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DEFORMATION

PI:Point of inflection,

DPI:Deformation at point of inflection
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Summary

Research and Development of Nondestructive Quality Evaluation

Technologies based on Physical Properties of Fruit and Vegetables

Sadao OMORI, Akira HIRATA, Hironoshin TAKAO
Youichi NAKAMOTO, Osamu FUJIOKA

Domestic production of fruit and vegetables reached a peak around 1985 and then
started to decrease, while the import volume from foreign countries continues to increase
every year. Among imported fruit and vegetables, those from China and other low labor
cost countries tend to cause a price plummet and to accelerate reduction of domestic
production. Also, domestic production areas have farm labor force problems, such as
decrease in population mainly engaged in individual farming, aging of principle persons
engaged in individual farming, and labor shortage. Agriculture in Japan is thus in a
difficult situation. Various measures are taken in the production areas to cope with such
imported low-price fruit and vegetables, for example by using machines to reduce the
production cost and by producing high-quality, safe and secure fruit and vegetables for
differentiation. Thus in production areas active actions are taken not only to ensure the
production volume, but also to produce safe and high quality fruit and vegetables. For
production of high quality fruit and vegetables, nondestructive quality evaluation
equipment has been developed to measure the internal quality such as sugar content
and acidity degree, and is used in regular grading-packaging facilities. However, the
producers require quality evaluation of maturity and internal disease in addition to
sugar content and acidity degree, and therefore evaluation equipment convenient for use
in individual farmhouses. From the customer's viewpoint, trends such as overseas
operation of companies and booming in overseas travel have broadened diversity of
dietary life more internationally, and fruit and vegetables such as kiwifruit, pears,
pineapples, etc. have been introduced in addition to the traditional varieties like apples
and oranges that have been produced in Japan for centuries. Quality evaluation for
these new fruit and vegetables is becoming important to meet the diversified needs of
customers.

In response to the above social and technological background, in this research we
established nondestructive evaluation technologies of qualities such as maturity, peak
ripeness, internal disease, TEC based on various physical properties like compression
property, dynamical vibration property, optical property and temperature property,
targeting fruit and vegetables recently introduced to meet increasing demand. In

addition to these technologies, we also developed nondestructive quality evaluation
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equipment that can be used in individual farmhouses or regular grading-packaging

facilities on a small management scale.

1. Development of nondestructive quality evaluation technology based on static
mechanical property

Kiwifruit, muskmelon, mango, and other fruits were introduced relatively recently
into Japan, and their skin and flesh tend to soften as they mature. Targeting these fruit,
We established a nondestructive quality evaluation technology and developed equipment
based on the compression property, a mechanical quasi-static property. We evaluated
the firmness of the fruit, which is important as an evaluation standard of the peak
ripeness. So far, a fruit pressure tester or push-pull testing instrument has been used
for evaluating the firmness. With these instruments, the firmness is determined by the
maximum force required to penetrate a plunger or other tools into the target fruit, and
hence the measurement 1s always destructive. It is therefore difficult in these
conventional methods to conduct time-course evaluation of a single target or a total
inspection, and the result has to be speculated based on the data of the samples
withdrawn. To overcome such difficulty, we established a firmness evaluation method
simply by touching the target and detecting compressive deformation within the elastic
range, 1.e. without destroying the target fruit in this research.

Based upon this method, we developed a firmness evaluation system called the
"Universal Firmness Evaluation Device (HIT-COUNTER)" which allows us to arbitrarily
set the compression force and deformation range. We also developed the "Firmness
Sorter for Kiwifruit" which sorts kiwifruit in order of firmness, together with a small,
lightweight, mobile device called the "Portable Firmness Tester (HANDY HIT)."

