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Abstract Significant differences were found in a
wide variety of textural attributes in eight winter
squash cultivars (Cucurbita maxima Duchesne) as-
sessed at 4-5 and 9-10 weeks after harvest using
both a trained sensory panel and an Instron Univer-
sal Testing Machine. The Instron texture profile
analysis force-displacement curves were distinctive
for each of the eight cultivars tested, with behaviour
under deformation forces indicating differences in
the structure and composition of the tissue. Starch
and logged dry matter contents varied significantly
between cultivars, and were strongly correlated with
all the sensory textural attributes rated, and with
gumminess and hardness (dry matter only) measured
by the Instron. Simple linear regressions indicated
significant relationships between textural attributes
as measured by the sensory panel and the Instron.
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INTRODUCTION

Buttercup squash (Cucurbita maxima Duchesne) is
an important export crop for New Zealand, and with
today’s consumer becoming increasingly more dis-
cerning, it is important to be able to supply a prod-
uct which fits the buyer’s criteria. In the case of
squash, different markets have different preferences
for textural attributes. The majority of the New Zea-
land export crop goes to Japan, where reported pref-
erences range from a sweet, dry textured squash
(e.g., Harvey & Grant 1992) to a sweet squash with
a more moist texture (Nagao et al. 1991). Murphy
et al. (1966) state that dryness is a characteristic
linked with the preferred texture of squash, although
presumably there is an optimum for this. Although
fruit with a dry matter (DM) of <20% is watery and
lacks flavour, fruit with over 28% DM may be un-
acceptably dry except for processing purposes
(Harvey et al. 1997). Hurst et al. (1995) found no
correlation between squash texture (moist-dry rat-
ings) and acceptability ratings of three squash
cultivars ranging in DM from 21.2 to 29.0%. This
is probably because of a preference for dry squash
by some of the panellists whereas others preferred
the more moist cultivar. These results underline the
importance of knowing market preferences and be-
ing able to accurately measure product texture.
Sensory quality can only be measured directly by

. the human senses, but sensory testing is time con-

suming and expensive, and this has led to the devel-
opment of objective measurements of food quality,
including textural attributes by both physical and
chemical techniques. Although acknowledged as an
important attribute of product quality and of our
appreciation of food, texture was not emphasised in
early food research, where the interest was gener-
ally in flavour. The study of multiple point instru-
mental measurements of texture, started with the
development of texture profile analysis (TPA)
(Friedman et al. 1963; Szczesniak et al. 1963), where
up to seven textural parameters (five measured and
two calculated) were derived from force-time curves
produced by a double compression of the test
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material. These parameters were later modified by
Szczesniak (1975). In an often cited study, Bourne
(1968) adapted the Instron Universal Testing Ma-
chine to perform a modified texture profile test to
study the changes in texture profile of ripening pears.
Modifications to the methodology and terminology
of instrumental texture profiling since its early de-
velopment, and examples of its use in the study of
food texture are reviewed by Breene (1975). TPA
by a sensory panel describes a food in terms of
mechanical and geometrical properties, and fat/mois-
ture content from the first bite through complete
mastication. Although these approaches are useful,
valid results depend on strict sensory protocol in-
cluding precise descriptions of both the sensory and
physical texture parameters being measured, care-
ful sample preparation, and suitable training of
judges. Murphy et al. (1966) state that there is a need
for a method to establish a total assessment of qual-
ity, encompassing all of the determining character-
istics which contribute to acceptance when
evaluating plant breeding material. Their panel,
however, rated riced samples of squash for colour,
flavour, and dryness only. By investigating the range
of textures found in different squash cultivars, we
hoped to gain a better understanding of the factors
contributing to squash texture and the way these
parameters interact. This then gives the potential for
breeding “designer” squash for specific markets.

The objective quantification of texture is often
studied with the aim of predicting consumer accept-
ance. Here we investigate the parameters of squash
texture by comparing a range of squash using a
trained sensory panel, chemical analyses, and an
Instron Universal Texture Machine, with the aim of
finding meaningful objective measurements of
squash texture for the screening of a wide range of
squash cultivar crosses. Consumer preferences for
specific combinations of textural attributes can then
be studied.

