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Palmerston North, New Zealand

email: cumarasamys@crop.cri.nz New Zealand “Kabocha” (buttercup squash,

Cucurbita maxima Kabocha in Japanese) is a
dominant player in the Japanese market with a

Abstract This research investigates the sensoﬁg?rlket shaLe'amOLf[ntirE to 6;00/‘683’ \I</<|)Iume todehe
and compositional differences of six cultivars af al squash imports (Anon. ). Many studies

: . ‘Ajihei’ ave been conducted to understand the intricacies of
b[l; ét”eg;},lp Ecr]r?éirr(l:@cirg]‘la?«maﬂr:y;;o I aer:él this important New Zealand crop, to increase exports
‘T133’—7using a combination of sensor;/ analysi nd maximise financial returns. A number of studies

and phvsical measurements of viscosity and coldtgVe contributed to our understanding'of the quality
(Mingltg Chromameter (CR 200) record)?ng L* a*ct)j?New Zealand squash. These studies have been

b* values) and biochemical measurements gfrected at the effects of plant densities on yield and

glucose, fructose, maltose, sucrose, starch, and IL#t size (Douglas et al. 1990); the factors

matter (DM) content. The results obtained clearl uet?]cmg 12?50 occurrence offthstc_)ra_ge rotsf
indicate significant differences in all sensory 'aWthorme ); comparison of the incidence o

attributes except for sweetness, nutty flavour, aniPrage rots among cg{!twars (dHurst etal. 1995); tt'he
fibres. Similarly all physical properties and chemic anges In composition and Sensory properties
measurements except for starch content ring fruit development and storage (Harvey et al.
significantly different. A principal component 97); carbohydrate metabolising enzymes at

analysis of the sensory data shows that the text 'gferent stages of growth (Irving et al. 1997, 1999);

attributes are the main source of cultivar differencHs® €ffects of storage and cooking on texture
for these cultivars. DM and starch content a atnayake et al. 1999); the factors contributing to

significantly correlated with the principal sensor%vemeivEEOI sweetness (Corrigan et al. 2000); the

. Tl in infl - tnechanism of starch degradation (Irving et al. 1999);
?A?;nﬂ?ntﬁgd'gitﬁg%r';s g?gggﬁ?éf. |r_1r|hne ulgréckln d the effect of postharvest heat treatment (Bycroft

correlation of sugars, and the significant correlatidt} al. 1999). . . . -
of textural properties with perceived sweetness Several cultivars with quality characteristics that

suggests the influence of squash texture and cell f'fltclh th% n:edrst, fOf the ozer?_easﬂ:nar'k%s ha;/e'been
properties modifying the perception of sweetne veloped. Apart from evaluating the yield, maturity,
and flavour. Overall ‘Emiguri’ and ‘Delica’ are theand storage of these new cultivars, investigation of

most similar squash cultivars. ‘Kofuki’, the most dr)?he differences in sensory properties is also important
' o0 estimate the economic benefits. Descriptive

sensory analysis, which involves the selection and

H01054; published 25 September 2002 training of human subjects to accurately and
Received 24 November 2001; accepted 21 June 200Zonsistently provide a sensory description of
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products by assessing the intensities of a seriesfefckland, New Zealand. The seed was sown on 15
sensory attributes, allows us to quantify sensoNovember 1999, with crop spacing of 800 mm

differences between cultivars and is also useful loetween plants and 3 m between rows. Fruit were
validating results obtained from instrumental anldarvested on 7 March 2000, when considered to be

chemical analyses.

commercially mature by the amount of brown corky

The following work was conducted with thematerial on the stalk (King & Wishart 1990). They
objective of developing an approach for comparingere packed into 75-litre vented produce crates and
cultivars to increase our knowledge anttansported within24 hto the Crop & Food Research
understanding of the sensory differences, and thsite in Palmerston North where they were stored in
relationship to chemical and physical differences af temperature-controlled room at 221°C. Fruit
squash cultivars. The sugar, starch, dry matter (D¥tpm Field plot 1 were held for 4 weeks and fruit
content, CIELAB parameters, and viscositfrom Field plot 2 for 5 weeks to manage the
measurements of these cultivars have besoheduling of sensory panels. They were then
quantified and correlated with sensory propertiesassessed by the sensory panellists and sampled for

MATERIALS AND METHODS

Plant material

chemical and viscometric analysis. Colour
measurements were done after 6 weeks of storage.