The Universal Firmness Evaluation Device is a standalone, portable unit of 180mm
in width, 455mm in height, and 250mm in length, which is smaller than conventional
systems of push-pull testing instruments combined with control devices. The Universal
Firmness Evaluation Device can perform of measurements by setting the measurement
conditions on the compression force and deformation in three deferent ways as follows:
1) Evaluation based on the deformation against a specific compression force, 2)
Evaluation based on the compression force against a specific deformation, and 3)
Evaluation based on the conventional maximum compression force, of which 1) and 2)
are used in the nondestructive measurement, and the present research mainly used 1).
The Device has some advantages in handling and operability. For example, the
measurement condition can be configured with the keyboard, with no special knowledge
required for the use of the device, and the setting is retained even when the power is off,

which makes the daily measurement easy to conduct repeatedly. However, since the
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target fruit is touched and deformed in the nondestructive firmness evaluation process
with this device, we need to know the elastic deforming range of the target and identify
appropriate conditions for the evaluation. As stated previously, the condition can be
configured arbitrarily in accordance with the wuser's aim, although the same
measurement condition should be used to compare the measurement data. Regarding
the usefulness of the device we developed, positive results were reported from the
National Institute of Fruit Tree Science and Aichi Prefecture Agricultural Research
Center for kiwifruit, from Gifu Prefecture Agricultural Research Center for persimmons,
and from Okinawa Prefecture Agricultural Experiment Station for mangos. These
reports confirm that the device can be used in testing and research institutions as well
as in many production areas.

The Firmness Sorter for Kiwifruit is 210cm in length, 150cm in height, and 70cm
in width, and it requires a power supply of AC100V and a small compressor of about
0.4kw for distributing fruit. It has the ability to consecutively sort three pieces of
kiwifruit per second to classify them into three firmness grades. It is necessary to assign
the deformation degree to each grade in accordance with the conveyer speed before using
the equipment. The speed should be handled with care, because the detected
deformation value changes in accordance with the conveyer speed. The Firmness Sorter
is small and convenient to use, and can therefore be used in small-scale regular
grading-packaging facilities or individual farmhouses. Also, a firmness sorter for
large-scale regular grading-packaging facilities is expected to be developed based on the
fundamental function of this sorter.

A portable firmness tester in a compact size of 124mm and 230g in weight uses the
pressure of a coil spring as a compression force applied to the target and presents the
pressure-caused deformation in a dial gauge. The maximum value indicator facilitates
easy reading of the dial gauge. An appropriate range of spring pressure is set to be
400-500g for the evaluation of kiwifruit firmness, and the device was therefore named
HANDY HIT400-500. We asked the Kanagawa Prefecture Horticultural Experiment
Station and the Okitsu National Institute of Fruit Tree Science to test the usefulness of
the evaluation device, and received reports that the device is quite useful.

Also, the Nagasaki Prefecture Agricultural Experiment Station reported on fruit
other than kiwifruit when they used the device for the watering control of greenhouse
oranges. The result motivated us to develop a weaker spring model HANDY HIT100-400
and a stronger spring model HANDY HIT500-800, for application to many fruit and
vegetables. However, this compact firmness evaluation device has a simple structure due
to the light weight, and thus the versatility and evaluation precision are limited. Also,

we need to be aware that the measurement is simple but often contains individual
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differences.

The equipment and instruments we developed are convenient for individual
farmhouses and small facilities because of easy handling and low price compared to the
conventional equipment currently used in fruit grading-packaging facilities. The
"Universal Firmness Evaluation Device" and the "Portable Firmness Tester" were
commercialized. So far, 10 units of the Universal Firmness Evaluation Device were sold
(catalog price: 1.5 million yen/unit) and 145 units of the Portable Firmness Tester have

been sold (catalog price: 50 thousand yen/unit) nationwide.

2. Development of nondestructive quality evaluation technology based on dynamic
mechanical property

We established the nondestructive quality evaluation technology and developed
equipment based on a dynamical property, i.e. vibration property about pear and other
fruit that require postharvest ripening. In this research, we established an evaluation
method of peak ripeness and maturity as an indicator of internal quality by weakly
striking the target fruit and detecting the sound and vibration. More specifically, we
developed a technology to evaluate peak ripeness by striking the target fruit and
calculating the “apparent spring constant of fruit” from the peak frequency of the
vibration and the mass of the fruit.

