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Abstract The susceptibility of ‘Delica’ buttercup
squash (Cucurbita maxima D.) harvested at different
maturities to develop rots in storage is reportedly
associated with aspects of flesh composition. The
flesh composition and incidence of storage rots of
two new cultivars of buttercup squash—‘Kaboten’
and ‘Hybrid 176’, were compared with ‘Delica’ to
see if this association extended across cultivars.
Sensory quality of the new cultivars was also
compared with ‘Delica’, the New Zealand export
industry standard. ‘Kaboten’ had a lower propor-
tion of fruit with rots between 4 and 16 weeks of
storage at 12°C but there was no difference among
cultivars during the 0—6 weeks field-to-market period
forexport squash. After 20 or more weeks of storage,
a high proportion of fruit (10-30%) of all cultivars
had rots. Although there were compositional
differences among cultivars, they were not assoc-
iated with storage life. ‘Kaboten’, the better keeping
cultivar, could not be distinguished from ‘Delica’
by dry matter (DM), starch, sugar, or titratable acid
levels. ‘Delica’ was the most liked cultivar and
‘Kaboten’ and ‘Hybrid 176’ were rated equally
behind ‘Delica’. ‘Hybrid 176’ had a drier texture
than the other cultivars and this was probably the
result of its higher DM and starch contents at
harvest.
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INTRODUCTION

In dollar terms, buttercup squash (Cucurbita
maxima D.) is currently the fourth largest fresh
horticultural export for New Zealand—worth
¢. $NZ 73 million annually (Anon. 1994a). The
New Zealand Buttercup Squash Council Inc. projects
earnings to reach $NZ 175 million by 1998 (Anon.
1994b). Almost all export squash goes to Japan;
tonnages in 1992, 1993, and 1994 were 75 000,
70 000, and 92 000 ¢, respectively (Edmond 1993;
Scott 1994).

Throughout its history, the export industry has
been troubled by squash arriving in Japan with
unpredictable levels of decay caused by storage rots
(Hawthorne 1990; Edmond 1993). Researchin New
Zealand aimed at minimising the incidence of
storage rots in Cucurbita spp. has taken various
approaches: (1) optimising storage conditions,
particularly relative humidity (Beever & Yearsley
1985); (2) breeding buttercup hybrids with extended
storage life (Grant & Carter 1991); (3) identifying
horticultural practices that affect the likelihood of
squash to rot (Hawthorne 1989, 1990); and (4)
investigating the physiological basis for
susceptibility to rot (Sharrock & Parkes 1990).

The maturity (days after completion of
expansion) of ‘Delica’ squash fruit at harvest
influences their susceptibility to rot in storage. Fruit
harvested within a few days of completing expansion
develop fewer storage rots than fruit harvested
either 2 or4 weeks later (Hawthorne 1990). Sharrock
& Parkes (1990), in attempting to find a physiological
basis for these observations, found compositional
differences at harvest such as soluble solids, sucrose,
andtitratable acids between early- and late-harvested
‘Delica’ squash. However, it is unclear if they
contribute to the differences in keeping qualities
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Fig. 1 Development of rots on three cultivars of
buttercup squash—‘Delica’ (M), ‘Kaboten’ (A), and
‘Hybrid 176’ (@) during storage at 12°C. Analysis of
variance procedures (see Materials and Methods) shows
‘Kaboten’ had a lower incidence of rots than the other
cultivars between 4 and 16 weeks of storage.

since, to the best of our knowledge, no one has
investigated the relationship between storage rots
and composition amongst C. maxima cultivars with
different susceptibilities to rot.

The purpose of our study was to see if there are
compositional differences among three cultivars of
buttercup squash said to have different suscept-
ibilities to storage rots. If significant differences
exist, they may have potential as markers of rot
susceptibility in the breeding of improved cultivars.
We also conducted sensory analysis of the squash to
see how the newer cultivars compared with ‘Delica’,
the established industry standard.