Sensory evaluation

Sample selection and preparation

The six squash cultivars (‘Delica’, ‘Emiguri’, To replicate the sensory assessment, six rot-free fruit

‘Miyako’, ‘Ajihei’, ‘Kofuki’, ‘T133’) for this

per cultivar (3 fruit/field plot) were selected from

research were grown in two replicate field plots atorage and tagged 1 day before the start of the
Crop & Food Research’s Pukekohe site neaensory evaluation. The plots were evaluated

Table 1 Definitions of the sensory attributes evaluated in cooked sqGasluibita maxima

Attribute

Definition

Orange colour
Cutting behaviour
Squash flavour
Sweetness
Buttery flavour
Nutty flavour

Hardness
(initial bite)

Crumbliness
(initial 3—4 chews)
Moistness

(during chewing)

Mouthfeel
(before swallowing)

Fibres
(before swallowing)

Mid scale = colour of carrot
1, Light; 7, Dark
Judge this while removing the skin from the sample. Does the skin cut cleanly away,
or does the squash flesh crumble?
1, Cuts cleanly; 7, Crumbles when cut
Intensity of characteristic squash flavour in the sample 1, No flavour; 7, Full flavour
Intensity of sweetness in the sample
1, Not sweet; 7, Very sweet
Intensity of buttery flavour in the sample
1, None; 7, Strong
Intensity of nutty flavour (as in roasted chestnuts) in the sample
1, None; 7, Strong
Force required to compress a 1 cm slice of sample against the roof of your mouth
with your tongue
1, Soft; 7, Hard
In the initial 3—4 chews does the sample crumble apart or stay together?
1, Not crumbly; 7, Very crumbly
While chewing the sample does it feel moist in your mouth, or does it have a mouth
drying effect?
1, Dry; 7, Moist
During chewing does the sample remain as separate particles in your mouth,
or does it form a smooth paste?
1, Discrete lumpy particles; 7, Smooth paste
Presence of detectable fibres in the sample
1, None; 7, Lots
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separately over a period of 3 consecutive days osfarch analysis

consecutive weeks. Six fruit, one per cultivar, wei€arotenoids were extracted from 100 mg of freeze-
evaluated each day with panellists evaluating oggied and ground squash sample with 5 ml of
piece each from each fruit. The fruit were preparefathanol:chloroform:water (MCW 12:5:3 v/v/v,
by cutting one squash fruit per cultivar into stalk tAurst et al. 1995) for 10 min at room temperature,
calyx segments 25 mm across at the widest poighrtexing every 3 min. The mixture was then
with the use of a Bosch electric multisaw with entrifuged at 3000 rpm at room temperature for 5
100 mm blade. The placenta and seed were removiegh in a bench centrifuge and the supernatant was
and the segments trimmed by hand to a uniforiscarded. This process was repeated 5 times until
length of 40 mm, width of 20 mm, and depth ofye pellet was white. The remaining chloroform was
15 mm and cooked by steaming as described Bised out by adding 5 ml methanol, vortexing,
Corrigan et al. (2000). centrifuging as above, and discarding the
o supernatant. The pellets were stored af€2amntil
Panel training ] ) o reguired for starch analysis.

A group of 13 panellists attended five training The frozen pellets were thawed and dried in a
sessions lasting¥2 h each. On the first day, thespeed evaporator (Speed ¥a&ius) for 25 min. The
panellists were briefed on the protocols for sensopig|lets were resuspended in 0.5 v 8ICl and 2
evaluation. This was followed by group discussion| dimethylsulfoxide and heated at°@for 1 h,
directed by the panel leader to identify the attribut¢grtexing every 10-15 min. After heating the tubes
to be tested and define the scale end descriptors. J8e cooled on ice and neutralised with 0.5 ml of
refinement of the score sheet and definitiong\ NaOH. The sample was then made up to 10 ml
continued until the panellists were satisfied with thgith 0.112v sodium citrate buffer (pH 4.0), and
score sheet and understood each term completelsified by centrifuging at 2600 rpm for 5 min. The
Three to four samples were rated at each trainiggpernatant was transferred to a clean tube and
session and results compared and discussed Ugifiited 10-fold with citrate buffer before being
panel agreement was reached using the rating scalgzymatically analysed in duplicate for total starch

