLS) analysis of sensory attributes (Y-variable) and instrumental measurements (X-variable) of ‘Comice’ pears at 9 N on
the conditioning treatments: (▲) sensory attributes; (●) chemical compounds; (■) conditioning treatments. 5-Hexenyl acetat = 5-hexenyl acetate; 3-
Methylbutyl ac = 3-methylbutyl acetate; 2-methyl-1-propan = 2-methyl-1-propanol.

Figure 4. Partial least-squares (PLS) analysis of sensory attributes (Y-variable) and instrumental measurements (X-variable) of ‘Comice’ pears at 18 N
on the conditioning treatments: (▲) sensory attributes; (●) chemical compounds; (■) conditioning treatments. 2-Methyl-1-propa = 2-methyl-1-
propanol; 5-Hexenyl acetat = 5-hexenyl acetate; 3-Methylbutyl ac = 3-methylbutyl acetate.
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■ DISCUSSION

Conditioning treatments effectively enhanced ripening of ‘Comice’
pears as compared to the nonconditioned group. Whereas the
control fruit did not soften below 33 N within
31 days at 20 °C, all of the conditioned fruit softened to

13 N within 10 days, and all conditioning treatments
except ethylene for 1 day were nearly full ripe (full ripe =
9 N21) after 6 days. However, different conditioning methods
resulted in different rates of softening. The softening rate of
fruit conditioned with ethylene for 3 days, at 10 °C for

Table 5. Pearson Correlation Coefficients between Sensory Attributes and Instrumental Values for ‘Comice’ Pears across All
Treatments and Firmness Levelsa

aroma texture taste

instrumental variable fruity apple pear fermented green stb firm crunchy juicy buttery fibrous sweet tart

aldehydes
butanal 0.408 0.422 0.432 0.094 −0.045 −0.199 −0.043 0.367 0.356 -0.519 0.364 0.209
pentanal −0.171 −0.162 −0.099 −0.236 0.530 0.046 0.040 −0.017 −0.025 0.067 0.109 −0.040
hexanal −0.321 −0.492 −0.305 0.088 0.534 −0.314 −0.435 0.222 0.193 0.583 0.276 −0.275
(E)-2-hexenal −0.379 -0.538 −0.374 −0.019 0.524 −0.134 −0.288 0.021 0.004 0.657 0.111 −0.375
heptanal −0.332 −0.190 −0.348 −0.278 0.092 0.573 0.494 −0.377 −0.419 0.166 −0.482 −0.050
tetradecanal 0.508 0.165 0.520 0.533 −0.173 -0.725 -0.653 0.701 0.678 −0.074 0.754 −0.138
pentadecanalc 0.413 0.240 0.443 0.330 −0.191 -0.559 −0.483 0.569 0.548 −0.117 0.584 −0.033
alcohols
1-propanol 0.687 0.679 0.622 0.417 −0.295 −0.441 −0.290 0.563 0.570 -0.609 0.520 0.166
2-methyl-1-propanol 0.089 −0.257 −0.030 0.674 0.025 −0.433 -0.538 0.492 0.441 0.559 0.437 0.095
1-butanol 0.468 0.591 0.485 0.197 −0.059 −0.292 −0.097 0.487 0.489 -0.737 0.491 0.102
2-hexanol -0.572 −0.394 −0.506 −0.256 0.101 0.702 0.623 -0.534 −0.501 0.040 -0.559 0.006
1-hexanol 0.551 0.572 0.449 0.441 −0.119 −0.412 −0.266 0.631 0.602 −0.464 0.571 0.163
1-heptanol 0.773 0.524 0.643 0.719 −0.328 -0.706 -0.622 0.852 0.828 −0.202 0.776 0.252
1-octanol 0.721 0.407 0.511 0.738 −0.386 -0.544 -0.541 0.653 0.641 0.025 0.535 0.365
esters
propyl propanoate −0.176 0.253 −0.267 −0.339 0.014 0.670 0.698 −0.395 −0.407 −0.273 −0.411 0.078
n -propyl acetate 0.820 0.405 0.723 0.647 −0.484 -0.529 −0.495 0.497 0.553 −0.217 0.462 0.140
methyl butanoate −0.283 −0.116 −0.253 −0.216 0.003 0.266 0.289 −0.252 −0.245 0.074 −0.208 0.535
methyl 2-methyl-
butanoate