MATERIALS AND METHODS

Plant material and storage

Three cuitivars of squash—‘Delica’, the industry
standard; ‘Kaboten’; and ‘Hybrid 176’ from Crop
& Food Research’s breeding programme—(Grant
& Carter 1991) were grown at Levin Research
Centre in nine 10 X 13 m plots arranged in a
randomised block design with three replicates per
cultivar. Seed, obtained from Crop & Food Research,
Pukekohe, New Zealand, was planted on 4 December
1992 at 0.5 m spacings in rows 2 m apart. Within
plots, plants were allowed to grow unrestricted, but
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vines were trimmed to prevent them from entering
adjacent plots. To monitor the growth of the crops
and to estimate the completion of fruit expansion,
six female flowers in each plot were tagged on the
day they opened and then the circumference of the
developing squash was measured twice weekly.
Squash, including these marker fruit, were harvested
from all plots on 22 March 1993 (48 days after
flowering) (DAF) when adjudged commercially
mature by skin, groundspot, and stalk colour
(Hawthorne 1990) and left for 24 h at ambient
temperature (15-20°C). The 18 marker fruit were
weighed and then sampled for subsequent
compositional analyses (see below). The remaining
squash (c. 66/plot) were placed in 22-litre, vented
produce-crates before stacking and storage. The
crates were grouped into plots (10 crates/plot),
corresponding to the field plots, and placed in a
ventilated coolstore. Humidity was not controlled
(relative humidity was 90-95% during the first 2
weeks of storage, was 85% after 2 months, and
remained at 80-85% thereafter). Squash were stored
for up to 5!/2 months at 12 + 1°C and inspected for
rots at c. 2-week intervals. Those squash with rots
were discarded. The incidence of rots is displayed
as a cumulative percentage (Fig. 1) but was
calculated as acumulative proportion (p) for analysis,
where at any one inspection time, p = cumulative
total number of squash with rots divided by the
number of squash at the beginning of storage.
Individual time points were subjected to analysis of
variance by general linear models (GLM) procedures
(SAS Institute Inc. 1987). Repeated measures
analysis of variance and univariate tests (and
associated sphericity test) were done by GLM
procedures using data of 4-16 weeks of storage.

Compositional analysis

Compositional analysis of fruit one day after harvest
was done on the 18 marker fruit of each cultivar.
From each fruit, two samples (c. 10 g each) of
mesocarp, free of seeds, placenta, and skin, were
obtained from stalk-to-calyx segments taken from
opposite sides, taking care to avoid the groundspot.
These two samples were combined, weighed, frozen,
and freeze-dried before being weighed again, ground
to a fine powder, and stored desiccated at —20°C.
Compositional data are expressed as means (n=18)
foreach cultivar. Cultivar differences were examined
by analysis of variance in Axum® (TriMetrix Inc.
1992) and least significant difference (LSD; Bender
et al. 1982) procedures.
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Dry matter

Percentage dry matter (DM) was calculated from
the ratio of freeze-dried and fresh weights.

Sugars

Soluble sugars were extracted from 10 mg samples
of dried squash with 1 ml of 62.5% (v/v) methanol
at 55°C for 15 min, followed by precipitation of
interfering substances from the supernatant with
saturated lead acetate (Haslemore & Roughan 1976).
Glucose, fructose, and sucrose were determined
enzymatically with Sucrose/D-Glucose/D-Fructose
kits (Boehringer Mannheim Biochemicals) and
expressed in mg/g dry weight (DW).