Based on this technology, we developed equipment to evaluate the peak ripeness of
La-France, a pear of variety. The equipment we developed can evaluate the peak
ripeness in a nondestructive manner unlike the conventional destructive evaluation
methods. The peak-ripeness evaluation equipment consists of a measurement unit and
an analysis unit. The former unit is 20X15%X29cm, and the latter is 23x31x21cm. Both
are compact, light in weight, and portable. Also, a simple operation is all that is required
to start the measurement. We just need to place fruit on the measurement platform and
press the measurement start button. We discovered this peak-ripeness evaluation
equipment could be used for the evaluation of after-ripening to determine the shipment
time and peak ripeness of La-France. Because of its compact size, light weight and easy
handling, the equipment is suitable for on-site use in production areas. However, the
after-ripening evaluation based on the spring constant of fruit requires an index in
accordance with deferent ways of the pretreatment, e.g. ethylene treatment and chilling
treatment. The compression property within the elastic deforming range is another
candidate for evaluation methods other than the fruit spring-constant based method,
since the peak ripeness of La-France is evaluated by its firmness. However, the elastic
deforming range of the La-France flesh becomes narrower as the maturity progresses,

and the compression force could cause plastic deformation. Therefore, use of the method
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based on the compression property is inappropriate.

3. Development of nondestructive quality evaluation technology based on optical
property

Pineapples are produced mainly in Okinawa Prefecture in Japan and have become
popular in recent years. It is difficult to determine the degree of maturity of pineapples,
l.e. immaturity, good maturity or over-maturity, and to detect internal diseases from
their skin color and other external features. We established a nondestructive quality
evaluation technology and developed equipment to evaluate fruit and vegetables
including pineapples by using their optical properties against visible light. In this
research, we created a method to evaluate the maturity and internal disease by
detecting a light transmitted from the target. More specifically, two types of methods are
available. One uses transmitted light emitted from an artificial light source, a halogen
lamp, to evaluate the maturity and internal diseases, and the other uses transmitted
sunlight. We developed equipment based on these technologies to evaluate the maturity
and internal diseases of pineapples that are difficult to detect from their appearance. We
actually developed the "Stationary Maturity and Internal Disease Evaluation Device" for
in-house evaluation of postharvest pineapples, and the "Portable Maturity and Internal
Disease Evaluation Device" to evaluate the maturity and internal diseases of pre harvest
pineapples in farm fields.

The Stationary Maturity and Internal Disease Evaluation Device is 155cm in
length, 143cm in height and 50cm in width, and requires a power supply of AC100V.
The equipment uses a highly sensitive camera to detect the transmitted light from a
100W halogen lamp through a pineapple as an image, and evaluate the maturity and
internal diseases from the brightness of the image. We confirmed that the skin color did
not affect the maturity evaluation with this equipment, and that the intensity of the
transmitted light from immature fruit was low while it was higher when passing
through fruit of a higher maturity level. The transmitted light was image processed and
the maturity could be determined with the obtained pixels and the image. However, the
variation of fruit size created differences in the number of pixels and therefore, we had
to use targets of the same size or correct the image in accordance with the size. An
internal disease, suberized erwinia ananas serrano could be evaluated since the
intensity of the transmitted light from it was extremely low. However, evaluation was
difficult in cases where only part of the fruit body was diseased. The evaluation of
internal diseases other than erwinia ananas serrano requires further investigation. In
the pineapple production areas, evaluation of the maturity and internal diseases, have

relied upon experience and instinct, and sometimes immature or diseased pineapples
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have passed through checks undetected. With this equipment, however, we consider that
safe and appropriately matured pineapples can be supplied to customers. Since the
method developed in this research to evaluate internal quality by detecting a
transmitted light with a highly sensitive camera can also be used for the evaluation of
black discoloration of potatoes and sugarcane, the method would contribute to the
distribution of fruit and vegetables with safe and appropriate internal qualities.

