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Abstract A modified method was used to
measure moisture release from apples (Malus
domestica Borkh.). The method was based on the
area of spread of juice from the freshly cut surface
of apple slices on CuSO4-treated filter papers,
measured as a ratio of the surface area of apple slice.
A trained sensory panel of seven people rated four
apple samples for juiciness over 10 sessions. From
averaged panel ratings and transformed filter paper
ratios, a logistic curve was fitted with an R2 of 0.92.

Keywords
texture

filter papers; juiciness; sensory;

INTRODUCTION

Juiciness in fruit and vegetables, as perceived by
people when chewing, is multi-dimensional. It is
related to the force with which juice is expressed,
to the amount of juice released when chewing, to
the viscosity of the expressed liquid, and to the ratio
of liquid to suspended cell debris (Szczesniak &
Ilker 1988). A high level of juiciness is perceived
when the released juice has a high water content,
low viscosity (flows easily), and a small amount of
suspended solids in the expressed liquid. Juiciness
requires a cohesive cellular network of large turgid
cells with thin walls that are mechanically weaker
than the strong middle lamella (Szczesniak & Ilker
1988). If cell wall strength is less than that of the
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middle lamella, then fracture is across the cell walls
when biting or cutting into fruit. The juice is then
released from the fractured cells and the fruit is
perceived as juicy. If cell wall strength is greater
than middle lamella strength, fracture is between
the cells, the juice contained within the cells is not
released, and the fruit is perceived as non-juicy.

Objective measurement of juiciness is not
straightforward. A juice extractor ruptures strong-
walled cells, and removes most of the juice from
the fruit. A gentler method of homogenising has
been used to measure mealiness in stonefruit (Lill
& van der Mespel 1988) but this method is only
suitable for soft-fleshed fruit.

Juiciness is a very desirable sensory attribute
of texture (Szczesniak & Ilker 1988) and texture in
fresh fruit and vegetables varies greatly with factors
such as cultivar and degree of maturity (Szczesniak
et al. 1963). Trained sensory panellists describe and
measure sensory attributes, and provide a valuable
resource in food science. Difficulties arise when
screening and training panellists for the study of
fresh produce, because of the variability in quality.
A filter paper method which measures moisture
release, could assist in the screening and subsequent
training of panellists in the sensory evaluation of
juiciness in fruit and vegetables, by producing a
reference value.

Szczesniak & Ilker (1988) proposed a tentative
ranking scale for use in sensory evaluation by
having a trained panel rank a range of fruit and
vegetable samples for juiciness, and correlating
these values with moisture release from the samples.
Test tissue samples were placed between two
Whatman No. 41 filter papers, previously dipped
in a 5% CuSO4 solution, and then compressed,
using a General Foods Texturometer. Total moisture
released onto papers was calculated on the first, the
first three, and the first four "chews" by the
texturometer. Moisture released on the first "chew"
only, showed a closer correlation with sensory
juiciness than did total moisture released.

We modified the method described above by
allowing the juice from the cut surface of an apple
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(Malus domestica Borkh.) to spread naturally onto
filter papers. A panel was trained to assess juiciness,
and then used to assess juiciness of a range of apple
cultivars. The results of the two methods were
compared. The method developed is simple to apply
and requires no instrumentation.

MATERIALS AND METHODS

Plant material
Six fruit (oranges, apples, pears, kiwifruit, melons,
and bananas) and four vegetables (cucumbers, green
peppers, carrots, and mushrooms) were used for
panel training. These were purchased fresh as
required from a local grower/retailer. Kiwifruit were
held until required at 1 °C, apples and pears at 2°C,
and the rest of the produce at 4°C, except bananas,
which were kept at ambient temperature.

Apples for juiciness assessments were obtained
fresh as required from a local orchard, and stored
at 2°C. Four cultivars—'Braeburn', 'Spartan',
'Stunner', and 'Fuji', were used to obtain a range
of juiciness.

Panel training
Seven staff members from Crop & Food Research,
Levin, New Zealand, were trained to consistently
detect and describe levels of juiciness in fruit and
vegetables. They attended two 1 -h training sessions
per week for 5 weeks. For the first six training
sessions, panellists were given samples of the fruits
and vegetables in an individually randomised order
and asked to rate them on a scale of 1-15, where 1
was not juicy and 15 was juicy. Panellists were
asked to consider whether it was better to use
"chewing" or "biting" when assessing the samples
and how many chews or bites to use in their
assessments.

Cucumber and kiwifruit were discontinued early
in the panel training as the panellists considered
them to be too difficult to assess, being more "wet"
than juicy.

After rating the eight remaining samples of fruit
and vegetables, and as part of their training to help
define juiciness, panellists were asked to rank these
samples from 1 to 8, where 1 was least juicy and 8
was most juicy. This helped panellists to develop
the idea of a scale of increasing juiciness.

For the last four training sessions, panellists
assessed only apples, in preparation for the testing
sessions. Four samples plus a "warm up" sample,
was considered to be the maximum number to avoid

sensory fatigue. The four cultivars selected to
provide a range of juiciness were 'Braeburn',
'Spartan', 'Sturmer', and 'Fuji'. It was difficult to
find something in the mid range for juiciness except
'Granny Smith', and this cultivar was considered
to be too distinctive in flavour. 'Spartan' and
'Sturmer' were generally non-juicy, 'Fuji' and
'Braeburn' were juicy. The maturity and previous
storage conditions of the apples was not important
for this work, however only mature apples of good
quality were selected for assessment. Panellists
made the point that 'Sturmer' was a little more
acidic than the other cultivars. This created more
salivation, which made assessment of this cultivar
somewhat more difficult.

To give plenty of scope for a range of juiciness,
panellists initially rated the apple samples on a scale
of 1—15, where 1 was not juicy and 15 was very
juicy. After the first two apple rating sessions,
panellists decided that a smaller scale of 1-10 was
easier to use and increased their confidence in rating
juiciness.

General discussions by panellists led to
agreement on the evaluation methods to be used
when testing began. It was considered that saliva
mixing with apple juice may have an effect on the
evaluation of juiciness and that this effect would
be minimised if biting, on the first to second bite,
was used rather than chewing.

Panel testing
One apple from each of four apple cultivars, was
selected for each assessment session, on the basis
of uniformity of size, to minimise variability. They
were large enough to provide samples for seven
panellists, as well as a slice for the filter paper. Two
assessment sessions were run per day, one at 0945 h
and one at 1445 h daily for 5 consecutive days,
giving a total of 10 sessions. After the top slice was
removed for filter paper assessment (described
below), the remainder of the apple was peeled and
cut into seven equal vertical segments, c. 60 mm
long and 40 mm wide at the widest point.

The apple samples were coded with random
three digit numbers and served on white plates
in an individually randomised order for each
panellist. Red light was used to help mask any
difference in flesh colour and help prevent cultivar
identification by the panellists. Panellists rated the
four apple samples, one from each cultivar, for
juiciness on the first to second bite, using a 10-point
scale where 1 was not juicy and 10 was very juicy
(Fig. 1).