0.393 0.353 0.265 0.292 −0.272 −0.052 −0.028 0.065 0.101 −0.123 0.031 0.659

butyl acetate 0.918 0.681 0.778 0.511 −0.406 -0.573 −0.483 0.554 0.583 −0.386 0.530 0.148
ethyl 2-methyl-
butanoate

0.139 0.324 0.006 −0.384 −0.291 0.286 0.259 −0.452 −0.461 −0.003 −0.492 −0.165

3-methylbutyl
acetate

0.813 0.416 0.668 0.679 -0.526 −0.411 −0.392 0.461 0.478 −0.173 0.381 0.118

pentyl acetate 0.914 0.687 0.762 0.536 −0.450 -0.601 -0.520 0.582 0.612 −0.333 0.535 0.236
ethyl hexanoate −0.294 0.088 −0.317 −0.467 −0.112 0.762 0.786 -0.603 -0.626 −0.258 -0.628 −0.133
5-hexenyl acetate 0.714 0.390 0.615 0.464 −0.513 −0.308 −0.284 0.220 0.278 −0.197 0.192 0.106
hexyl acetate 0.859 0.473 0.756 0.632 -0.525 −0.508 −0.462 0.491 0.541 −0.249 0.439 0.200
methyl benzoate −0.277 0.086 −0.377 −0.390 −0.399 0.471 0.498 -0.553 -0.518 0.004 -0.581 0.000
heptyl acetate 0.772 0.382 0.664 0.603 -0.532 −0.428 −0.411 0.385 0.447 −0.163 0.336 0.207
ethyl octanoate −0.167 0.159 −0.171 −0.451 0.035 0.710 0.736 −0.490 -0.551 −0.335 −0.502 −0.255
octyl acetate 0.578 0.324 0.443 0.272 -0.547 −0.184 −0.185 0.075 0.071 −0.069 −0.004 0.047
hexyl hexanoatec 0.456 0.177 0.394 0.127 0.007 −0.099 −0.157 0.131 0.211 −0.180 0.216 -0.522
butyl octanoate 0.271 0.127 0.173 0.007 0.171 −0.033 −0.103 0.038 0.107 −0.053 0.127 -0.533
ketone
2-pentanone −0.458 −0.271 −0.281 -0.578 0.264 0.710 0.711 -0.629 -0.710 −0.177 -0.589 −0.117
other
nonanoic acidc 0.317 0.176 0.286 0.410 −0.004 −0.467 −0.427 0.531 0.461 0.062 0.552 −0.061

total aldehydes −0.400 -0.560 −0.390 0.067 0.489 −0.248 −0.390 0.133 0.119 0.676 0.189 −0.213
total alcohols 0.491 0.557 0.420 0.420 −0.178 −0.352 −0.191 0.584 0.564 −0.509 0.520 0.267
total esters 0.907 0.596 0.779 0.579 −0.471 -0.551 −0.482 0.533 0.573 −0.323 0.494 0.181
total ketones −0.450 0.002 -0.620 −0.409 −0.052 0.765 0.683 -0.702 -0.688 0.161 -0.774 0.318
total volatiles 0.909 0.557 0.769 0.696 −0.453 -0.673 -0.612 0.661 0.696 −0.229 0.611 0.235
SSCd −0.136 0.210 −0.118 −0.145 −0.238 0.532 0.625 −0.357 −0.328 −0.466 −0.399 0.214
TAe −0.413 −0.082 −0.501 −0.265 −0.382 0.399 0.369 −0.503 −0.497 0.267 -0.588 0.657
SSC/TA 0.401 0.134 0.505 0.270 0.299 −0.253 −0.201 0.409 0.430 −0.414 0.478 -0.602
WSPf 0.662 0.161 0.599 0.783 −0.052 -0.928 -0.916 0.943 0.953 0.024 0.953 −0.083
aValues in bold are significant at p < 0.05. bGreen stem aroma. cTentatively identified. dSoluble solids content. eTitratable acidity. fWater-soluble
polyuronides.
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10 days, or at 0 °C for 25 days agrees with previously published
results.3