The panellists were trained to evaluate 11 sensgjjth starch UV-method kits (Boehringer Mannheim
attributes in cooked squash. The definitions of theggychemicals Catalogue 1998).

attributes are given in Table 1. _ _
Different three-digit random code numbers wer8ugar extraction and analysis

used to label the samples at each session. Samplggng samples of freeze-dried ground squash were
were served 5 min after cooking and were evaluatggracted in 1 ml of 62.5% methanol for 60 min at
in individual booths under white I|ght The order O§5°C, Vortexing every 15 min. The mixture was
sample presentation was based on a Williams Lagigoled and centrifuged at 2600 rpm for 3 min. The
square design (Macfie et al. 1989). Reverse osmogsiernatant was recovered into 1 ml vials for High
water was provided to cleanse the palate betwegBrformance Liquid Chromatography (HPLC)

samples. analysis. This analysis was done as described by
) Lewthwaite et al. (1997). Recognition of each sugar
Chemical analyses was based on HPLC retention time. Detector

Samples for chemical analyses were taken from thesponse to all sugars was linear over the
same fruit used for sensory evaluation. Mesocagpncentration range 0-20% (w/v). Standard sugars
tissue free of seeds, placenta, and skin was takgowed less than 2% variability in individual sugar
from two stalk-to-calyx segments on opposite sidesncentrations between triplicate injections of the
of each fruit, avoiding the ground spot. These twsame sample. The raw squash samples were analysed
samples were finely chopped, combined, weighefdr sugars as previous work has indicated no
frozen, freeze-dried, and weighed again. They wegignificant differences in the sugar content of cooked
then ground in a coffee grinder to a fine powder arghd raw squash (Corrigan & Sutton 1998, pers.
stored at —2TC. comm.).

Dry matter Viscosity measurements

Percentage DM was determined as described byplicate samples were taken from the freeze-dried
Hurst et al. (1995) on the sample taken as descrilgdund samples of the fruit used for sensory
above. evaluation. These samples were further ground in a
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coffee grinder and put through a 30 sieve. The means per cultivar) and the chemical and physical

moisture content of these samples was determinetkasurements were then correlated with the first and

and sufficient distilled water was added teecond principal components (PCs). Sugar data were

reconstitute them to their fresh weight equivalenttransformed using a natural log transformation for
A Paar Physica UDS 200 Universal Dynamiglucose, a square root transformation for fructose

Spectrometer equipped with precise temperatusad a squared transformation for sucrose to achieve

control was used to measure viscosity using a 25 nwonstant variance. Because of the differing variances

diam. cone-plate (K21) with a 1 degree slope andramaltose values between cultivars (which were not

0.05 mm truncated tip. Samples were placeadlated to the means), a Kruskal-Wallis one-way

between the cone and plate, and the gap betwesalysis of variance was done to compare maltose

these two reduced to 0.05 mm to spread the samigieels in the cultivars. Regression analysis was used

evenly around the measuring area. Excess samfgleassess the contributions of DM and starch to

spreading 0.5 mm beyond the radius of the cone wascosity.

removed, and 1-2 drops of olive oil were applied to

the sample edge to prevent excess water loss during

testing. After the sample was loaded, it was heatﬁ%SULTS

to 50°C for 2 min before testing to allow a consistent

starting temperature. The test was done in tv&ensory evaluation

phases. In the first phase, a constant shear rate Of,&)v%rage attribute scores obtained from sensory

1
Ecrggsseéjigogygimfoﬁqagpéet;gg%r""stﬁ;irwg\?aluation are listed in Table 2. These indicate
) : R significant differences between cultivars for all

stress and viscosity.asaf.unction of temperature Weltibutes except for sweetness, fibres, and nutty
recorded. Peak viscosity for each sample Wﬂﬁvour ' '
obtained from Fh's phase: In the next phase, t € The sensory panel scores show significant
shear rate was increased linearly from 0.1 to10 Sif

ferences P < 0.001) in the orange colour of
over 50 s at a constant temperature of 30'30 oked squash cultivars, with ‘Kofuki’ rated as