The Portable Maturity and Internal Disease Evaluation Device detects transmitted
light by using sunlight as a light source to evaluate the maturity and health of fruit.
However, the intensity of the radiated sunlight is not stable, and accordingly, the
transmitted light intensity must be corrected with the surrounding light volume. The
device we developed consists of a measurement unit (600g) and shoulder-type control
unit (900g), and is compact, light in weight and portable. We found it necessary to apply
two measurement indices, the greenhouse measurement index and outdoor measurement
index for the evaluation of maturity and diseased fruit. The evaluation was considered
precise when the difference between the maturity determined by this equipment and the
maturity determined by visual observation is 2% or smaller, and the ratio of the precise
evaluation was about 80% for pre-harvest fruit in the field (greenhouse and open field)
and about 95% when measurement position was taken by holding harvested pineapples
in hand. The evaluation error was 2% at the maximum due to the influence from the
measured area of the fruit and about 1% due to the influence from the direction of the
sun, and we presumed that the measurement of the fruit in the field was influenced by
buds and leaves. Severely diseased fruit (erwinia ananas serrano) could be evaluated in
a single measurement, while fruit at a moderately advanced stage of disease required
several measurements on different parts of the fruit body for the evaluation. We found
difficulty in the evaluation of diseased over-mature fruit and slightly diseased fruit. The
device we developed is compact and light in weight and is therefore operable by hand in
farm fields. It also has high precision in the maturity evaluation to detect which fruit is
mature enough to harvest. It could evaluate erwinia ananas serrano of intermediate
degree or higher in diseased fruit, but failed to evaluate over-matured diseased fruit and

minor diseases.

4. Development of nondestructive quality evaluation technology based on temperature
property
We established a nondestructive quality evaluation technology utilizing
temperature property and developed a simple-to-use evaluation label for La-France, a
pear variety, whose after-ripening is difficult to determine from its appearance such as

skin color and from touch alone in comparison with other fruit that requires postharvest
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ripening. In this research, we established a method to evaluate maturity and peak
ripeness by detecting cumulative temperature of the environment in which the target
fruit is placed. More specifically, it is a technology for measuring the peak ripeness by
looking at the color of a label, which varies according to the cumulative temperature in
time. Based on this method, we developed a peak-ripeness evaluation label that helps
customers to check the peak ripeness of La-France easily at stores or at home.

The after-ripening of fruit is influenced by ambient temperature. We therefore
investigated the relation between the cumulative ambient temperature and the
after-ripening, and identified a correlation between them as a result. From this result,
we developed a label that displays the cumulative temperature. The Peak Ripeness
Judgment label we developed becomes dark colored when the cumulative temperature
forces a dye to penetrate into the penetration layer. The label consists of a dye-layer
supporting sheet and the dye penetration layer to which the dye penetrates and develops
a color. To use the label that indicates the cumulative temperature by color, the
supporting sheet and the penetration layer sheet are pasted together. We used this label
to evaluate peak ripeness and found the ripeness could be easily judged by the color
change of the label. Since the peak ripeness evaluation with this label is based on the
ambient temperature, any fruit placed in the same environment shows the same peak
ripeness, although there should be individual variability. Also, the label we developed
costs about 100 yen. Considering that the material cost (cardboard box, cushioning, etc.)
for a single 5kg box shipped from the production areas is about 180 yen, we determined
that the cost of the label material had to be lowered for the practical application, and
recreated a sample of lower cost labels but failed to achieve sufficiently high
performance of measuring the cumulative temperature. To raise the precision of the
evaluation, it could be effective to detect ethylene gas or other gas that is discharged

from fruit as the maturity proceeds.

Conclusion

As stated above, we developed nondestructive evaluation technologies and
equipment for measuring the internal quality such as maturity, peak ripeness, and
internal disease, which was previously unevaluated, of diversified new fruit and
vegetables. The technologies and equipment we developed are expected to meet the
customers' requirements for healthy and high quality fruit, to enable the production and
provision of fruit and vegetables of stable quality in the production areas, and to
contribute to the activation of domestic production damaged by the imported agricultural

products and labor shortage.
(Tech.Rep.Inst.of Agric.Mach.No.40:1-64(2011)
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