The ability of the fruit to soften was related to their ethylene
production rate, which varied by conditioning treatment. It was
previously shown that treatments inducing a higher rate of
ethylene biosynthesis resulted in more rapid and uniform
softening.22 In our study, the treatments that took less time to
reach the climacteric peak produced more rapid softening. Fruit
conditioned with ethylene for 3 days or conditioned at 10 °C for
10 days reached the climacteric peak and softened in the least
amount of time, whereas fruit conditioned at 0 °C for 15 or
25 days or conditioned with ethylene for 1 day reached the
climacteric peak later and softened more slowly.
The sensory profiles of ‘Comice’ pears within each firmness

level evaluated were different for the various conditioning
treatments. At 27 N, the fruits were still unripe and had fewer
total volatiles, and the volatiles that were present were at low
concentrations; however, once the fruit softened to 9 N firmness,
the quantity and the number of different volatile compounds
increased, causing many aroma attributes to become significantly
different among the conditioning treatments.23 Treatment at
10 °C for 10 days, followed closely by treatment at 0 °C for
25 days, produced fruit with the strongest fruity aroma and pear
aroma, particularly once fruits softened to 9 N. As pears softened
and ethylene production increased, the levels of many volatile
compounds also increased, in particular, the major components
of pear aroma, hexyl and butyl acetate, and total esters. This is
consistent with previous studies highlighting a relationship
between softening, ethylene production, and aroma volatile

biosynthesis in climacteric fruit.24−27 The volatile compound
responsible for the characteristic aroma of ‘Comice’ pear, ethyl
2-methylbutanoate,11 was detected in fruit from all treatments
and softness stages, but no significant differences were found in
ethyl 2-methylbutanoate levels among the conditioning treatments.
The five conditioning treatments resulted in marked differ-

ences in the aroma volatile profile. Regardless of the firmness
level, the volatile composition of fruit conditioned at 10 °C for 10
days was dominated by esters, whereas ethylene treatments led to
an aldehyde-rich volatile profile. The major esters of ‘Comice’
pear aroma (hexyl acetate and butyl acetate12) and other
abundant esters that are found in most pear varieties (pentyl
and propyl acetate) were highest in fruit conditioned at 10 °C for
10 days at all firmness levels. These compounds have sweet,
fruity, floral, and pear notes (Table 6). In addition, other volatiles
described as sweet and fruity were associated with fruit
conditioned at 10 °C for 10 days, including heptyl acetate and
3-methylbutyl acetate in pears at both 18 and 9 N firmness and
butyl propanoate in 9 N pears. Generally, many low boiling point
esters increase when pear fruits ripen.23 It is interesting that
5-hexenyl acetate, a less common fruit volatile previously
detected only in ‘La France’ pear23 and Chinese quince,28 was
found at significantly higher levels in fruit conditioned at 10 °C
for 10 days. The odor of 5-hexenyl acetate is described as coarse,
harsh, herbaceous, ketonic, estery, and reminiscent of blue
cheese.23 Similar to the results obtained in ‘La France’ pear,23 its
levels increased as the fruit softened.
Cold-temperature conditioning (0 °C) resulted in pears with

relatively high levels of specific alcohols (1-butanol, 1-pentanol,

Table 6. Odor Description, Published Odor Thresholds, Relative Concentration, and Odor Units of Significant Volatile
Compounds found in ‘Comice’ Pears at an Average Firmness of 9 N following Different Conditioning Treatments

class compound odor description
published odor threshold

(μg/kg water)
rel concn
(μg/kg) odor units U0

w

alcohols 1-hexanol green, grass, fruity, floral, nutsr,x,y 190,g 500,b 1100,e 2500,d,h 94.86u 0.04−0.50u

1-butanol fermented, fruity, medicinal, cheesyac 500b 51.20u 0.10u

1-octanol green, floral, citrusz 110f 0.47u 0u

1-pentanol balsamic, sweetaa 1600,g 4000i,j 2.78u 0u

1-heptanol leafy green, fruityaa 3,k 100g 1.56u 0.02−0.52u

2-methyl-1-propanol balsamic, sweet (weaker than 1-pentanol)aa 7000l,m 5.63v 0v

aldehydes hexanal green, sourr 4.5,k 5b,n 5.8,o 9.2p, 159.15v 0.33−31.83v

10.5,q 50,r 479s

(E)-2-hexenal green grass, almond, sweet, almond 17,bn 123s 54.10v 0.44−3.18v

fruity, apple, plum, vegetabler,z

esters butyl acetate vanilla, sweet, fruity, pear,x,y 66a,b 322.84t 4.89t

hexyl acetate apple, pear, floral, bananar,x,y 2,cb 101,d 115a 329.68t 2.87−165t

pentyl acetate floral, fruity, bananaz 5,b 38,d 43a 33.26t 0.77−6.65t

propyl acetate celery, fruity, pear, raspberryz 2000,a 4700e 4.39t 0t

3-methylbutyl acetate banana, sweet, fruity, pearz 2,f 3d 2.70t 0.90−1.35t

heptyl acetate green, waxy, fatty, citrus, 420a 2.78t 0.01t

aldehydic, winey, woodyaa

ethyl 2-methylbutanoate sweet, fruity, strawberry, 0.006,f 0.1b 1.03t 10−172t

melon, green, floralz

5-hexenyl acetate coarse, harsh, herbaceous,
ketonic estery, reminiscent of blue cheeseab