and viscosities (1-3) at three shear rates (0.5, ]1i hter orange in comparison to ‘Delica’, ‘Miyako’,
5.0 57) were measured. ‘Emiguri’, and ‘Ajihei’. ‘T133’ is in between these
Instrumental colour measurements two groups. ‘Kofuki’ was rated as significantly
different @ < 0.001) in cutting behaviour to ‘Delica’,
The flesh colour (L*, a*, b*) of six fruit (different ‘Emiguri’, and ‘Miyako’.
from those fruit used for sensory, chemical, and squash flavour of ‘Kofuki’ was significantlyp(<
viscometric analysis) from each cultivar (3/field plot.01) lower than all other cultivars except ‘Ajihei’.
was measured using a Minolta Chromameter (Cfe differences in sweetness between cultivars were
200) as described by Bycroft et al. (1999). Two slicggt significant. Differences in buttery flavour were
from diagonally opposite sides of each fruit wergignificant < 0.05) with ‘Kofuki’ being the least

measured. buttery and ‘Delica’ and ‘Emiguri’ the most.
o ) ‘Delica’ and ‘Emiguri’ are significantly different
Statistical analysis from ‘Kofuki’ and ‘Ajihei’ in sensory hardness,

Genstat 5 release 4.2 for Windows (Genstatcbumbliness, and moistness.
Committee 1995) was used for statistical analysis. To reduce the complexity of understanding the
REML (Residual Maximum Likelihood/Restrictedinterrelationship of these 11 sensory attributes and
Maximum Likelihood) was used to analyse th#eir relationship with the cultivars, a PCA was done.
sensory data as some panellists missed some sessitiesloading and scores of the first two PCs were
which resulted in an unbalanced data set. Cultivalotted against each other as shown in Fig. 1.
was a fixed effect, and the random effects were The first two PCs explain 98.4% of the variance.
panellist, and fruit within session within day withinThe first PC separates ‘Kofuki’ from ‘Delica’ and
field plot. When a random effect was negative arlEimiguri’, with the remaining cultivars in the
caused difficulty in getting the REML algorithm tomiddle. This component is positively associated with
converge it was removed from the model. hardness, crumbliness, and cutting behaviour and
Analysis of variance was performed on theegatively associated with mouthfeel, moistness,
chemical and physical data. A principal componenblour, and squash flavour. The second PC explains
analysis (PCA) was done on the sensory data (pafwther variation in colour of these cultivars.
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This plot also indicates the correlation ofructose and higher in sucrose than ‘Delica’ and
attributes. Cutting behaviour is positively correlate@miguri’. The levels of maltose found are low for
with crumbliness and hardness=(0.908P < 0.001; all cultivars. ‘Delica’ is significantly lower in DM
r = 0.865,P < 0.001 respectively) and negativelthan ‘Kofuki’, ‘Ajihei’, and ‘T133" (P < 0.029).
correlated with moistness £ —0.882,P < 0.001). There are no significant differences in starch content
Crumbliness is positively correlated with hardnedsetween cultivars.

(r = 0.919,P < 0.001) and negatively correlated .

with moistness ( = —0.932, P < 0.001) and Viscosity

mouthfeel { = —0.944,P < 0.001). Squash flavour‘T133’ had a significantly higher viscosity than

is positively correlated with sweetness=(0.708, ‘Delica’, ‘Emiguri’, and ‘Miyako’ for all four

P < 0.001), butteriness € 0.584,P < 0.01), and viscosity measurements (Table 4). This may be

moistness (= 0.735,P < 0.001). The flavour because of a result of differences in DM content

attributes all have low loadings on the first Phetween ‘T133’ and the other cultivars. The

whereas the textural attributes (except for fibre®mperatures corresponding to the measured peak

have large positive or negative loadings. Thigscosity for the different cultivars were in the range

indicates that the textural attributes are the mamh 64.5-66C. All samples showed a shear thinning

source of cultivar differences for these cultivars. behaviour with viscosity decreasing as shear rate
) . increased from 0.5 to 5%

Physical and chemical measurements

The results of chemical analysis, viscositfFOlour measurements

measurements, and CIELAB coordinates are list&the L* values indicate ‘Delica’ and ‘Miyako’ have

in Tables 3, 4, and 5 respectively. a darker flesh than ‘Kofuki’. Redness, measured by
a* values, is significantly lower for ‘Kofuki’ in
Sugar, starch, and DM analyses comparison to all the other cultivars. ‘Emiguri’ and

The differences in glucose, fructose, and sucro¥@®fuki’ are significantly higher in b*(yellowness)
among these squash cultivars are highly significardlue than ‘T133’, ‘Delica’, and ‘Miyako’ (Table 5).