Total carotenoids

Squash owe their flesh colour to carotenoids
(Borenstein & Bunnell 1966). Since flesh colour is
animportant sensory attribute (Barrett 1988; Harvey
& Grant 1992) that was not measured as part of the
sensory analysis (see below), total carotenoids were
used as a measure of flesh colour. Carotenoids were
extracted from dried squash (20 mg) with 7.5 ml of
monophasic methanol:chloroform:water (MCW,
12:5:3 v/v/v; Haissig & Dickson 1979) for 10-15
min at room temperature with vortexing every 5
min. The mixture was centrifuged (1000g, 2600
rpm for 5-10 min; these conditions also apply to
subsequent spins) in a bench centrifuge. The
supernatant was recovered into a graduated tube
containing 4.5 ml of water and the pellet re-extracted
with a further 5 ml of MCW. The second supernatant
was poured into the tube containing the first and a
further 3 ml of water added. The pellet was kept at-
—20°C for subsequent starch measurement (see
below). The MCW mixture was vortexed and then
centrifuged to separate the phases. The methanol-
water upper layer was aspirated off. The volume of
the chloroform layer was noted and the absorbance
at 452 nm was measured in a Shimadzu 160A
double-beam spectrophotometer. The total
carotenoid content was calculated using an average
E'%(1 cm) of 2400 (Davies 1976) and expressed as
ug/g DW.

Starch

The frozen pellet left after carotenoid extraction
was thawed and washed with 3 ml of 62.5% (v/v)
methanol, and the supernatant discarded. The pellet
was resuspended in 0.5 ml of conc. HCl and 2 ml of
dimethylsulphoxide and heated at 60°C for 1 hin a
heating block. Care was taken to ensure thorough
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dispersion of the pellet by shaking the tubes every
10-15 min. After heating, the tubes were cooled on
ice and neutralised with 0.5 ml of 8 NaOH and
made up to 10 ml with 0.112M sodium citrate buffer
pH 4.0. The samples were clarified by centrifugation
and diluted three-fold with citrate buffer before
being analysed enzymatically for starch with Starch
UV-method kits (Boehringer Mannheim
Biochemicals). Assay linearity and recovery were
checked by processing 5, 10, 15, and 20 mg samples
of squash and starch, respectively. The assay was
linear over the range tested and recoveries averaged
95+4%. Starch levels were not adjusted forrecovery
and are expressed as mg/g DW.

Titratable acid

One gram of dried squash was dispersed in 40 ml of
deionised water and titrated to pH 8.1 with 0.01M
NaOH (standardised against 0.02M potassium
hydrogen phthalate to pH 8.6) using a Metrohm
automatic titrator. Acidity is expressed as mg/g
DW.

Sensory analysis

Squash were stored for 4 weeks at 12°C before
sensory assessment to allow for the well-documented
postharvest changes in sugars and starch (Culpepper
& Moon 1945; Phillips 1946; Merrow & Hopp
1961; Sharrock & Parkes 1990; Nagao et al. 1991)
and in sensory attributes (Nagao etal. 1991; Harvey
& Grant 1992) to occur. Six fruit/plot were assessed.
One plot per cultivar was assessed each day, and
assessment sessions were run on three consecutive
afternoons. Samples were obtained by cutting three
stem-to-calyx segments from each squash. Segments
were prepared by trimming to 5 cm long by 3 cm
wide and removing the placenta and seeds, but were
notpeeled. The prepared samples were then steamed
over rapidly boiling water, skin side up, until tender
(c. 20 min). Each sample was coded with a three-
digit random number and served warm under red
lighting to mask any colour differences. Panellists
assessed one sample per cultivar ateach session and
sample order was randomised for each session. The
17-member panel, drawn from Levin Research
Centre staff and the wider Levin community, was
experienced in assessing horticultural produce.
Panellists rated samples on four attributes—
sweetness, flavour, texture, and overall acceptability.
Panellists marked a 160 mm linear unstructured
scale (anchored 5 mm from each end with a vertical
line) to indicate the intensity of each attribute.
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Scores were allocated by measuring the distance of
the mark (in mm) from the left-hand anchor line of
the scale: 0 = the least and 150 = the greatest
intensity of sweetness, flavour, and acceptability;
texture ranged from wet and mushy (0) to very dry
(150). An overall acceptability scale was included
to give panellists a chance to give an overall rating
that may also take into account attributes not asked
for elsewhere. Data was analysed using linear
regression and GLM procedures (SAS Institute Inc.
1987).