aTakeoka et al.53 bFlath et al.54 cButtery et al.55 dBelitz et al.56 eEtievant.57 fTakeoka et al.39 gDevos et al.58 hTakeoka et al.59 iButtery et al.60 jButtery
et al.61 kGuadagni et al.62 lFazzalari.63 mSalo.64 nButtery et al.65 oRychlik et al.66 pAhmed et al.67 qGrosch et al.68 rLarsen and Poll.69 sTandon et al.70

Relative concentration given at 9 N firmness for the conditioning treatment that resulted in the highest concentration of the compound. tRelative
concentration at 9 N of fruit conditioned at 10 °C for 10 days. uRelative concentration at 9 N of fruit conditioned at 0 °C for 25 days. vRelative
concentration at 9 N of fruit conditioned with ethylene for 1 day. wU0 = compound concentration divided by its odor threshold. xRapparini et al.71
yChen et al.72 zBeaulieu.49 aaGood Scents Co.73 abShiota.23 acEl-Sayed.74
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1-heptanol, 1-hexanol, 1-octanol) as compared to fruit from
other conditioning treatments. These compounds have a sweet,
green note except 1-butanol, which is described as fermented and
fruity (Table 6). These alcohols described fruit conditioned at
0 °C and softened to 27 N; a reduced number of these
compounds described fruit softened to 18 N, and only 1-butanol
described fruit softened to 9 N firmness.
Our results showed that fruit conditioned at 10 °C for 10 days

developed higher levels of volatiles in general and esters in
particular at each ripeness stage evaluated, even though they had
lower ethylene production at some firmness levels. The volatile
composition of ripe fruit conditioned at 0 °C for 15 days was
predominant in aldehydes, whereas fruits conditioned at 0 °C for
25 days were predominant in esters and alcohols. Fruit
conditioned with ethylene for 1 or 3 days had high
concentrations of aldehydes, but fruit conditioned with ethylene
for 3 days also had high concentrations of esters. It appears that
the longer treatments with ethylene or at 0 °C, both of which
represent recommended treatments for maximum initiation of
ripening, resulted in greater production of fruity esters. It will be
interesting to further investigate gene expression and enzyme
activities involved in alcohol formation (alcohol dehydrogenase,
ADH) and ester formation (alcohol acyltransferase, ATT) in
each conditioning treatment to determine how ADH and AAT
are regulated in ‘Comice’ pears and the role of ethylene.
Most compounds detected in our study by headspace sorptive

extraction (HSSE) have been previously detected in pears using
other extraction techniques such as dynamic headspace
concentration on carbon traps, simultaneous distillation and
extraction, and solid phase microextraction (SPME). However,
HSSE can be much more sensitive than those previous methods.
Tienpont et al.29 showed that HSSE was 100 times more
sensitive than SPME, with high enrichment factors for highly
volatile solutes. Limits of detection were on the order of 0.1 ppb
in the full scan MS mode in Tienpont’s study. Moreover, HSSE
has a higher sensitivity than SPME for nonpolar and some
medium polar compounds.30,31 Using the dynamic headspace
method, Lara et al.32 detected ∼150 and ∼50 μg kg−1 butyl
acetate and hexyl acetate, respectively, in ‘Comice’ pears after
2 months of storage at −1 °C and ripening. Suwanagul and
Richardson12 found butyl acetate and hexyl acetate in the
amounts of ∼9 and ∼30 μg kg−1 100 L−1, respectively, after the
fruits were stored at −1 °C for 3 months and softened. In our
study using the HSSE technique, we detected much higher
amounts of butyl acetate and hexyl acetate. Fruit conditioned at
0 °C for 25 days and softened to 9 N had 225 and 91 μg kg1− of
butyl acetate and hexyl acetate, respectively, whereas fruit
conditioned at 10 °C for 10 days had more, with 404 and 412 μg
kg−1, respectively. Several compounds not previously identified
in pears were detected in our samples, including four aldehydes
(decanal, 2-decanal, tetrdecanal, and a tentative identification
of pentadecanal), one ester (methyl benzoate), two ketones
(2-pentanone, β-damascenone, and limonene) and nonanonic
acid (tentative).
Even though the pears used in sensory testing were selected