(P <0.001,P<0.002, and® < 0.005 respectively). , , )

The ratio of glucose to fructose in ‘Delica’Correlation of physical and chemical

‘Emiguri’, ‘Kofuki’, and ‘T133’ is close to 1:1. Measurements with sensory scores

Corrigan et al. (2000) reported similar findings iPhysical and chemical measurements were
other cultivars including ‘Delica’. ‘Kofuki’ and correlated with sensory data to identify and evaluate
‘T133’ are significantly lower in glucose andfactors that are related to sensory perceptions, and

Table 2 Average scores of sensory attributes for the six sq@stu¢bita maximpcultivars. (All scores input on a
7-point scale, refer to Table 1 for end descriptors. NS, not significant; d.f., degrees of freedom; LSD, least significant
difference.)

Attributes Ajihei  Delica Emiguri Kofuki Miyako  T133 d.f. LSD Pvalues
Appearance

Orange colour 5.3 5.6 5.1 2.9 5.6 4.1 452 0.7 <0.001
Cutting behaviour 3.6 2.4 2.8 4.1 29 3.4 448 0.8 <0.001
Flavour

Squash flavour 4.5 4.9 5.0 4.1 4.6 4.6 449 0.4 <0.01
Sweetness 4.3 4.6 4.8 4.1 4.2 45 452 - NS
Buttery 34 3.7 35 3.1 33 33 454 0.3 <0.05
Nutty 3.0 2.8 2.7 3.2 31 2.9 448 - NS
Texture

Hardness 4.4 2.7 3.0 4.8 3.8 3.3 451 1.0 <0.001
Crumbliness 3.9 24 2.7 4.7 34 3.5 452 1.0 <0.001
Moistness 31 4.6 45 2.9 3.7 3.8 452 1.0 <0.01
Mouthfeel 45 5.6 5.3 3.8 5.0 4.8 452 0.8 <0.001
Fibres 15 1.5 1.6 1.7 15 15 448 - NS




New Zealand Journal of Crop and Horticultural Science, 2002, Vol. 30

202

(1o} parunodoe uoneueA ‘4yA) ‘siuauodwod redioulid omy 1sa1) 8yl Jo (saingLie Alosuas ‘Wsbulpeo] pue (sieAnnd ‘@salods T 64

v'0-
SSOUISION -1 |V
20 U
spaulesms -4|V¥
€ELL @ ﬁ NSING
IMN40M @ 1 ® [99INO -1
ANONEUSQ INO -V inoney bs-4| V¥ voI3d
0 fiepng 1w o g
AunN -4 w (%5478 AVA) | uauodwod
v OMVAIN @

=0 Alqwnig -1 I3HIrY @
o
3
°©
=]
3

90 2
N
<
>
m

80 2
R
[%)]
2

b
90 70 20 0 20 70 90

24/9/02, 10:02 PM

202

Cumaras& Cultivr3 .P65



Cumarasamy et al.—Cultivar differences in Kabocha 203

their usefulness in explaining sensory attributes. The sensory assessment of colour is positively
A graphical representation of these relationshipslated to a* measurement and negatively related to
was obtained by correlating the physical anid* and b*. However, the correlation coefficients do
chemical values with the first two PCs obtainedot indicate a significant relationship. As shown in
from PCA of the sensory data (Fig. 1). This is showthe correlation plot, colour parameter L* is positively
in Fig. 2. correlated with b*(= 0.887,P < 0.001).

Table 3 Average sugar, starch, and dry matter (DM) contents of six uncooked sGuashbjta maximgcultivars.
(NS, not significant; NA, not applicable; LSD, least significant difference; average ranks, with the Kruskal-Wallis test
the data is ranked, and the average of the ranks for each treatment is the basis for comparison.)

Biochemical P
measurements* Ajihei Delica Emiguri Kofuki Miyako T133 LSD values
Glucose 6.06 12.69 12.48 3.18 6.03 2.71 NA NA
Log transformed 2.77) (2.48) (2.34) (0.95) (1.43) (0.91) 0.70 <.001
Fructose 4.96 11.70 11.09 2.93 4.94 2.43 NA NA
Square root transformed  (2.20) (3.36) (3.15) (1.61) (1.98) (1.51) 0.97 0.002
Maltose 1.87 2.35 2.32 2.67 2.25 2.68 NA NA
Average ranks (5.4) (16.0) (14.8) (22.2) (12.2) (22.4) 6.0 0.021
Sucrose 48.87 35.78 39.42 52.89 51.18 58.77 NA NA
Squared transformed (2478.0) (1358.0) (1697.0) (2853.0) (2728.0) (3471.0) 1071.9 0.005
Starch 110.0 83.5 95.0 112.2 105.6 106.5 - NS
DM (%) 33.19 27.01 28.85 32.93 30.05 33.03 436  0.029

*Sugar and starch contents are expressed as mg/g fresh weight.