RESULTS

Fruit growth

Increases in fruit circumference with time (not
shown) were typical of those previously published
for ‘Delica’ squash (Hawthorne 1990; Sharrock &
Parkes 1990) and showed that, irrespective of cultivar
or plot, fruit expansion was complete 21-26 DAF.
Thus our harvest at 48 DAF was c. 3 weeks after the
completion of expansion and in line with commercial
practice (Hawthorne 1990). Neither fruit
circumference (P = 0.48) nor fruit mass (P = 0.21)
was significantly different among cultivars. Mean
fruit circumference was 56.9 cm (SD=4.8 cm, n =
54) and mean fruit mass was 1970 g (SD=434 g, n
=54).

Storage rots

‘Kaboten’ tended to have a lower incidence of rots
(0.7-1.3%) than the other two cultivars (2-6%)
during 16 weeks of storage; F-test probability
approached significance (P = 0.11) after 12 weeks
and was significant (P = 0.02) after 16 weeks of
storage (Fig. 1). Repeated measures analysis of data
of 4-16 weeks confirmed ‘Kaboten’ as a better

Table 1

keeping cultivar during this time (time effect P =
0.0004; time X cultivar interaction P = 0.02). After
18 weeks the incidence of rots was similar among
cultivars (4-9%, P = 0.30) then it rose rapidly to
¢. 25-30% with further storage (Fig. 1).

Compositional analysis

Compositional analysis of the cultivars is detailed
in Table 1. DM in ‘Hybrid 176’ (29%) was higher
than in ‘Delica’ (23%) and ‘Kaboten’ (21 %) which
were not significantly from each other. ‘Hybrid
176’ had higher starch (660 mg/g DW) but much
lower glucose (7 mg/g DW) and fructose (9 mg/g
DW) levels, and less titratable acid (0.9 mg/g DW)
than the other two cultivars (c. 590, 32,42, and 1.4
mg/g DW, respectively), which were not
significantly different from each other. Total
carotenoid levels were similar in ‘Delica’ and
‘Hybrid 176’ (c. 500 pg/g DW) but higher than in
‘Kaboten’ (427 ug/g DW). However, the difference
between ‘Kaboten’ and ‘Delica’ (64 ug/g DW) was
only just significant (LSD 5% = 64). Sucrose levels
(41-48 mg/g DW) were not significantly different
among cultivars.

Sensory analysis

‘Delica’ was rated as significantly sweeter, more
flavoursome, and more acceptable overall than
either ‘Kaboten’ or ‘Hybrid 176’ which were not
rated as significantly different from each other
(Table 2). ‘Hybrid 176’ had a significantly firmer,
drier texture than the other two cultivars (Table 2).
There were significant correlations between
sweetness and acceptability (r=0.71, P =0.0001),
between flavour and acceptability (r = 0.74, P =
0.0001), and between sweetness and flavour (r =
0.72, P=0.0001). These correlations among sensory
attributes are in general agreement with those of

Compositional analysis of three squash cultivars. Analytes are means (n = 18 for each

cultivar) and within rows are significantly different (P < 0.05) if followed by different letters (a, b).

(DW = dry weight; NS = not significant.)

Cultivar Effect of cultivar
Analyte Delica Kaboten  Hybrid 176 F-testP  LSD (5%)
Dry matter (%) 235a 212a 29.0b 0.00002 3.1
Starch (mg/g DW) 609 a 575a 660 b 0.003 48
Glucose (mg/g DW) 27.6a 355a 7.1b 0.001 14.8
Fructose (mg/g DW) 36.1a 478a 94b 0.00002 15.4
Sucrose (mg/g DW) 47.6a 40.7 a 435a 0.072 NS
Titratable acid (mg/g DW) 1.23a 1.52a 093b 0.024 0.42
Carotenoids (ug/g DW) 491 a 427 b 525a 0.013 64
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others (Merrow & Hopp 1961; Harvey & Grant
1992). However, there was no correlation between
texture and acceptability—this was probably
because some panellists preferred dry squash, and
others preferred it moister, tending to mushy.