MATERIALS AND METHODS

Plant material

Eight squash cultivars (C. maxima) chosen to pro-
vide a range of contrasting textures were grown at
the Levin Research Centre, New Zealand during the
summer—autumn period. Four green-skinned “but-
tercup-type squash” hybrid varieties were used in-
cluding ‘Delica’, (the New Zealand export industry
standard), ‘Kurijiman’, ‘Sweet Mama’, and
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‘Kaboten’. The remaining winter squash cultivars
grown were ‘Bushfire’ (a small orange-coloured,
thin-skinned hybrid), ‘Golden Hubbard’ and ‘Scar-
let Warren’ (yellow, and orange, warty skinned, open
pollinated varieties), and ‘Crown’ pumpkin
(Whangaparoa selection, open pollinated variety).
The first four cultivars are high starch varieties, the
second four have much lower starch levels. Seed
were obtained from Webling & Stewart Ltd, Wel-
lington, New Zealand for all cultivars except
‘Delica’ (Arthur Yates Seed, New Zealand Ltd) and
‘Kaboten’ (Doug Grant, Crop & Food Research,
Auckland, New Zealand).

Normal crop husbandry was followed, and sul-
phur sprays were required to control powdery mil-
dew. The trial layout was a randomised complete
block design consisting of two 19 x 15 m field plots
(blocks) with 8 rows (one cultivar per row) in each.
Seeds were planted at 0.5 m spacings in rows 2 m
apart, and shallow cultivation was used to control
weeds until the vegetative growth of the plants cov-
ered the ground. Female flowers opening in the pe-
riod from 5 to 26 January 1996 were tagged with the
date of blossoming, and the squash fruit harvested
when judged commercially mature, c. 50 days after
blossoming, using stem corking as an indicator of
maturity (Hawthorne 1990). They were washed with
tap water and left at ambient temperature to cure for
24 h before packing into 22-litre vented produce
crates for storage in a ventilated coolstore at 12+1°C.

Squash samples were taken at harvest for starch
and DM assessments. The remaining fruit were
stored for a total of 4 weeks (Plot 1) and 5 weeks
(Plot 2) before the next assessments and for a fur-
ther 5 weeks for a total of 9 weeks (Plot 1) and 10
weeks (Plot 2) for the final set of assessments.

Sample preparation

Samples for panel and Instron assessment were pre-
pared by cutting one squash fruit per cultivar into
stalk to calyx segments 25 mm across at the widest
point, using a Bosch electric multisaw with a
100 mm blade. The placenta and seeds were re-
moved, and the segments trimmed by hand to 40 mm
long. These samples were then peeled and trimmed
to a uniform width of 20 mm and depth of 15 mm.
Instron and sensory panel samples were cooked to-
gether by steaming over boiling water for ¢c. 20-25
min until tender when tested, with the seed cavity
side facing the boiling water and the (peeled) skin
side facing the pot lid. Samples were held uncovered
as they cooled before assessment to reflect normal
usage conditions.
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Stalk to calyx segments of mesocarp, free of
seeds, placenta, and skin were taken for chemical
analyses from the same fruit being prepared for the
sensory evaluation sessions at the two storage times.
Tissue was diced and freeze dried for future analy-
sis. Determination of DM and starch concentrations
were as described in Hurst et al. (1995).

Sensory evaluation

Thirteen panellists including staff members of the
Levin Research Centre and members of the public
attended a total of 12 training sessions in the evalu-
ation of buttercup squash texture. The sensory tex-
ture profile analysis method as first described by
Brandt et al. (1963) and further developed by Civille
& Szczesniak (1973) was modified for use in
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describing squash texture, using the general group-
ings for textural characteristics of mechanical,
geometrical, and moisture properties. Most of the
panellists had participated in earlier trials involving
sensory evaluation of buttercup squash texture us-
ing texture profile analysis, and all had prior expe-
rience in sensory evaluation techniques. Panellists
evaluated buttercup squash and pumpkins with a
wide range of textural attributes during training ses-
sions, to familiarise themselves with the likely range
to be found in the test samples. Texture attribute defi-
nitions and evaluation methods from the previous
year’s experimental work were refined and clarified
during training sessions. Three to four squash sam-
ples were rated at a training session, then results were
discussed and compared in roundtable discussions

Table 1 Sensory attribute definitions and evaluation techniques of cooked squash (Cucurbita maxima) listed in

order of attribute rating.

Attribute Technique

Definition Scale end-points

Brittleness Note whether the sample crumbles
or stays intact when cut.
Compress the sample evenly
between the molars until it

crumbles, cracks, or shatters.

Compress the sample fully
between the molars twice.

Cohesiveness

Hardness Place a new sample on the tongue.
Compress evenly against the roof
of the mouth, evaluating the force
required to compress the sample.
Adhesiveness Remove the compressed squash sample

from the roof of your mouth
with your tongue.