Table 4 Average readings of viscosity measurements for the six uncooked sQuesiibjta maximgpcultivars.
(LSD, least significant difference.)

Viscosity P

(Pa S) Ajihei Delica Emiguri Kofuki Miyako T133 LSD values
Peak viscosity 2554 1320 1768 2216 1896 3002 944  0.018
Viscosity-1 2150 1056 1530 2272 1512 2832 877 0.005
Shear rate 0.5%

Viscosity-2 1463 676 995 1512 1059 1797 593 0.008
Shear rate 1.0°%

Viscosity-3 674 256 404 652 437 747 263 0.005
Shear rate 5.0°%

Table 5 Average readings of CIE L*, a*, b* colour measurements for the six uncooked sQuesint{itamaximg
cultivars. (Colour measurements: L* (0 = black, 100 = white); a*(— = green, + = red); b*(— = blue, + = yellow); LSD,
least significant difference.)

Colour P

measurements Ajihei Delica Emiguri Kofuki Miyako T133 LSD values

L* 63.69 61.91 63.78 65.58 61.58 63.54 2.27 0.01

a* 18.88 18.52 18.23 15.99 19.30 20.52 1.27 <0.001

b* 70.51 68.93 72.56 72.49 68.0 68.91 2.62 0.002
T ‘ Cumaras& Cultivr3 .P65 203 24/9/02, 10:02 PM
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Cumarasamy et al.—Cultivar differences in Kabocha 205

Only the correlation of peak viscosity with theelationships between DM and textural properties are
first two PC axes obtained from PCA of sensory datauch stronger than with starch. The correlations of
is shown in Fig. 2 because all the viscositgercentage DM with hardness €& 0.774),
measurements are correlated with the sensamymblinessi(= 0.782), and moistness=% —0.824)
attributes of cutting behaviour, crumblinessre highly significant® < 0.001). In comparison, the
hardness, moistness, and mouthfeel. Peak viscosityrelations of starch with hardness=(0.541,P <
is positively correlated with cutting behaviourp.01), crumblinessr(= 0.58, P < 0.01), and
crumbliness, and hardness, and negatively correlatedistness (= —0.424,P < 0.05) are moderately
with moistness and mouthfeel (Table 6). significant.

There is no clear indication of the relationship DM and starch content were related to viscosity.
between sugars and panel sweetness from the foiadratic and interaction terms were not significant
as expected because Table 2 shows no differenedgen added to the regression model. The results in
between cultivars for sweetness. Corrigan et dlable 7 indicate that the influence of DM is greater
(2000) found that in high starch cultivars glucose artidlan that of starch for all the viscosity measurements.
fructose are negatively correlated with sucrose. TRer the peak viscosity data, including starch in the
starch content of some cultivars studied here agression model after DM does not explain any
higher than those studied by these researchers amdae variation, thus only DM is required. The
similar relationship has been observed. Maltosedg#ferences in the variability accounted for by the
associated with the second dimension indicating veggression models for viscosity-1 through to
little association with the sensory dimension.  viscosity-3 (66.4, 73.4, 81.2 respectively) can be

Starch and DM content influence most of thettributed to the different shear rates used for
sensory attributes in squash. Starch 0.868) and measuring these parameters. Increasing the shear
DM (r = 0.841) are significantly correlated withrates (0.5-5.0-8) also results in slightly higher
sensory dimension 1 (Fig. 2). The correlatiooorrelation between the objective measurements of
coefficients also indicate a significant relationshipiscosity (1-3) and sensory measurements of texture.
between starch, DM, and textural propertiebhese results enable us to recommend the use of a
(hardness, moistness, crumbliness). However, thleear rate of 5.0% instead of a lower shear rate, to

Table 6 Correlation coefficients of sensory measurements with viscosity.