with an instrument (penetrometer) to have the same firmness,
panelists perceived significant differences in firmness and
crunchiness attributes among the various conditioning treat-
ments. Crunchiness and firmness characterized cold-temperature
treatments when the fruits were not fully ripe (27 and 18 N),
whereas in 9 N fruit these attributes became prominent in fruit
conditioned with ethylene. Juiciness was not significantly
different among the various conditioning treatments in firmer

fruit, but differences became apparent when the fruit softened to
9 N. At the softest firmness level, fruit that was cold conditioned
at 0 °C for 25 days had the highest juiciness score. Fibrousness
was consistently high in fruit conditioned with ethylene.
For sensory taste attributes, conditioning treatments did not

differentially affect sweetness within any firmness level; however,
differences in tartness could be perceived at 27 N, with fruits
conditioned with ethylene for 1 day displaying the highest
tartness score. Panelists perceived this difference in tartness of
fruit conditioned with ethylene for 1 day, which the instrumental
measurement (TA) did not detect. TA was significantly
correlated to both sensory sweetness and tartness; however,
SSC was not significantly related to either. The perception of
tartness is influenced by the presence of both acids and sugars,33

and there were significant differences in SSC in 27 N pears in our
study. Aroma compounds can also affect perception of sweetness
and sourness.
The instrumental parameters most significantly different

(Tukey: p < 0.05) among the conditioning treatments were
the volatile compounds. However, no significant differences in
aroma attributes were perceived by the sensory panel in the
firmest (27 N) pears, but differences were observed in 9 N pears.
Pear aroma and fruity aroma sensory attributes were strongly
correlated with esters, especially pentyl and butyl acetate. Butyl
acetate is described as having sweet, vanilla, fruity, and pear notes,
similar to pentyl acetate, which has sweet, floral, and banana
notes (Table 6). The odor thresholds of these two compounds
are low, and their odor units are among the highest of the
statistically significant compounds in soft fruit conditioned at
10 °C for 10 days (Table 6). Therefore, butyl and pentyl acetate
are likely important contributors to fruity aroma and pear aroma,
which were predominant in fruit conditioned at 10 °C for
10 days. Hexyl acetate also exhibited a high odor unit value in soft
(9 N) pears conditioned at 10 °C for 10 days; however, in our
study, this compound showed weaker association with fruity
aroma and pear aroma attributes than the other two compounds
using both PLS and Pearson correlation analyses.
Ethyl 2-methylbutanoate has been reported as a characteristic

aroma compound in ‘Comice’ pear.11 Although the relative
concentration of this compound detected in our pear samples
was low, given its particularly low odor threshold, the odor unit
was high and comparable to that of hexyl acetate in soft pears
(9 N) conditioned at 10 °C for 10 days (Table 6). However,
there were no significant differences in the concentrations of this
compound across conditioning treatments or firmness levels
tested. Interestingly, it also showed poor correlation to the
sensory attributes in our study (Table 5), indicating that sensory
evaluation may uncover additional predictors for characteristic
aroma compounds in ‘Comice’ pears. Other compounds
associated with the conditioning treatment at 10 °C for
10 days such as propyl acetate, heptyl acetate, octyl acetate,
and 3-methylbutyl acetate may have less impact on aroma
perception due to their very low odor units (Table 6). 5-Hexenyl
acetate is not commonly found among fruit aroma volatiles;
therefore, its odor threshold has not yet been evaluated, and we
do not know how strong this compound’s contribution is to
aroma perception in pears.
Opposite to the sweet and fruity odor type compounds are the