Consider the types of particles present
and the feel of the sample against

the tongue and interior of the mouth
during chewing. Evaluate at

Jjust before swallowing point.

Particle size

Mouthfeel Evaluate how the sample feels against
the tongue and interior of the mouth
while chewing. Does it hold together
or stay in discrete particles?

Moistness Manipulate the sample in mouth.

Fibrousness Evaluate how the sample feels

against the tongue while chewing.
Is it smooth and homogenous or
are there distinct fibres present?

The way the
sample breaks.

Squashes—crumbles

The degree to which the
sample stays together

and deforms rather than
crumbles, cracks, or breaks.

The force to attain
the deformation.

Ruptures—deforms

Soft-hard

The force required to None-much
remove the sample

from the roof of the mouth.

The size/type of particles
in the sample.

Smooth, small
particles—coarse,
lumps

The degree to which
the sample holds
together in a mass at
near swallowing point.

The amount of moisture
perceived as the sample
is chewed.

The number of fibres
perceived while
chewing the sample.

Loose—gummy

Dry—wet, moist

Smooth—stringy
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to help panellists reach agreement in the use of the
rating scales.

Texture attributes were rated by the panel 4 weeks
(Plot 1) and 5 weeks (Plot 2) after harvest and again
after a further 5 weeks storage at 12°C (again Plot |
followed by Plot 2). Replication of three fruit per plot
was achieved by assessing one fruit from each
cultivar on three consecutive days, at each storage
time. Fruit from the two field plots were assessed on
consecutive weeks. Fruit were assessed in two ses-
sions per day with each panellist assessing four of
the cultivars in the morning and the remaining four
in the afternoon. In this way all panellists assessed
all eight cultivars per day, and overall, 12 complete
cultivar set assessments were done in 24 sessions.
Within each set, the varieties were distributed among
the first eight panellists and the eight possible tast-
ing positions (four in each session) in a randomised
8 x 8 Latin square. The first five rows of a second
square were used for panellists 9-13, but this was
corrected for lack of balance as much possible—each
variety was o be tasted either twice in the moming
and three times in the afternoon, or vice versa.

Samples were presented coded with 3-digit ran-
dom code numbers and served warm (35-45°C)
under red lighting which was used to help mask any
colour differences between samples. Panellists sat in
individual booths, screened from each other. They
were instructed to cut squash samples into c. 1 cm
slices for evaluation. Slices were placed in the mouth
with the (peeled) skin side on the bottom molar teeth
or tongue depending on the attribute being rated.
Attributes were rated on 1-7 numerical scales ac-
cording to the techniques and definitions shown in
Table 1. These attributes are grouped into primary
(fracturability/brittleness and hardness) and second-
ary (cohesiveness and adhesiveness) mechanical
properties; geometrical properties (particle size,
mouthfeel, and fibres); and other properties (moist-
ness) according to the definitions described by
Brandt et al. (1963).

Instron texture profile analysis

Cooked samples were tested warm (35-45°C), us-
ing an Instron Universal Testing Machine (Model
4301). The Series XII cyclic software supplied by
Instron Corporation was used to control the machine
and collect data. Duplicate cylinders of squash flesh,
18 mm diameter by 10 mm thick were cut from each
cooked squash sample from the direction of the seed
cavity out to the skin side. A metal cork borer with
a recessed cutting edge was used to prevent further
compression of the sample after the initial cutting.
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These sample dimensions are similar to those used
by Bourne (1968), in his study of texture changes
during ripening of pears. The cylinders of cooked
squash flesh were then placed on the base plate of
the Instron with the (peeled) skin side against the
base plate. Samples were compressed twice to
¢. 3 mm thick (i.e., by 70% of their original height)
under a flat plate (100 mm diameter) at a crosshead
speed of 30 mm/min using a 100 N load cell as de-
scribed by Bourne (1968). The parameters of hard-
ness, cohesiveness, springiness, and gumminess
were measured and/or derived from the traces as
described by Szczesniak (1963) and Bourne (1968)
where hardness is taken as the force at the end of the
first compression cycle, cohesiveness is the ratio of
the work done in the second compression cycle (i.e.,
area under the second force distance compression
curve) to the work done in the first compression
cycle (i.e., area under the first curve), springiness is
the amount of sample recovery after the first com-
pression cycle (measured to the point at which an
increasing force reading first registers in the second
compression), and gumminess is the product of hard-
ness multiplied by cohesiveness.