Peak viscosity Viscosity-1 Viscosity-2 Viscosity-3
Crumbliness 0.772 0.697 0.723 0.763
Cutting behaviour 0.812 0.745 0.759 0.772
Hardness 0.747 0.655 0.701 0.722
Moistness —-0.823 -0.715 —0.756 -0.771
Mouthfeel -0.735 -0.682 —-0.706 -0.727

Table 7 Regression coefficients (and significant levels) for explaining viscosity from dry matter (DM) and starch
content.

Viscosity Adjustedr? Constant DM Starch

Peak viscosity 79.2 -397(P( 0.001) 197.6 B <0.001) -

Viscosity-1 66.4 —3942R < 0.001) 215.1 B <0.001) —7.98 R = 0.096)
Shear rate 0.5%

Viscosity-2 73.4 —2782R < 0.001) 147.7 R <0.001) -5.19 R = 0.068)
Shear rate 1.0°%

Viscosity-3 81.2 -1376R < 0.001) 67.86F < 0.001) -1.85R =0.088)

Shear rate 5.0°%
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determine the viscosity differences in cultivarsorrelation coefficients obtained here do not indicate
measured (by shear stress as a function of shear ratghificant correlations between sweetness and
at a constant temperature of 5@€C3after the heating sugars. One reason for this could be that the textural
phase). properties of these cultivars interfere with the
chemical stimuli and taste bud interaction. To
explain this, correlation coefficients need to be
examined. Sweetness is positively correlated with
DISCUSSION moistnessr(= 0.553,P < 0.01) and mouthfeet &
The colour of the cultivars assessed by sensd663,P < 0.001), and negatively correlated with
panellists show ‘Kofuki’ is significantly different hardnessr(= 0.577,P < 0.01). The cultivars (e.qg.,
from the other cultivars. ‘Delica’, ‘Emiguri’) that are moist, soft, and have a
The CIE L*, a*, b* parameters have been usesinooth pasty mouthfeel may have spread more
in studies relating to squash maturity (Harvey et aasily on the surface of the tongue in comparison to
1992) and heat treatment of squash (Bycroft et #ie drier cultivar (i.e., ‘Kofuki’), stimulating a larger
1999). This research shows significant differencesirface of the tongue more quickly. Moistness would
in the L*, a*, b* values between cultivars. The colouiacilitate the initial binding of taste molecules with
of ‘Kofuki’ is lighter and more yellow, with less the receptor cells before mixing with saliva. The cell
redness than the colour of ‘Miyako’. The a* valuewalls which contribute to textural properties may
obtained for ‘Delica’ in this experiment are close talso have an effect in the release of sweetness
the values (20—-24) obtained from the same cultivabmponents. All these factors may have affected the
grown in the Pukekohe during the 1992/93 seasprocesses involved in the perception of sweetness,
(Harvey et al. 1997). However, there is no evidencentributing to the lack of correlation with the sugar
that these CIELAB parameters are correlated witontent. The effects of textural properties on the
the sensory colour measurement and they should petception of sweetness of buttercup squash needs
be interpreted in sensory terms. The sensdiyrther investigation. Because of the strong correl-
panellists assessed the appearance of cooked sqadish between flavour and sweetness, a similar effect
and the L*, a*, b* measurements were done amuld also occur when assessing squash flavour.
uncooked squash. The fruit used in both theseTexture is a complex sensory attribute (Brennan
assessments and the storage time were also differ&888) and it is important for consumer acceptability
which may have reduced the correlation. CIELAB many foods. PCA of the sensory data indicates that
measurements could be used to distinguish colotestural attributes are the main source of cultivar
between cultivars, however, to relate theddifferences for these cultivars. When all five textural
differences to sensory measurements a significattributes measured by sensory panels are compared
relationship between objective and subjectiv®elica’ and ‘Emiguri’ are very similar. ‘Kofuki’,
measurements needs to be established. Perhagmidtto a lesser extent ‘Ajihei’, are very different from
may be useful to look at brightness of colouDelica’ and ‘Emiguri’. ‘Miyako’ and ‘T133’ have
(dark...light) and differences in shades of orangextural properties that are balanced between the two
(yellow...orange) separately while doing sensomgxtremes of ‘Delica’ and ‘Kofuki’. Consistency of
assessment. food influences the evaluation of taste (Urbanyi
Flavour includes the olfactory sensations983). The results of this experiment indicate that
gustatory sensations, and the chemical feeling facttegture influences the perception of sweetness and
such as astringency (Caul 1957 cited in Meilgaafidvour.
et al. 1987). The correlation of sweetness(.708, The significant correlation of DM with the
P < 0.001) with squash flavour suggests thagxtural properties and sugars is an indication of its
sweetness could have a significant influence on theportance in influencing most of the sensory
perception of squash flavour. This is similar to theroperties. Starch content of squash also influences
results of Hurst et al. (1995). sensory properties but is not as significant as DM.
Sweetness of buttercup squash has an importai@nce from this we could predict a drier, harder,
influence on consumer preferences (Harvey et atumblier texture for cultivars high in DM and starch
1992). Sucrose has been shown to be the mosttent.
important sugar in predicting the sweetness of The viscosity measurements indicate significant
squash, but the inclusion of glucose and fructodéferences between cultivars and all samples
improves this prediction (Corrigan et al. 2000). Thehowed a shear thinning behaviour with viscosity
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decreasing as shear rate increased from 0.5t 5Brennan, J. G. 1988: Texture perception and measure-
These measurements are significantly correlated ~ ment.In: Piggott, J. R ed. Sensory analysis of
with DM and with the sensory measurements of foods New York, Elsevier Science Publishers.
cooked squash texture. This indicates the potential Pp. 69-101.