green-odor volatiles such as hexanal and (E)-2-hexenal. The
concentration of these compounds was high in fruit conditioned
with ethylene. Hexanal and (E)-2-hexenal may contribute to
aroma perception in pears conditioned with ethylene at 9 N
firmness due to their odor units >1 (Table 6).
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Cold-temperature (0 °C) conditioning was associated with
high concentrations of alcohols, including 1-butanol, 1-hexanol,
1-pentanol, 1-octanol, and 1-heptanol. These alcohols have a
high odor threshold (Table 6), and their odor units in 9 N fruit
held at 0 °C for 25 days (the conditioning treatment that resulted
in the highest concentrations of these alcohols) were very low
(<1). Therefore, these alcohols may be relatively small
contributors to aroma in pear fruit conditioned at 0 °C. Esters
may contribute more to the aroma of fruit held at 0 °C for
25 days, because this conditioning method also resulted in high
production of esters, including butyl acetate and pentyl acetate,
which have odor units >1. Hence, fruits conditioned at 0 °C for
25 days were predominant in fruity, pear aroma. However, each
of the above assumptions is based on concentrations of volatile
compounds calculated relative to the internal standard, and
therefore more accurate quantification, along with aroma extract
dilution analysis, and aroma reconstitution and omission
experiments,40 is needed to ascertain the precise contribution
of each compound to pear aroma following each conditioning
treatment.
Consumer studies have found that people like juicy and sweet

pears with detectable pear flavor and aroma.1,4,34 From the
correlation table, the analytical variables (i.e., butyl acetate,
pentyl acetate, hexyl acetate, propyl acetate, 3-methylbutyl
acetate, 5-hexenyl acetate, heptyl acetate, 1-butanol, 1-hexanol,
1-hepatanol, 1-propanol, 1-octanol, total esters, total alcohols,
total aroma, and WSP) all had similar positive correlations with
sensory attributes including fruity aroma, pear aroma, apple
aroma, fermented aroma, butteriness, juiciness, and sweetness;
these compounds may therefore be indicators of ripeness
associated with desired eating quality. The compounds having
high correlation with fruity aroma (r > 0.85) and pear aroma
(r > 0.75) were butyl acetate, pentyl acetate, and hexyl acetate.
On the other hand, hexanal, (E)-2-hexenal, and pentanal were
positively correlated with green stem aroma, an attribute that is
generally undesirable in ripe pears.1

Water-soluble polyuronide content was the variable that best
correlated with texture attributes generally associated with ripe
fruit, such as butteriness (r = 0.95), juiciness (r = 0.94), and
sweetness (r = 0.95), and was negatively correlated with firmness
(r = −0.93) and crunchiness (r = −0.92). Our results are
consistent with previous studies which showed that WSP levels
increased as fruit softened6 and that the fruits with higher WSP
were more buttery and juicier than those with lower WSP.6

Although there were significant differences in WSP among the
firmness stages, the conditioning treatments did not affect WSP
levels. This is interesting given the significant differences in
perception of firmness, crunchiness, juiciness, and fibrousness
that were detected among the conditioning treatments.
The present study found that SSCwas not a good instrumental

parameter for predicting sensory sweetness, confirming prior
studies.19,34,35 However, TA was a good parameter for predicting
sensory sweetness and tartness, and SSC/TA was good for
predicting sensory tartness. These results agree with previous
studies.19,36

In conclusion, different conditioning treatments resulted in
different sensory attributes of ‘Comice’ pears. The 10 °C for
10 day and 0 °C for 25 day treatments resulted in ripe fruit
described as having fruity and pear aroma attributes that were
associated with high ester content, especially butyl, pentyl, and
hexyl acetate. These esters were much higher in fruit conditioned
at 10 °C than at 0 °C. Fruity and pear aroma attributes were
much lower in fruit conditioned at 0 °C for 15 days. Although

treatment at 0 °C resulted in fruit with higher concentrations of
alcohols, the odor units for these alcohols were low, and
therefore their contribution to aroma perception is uncertain.
Ester levels were also elevated in fruit conditioned at 0 °C for
25 days compared with other treatments, although not as high
as in fruit conditioned at 10 °C. Ethylene treatments produced
fruit described predominantly as fibrous in texture and having
sweet, green aroma notes. The concentrations of hexanal and
(E)-2-hexenal were high in fruit conditioned with ethylene for 1
day. When the same type of conditioning treatments were
compared, fruit conditioned at 0 °C for 25 days had higher
sweetness and juiciness scores than fruit conditioned at 0 °C for
15 days, and fruits conditioned with ethylene for 3 days were
juicier than fruits conditioned with ethylene for 1 day. It is
essential to determine whether the differences in sensory
attributes observed among these conditioning treatments will
influence consumer liking before the industry can determine the
best conditioning treatment to use to maximize consumer
satisfaction. This remains for a future study.
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