Statistical analyses

All statistical analyses were performed using Genstat
5 Release 3.2 for Windows (Genstat 5 Committee
1993 and 1995).

Cultivar differences in DM content (%) and starch
content (mg/g fresh weight), were examined using
ANOVA.

The effects of cultivar and storage on sensory
texture attributes were analysed using Principal
Components Analysis (PCA) and the Residual Maxi-
mum Likelihood (REML) algorithm provided by
Genstat. Wald statistics were used to determine sig-
nificance of main effects, and 2-tailed ¢-tests were
used to test for significance of differences of textural
attribute means among cultivars and between stor-
age times (P = 0.05). The appropriate error term
associated with these effects and their interaction
consisted of the variation between different fruit of
the same cultivar on different days. However, for
panellist differences the split-plot design required
panellists be compared in the bottom stratum against
the slices within fruit error term. Panel sweetness
ratings are included in the PCA as excluding these
values could give a misleading impression of the
relationships between the other variables, however
they are not discussed elsewhere as this paper fo-
cuses on texture. The sweetness data is fully dis-
cussed in Corrigan et al. (2000).
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Differences in Instron TPA values because of
cultivar or storage effects were compared using
ANOVA. Least significant difference values were
used to compare mean values when main effects
were significant at the 5% level. Variation among
sessions (am versus pm) spread over days, formed
the basis for comparing storage effects. The split-plot
principle was used to compare cultivar effects and
their interaction with storage, in the cultivars within
sessions over days stratum. Log, transformation was
used where necessary.

Simple correlations between the means of sensory
texture attributes and starch or DM content classi-
fied by day and cultivar were tested. Log, transfor-
mation was used where point plots indicated curved
relationships between attributes.

Linear regression analysis was used to test pre-
diction of sensory texture attributes by Instron tex-
ture profile analysis measurements. Adjusted R? (the
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%o variation accounted for by the regression, penal-
ised by the number of predictor variables used) was
calculated as a measure of closeness of fit. Data plots
were examined for systematic departures from the
regression, such as a curve, remaining in the data.
Instron cohesiveness and hardness readings were
tested as predictors of sensory cohesiveness and
hardness respectively. Instron gumminess readings
were used to predict the sensory attributes of adhe-
siveness, cohesiveness, mouth feel, particle size, and
moisture content.

RESULTS AND DISCUSSION

Chemical analyses

There were significant differences in the starch con-
tent of the different cultivars (Table 2, P < 0.001),
which was always higher in the four green-skinned

Table 2 Starch (mg/g fresh weight (FW)) and dry matter (DM) (%) content of eight squash (Cucurbita maxima)
cultivars at harvest and after two storage periods. (Logged data is shown in parentheses.) (NS = not significant.)

DM (%) Starch (mg/g FW)
Storage 4-5 9-10 At 45  9-10

Cultivar period: At harvest weeks weeks harvest weeks weeks
Low starch
Bushfire 6.17 (1.786) 5.05 (1.651) 6.27 (1.793) 4.87 1.65 1.82
Crown 17.67 (2.861) 11.40 (2.340) 11.33 (2.380) 92.18 2721 11.04
Golden Hubbard 16.43 (2.728) 9.53 (2.221) 11.33 (2.410) 38.63 935 1.5
Scarlet Warren 11.20 (2.387) 10.44 (2.321) 6.05 (1.776) 29.05 1234 1.72
High starch
Delica 17.33 (2.827) 18.91 (2.883) 15.63 (2.717) 77.57 6446 2730
Kaboten 25.73 (3.247) 21.44 (3.010) 21.98 (3.085) 162.70  88.10 73.10
Kurijiman 26.33 (3.270) 24.37 (3.170) 21.84 (3.069) 15726  94.78 57.87
Sweet Mama 26.20 (3.261) 19.06 (2.918) 8.10 (2.857) 157.28  68.80 43.42
Main effects—analysis for storage periods of 4-5 and 9-10 weeks
Cultivar F-test probability <0.001 <0.001

LSD 3.40 20.84
Storage F-test probability NS <0.001

LSD - 10.42
Main effects—analysis over all storage periods
Cultivar F-test probability <0.001 <0.001
7d.f. LSD (0.264)
Storage F-test probability <0.001 <0.05
2d.f. LSD 0.117)
Storage X F-test probability NS <0.05
cultivar LSD, within storage
interaction comparisons -) 38.96
14 d.f. LSD, within cultivar

comparisons -) 16.56

LSD, all comparisons
-) 28.06
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cultivars. For discussion purposes, the eight cultivars
have been divided into two groups based on starch
content. The high starch group includes the green
buttercup-type squash (‘Delica’, ‘Kurijiman’,
‘Kaboten’, and ‘Sweet Mama’), and the low starch
group includes ‘Crown’ and the orange skinned
cultivars— Bushfire’, ‘Scarlet Warren’, and ‘Golden
Hubbard’. Although ‘Crown’ was high in starch at
harvest, this dropped considerably with storage,
hence its inclusion in the low starch group.