use of this objective measurement to predict sorBgcroft, B. L.; Corrigan, V. K.; Irving D. E. 1999: Heat
of the sensory properties of squash texture. However,  treatments increase sweetness and flesh colour of
this method has to be tested on more cultivars (with ~ buttercup squastNew Zealand Journal of Crop

extreme textural differences) to confirm its and Horticultural Science 2265-271.

reliability. Corrigan, V. K; Irving, D. E.; Potter, J. F. 2000: Sugars
In conclusion, of the fruit tested here ‘Emiguri’ and sweetness in buttercup squésiod Quality

and ‘Delica’ are the most similar. ‘Kofuki’, the most and Preferencé1: 313-322.

dry and crumbly cultivar, is different from these tw@ouglas, J. A.; Dyson, C. B.; Hocking, N. J. A. 1990:
cultivars. Sensory evaluation of these squash Effects of plant population and spatial arrangement
cultivars by trained panellists quantifies the sensory of yield and fruit size of buttercup squadtew
differences, and the chemical analyses quantify the ~ Zealand Journal of Crop and Horticultural
compositional differences. However, this does not ~ Science 1899-103.

necessarily give an indication of consumer acce@enstat 5 Committee 1995: Genstat 5 Reference Manual.
tance or preferences with regard to these cultivars  London, Oxford University Press.

in Japan. Although yield, quality, storag&iarvey, w.J.; Grant, D. G. 1992: Effect of maturity and
characteristics, and disease resistance are some of the  storage on the sensory quality of buttercup squash.
attributes that needs to be taken into consideration  Proceedings of the Agronomy Society of New
during the development process of new cultivars for Zealand 2225-30.

future markets, it can be argued that sensofiney, w. J.; Grant, D. G.; Lammerink, J. P. 1997:
attributes are the most important factor needing Physical and sensory changes during the
attention because of their significant influence on development and storage of buttercup squash.
acceptance by consumers. Each sensory attribute  New Zealand Journal of Crop and Horticultural
exerts a different level of importance, in terms of Science 25341-351.

overall consumer acceptability. Hence sensory attfjawthorne, B. T. 1990: Age of fruit at harvest influences
butes of squash that influence Japanese consumer incidence of storage rots on fruit Gucurbita
preferences need to be identified to obtain maximum maximaD. hybrid ‘Delica’.New Zealand Journal
benefit from this research. This will allow us to of Crop and Horticultural Science 1841-145.
optimise the attributes important to preferenqgyst, p. L.: Corrigan, V. K.; Hannan, P. J.; Lill, R. E.
formation via breeding programmes. We can then 1995: Storage rots, compositional analysis, and
target different cultivars to suit consumer needs and  sensory quality of three cultivars of buttercup
preferences and so enhance the business advantage squash.New Zealand Journal of Crop and
of the squash growers. Horticultural Science 2339-95.

Irving, D. E; Hurst, P. L.; Ragg, J. S. 1997: Changes in
carbohydrates and carbohydrate metabolizing
enzymes during the development, maturation, and
ripening of buttercup squasBcurbita maxima
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