DISCUSSION

We found little difference among cultivars in the
susceptibility of fruit to develop rots during 5'/2
months of storage. This may have been because the
overall incidence of rots was low during the first 3
months and this, in turn, may have been the result of
favourable storage conditions. Grant & Carter (1991)
in their comparison of ‘Delica’ and ‘Kaboten’
reported that 64% of ‘Delica’ and 34% of ‘Kaboten’
had developed rots after 3 months of storage, but
they gave no details of their storage regime. Our
cool temperature and low (<90%) relative humidity
regime is considered optimal for minimising the
incidence of rots and maintaining fruit quality
(Beever et al. cited in Hawthorne 1990; Hawthorne
1990). Although we found a significantly lower
incidence of rot in ‘Kaboten’ after 16 weeks of
storage, there was no difference among cultivars
after the critical harvest-to-market period of 6 weeks
for export squash. This indicates the importance of
optimising and controlling storage conditions for
export buttercup squash for minimising postharvest
rots.

In ‘Delica’ squash the better keeping quality of
early-harvested fruit compared with late-harvested
fruit is reportedly associated with lower titratable
acid, soluble solids (sugars + acids), sucrose, and
citric acid levels at harvest (Sharrock & Parkes
1990). Although we found significant differences
in sugar and acid levels among the cultivars, it
seems unlikely that these analytes have an effect on
the development of storage rots. ‘Hybrid 176" had
lower sugar and acid levels than ‘Delica’ but stored
no better, whereas ‘Kaboten’ and ‘Delica’ had the

Table 2

93

same sugar and acid levels but the former stored
better. The other point to note is that when the
titratable acid levels are expressed on a fresh weight
basis, there is no difference among cultivars. We
conclude that sugar and acid levels at harvest are
unlikely to be useful in screening lines of buttercup
squash for susceptibility to storage rots.

‘Delica’ was the cultivar most liked by panellists;
‘Kaboten’ and ‘Hybrid 176’ were equally less liked.
‘Hybrid 176’ was drier than the other two cultivars.
This was probably the result of its higher DM and
starch levels but since these were measured at
harvest and not after 4 weeks of storage (during
which time the starch level at least would decline),
we cannot be sure. Whatever the reason for the
perceived dryness, itis important to note that whereas
some Japanese consumers prefer sweet, dry-tasting
squash (Harvey & Grant 1992), others prefer their
squash sweet and moist, rather than sweet and
mealy (dry) (Nagao et al. 1991). These results
emphasise the importance of determining
consumers’ texture preference when evaluating
squash for export. Glucose and fructose levels were
low in freshly harvested ‘Hybrid 176’ consequently
total soluble sugar was only about half that of
‘Delica’ and ‘Kaboten’ (60 mg/g DW compared
with ¢. 120 mg/g DW) . These differences were
apparently not manifest after 4 weeks of storage
since although ‘Delica’ was rated sweeter than
‘Hybrid 176’, ‘Kaboten’ was not rated differently
from ‘Hybrid 176’. However, even when chemical
analysis and tasting are done on fruit of the same
age, correlations between sugar or starch and taste
panel preferences for squash are sometimes
(Merrow & Hopp 1961), but not always (Schales &
Isenberg 1963) significant.

Although the panel did not compare flesh colour
(flesh colour was masked to avoid bias in the other
sensory attributes), the total carotenoid levels show
that there was little difference in flesh colour among
cultivars. All cultivars exceeded 400 ng/g DW,

Sensory attribute ratings for three squash cultivars. Ratings are

means (n = 17 panellists) and within rows are significantly different (P < 0.05)

if followed by different letters (a, b).

Cultivar ratings

Effect of cultivar

Sensory attribute  Delica  Kaboten  Hybrid 176 F-test P LSD (5%)
Sweetness 720 a 44.4b 469b  0.0001 10.7
Flavour 82.3a 51.1b 57.6b  0.0001 12.2
Texture 7177 a 844 a 932b  0.004 11.7
Acceptability 86.7 a 59.3b 59.0b  0.001 11.6