Starch contents changed significantly with stor-
age (P < 0.05), and decreased in all cultivars in the
4-5 weeks of storage following harvest. Some
cultivars showed a further decrease after 9—10 weeks
of storage postharvest and there is a significant
storage by cultivar interaction (P < 0.05) because of
an increased rate of starch loss in ‘Scarlet Warren’
and °‘Delica’, compared to no change for
‘Kurijiman’, and a decreased rate in the remaining
cultivars. At 4-5 weeks after harvest, the drop in
starch content ranged from 16.9% for ‘Delica’, to
75.8% for ‘Golden Hubbard’. Between 4-5 weeks
and 9-10 weeks after harvest the drop in starch con-
tent showed a similar range of 17.0% (‘Kaboten’)
to 86.1% (‘Scarlet Warren’) excluding ‘Bushfire’
where the starch content appeared to increase. Starch
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levels were very low in this cultivar, and the result
shown is probably a result of natural variation in the
fruit tested. The decreases in starch content found
here are in line with results reported by Merrow &
Hopp (1961) who found that starch decreased dur-
ing storage, and from 5 weeks of storage onwards,
the amount of decrease varied with cultivar.
Culpepper & Moon (1961) found that after 4 weeks
of storage, starch content had decreased to half the
at harvest value, whereas Merrow & Hopp (1961)
found the rate of decrease of starch content was
exponential.

Residual plots for total DM data showed increas-
ing variance with size of observation, so log, trans-
formation was carried out before analysis. Logged
total DM content differed significantly between
cultivars (P < 0.001), and decreased significantly
during storage (P < 0.001, Table 2). Over the entire
storage period, total DM contents ranged from 5.05
to 17.67% for the low starch cultivars and from 15.63
to 26.33% for the high starch cultivars. ‘Bushfire’
had the lowest DM levels to begin with, and showed
virtually no change over the 10-week storage period.
DM values recorded at harvest were slightly higher
for ‘Kaboten’ (25.7%) and lower for ‘Delica’
(17.3%) than values quoted by Hurst et al. (1995)

Table3 Sensory panel ratings of squash texture attributes for squash (Cucurbita maxima) stored at 12°C for 4-5 and
9-10 weeks after harvest. There was no significant effect of storage for any of the attributes rated, so average data from
the two assessment periods is presented. (Pairwise ¢-test were used to compare sample means. Scores with the same
letter following are not significantly different at P = 0.05.) (NS=not significant.)

Brittle- Cohesive- Hard- Adhesive-  Particle  Mouth-  Moist-

ness ness ness ness Size feel ness  Fibres
Low starch cultivars
Bushfire 36bc 4.5 ab 33b 1.7a 39¢ 22a 58e 47¢
Crown 38¢ 42a 350 25b 38¢ 33b 5.0d 39b
Golden Hubbard 33b 4.8b 32b 2.7b 3.7bc 34b 5.1d 40b
Scarlet Warren 25a 5.6¢ 2.0a 2.2 ab 3.2ab 3.0b 56¢ 4.3 be
High starch cultivars
Delica 38¢ 4.4 ab 34b 35¢ 3.1la 46¢ 42¢ 26a
Kaboten 39¢ 4.4 ab 3.7b 39cd 2.7a 50c¢ 36ab 2la
Kurijiman 40¢ 42a 37b 4.1d 28a 52¢ 35a 2.1a
Sweet Mama 3.5bc 4.7 ab 33b 3.8cd 29a 47 ¢ 40bc 25a
Cultivar main effect (7 d.f.)
Chi squared
Probability 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
LSD 0.52 0.56 0.58 0.52 0.54 0.62 0.42 0.56
Cultivar * plot effect (8 d.f.)
Chi squared
Probability NS NS NS 0.01 NS 0.05 0.05 NS
LSD 0.56 0.80 0.84 0.74 0.78 0.86 0.61 0.80







